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INTRODUCTION 

The traditional approach to teaching surgical diagnosis 
is for thc s tud ent to attempt to match a p.,tient's 
symptoms and signs with standard sets of symptoms 
and signs known to chilraclerise each disease. While 
most diag noses match their classic descriptions at cerlain 
stages in their evolution, this may not be SO at the 
pilrticulilT moment Ihc patient presents for t reatment. 
P,lticnts commonly present before recognisable patterns 
have evolved or else at a late stage, with the typicill 
clinicill picture hilving been missed or ignored on the 
way. 

The diagnostic process can also be conrus ing if not all 
the symptoms and signs expected for a p.:lrticular 
diagnosis are present or if the symptoms and signs seem 
inconsistent with the working diagnosis. 

This book seeks to develop a more logical and reliable 
approach to diagnosis than simple p.:lttern recognition 
by attempting to explain clinical features on the basis of 
the evolving pathophysiology and local anatomy. like
wise this should form the bilsis of understanding appro
priate management stratcgit.-s. Th is chapter provides a 
review of the m<lin mechanisms of 'surgical' disease 
ag<linst <I background of the basic medical sciences. 

PRINCIPAL MECHANISMS OF SURGICAL DISEASE 

These <Ire summarised in Box 1.1 

TRAUMA 

Tissue trauma, literally injury, includes in its wider sense 
damage inmcted by any physical means, i.e. mechanical, 
thermal, chemical, electrical mechanisms or ionis ing 
radiation. Common us..lge, howewr, tends to imply 
mechanical injury, either blunt or penetrati ng, as caused 
by accidenls in industry or in the home, ro.ld traffic 
accidents, fi ghts, firearms and other missile injuries. 
Damage varies according to the nature of the causative 
agent, and the visible surface injuries may give little 

SUMMARY 

80)( 1.1 Principal mechanisms of surgical disease 

• Trauma 
• Anatomical abnormalities-<ongenital or acquired 
• Disorders of normal function 
• Inflammation-infection, chemkal and 

immunological mechanisms 

• Ischaemia and infarction 
• Metabolic and hormonal disorders 
• Neoplasia-benign and malignant 
• Other abnormalities of growth 

3 



'ie<tion 

1 

4 

Basic principles of surgical practice 

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

ANATOMICAL ABNORMALITIES 

Anatomical abnorma lities c,ln be developmental in origin, 
i.e. congenital, or e lse acqui red as a result of trauma or 
some other disease procl'SS. 

Congenita l abnormal ities of surgical interest range 
from potentiillly filtal conditions such as urethral valves 
and various gut atresias to minor cosmetic deformities. 
Devc\opmenta l ilbnormalities mily become manifest at 
,my time betw(.>cn fdill life ilnd old age, although the 
majority ilre prcscnt at birth or appeilr in early child
hood. For eXilmplc, gut atresias often present with 
grossly excessive ilmn iotic fluid (pol yhydramnios) during 
pregnancy; urethral valves present in the neonata l 
period with obstructive I"Cnal failure. A patent processus 
vaginalis may result in an inguinal hernia ilt any stilge 
from birth to early adulthood, whi lst renal abnormalities 
such ilS polycystic kidney may present in middle life as 
an abdominal mass or with renal failure or haemilturia. 

Whilst many congenit'll abnormalities give rise to 
disease by direct anatomica l effects, other abnormalities 
produce disease by more subtle d is ruption of function, 
with the underlying disorder only revealed on appro
priate investigation. For eXilmple, ureteric abnorma lities 
which allow urinary reflux from the bladder predispose 
to recurrent kidney infections. 

Acquired anatomica l abnormalities resuit 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 instnllllentation. 

DISORDERS OF FUNCTION 

A variety of common disorders owe their origin to 
abnormalities of function. The gastrointestinal tract is 
particularly susceptible; for e)(ample, large bowel ma l
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 resu lt from inflam m.1tory 
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 a lso rc5ult from physic.11 irrit!llion, 

p..rticularly by noxious chemical agents, e.g. gast ric 
add /pcpsin in peptic ulcer disease or pancreatic enzymes 
in acute p.1ncreatil is. Immunological mechanisms playa 
p.1rt in the inflammatory bowel disorders of ulcerative 
colitis and Crohn's disease but whether they constitute 
cause or effcct is not yet known. 

ISCHAEMIA AND INFARCTION 

Obliterative ath eroscleros is is a cause of enormous 
morbidity and mortality, p.uticu larly in la ter life. When 
the disease restricts blood flow in large distributing 
arteries to the point of causing chronic or severe is
chaemia, it is of len possible to improve flow by surgicill 
or Tildiologicill procedures (e.g. aorto-femoral bypass 
gr'lfting or angioplasty); whell atherosclerosis is severe 
and generalised, however, reconstructive surgery may 
not be possible and amputation of an ischaemic limb 
may be the only alternative. 

Arteria l emboli sm is a C,lUSC of acu le ischaemia of 
limbs, in tcsline or brain. These embol i usually origi nate 
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 e)(tra
cranial arteries causes disease in two ways: firstly, by 
vascular narrowing or occlusion restricting the blood 
supply and, secondly, by accumu lation of pla telet thrombi 
on atherosclerotic ulcers which then embolise into the 
brain causing strokes or tra nsient ischaemic attacks. Either 
type of d isease may require surgical reconstruction. 

When a portion of bowel oc'Comes strangulated, the 
initi<l l mechanism of tissue damage is venous obstruction 
and this fairly rapidly progresses to arterial ischaemia 
and infa rction. Chronic venous ins ufficiency in the 
lower limb is responSible for the majority of chronic 
leg ulcers. The elevated hydrost.1tic venous pressure 
interferes wi th nutrition and gas e)(change in the super
ficial tissues of the leg leading to tissue bre.1kdown and 
retarded hea ling. 

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 predisposes to atherosclerosis and also poses 
special management problems in a patient undergoing 
surgery. 

I lypeTSl.'Cretion of certain hormones, as in thyro-
toxicosis and hypcrp.1r<lthyroidism, may require surgical 
reduction of glandul<lr tissue. Other metabolic disorders 
may C<lUS(' 5ton\;.>$ in the gall bladder {e.g. haemolytic 
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dise<lscs c<lusing pigment stones) or in the urinary tract 
(e.g. hypcrc<llciuria and hyperuric,lemi<l causing c,llcium 
<lnd uric acid stones respectively). 

NEOPLASIA 

Malignant tumours are rt.'Sponsible for a large I'<,rt of 
the general surgical workload. Many surgical referrals 
are initiated by a fear or sllspicion 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 opcrative surgery but all too 
often the appearance of 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 
mechanica l reasons. Less commonly, benign tumours arc 
removed becausc of obstruction of a hollow viscus or 
because of surface bleeding. Benign endocrine tumou rs 
may have to be removed because of excess hormone 
secretion, e.g. an insulinoma causing hypoglycaemia or a 
I'<,rathyroid 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 appcMs to con tain fluid because of its 
cha racteristic fluctuance and transi lluminability. In true 
pathologica l terms, cysts arc epithelium-lined cavities; 
most represent ducts dilated by retained secretion usually 
due to obstruction. In some cases there is epithelial 
hyperplasia, excessive secret ion and structural d istortion 
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 
surgica l removal (or drainage) for aesthetic reasons or to 
exclude malignancy, e.g. (,pidermal cysts, epididymal 
cysts, breast cysts. 

Other growth distu rb.lnces such as hyperplas ia and 
hypertrophy give rise to surgical problems, in particular 
benign prostatic hyperplasia, fibroadenosis of the breast 
and thyroid goitres. 

(06 (' .... c 
'THE SURGICAL SIEVE' 

The foregoing mechanisms of surgical d isease may 
provide a uscful 'first principles' framework or aid£'
mb,wirt' lIpon which to construct a differential diagnosis. 
This is particularly uscful when the symptoms and signs 

do not immediately point to a diagnosis. This approach 
is often referred to as the 'su rgical sieve'. However, it 
should not become a subst itute 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 neut ra lise the injurious 
agent, to remove damaged or necrotic tissue, and to re
store the tissuc to useful fu nction. The central feature of 
acutc inflammation is the formation of an inflammatory 
exudate. This has three principal components: se rum, 
leucocytes (predominantly neutrophils) and fibrinogen . 

Formation of the inflammatory exudate involves three 
v.lscular phenomena which are collectively responsible 
for the 'ca rdinal s igns of Celsus', i.e. redness, swelling, 
heat, pain and los~ of function. These are as follows: 

• Dilat,ltion of local blood vessels le'lds to engorgement 
of the tissues and increased perfusion; this is 
n.>sponsible for the clinical signs of IOC,ll redness, heat 
and some of the swelling 

• Increased capillary permeabi lity results in 5('rum and 
plasma proteins (including immunoglobulins and 
fibrinogen) p.,ssing into the extracellular tissues 
which further increa~ the s\vclli ng (oedema). Pain is 
ca used by swelling and by some of the substances 
which mediate the infl,lmmatory process, e.g. kinins. 
The inflammatory exudate serves to irrigat(' the area, 
diluting toxins and org,ln isms, which arc drained 
(lway to regional lymph nodes. Fibrinogen 
polymeri!>es to form fibrin in the damaged tissue 
which inhibits bacterial spread 

• Lcucocytes migrate into the area of injury and once 
there, the neutrophils (lnd macrophages (both tissue
fixed (lnd those from blood monocytes) commence 
phagocytosiS of tissue debris_ Macrophages arc long
lived but neutrophils die ,1fter a burst of lysosomal 
activity, releMing endogenous pyrogens which are at 
least I'<,rtly responsible for the fever often associated 
with acute inflammation 

OUTCOMES OF ACUTE INFLAMMATION 

The possible outcomes of the acute inflammatory process 
are summarised in Figure I I. 

RESOLUTION 

If tisslle damage is mi nimal and there is no actual tissue 
necrosis, then the acute infl,lmmatory response even
tually settles and the tissue returns virhlally to normal 

ct 
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II minimal or no permallent tissue damage RESOLUTION 

TISSUE DAMAGE 
OR NECROSIS 

ACUTE INFLAMMATION 
i.e. vascular changes 

leading to exudate 01 ftuid. 
flOOn and leucocytes 

(especially netJlrophils) 

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 innammation. Acute abscess formation 
occurs particularly in response to certain microorg,lnisms 
which altract 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 materia!), although infection may also be involved 
in these cases. The main pyogenic organisms of surgical 
importance are Staphylococclls aI/reus, some streptococci 
(particularly Slrl'p. pyogelles), Escherichia coli and related 
Cr,lm-negative bacilli ('coliforms'), and Bacteroides spp. 

Without treatment, abscesses tend to 'poi nt' 
spontaneously to the nearest epithelia l surface (e.g. skin, 
gut, bronchus), eventually discharging their contents. 
Provided the injurious agent is thereby eliminated, 
spontaneous d rainage 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 wi th small and well-local ised abscesses, showers 
of bacteria enter the general circulation (bacteraem ia) 
but are mopped up by the phagocytic cells of the liver 
and spleen before they can proliferate. Th is process is 

If extensive neutrophilic response 

If damaging stimulus persists 

CHRONIC 
INFLAMMATION 

.. w ............ 

If damaging stimulus 
removed or overcome 

ABSCESS 
FORMATION 

when pus has drained 

ORGANISATION 
Le. phagocytosis of tissue 

debris and formation 01 
vascular granulation tissue 

HEALING 
i.e. formatioo of fibrous 
granulation tissue and 
later fibrous scarring 
(plus regeneratioo in 

some cases) 

responsible for a swi nging pyrexia which is characteristic 
of an abscess. The s ite may not be clinica lly apparent if 
the abscess is very deep-sea ted (e.g. subphrenic or pelvic 
abscess) and the p<,tient 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 d ramatically 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 r,lpid 
clinical deterioration (see Ch. 2, p. 25). 

If spontaneous dr"inage of an abscess does not 
eliminate the injuriolls agent, the neutrophil response 
persists and pus continues to be formed, resu lting in a 
chronic abscess. This may be manifest as a conti nuously 
discharging sinus or a surf'lee 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
goi ng, it follows Ihal 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 elim inated by curettage or excision. 
Indeed, before the antibiotic era, abscesses were a ma;or 
cause of hospita l adm ission and the principle of 
drainage was well known, with most hospitals having a 
separate 'septic' ward. 

Antibiotics arc often misused to treat abscesses. Once 
,m abscess has fully fo rmed, antibiotics seldom effL'Ct a 
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cure because the pus and foreign or necrotic material 
remain and antibiotics ca nnot 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. If 
appropriate antibiotics are given early enough in an 
infection, organ isms can be eliminated before the stage 
of abscess forma tion. For exa mple, staphylococcal breast 
infections are common during lacta tion and if untreated 
often lead to breast abscesses; this fonnerly common 
surgical problem is now rare because of timely antibiotic 
treatment by family practitioners. Likewise, in surgical 
opera tions where there is known to be a particula r risk 
of infection, prophylactic antibiotics ca n dramatically 
reduce the incidence of postoperative abscess formation 
and other septic complications. 

ORGANISATION AND REPAIR 

The most com mon sequ el to acute inflammation is 
orga nisat ion, 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 gra nulation tissue. This granulation 
tissue is gradu ally 'repa ired ' to bring about a fibrous 
scar. In some cases the original tissue may regenerate. 

The 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 apposi tion with sutures. An 
acu te inflammatory response develops in the immediate 
vici nity 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 gra nulation tissue 
laying down collagen, so that the repair is strong enough 
to permit sutu re removal after 5-10 days. At this stage 
the scar is sti ll red but the blood vessels gradually 
regress and it becomes a pa le linear scar with in a few 
months. Th is process is known as healing by prima ry 
intention (sec Fig. 1.3). 

If tissue loss prevents the wou nd edges from coming 
together, the hea ling process has to make good the 

" 1 
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Primary Inlentlon 

2 Sutured inciSion with acute inflammatory response 
(2-7 days) 

I--'~-- Redness and swelling 

-------Zone of acute InflammatIOn 

3 Healing incision 
(early weeks) 

::: =""------ Epithelial proliferation and 
repair (pinkish-red scar) 

-- --------Maturing fibrous granulation -

4 linear fibrous scar 
(6-12 months) 

!issue 

,------Whl1e scar 

Fig. 1.3 Wound healing by primary and secondary intention 

Secondary Inlention 

1 Ragged, duty or Infected wound 
(at 2-3 days) 

' - --T----Defect caused by loss or 
breakdown 01 ePIthelium and 
underlying tissue ± inlectlOn 

---;---- -Blood clot 

~----Slough 

- ----- Acute inflammation 

2 Phase 01 rapid prOliferation of vascular granulation tissue 
(about 1- 2 weeks) 

r------ Slough and scab 

--- - _- Epithelial proliferation 

-------- Vascular granulation IJssue 

-------- Zone of hyperaemia 

3 Phase of granulatlOnlJssue maturallOfl and wound contraction 
(about 3-6 weeks) 

Epithelial proliferation across 
granulation tissue surlace 
before gradually shedding 

"----->Cab 

--------Fibrous granulation tissue 
beginning to contract, pulling 
wound edges closer together 

--------Hyperaemla 

4 Healed wound 

r--- ----Pale depressed scar With 
surrounding puckering caused 
by wound contracIJon 

~------Epidermls thin and devOId of 
appendages 

-------Fibrous scar 
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deficiency. The defect is initially filled wi th blood dOl 
which later bt.."COmcs invaded by vascular granulation 
tissue from the healthy wound b.'5£'. The inflammatory 
exudate solidifies at the surface forming a protective 
scab. Fibrin in thc clot contracts, helping to draw Ihc 
wound edges together, reducing the size of the defect. 
Fibroblasts invade thc granu lation tissue and collagen is 
laid down in the extracellular spaces; contraction of 
myofibrils within fibroblasts shrinks the wou nd defect, 
begin ning abou t 3 weeks afler the insult. Over the 
succeeding weeks and mont hs, the blood vessels regress 
and more collagen is fo rmed, leaving a relatively 
avascular scar; gradual contraction of the ma ture 
collagen (cicatrisat ion) cnsuN..>S 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 epi thelial cells slide over 
each other on the surface of the gra nula tion 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 loca l factors includi ng retained 
foreign bodies, necrotic tissue, infection, poor or damaged 
blood supply, continued wound contamination, unsuit
able dressings and interference with the wound by the 
p<1.tient, as well as by systemic factors such as ma l
nutrition, immunosuppression and uncontrolled diabetes. 

CHRONIC INFLAMMATION 

In cerlain circumstanccs, an in jurious agent persists over 
a long period causing continu ing tissue destruction. At 
the smne time the body attempts to deal with both the 
origina l and the continuing tissue damage by the process 
of acute inflam mat ion, organis..1.tion and repair. [n these 
cases, the damaged arca may exhibit several p<lthologic.ll 
processes concurrently, i.e. tissue necrosis, an infla m
ma tory response, gra nulation tissue format ion 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 arc responsible fo r phagocytosis of necrotic 
debris. Lymphocytes and plasma cells are also present, 
indicating the involvement of immunological mecha nisms 
in chronic inflammation. 

Chronic inflammation repn.-'SCnts a tenuous b.1. lance 
between a persistent injurious agent and the body's 
reparative responses. Hea ling only takes place if the 
injurious agent is removed and then proceeds in the 
usual manner but often with much more scarring. 

A wide r<lnge of agents can lead to chronic inflam
m<llion and the cl inical p<1ttcrns 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 
eit her persists or dischargt.'S conti nuously 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 granu latlon 
tissue resulti ng from healing attempts at the periphery. 

Causes of chronic abscesses include the fo llowing: 

• In fec ted fo reign bodies are probably the most 
common cause of chronic abscess formation in 
modern surgical practice. Foreign bodies may have 
been del iberiltely implanted and become infected 
(e.g. synthetiC mesh used fo r inguinal hernia rep<1ir, 
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. I lairs deeply implanted in the 
skin of the nata l cleft m.1Y be responsible for a 
pilonidill sinus or ilbscess. An infected dead tooth or 
root fragment may intermittently discharge via an 
associated 'gum boil' (see Fig. 1.4). Chron ic 
osteomyelitis is associated with remnants of dead 
bone known as sequestra 

• A chronic obscess can arise without a foreign body if 
the abscess is so deep and well circumscribed as to 
prevent spontaneous drain<lge; the best example is a 
subphrenic abscess 

Chronic ulcers 

An ulcer is defined as a persistent defect in an epithelial 
or mucos.11 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 
imp<1ircd rep.1rativc response. For example, elderly and 
debilitated patients are susceptible to pressure sores 
('bed sores') which develop over bony prominences such 
as the sacrum and hccls. [n these cases, the p<1.tient docs 
not regularly and automatically shift position to relieve 
the pressure of body weight because of immobi lity and 
dimi nished protecti\'(' pa in responses. Tissue necrosis 
results and subsequent heali ng is impaired by continuing 
pressure isch<lemia, poor tissue perfusion (from cardiac 
or periphera l vascular disease) and malnutrition. 
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Palate 
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01 lip 

-C------Maxillary bone 01 
tooth bearing ndge, 
i.e. alveolus 

Tooth pulp 

Tooth rool 

(b) ChroniC apical abscess within maxillary bone 

Fig. 1.4 'Gum boil ' as a n ella mple of a chronic abscess 
(a) Grossly negl&t~ mouth shOWing w idespread dental canes 
There IS an Inflammatory swelling on the buccal (cheek) aspect of the 
alveolus G caused by a chroniC apICal dental abscess on the upper 
fight InCisor. Note the left central InCISor 1 is miSSing and the left 
lateral inCISor 2 has fractured at gum level because of canes. 
(b) Sagittal section through 'gum boll' of upper incisor tooth. The 
gum boll IS In fact a Sinus on the gum which discharges either 
chronICally or Intermittently. bposed to Infection, the tooth pulp has 
become n&rotlC while the apICal abscess IS slowty expanding due to 
the conllnued presence of Inl&ted necrotIC tissue (ie the tooth 
pulp). The tooth root IS all that remains after the crown has fractured 
due to dental cafles 

Another common example is the chronic leg ulcer in 
chronic venous insufficiency; this fail s to heal because of 
local ischaemia induced by the high venous pressure, 
and the problem is often l'X.1cerbated by secondary 
infection. 

A chronic peptic ulcer rt.'Sults from persistent acid
pepsin attack upon the gastric or duoclenal mUC05.1 and 
the lesion persists because the reparative response is 
insufficknt to tip the balance in favour of repair. The 
lesion is often initiatt.>d and then exacerbated by aspirin 

10 or other non-steroidal ilnti-inflilm matory dnlgs (NSA IDs) 

or alcohol. On the ot her hand, healing can be assisted by 
neutralisi ng the acid with ant.lcids, by blocking acid 
production with 112 antagonists or by enhancing loca l 
protecti ve factors with drugs such as sucralfate. 

In summary, a chronic ulcer represents a tenuous, 
unresolved b.1lance betwl'en persis tent injurious factors 
and an inadequate rep.lrative T('5ponse. 111e principle of 
management is therefore to dimi nish or remove the 
damaging factors and to promote the he.11ing response. 

The specific granulomatous infections and 
inflammations 

Certilin microorganisms such as MycobacteriulII tu/Ja
m iosis, MycobacteriulII lepme ilnd Trepol1ema pnllidllll1 
(causing tuberculosis, leprosy and syphil is respectively) 
excite a min imal acute inflammatory response and 
stimulate il chronic inflamllwtory response almost from 
the outset. The lesions are characterised by accumulation 
of macrophages which form into granulomas, the 
diseases thus being known as the specific granulomatous 
infed ions. 

A tuberculous cold abscess is a pus-like accumulation 
of liquefied caseous material containing the occasional 
mycobacterium. In contr.lst to a pyogenic abscess, the 
lesion is cold to the touch since there is no associated 
acute innammatory v.1scular response. In developed 
countries, tuberculous abscesses were once common 
but are now rilre. Cervic.l l lymph nocle hlberculosis 
('scrofula ') often produced a 'collar-stud' abscess, i.e. a 
superficia l fluctua nt abscess communicating with a deep 
(il nd often larger) lym ph nocle abscess viil a small fascial 
defect. Tuberculosis of the thoraco-lumbar spine causes 
IOCill deslruction and may track down under the inguinill 
ligament within the psoas sheath, presenting as a 'psoas 
abscess' in the groin. A tubercu lous ulcer is shown in 
Figure 1.5. 

Ccrlain extremely fine particulate materials, such as 
talc and beryll ium, procluce si milar gra nulomatous re
actions known as foreign body granulomas. Talc was 
tr.ldi lionally USL'CI as a lubricant powder in surgical 
glovcs and occasionally after lap.1rotomy aroused an 
intense, diffuse granulomatous peritoneal reaction causing 
widespread bowel adhesions. Talc was abandoned and 
replaced by s t.lrch, which in itself has been incriminated 
in ca usi ng starch granulomas. For this reason, the 
present trend is to use gloves without powder when 
body cavities are opened. 

INFECTION 

GENERAL PRINCIPLES 

(See illso 'Principles of asepsis and infedion control' , 
e h. 6, pp. 66-71.) 
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Fig. 1.5 Tuberculous ulcer 
(a) Th!5 patient had lived In South Africa and had developed this p<lln~s and slowly enlarging uker about three months earlier. It shows the 
typical appearances of a 'wash leather' base and an undercut edge. DiagnosIs was based on a biopsy and treatment Involved draining the 
Involved lymph nodes vIsible above the ulcer and a course of antituberculous chemotherapy (b) Shows the healed lesion t'NO months later. 

It is important to distinguish between infection, 
which is a sustained local <lU,1Ck by microorganisms, 
and sepsis, which is essentially an excessive and in
appropriate cytokine response to particular types of 
severc infection. Clinic"lIy s ignificant infection arises 
when the size of "n inoculum or the virulence of a 
microorganbm is sufficient to overcome the resistance 
offered by protectivc surface phenomena, non-specific 
tissue defence<> and any specific immune responses. The 
virulence of an organism depends on its qualities of 
ad herence and invasiveness and its ability to produce 
toxins. lh!.uc invasion of microorga nisms may be 
enhanced by M'Crction of enqmes (e.g. hyaluronidase 
and st reptokinase), avoidance of phagocytosis (e.g. 
encapsulation or spore formation), inherent resistance to 
lysosomal d~truction or the ability to kill phagocytes. 
Toxins may be secreted by the organism (exotoxins) or 
rcle".:.,cd upon the death of the organism (endoloxins); in 
either case the to-.;in may produce local tissue dam,'ge 
(c.g. gilS giHlgrcnc) or cauS(' distant effects directly (e.g. 
tetan us) or by nctiv"ting cytokine systems to cause sepsis 

syndrome or di~seminnted intrilv<lsculilr coilgulop'lthy 
(sCC' e h. 2). 

Infections may be community-acq uired (e.g. pneumo
cocca l lobar pneumonia in a fit young adult) or hospital
.lcquircd . Th~ latter ,1Te illso known as nosocomia l 
infections and may follow surgery. 

In post·surgica l infections, organisms gili n entry to 
the tissues through an abnormal opening, i.e. su rf,lce 
damage (such as a surgical or traumillic wound) or from 
a perforated viscus. Alternatively, physiologic,11 protective 
mechanisms may be disrupted, allowing infection to 
gain ascend"ney. For example, neutropenia predisposes 
to infection, and bronchopneumonia is more liable to 
develop in a smoker following immobility or anaesthesia. 

Furthermore, the surgica l patient's general resistance 
may be impaired by mil lnutrition, malignancy, rheu
matoid disease, corticosteroid ther,lpy or other immuno
suppressive drugs. In m,lny cases, the infecting organisms 
arc part of the paticnt's normal skin, bowel or respir
atory tract flora or are normally present in the external 
environment. Nosocomial infection nwy be acquired by 
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cross-infection from other infected p..1tients, or from 
contaminated equipment or furnishings, or from 'carriers' 
among s taff. 

USE OF MICROBIOLOGICAL TESTS IN MANAGEMENT 
OF SURGICAL INFECTIONS 

Surgical infection shou ld 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 
importa nt infection, The clinical picture should always 
be the fil ctor which determines a decision to begin treat
ment, although certain organisms such as Sfrep. pyogefle5 
may require treatment to prevent cross-infection even if 
the lesion is clinically mild. 

The results of specimens taken from dirty contami
nated s ites must be interpreted with caution. Superficial 
s lough or discharge often contains colonising organisms 
of little significance. For example, in osteomyelitis caused 
by Staph. al/rellS, the si nus opening may be colonised by 
Protells or Pseudomonas spp. The infecting organism may 
not be grown unless the wound is first carefu lly cleaned 
with saline and then the lesion swabbed deeply. If larger 
quantities of infected material arc available, a syri nge 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 
tra nsported quickly to the laboratory and certain ly 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 arca 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 
mech..·misms which precipitate multiple organ dysfunction 
syndrome. Thus, a vital first step is to remove infected 

necrotic tissue and drain collections of pus. This principle 
shou ld not be ignored on the grounds that the p..1tient is 
too ill for operation because the very ill p..'1tient 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 shou ld be chosen 
according to the common pathogens likely in a given 
situation and with the knowledge of local antibiotic 
sensit ivity profiles. A Gram sta in performed on material 
from a usually steri le site can guide initial therapy until 
culture and sensitivity results are available. In an 
abdominal wound infection where hollow viscera have 
not been opened, Slap/I. allrells is the likely infecting 
organism and an anti-staphylococcal penicillin such as 
nucloxacillin ca n be commenced (see p. 13). If, however, 
the patient is known to carry methicillin-resis tant Staph. 
allrellS (MRSA)(see p. 13), vancomyci n may be indicated. 
If bowel has been openL>rl, Gram-negative organisms 
including anaerobes are likely and an antibiotic regimen 
is chosen to include these b.1cteria. 

Specific antibiotic therapy 

Once microbiologica l test results are available, therapy is 
modified to deal with the p..1rticuiar 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 wi th organisms such as 
C/ostridilwl di/fici/e (see p. 16) and yeasts. 

Nutritional support 

Major sepsis results in severe ca tabolism (see Ch. 2) and 
may be associated with hypoalbuminaemia and wasti ng. 
Relatively si mple measures such as nasogastric tube 
feeding shou ld be considered if the patient is unable to 
swa llow. The more complex procedure of total parenteral 
nutrition may be appropriate in other situations (sec 
Ch. SO). 

BACTERIA OF PARTICULAR SURGICAL IMPORTANCE 

STAPHYLOCOCCI 

PATHOPHYSIOLOGY 

Sta phylococci are Gram-positive cocci of which the 
main pathogenic species is Staph. {//lreus. This typically 

produces pustules, boils, breast abscesses, wound 
infections and osteomyel itis. Part of the virulence of 
Staph. aI/reus is due to its production of a variety of 
enzymes and toxins. Slap/I. aI/reus can also be part of the 
normal nora. About 30% of the genera l population are 



r 

Pathophysiological mechanisms of surgical disease: inflammation and infection 

nasal carriers and 10% carry it on the perineal skin. Slap/I. 
epidermidis, (formerly Slap/I. a/bus), a coagulase-nega ti ve 
staphylococcus, is a universal skin commens.11 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 
sl rains such as MRSA (see below) can be p.1ssed 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. f1uclox
acillin (a penicillinase-resistant penicillin), erythromyci n 
and some of the cephalospori ns; gentamici n is also 
active against Slal'/I. aureus. 

A relatively recent and potentially devastating problem 
is the emergence of strains of Sla/,iI. aureus resistant 
to nucloxacillin 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 
met hicil lin-resistant Stap/I . allrt'lls (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 Ix'en used indiscriminately. The in
fections often originate in transplant units or intensive 
care units and then spread to cause serious and often 
f,lt,ll cross-infections. Radical me.1sures have to be taken 
to prevent spread of epidemic proportions. Ward areas a t 
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. m/reus strains. In fact, the 
organisms excite similar innammatory responses aimed 
at their elimination; the difference is that MRSA 
infections are more difficult to treat. MRSA may be 
sensitive in vitro to aminoglycoside antibiotics such as 
gentamicin but this is rarely of much value in cl inical 
practice. In some cases, oral treatment with tetracycli ne 
or a combina ti on of rifampicin and fusidic acid is 
appropriilte; the combinil tion prevents rapid develop· 
ment of antibiotic resistance to each agent alone. 

A p.1rticulnrly worrying development is the emerg
ence of VISA, which is Slap/I. mm'lIs of intemlediate 
sensitivity O.e. rcliltively resistant) to vancomyci n. In
appropriate use of vilncomyci n must be avoided to 
prevent select ion of such mutants. 

STREPTOCOCCI 

PATHOPHYSIOLOGY 

Streptococci are Gram-positive coccoid orga nisms wh ich 
were first described in infected surgical wounds by 
Billroth in 1874. 

Streptococci may be classified by their oxygen require
ments into aerobic, anaerob ic and microaeroph il ic (i.e. 
grow best in reduced oxygen concentrations) and further 
subdivided by their ability to produce different patterns 
of haemolysis on agar culture plates contai ning red 
blood cells. 

Alpha haemolytic streptococci muse p.1rtial haem
olysis with a green discoloration; important p.1thogens in 
this group include the v iridmls group of streptococci and 
Slrep. p"elllllolliae. 

Beta haemolytic s treptococci produce complete haem
olysis and may be grouped serologically into Lancefield 
groups A to O. The important human pathogens are 
group A streptococci (Strep. pyogelles-of major surgical 
importance) and group B streptococci (SIre". agalactiae
a common cause of serious neonatal sepsis). Streptococci 
in groups C and G arc occasional causes of cellulitis and 
b.1c1eraemia. Some streptococci and enterococci carry a 
group D antigen. Microaerophilic streptococci such as 
Slrqi. miller; mrry a grollp F antigen. 

Some streptococci 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 milin 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. Slrep. pyogelles 
is also a common cause of sore thro.lt as well ,1S post
streptococcal syndromes such as rheumatic feve r which 
predisJXtSCS to cardiac villvular damage and subsequent 
infective endocardi tis. 

In aCllte cellul it is, a locill1y spreading infection 1Jwolves 
the dermis and hypodermis, facilitated by production of 
hyaluronidase and streptokinase. In limb infections, 
organisms draining towards regional lymph nodes via 
lymphatics may produce perilympha tic inflammation 
and painful red strea ks illong the limb, i.e. lymphangi tis. 
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The regional nodes react vigorously, becomi ng 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 Strl.'p. pyogl.'lll.'S lead ing to a nec.rotis ing fasciitis. 
If the infecting strain also produces certain exotoxins a 
life--t hreatening streptococc.lltoxic shock syndrome may 
develop. 

Viridans streptococci 

The i.';rid(I/IS group of streptococci arc oral commensals of 
low virulence but are the most common organisms 
causing infective endocarditis. This may occur as a 
complica tion of certain surgic.ll procedures in the p re
sence of pre-existing cardiac abnorma lities; the subject is 
described in detail in Chapter 46. 

Strep. pneumon;ae (pneumococcus) 

This org.,nism is the most common cause of lobar 
pneumonia and can also cause bronchopneumonia in 
susceptible post-surgical patients. Strep. p"elllllolliae is a 
common cause of middle ear infections (otitis media); 
it is a lso involved in acute exacerlliltions of chronic 
bronchitis. Pneumococc.l l meningitis may occur in the 
young and elderly and may compl icate head injury. 
Severe pneumococcal sepsis is particu larly likely after 
splenectomy but may be prevented by vaccination and 
penicillin prophylaxis. 

Strep_ miller; (anginosus group) 

Many of the Slrl'p. milll'r; group have microaerophilic 
cu lture requiremen ts. They arc often found in absC('Sses 
in the appendix area, and the liver, lu ng and brain. 

Anaerobic streptococci 

Members of this group arc bowel commensals and may 
form p .. ,rt of the mixed flor.l in many intraperitonea l 
abscesses and infection associated with necrotic tissue, 
e.g. diabetic foot ulcers. 

ANTIBIOTIC SENSITIVITIES 

Pen icill in is the drug of choice for most streptococcal 
infections. In seriously ill p..ltients, benzylpenicill in is 
given parenterally. For less serious infections in patients 
able to tolerale oral therapy, penici llin V (phenoxy
meth yl penici llin) or amp ici llin/.lmoxycillin is the drug 
of choice. Many st reptococci are also sensitive to 
macro lides (e.g. erythro mycin, cla rithromycin). Some 
pneumococci arc now pa rtially resistant to penicillin. 
Most infections, however, are still cleared with high-dose 

penicilli n alt hough men ingitis needs alternative anti
biotics such as vancomyci n. 

ENTEROCOCCI 

PATHOPHYSIOLOGY 

The enterococci are Gram-positive cocci closely related 
to st reptococci. The most common species is E. fUi'Culis 
(formerly Slr~p. lueca/is). Enterococci form part of the 
normal bowel flora and may cause infection where 
bowel has been opened or infect the uri nary or genital 
trilcts. 

ANTIBIOTIC SENSITIVITIES 

Penici ll in, ampicillin, amoxycill in or vancomyci n is used 
for enterococcal infections. In serious infections such as 
endocarditis, a combination of penicillin and gentamicin 
is used to ensure b.lctericidal activity. 

The cephalosporins are all ineffective. In hospitals 
where broad-spectrum (thi rd-generation) cepha losporins 
are used as empirical therapy fo r bo\\'el~related infections 
or septicaemia, enterococci are a frequent cause of 
nosocomial (hospital-acquired) infection. Vancomycin
resistant enterococci (VRE) are now being found. They 
are usually low-grade pathogens but can infect intra
vascu lar lines. Endocarditis caused by VRE is \'ery 
difficult to treat. 

ENTEROBACTERIACEAE 

PATHOPHYSIOLOGY 

The Enterobacteriaceae are a large family of Gram
negative baci ll i (Le. rods) which usually make up ilbout 
I <;I. of the normal intestinal flora (see Table 1. 1); these 
orgilllisms arc 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 Sollts such as McConkey or 
CLED agar; this helps in their identification. 

Infections of surgic.1l importance with Entero
bacteriaceae are usually opportunistic in nature with the 
bacteria almost always .1rising from the p..lticnt's own 
bowel. Infection results from direct contamination from 
perforilted or surgically opened bowel, perineal spread 
(to nearby wounds or urinary tract) or haematogenous 
spread. 

Esclll'ricilia coli is the most common p.lthogen 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 UTls) and Gram-negative septicaemia . 
Coliform bronchopneumonia occasionally occurs in 
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Table 1.1 Bacteriil of the fa mily Enterobacteriacea e 

Organism 

Primary gut pathogens 
Sit/manella. e_g 5 ryphl. 

S enteritidis 
Shlge/Id. e.g. S riysentMde. 

S $O{Jnel 

Some Escheochla Coi, 
strains. eg 0157 H7 

Gut colonisers that can 
cause infections 
EscherIChia coli 
Klebsiella 
Proteus 
Enrerobacter 
Morganella 
Citrobacter 

Gut colonisers that 
rarely cause infection 
Enrerobacter 
Serratld 

"""""oeI" Citrobacter 

Clinical Infection 

Typhoid fever 
Ga<.otroententls 
Dysentery 
Traveller's diarrhoea 
HaemolytIC uraemIC syndrome 

Penton,llS and Intraperitoneal 
abscesses (usually ml~ed infection 
with anaerobes) 
Septicaemia 
Urinary tract infections 
Ascending cholangitis 
(May also cause hospital·acqulred 
InfectIOns. e.g. alter 
Instrumentation. central venous 
catheters. pneumOflla in intensive 
care) 

Uwally hospttal·acqUlred infectIOnS, 
eg after instrumentatIOn. central 
venous catheters, in intensrve care 

debilitated, immunosuppressed or seriously ill patients. 
Klebsiella, £lIterQbacter and Serratia are being isolated 
more often in surgical bowel-related infections. Protells 
is a common ca use of urinary tract infections but 
occasion<llly ca uses other su rgic<ll infections, usu<llly 
originating from the urinary Ir<lct. 

ANTIBIOTIC SENSITIVITIES 

Many coli forms are now resist<lnt to ampicillin (and 
amoxycillin) nnd first-generation cephalospori ns, e.g. 
cephalothi n, but most are sensitive to second- and Ihird
generation cephalosporins, e.g. cefuro)(ime, cefota)(ime. 
Gentamicin is st ill a very effective and cheap agent 
agai nst coli forms. Most coli forms <lre sensitive to 
cipronoxacin. For prophyl<lxis in bowel and fo r biliary 
tract su rgery nnd for treating relatro local and systemic 
infections, gentamicin or <l second-generat ion cepha lo
sporin (e.g. cefuroxi me) is recom mended , together with 
metronidazole for its acti vity againsl anaerobes. These 
accompany Enterobacteriaceae but are not in this group. 
M<lny coliforms are still sensitive to trimethoprim alone, 
which is often used to tre<lt urin<lry tract infections. 
Resistant strnins are much more freque nt within hospitals 
than in the community. They <lre often found causing 
urinary tract infection in cat heterised patients who have 
had repea ted cou rses of antibiotics. 

' NON-SURGICAL' ENTEROBACTERIACEAE 

Other members of the Enterobacteriaceae fami ly produce 
primary gut infections, although these only occasiona lly 
enter the province of the surgeon; for exa mple, Safmollel/a 
typ/ri causes typhoid which may cause bowel perfor
ations and SJrigella causes bacillary dysentery. R.1rely, 
Snfmolle/fn is incriminated in acute appendicitis and 
primary 'myCOlic' nneurysms. An increasingly important, 
often unrecognised vnriety of acute haemorrhagic colitis 
is ca used by E. coli 0157: H7; this is c1inimlly indis
ti nguishable from ncute ulcerative colitis <lnd should be 
sought bacteriologicnlly in cases of suspected ulccr.,tive 
colitis. Yersillia sometimes produces an acute innnm
mation of the ileum which mOlY mimic the c1inicnl 
picture of acute nppendicitis. At laparotomy it appears 
similar to Crohn's d isease of the terminal ileum. 

PSEUDOMONAS 

PATHOPHYSIOLOGY 

The mai n J'<,thogen in this group of aerobic Gram
negative rods is PSl'udomollas acrllgillOSll, an uncommon 
cauS(> of surgical infection. It tends to cause infections 
in debilitated, hospitalised patients. It is a norm<ll 
commensal of the hum<ln gut in about 10% of the 
populntion. The orga nism is resistant to many antibiotics 
nnd therefore tends to prolifer.l te when other flo ra have 
been suppressed by bro.ld-spectrum antibiotic therapy. 
Li ke KIeL.siella and [l1li!rooocter, it poses a problem in 
institutions because of its ability to survive many 
chemical disinfectants and nntiseptics. 

Ps. aerugilloSll mOlY be responsible for fatal septicaemi<l 
<especially in terminally ill patients) and pneumonia, 
particulilrly in ven tilated patients. Longstanding wounds 
such as compound frnctures nnd chronic leg ulcers may 
become colon ised by Ps. aerllgillosa, although it is not 
always clinically significant. It can be recognised by the 
char.lcteristic blue-grccn pigmentation of the discharge. 
The orga nism is also found in p.ltients wi th indwelling 
urin.1rY cathelers. Ps. aCrilgillosa often colonises and may 
be a J'<lthogen in burns infections. It can cause a falal 
septicaemia when burns are extensive. Finally, it is an 
important complication of ophthalmic surgery <lnd may 
lead 10 loss of the infected eye; it is also often responsible 
for chronic and recu rrent externa l ear infections (otitis 
externa). 

ANTIBIOTIC SENSITIVITIES 

Treatment of pseudomonal infections often requires 
combination Ihcr.lpy because of its widespre.1d .1nti
biotic resistance and the severi ty of infections. Treatment 
usua lly involves <In aminoglycoside (gentamicin or 
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tobramycin) and an extended-spectrum beta lactam anti
biotic such as ce ftazidime, piperacillin or imipenem. 
TIle quinolone antibiotics ciprofloxaci n and norfioxacin 
are active alone agai nst Ps. aerusillOSll and are the only 
effect ive oral antipscudomonal agents. True infection 
must be dis tinguished fro m coloniS<ltion where treatment 
is not indicated and will on ly encourage the develop
ment of resistance. 

BACTEROIDES 

PATHOPHYSIOLOGY 

Bacteroides spp. f.nd rel(lted orga nisms (e.g. fusobacteria ) 
are Gram-negative, non-sporing anaerobic bacilli which 
make up the greatest proportion of normal gastro
intest inal nora, ou tnumbering E. coli and its related 
coli forms by about 1(XX) to I. B. tragilis is a small group 
of these, making up less than I % of the bowel anaerobes. 
It is surgically important for ca using pyogenic infections 
in combi nation with other gut commensals after faecal 
conta mination of the peritoneal cavity and occasionally 
sepsis in debilitated patients. Because of their strictly 
anaerobic culture requi rements, identification of these 
organ isms as p.llhogens was neglected until the early 
1970s. Indeed Bac/eroid('S spp. were prob'-l.bly responsible 
for many so-called 'sterile' intra-abdomina l abscesses in 
the past. The importance of B. /mgifis as a cause of 
surgical infection is prob(lbly still underestimated. 

ANTIBIOTIC SENSITIVITIES 

Bacteroidl!S spp. and the ot her Cr,lm-negative anaerobes 
are highly sensit ive to metronidazole, which can be 
given orally, intravenously or rectally, the last giving 
blood levels equivalent to those achieved by intravenous 
admin istration. Met ron idazole is now given as st,lndard 
prophylax is before operation for appendicectomy and 
large bowel surgery, where it has dramatically reduced 
the incidence of postopera tive peritoneal and wound 
infections. Bacteroid('S spp. are also often sensitive to the 
combi nation of ampicillin/amoxycillin (lnd davulanic 
acid (Augment in). 

CLOSTRIDIA 

Clostridia arc Cram-positive «xls which are widely 
d istribu ted in the soil and as intestinal commcnS<l ls. The 
orga nisms fo rm spores which are resistant to d rying, 
heat and antiseptics (lnd can survive for long periods. 
Clostridia arc mostly obligate anaerobes which Gill only 
proliferate in the absence of oxygen; they are responsible 
fo r much of the putrefaction and decay of animal 
material in nature. The ma in pathological effects of 

clostridial infections are c,lused by powerful exotoxins. 
The infections of SUrgic,ll interest are gas gangrene, 
tetanus and pseudomembranous colitis. 

GAS GANGRENE 

Gas gangrene results when Clostridilllll prrtrillgells 
(formerly called C. wdc/lil) and other anaerobes <e.g. 
Bacteroidl!S spp. (lnd anaerobic s treptococci) proliferate 
in necrotic tissue, secreting powerful toxins. These 
spre(ld rapidly (lnd destroy nearby tissues, generating 
gas (It the S<lrne time which gives rise to the characteristic 
clinic(ll sign of crepitus ('crackli ng') on palpation ;lIld the 
typical X-ray appeam llce shown in Figure 1.6. Deep 
tr(lurnatic wounds involving muscle, and wounds con
taminated with soil , clothes or faeces are most susceptible. 
The condit ion is particularly common in battle wounds 
and gas ga ngrene was responSible for vast numbers of 
de,llhs during the First World War. 

In surgical practice, the highest risk of gas gangrene is 
in lower limb amputations performed for ischaemia 
(infect ion from the p.ltient's own bowel) and in high
velocity gu nshot wounds (infection from the patient's 
own perforated bowel or by external contamination). 
Gas ga ngrene occaSionally occurs in olher surgica l 

Fig. 1.6 Gas gangrene 
Gas gangrene InYOlvtng all the muscles of the right thigh In a 46-year· 
old man who sustained extenswe contaminated laceratlOllS of the 
medial thigh (arrowed) In a rood traffic accident. Gas gangrene 
developed because necrolH: muscle was not excised early ilnd 
completely_ Note the Widespread streaks of radiolucent gas bubbles 
tracking along the muscle planes. ThiS patient died of toxaemia 
despite antlblOIlCS, surgery and hyperbariC oxygen therapy_ 
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wounds where ischaemic tissue has become contami
nated with bowel nora. The area of muscle necrosis may 
be small at first. Cas gangrene is recognised when the 
overlying skin turns blilck and the process spreads at an 
alarming rate. Within hours the underlying necrosis 
rages along the muscle planes. L1ter the skin breaks 
down and a thin, foul-smelling purulent exudate leaks 
from the wound. Toxi ns are absorbed into the general 
circulation and cause rapid clinical deterioration and 
death within 24-48 hours unless the process Gill be 
halted by tilllely and vigorous intervention. 

C. perfril/sells is very sensitive to benzylpeni ci ll in 
which should be given prophylactically by injection 
immedintc1y after a traum<ltic injury involving muscle, 
or less than an hour before <lmput<ltion of an ischaemic 
limb (met ron ida/ole can be used for paticnts allergic to 
penicillin). Preventing clostridial infection in contami
nated wounds requires meticulous surgical excision of 
all necrotic tis~ue, followed by packing of the wound 
ralher than suturing. Further excisions are likely to be 
nceded. 

Treatment of t.'St<lblbhed 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. l!igh dOSC'!> of penicillin are given 
intravenou~ly to kill org.1nisms in vi.1ble and vascularised 
tissue. Emergency surgery is performed to remove .111 
necrotic tiS!>ue. This involves carving back the necrotic 
muscle to healthy bleeding tissue; the affected muscle is 
recogni5{.'Ci by its brick-rt.'Ci colour and failure to contract 
on CUlling. 

Hype rbaric oxygen therapy may be used to raise the 
oxygen tension in the necrotic tissul'S, inhibiting growth 
of the organisms. The patient is placed in a high-pressure 
chamber with pure oxygen at <lbcJUt 3 atmospheres 
pressure for several hours daily. However, gas gangrene 
may continue to bpread despite these measures, necessi
tating further heroic burgical interventions. Even with all 
this intcn~ive treatment, the prognosis for established 
gas gangrene remains bleak. 

TETANUS 

Tet,'nus i<, cau~'Ci by Clo~lridilllll /('/nlli which infects 
dirty wounds in a similar I1Mnner to gas gangrene. The 
si/e of the entry wound Illay be minute, perhaps caused 
by a rose thorn or splint~r. The organism produces an 
exotoxin which hab litlle local effect but, even in minute 
quantitiL~, has powerful remote neuromuscular effects 
c.1using widespread muscular spasm. The first signs are 
often acute muscle spasms and neck stiffness or trismus 
('lockjaw'). If untre<lti.'d, thL'S(" progress to op is thotonus 
(arching of the back due to extensor spasm), generalised 
convulsions find eventually death from exhaustion and 
respiratory f.,ilure several days later. 

Tetanus is now rare in developed countries because of 
widespread immunis.ltion with tetanus toxoid during 
childhood, followed by boosters at 10-year intervals. 
Any p..1tient with a penetrating injury, however trivial, 
should be given a booster dose if none has been given in 
the previous 5 years. [f no hooster dose has been given 
for 10 years, full revaccination should be carried out. The 
annual incidence of tetanus in developed countries is 
about one per million population, and is most common 
following trivial gardening injuries in the elderly, who 
.1re le<lst likely to have been properly immunised. If there 
is doubt about s.1tisf.,CtOry immunis.1tion st<l tus following 
a major contaminated injury, benzylpenicillin should be 
given prophylacticfllly as well as p..1ssive immunis.1tion 
with teta nus immune globulin collected from pL"Oplc 
with known high titres. Treatment of est<lblished tetanus 
usually reqllirt.'S artificial ventilation with drug p.lralysis, 
in addition to the usuol antibiotics and passive immunis
ation. Mortality relll.lins high, especially in the elderly. 

Globally, tetanus rem.lins a massive problem after 
trauma. A p..1rticular local problem in some developing 
countries is n('onatal tetanus resulting from the practice of 
applying cow dung os a dressing to the umbiliC<11 stump. 

PSEUDOMEMBRANOUS COLITtS 

Pseudomembranous colitis can be the most serious form 
of anti biot ic-associa ted d iarrhoea (see eh. 21) and is 
caused by overgrowth of a toxigenic Clostridium diffieile, 
an organism named for the difficulty of growing it in 
culture. Inf/Xtion results in the formation of a thick 
fibrinous 'membrane' on the large intestinal mucosa, 
within which the org.,nism 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 dnlgs but these arc r.lrely used 
now; cephalosporin!:> are now the most common cause. 
Diagnosis can be mode by sigmoidoscopy and biopsy in 
the SO?; of patients with left-sided colonic invol\'ement. 
The lx'St 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. CI. diffieil/' can 
also be cultured from the stool. Although the organism is 
sensitive to penicillin, this fails to penetrate the pseudo
membrane. Oral metronidazo le is effective in most 
patients. Or,11 va ncomyci n, which is not absorbed from 
the gastrointL'stinaltr.lct, can <llso be used but this is now 
discouraged bee,lUse of the concern of selecting VRE (sec 
p.14). 

The main !).lcteria of surgical importance are summarised 
in Table 1.2. 
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"",~ Table 1.2 Main bacteria of s .... rgical importance a nd their antibiotic sensitivities 

1 Classification Organism Typical infections Antibiotic sensitivities 

FACULTATIVE STAPHYLOCOCCI 
ANAEROBES 5_ aureus Pustules, bolls, abscesses. FllJCloxacillln 
(i.e. aerobes) (coagulase-poslt~) wound InfectIOnS, osteomyelitIS ErythromYCin 

Some cephctio'>p0rlrlS 
GentamICin 
Vancomycin (MRSA) 

5 epidermKiis Skin commensal, Often remtan! to multiple 
(coagulase-negative) opportunIStIC pathogen, e5pe(lally antibIOtICS 

of foreign bodies, eg prosthetic VancomYCin 
implants Flucloxacillin 

Erythromycin 
Some cephalospor ins 
Gentamicin 
Rifampicin 

STREPTOCOCCI 

5 pyogenes Group A cellulitiS, lymphangitiS, PenICillin 
(group A and B necrotlsing 'asclltlS (amplCllllnlamorycillin) 
beta haemolytic) Group B neonatal and maternal Erythromyon 

infectionS, InfectlOllS In diabetICS Cephalospo.-ms 

5 millen Normal gut and urogeOital coml'Tleflsal; As for 5, P'f09Mf!'S 
Important cause of abscesses of 
appendiX, liver, lung, brain 

Ent('fOCOCci. e·9 Faecal streptOCOCCI; 91,.11 commensals Innately feslStanllO most 
E. faecalis and cauSing opportUnistIC infectIOnS. antibIOtICS With even brOdder 
£. faecium e.g. abscesses associated WIth bowel acqUired re51Stance In hosprtal 

surgery, unnalY InfectlOOS, strainS 
bllla'Y infectiOns (hver transplants), PenICillin (amptCillinlal'T"lClX)'(illln) 
endocarditIS +/- Gentamicin 

VarKomycin 

S pneumoniae Normal upper respiratory tract As. fOf S. pyogenes 
(pneumococcus) commensal; respiratory tract 

InfectIOns, meningitiS 

Viridans streptOCOCCI Oral and gut commensals; As. for 5 pyogenes 
rare cause of Infection except infective 
endocarditiS 

OTHERS 
Bacillus spp_ Usually con taminants; multiply In 
(rod·shaped) biliary and wound drainage bags 

Diphtheroids Including Skin and upper respiratory 
COfyfleOOctet'IUm spp commensals; occasional opportunistIC 
(roo-shaped) IV line infectIOn 

GRAM·NEGATIVE COUFORMS Unnary tract infectIOns, Cephalosponns 
Facultat ive anaerobes othelWlSe known as Gram-negatlV(> septJCaemIa. GentamICin 

ENTEROBACTERIA bronchopneomomas In debilitated Clproflo)(d(ln 
patients Tmnethopnm 

AmptC!lllnlamorycllhn 
(reSIstant strains frequently found) 

E. Co/I, K./ebsIeI/iJ SPP_. large bowel commensal5 Usually community-acqUired; 

""',"" tend to be antlootK-senSlttve 

Cttrobacter-, Serratia, Not normal coml'Tleflsals In Usually hospital-acqUired; 
fnter-obacter-, fit patients tend to be antibIOtic-resistant 
ProVldencia spp 

EnteriC Salmonella and Gastrointestinal and systemic Clprofloxacin 
Shigella spp infections 
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Table 1.2 Continued ,", 

Classification Organism Typical infections Antibiotic sensitivities 1 
GRAM-NEGATIVE PSEUOOMONAS OpportunistIC pathogens, common In GentamlCllVtobramyon 
Facultative anaerobes Ps. aMJgiflOS,jJ, morst enVironments, e.g floor mops Ceftazld'me 

Srenotrophomonas spp .• Rarely normal commensals. Unnary PlperaCl1110 
AclOetobaCfer tract IOfectlOOS, poeUmonlitS and Imlpenem 

septlCaemlas 10 ventilated patients. Clprofloxacinlnorfloxacln 
burns infectIOns and septicaemia 
Often CO\oflise I~ ukers 

Curved rod group V cho/erae causes cholera; 
mcludlng Vibrio spp. ood Campylobdcter causes diarrhoea, 
Campylobacter V vulmficus causes necrotlslOg wound 

Infections alter contact With sea water 

Fastidious group including Haemophi/us is an upper respiratory 
Haemophilus spp tract commensal causing acute·on-

chronIC bronchitiS and invaSive 
Infections 10 children; Pasteurella 
multocida is an oral commensal 10 dogs 
and cats and causes bite infectIOns 
and septlGterma; Netsseria spp include 
menmgococcus and gooococcus 

Obligate anaerobes Note Vlnually all are sensitIVe 
Non·sponng, to metromdazole 
Gram·negatlVe 

BACTEROIDES spp B. fragllis causes Intrapefltoneal Metronidazole 
abscesses associated wl\h txr.vel (Also amplCilhnlamoXYCllhn plus 
surgery, gemtal tract InfectlOOS, davulamc acid comb,natlOll) 
oral sepsiS, brain abscesses 

Non·sporlng, Cocci Pf>ptococcus ('anaerobiC As for s. pyogene5 

Gram'positlVe staphylococcus') and 
Pf>ptostreptocOCCU$ ('anaerobIC 
streptococcus'): common commensals 
of mucosal surfaces; components of 
mixed infectIOns of mucosal surfaces 

Branching rods ActinomYCOSIS Benzylpenicillin 
Actinomyces israelli MetroOidazole 

Sporing, Gram-positive CLOSTRIDIA Faecal commensals, 
",d, mostly non-pathogeniC 

CI. perfringens Gas gangrene, food poisoning BenzylpeniCillin 
MetroOidazole 

CI. tetani Tetanus BenzylpenICillin 
Metronidazole 

a. difficile AnUblOtlC·associated diarrhoea Metronidazole 
Vancomycin (orally) 

MYCOBACTERIA Slow-grOWlng organisms Tuberculous mycobacteria Multl·agent chemotherapy 
WIth waxy cell walls (M tuberculosis, M bovis) accordlflg to local sensitivities 

Non-tuberculous vafletlE"S' 
M ;JV/um-intracelluiare 
(systemIC InfectIOn In AIDS), 
M mannum (fish fancier's uker) 

OTHER BACTERIA Mycoplasma spp., MycoplaSfTld and 
Chlamydia spp, and rd:ettslas-pneumonlas; 
rKkettsld Chlamydia-pelvIC IOflammatory 

disease, Implicated 10 coronary 
hean disease 
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VIRUSES OF PARTICULAR SURGICAL IMPORTANCE 

Chronic blood-borne viral infections such as hepatitis B 
and C and human immunodeficiency virus (H IV) are 
important to surgeons because of the risk of transmission 
to the surgeon from the p..ltient during surgery (and vice 
vers.l), as well as cross-.infection between p..ltients. In 
addition, p..ltients may ne<.>d surgical intervention for 
complicat ions of hepatitis or HIV infection. Preventing 
transmission of infection relies on universal blood and 
body fluid precautions which arc described under 
'Methods of infection control' in Chapter 6. 

HUMAN 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 illm.'SS evolves through several stages. 
The first is the acute seroconversion illness (group 1-
Centers for Disease Control Classification 1986). Scm
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 antilxxlies against HIV prior to 
and during the initial scrO(onversion illness. 

Next follows the asymptomatic period (group II) 
during which the pntient usually feels completely well. 
L.lter, as the disense progresses, the patient may develop 
generalised Iymphndenopnthy and wasting (AIDS
related complex-group III). AIDS (group [V) is mani
fest by development of unusual opportunistic infections 
(e.g. Pnclllllocystis pneumonia, cytomegalovirus (CMV) 
infections, cerebral toxoplnsmosis, atypical mycobacterial 
infections), certain malignant diseases (Kaposi's sar
coma, generalised or cerebral lymphoma, aggressive 
invasive uterine cervical c,lncer) and neurological 
disease (A IDS dementia complex). 

The use of combi nations of antiretroviral dmgs (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 staff and th(' management of needle-stick injuriC'S 
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-

gastro-duodenoscopy (OCD). In late-stage dise,lse, CMV 
infection may involve any p..1ft 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. 
Treatment involves intravenous antiviral drugs. 

AIDS p..ltients 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 
present.1tion is often atypical. Kaposi's 5<lrcomas (sec 
Ch. 40) may require local excision. 

Surgeons may also become involved with IllY
infected pntients who in late-stage disease require a 
long-term central venous ca theter (Hickman line) with a 
subcu taneous infusion port. Surgeons may also be asked 
to place a percutaneous endoscopic gastrostomy (PEG) 
for feeding purposes. 

Orthopaedic su rgeons may be exposed to the virus 
when performing joint replacements in HI Y-infected 
haemophiliacs. 

VIRAL HEPATITIS 

Viral hepatitis manifests clinically with anorexia, nausea 
and sometimes nbdominal discomfort in the right upper 
quadrant followL'Ci by ~lundice. There are many viruses 
that can cause hepatitis with different modes of trans
mission, incubation times, prognosis and compl ications. 
These include CMV, Epstein-Barr and the hepntitis 
viruses. Hepatitis A nnd E are spread by the faecal-oral 
route whereas hepatitis Band C can be acquired by 
blood and some body fluids and therefore represent a 
potential risk to the surgeon. 

HEPATITIS A 

Hep.ltitis A is transmitted by the faecal-oral route, has an 
incub.llion perioo of 2-6 weeks, rarely causes fulminating 
disease and never leads to chronic hepatitis or cirrhosis. 
Its only surgical importance is when considering the 
differential diagnosis of ~lundice. A vaccine for pre
venting hep..ltitis A is now available. 

HEPATITIS B 

Hepatitis B is transmitted by blood or lxxIy fluids, 
including sexua l intercourse, or from mother to fetus or 
baby (termed vert ica l transmission). Incub.ltion is from 
6 weeks to 6 months. [Iepatitis 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 10 hepatitis B virus has se\'eral possible 
outcomes: 

• Acute ful mi nant hepatit is. This is rare but fatal 
• Acute hepat itis. Clearing of the virus leads to lifelong 

immunity 
• Chronic infect ion. This may lead to chronic 

hepatitis/cirrhosis (and possibly hepatocellu lar 
carcinoma) 

• Chronic carrier state. This is mainly due to infect ion 
at birth or later wit h development of immune 
tolera nce and no obviolls active disease 

Serolog ical diagnosis of he patitis B (see Table 1.3) 

He]><ltitis 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 ]><,tients who are HBsAg
positive, e antigen positivity (HBeAg) is a marker of high 
infectivity (sec '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 carci noma by annual estimation of 
serum alpha-fc toprotein and liver ultrasound every 
2 years, as partial hepa tectomy can sometimes cure early 
cases of hepatocellular carcinoma. Hepatitis B vaccines 
contain the surface antigen and induce immunity by 
stimu lating production of surface antibody; this will be 

Table 1.] Interpretation of hepatitis B serology 

_____ "c.BsAg 

Acute he patit is + 

Immune patient following he patitis 

Chronic hepat itis (mcludes camel" state) 

After effective immunisation 

• 

the only positive serologica l 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 incuh.ltion 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 d iagnosis is troublesome 
because of the difficulty of cu lturing the virus. Sem
conversion occurs late, often weeks to months after the 
acute ill ness. In most cases a positive hepatitis C anti
body test is likely to mean continuing infection. 

HEPATITIS 0 

This is a defective virus tha t requires hepatitis B surface 
antigen for full expression and on ly occurs as a co
infection with hepatitis B. It can be prevented by 
vaccination for hepatitis B. 

VIRAL INFECTION FOLLOWING SHARPS 
(NEEOLE-STlCK) INJURY 

Any sharps injury, especially from a hollow needle, may 
ie,1d 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 exposu re: 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 he]><ltitis C. 

anti·HE\( (lgM) anti-HBe (lgG,C) ___ c'c"c"c··"c:c" 

• - early 
+ late 

• • 
.1-

• 

o 
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INTRODUCTION 

At the site of extensive tissue damage, loca l inflam
matory and rep..lrative responses take place as described 
in Chapter I, but a v.uiely of ncuro-humoral systemic 
responses arc also acth'atcd which compens.lte for 
starvation, provide additional energy and building 
blocks for tissue rep.,,;r, and conserve sodium iOl\S and 
waler. There is also a massive attempt to increase glucose 
production by the process of gluconeogenesis. Adrenaline 
and noradrenaline arc released into the systemic 
circulation (rom symp..lthclic nerve endings and from the 
adrenal medulla to playa central role in the systemic 
responscs. [n ilddilion, there is cnhil ncro secretion of 
adrenocort icotrophic hormone (ACTH), glucocorticoids 
(cortisol), glucagon and growth hormone, all of which 
contribute to the general c.ltabolic 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 Ihe second or third 
day. 

FACTORS RESPONSIBLE FOR SYSTEMIC 
RESPONSES 

Factors responsible for systemic responses to se\'ere 
injury or ma;or surgery are summarised in Box 2.1. 

Fall in intravascular volume 

This is one of the major factors that initiate the systemic 
responscs. IlypovoJaemia results from: 

SUMMARY 

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

• Fall in intravascular volume 
• R@duced cardiac output and peripheral perfusion 

• Pain 
• Strl"Ss 
• Systemic inflammatory responses and sepsis 
• Inflammation 
• Ellcess heat loss 
• Secondary effects on blood 
• Starvation 

• Loss of fluid by h.,emorrh"gc or from thc su rfacc of 
burns 

• Interstitial sequestr.,tion of fluid as oedema in 
damaged tissues and more generally as a resu lt of thc 
systemic hormonal rcsponses. This process is 
c1l:aggerated in systemic sepsis 

• Restricted ora l intake during the perioperative period 
or whilst in intensive care 

A falling intravascular volume stimulates symp.lthetic 
activity to maintain blood pressure both by boosting 
cardiac output and by increasing peripheral resistance. 
This e1l:plains the mild tachycardia commonly seen in 
postoperative patients. Ca techolamines also have pro
found metabolic effects, increasing the turnover of 
carbohydr.,tes, proteins and lipids. Falling rena l per
fusion activates the renin-.1 ngiotensin--a ldosterone system. 
incre.,sing renal sodium and water reabsorption. A 
centra lly mediated increase in ADH secretion promotes 
further conserva tion of WOlter. 
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Reduced cardiac output and peripheral perfusion 

Circulatory efficiency may be impaired by hypovolaemia, 
and myocardial contractil ity may be depressed by anaes
thetic agents and other drugs. Less commonly m,ljor 
events, such as sepsis, pu lmonary embolism or myo
cardial infarction, cause cardiovascular collapse. 

Pain 

Pain causes increased catC(:holamine and ACTII 
secret ion. Blockade of pain (e.g. by regional anaesthetic 
procedures) at the time of surgery greatly reduces the 
adverse systemic effects of pai n. 

Stress 

Psychological stress associ.lted with injury, severe illness 
or elective surgery has a simila r effect to pa in on 
symp..lthetic function and hypothalam ic activity. 

Systemic inflammatory responses and sepsis 

E)(otoxins and endotoxins initiate intense systemic 
cytokinc responses with a variety of adverse metabolic 
effccts (see p. 25). This response does not necessarily 
involve infection and c<ln be initiated by a variety of 
adverse physiological insu lts. 

Inflammation 

Products of tissue damage and inflammation may cause 
systemic effC(:ts themselves or via release of cytokines 
and other humoral factors. The effects are s imilar to 
those involving infection. 

Excess heat loss 

Th is can occu r d uring long operations and after 
extensive burns. I-Ie;'lt loss imposes grea t demand s upon 
energy resources and may interfere with physiologica l 
processes such as blood dotting. Small b.lbies are 
p.lrticularly vulnerable. 'le,lt los3 in the operating theatre 
is cou nteracted as far as possible by raising the ambient 
temperature, wra pping eXJ'OS'->d parts of the body with 
insulating material, using warm wa ter underblankets or 
warm air 'bear-huggers' and by warming fluids during 
intravenous infus ion. 

Secondary effects on blood 

General metabolic responses to injury activate thrombotic 
mechanisms and in itially depress intri nsic intr.1V.lscular 
thrombolysis. Thus the patient is in a prolhromboti c 
slate and may suffer intravenous thrombosis and con
sequent thromboembolism. 

Systemic responses to surgery and trauma <i( 

If substantial haemorrhage occurs, dotting faclors 
eventua lly become c)(hausted with failure of dOlling. 
The systemic inflammatory response synd rome (SIRS-
see p. 25) causes widespread intravascular thrombosis, 
again using up cloll ing factors and precipitating dis
seminated intravascular coagu lation (DIC) with failure 
of normal clotting. 

Starvation 

Patients are commonly starved for 6-12 hours before 
opera tion even for uncomplicated elective surgery, and 
often do not start eati ng for 12-24 hours after operat ion. 
After major gastrointestinal surgery, food may be with
held fo r several d<lYs or mLlch longer in the event of 
serious infective compl ica tions, anastomotic breakdown 
or fistu la formation. Furthermore, patients with gastro
intest inal tumours, 11l<llabsorption syndromes or inflam
matory bowel disease may already be in a state of 
chronic starvation beforE' operation. 

One effect of starvat ion is increased susceptibil ity to 
infection. 11ms, it is important to recognise and, if possible, 
correct starvatlon in su rgica l p.l tients. The following are 
useful indicators of starvation: 

• Weight loss of more than \0% of normal body weight 
• Lack of nutritional intake for more than 10 days 
• Low serum albumin-below 26 mg/dl is probably 

critical 
• Low seru m transferrin 
• Reduced lymphocyte count 
• Reduced grip srn.'l\gth 

Effects of starvation 
During starva tion in the absence of illness or trauma, 
blood glucose is maintained by lowered insulin secretion 
and increased glucagon production. Other hormone levels 
remain normaL Initia lly, enhanced glycogenolysis main
tains blood glucose but liver glycogen becomes 
exha usted within 24 hours. Gluconeogenesis in the liver 
and kidneys is enhanced, utilising amino acids (rom 
protein breakdown and glycerol from lipolys is as sub
strates. Much of the glucose thus produced is utilised by 
the br,lin; most other tissues are able to metabolise (ally 
acids and ketones from adipose tissue. After severa l 
weeks, the brain also adapts to us ing ketones. Overall 
energy d emands fall during starvation and energy is 
obta ined mai nly 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 su rgery. 

SURGICAL CATABOLISM 

In most elective surgery, many of the factors mentioned 
above can be mitiga ted by accurate fluid replacement, 23 
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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 tr,luma and extensive 
operative surgery, particularly if complicated by major 
sepsis, the above factors will inevitably cause intense 
catabolism and drastic changes in nuid and electrolyte 
balance. Increased symp.1thetic activity and circulating 
catecholamincs and insu lin are the key factors in the 
response to major systemic insults, producing the follow
ing metabolic rt.."'Sults: 

• Enh<lncoo hepatic glycogenolysis and glucollt:."Clgellcsis 
• I~educed insulin secretion and inhibition of its tissue 

effccts block cellular utilis.1tion of glucose 
• Stimulntion of glucagon secretion further enhances 

glycogenolysis and gluconeogenesis 
• Ca techolamincs and glucagon stimuJate lipolysis in 

adipose tissue rele<lsing fatty acids; these provide the 
major energy source fo r peripheral tissues 

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

• Increased pituitary ACTH release induces a massive 
risc in circulating glucocorticoids; cortisol levels can 
increase tenfold immediately after surgery, remaining 
elevated for dnys or weeks. Glucocorticoids also 
enhance gluconeogenesis and promote catabolism of 
muscle protein and liberation of ami no acids 

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

EFFEOS 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 sta te; blood glucose levels may 
reach 20mmol/L and glucose may appear in the urine. 
This is in ma rked contras t to simple fasting. in which 
glucose levels are normal or slighlly depressed. 

EFFEOS ON BODY PROTEINS AND NITROGEN 
METABOLISM 

In the normal healthy adult, nitrogen ba lance 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 hypcrcatabolic state, nitrogen 
losses ca n increase three- or fourfold. Most importantly, 
the metabolic environment prevents proper utilisation of 
food or intravenous nutrition. There is therefore an 
enormous and inevitable daily destruction of skeletal 
muscle. This state of nega tive ni trogen balance contrasts 

ma rkedly wi th starvation, in which bcxly protein is 
presen'ed. 

EFFEOS ON LIPID STORES AND METABOLISM 

The effects of major body insu lts upon lipid metabolism 
are little different from simple starvation; most of the 
energy requirements are met from fal stores. 

Surgical catabolism only reverses as the p.:ltient 
recovers from the illness and therefore early p.:lrenteral 
nutrit ion (see Ch. SO) has little effect, although carbo
hydrates may spare some protein loss. It is worth 
emphasising that minimising surgical trauma and 
preventing perioperative com pli cations may make the 
difference betwccn recovery and death for elderly or 
debilitated patients. 

FLUID AND ELEOROLYTE CHANGES IN MAJOR 
SURGERY AND TRAUMA 

Major trauma, su rgery and illness result in retention of 
sodium and water, mediatt.."CI via increased secretion of 
aldosterone and ADH. 

Aldost erone secre t ion 

This occurs in response to a [,111 in renal perfusion and 
glomerular filtration r,1te that tends to accomp.:1ny 
substantial haemodynamic disturoonces. Renin is released 
from the juxtaglomerular app.:1ratus of the kidney, 
ca talysing the conversion of angiotensin I to angiotensin 
II in the lungs. The latter has a powerhll pressor effect on 
the peripheral vasculature, counteracting hypotension as 
well as stimula ting aldosterone release from the adrenal 
cortex. Aldosterone promot(."S active reabsorption of 
sodium ions (rom the distal convoluted tubules of the 
kidney; this is accompanied by the passive reabsorption 
of waler. 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 raiSt.>rl potassium concentra tion. Loss of 
hydrogen ions causes a degree of met.lbolic alka losis. 

ADH secret ion 

This is slimu lated by a rise in seru m osmolality, 
medi<lted by osmoreceptors in the hypothalamus. After 
major trauma or surgery, however, addit ional factors 
operate. There is a reduction in circulating volume, and 
stress and pain promote further ADI-I re lease via other 
hypothalamic p.:lthways. ADI-I acts on the renal collecting 
tubules, rendering them permeable to water which is 
then reabsorbed along a concentration gradient into the 
Vil5.1 recta of Ihe renal medulla. 



It is importa nt 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 C.1tabolism, 
described earl ier, Ihese effects are resistant to external 
manipulation but resolve with recovery of Ihe patient. 

SYSTEMIC INFLAMMATORY RESPONSE SYNDROME AND MULTIPLE 
ORGAN DYSFUNCTION 

Multiple organ dysfunction syndrome or MODS (a lso 
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 Ihe 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 p.1tients 
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 clinica l features 
which occur when infection is the initiating factor of 
MODS; at this s tage, the condition may be reversible. 
Note that Ihe lerm sepsis is not synonymous with 
infection and should be TL"SCrved for the systemic process 
described here (see Box 2.2), The sequence of failure of 
individual organs of len fo llows 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 (AROS). In hepatic 
failure, patients have a rising bilirubin, serum glutamic 
oxaloacetic transaminase (SCOT) and lactate dehy
drogenase (LDH). Intestinal failure is recognised by 
stress bleeding requiring blood transfusion, renal failure 
by rising plasma creatinine and low urine ou tput and, 
cardiac failure by low cardiac output and hypotension. 
Altered mental states such as confusion also occur 
(cerebral failure) as may Ole. 

11le mortality of MODS is directly related to the 
number of organs that fail . With one organ the mortality 
rate is 40%; with Iwo, 60%; and with three organs, more 
than 90%. 

PATHOPHYSIOLOGY OF SIRS AND 
MODS 

SIRS involves widespread changes induding endothelial 
injury, innammatory cell activation, disordered haemo
dynamics and impaired tissue oxygen extraction. 11 thus 

KEY POINTS 

Box 2.2 Definitions of SIRS, MODS and sepsis 

Systemic inflammatory response syndrome (StRS) 
Present if two or more of the following are found: 

• Temperature> 38°C or < 36°C 
• Heart rate> 90 beatsfmin 
• Respiratory rate> 20 breathsfmin or PaC02 < 4.3 kPa 
• White cell (ount > 12000 cetts/mml or < 4000 

cells/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 innammatory mediators, however, 
docs more harm than good by causi ng the wide
spread microvascula r, haemodynamic and mitochondrial 
cha nges that may eventually lead to organ failure. 

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

:2 
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MEDIATORS Of SIRS AND MODS 

SIRS .md MODS invoh·c complex interactions of endo
genous and sometimes cxogenous mediators. A range of 
cytokines is relea~-d from activated neutrophils as well 
as from endOlheli<l1 lind reticulo-endotheli<ll cells. These 
include tumour necrosis factor (TNF), the interle ukins 
Ill, IL2, 1L6, and pl.ltelet actiyating f.letor. These 
mediators individually C,lUse responses similar to those 
found in SIRS when injected into volunteers. 

SEPSIS 

The classic scptic respon!:>l' of a hypen..-tynamic cire· 
Ul,llion, systemic signs of inn<lmm<ltion and disrupted 
intcrm<..'<IiMY metabolbm can be induced in he<llthy 
yolunteers by injt'Cting endotoxi n (derived from the cell 
walls of Cr.lm-nLoga!i\·e b.lctcria) or the cytokines TNF or 
interleukin 1. In Gram-negative sepsis. the lipoprotein 
A Uipopolys.lcch<1fide) component of the organisms has 
oc'Cn shown to IIcliy,lte neutrophils and the coag·ulation 
and complement pathways. These result in endo
thelial activation, incre<lsing v<lscular permeability and 
neutrophil-cndotheli<ll interaction. The final common 
p.lthw<ly may involve migration of activated neutrophils 
into the intersliti<ll sp.lce of the affected organ and the 
de\·elopment of tissue hypoxia. In sepsis syndrome, 
these and other cimJlaling factors working in synergy 
bring about the devastating effL'Cts of MODS. 

CLINICAL CONDITIONS LEADING TO 
SIRS AND MODS 

These include infL'Ction and endotoxaemia (50-70% of 
cases), retained nt."Cnltic tissue and shock. TIley cOIn initi<lie 
dbtant organ failure by ~vcral mecJl<lnisms: 

• Inducing excessive release of endogenous mediators 
• Disrupting o:.;ysen delivery to the tissues 
• Imp.liring int('Slinal b.lrrier function allowing 

tra nsloca tio n of intestinal b.lcteria and endotoxin to 
thL' portal and systemic circulations 

• Damaging the reticulo-endothelial system 

INfECTION 

The source of infL'chon which leads to MODS may be 
dcq uired <e.g. intra-abdominal abscess) or endogenous, 
i.e. from the p.ltient's own bowel. Local infOOion, usually 
with Cr<lm-ncgatiVl' b.lcteria, stlmul<ltes the release of a 
range of innammatory mediators. A similar response is 
provoked by a su~t<lnti<ll volume of necrotic tissue, e.g. 
gangrenOliS leg. Mld is made much worse if Ihe tissue is 
infL'Cted . These paracrine responses are beneficial in a 

local sense, combating infection by increasing blood now 
and vascular penneability to allow influx of phagocyt~, 

a:, well as i\cti\'aling neutrophils to degranulate and relc.l$(' 
cytotoxiC oxygen radicals. If the stimulating factor then 
is so gre<lt that inflammatory mediators spill over into 
the systemic circulation in large qU<lntities, a casc,lde is 
initiatL'tI which may lead to sepsis and MODS. Super· 
oxide radicals and other Circulating factors then damage 
cells elsewhere in the body, causing widespre,ld vaso
dil<ltation .1Ild increa~ vascular permeability 1c.1ding to 
hypotension and cimJlatory collapse. The myoc.udium is 
depressed and cellular metabolic functions are disrupted. 

Endogenous sources of infection 

Bowel is a reservoir for b.1cteriil and endotoxin which are 
norm.lIly "'lfely contained. If thc intestinal barrier is 
breached by spl<lnchnic ischaemia, impoveriShed luminal 
nutrition of enterocytes or altered intestinal nOr.l, then 
bacteria l t rans location C.ll1 occur into the portal 
circulation in as little as 30 minutes. If the liver Kupffer 
cells are also imp.lired, intestinal bacteria and endotoxin 
are not prevented from reaching the systemic circulation. 
This may explain the potential for renal failure In 

~lundiced p..llients undergoing operation (hep.lto-renal 
syndrome). This endogenous source of sepsis explains 
the J(n of p.ltients who suffer organ dysfunction with
out <ln obvious source of infection. Typically, p.lticnts <lre 
affected after prolonged hypotension (hypovol<lcmic or 
cardiogcnic shock) or hypoxaemia (e.g. multiple Ir<luma 
victims) or as 01 result of din'Cl visceral ischaemia (e.g. 
prolonged aorlic clamping and hypotension in a patient 
with a ruptured aortic aneurysm). 

PREVENTION OF SEPSIS AND MODS 

Prevention and early treMment of MODS is summarised 
in Box 2.3. 

SURGICAL ASPECTS 

When multiple org.ln dy~function occurs in surgical 
p.ltients, it often results from a complication such as a 
bowel anastomotic leak ('septic') or from severe acute 
p.lllcreatitis (which may be sterile but becomes dcvast.lting 
if associated with p.1ncreatic infection). Extensive tissue 
necrosis following trauma or de<lth of an ischac.mic 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 
SllSpected; at th is Sl<lge <lctive resusci tation and dealing 
with caus,ltive factors such as i1 necrotic limb are likely 
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SUMMARY 

Box 2.3 Preve ntion and e arly treatme nt of 
multiple organ dysfunction syndrome 

General prevent ion 
• Rapid resuS(itation and early definit ive treat ment of 

major injuries 

• Good surgical technique 
• Appropria te use of prophylactic and therapeut ic 

antibiotics 
• Early diagnosis and treatment of infective surgical 

complicat ions, e.g. leaking anastomoses 

• Early and t horough excision of necrot ic and infected 
tissue 

Prevention for at-risk patients and treatment of early 
signs 
• Rapid card iovascular resuscitation and prevention of 

shock (minimise splanchnic ischaemia) 

• Optimisation of oxygen delivery (measure arterial 
POl and pH and correct metabolic acidosis) 

• Nutr itional support via an enteral route (to nourish 
enterocytes) 

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

Prevention of sepsis and early management of major 
gut-related infection before it provokes the SIRS cascade 
is vital. Appropriate lISC of prophylactic antibiotics in 
bowel surgery or trauma is important, but intraopera tive 
and postoperative errors in technique or clinical judge
ment are major cont ributing fac tors in more than 50% of 
patients with multiple organ dysfunction. Good clin ical 
judgement, effective resuscitation, good operative tech
nique, effective excision of necrotic tissue, minimising 
bacterial contam ination and preventing accumulation of 
postoperative fluid collections (semm or blood) are all 
neressary 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 

SHOCK 

PATHOPHYSIOLOGY OF SHOCK 

Shock is defined as acute circulatory failure of sufficient 
magnitude to compromise tissue perfusion. Cellu lar 
hypoxia and disruption of normal metabolic function, if 

Systemk responses to surgery and t rauma 

of necrotic tissue (including ampu tation 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 perfoml a lap.notomy on suspicion and 
find it normal than to 'wail and see' and risk rapid 
deterioration and death. 

OTHER PREVENTIVE FACTORS IN AT·RISK PATIENTS 

Adequilte 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 vita li at-risk patients must have 
arterial blood g.l5eS and pH estimated and be given 
supplementa l oxygen or assisted ventilation as required. 
To help prevent intestinal bacterial translocation, entero
cyles and colonocytes are best supported by enteral 
feeding. if necess.ny by a feeding jejunostomy or a fine
bore nasogas tric 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 damagei 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 feed ing. Treatment with new 
drugs designed 10 ma nipu late the endotoxin-cytokine 
axis has so rar been unsuccessful, prob.lbly 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. 

untreated, rapidly proceed to irreversible organ damage 
and death. Shock may be encountered at any stage from 
the acute emergency through to fina l recovery. Treatment 
depends upon quick and accura te d iagnosis. 

There arc th ree pathophysiological types of shock: 

c. 
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namely, collapse of c.lrd iac preload (hypovoiaemia), 
pump failure and collapse of peripheral resistance. Each 
may occur in a variety of circumstances. 

PRelOAD COLLAPSE 

Prelo.ld is defined as the rilte of return of blood to the 
heart. Preloild collapse mily be due to an inadequate 
volume of blood 10 fill the venous compartment, i.e. 
absolute hypovolaemia (hypovolaemic shock) or relative 
hypovolaemia due 10 a rapid increase in the volume of 
the venous comp.lrtmcnl relative to actual blood volume. 
Preload collapse is rt.'Sponsiblc for about 75% of cases of 
shock encountcr<.'CI in hospital and the miljority of these 
are due to hypovolaem ic shock. 

Hypovolaemic shock 

The main causes of hypovolaemic shock are: 

• 'Revealed' haemorrhage, e.g. deep lacerations, large 
haemiltemesis (vomiting of blood) from a peptic ulcer, 
severe blood loss from a wound drain 

• 'Concea led ' haemorrhage, e.g. intra-abdominal 
bleeding from ruptured spleen or aortic aneurysm, 
haemorrhage from a duodenill ulcer into the small 
intestine, intramuscular blood loss from multiple 
frilctures 

• Extensive burns, resulting in milssive loss of serum 
into blisters or from surface weeping 

• Severe vomiting or diarrhoea, or nuid 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 nuid into interstitial tissues, as occurs 

in sepsis, or into the JX'ritonea l cilvity in acute 
pancreatitis or genera lised peritonitis 

PUMP FAILURE (CARDIOGENIC SHOCK) 

Card iogcnic shock resu lts from any form of 'pu mp 
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 p.lpillary 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 peripher.ll resistance is controlled 
predominantly by Ihe tone of the smooth muscle of 

arteriolar and c.lpillary sphincters. About 80% of 
capillaries arc normally dosed. 

Se ptic shock 

Systemic responses to severe Gram-negative infections 
typically cause cardiovascu lar 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 widespre<ld endothelial dam,lgc, 
extensive peripheral vasodilata tion and greatly increased 
cilpilla ry permeability with massive fluid leilkage into 
the interstili ,1l or 'third' space. 

Anaphylactic shock 

Anaphylactic shock is a generalised form of type I 
hypersensitivity reaction, occurring in response to an 
anligen to which the p.ltient has previously bt-come 
sensitised. The antigen binds with antibody attached to 
the surface of Illast cells, triggering degranulation and 
release of histamine and other vasoactive amines. The 
predominant eHecl 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 llsually results 
(rom drug administration, particularly via the intra
venous route, penicillins being the most common culprit. 
Anyone administering a drug should ensure the p.ltieni 
is not known to be sensitive. Anaphylactic reactions may 
<lIsa occur after int ravenous 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 

The essential feature of any type of shock is a precipitate 
fall in arterial b lood pressure with systolic pressure 
dropping by some 40 mmHg from usual levels to less 
than 90 mml-lg. The immediate homeostatic response is 
intense sympathetic activi ty and catecholamine release. 
The hearl rate increases dramatically in an attempt to 
increase card iac output. Except in septic shock, there is 
intense cutaneous vasoconstriction in an attempt to restore 
intravascular volume by increasi ng peripheral resistance. 
Sudomotor activity causes profuse sweating. The hypoxic 
tissues revert to anaerobic respiration, producing lactic 
acid sufficient to C.1Use a metabolic acidosis, and the 
respiriltory rilte rises in an attempt at compensation. The 
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clinica l picture is a cold, white, clammy p<ltient with i1 

rapid thready pulse and increased respiratory rate. 
Sept ic shlKk prest:'nts a contrasting clinical picture in 

which there is i1 cylokine-mediated peripheral V,lSQ

dilatation unresponsive to circulating catecholamines. 
The p.,lient's skin is hot and flushed and cardiac output 
is increased to fill the dilated periphery. The pulse is 
typic.,lIy 'bounding' in qual ity. Temperanlre, however, 
may be ab(wc normal or even below nonnal. 

Without trea tment, the circulation can not support the 
main organ systems which fail (i,e. derompens.,te) one 
by one. Pulmonary failure leads to ARDS, and cercbrill 
hypoxia soon causes confusion and eventually coma. 
In<ldequatc renal perfusion ca uses a d ramatic fall in 
urinary outpu t (oliguria) which, if not rapid ly corrected, 
leads to flcute tubulM rl(.'crosis. If shock persists, reduced 
coronMy flow fi nd heMt f.lilure cause dCilth. In septic 
shock, organ damage is CXflccrbated by endotoxins and 
deterioration is inexorable unless the source of infection 
can be rapidly eliminflted and effective support measures 
instituted. 

PRINCIPLES OF MANAGING SHOCK BY 
RESUSCITATION 

Whate\'cr the cause, thc aim is to restore tissue perfusion 
and oxygenation by resuscitativc measures while the 
diagnosis is bei ng mflde fi nd the specific treatment begun. 
The following steps Me involved: 

• Administer oxygen 
• Obtain venous access and restore tissue perfusion 
• Assess and monitor 

RESUSCITATION 

Oxygen 

A mask delivering 100''{ oxygen should be immediately 
secured. The comflt~ patient must be intubated and 
positive-pressure vcnti lation commenced. 

Ve nous a ccess and t issue pe rfusion 

An int rfl\'enous infusion shou ld be set up immediately. 
Unless cardiogenic shock is likely, the circulating volume 
must be expanded rapid ly. Plasma substitutes are prefer
able as they tend to d raw fluid by osmosis from the 
extracellu lar tissues into the vascular compartment. 

In a shockt.>d p.l tient, central and peripheral veins are 
usually collapsed and venous cannu lation may prove 
difficult. Immediate central venous cannulation often 
wastes time, find the most effective method for rapid 
infusion is via bilateri\l cubital fossa cannulae. Use the 
shortL'St and IMgest-oorc cannulae available. Unless the 

Systemic responses to surgery and trauma <C 

doctor b experienced, a 'cut down' on the long saphenous 
vein a t the ankle may also waste time. Fluid should be 
infused rapid ly using an infusion pump and warmer if 
available, being mindftr l 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. 

Assessm e nt a nd monitoring 

These involve the following procedures: 

• Basic observatio ns are made of temperature, pulse, 
blood pressure, respiratory ra te and level of 
consciousness, monitored at frequen t interva ls; 
bounding pulse and fl ushed 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 
efforts 

• History and context of the cardiovascu lar collapse, 
along with a knowledge of the patient's past medical 
history and pre-cxisting med iCclI state includ ing 
recent operations, wi1\ often be a valuable guide to the 
cause of shock 

• A ge neral exam ination is performed qu ickly but 
thoroughly to sea rch for evidence of infection or 
concea led haemorrhage, particularly wit hin the 
abdomen <e.g. ruptu red aneurysm}. A history of chest 
pain or the finding of an elevated jugular venous 
pressure suggests card iac failure due to myocMdial 
infarction, a cardiac murmu r suggests valvular 
prolapM?, and an expiratory wheeze is suggestive of 
anaphylaxis or cardiac fail ure 

• An ECC is performed fo r evidence of myocardia l 
infa rction or pulmona ry embol ism. Note tha t the ECG 
changes typical of pulmonary embolism are only seen 
in massivc embolism 

• A urinary ca theter is inserted to monitor hourly 
urinary output 

• A central venous line is inserted to monitor ccntral 
pressure and the response to fluid ad ministration 

• Venous b lood 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-b.lsc 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 
immedia te measures should be taken to control blood 

Ch 
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loss, e.g. pressure on a swab over a bleeding wound, a 
tourniquet for mjured limb, laparotomy for ruptured 
splcen. Fluid replacement should be equivalent to the 
estimated fluid loss but adjusted according to the effect 
on centra l venous pressure and urine output. Where 
possible, fluids of similar composition to the Ouids lost 
should be used : whole blood for haemorrhage, colloids 
after major bums. As a prindple, 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 

The management of c.lrdiogenic shock is best reviewed 
in a medical textbook; the management of pulmonary 
embolism (which may present as cardiogenic shock) is 
discussed in Chapler 47, p.lge 6-1-3. Fluid overload is a 
s ignificant ha7 ... lI'd in cardiogenic shock and must be 
avoided. 

SEPTIC SHOCK 

Systemic sepsis leading to septic shock usually emanates 
from a specific focus of infection or from the p.ltient's 
own intestinal organisms. The source may be obvious 
but, if not, a careful search must be made bearing in 
mind the com mon 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 bl.ldder or chest infection or an otherwise 
'silent' infection of a cenlral venous ca nnula is often the 
ca use. In previously hypovolaemic patients, endogenous 
sepsis is oftcn the cause. Debilitated p.llients, 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. 

The damaging effects of poor organ perfusion in 
septic shock are increased by di.rect and indirect endo
toxic tissue damage. Treatment of septic shock is urgent 
and involves nuid l"CSuscitOttion, oxygenation, adminis· 
tration of appropriate antibiotics and the tracing and 
elimination of the source of infection. 

Blood cultures mus t always be taken and intravenous 
antibiotics administered on a 'best--guess' basis. Experience 
has shown that a bro.ld-spectrum combination of 
gentamidn, benzylpenidllin and metronidazole is one of 
the most effective regimens and COtn be modified later if 
resistant organisms arc isolated. 

In the meanti me. intravenous plasma expanders are 
given and the ratc 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 sus tOtin cardiac output and tissue perfusion. Corti· 
costcroids are known to stabi lise cell membr.lnes but 
evidence of their effectiveness in septic shock is lacking. 

If the di.lgnosis of septic shock is correct, resuscitative 
measures should produce dramatic improvement in the 
p.ltient'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 
infec tion must be urgently eliminated if the septic 
cascade is to be revcrS(..-d. 

DISSEMINATED INTRAVASCULAR COAGULATION 

Another major problem in MODS and septic shock is 
genera lised activation of the dotting cascade causing 
disseminated intravascular co.lgulation (D10. This 
exhausts the supply of platelets and dotting factors V, 
VIII and fibrinogen <co nsumption C'oagulopalhy) and 
activ,ltcs the intrinsic fibrinoly tic mechanisms. It be
comes manifest as spontaneous bleeding or bruising and 
uncontrollable haemorrhage from any operation .. ite. 
Diagnosis is made by finding low fibrinogen le\'els and 
high levels of 0 dimers (cleaved from fibrin by plasmin 
and evidence of fibrin lys is). Treatment includes manage
ment of the initiating cause, administration of intravenous 
heparin to flTrest the co..lgu lation process and infusion 
of ncct.'SSolry clotting factors, e.g. fresh·frozen plasma , 
cryopo.'cipitale. 

ANAPHYLACTIC SHOCK 

Anaphylactic shock, e.g. following intravenous drug 
administration, requires urgent treatment. Adrena line, 
1 Ill i of 1 in lOOO sol ution, is given subcutaneously, 
caus ing generalised vasoconstriction and increased 
c.udi.1C output. Hydrocortisone 200-500 mg and an 
antihistamine such as chlorpheniramine 10 mg are given 
intravenously, the fonner stabilising the mast cells and 
the latter blocking histamine receptors which mediate 
much of the peripheral vascular response. Intra venous 
Ouids are needed to treat the hypovolaemia. 

Because of the risk of anaphylactic shock, a doctor 
should always administer the first dose of any intra· 
vcnous agent, including radiological contrast agents and 
radioisotopes, and a doctor should always be available 
whene\'er parenteral drugs (including vacdnations) are 
being administered. The doctor is legally responSible for 
ensuring that resuscitation drugs and equipment are 
immediately available and must check this beforehand, 
particu larly if working in an unfamiliar ward or 
departmcnt . 



~ 
I 

3 Principles of 
blood transfusion 

Laboratory aspectS of bkx:xIlransluslOfl 32 
Blood tran5fuslon m clinICal practICe 32 

Hazard<; and complICations of blood 

transfuSlOO 34 

INTRODUCTION 

The ability to transfuse s.1 fely blood and, to a lesser 
extent, blood products revolutionised the management 
of mL,jor 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 be€n tragically 
highlighted by the development of human immuno
deficiency virus (HIV)/acquired immunodeficiency syn
drome (AIDS) in hacmophiliacs and other patients after 
unwitting transfusion of infected blood. Indeed, several 
political scandals have arisen from high-level decisions 
not to use up-Io-date methods of testing or treating donor 
blood for HI V. 

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 toler,lUng lower haemoglobin con
centrations, using alterniltive infusions such as gelatin 
for hypovolaemia, autologous transfusion techniques or 
iron therapy for anaemia (sec 'Reduci ng the need fo r 
b.lnk blood transfusion', p. 33). 

The immediate advilntage of transfusing stored blood 
for replacing blood loss is that it remains within the 
v,1scular 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 arc virtually inactive and clotting 
factors absent. The tyFX-'S of transfusion currently available 
and the general indications for thei r use are as follows: 

• Stored whole blood- less readi ly available now 
because of the demand fo r blood products. Most 
blood for transfusion is essentially red cells alone. For 
substantial haemorrhage, e.g. trauma, major su rgery, 
bleeding peptic ulcer, concentrated red cells are often 
given together with electrolyte or gelatin solu tions 

• racked or concentrated red ce lls-for substantial 
haemorrhage (sec 'Stored whole blood' above) or for 
rais ing haemoglobin where circulat ing vol ume is 
adequate, especially if there is a risk of circulatory 
overload, e.g. chron ic anaemia with card iac 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 album in solutions should 
probably be restricted to intensive care units for 
occasional use in patients critically ill with 
hypoproteinaemic oedema or respiratory distress 
syndrome. Other uses are difficult to justify in the 
absence of proven benefi t, as albumin is expensive 
and is derived from human donor blood 

• Fresh-frozen plasma (FFr)-separated from frL'Sh 
blcxxl and then fro7.en, 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 f,lctOrs by 
attempted haemostasis and poor clotting abili ty 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 
p.ltients short of clott ing factors for other reasons, e.g. 
liver di.sease or fo r rapid revers.l l of coumarin-type 
anticoagu lants. (Notr: FFP should be blood group
compatible when possible.) 5.1fer, cheaper products 
shou ld be used for simple volume replacement 

• Platelet concentrates-for platelet exhaustion during 
major haemorrhage and in thrombocytopen ia 
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• Cryopreci pitate, fi brinogen and other specific cl olli ng 
factor conce ntrates-for various specific co..lgulation 
deficiencies, e.g. haemophi lia. These should only be 
used in consultation wilh a haematologist 

• Pl asma substitutes-these are solutions of 
macromolecules with colloid osmotic pressure and 
viscosity characteri~tics simi lar to plasma. Gelatin 
solut ions (e.g. 't laemaccel', 'Gelofusin') and etherified 
starch solutions (e.g. Hetastarch) have now largely 
replan."CI dcxt rilns ('Dextra n-70') and are used for 
initial restoration of circulating volu me in 
haemorrhage or burns and to maintain volume, blood 
prt.'Ssure and renal perfus ion intraoperatively where 
blood trilnsfusion is not indicated 

LABORATORY ASPECTS OF BLOOD 
TRANSFUSION 

BLOOD GROUPING AND COMPATIBILITY TESTING 

Transfusion of incompatible blood in respect of the major 
blood group antigens (ABO factor) is potentially fatai. 
Transfusion practice has been developed to minimise this 
risk and involves two main steps. Firstly, the patient's 
ABO and Rhesus grou~ are established. Secondly, the 
p..lticnt's blood (and each unit of donor blood) is 
screened for antibodiL'S. Alternatively, each unit of 
group-compatible donor blood intended for transfusion 
is cross-matched dirt.'Ctly ,lgainst the patient's serum to 
ensure complete compatibility. Fortunately, units of 
donor blood ilre comp..ltible at first cross-match in about 
99% of cases, and it st.'t'IllS likely 111il t cross-matching will 
come to be rcg;uded as unnecessary in the future; group
compat ible antibody-frt..'t.' blood can be safely uS{.>d in 
most cases without specific cross-matching. This would 
allow supply from a prcpart.>d pool of transfusion units, 
rather than necesSitating the prep;uation of a pa tient
specific allocation, thus representing a s.wing in terms of 
both time and cost. 

After the transfusion of many units of blood (e.g. 
massive haemorrhage from liver trauma), the p..ltient'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) whel\' 
group-comp..ltible blood is not available, then group 0, 
Rh negative blood can be given with comp..lrative s.lfety, 
but there is a long-term risk of antibodies developing, 
which makes future cross-miltching difficult. 

STORAGE AND USEFUL LIFE OF BLOOD 

Blood and blood products have exacting requirements if 
their qu,llity i~ to be preserved. Maintaining blood 
quali ty is essentially the responsibi lity of the supplying 
laboratory; the value of blood and blood products is 

easily diminished if they are ha ndled inappropriately 
thereafter. 

Blood is stored chilled between 2 and 4C, when it 
has a shelf-life of about 5 weeks. With developments in 
preservat ive solutions (e.g. CPD-A) there is little deteri()
ration of rt.'CI cell quality during storage but pll changes 
occur, potassium leach~ out of the cells and clotting 
factors diminish. Blood must not normally be frozen, 
although expensive techniques fo r freezing patients' 
own blood in glycerol for later autotransfusion have 
been developed fo r patients with rarc blood groups or 
unusual antibodies and, latterly, for preventing blood
borne viral infections in certain important people 
travelling in high-risk <lreas. 

To ensure vitillity, blood should not be removed from 
the labor<ltory or the,ltre refrigerator until immedi<l tely 
before usc. If blood has been out of the refrigerator for 
more than 30 minutes and has not been transfused, it 
should be retu rned to the laboril tory unused. Indeed, all 
unused blood should be returned to the l,lbor<ltory as 
soon as it becomes app..lrent that it will not be required, 
as it may still be suitable for another patient. Empty used 
blood p<lcks are often retained for 2~ hours so that they 
c,ln be examined and tested in the event of a transfusion 
reaction. 

BLOOD TRANSFUSION IN CLINICAL 
PRACTICE 

BLOOD TRANSFUSION AND ElEOIVE SURGERY 

Altitudes to I r<ln~fusion in dective surgery are becoming 
more conservative. Blood is an expensive commodity, 
and its usc is not risk-free. In elective surgery, pat ients 
usually fall into one of thrt..'t.' c,l tegories: transfusion not 
anticipalL"CI (e.g. hernia repa ir), transfusion possible but 
unlikely (e.g. cholecystectomy), and transfusion probable 
(e.g. major arterial reconstruct ion). For patients in the 
second c,ltegory, a blood s.lmple should be sent in 
advance for ABO and Rhl.'Sus grouping and antibody 
screening, and the serum retained in the laboratory fo r 
further comp..ltibility testing if required later ('group and 
screen'). For patients in the third category, an appropriate 
number of units of blood is requcsted to be available for 
transfusion ,11 the time of operation. In this case, the 
blood group and antibody screen is performed on rt.'CCipl 
of the request and the blood is prepared a day or so 
befol\' operation. If blood is then transfused and a further 
transfusion is requirt.'Ci more than 2 days later, a new 
blood sample is nct'CIL'CI for testing as new antibodies 
may have dcvelopt.>d. 

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 s.lmples which 
are sent for groupi ng 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 p.ltient. 

VOLUME AND RATE OF TRANSFUSION 

The volume of blood required and the rate of transfusion 
depend on the age of the p.ltient, the indications for 
transfusion and the p.ltient's general and cardiovascular 
condition. 

Haemorrhage 

Hnemorrhnge can be clinically clnssified according to the 
response to initial colloid or crystalloid resusci tation. If 
there is no response, such ns in torrentinl obstetric 
haemorrhage from plncenta previn, group a Rh negative 
blood is transfused as fast as necess.1Ty to mnintain 
adequate blood pressure (Le. systolic above 100 mmH g) 
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 l"l'Sponse is approprinte to the 
blood loss, blood should be sen t (or group and screen; 
immediate transfusion is not indic<lted. 

If rapid transfusion is required, an inflatable bag sur
rounding the fluid or blood pnck C.1n be used to increase 
the pressure. If many units ore to be given, or the blood 
is for neonates or small children, it should be warmed by 
passing it through a special blood w.1TIning device. 

Anaemia 

Surgery can generally be performed on a patient whose 
haemoglobin is greater than IOg/dl; compens.lted 
anaemia in a young person down to Bg/dl may be 
tolerated with no signific.1nt increase in morbidity or 
mortality. Older patients are less tolerant of this level of 
anaemia unless the an<lemia is chronic .1nd little surgica l 
blood loss is expected. If preoperative transfusion is 
nceded, it should be given at least 2 days beforehand. 
This maximises the beneficial effects of the blood and 
permits fluid balance to stabilise. One unit of blood 
(450 ml blood + 63 ml preservative and antiCo.lgulant 
solution ) will raise the haemoglobin concentration by 
approximntely 1 g/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 slow ly. 

REDUCING THE NEED FOR BANK BLOOD 
TRANSFUSION 

Deaths and serious reaclions still occur from incomp.1tible 
blood transfusions (p.lrticularly when blood products 
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are administered under general .1na('5thesia). In addition, 
serious infections such as hum.1n immunodeficiency 
vi rus (HIV) can be transmillL'Cl from apparently fit 
infected donors with chronic latent carrier states, despite 
Careful screening of donors and donations. The risks of 
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 schedu les for p.,rticular 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 
5.1fely 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 nrc several drawbacks: the 
collection, storage and chL'Cking system is costly and 
complicated to administer and patients must be prepilred 
well in advance of opera tion. Up to 409( of cases require 
additional donor blood, and about 50lk 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. Unfortullntely, cancer surgery does not 
lend itself to pre-donation owing to the potential risk of 
transfusing malignant cells bnck into the circulation. l're
donation is, however, ideal for pntients due to undergo 
major vascular surgery. 

Normovolaemic haemodilution 

Normovolaemic haemodilution involves collecting blood 
from the p.ltient immediately prior to surgery and re
plncing it with colloid. This has the advantages of 
autologous transfusion without the disadvantages of 
pre-donation or the usc of cell washing and collecting 
equipment. Up to 2 litres of blood C.1n be removed s.lfely 
from adults without ca rdiaC discase immediately before 
nil operation and replaced with colloid. The procedure 
reduces the venous haematocrit and increases cardiac 
output. When about 300 ml of low-haematocrit blood 
have bi..'en lost at operation the normal haemiltocril 
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 contai ns viablc platelets if kept at room 
temperature. It also contains significant levels of labile 
clotting factors. Thc technique has been used extensively 
in cardiac and vascular surgery but could be cxtcnded to 
other types of surgery. 

Blood salvage techniques 

This appro.lch invoh'cs blood spilled a t operat ion bei ng 
coltech.>d by suction, proc~ and rein fused. In manual 
salvage, blood from suction or postoperative drainage is 
collected into a reservoir containing anticoagulant before 
being reinfu!>Cd via 11 fine filter. This technique has been 
used most frequen tly in orthopaedic surgery. 

In cases of acute rna!tsive inlra·abdominal blood 
loss which is uncontami nnted by bowel contents, e.g. 
multiple trauma or liver transplantation, an automated 
cell s.wer can be used. S.1lvaged red cells are washed, 
concentrated and resuspended in physiological solution, 
then rcinfused as required al a packed cell volume of 
5O~. Homologous blood and blood products are often 
needed in addition, but the number of units of blood 
u!>Cd is much reduced. By this method, losses of over 
100 units have been recycled. Blood salvage using cell 
savers is genC'fally only cost-effective where large numbers 
of operations requiring large volumes of blood are per· 
fomled in the surgical centre. 

HAZARDS AND COMPLICATIONS OF 
BLOOD TRANSFUSION 

FEBRILE REACTIONS 

Fever during blood trilnsfusion is common and is 
usually due to non·red-cell immune incompatibility, e.g. 
proteins, wh ite cells. If the fever is less than 38"C then 
the transfusion should be allowed to continue. If the 
fever is higher, or there are systemic symptoms (e.g. 
chills or rigors), thcn the transfusion should be stopped 
for 30 minutes. If the fever returns, the blood must be 
returned 10 the lnboratory for testing. In most situations, 
febrile transfus ion reactions are due to leucocyte and not 
red cell incomp.ltibility. 

HAEMOLYTIC REACTIONS 

Massive haemolysis will occur if there is mapr ABO 
incomp.ltibility, although this is thankfully r.1re. A lesser 
degn."C of hacmolysis is associated with incompatibility 
in minor determinants. Almost all haemolytic TCnctions 
are c,luscrl by human error in transfusing incomp.ltible 
blood. The cli nical fealuf(.'S of a haemolytic reaction are 
summariscrl in Box 3. 1. Diilgnosis is confirnl('<I by finding 

KEY POINTS 

Box 1 .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 
• A(ute 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 <cagulation with 

spontaneous bruising and haemorrhage (e.g . 
cerebral, gastrointestinal) 

hyperbilirubinaemia and a positive Coombs test and by 
demonstrnting an antibody on repeat screening. With 
mnssive intravascular haemolysis, hacmoglobinaemin 
and hacmoglobinuria may be found. The transfusion 
must be halted immediately and the p.ltient resuscitated . 
Oliguria is treated by osmotic diuresis (e.g. mannitol), 
aided by a loop diuretic if appropriate. 

ALLERGIC REACTIONS 

Allergic reactions to transhlsion are occasionally seen 
and manifest as fever, pruritus (itching), ski n r,lshes, 
whenls or angiQ-oOC\.iema (periorbit.,!. facia l and laryngeal 
swelling). These tend to appear either towards the end of 
tr,lnsfusion 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· 
1,1mination during the process of blood prep.lralion and 
storage, or the giving 5('t or cannula site (sec Fig. 3.1, 
p.36). 

Infections transmit1ed by donor blood or blood 
product transfusion 

Donated blood can now be screened for most Significant 
transmissible infectious agents. M'lny of the tests, how· 
ever, rely on detecting nntibodies to viruses and the~ 
fore do not detect f(.'Ccnlly acquired disease where 
insufficient time has elap5(.>d for the antibody response to 
develop. 

Donor infections Me most likely to be transmitted 
when a chronic latent carrier state can exist in the donor. 
EXilmples include: 
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• Viral inf ecl ions-hcp.1titis B, C, and D; HIV I and II ; 
human T-celllymphotropic virus (HTLV) I; 
cytomega lovi rus; Epstein-Barr viru s 

• Bacterial infect ions-syphiiis, brucellosis 
• Protozoal infect ions- miliaria, C hagas' disease, and 

babesiosis 

TIle most important of these infections are discusS(.'I:i 
below. 

Hepatitis viruses 
The 'Australia antigen' was discovered in the 1960s, 
together with its association with the transmissible agent 
for hepatitis B. This ,1nligcn was later identified as the 
hepatitis B virus (HBV) surface antigen (HBsAg). Donors 
hnvc 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 transfus ion
related hep<,titis B. Despite screening.. infections occ,lsion
ally occur because very low conccntrations of antigen 
cannot be detected. Thus patients needing multi pic 
transfusions or blood products should be vacci nated 
ag.li nst hepatitis B. I my is present in the plasma ilnd 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. 

Hepat itis C. formerly known as 'non-A, non-B 
hepatitis', used to be transmitted twice as often via blood 
transfusion as hep.ltitis B. The illness of hep.ltitis C is 
often mild , but up to half of all cases progress to chronic 
hep.ltitis (1 0% for hepatitis B) and 109: develop cirrhosis 
or hepa toma or both. Since 1991, all donations in the UK 
ha ve been screened for hepatitis 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 li nk with blood trans
fusion began, with reports of opportu nistic pneumonias 
in homosexual men and haemoph ili.lcs. By the mid-
1980s, the risk of HI V tr.lnsmission 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. Haellloph iliacs were much less fortunate, 
bei ng infected via clotting factor VII1 prepara tions 
imported from the USA, 

In the UK, all blood donors and donations have been 
screened for HIV antibody s ince 1985. About 1 in 10000 
donors is found 10 be II IV-positive, with new donors 
about four times as likely. Seropositivity implies there 
would be a 9()Ck risk of HI Y transmission via blood 
dona tion. Current HI V antibody detection methods are 
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very reliable but there is a period las ting 1-3 months 
after infection when antibody may be undetectable. The 
most effective method of reducing the risk in countries 
where donors a]"(' unpaid is donor self-exclusion. Potential 
donors have the risks of infection transfer explnincd and 
are asked not to donate blood if they know they have 
transm issible infections or fall into high-risk categories, 
e.g. intr.wenous dnlg users, promiscuous homosexuals. 
When combined with a low prevalence of HIV in the 
donor pool (as in the UK), the risk of transmitting I BV 
via a screened blood or blood component dona tion is 
sma ll but not negligible. Thc risk has been estimated at 
about T in a million units transfused . 

A second vinls, HI V-1J , is prevalent in West Africa and 
has been screened for in the UK si nce June 1990. 

Cytomegalovirus 
Infection with cytomega lovinls is widesprend, the vinls 
remaining latent in leucocytes. The risk of infc-ction is 
important only in immature neonates and immuno
suppressed p.ltients who Me Cv!V-seronegative. To 
minimise the risk, donated blood for thCS(> groups 
should be screened for CMY-specific antibody and the 
donation can be lcucocyte-dcpleted in the haematology 
laboratory prior to transfusion. 

Protozoal infection-malaria 
Transfusion-transm itted miliaria occurs but remains r<l re 
in developed countries. In end em ic areas, however, it 
is common and the ma;ority of healthy blood donors 
will be potentially infectious. The disease should be 
considered if a p.ltient 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 self
steri lising properties of blood. However, microorg<lnisms 
may proliferate if storage cond itions are inadequ.ltc or 
blood is left unch illed before transfusion. 

Transfusion of b<lcterially infc-cted blood, however, is 
rare but it can be c<l tastrophic, leading to death wi th in a 
very short time. C ram-negative aerobic bacilli, particu
larly Pselldo/llOllllS and SlIll11olle/lll species, have 1x'C1l 

incriminated. The presence of exoloxins or endotoxins 
may also lead to life-threatening complica tions. 

Giving sets may become contilmina ted un less strict 
aseptic technique is maintained during the setting-up or 
changing of any component of transfusion equipment. 
Finally. peripheral intravenous ca nnulae, and particularly 
ccntral venous lines, may become infected by opportu nistic 
skin com mensals (e.g. ro.lgulase-negative staphylococci) 
or con taminating p.lthogens {c.g. Stlll,ily/OCOCCIIS IIlIrl'IIS, 35 
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[sc//eric/lin colt) causing local infection (see Fig. 3.1), 
b.lcteraemia or even septicaemia . Can nula siles should 
be inspected daily and changed e,,{'ry 2 days. The same 
vein can then later be reused for a new infusion. In a 
p<ltient with a central venous li ne and a pyrexia of 
unknown origin, the line should be removed and tested 
b.lcteriological ly. 

The clinical T\.'Su lt of transfusi ng a bacterially contami
nated donation resembles that of a haemolytic reaction, 
wit h fever, ch ills, hypotension, nausea and vomiting, 
oliguria and disseminated intravascular coagulation. 
Mortality is around 35%. If a patient develops adverse 
sym ptoms, investigations shou ld include culture of the 

Fig . 3 .1 Infected cannula s ite at the wrist 

p<ltient's blood <lnd the blood product as well as re
checking com patibility. 

IMMUNOSUPPRESSIVE EFFECTS OF BLOOD 
TRANSFUSION 

Blood transfu~ion has bc<.-n demonstrated to h,1\'(, a 
potential for imnlllnosupprt.'SSion which may influence 
recurrence of certain C.lncers, particula rly colorectal, and 
may also have an adverse influence on postoperative 
infect ion rates. Nevertheless, the data is conflicting and 
as yet there is insufficient evidence of an important 
clinica l effect. 

FLUID OVERLOAD 

Fluid overload is rilrely il problem of blood transfusion 
in heillihy ildulls but may eilsily develop if the cardio
vascular system is alreildy compromised or if particularly 
huge volumes ,lre given ur when transfusing b.lbies and 
sma ll children. 

ACUTE RESPIRATORY DISTRESS SYNDROME 

This may be due to anti-Fe-receptor antibodies or possibly 
to multiple micfOC'mboli of platelet and leucocyte 
aggregates. The lalter 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 thai physicians from 
early times have turned their attention to replacing the 
function of f.liling organs in the most direct manner, by 
transplanting a healthy organ from another human or an 
animal of another species. 

The 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 s..lme animal) could 
be expected to function indefinitely whereas allografts 
(organs transpi<mted between animals of the same 
species) rMely functioned for more than a few days. 
EMly 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 
invol\'ed in graft rejection and the elaboration and 
application of techniques to minimise or prevent it. The 
first clinically useful transplant for humans involved piS 
heart valves. These consist of simple avascular tissue 
which can be treatoo to render it non-immunogenic so as 
to avoid reteclion. Porcine card iac valve transplants have 
been used regularly in humans since the mid-I97Os. 

Progressive developments in chemical immuno
suppression 10 attenuate graft fCtection 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, si ngle 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 o f transp lants performed during 
1990 and 1997 in Europe and the USA 

Organ Europe USA , ... 1997 1990 '99' 
Kidney 10383 9563 9491 8844 
HN" 2134 2451 200' 2362 
,"", 2139 3115 254' 409' 
Par'ICreas 226 486 529 '063 
Intestme 0 9 0 60 

Promising results are now being obtained with small 
bowel transplants and composite grafts (known as 
clus ter 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 sraft and the host of a transplanted 
organ remains the goal of tr.1nsplant 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 Ix:lth cell-mediated and humoral 
mechanisms. These responses cause destmction of the 
transplanted cells. 

Each individual has a number of hishx:omp.ltibility 
antigens but only one group is responsible for major 
graft retection 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 ioc.lted on a segment of the short arm of 
chromosome 6. It is present in all cells but, as it was first 
discovered in leucocytE'S, it is known as the HLA 
complex (human lymphocyte antigen system A). Within 
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the human Mlle. Iwo major groups of antigens have 
1x"'C1l described, class I and class II antigens, which have 
diffen'llt slnlClufCS and specificities. The principal class J 
loci arc known as the A and B .1ntigells and the principal 
c1a:.s II loci arc the DR antigens. Since each individual 
rcccivt.~ one ~I of genetic information from e.leh parent 
there arc thus six prindpill loci (two eilch for A, Band 
DR) and two individuals call differ at any or all of these 
loci. Cerl.1in liLA types arc known to be associated with 
pilrticular autoimmune disorders, notably ankylosing 
spondylitis "nd eacli,'e disease, although the reasons arc 
unknown. 

TISSUE TYPING 

liLA typing of individuals is used to match the donor 
and recipient as closely as poSSible. In kidney trans
plantation, when donor and «'cipient 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 Ill.ltch donor and recipient as closely as 
possible. Tissue typing is usually perfomled serologically 
using spt."'Cific antiscr,l. More rccenily, increased accuracy 
using DNA fingerprinting has oc'Come possible but 
the technique is still too slow for use in clinical 
transplantation. 

The p.lttcm of inheritance of tissue types within 
families shows that each child receives one set of genetic 
information (haplotype) from each parent; siblings ha ve 
a 1 in 4 chance of being haplo-identical and a I 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 lhe special CilSC of monozygotic 
twins, theTC is st ill some rejL'Ction in HLA identical grafts 
between sibl ings owing to differences in minor histo
compatibility antigens. ABO blO<Xl group comp.1tibility 
is an obvious prelX.'1..1uisite 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 suppre.sed 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 becausc a pmtly tolerant sta te is 
establ ished as the host-versus-grafl response diminishes. 
Immunosuppressive drugs are employed in various 

combi nations. the most com mon being prednisolone, 
azathioprine imd cyclosporin. In many cases, polyclonal 
or monoclona l ilnlilymphocyteor antithymocyte globulins 
arc added in the initial induction period. These drugs 
inevitably ~uppress lymphocyte proliferation, antibody 
production and inflammation in varying degrees, and 
complications include impain.>d healing, peptic ulceration, 
vulnerability to infection, bone marrow suppression 
and occasionally development of malignancy (especially 
Epstein-B.lrr vinls--related Iymphoproliferative disorders). 
Cyclosporin represented a ma;or adv.mcc over the 
earlier combination of azathioprine and steroids but has 
significant ~ide effects of its own in the form of 
nephrotoxicity and an occasional tendency to produce 
hirsutism. 

[n the continuing search for better immunosuppressh'e 
agents, a \'ariety of new dnlgs have been produced as 
well as new improved forms of cyclosporin. n,ese are 
currently being ev.1luated along with several new agents 
including deoxyspergua lin, mizorb ine, RS 61443 and 
the macroJides FK506 and rapamycin. 

GRAFT REJECTION 

Gr.lft rejection remains a major problem and C.1I1 present 
in severa l ways. 

Hyperacute rejection 

This occurs within minutes or hours of transplantation 
and results from the pn?Sence of preformed antibodies, 
either due to previous transplantation, blood transfusions, 
pregnanci~ or ABO incompatibility. n,e presence of 
these antibodies can be detected if a cross-match is 
performed using senml from the potential organ 
recipient and cells from the donor. 

Acute rejection 

This c('II-media ted response is common and usually 
occurs wi thin 2 weeks in first-time grafts; it C.1 n usually 
be reversed by a temporary increase in immuno
suppression, usually in the form of a short course of 
high-dosc steroid treahnent or a brief course of anti
lymphocyte globulin. 

Chronic rejection 

This occurs months to years after tr<1llSplantation and is 
probably the «'Suit of antibody-mediated rejection which 
C.1n occur even in the face of long-term immuno
suppression. It is oftcn associated with gradual occlusion 
of Mteries in the graft. 



PRACTICAL PROBLEMS OF 
TRANSPLANTATION 

SOURCES OF ORGANS fOR TRANSPLANTATION 

Most tissues for transplant.l lian are derived from 
cadaveric donors. with the Org..lns removed from the body 
as soon as possible after death has been diagnosed. Any 
previollsly fit subjects who become brain-dead following 
head injuries or intracran ial vascular ca tastrophes a re 
potential donors of intril-abdominal or intrathoracic 
orga ns. Victims have usually been resuscitated from the 
outset with the circulntion and respiration being main
l<lined nrtificial1y. From such ' heart-beating' donors, 
multi-org'lIl don<ltion procedures allow all appropriate 
organs to be removL'CI and maintained in optimal 
condition for transplanta tion. Non-hc<lrt-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 rapid ly followi ng cessation of the 
circu lation. 

In the C.lse of kidney tr"nsplantation, living related 
fam ily members may be donors; this gives excellent 
results a lthough it has gai ned greater acceptance in the 
United States than in the United Kingdom. The risk to 
the donor is s light and the donor's rema ining kid ney 
hypertrophies OVN succeeding mon ths, restoring renal 
reserve to near·normal. 

' BRAIN DEATH' 

In many countries, criteria have betm established to form 
a lega l definition of brain death following irreversible 
brain stem injury even in the presence of a continuing 
in\.,ct circulatory system. Once these criteria have beell 
sa tisfi(.>d , and with the appropriate consent from relatives, 
the sub)ect becomes eligible for 'heart-beating' org,lll 
donation. The legal criteria for brain death in the UK are 
summarised in Box 4.1; sim il.1T cri teria are used in other 
countries. 

The diagnosis of brain death is made on the basis of 
cli nical criteria in the UK. Electrocardiogr.,phy, cerebral 
blood flow and other neurophysiological tests are not 
required. Appropriate clinical examination must be 
performed by two sen ior doctors independent of the 
transplant tea m and must be repeated at least twice. 

CONSENT 

It is usual to seek the agrL'('ment of the relatives and to 
determine whcther the potential donor expressed any 
objection to donation during life. The matter is s implified 
if the potential donor carries a donor card or has left 
other written instructions known to the family. The 
personal difficulty many doctors filce 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) 

4. On removal of ventilatory support, there must be 
no spontaneous respiratory activity in the presence 
of a physiologically adequate increase in PCO l 

5. Any possible effects of hypothermia and drugs (e.g . 
muscle relaxants, respiratory depressants, alcohol) 
must be excluded 

rel.1\i\'cs of the dCilth of a loved one is compounded by 
having to Tt.""'qucst orga n donation a t the sa me time. 
Howcver, Ihe doctor's difficulty Cil n be eased by the 
knowledge thil t the bereaved often ga in comfort fro m 
knowing thilt other lives will be saved by the donated 
organs and this ga in can be set againsl their own loss. 
Aw,lreness of the potential gai ns and benefits of 
trilnsplantalion ca n be increased by eduCiltion <lnd easy 
<lvaililbility of information for the public <lnd for the 
med icill profess ion. 

ORGAN PRESERVATION AND TRANSPORT 

Donors are often locilted in hospitilts many miles away 
from where Ihe Tt.>cipient opcmt ion is 10 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 prcscn'ation have of necessity been 
developed. Hypothermia reduces the metabolic demands 
of Ihe organ and is the mai nst,lY of effecti\'e organ 
prcscrv.,lion. The period of warm ischaemia between 
circulatory a~1 and cooling by perfusion wilh ice-cold 
preservation fluid must be kepI to a minimum if 
irreversi ble dilmage to the orgil n is to be avoided. For 
kidneys, normal function will usually recover if warm 
ischacmiil dO\.~ not l'XCL't-'CI 40--60 minutes but this is at 
the cost of a posl-t ransplantil!ion period of greil tly 
impa ired function dul' to acute tubular necrosis during 
which cont in ued haemodialysis sllpport is requiret:l. For 39 
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the liver and heart, immediate function after trans· 
plantation is essenti.ll and warm ischaemia must be 
avoided. 

Two bilsic methods are used for preserving organs 
between donation and trilnsplantation: 

• Si mple co ld s torage. The organ is flushed with i('('
cold preservation solution and stored at 0--4°C on icc. 
Using sJX'Cially formulated preservation solutions 
wit h agents dcsignl-d to counter hypothermic cell 
swelli ng, it is now possible to store kidneys in this 
way fo r 24-36 hours, livers for 12-18 hours and hearts 
for 4-6 hours 

• Continuou s oxygenated hypothermic pulsatile 
pe rfu s ion using specia l colloid ·based (starch, plasma 
or albumin) sol utions. 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 bt.'C1l extended to clinical preservation of o ther 
org.1l1S 

SPECIFIC ORGAN TRANSPLANTS 

KIDNEY TRANSPLANTS 

Kidney transplantation is the longest established and 
most widely practised of solid orgiln transplants. It offers 
a subst,U1tial improvement in quality of life for p<ltients 
with end·stage chronic renal f.lilure who are othenvise 
faced with twic~ or thrire-weekly haemodialysis or a 
regimen of con tinuous daily treatment usi ng chronic 
ambuliltory peritoneal dialysis. Donor organs ca n be 

Transplanted kldneY'--I~ 

Donor renal artery. ---ll-------lt---; 

Donor renal vein, __ ---' ...... "L_" 

Ureter·-----------

Fig. 4.1 Rena l transpta ntation 

obtained from .1IlY othcnvise healthy donor up to abou t 
70 years of age. 

The l...idney is transplanted into iln extr.,pcritoneal 
!lx.ltion in the iliac foss., and the rellal vessels are 
anastomosed to the iliac artery and vein (see Fig ..... 1). 

The ureter is implanted into the bladder using an 
intramural tunnel to prevent reflux. The non·functioning 
kidney& arc usuillly left in s itu unless infected or causing 
unmanageilble hypertension. 

The signs of early acute rejection of the kidney are 
ol iguri.l, proteinllri.l, and p.lin and tenderness of the 
transplanted kidney. Luckily, this relatively common 
form of rcjl'ction can usually be reversc..>d easily. Overall 
results of renal transplantation have steadily improved 
owing to more effectivc long-term immu nosuppression 
and better-quality organs from 'hca rt·bc.,ting' brain· 
dead donors or living related donors. The survival rate 
of transplanted kidneys may be ilS high as 90--95% at 
1 YCM. This falls by 5-10% each year thereafter although 
there is evidence that the beneficia!malching policy now 
in use may reduce the late graft attrition rate caused by 
chronic rejection. 

HEART AND LUNG TRANSPLANTS 

Card iac transplantation has become a sta ndard treatment 
for p.ltients with ischaemic heart disease that is not 
ilmenable to coronnry artery bypass grafting. as well as 
for patients with certain ca rdiomyopathies. A sta ndard 
opera tive technique has been established employing 
orthotopic placement of the organ, i.e. replacing the 
disca5('d organ in the same anatomical lociltion. The 

------------External iliac artery 

------------ External iliac vein 

-----Bladder 

The usual site lor the transplanted kidney IS In the pelVIS With anastomoses between donor renal artery and vein al'ld Ihac artery and veIn and 
40 between ureter and bladder 



donor atria and graft vessels are sutured directly to those 
of the recipient. Monitoring for ea rly rejection requires 
regular right-heart catheteriScltion and cndomyocardial 
biopsy. 

Using immunosuppressive protocols similar to those 
for kidney tr.lnsplantation, the results of cardiac trans
plantation are now excellent, although the limited 
number of available donor orga ns 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 anima ls 
such as pigs with a spt..'Cially 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 treatment for patients with 
certain irreversible lung diseases such as cystic fibrosis, 
and excellent results are now obtained in specialist 
centres. Many cas<-'S have secondary heart disease and 
require a combin(.>d 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 successfu lly in care
fully selected patients with chronic respiratory failure. 

LIVER TRANSPLANTS 

The indications for liver transplantation are end-stage 
non-malignant p<lrenchymal liver disease, acute hepatic 
failure and certain inborn errors of hep.ltic metabolism. 
In children, liver-based inborn errors of metabolism and 
biliary atresia arc the most common indications for 
transplantation, and the operOltion often needs to be 
performed during eOlrly infOlncy. Primary liver malig
nancies such as cholangiocarcinomOl and hep.ltocellular 
carcinoma as well as liver metastatic disease are no 
longer accepted as indications for liver transplant.ltion 
as malignancy incvit,lbly recurs ea rly after transplantation 
in the immunosuppressed patient. 

The problems of rejection of the liver are less than fo r 
kidney transplantation but the operation is a more 
challenging undertaking. Most patients have advanced 
livcr disease with disordered ro..lgu lation and often 
severe porlal hypertension. A team appro.lch has evolved, 
wilh close cooperation between surgeons and specia list 
liver transplant anaesthetists. The diseased liver is 
removl..>d and the new liver put in ils place, the vena cava, 
portal vein and hepatic artery being reanastomoscd in 
turn. Carefu l surgical technique combined with skilled 
anaesthetic monitoring and intraoperative replacement 
of clotting factors h.,s trilllsformed the procedure and 
average blood losses are now only about 3 litres per caSt". 
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Results have improved gre'l tly since the first liver 
tr'1nsplant procedure in 1963 and I-yea r 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 rcduced-size liver grafts. Either a 
lobe or a segment from a full-size adult organ can be 
transplanted thus allowi ng disp.lrities in size of up to \0 
to 1 betw~n donor and recipient. In a few cases, a liver 
has bt.'Cn successfu lly divided so that two recipients have 
received grafts from a Single donor organ. 

The late graft ;'tllrition rate for liver transplants 
appears to be ll1uch lower than for kidney grafts even 
though matching is by blood group only without use of 
tissue typing. The 'Achilles heel' of liver gmfting remains 
complicat ions with the bile duct anastomosis. This ca n 
be performed using a direct ducHo-duci anastomosis 
or a roux en Y loop but despite meticulous surgical 
technique, the complication rate from biliary strict-ures 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 
laic compl ications. These include myocardial ischaemia, 
peripheral vascu lar disease, peripheral neurop.llhy, 
nephrop.lthy leading to renal failure and retinop.lthy 
leading to blindness. nle p<lncreas presents a particular 
problem as the gla nd combines both endocrine and 
exocrine function. The currently favoured technique 
involves transplanting the whole pancreas with., small 
segment of duodenum. The graft is placed in the pelvis 
and anastomosed. to the iliac vessels in the s.lme way as 
a kidney graft. The attached duodenal segment is 
anastomosed to the urinary bladder allowing the exocrine 
St."Crctions 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. 
Craft survivOlI 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 
complic,1tions of diabetes. Currently, most pancreatic 
transplants are combined with renal transplantation in 
diabetic p.ltients wit h established renal failure and 
advanCI..>d complications of their disease. 

A different appro.lch 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 inj<."Cled into the 
portal venous system and lodge in the liver sinusoids. 
The yield from extraction techniques has improved 
markedly, allowing a substantial percentage of the is lets 
from a si ngle 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 nx:enl advance in organ transplantation has been the 
development of small bowel transplantation. llH'te is a 
growing number of patients who have lost a ll or most of 
their small bowel from vascular problems, volvu lus, 
necrotising enterocolitis, atrcsias or Crohn's disease. 

lllCSC patients have to be maintained on long-term 
p<lrcntcral nutrition which is expensive and inconvenient 
and also iea"cs p..ltients at constant risk of septic 
com plica tions from feedi ng lines as well as liver disease 
related to pilrentcral fceding. Small bowel may be 
transplanted alone or in combination with the liver in 
the case of coexis ting irreversible liver disease. The 
technique is still in its experimental s tages 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 givt.'S an overview of investigative imaging 
procedures commonly used in surgery. The basis for 
each method of investigation is described, together wit h 
its main indications and shortcomings. As investigative 
equipment has developed in sophistication, an expanding 

CONVENTIONAL RADIOGRAPHY 

The various tissues and consti tuents of the body absorb 
X-rays by different amounts which are related to the 
cube of the atomic number of their elements. Th is 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 film less dep..lrlment. A radiograph is therefore a 
'shadow' picture. Recen t computer technology has 
allowed the development of 'filmless radiology' where 
the penetrating X-rays activate sensors in an electronic 
film equivalent. 

On a pla in radiograph, gas and fat absorb few X-rays 
and appear as radio lu cent (dark) areas. Bone and other 
calcified tissues absorb most of the X-rays; they are thus 
poorly penetrated and appear as rad iopaq ue (white) 
film images. Most urinary tract stones, some gallstones, 
old tuberculous lymph nodes and heavily calcified 
atheromatous deposits are also radiopaque. Many X-ray 
investiga tions, known as co ntrast studies, obtain their 

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

diagnostic information by imaging structures ou tlined 
with high ly absorptive fluid contrast media . 

Certain fo reign bo~ies in wounds, such as metal and 
most glass fragments, are r,ldiopaque, but wood and 
plas tic fragments are r,ldiolucent and invis ible to X-rays. 
Gauze swabs used in operating theatres are radiolucent, 
but have a r,ldiopaque s trand woven into them to enable 
them to be loca ted radiographically if inad vertent ly left 
inside a wou nd. 

PERSONAL PROTECTION 

Ionising radiation is potentially mutagenic and carci no
gen ic. Irradia tion of patients and observers must there
fore be kept to the minimum. This is achieved by the 
followi ng: 

• Givi ng training in radiation protection 10 all st,lff 
usi ng and worki ng near X-ray equipment 
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• En:.uring Ihal every investigation helps with the 
management of the patient and that none is performed 
merely a!> 'rouline' 

• Improving de!'.ign of X-ray equipment to minimise 
radiation dOS(' whit!>t preserving d i,lgnostic detail; 
X-ray scatter b reduced, and unwanted types of 
radiation are removed by filters 

• Physical b.lrriers to X-rays are provided in radiology 
suite!'. to protect the staff. These include barium 
pla:.ter in wall~, k-ad-glass windows and lead-nlbber 
apron~ 

• Workers involved in taking X-r'lyS should keep away 
from the uircctline of the beam and shou ld also 
maintain a good di!>t,mce from the X-ray source 
during exposure as the inverse square law determines 
radiiltioll filII-off with distilllce 

• All involved in radiography should wear X-ray
sensitive film badges which are regu larly monitored 
for excess radi"tion 

GENERAL PRINCIPLES OF 
RADIOGRAPHY 

There arc several import"nt f,letors im'ol"ed in pro
ducing a u!>('ful rau iographic image: 

• X-r.1Y power and exposu re time are chosen to give a 
diagnostically uscful fil m exposure, with a range of 
image densitiL"S appropriate to the anatomical arm. 
For example, thoracic spine views require al.user 
dosc than lung fields 

Oll/erglng beam 
producing magnified 

,mage on mr 

X-ray source 

Fig. 5.1 Radiological projection 

I 
X-ray film 

• Different projections (views) produce different 
images of the 5<lme subject. Since the X-ray tube is 
effectively a point source and produces a diverging 
be,lm (sec Fig. 5.1), the subject is magnified. This si;w 
distortion least affects the side of the p.ltient dosest to 
the film, which is thus shown more dearly. The 
pro;ection has important consequences for 
interpretation and shou ld be recorded on the film. A 
frontal chest film might be labelled PA (postero
anterior) or AP (a ntero-posterior) with the label 
indic,lting the direction of the beam. With lateral 
exposllrl .. 'S, the side ne,lrest the film is indicat{.'(!, e.g. a 
' I~t' latera l chest X-r'ly (CXR) has the right side of the 
chest ne"rcst the film 

• Patienl pos ilion during exposure (i.e. supine, prone, 
oblique or erect) affects the image because of the effect 
of gr"vity upon organs "nd other body contents such 
"s g"s or fluid. Most films are taken with a vertiml 
X-ray be,lm, but a hori70ntal be"m is sometimes 
necessary to demonstrate fluid levels in a cavity or in 
bowel (1ater,,1 decubitus), or free g,lS under the 
diaphragm 

CONVENTIONAL TOMOGRAPHY 

Some body stnKtun.>s, which would othem-ise be obscured 
by overlying or underlying tissues on conventional 
X-rays, can be di!>tinguished by the use of tomography. 
In tomography, the X-ray tube and film af(' moved in 
opposite directions during exposure, with the pivotal 
point betw('Cn the two centred on the structure under 
invcstig"tion (sec Fig. 5.2). A transverse slice at the 

X·ray tube mOl/es 
in thiS direction 

,--IPiIIoIaI points between 
X-ray films 1--5 

, 
2 
3 • 5 

StaCk 01 X-ray films mol/es in 
opposite direction to tube 

Fig. 5.2 Principte of tomography 
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chosen depth is thus defined clearly on the film, and 
anything superficial or deep to it is blurred into 
obscurity (e.g. soft tissue, bowel gas, faeces or bones). 
The technique is s till 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 sct of 'cuts' at predetermined distances from 
the surface. Computerised tomography is an import.lIlt 
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 contra st 
medium can often be employed to opacify it. Contrast 
media work in two ways; they outline anatomical struc
tures directly or else are concentra ted physiologically in 
the organ they are designed to show (indirect imaging). 

Oirect contrast studies can be made in a va riety of 
ways. Contrast material can be swa llowed, instilled into 

Imaging for surgical investigation and management 

body orifices, sinuses or fistulae, or injected into blood 
vcsscls or hollow viscera. Com monly used studies are 
b.1.rium enemas for examining the large bowel and arterio
grams for exa mining the arterial system. 

Indirect con trast s tud ies 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 concentr.,tcd 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 
gastrografin is inadvertent ly inhaled, howe\'er, it causes 

Fig. 5.3 Plain abdominal X·rays 
(a) Normal supIne abdomInal X·ray There is gas In ITlO'it parts of the 
colon (transverse colon T and SIgmoid colon S) and small bowel a few 
loops S8 m the pelvis. RadiOpaque lumps of faecal matter F are seen 
In the caecum and a5Cendlng colon. A fM)rmal pro-pentoneallat hne P 
IS present on the patlt'flt's left; thIS would be lost if there was 
retropentooeallnflammatlOn. (b) Supine plam abdominal film 
showmg gross small bowel dilatation. The clear outline of bowel m 
the upper left quadrant suggests perforation. The cause proved to be 
an obstructing carClflOma of the caecum. (c) Right side raIsed lateral 
de<ubltus X·ray (the X-ray beam was horizon tall. Th,s 78·year-old 
woman presented w ith a sudden onset of severe abdommal p<lIn 
caused by a perforated duodenal ulcer. Free Intrapentoneal gas G IS 
seen 'float lng' over the liver L and beneath the diaphragm 0 
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Fig. 5.4 Plain abdominal X-r ay and IVU compared 

Ib' 

(al and (b) A pIa,n abdomllldl film imd an Intr<lYt'OOUS urogram (IVUI of thE- same pallHll shoIN'ng urmiuy troKI stones In the plain film, several 
calcified opacitIeS (arrCl\llled) are seen. from the IVU, III which the pelvKatyceal syslem~ and urele~ contain contra~t material, It can be seen that 
three Slor- A lor wlthm the lower right ureter ,md Slone B lies wlth,n the upper calyces of the left kidney. On the nght ~, two other opaCItIeS 
Care SE'efI to IIf' outside lilt unfldry tract. probably representing calCified lymph nodfo!. ,n the small boo.wI rT1("j('fltery 

pulmon.lry oedema and .!o hould not be u.scd orally in 
p.:ltients with intestina l oiy,tnlction. 

Water-soluble iodinated benzoic acid derivati ves ca n 
be injt.--<:tcd into \,f.~ls to op..-.cify the circul.lting blood. 
There is also almost immediate excretion of the contrast 
through the kidneys into the urine. Thus, two different 
functions can be achievC\:l: direct op.:lcilic.-.tioll of veins 
or arteries (venography or artt.:riography), nnd indirect 
demonstriltion of kidneys, collL'Cting systems and bladder. 
M~t water-soluble cont rast medi.l have a high 

osmotic pfl.."S.!oure; they an! therefore irritant (p.:,rticularly 
when u!>4.-'d for venography) and m.1Y exacerb.lte pre
existing rcnill di:.ea ..... ; thi .. ilpplics p.lrticuiarly at the 
extremes of .1ge and in diabetic nephrop.lthy. Since the 
ea rly 1980s, ncw non-ionic agents with .1n osmotic 
pressure similar to that of pl.1Mll.l haye been developed 
and are widely used . Thl~ arc generally safer (although 
more thrombogenic) but more expensi\·e. 

Finally, care should be tilken to ensure that the p..'1tient 
is not sensitivl' to the contras t medium, as this may 
produC<' iln ilnaphyl.1ctic rt'action. Resuscitation equip
ment and drugs .!o hould always be on hand when con
tra~t mcdia ilre injt.'Ctcd. 

DtGITAL SUBTRACTION ANGIOGRAPHY 

Digital .,ubtraction is an eil'Ctronic process used in 
contril'>! v.1<tCular studit.'S (angiography) by which the 

unchanging op.:lcities of il plain radiographic image 
(pMticu larly bone and gas) an' subtracted from tht' 
im.lgc field produced after injection of contrast material. 
Modem equipment JX'rforms this proCl.'SS in rea l timl'. 
The main advantag~ M'e thai lower dO!;(.'S of contra:.-! 
medic, MC required ilnd, ill some caS('!" useful images 
can be oblilined with intravenous contrast injection. In 
add ition, the image can be processed electronically to 
enh,lnce definition, to change con trast or to concentrate 
on particular art'as. 

PLAIN ABDOMINAL RADIOGRAPHY 

GENERAL PRINCIPLES OF PLAIN ABDOMINAL 

RADIOGRAPHY 

Most abdominal films .U'e taken with the patient supine 
and the X-ray beam vertical. Gut is visible when there is 
gas in it (SoC(! Fig. 5.3 p. 4S). 'onnal small bowel is less 
than 3 cm in width and, in the supine position. tends to 
OCC\lpy the centn! of the .1bdomen. When dilated, it can 
be recogni'>C<i by the transverse folds (pli ca e circulares) 
which completely CT"OSS the lumen. The colon usually lies 
peripherally in the .1bdomen and is recognised by ils 
haus trations; these .1re folds that only p..utly traverse the 
lumen. Normal colon i.!o less than 6 cm in diameter and 
is often <;('Cn to contain lumps of faeces which have a 
mottled radiolucent / rildiopilque appeilrance. 



Free gas in the perilone,,1 cavity may be di,lgnostic of 
bowel perforation and is therefore an important finding. 
In a supine p.ltient, free gas usually collects in the right 
upper quadrant. It C,ln 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 be<lm <lnd the p.ltient erect, usually (but not 
alw<lys) reve,lls a radiolucent gas layer under the 
diaphrilgm. This can be very small (and easily missed) 
but may be obvious. The best method of showing free 
peri toneill gas is to take <In erecl chest radiograph. Where 
the result is doubtful or if the p,ltient is too ill to sit or 
st<lnd, the p<lticnt should be placed in the right-side 
raised later ... 1 decubitus position (j.e. lying on the left 
side) fo r 10 minutcs. A horizontal beam abdominal X'r,lY 
is then t<lken <lcross the table. As little as 2 mL of gas may 
then be demonstrable above the lateral border of the 
liver (sec Fig. 5.&). 

The kidneys may be outlined on a plain abdomin<ll 
X-ray by a rildiolucent border of perinephric fat. How
ever, overl<lppi ng bowel gas and faeces often obscure the 
renal outlines. Also, in a post·nephrectomy patient, the 
former 'renal outline' may sti ll be visible on a plain film 
as bowel may fill the renal bed and be outlined by 
perinephric fat. Small urinary tract stones are easi ly 
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 examini ng an abdomina l X-ray, the important 
features to look for are: 

• Calcificiltion in ilreilS prone to stone formation, e.g. 
kidney, ureters, bladder or biliary tree (sec Fig. 5.4a) 

• Dilated gut (stomach, bmaU bowel or large bowel) 
• Free intraperitonc<ll S<lS indicilting bowel perforation. 

Note the import,lncc of the patient's position when 
the film WilS til ken 

• Cas in ilbnormill places (e.g. biliary tree or urinary 
tract) suggest ing a fistula connecting with bowel 

• Non-biological objects, e.g. foreign bodies, surgica l 
tubes or pieces of meta l 

• Pathologicil l c.llcificiltion, e.g. aortic aneurysm, 
pancreas, adrena ls or uterine fibroids 

The limitations of plain abdominill radiography are sum
marised in Box 5.1. 

BOWEL CONTRAST RADIOLOGY 

TECHNIQUES 

Any pilrl of the gastrointestinill tract can be demon
st ra ted using contrast techniques. For examining the 
upper ga~t rointestinal tril et, bilrium suspension is given 
o rally (barium swallow for oesophilgus ilnd barium 

Imaging for surgical investigation and management <ii( 

KEV POINTS 
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·caicified stones (90% of gallstones, 10% of 
urinary tract stones) are not visible 

• Bowet gas and faeces easily obscure stones 
• Phleboliths, calcified abdominal lymph nodes and 

costal (artilages 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 stol1l<lch and duodenum). Progress of the con· 
trast is obbCrvcd by X·ray fluoroscopic screening. In 
scf'C('ning, a technique known ilS image intensification is 
uSt."'<Ito show a moving image on iI television screen . The 
X-ray be<lm ilctiviltes a series of sensors and the signal is 
converted into ,1 video im,lge. Screening enables the 
radiologist to select represenlative views as spot films to 
record the examination. Screening for 1 minute gi\·es the 
p.1tient il dose of X-rays equivalent 10 one film. 

Screening is illso useful to study r'1pid gastrointeslinill 
motility, as in swallowing. The images are recorded on 
video and studied later in slow motion. 

The large bowel is examined by means of contrilst 
milteri<ll given TCClillly (barium enema). It must be 
rem('mbered that the lower rectum is not always well 
shown on this exa mination; a prior rectal examiniltion 
and s igmoidoscopy shou ld be performed if low lesions 
ilre not to be occilsionally but disastrously missed. 

For sma ll bowel examination, iI barium meal mily be 
'followed through' distally with serial films at intervals, 
but some rildiologists prefer to instil contrast into the 
proximal jejunum through a nilsal or oral tube; this is 
known by the confUSing term sma ll bowel enema. 

[n the eMly days of barium examinations, a single 
contrast technique was used. B.lrium was gi\'en alone 
and rildiogrilphs ta]..,en. However, the dense column of 
barium obscured much of the finer detail. Most bilrium 
studies nowadays use il double contrast method. 
Following the b.1riu lll, ilir or carbon dioxide is used to 
distend the bowel. or effervescent tablets are given to 
distend the stomach. This seJXIrates the barium'<Thlted 
bowel Wil lis and ilets as il second radiolucent contrast 
agent (sec Fig. S.5b). An ilnticholinergic agent s uch as 
hyosci ne butylbromide (Buscopiln) is often given at the 
5.111le time to relax the bowel Willi muscle and abolish 
spasm, thereby further improving the image. Double 
contrast techniqu cs ilre also used for barium meill 
c'X.1mination. With improved cr scilnning, conlrilst CT 
CX<lminations are becoming more populilr for large 
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Fig. 5.5 Single and do .... ble contrast bari .... m ene mas 
TypICal annular carcmoma of the proximal sigmoid (olon in a woman of 72 (a) Single contrast banum enema Showing the malignant strtcture M 
Note all mucosal detail m the colon is obscured by baflum. (b) Double COfllrast barium enema of the same patient also showing the stricture. but 
mucosal deta,llS outlined With a thin (ootlllg of banum. The bowel has been Inflated WIth alf. 

bowel examination. Contras t 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 
suppla nt barium enema examination altogether. Three
dimensional images of the bowel can also be constnlcled 
to produce a virtual 'walk-through' of the colon. Whilst 
this techn ique is stilt in development, it holds promise 
for the future . 

Figure 5.5 illustr<ltes the differences between a single 
contrast and il double contrilS! barium enema in the 
sa me patient. 

PREPARATION OF THE PATIENT FOR BOWEL 
CONTRAST STUDIES 

For upper gastrointestinal contr.1S! studies, patients should 
be fasted overnight except fo r water. For small bowel 
studics, laxati\'cs are sometimcs gi\'en 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 sometimcs bowel washou ts, so that 
artefacts are removed (faecal lumps look very similar to 
polyps) and small mUCDS.ll defects are not obscured. 
Thorough prcp.lr.1tion of the colon is vital if important 
p<lthology is not to be missed. If a barium enema reveals 
inadequate preparation, furthe r efforts should be made 
to dear thc colon and the examination repeated. If a 

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

COMPLICATIONS OF BARIUM CONTRAST STUDIES 

B.1.rium 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 
lci"tk. In these cases, water-solu ble contrast med iu m is 
best given initially, and if no leak is seen, barium is then 
substituted. This is because water-soluble materii"tls are 
less radiopaque and less effective at coating the bowel 
wall and therefore show less surface deti"til than barium. 
For the same reasons, b..1.rium may reveal a tiny leak from 
the bowel which is invisible with water-soluble contrast. 

Contrast studies should be used with caut ion in 
p<1.tients 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 b..lrium follow-through is sometimcs indicated in 
suspected small bowel obstruction, but there is .1 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 b..1.rium enema 
examination for several days after high rectal biopsies, 
believing there is a risk of perforation. 

The limitations of b..lrium contrast studies are 
summarised in Box 5.2. 



Fig . 5.6 Inhalational pneumonitis after barium me al 
Right lower lobe consolidatIOn resulting from a~lratlOll of stomach 
coments Includng banum. The patient had undergone a laparotomy 
seYffal days previously and an abdomll"lal mass was discovered ~e 
was stili some unsuspected adynamIC bowel obstructIOn (paralytIC 
Ileus). This barium follow-through e)(ilmlnatlon was attempted too 
early and the patient aspirated barium Into the lung after vomiting 

BILIARY CONTRAST RADIOGRAPHY 

Many biliary investigativc techniques described in 
previous editions of this book have largely been super
seded because of improved equipment and experience 
in bi liary ultrasound, increa~ availability of endo
scopic retrograde cholangio-pancreatogra phy (ERCI~ see 
Ch. 11, p. 66) and latterly, magnetic resonance imaging 
techniques. 

ORAL CHOLECYSTOGRAPHY 

Until the mid-1980s orill cholecystogrilphy w,'s thc 
standard investigation for gall-bladder disease but it 
has now been replaced by high-resolution ultr,lsound 
sc,mning which is rapid, reliable and requires no contr.lst 
lUilteriill. 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 ~1undice because contrast material was not 
excreted in sufficient concentration to register an image. 

INTRAVENOUS CHOLANGIOGRAPHY 

Int ravenous cholangiography (lVe> used to be the 
standard investigation for suspected biliary stones and 
sometimes mild obstructive ~1U1,dice. The drawbacks are 
that the image is of poor resolution and the cont rast 
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Box 5.2 The limitations of barium contrast studies 5 
• It is 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. tn 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 eac::h other 

• Obstructed bowe l 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 c::olonic 
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 

materia l tends to cause nause,l and vomiting. The 
investigation is probnbly safer th.ln diagnostic ERCP but 
still carries more risk thnn operative cholangiography. 
IVC has been largely replaced by ERCP (and less 
commonly percutaneous transhepat ic cholangiography), 
both of which allow d il\."'Ct injection of contrast into the 
biliary tree. Nevertheless, intravenous cholangiography 
has found renewed favour with some surgeons for seeking 
bile duct stones prior to lap.1fOSCopic cholecys tectomy. 
Magnetic resona nce cholangiography now produces 
images that rival the quality of traditiona l techniques. 

PERCUTANEOUS TRANSHEPATIC CHOLANGIOGRAPHY 
(PTC) 

This technique fo r d iagnosi ng the cause of obstructive 
~1undice is now rarely u~ where endoscopic retrograde 
cholangiogr.lphy or magnetic resonance cholangio
p."lncreatography (MRCP) is available. Using a method 
similar to percutaneous liver biopsy, dilated intra hep.1tic 
ducts C.1n be punctured directly with a long fine (22 G) 
'Chiba' needle and injected with contrast (see Fig. 5.7c). 
This tes t can be lIsdul if there is extrahep.1tic duct 49 
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O~lruction , when it shows the posi tion and configur
ation of the obstruction. 

Since a j.lundicro patient is likely 10 have disordered 
blood clotting, liver bleeding is likely during the investi
gation, and a cl otting screen must be performed befon. ... 
hand , including prothrombin ratio and platelet count. 

(.) 

(,) 

ERCP 

Cannula passed into 
common bile duct via 

'~:~~'~~: papilla and ;:: medium 
--;oj,<\,," retrogradely 

L SlOe-viewing 
libreoptlc 

"-"""""" 

Percutaneous transhepatic cholangiogram 

... 
Percutaneous 'skinny' J 
needle enters dilated 

duct and mjects 
contrast medium 

Dilated bile ",'ot--
system 

Abdomll'lal wall 

ENDOSCOPIC RETROGRADE CHOLANGIO
PANCREATOGRAPHY 

This investigation is dt."SCrilx..:l in Chapter 6; its uS(' in 
ohslnlctive j.lundice is described in more detail in 
Chapler 12. The b.,sic technique is illustrated heft" in 
Figuft" 5.7. 

GS 

Fig. 5.7 Some techniques for demonstrating the biliary system. la) and Ib) Endoscopic retrograde cholangiography 
The patient IS 5edated and a side-vIeWIng gastroscope passed do\.vn mto the 5e(ond 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 Wlthm the dilated common bile duct and a 
collection of radiopaque gallstones GS IS seen In the gall bladder. (c) and (d) Percutaneous transhepatic cholangiography A needle N IS 
passed Into the hver until It ern:ounters a dilated duct. Contrast medium is then Injt'Cted to outline the ducts. This deeply jaundl(ed 57-year-old 
woman has grossly dilated IntrahepatiC ducts and complete obstruction of the pro)umal (ommon bile dllCt In the porta hepatls at 0 ThiS was due 
to lymph node metastases from carCinoma of stomach ThiS method IS employed less often nowadays because of the superior safety of other 
methods desC/ibed here 
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Fig. 5.7 Continued 
(e) and (f) Mag netic resonance cholangiopancreatography (MRCP) The technique produces Images of stallC tlUld, thus the Images are of 
natIVe biliary and pancreatIC secretions. Each Image was obtained in one second usmg a thICk slab 'pfOJe<tion' method that generates Images very 
similar to ER(P (e) An eJlample of normal biliary and pdncreatic duct systems. (f) A small cakulus In the distal common bile duct (arrOlNed). There 
IS also mild d,latatlOfl of the pancreatiC duct With SOIl')(' '>Ide branches vIsible 

OPERATIVE CHOLANGIOGRAPHY AND 
CHOlEDOCHOSCOPY 

It is standard practice during open cholecystectomy to 
perform operative cholangiography, although the same is 
not yet true for JapMoscopic cholecystectomy. Operative 
cholangiography servcs scver,l l 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 th ree stages to outline 
Ihe duct syslem and fluoroscopic images or X-ray films 
are t"ken. If slones are demonstr"ted in the bile dUCIS, 
they are usually relricvt.'CI e ither .1 t open cholecystectomy 
Vi.l a longitudinal incision in Ihe common bile duct 
(exp loration of the common bile duel) or at lap.1ro
scopic surgery us ing a Dormi" b..skel via the cystic duct. 
(The instnlmenl is similar 10 Ih.1 1 used fo r ureteric stones 
and is illustrated in "'igure 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 usi ng" choledochoscope. This can be 
a rigid L-shapcd instrument with attacilments for removing 
stones al open surgery, or a flexible instrument around 
5 mm in diameter which C.1 n be used at laparoscopic or 
open surgery. Chok>dochoscopy can markedly reduce the 
incidence of residual stones after exploring the bile ducts. 

During laparo!>Copic cholecystectomy, operative chol
angiography is performed routinely by some surgeons 

whilst others prefer preoper.1tive intravenous cholangio
gra phy, ERCI' or MRCP for selected cases. If duct stones 
arc demonstrated by oper"ti ve cholangiography during 
lap"roscopic cholecystectomy, these may be removed by 
laparoscopic methods or later at ERCr. although the 
latter procedure risks attendant com plications, e.g. biliary 
leakage, acute p.mcreatitis. 

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 tu be 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 tt't.'e and 
confirm drai nage inlo the duodenum. Abnormalitics 
such as !'(.'Sidu.1l stones, bile leakage and duct stenosis 
will a lso be demonstrated . The mature tract formed after 
2 or 3 weeks' intub.1tion ca n be used to retrieve residual 
s toncs with steerable grasping instnlments. 

UROGRAPHY 
GENERAL PRINCIPLES OF UROGRAPHY 

Urography is a radiological tech nique for exa mining the 
kidneys and urinary collecting systems. It uses intra
venous contrast medium which is concentrated and 
excreted by the kidneys. A plain alx:lominal control film 
is taken prior to cont rast injection, so thai any opacities 
can be compared with fil ms taken after contrast. This 
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helps to identify whether or not an opacity lies within 
the renal tract (sec Fig. 5.4a, p. 46). 

The urinary tract is examined sequentially from kid
neys to bladder on films taken at intervals after injection. 
The renal parenchyma op."lcifies almost immediately. 
Contras t then flows successively into the ~nal 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 p.ltients 
with impaired renal function; pa tients with diabetic 
nephropathy are at p.lrticular risk. 

Conditions which might be associated with ~nal 

parenchymal disease shou ld always be specified on the 
X-ray request form to help thc r.ldiologist pl.1Il the s.lfest 
investigation. The important disorders are: 

• Diabetes mellitus 
• Renal fai lure {include results of renal function tests on 

the request form) 
• Multiple myeloma 
• Hcart f.lilure 

VASCULAR RADIOLOGY 
(ANGIOGRAPHY) 

GENERAL PRINCIPLES AND HAZARDS OF 
ARTERIOGRAPHY AND VENOGRAPHY 

The general principles of v.1S(ular radiology are described 
here; further detail is given in Chapter 35. 

The veins or arteries of a pa rticular anatomical region 
cCln be opClcificd by intr.1Venous or intra-arterial injection 
of an appropriale contrast medium. This is known as 
angiography. An angiography c.ltheter is usually inserted 
into a vessel some distance aW.1Y from the target site ilnd 
the tip manipulall'd into the correct position over a 
previously placed guid e-wire. Favoured entry points to 
the arterial system are the femoral artery in the groin or, 
less commonly, the brachial artery above the elbow. 
Recently, the radial artery at the wrist has been em
ployed more frequently, usi ng sma ller-diameler catheters. 

If there is any suspicion of a bleeding disorder, 
clotting studies should be performed prior to vascular 
radiology 10 anticip."lte possible haemorrhagic compli
cations from the vessel puncture site. 

The contrast materia l is s imilar to that used for 
intravenous urography and therefore carries s imilar 
hazards. [n addition, there is the risk of complications 
fro m the arterial or venous cannulCltion. These include 
trauma to Ihe vessel (causing bleeding, thrombosis, wall 

dissection or an arteriovenous fistula) and loss of part of 
Ihe catheter into the vesscllumen. 

Arteriography 

In lower limb arteriography, the abdomina l aorta and 
distal vessels are usually examined using a catheter 
placed into a femora l artery. If the aorto-iliac system is 
occluded and femoral pulses are impalpable, the angio
graphy catheter ca n be introduced into the radial or 
brachial artery. Occasionally, the aorta has to be punc
tured d irt.'Ctly us ing a long needle from the left lumtmr 
region with the patient prone. Translumbar aortography 
gives rel"tivcly poor views of the dist,,1 lower limb 
vessels and carries greater risk than femoral or brachial 
angiography. Once the vascular catheler is in situ, water
soluble contrast is in;ected directly inlo the artery and 
images are recorded on rapid-sequence films or e ll.~· 

Ironically. Thus stenoses or occlusions due to thrombosis, 
atheroma or embolism can be demonstra ted. Digital sub
traction angiogr.1phy is now widely available fo r arterio
graphy and th is 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 p.ltient with a sudden onset 
of swelling or pain in the leg, or to investigate suspected 
chronil." deep venous insufficienl."Y. Occasionally, it is 
used to demonst rate reflux from deep veins into super
ficial varicose veins. Venography for deep venous insuf
ficiency shows the patency of deep veins ilnd any 
abnormal communications with superficial veins (i ncom
petent perforating veins). A vein is usually cannulated in 
Ihe foot to in ject the contrast and a tourniquet appl ied 
arou nd the an kle 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 demonstra te the patency or ot herwise 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 irregulari ty associated wi th previous 
DVT. 

ELECTRONIC RECORDING TECHNIQUES 

X-ray images can be recorded electronica lly in digital 
form, as opposed to the analogue form of conventiona l 
radiographic film. These digital images can be processed 
to oplimise the av.li lable information; this includes sub-



tracting background detail (thus removing bony images, 
for example), enhancing the contrast between tissues, 
magnifying areas of ~pecial inteR'St and abstracting the 
best p.lrts from a series of images. At present, this 
process is mainly used in angiography, where it is known 
as d igital subtraction angiography (DSA) or d ig ital 
vascular imaging. 

B.lckground subtraction in real time can produce 
Soltisfactory vascular images with much lower concentr.l
tions of contrast; indeed, when high-resolution pictures 
are not needed, as in SCf('('ning for arterial disease or 

ULTRASONOGRAPHY 

Medical ultrasound developed from sonar used for the 
detection of submarines in the Second World War. 
However, the technology remained an official secret until 
the 1960s. Since then, the principle has found many 
applic.ltions, from identifying Sho.lls of fish to non
invasive imaging of body organs. 

Medical ultrasound was pionee«."d in obstetrics where 
it has become an important p..lrt of prenatal assessment. 
As technology and electronics have improved resolution 
and discrimination, surgical applications have become 
evcr wider. An important advance was grey scale ultra
sound, which cnabl<'S a whole range of tissue echo
genicities to be displayed on the SCf('('n. 

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 anyone but the 
rad iologist who performed the study! 

GENERAL PRINCIPLES OF MEDICAL 
ULTRASOUND 

Ultrasound is non-invasive, painless and almost cer
tainly Solfe. 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 display the organ and any 
abnormality. 'Spot' films are taken to record the 
examination. 

The tra nsducer, which consists of piezo-electric 
crystals, both transmits and receives the ultrasound. A 
l-microsecond pu lse of ultrasound is emitted every milli
second, and the transducer then 'listens' for reflected 
ultrasound echoes over the next 999 microseconds. An 
image, representing n slice through the body, is gener-

Imaging for surgical investigation and management ...: 

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

These electronic techniques are steadily improving 
and are being introduced into other areas of radiology. 
Already, 'filmlcss' X-ray departments han:> arrived and 
will doubtless become the norm, with images d isplayed 
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) ond the brightness of each spot is propor
tional to the sound reflectivity of the tissue interfaces. 
The moving image is displayed on a video screen as the 
examination proceeds and is thus described as rea l tim e 
ultrasound. 

The length and breadth of organs or lesions displayed 
on the screen C.1I1 be accurately determined by 
measuring the im.lge. Furthermore, the volume of some 
structures such a<; the urinary bladder or the left ven
tricle can be estimated. This can give useful functiona l 
information-for example, the volume of residual urine 
in the bladder in chronic retention, or the completeness 
of left \'cntricular emptying in cardiac failure. 

Bone, stones and other c.llcified tissues cause an abrupt 
and mnrked change in acoustic impedance, resulting in 
virtually complete reflection of ultrasound. Thus the 
surface of hilrd tissue, such as a gallstone, is revealed by 
its echogcnicity and also by the acous tic shadow it casts 
(sec 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 p.1tienl preparation is needed for ultrasound 
ex.lmination. For biliary ultr.lsound, 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 

Special ultrasound probes have been developed for 
inserting into various body orifices .1Ild via endoscopic 
instruments and percutaneous c.mnulae. Rectal probes 
are used for examining the rect.ll 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 ca n be placed closer to 
the organ being exam ined than conventional surface 
probes. This allows the use of higher-frequency sound 
which h.iS lower pcnetr.ltion 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 
li\'er to give an image with high resolution; these 
provide a more reliable diagnosis of liver metastases 
than palpation or cross-sect iona l imaging. Very tiny 
ultrasound pro1x>s on the ends of long ca theters have 
bccn 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 
purp0sc5, replaces intravenous urography for examining 
the urinary tract. 

Ult rasou nd 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 palpnblc abdominal masses in the upper 
nbdomen or pelvis 

• Detecting abnormal tissues in a homogeneous organ, 
e.g. liver metnstases or rellal adenocarcinoma 

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

• Detecting abnonnal fluid collections. e.g. pseudocyst 
of pancreas. ascites, pleural effusions. abscesses 

• Obtaining information about the nature of lesions 
from the W.1Y 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 va lve 
morphology and movement, wall movement) and 
fetal movements 

• Detecting upper uri nary tract dilatation 
(hydronephrosis) 

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

54 micturition 

• Investigating the biliary system for gallstones, dilated 
ducts, masses in the head of the p.1ncrcas, masses in 
the porta hep.itis 

• Gu iding percutaneous interventi ona l procedures for 
tissue St1mpling. e.g. aspiration or biopsy of liver 
metastases, pancreatic tumours or retroperitoneal 
masses. or drainage of fluid collections 

• Invcstig.iting breast lumps, e.g. distinguishing cystic 
from solid lesions, suspected malignant lesions, 
guided cyst d rainage. guided fine-need le aspiration 
(FNA) for cytology or core biopsy 

The limitations of diagnostic ultrasound are summarised 
in Box 5.3. 

DOPPLER·SHIFTED ULTRASOUND 

Ultrasound ca n be uS(.'Ci for detecting and studying 
blood flow by applying the Doppler principle. Simple 
equipment is cheap and portable, and invaluable in the 
vascu la r 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 ceJls, the movement of wh ich causes a frequency 
shift related to the velocity. The reflected ultrasound is 
used to genera te 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 
signa l 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 POtNTS 
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 (hest; special transcranial 
Doppler probes are used for monitoring during 
neurosurgery and tarotid artery surgery 

• Bowel gas partly reflects ultrasound, which may 
prejudite 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 
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Fig . 5.8 Measuring ankle systo lic pressure using ill ha nd
held Do pple r fl o wmet e r 
(a) A standard sphygmomanometer cull IS placed around the ankle 
Just above the malleoli Ultrasound conducting gel IS appl ied 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 is moved a litt le at a time 10 obtain the strongest signal, then 
the cuff inflated until the pulse dlsappea~, It is then re leased 
gradually and the systolIC pressure recorded at the point of return of 
Signal (b) The same process IS repeated at the posterior tibial pulse 
{PT}, uSing the midpoint of a hne between the heel and the medial 
malleolus \0 fmd the pulse. Note that accurate measurements require 
conSiderable expenence, especially when the pressure is low 
Headphones are recommended to reduce Interference_ 

Ma in applicat ions of Dopple r-shifted ultra sound 

• 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 
isch,lemia. For this purpose, a sphygmoma nometer 
cuff is placed around the arm or ankle and a portable 
Doppler now detector is used as an electronic 
stethoscope on <In a rtery beyond it 

• Detecting the fetal heart rate 
• Detecting renux of venous blood at the sa pheno

fe moral or sapheno-popliteal junction in varicose 

Imaging for surgical investigation and management 

vei ns, pa rticularly recu rrences of varicosities after 
su rgery 

DUPLEX DOPPLER ULTRASOUND SCANNING 

Duplex Doppler scann ing combines freque ncy spectral 
ana lysiS of blood now using Doppler u ltrasound with 
real time B-mode imaging. Colour flow Doppler is a 
more advanced va riant which adds false colour to show 
the direction of blood now (red one way, blue the other) 
and the qua litative information abou t blood volume. 

Du plex equipment is complex and expensive, wh ile 
the diagnostic process is time-consum ing and requires 
special tra ining. However, it adds a Ilew di mension to the 
investigation of blood vessels and flow and is already 
superseding establ ished methods in some areas-for 
example, venography for deep venous insufficiency and 
arteriography for cilrotid artery disease. 

Blood vessels can be imaged in longitud inal or 
transverse section to reveal the direction of blood flow, 
the velocity of flow (t his rises as blood passes through a 
stenosis) and the presence of abnorma l \'essel walls or 
mature thrombus in the lu men. Ca rdiac echo investi
gation employs simila r instruments and allows the study 
of p<,tterns of blood flow, cardiac wall movement, card iac 
output and valve movements. 

Applications of duple x Doppler 

• Deep vein thrombosis-when available, this is 
probably the method of first choice for detecting 
postoperiltive DVT. Thrombus more thiln 24 hours old 
Ciln be seen and venous flow changes detected. 
However, the profunda vein and sma ll calf veins are 
often inadequately seen 

• Chronic lower limb deep venous insufficiency
piltency and villvula r competence in deep veins (e.g. 
fe moral and popliteal) can be determ ined 
dynam ically; perforator incompetence can also be 
detected 

• Varicose veins-duplex ultrasound is useful fo r 
detecting and marking the short 5<1phenous/ poplitea l 
junction before operation and for detecting 
communications between superficial veins and the 
sapheno-femoral junction in 'recurrent' long 
saphenous varicose veins 

• Carotid arte ry disease--duplex has now become 
virtually the standard test for investigati ng 
extracrilnia l vascu lar dise,lse in preference to carotid 
angiography (which ca rries distinct risks). Duplex 
shows the morphology of diseased arteries and the 
velocity of flow, illlowing the percentage of stenosis to 
be calcu lated. The severity of stenosis determines 
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whether operation is required. Duplex is useful for 
evaluating asymptom.ltic bruits and following up 
patients after c,uotid endarlcR'Ctomy, including the 
early poslopt..'rati\'c period 

• Femoro-pop litca l bypass gr.1fls----duplex is used for 
marking out the StlphellOlis vein graft before surgery 
and for graft sun:eilla ncl' after surgery to detect 
remediable vein graft stcnO!M-'S 

• Aorto- iliac and femoro-popli teal occlusive disease
duplex is proving valuable for l'stirn.lting the sites 
and severity of stenoses and occlusions. At present it 

: 

GENERAL PRINCIPLES OF CT SCANNING 

Computerised tomography involves X-raying n series of 
thin transvcn.e 'slicl..'S' of the patient's head or body. A 
precise fan-shaJX--d beam of X-rays is repeatedly pulsed 

(.J 

Fig . 5 .9 Computerised tomography 
(a) PrinCiple of CT scanning All Image<; are fed into a computer and a 
smgle Imdge produ<ed (b) CT gUided drainage. This p<!lient presented 
With a severe attack of acute pancreatitis and was resuscitated and 
gradually r(!(overed over 2 weeks_ He then developed a sWlf1gmg 
fever. found to be due 10 an abscess around Ihe lall of the pancreas 
ThiS film shows a pigta il drain 0 Sited wlthm the abscess cavity A 

is lilrgely a scret.'n ing lest but m"y replace 
artcriogr<lphy in some circumstances 

• DC1!pcr blood vesse ls-these C,1n be imaged for blood 
flow and ob!.truclion, c.g. superior mesenteric and 
rclMI Clflcrics, and renal veins for spread from renal 
cell c.ucinoma 

• Ca rd iac diseasc-duplex is used for detecting 
abnormill wall movements due to ischaemia, valvular 
abnormilliti~ including stenoses, congenital cardiac 
defects including septal defccts, nnd intracardiac 
thrombus 

from succl'Ssive 'lngles around the circumference of ench 
slice and the trilnsmitted radiation is electronically 
recorded on the other side (St-'C Fig. 5.9). More modern 
machines .. piral around the patient (spirill CT) resulting 
in more rilpid image capture ilnd higher resolution, Each 
element of the beam is attenuated according to the den
sity of the tissue it travel'Sl..'S. These numerous radiation 
counts are ,lnalysed by a computer which builds up a 
picture of the tissue densities in the slice by solving 
many si multaneous equations. E."lch picture element is 
called a pixel and each volume element is known as a 
voxe l. The images are displayl-d on a screen where they 
can be e!t..'Ctronically l'<.iited and then recorded on film. 

Since CT W,1S first introduced, the pace of develop
ment has lx-cn rapid. The sph-d of datn acquisition has 
dramatic,llly improved so that spir'll CT scanning 
produces an imilge of a chest or abdomen in under 
1 minute. From this data, electronic multiplnne or three
dimensionfll reconstruction can be performed to improve 
image quality nnd discriminat ion of nbnormnlities. 
Further inforllliltion can often be gnined by performing 
CT scanning after contrast enhancement. For exnmple, 
oral or rt.>ctal contr.lst clearly outlines bowel, while intra
venous contrast can show blood vessels, kidneys or 
damage to the blood-br,lin barrier or areas of absent 
blood now such as occur in pancre,ltic 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 ndvan
tages in particular arcas. 

APPLICATIONS OF CT SCANNING 

P,'thologic,11 aniltomy C,1n be studied in great detail by 
computerised tomography and n vast array of infor
mation C,ln be obtained to .lid surgical diagnosis. IndC('d, 
in many cases the accuracy of this information could not 
be riv.llted by l'Xplorfltory operntion and yet it can be 
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obtained non-invas ively. This is p.lrticularly 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 unnecess.lry exploratory operations. 
The best cr images arc obtained in well-nourished p.ltients 
because fal separales the organs. 

The main indications for cr scanning are: 

• Investigating 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 uns.l tisfactory or as an alternative to more 

invasive invcst igations such as barium enema 
examination for suspected large bowel cancer 

• Pretreatment planning and follow-up in relation to 
radiotherapy and chemotherapy, e.g. for st'lging 
lymphomas (replaces laparotomy) and assessing 
intrathoracic tumours including retrosternalthyroid 
enlargement 

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

• Assessing solid organ damage in abdominal or 
thoracic trauma 

• Guiding needles during biopsy of masses, drainage of 
fluid collections or obtaining aspiration cytology 
specimens 

MAGNETIC RESONANCE IMAGING (MRI) 

GENERAL PRINCIPLES OF MAGNETIC 
RESONANCE IMAGING 

Magnelic resonance imaging (MRI), formerly known as 
nucle,lr magnetic resonance, is a recently introduced 
technique, the diagnostic applicalions 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 al igned. The protons are then excited by 
pulses of radio waves at a frequency which causes them 
to resonate and emit rad io signals; these are recorded 

Fig. 5.10 MAl images 

electronic,llly. 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 weT(' 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 card iac function, i.e. magnetic resonance 
angiography (MRA). Atheroma can also be demon
strated . The direction and velocity of blood flow can be 

(a) CarCinoma of the cervix WIth nodal metastases In transverse section. T represents the cervical tumour and N represents involved pelvic lymph 
flOdes. MRI is now the best method for staging carCinoma 01 the cervix (b) T2 weighted axial MRI of the brain showing a haemorrhaglC Infarct In 
the left middle cerebral artery terntory (arrowed), 
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Fig . 5.10 Continued 
(c) Magnetic re-sC>nance angiogram of normal kidneys shOWing aorta A. renal arterIeS R, renal substance and renal pelvIs P (d) Longltudmal MRI 
S(an of lumbosacral spine showing normal spinal canal. spinal cOfd and cauda equlna WIth 1"10 eVidence of diS( protrusion 

determined without the need for contrast injection, and 
volume now in particular vessels can be c.llculated. 
These techniques will undoubtedly play an increasing 
futufC role in cardiac and arterial surgery. 

The main technic.ll dis.ldvantages of MRI are claustro
phobic conditions for the p.1tient, longer scanning times 
and the inability to sca n a patient being artificially 
ventilated (because of the effects of magnetism on metal 
fittings). These make it unsu itable for young children, 
the elderly or confused, p.ltients in p.lin, ventilated 
patients and emergency patients with active bleeding. 
All of these diStldvanlages are being addressed and are 
likely to disappear as newer machines lx-come available. 
Already sc.l nning linK'S have fallen, allowing good-quality 
imaging of chest, abdomen and pelvis. MRI is also un
suitable fo r imaging gas-filled organs and dense lxme. 

INTERVENTIONAL RADIOLOGY 

Many of the convent ional X·ray, ultrasound and cr 
techniques already described have been adapted to 
guide needles to obtain biopsy material and to place 
drains, thus <1l1owing less invasive therapeLitic 
m<1nreUVfCS than were formerly required. Many of these 
techniques have revolution ised tre<1tment-for example, 
in obliterative arterial disease-..lnd have established the 
radiologist as a front- line dinici<1n. This is a rapidly 
exp<1nding field of radiology with <1 growing list of 
techniques. Some of the m<1in surgical <1pplications arc 
described below. 

In general SUrgic.ll diagnosis, MRJ 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
stra tes the tumour's extent and relationship to vita l 
structures, as well as assisting in the planning of excision 
margins and planes. MRI is of increasing benefit in 
imaging the biliary tree, producing a magnetic resonance 
choiangio-pancreatogram (MRCP). The advantages are 
that sedation is not required, and, compared to ERCP 
there is no risk of c.lusing pancreatitis or bleeding. As 
yet, Ihe techniqLle is not widely available. Pelvic MRJ is 
of incre<1sing importiHlce in assessing complex anorect<11 
fi stu lae and in certnin pelvic m<1lignandes. Of recent 
interest is the usc of MRI spectroscopy in the assessment 
of breast canc('r but its merits remain to be evaluated. 

TISSUE SAMPLING 

FINE NEEDLE ASPIRATION CYTOLOGY (FNA) AND 
CORE BIOPSY 

A fine needle (22 g.luge) can be 5<lfely passed through 
most orga ns or small bowel to aspirate small fragments 
of tissue from a suspiciolls lesion. Larger·diameter 
needles can be used for direct core biopsy of masses. The 
depth and din.'Ction of the nc-cdle can now be accurately 
guided by ultrasound or cr to ensure a representative 
s.lmple is taken. For example, p<1llcre.ltic masses can lx-
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reached by transfixing bowel lying in front of the 
pancreas; this causes remarkably few side effects. Whcre 
practicable, many surgeons and p.lthologists prefer the 
larger specimens obtainable with core b iopsy techniques 
using specially designed needles such as the Trucu!, which 
is available in various configu rations and dimensions. 

Applications in the diagnosis of breast disease include 
ultrasound or mamrnographically 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 accur<llc. Mammographic gu idance is also used to 
place il hooked win:! clo~ 10 an impalpable abnormality 
to IOC<l IC it before smgk.l1 excision (ma mmograph ic 
loca lisa tion). 

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

DRAINAGE OF ABSCESSES AND FLUID 
COLLECTIONS 

Ultrasound and cr are often used to guide percutaneous 
drainage of well-defined fluid collections in the abdo
men or chest, e.g. p.1 ncreatic pseudocysts or abscesses 
(pMacolic or subphrenic). Ult rasou nd scanning can 
demonstrate the site and the dimensions of the fluid 
collection and can guide the least harmful route for 
drainage. Ruid C<"ln be dr,lined via a needle on a once
only b.1sis or else a self-retaini ng 'pigtail' drain can be 
put in place <"Ind dr<"linage allowed to conti nue. In the 
first c<"Itegory, a subphren ic or other localised abscess can 
be dr<"lined; in the second category, a drain C<"ln be placed 
into a pseudocyst of the pancreas or locally to drain a 
biliary leak after surgery. In this way, many major 
surgical interventions CMl be avoided. 

ENDOVASCULAR TECHNIQUES 

PERCUTANEOUS TRANSLUMINAL ANGIOPLASTY (PTA) 

This technique, originally known as Gruntzig di latation, 
has rapidly become established as an alternative 10 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 p.:1rti
cularly useful for lower limb atherosclerosis (especially 
of the iliac and superficial femoral arteries) and for renal 
and coronary Mtery stenoses. Carotid artery disease, 
however, is as yet less suitable for angioplasty because of 
the seriolls 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 s.1lvage should always be 
readily available should com plic,ltions develop. Unfor
tunately, 25-10% of angioplastied lesions undergo 
restcnosis or occlusion within 1 ye,1T but the process can 
usually be repeated. For vessels which fai l 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. Over,lll, angioplasty causes minimal surgical 
and anaesthetic st ress to the patient and is often per
formed on a day-case basis. Angioplasty is often offered 
when open byp.1ss surgery would not be indicated. 

Techniques of percutaneous angioplasty 

Angioplasty is usually performed under local 
anaesthesia (sec Fig. 5. 11). A needle is first inserted 
percutaneously into an accessible artery (usually 
femoral. brachial or radial) and a short flexible gu id e
wire passed into the artery. A working sheath with a 
va lved side-arm is paSS<.>d over the gu ide-wire and abou t 
15 cm into the artery. A long guide-wire is then 
substitu ted for the first and guided to and then through 
the stenosis under X-ray fluoroscopic control using 
contrast injections. An angioplasty ca theter with a plastic 
inflatable b.1lloon at its end is then passed over the 
gu ide-wire and manipulated into position across the 
stenosis. The synthetic angioplasty b.1l1oons are no wider 
than the catheter when non-inflated and inflate to a fixed 
diameter. Prior to dilatation, the arteria l pressure above 
and below the stenosis may be measured via the catheter 
to determine any sign ific<"lnt 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 previollsly stenosed area may be measured 
again; if dilatation has been successful. the pressure dif
ferential across the stenosis shou ld have been eliminated. 
The spreading success of angioplasty has meant that 
many p.:1tients C,1n be returned to ncar-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 reconslnlctive arterial su rgery. 

LOCAL ARTERIAL THROMBOLYTIC THERAPY 

An artery that is freshly occl uded by thrombosis and 
causing ischaemi..1 can often be recanalised by local intra
arterial infusion of thrombolytic 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, 
urok inase and recombinant ti ssue plasminogen 
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--' ___ .... (b) 

Fig. 5." Percutaneous transluminal angioplasty 
ThIS man of 5S presented WIth bilateral calf and thigh claudication. (a) Shows a localised severe stenOSIS of the distal abdominal aorta (b) Shows 
the 'kISSIng balloon' technique used to dilate the stenosis. Two balloons are used to prevent asymmetrICal dilatatIOn which might compromiSE! the 
opposite common IlIaC 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 effccts of streptokinase, though it is more 
expens ive. 

The main indication for thrombolysis is the acutely 
ischaemic limb where arteriography has demonstrated 
acute thrombosis superimposed upon prc-existing athero
sclerotic narrowing; simple embolism is increasingly 
being tackled in this way too. An infusion catheter is 
manccuvrcd so as to lie wi thin the clot and small 
amounts of thrombolytic agen ts are infused over a few 
hours. Artcriogri"lms are repeated at intervals to follow 
progress and the dot may thus be safely dissolved. 
Underlying arterial stenoses may then be revealed and 
can often be treated by 1>.11100n angioplasty or bypass 
surgery. The technique can be used to lyse mature 
embol ic material up to 2 weeks or more after embolism. 
Despite the foregoing, surgical embolectomy remains the 
best treatment for recent acute embolic ischaemia, 
particu larly if the viability of the limb is in jeopardy. 

Thrombolytic therapy c.1n also be employed for 
trealing pulmonary embolism although the indications 
and effic'"lcy are not yet well established. 

THERAPEUTIC EMBOLISATION 

Highly vascu lar lesions, such as certain haemangiomas, 
wh ich would be difficult or impossible to treal by 
surgery alone, can have their arlerii"l! supply reduced or 
obli terated by embolisation. TIle main supplying artery 
is identified by selective arteriogr,1phy and a catheter 

manreuvred into it, close to the lesion. A small quantity 
of occlusive material is injected via the catheter so as 
to imp'-let in the artery where it narrows. The usual 
materials for embolis.ltion are gelatin foam, Iyoph ilised 
human dura maler, minute s teel coils or cyanoacrylate 
glue. The process is repeated for all the feed ing vessels. 

Embolis.ltion is sometimes used to reduce the 
vascularity of a lcsion prior to otherwise difficult surgery 
(e.g. carotid body tumour) or to treat lesions not 
amenable to surgery (e.g. hep.llic metastases or extensive 
arteriovenOllS malformations). 

MINIMAL ACCESS GRAFT PLACEMENT 

Increasing experience in endovascular techniques has 
encouraged progress towards more ambitious minimally 
invasive techniques-in p..1rticular, endovascu lar stent
grafts for abdominal aortic aneurysms, placed via 
femoral arteriotomies. A Dacron graft with integral meta l 
stent is p<1ssed proximally until it lies within the neck of 
the aneurysm. A 1>.11100n is inflated to expand the stent 
into position to retain the graft. A si milar mechanism is 
used to secure the distal limb(s). Techniques like this are 
sti ll 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 S.lC caused 
by failure of the gr.1ft to exclude blood from the 
aneurysm. TIle late com plica tion ratc is about 10% per 
year, considerably gre<l ter than that for open aneurysm 
grafting. 



DILATATION OF GASTROINTESTINAL 
STRICTURES 

Large balloon catheters similar to angioplasty catheters 
(,1n be used to di late benign oesophageal strictures sec
ondary to oesophagilis. For acha lasia, balloon dilatation 
is becoming a standard technique. Balloon di latation is 
sometimes used for benign rectal strictures such as may 
occur at an anastomosis site, provided Ihey are not 
cau:.cd by recurrent tumour. Cloth-lined exp..nding metal 
stents arc now successfully employed for oesophageal, 
gastric outlet and colonic strictmes caused by Ilwlig
nancy or benign conditions. 

RADIONUCLIDE SCANNING 

GENERAL PRINCIPLES OF 
RADIONUCLIDE SCANNING 

Radionudide sc,lnning is the diagnostic application 
of nucl ear medi ci ne techniques to identify sites of 
abnormal phy~iology, 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 radioacti ve 
label. The usual label is ~echnetium. 

The tracer is either concentratt..'CI in a specific type of 
tissue (such as iodine in the thyroid gland) or else in 
tissues with simil,u physiological or pathological activity 

Fig . 5.12 Isotope scanning using a gamma camera 
The patient has received an intravenous injection of radlolabelled 
tracer The pattern of uptake IS Imaged by the detector array and 
transmitted electronically to be displayed In a mOnitor 
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RADIOLOGICAL ACCESS TO THE UPPER 
URINARY TRACT 

The renal pelvis c.m be reached percutaneously and 
punctured with a needle guided by u ltrasound or cr 
scanning. The tract can be dilated to allow tubes of 
various si/.cs and types to be inserted. This access can be 
used to remove stones from the I'C'na l pelvis, to d rain the 
kidney over a few days in acute distal urin.uy obstruc
tion until a definitive procedure can be performed 
(nephrostomy dra inilge), 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 pe rcuta neous nephrostomy. 

(such as reticulo-cndothelial cells or areas of inflam
mat ion, respectively). 

In the early days of nuclea r medicine, tracer was 
detected in the body using a rectilinear scanner which 
tracked b.lck 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 are,l of inten's!. 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
mat ion than a single view. 

Some pathophysiological functions can be investi
gated by dynami c imaging. For this, detection of isotope 
continues for a period of time ,1nd the changing level of 
radioactivity is recorded for later computer analysis. 
Examples of this include estimating renal blood flow and 
studying ren.,l clearance. 

APPLICATIONS OF RADIONUCLIDE 
SCANNING 

LUNG SCANNING 

The most important application of lung scanning is the 
diagnosis of pulmonary embolism. The principle is that 
pulmonary emboli obliterate P.llchy aI'C'as of Ihe pul
monary arterial circulation but do not interfere with lung 
ventilation. This is the reverse of what happens with 
pulmonary infection. Ideally, a ventilation sca n and a 
perfus ion sca n should be performed, the two together 
being known as a ventil atio n/perfus ion scan or V/Q 
scan . The ventilation scan is performt..'CI firs!. The patient 
inhales a gaseous radioactive tracer such as an aerosol of 
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technelium-labelled DTPA or mXenon, 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. 

The two scans are comp.'n.'CI for ventilation! perfusion 
mismatch, i.e. areas thai 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, 
bu t all too often the results are L-,<]uivocal. If a patient is 
too breathless to undergo a ventilation scan, a perfusion 
scan alone may be performed but accuracy is reduced. 

If a righHo-left shunl is present, perfusion scanning is 
contraindicated becausc the microspheres can pass into 
the systemic circulation and damage critical organs. Right
to-left shun ts occur in cardiac septal defects, arterio
venous malformations of the lung and sometimes within 
pulmonary metast.lse5. V /Q scanning for pu lmonary 
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Fig. 5.13 Isotope bone scans of the whole body 
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embolism is gradually being superseded by contrast
enhanced CT sca nni ng. 

BONE SCANNING 

Phosphate-based agents (phosphates or biphosphonates) 
labelled with technetium are usually used for bone 
sc.lnning. The tracer is laken up by areas of increased 
bone deposition and resorption, indica ting sites of bone 
growth and rep.lir (see Fig. 5.13). These include growth 
plates, some primary tumours, secondary tumours, foci 
of bone infection, healing fracture siles, active arthritis 
and Paget's disease. Bone scanning is highly sensitive 
but interpretation of the scans requires caution beca llsc 
of lack of specificity. 

The tracer agent is injected intravenously and 
becomes distributed through all body fluids. The highest 
conccnlr., tion is expected to appear al sites of osteo
genesis about 6 hours la ter and the patient is sc<lnned 
then. The tracer is also taken up in areas of dystrophic 
calcification and may sometimes reveal an unsuspected 

(dJ 

• .-' . 
. , 

• 

-

(a) Anterior View of normal bone scan (b) Anterior view of bone scan In a patient With mul tiple bony metastases (arrovved) from breast cancer 
(c) Posterior view of normal bone scan. (d) Postenor view of bone scan In the same patient as In (b) 



carcinoma of breast, an old myocardial infarction scar or 
a uterine fibro id. 

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 p..lin 

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 sim ple 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-memoire: 
DT 'Pee' A, excreted in urine; 0 'Meat' SA. retained in 
cortical tissue.) Examples are shown in Figure 5.14. 

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

Both OMSA and DTPA can give an estimate of 
excretory activity when unilateral renal parenchymal 
discilsc is being investigilted. The two agents can be uscd 
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 

Scan ning using the patient's own isotopically labelled 
red ceJls may be employed to locate a source of COIl 

tinuing or intermittent gastrOin testinal 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. 

The p.ltient's 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 pyrophosphate. 
The abdomen is scanned at intervals over the next 
24 hours or so for 'hot spots' indicating accumulating 

Imaging for s .... rgical investigation and management ...c: 

Fig. 5.14 Renal DM5A isotope scans 
(a) Normal ilnd (b) Abnormal showmg pdtchy !'cilmng due to 
epIsode's of pyelonephntls. In thiS CilS€'. there had been bilateral reflux 
of uflne In childhood 

recent gastrointestinal haemorrhage. If the rate of bleeding 
is more than about 0.\ ml per minute, the scan usually 
reveals activity concentrated in one part of the bowel. 
This indicates the general area of haemorrh,lge rather 
than the precise location but docs enable the surgica l 
search to be focused-for example, on the distal stomach 
and duodenum, or the right side of the colon. Radio
nuclide scanning has tht.! advantage of detecting an 
accumu l,ltion of blood over a period, where,ls the 
alternative investigation of selective angiography is less 
sensitive and requires active bleeding at the moment of 
injection; howe\'er, 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 c,lused by 
ulceration of ectopic gastric mucos. .... A radionuclide 
compound of technetillm that is concentrated in gastric 
mucosa may be used to image a suspected Meckel's 
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LEUCOCYTE SCANNING FOR INFLAMMATION AND 
INFECTION 

When an abscess or ot he r infected focus is suspected but 
cannot be IOC.l1ised, the patient's own while blood cells 
can be labelled with 111 Indium or 67Gallium citrate, then 
("('injected; thc patient is then scanned. Typical indica
tions for this arc 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 SC,111. 

Lellcocyte scanning is also useful to determine the 
extent of bowel involvement in inflammatory bowel 
disease, both ulcerati ve coli tis and Crohn's disease. 
HMPAO-Iabelled leucocytes migrate towards areas of 
inflamed bowel w hich are then revealed on imaging. 

THYROID SCANS 

Thyroid sca nning 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 radionucl ide imaging is in its infancy but 
shows promise for demonstr,1ting differential tissue 
blood flow in ischaemic lim bs. A radionudide known as 
MUGA is beginning to provide useful information. 

Radionuclide lymphangiography c.an also demonstrate 
the p<1 tency and capacity of lower limb lymphatics in 
chronic lymphoedema. 

LIVER AND SPLEEN SCANS 

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

Reticulo-endothelial imaging ('liver scanning') 

Technetium-Iabcllt..-'d sulphur colloid is taken up by 
reticulo-endothelial cells in the liver (Kupffer cells) and 
spleen, and demonstrates the general morphology of the 
p.1renchyma. Areas of increased phagocytic activity are 
revealed by abnormal uptake of tracer. 

Hepatobiliary imaging (HIDA scanning) 

Technetium-labelled imido-diacetic add (IDA) derivatives 
are concentr,1ted by hepatocytes and excreted into bile 
even in the presence of ~,undice. This provides a means 
of testing the p.1tency of the biliary tree and cystic duct. 

Hep<1tobiliary imaging ca n be used for: 

• Demonstrating cystic duct obstruction in suspected 
acute cholecystitis 

• Demonstrating bile duct obstruction in jaundiced 
p.1tients to confirm the ~1undice is obstructive 
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This chapter ou tlines the essential principles of oper.ltive 
surgcry and endoscopy and also co\'ers a range of minor 
surgica l techniques. These should be understood by <Ill 
doctors, not just by surgeons, so as to give them an 
apprt.'Ciation of the scope of surgery, to en.lble them to 
provide adequate explanation to patients before and 
after surgery and to help them participate intelligently at 

oper.ltions. Furthemlore, m~t doctors are required to 
perform minor operations, casualty procedures or invasive 
investigations at one time or <lnother and these require a 
knowledge of appropriate techniques. 

KEY POINTS 

Box 6.1 Surgical terminology 

Various suffixes derived from Greek and L1tin are 
used in the description of certain surgical techniques; 
these are summarised in Box 6.1. 

-oscopy _ examination of a hollow viscus, body cavity or deep structure employing an instrument specifically designed 
for the purpose, e.g. gastroscopy, colonoscopy, laparoscopy, arthroscopy. bronchoscopy. The generat 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. ananomosis 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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Basic principles of surgical practice 

PRINCIPLES OF ASEPSIS AND INFECTION CONTROL 
INTRODUCTION 

The main bacteria and viruses invoh'ed in surgical infec
tions have already been described in Chapter L The 
chief sources of infection are the patients themselves 
(particula rly bowel nora), 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 Band C and particularly human immuno
deficiency virus (HIV) pose relatively recent and sin ister 
risks of transmitting infection from patient to operating 
staff and vice versa; there is also the risk of patient
to-p,ltient transmission, These risks of transmitting 
potentially serious viral diseases make it mandatory to 
observe universal blood and body fluid precautions. 

The risk of postoperative b..lcterial 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 
bu t 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 types of operative surgery in a 
manner comp.'1rable to the surgical revolution of the late 
nineteenth century heralded by Lister's techniques of 
antisepsis. 

METHODS OF INFECTION CONTROL 

UNIVERSAL BLOOD AND BODY FLUID PRECAUTIONS 

The incre.1sing awareness of blood-borne viral infections 
such as hepatit is Band C and the advent of new 

infections such as HIV have led to the concept of 
un iversal blood and body fluid preca utions in com
bating cross-infection between p.ltients and staff. Every 
patient should be assumed to be a JX'tential 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 exami nations except for palpating patients' 
skin where there is no obvious open lesion in either 
patient or examiner. Staff with broken skin 3hould 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 p.ltient and patient to patient which 
reveal this practice to be unsound. The routine use of 
protective eyewear during invasive procedures to prevcnt 
conjunctival splashes is to be encouraged. 

Nee dle-stick and other pe netrating 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 H1V is much 
lower. This is because the concentration of virus in H1V
positive fluids is much lower than in hepatitis and the 
volume of blood tr.1nsmitted by needle-stick injuries is 
small. Needles and other disposable instruments con
taminated with blood shou ld 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. Reshealhing of used 
needles is the cause of some 40% of needle-stick injurics 
and should be avoided, Venepuncture is a high-risk 
procedure and shou ld be performed with caution, The 
ignored need le from a ci\nnulation left lying beside a 
patient might prove lethal to an unsuspecting staff 
member. 



Hepati tis B vaccination 

All s taff directly involved in patient care should be 
vaccinated against hepatitis 8. This im"olves three intra
muscula r injections-the initial injection, then 1 month 
and 5 months la ter, with booster doses at S-yearly 
intervals thereafter. Hepatitis B serology should be 
checked 2 months after completion of vaccination. 
Around 5% of healthy young people fai l to seroconvert 
and should be revaccinated. Half of these will sera
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 8, 20% for 
hepatitis C and 0.5% for HIV. There is also a high risk 
after sharps inju ry in a recreational environment (e.g. 
needles left on the beach by intravenous drug users) 
si nce hepatitis 8 and HIV survive well in wann, 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 ope rating theatre des ign plays a major role in 
the control of air-borne wound contamination. This is 
important mainly for staphylococci carried on air-borne 
skin sca les. 

The main factors inOuencing infection rate arc: 

• 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 ca n 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 tha n ou ts ide to ensu re consta nt 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 consta nt flow of clean ajr towards the 
operating table, which is then exhausted fro m the 
theatre. Despite this, convection rurrents allow some 
recircula tion of air, which may have been contaminated, 
into the operation site. 

The cnlcial 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 8 and hepatitis C 

4. Test person whose bloodlbody fluids contaminated 
the sharp (the donor) for HIV. hepatitis 8 and 
hepatitis C 

S. If hepatitis 8 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 8 immunoglobulin (0.06 mllkg body 

weight) 
• Hepatitis B vaccine-first dose 

6. The immune status of donor and recipient dictates 
further management as follows: 
• Recipient hepatitis 8 immune-no further action 

(or may give hepatitis 8 booster) 
• Recipient hepatitis 8 non-immune (or non

responder) and donor positive or unknown--give 
hepatitis B immunoglobulin and start course of 
hepatitis 8 vaccination 

• Recipient hepatitis 8 non·immune and donor 
negative-start course of hepatitis 8 vaccination 

• Donor HIV antibody positive or in high-risk group 
(e.g. homosexual, intravenous drug user, 
prostitute)-consult infectious diseases physician. 
2idovudlne therapy should be considered as soon 
as possible although its efficacy in preventing 
seroconversion ;s 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 Band 0 and 12 months (hepatitis Q ; 

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 fourfo ld 
but the cost of such measures makes them diffirult to 
justify for general su rgery. 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 mo(k'St proportion of wound in£L"'CtionS!lre 
derived from thealre personnel. Bacteria reach the 
wound via the air or by direct inoculation. Aboul 30% of 
healthy people C,1fry Stnpl,Y/(/cOCCIIS mm'/ls in the nose but 
pathogenic organisms may also be present in the axillae 
and perineal arca, the latter probably being the most 
importa nt sourC('. In addition, minor skin abrasions are 
usually infected, as are skin pustules and boils; thus 
personnel wi th these lesions must ensure that they are 
effectively covered with occlusive dressings 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 the.llre complex. Trouser cuffs should 
be elasticated or tucked into boots. Some studi~'S suggest 
that females shou ld wea r trousers instead of dresses, in 
order to reduce 'perineal fallout'. Face masks are worn 
to dcflcct b,1Cleria-containing droplets in expired ai r, but 
they become ineffective after a relatively short period, 
especially if they become wet. With the exception of 
nas,1l Sin/,ll. n/lreus (pMticularly important in infection of 
prostheses), bacteria derived from the head do not 
generally cause wound infection. The effectiveness of 
wearing masks and hnir coverings to reduce infection is 
unknown. 

Steri le gloves and gowns are worn by surgeons and 
staff directly involved in the operation to prevent direct 
inoculation of bacteria. Gloves are impenneable to 
bacteria but hands and forearms are washed before 
gloving and gowni ng with antiseptics which persist on 
the skin. This minimises b.lcterial contamination if a 
glove is punctured or the s leeve of the gown becomes 
weI. 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; dis infection is 
further improved by a final alcoho l rinse. These are 
most effective if they are not rinsed off but merely dried 
with a sterile towel. The traditional ritual of scrubbing 
wilh a bnlsh for 3 minutes is actually less effective than 

washing the hands thoroughly because it causes micro
tr.luma to the hands and brings more bacteria to the 
surfaC('. 

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 
catheteris,ltion or insertion of a chest drain should be 
performed using a no-touch technique. 

MINIMISING INFECTION FROM THE PATIENT'S SKIN 

The 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 dosed 
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. Most 
surgeons now restrict hair removal to dipping 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 ski n with antiseptic sol utions
povidone-iodine or ch lorhexidine 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 palients were subjected to a series of 
applications of antiseptics such as gentian violet for 
several days beforehand! 

• Draping the patient-the st.lndard procedure is to 
isolate the operating area by placing sterile dr.lpes 
made of colton 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 p<'lper sheets 
known as ventiles arc usually placed beforehand 
beneath the drapes. For high-risk surgery such as joint 
replacements, plastic or impermeable paper drapes 
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 littlf' 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 
shou ld be mechanically cleansed prior to operation by 
the use of propietary bowel preparation agents such as 
sodium picosulphate. Pathogenic b.lcteria are also found 
in obstructed small bowel. The same applies 10 Ihe 
stomach and small bowel of pcltients on H1-receplor 
blocking drugs (see eh. 14) where the normal b.lctericidal 
effect of gastric acid is lost. 

STERILISATION OF INSTRUMENTS AND OTHER 
SUPPLIES (sec Table 6.1) 

In modern surgical practice, infection from instruments, 
swabs, equipment and intravenous fluids has been 
virtually elimin.lled by the supply of slerile p.lcks from a 
central sterile supplies department (CSSD). Reusable 
instruments and drapes arc slerilised by high-pressure 
s leam auloclaving according to s trict regulations. Most 
dispos.lble items are purchased in pre-sterilised, sealed 
packs. Sterilis.ltion in small autoclaves near the operating 
theatre should only be performed if instruments in 
short supply are required for successive operations. 
Sterilis.ltion by any method is likely to be ineffective 
unless all organic material is removro from instruments 
by thorough cleaning first. 

Problems arc posed by sterilising instruments which 
would be damaged by heat. These include plastics, cysto
scopic lenses, nexible endoscopes and electrical equip
ment. These can be sterilised using a variety of chemical 
method s 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 10 other methods of sterilis.ltion but is included 
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here as it may be Ihe only practical method in developing 
countries owing to cost and technical reasons, Boiling 
water kills mosl vegel.ltive organisms within 15 minutes 
but spores are nol killed by this method . All organic 
debris shou ld, as ahv.1Ys, be scrupulously removed, then 
Ihe instruments immersed in visibly boiling water, 
returned to the boil and boiled continuously for al least 
30 minutes 10 ensure hepatitis and human immuno
deficiency vinlscs are destroyed. 

SURGICAL TECHNIQUE 

Surgical techniqu e plays an important part in minimising 
Ihe risk of oper.llive infection. Non-vital tissue and 
collections of nuid and blood arc particularly vulnerable 
to colonisa tion by infecting organisms, which may enter 
via the bloodstream even if direct contamination has 
been avoided by aseptic technique. Tissue damage should 
be kepi 10 the minimum in thc course of surgery by care
ful handling and retraction and by avoiding unnecessary 
diathermy cD.lgulation. Haematoma formation is mini
mised by careful attention to haemostasis and placing 
drains into potential sites of fluid collection; dosed 
drai nage or suction-drainage systems reduce the risk of 
organisms tracking b..lck into the wound from the ward 
environment. 

During extensive resections of bowel. ligation of 
its blood supply allows b..lcteria to permeate the wall 
(t ranslocation) and this may contaminate the peritoneal 
c.wity. 

Gross faecal con tamination is associated with a high 
risk of infection and great care is taken in operations 
where the bowel is opened. [n large bowel perforation, 
great care is taken to physically remove faecal con
tilmination; a planll(;.'(1 'second look' laparotomy after 
48 hours may be advis.lble. 

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 peritonea l contamination 
should the anastomosis leak. Many su rgeons now regard 
this as ineffective and possibly harmhll. 

Table 6,1 Time and temperature requirements for steritisation by different methods 

Method Eq uipment to be sterilised Temperat u re Time 

Steam autoclave Unwrapped Instruments and bowls 126-c 10 mlns 
Instrument sets. dresslllg5 and rubber 123°( 3 mills 

Ethylene OXide gas Heat-sef¥.oltM' materials; plastiCS, endoscopes, electrICal equipment SSO( 2-24 hrs 

liqUid glutaraldehyde Cystoscopes and other urologKal eqUipment. plastics and Room temperature 10 mills 
heat·sensitlve eqUipment reqUired urgently 
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PROPHYLACTIC ANTIBIOTICS 

Despite the best aseptic techniques, some operations carry 
a high risk of wound infl..'Ction as well as other infective 
complications; these can be n."'d.uced dramatically by using 
prophylactic antibiotics. The antibiotics chosen should 
be m.llcht.--d to the org.lnisms likely to occur in the area of 
the operation and should be bactericidal rather than 
bacteriostatic. The relative risk of postoperat-ive infection 
in di(fercnllylX'S of operation is summarised in Box 6.3. 

As a general principle, prophylactic antibiotics are 
indicated if the antidpah:.od rho\... of infection excet.'CIs 10%, 
i.e. all emergency abdominal surgery, all elective colonic 
operations. and upper gastrointestinal operations for 
malignancy. Prophy lilClic antibiotics Me also used by 
many surgl'on~ for operations in the 5--10% risk ca tegory, 
e.g. cholecystectomy. In addition, prophylactic antibiotics 
are indicated in inherently low-risk cases where the 
consequences of infection arc catastrophic, e.g. operations 
employing prosthetic implants or in patients with mitral 
stenosis or other cardiac defects at risk of sub,1cute 
infecti\'e endocarditis. Prophylactic antibiotics can reduce 
postoperative infect ion rates in high-risk C.1S1..~ by 75'l, 
and may almost entirely elimina te infection in lower-risk 
cases. 

Bo)( 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, 
I1gatlon of vancose 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-eKisting infection, e .g. 
elective large bowet 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.g. 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 wou nd-related infections, the 
organisms are introduced during the operation and 
Jxocome established during the next 24 hours. Thus, if 
prophylilctic antibiotics arc to be effecti\'e, high blood 
levels must be achieved during the operation at the time 
contaminahon occurs. To achic\'e this, the first dose of 
antibiotic should be given either 1 hou r before operation 
or preferably intravenously a t induction of ilnaesthcsia; 
prophylilctic antibiotics should not be given any earl ier 
as this may encourage l"l.."'Sistant orga nisms to prolifer.1te. 
A single preoperative dose of antibiotic is prob.1.bly 
sufficient provided it is r.lpid ly bactericidal and the 
inoculum of b.1.cteria is ~mall ; long operations with 
heilvy blood loss merit a second perioperative dose of 
antibiot ics, e.g. ruptured abdominal aortic aneurysm. 
Many surgeons prefer to give two additional doses 
postoperati vely but thert' is little evidence of additional 
benefit. Longer cou~ of prophylactic antibiotics are 
cert,1inly of no advantage and may encourage resistilnt 
strains of organisms to emerge. 

In general, intravenous antibiotics provide the most 
predictable blood levels; peak tissue levels are achieved 
withi n 1 hour of injection. For prophylaxis against anaer
obes, metronidazole .ldministcrcd rectally gives equivalent 
blood and tissue levels to intravenous administration 
although these arc not n. ... 1.ched until 2-4 hours after admin
istration. Oral metronidazole is usually inappropriate 
Jxoc.1Use of unreliable absorption and enforced peri
operative starvation 

Ope ra t ions in vo lving bowe l a nd biliary s yste m 

P.1ticnts having these operations are at risk mainly from 
a mixture of G r,1m-negilti ve bacilli (EllleroIHlcteriac/'UI' 
family), faecal <UHll'robcs (Bac/croides jmgilis) and Staphy
lococcus aIIrt'IIS. Less commonly, enterococci CilUse surgical 
infection, notably E, f(f/'c{/Ii.~ (formerly Strrp. fa/'calis). 

The most common ly used prophylactic antibiotic 
rcgllllcns are: 

• For biliary surgery-..1 cephalosporin alone (e.g. 
cefotaxime or cefuroxime) 

• For colonic and o ther bowel surgery--cither a 
combi nation of a cephalospori n (as fo r biliary 
surgery) and metronidazole or else a combination of 
gentamicin, benqlpenidUin (or ampicillin) ,1nd 
metronidazole. The latter combination is often 
preferred for bowel-relatl'<l prophylaxis as it covers 
enterococci as well as the olher organ isms expected 

• For appendicectomy-rl'Ct.ll metronidazole alone, 
given 2 hours before operation; this has proved ilS 
effective as any other regi men. The evidence (or the 
benl'flcial efft"Ct of metronidazole in preventing 
infection after appendicectomy is now SO strong tha t 
it may be negligent not to uS(> it 



llle choice of antibiotics for prophylaxis must be 
kept under review b<.'ca use orga nisms change their 
sensitivi ties. An importan t consid eration in this regard is 
that am inoglycosides such as gen tamicin do not alter the 
bowel nora because their concentration in the lumen is 
low; this is in contras t to the cepha losporins and 
ampicillin. In consequence, there is a rising tide of beta+ 
laclam-resistan t bowel organisms insensi tive to cephaJ+ 
osporins and ampicillin but sensitive to aminoglycosides. 
If resistant s taphylococci are a problem, vancomycin 
may be necess.lry for prophylaxis. 

Operations involving implantation of prostheses 

Vascular grilfts tlnd joint replacements are at particular 
risk from Stapl1. aUrt'IIS inf/..>ction. Coagulase-negative 
staphylococci (c.g. Staph. epitiermiriis) may also be impli
cated tlnd, very rarely. coliforms. RucJoxaciliin is the agent 
of first choice for prophylaxis but gentam icin is usually 
added for ext ra protection. Cephalosporins .lre often 
used but they are less efficacious against staphylococci 
than nuc10xaci llin or gentamicin. Multiply-resistant 
Staplr. arrrelis (MRSA) is becoming a more common cause 
of prosthetic infection. In areas where the risk is sub
stantial, prophylaxis with vancomyci n is appropriate. 

Operations where ischaemic or necrotic muscle 
may re main 

Lower limb amputations for arterial insufficiency and 
major traumatic injuries involving muscle are susceptible 
to gas gangnmc and tetanus. Clostridia are highly 
sensitive to bcm'ylpenicillin and metronidazole, one of 

ANAESTHESIA 

GENERAL PRINCIPLES 

Some form of anaesthesia is required for almost every 
surgical procedure, with the aim of preventing pain in all 
cases, minimising st ress 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 topica l (surface) anaes· 
thesia, loca l anaesthetic infi ltratio n or regional nerve 
b lock, spi nal or epidu ral anaesthesia and general 
anaesthesia. Methods other than general anaesthesia 
may be supplemen ted with intravenous sedation if the 
patient is anxious (e.g. with benzodiazepines). Intra
venous scd<ltion with these drugs produces relaxation, 
anxiolysis ilnd amnesia whilst ret<lining protective renexes. 
However, unconsciousness can be produced by these 
dmgs and they must be carefully titrated to produce the 
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which should be given in high dose as early as possible 
after major tr.luma and before major amputations for 
ischaemia. 

PREVENTION OF CROS5--INFECTION (NOSOCOMIAL 
INFECTION) 

Cross-infection is the term used to describe infection 
transm itted from ot her patients in the nearby hospita l 
envi ron ment and it is rare. It should be distinguished 
from co ioniS3tion with other patients' bacteria, wh ich is 
common. Cross-infection is mainly spread via food, staff, 
med ical equipment or ward furnishings. Whenever there 
is patient contact which might result in transfer of infection 
outside of the opcr.l ting the<ltre, the sa me principles of 
<lscpsis should be <lpplied , Cllthough the achievable level 
of aseptic technique is lower. Doctors are probably the 
worst offend ers <IS regards transfer of infection-for 
exa mple, by remo\'ing dressings to inspe-cl wounds in 
the open ward, by fililing to wilsh hands between patients 
and by ca reless aSt!ptic technique when performing ward 
procedures such as bladder catheterisalion. Minimising 
p.:ltient movements between wards and hospital units 
also decre.lscs cross-i nfect ion rates. 

A p.:ltient with an infection which is potentially 
dangerous to other p.:ltients should be isolated and 
b.lrrier-nursed in a si ngle room. These infections include 
StreptococCllj pyogene5, open tuberculosis and infective 
diarrhoeas. Infection with MRSA requires a patient to be 
transferred to "Ill isolation area in the ward or, if the 
patient is in intensive ca re, transferred to an isolation 
room within the unit to avoid having to close 10 new 
admis~ ions (see Ch. I, p. 13). 

desired effects. Intravenous sedation with benzodi.lzepincs 
docs not provide pain relief; if needed, this must be 
achieved by local anaesthesia or intravenous ana lgesics, 
fo r ex.lm ple. 

CHOICE OF ANAESTHETIC TECHNIQUE 

Combin ing local or regional anilesthesia (for pain relieO 
with a light general an<le5thetic can minimise post· 
operative respi ratory and ca rdiovascula r depression 
comp.:ln.>d with general anaesthesia alone, reducing 
postoperati ve morbidity. An example is the use of caudal 
anacsthesia in perine<ll opera tions. Local or regional 
anaesthesia can also be used at the end of an operation to 
provide postoperative pclin relief; for example, inter
costal nerve blocks after an abdominal operation allolV 
more comfort.lblc breathing and coughing, ra iucing the 
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likelihood of respiratory compl ications. Another common 
exa mple is wound infiltration with local anaesthetic 
agents, e.g. bupivac.line. The main factors influencing 
choice of ilrlilcsthesia are summarised in Box 6.4 

Careful selection of appropriate drug combi nations for 
each case and close liaison between surgical and anaes-

KEY POINTS 

BOll 6.4 Cho ice o f anaHthetic tKhnique 
1. local anaesthesia 

thetic staff before, during and after operation greatly 
enhance postoperative ft."'COvery. The use of a ' high
dependency' rec:overy area, where at-risk patients can be 
intensively nursed and monitored postoperatively, also 
plays an important part in early recovery from major 
surgery. 

In general, used for calm and rational patients when no autonomic discomfort is anticipated: 
• Minor operations, e.g. eKcision 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 caW!') surgery 
• PatIents unwilling to undergo general anaesthesia 
• Use of combined local anaesthetic and vasoconnrictor 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 Ii impractical, e.g, gastrointestinal endoscopy, 

musculoskeletal manipulation 

S. Intravenous sedation combined with local anaesthesia 
• Potentially unpleasant procedures despite adequate local anaesthesia, e.g. wisdom tooth extraction, toenail 

operations, sitlOg 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 anusthesla 
• 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 ,g. neurosurgery 
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INCISION TECHNIQUE 

CHOICE OF INCISION 

The purpose of most skin incisions is to gain access to 
underlying tissucs or body cavities. The first consider· 
ation when planning a surgiccll incision must be 10 
achieve good access. Furthermore, the incision should be 
placed in a position which will allow it to be extended if 
necesSMy. 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: 

• Orienlation of skin tens ion 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 givcs a 
better cosmetic n..'Suit 

• Strength and hea ling potentia l of the tissues-the 
nature and distribution of muscle and fascia, 
particulMly 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 w,111 consists of a strong 
layer of fascia is less prone to incisional herniation 
than a parilmooian incision lateral to the midline 

• The anatomy of underlying st ructures, particularly 
nerves-the incision line should nm parallel to, but 
some distance away from, the expected course of 
underlying structures, roollcing the risk of damage. 
For example, to gain access to the submandibular 
gland, the incision is made p.lralld 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 
(Pfan nenstiel or bucket·handle) incision below the 
'bikini' line for operations on the bladder, uterus or 
ovary, a peri-areolar incision for breast biopsy 

DISSECTION AND HANDLING OF DEEPER TISSUES 

The skin consists of thin ep iderm is and dense, some-
what thicker dcrmis, as well as the underlying fatty 
hypodermi s which may be as much as 10 cm thick in an 
ooc'Se individUill. 

Prindples of operative surgery 

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 prt.'SCrve blood supply and venous drainage. Blu nt 
dissection involves teaSing or stripping tissues apart 
using fingers, swabs or blunt instruments, following 
natural tissue planes. Sharp disscction with scissors and 
forceps or scalpel is used where tissues have to be cut 
and also to display small stnlctures. Some surgeons 
prefer sharp to blunt dissection in general, believing it 
causes less tissue trauma. Most dissection, however, 
involves ,1 combination of both. 

PRINCIPLES OF HAEMOSTASIS 

Blet.>ding is an una\'oidable 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 vis ibility llnd quality of outcome), and because Ihe 
loss has to be mllde 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 si te by accurately 
siting the incision and by avoiding opening unnecessary 
tissue planes. 

CLIPPING, LIGATION AND UNDER·RUNNING 

Ligation is obliga tory 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 haemoslat forceps, a suture can be used to encircle the 
ves.-;el and its surrounding tissues, a technique often 
described as undeNunning. It is particularly useful for 
a bleeding artery in the fibrous base of a peptic ulcer. 

DIATHERMY 

Diathermy achieves haemostasis by local intravascular 
CO<lgulat ion and ron traction of the vessel wall caused by 
heating Hhl'rmy) generated by particular electrical wave-
forms. Il owever, 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. 

Ch. 
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2 Haemostats clipped onto 
vessel either SIde 0( point 01 
Infended diviSIOn 
NOIe orientation 01 
haemostaf curvature Vessel CUI with SCTSSOI'S 

Note: 
II there is doubt about the 
s&CUnty of a SIngle ligature, 
two separate ligatures can 
be used 00 one vessel end 

Fig. 6.1 Techniques of haemosusis 

There are thl'('(> main vMi.lIlts of diathermy, illustrated in 
Figure 6.2, and all thl'(.'(' modes .ue availablc on modem 
diilthcrmy machine!>. 

Monopo lar diathermy i:. the most widely used for 
uperative hacmosla:.is bullhere is wide dbpersion of the 
cOilgulating and hCilting effects, milking it unsuililble for 
usc nCilr nervcs and other delicate structures. Since the 
currl'nt pilSSCS through the piltient's body, there is il risk 
of co..1sulating Hosscl:. en p.lssant (e.g. diilthermy used in 
circumcision mil)' C<lUSC penile thrombosis). as well as 
provoking arrh)'thmiils in p.ltients with cardiac P.1CE'
m.lkers. Monopolilr diilthcmlY may .llsa «.'Suit in skin 
bums at the indifferent cI('Ctrode plilte if skin contact is 
fXK)r or if thc pliltc bl-eolllcs wei during operiltion. Current 
n..--commendiltion:. to improve contact include :.h,wing 
him from the "kin whl're the pl'lte is plilCed and using 
di:'pDS<lble sclf-adhco,i ... c di,lthernlY pl'ltes. 

Bipolar di.athermy i:. used mainly for fine surgery 
ilnd 1\ rClluin.''!t .lccuratc grilsping of the bleeding "essel. 
It Us(''S low level!> of ek-etriC,li power, there is almost no 
electrical dis!'Cro,ion from the tip or the fo rceps ilnd 
much less heil t is gcneriltcd . The mil in ildvilntilges ilTe 
minimill tissue dilmilge ilround the point of co,lgu lation 

4 Haamostat held up by 
assistant 10 enable ligature 
10 be passed benealn It 

... 

Haemostal passed beneath 
vessel 10 be igated 10 ensura 
separallon lrom surrounding 
tiSSUes 

5 Ugature tied. haemostat 
being released belore final 
tightening ollirst knOt 

6 Second and third knots lied 
and ligature cut 3-5 1M! Imm 
knot 

Alternatively the vessel end 
can be transfIXed by a Mure 
wtIid'I IS then bed on each 
side of the vessel 

ilnd !>o.l(cty in n!liltion to neMby nern'S, blood \'t'S!>('l!> and 
C,1I'diilC paccmilkers. 

Culling diathermy is milinly used for dividing l.uge 
lllil:'M'S of mu:.clc (e.g. during thoracotomy or acci:'SS to 
the hip joint) il nd Cull ins vil:.cular tissues (e.g. breast). 
Til(' intention is a form of sharp dissection, ilt the s,lme 
time coagulilting the numerous small blood \'C'><;('ls as 
the ti.s~ue is cut; unfortunately this is not always wholly 
eff('Cli\'e. A blend of culling and coagulation is somt. .... 
tilllt.'!> u ..... >d . 

TOURNIQUET AND EXSANGUINATION 

Thi'i techniquc is ust.'CI in surgery of the limbs ilnd hilnds 
where il bloodless field i .. p.lrticularly desirable. For the 
whole limb, .1 pneum,ltlc tourniquet is placed proximally 
around the limb. The limb is exsanguinated by elevation 
and spiral .lpplication of il rubber bandage (Esmark) or 
ring cX!>o.lnguin.1tor from the periphery; the tourniquet is 
then inn.lt('l..i . Upper limb tourniquets must not be left 
inniltcd for morc th.ln 30 minutes ilnd lower limb 
tOllrnilllleiS for more thiln about I hom to avoid the risk 
of n('Crasis. 
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Coagulaling mono polar d iathermy Cuning mono polar diathermy Bipolar diathermy 

Coagulating MO"?flOiar diathenny 
current machine 

Cutting 
current 

Monopolar diathermy 
machine 

Bipolar diathermy 
machine 

• t 
, , 
c 

I 
Foot pedal SWitch 

Fig . 6.2 Three modes of diathermy 

PRESSURE 

Pressure is a useful means of controlling bleeding until 
plillclet aggregation, feactive vasoconstriction ilIId blood 
coagulation tilke over. It can be used for emergency 
control of severe arterial or venolls bleeding but is equally 
useful for controlling dif(u'>t' small-vessel bleeding from 
a large raw ,nea, e.g. liver bed after cholecystectomy. 
Pressure is usu'llly applied with gauze swabs which 
must be kept in position fOf ,lt least 10 minutes. 

For intr,lctable bleeding which is 110\ amen,lble to 
liga ture, diilthcrmy or suture, various resorbable pilcking 
ma terials, e.g. oxidisL'd cellulose, can be left in position 
until haemostasis occurs, allowing the wound to be 
closed. If bleeding simply cannot be controlled-for 
example, after liver injury-the bleeding cavity can be 
pilcked with g,\U7e SW.lb:" which are left in situ and 
remo\'ed 48-72 hour" I.lter al il further operation. 
Bleeding, once controlled by this method, rarely recurs. 

When ,1 raw c,wity has been created beneath the ski n, 
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 ,lnncsthcsi,l is sometimes employed 
when marked diffuse bla>ding is anticipated, e.g. 
prostatectomy, or where a bloodless field is desirable for 
fine dissection but where a tourniquet is impossible, e.g. 

t 

parot id surgery. The anaesthetist achieves controlled 
hypotension by the judicious infusion of drugs such as 
nitropnlsside. 

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 ma terials. This clear-cut d ifference 
has been blurred by the advent of slowly absorbed 
sutu res, e.g. polydioxa none (PDS). The groups C,1I1 be 
subdivided into natural and syntheti c materials and 
furthe r subdivided into monofil ament and polyfil ament 
(br.lidcd) materials. The choice of suture material 
depends upon the task at hand, the handling quali ties 
and personal preference. 

Absorbable versus non-absorbable materials 

The strength of absorbable sutu res decli nes a t a pre
dictable rate fo r each type of materia l, although the 
suture materia l remains in the wound for a much longer 
period. 

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

• Plain catgut and chromic ca tgut-useful strength lasts 
3 and 5 days respectively 75 
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Bo)( 6.5 SutUrI! materials 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 (POS, 
Maxon) 

Non-absorbable 

• Silk-natural braided 
• Linen-nat ural braided 
• Stainless steel wire-monofilament or braided 
• Nylon-synthetic, usually monofilament (Et hilon) 
• Polyester-synthetic braided (Ticron, and others) 
• Polypropylene-synthetic monofilament (Prolene) 
• Polytetrafluoroethylene (PTFE)-synthet ic 'eKpanded' 

monofilament (Goretex) 

• Modified polyglactin (Vicryl Rapide)-useful strength 
ilbout6 days 

• Polyglyeolic .ldd (De>.on) and polyglacnn (Vicryl)
u~hll <;trength lasts about 10 days 

• Polydioxanone (PI)S)-retains its strength for at least 
28 days 

The strength of catgut declines ('ven more quickly in the 
prt.'Sence of infl..'Ction or gastric acid, but this is not tnte 
of the synthetic absorbilble sutures. 

The eventU.l1 elimination of absorbable m<lterials from 
the body overcomes the problem of a permanent foreign 
body which Ciln harbour infection. Absorbilble sutures 
are often used in the skin to avoid the need for removal; 
typical applications ilre minor skin operations, median 
sternotomies, surgery in children, circumcisions and 
vasectomies. C.ltgut sutures may give a poorer cosmetic 
result be(:,lUSC of the inflammiltory response they pro
voke but polyglycolic acid/polyglactin (undyed) gives 
good l"CSult:. il~ it i~ remov(.>d by hydrolysis without 
inflammiltion. The newer, modiiied, short-Jived poly
glactin seem..; to ha\'e ideal properties for skin closure. 

Non-absorbable sutur~ retain most of their strength 
indefinitely. They are ust.'Ci whel'l.' the repair will t,lke a 
long time to reach full strength (e.g. abdominal Willi 
closure) or will be inherently weak (e.g. inguinal and 
incisional hernia rep..lirs), Non-absorbable sutures are 
illsa widely USl..'Cl for ~kin closure; synthetic mono
filament suturt.'S give the best cosmetic results <lnd are 
most ea!>ily ilnd p;tinlessly removed. Subcuticular sutures, 
which do not penetr.lte the epidermis, give an excellent 
cosmetic re~ult. 

Natural versus synthetic materials 

C.1tgut has been used as a suture and ligature material 
since before Roman tim~, derived from the material 
used for musical instrument strings. It consists mainly of 
coll.1geo and is actually made from the dried small 
bowel ~ubmucos.l of ~heep or catlle. Catgut is still a 
widely used material, and modem manufacturing 
tcchniques have ensured a high and consistent quality. 
Silk ,lnd linen illso have a long and distinguished history 
but their usc is declining. Many surgeons believe that 
:.ilk has the best handling <lnd knotting properties of any 
material, but it provokes a strong inflammatory response 
exceeded only by linen. Silk is mainly lIsed for skin 
sutures, where its softness means there are no sharp ends 
to prick the ne.lrby skin. This is particularly import.1llt 
for operat ions ilwolving the mouth and the perineum. 
Linen thread is now used rarely and mainly for ligating 
blood v('Sscls. [n general, n.ltural materials are about half 
the price of the synthetics, a factor of importance in 
developing countries. 

The main adv.lIlt,lges of synthetic absorb.lble suture 
materials are th,11 they are stronger than catgut and 
provoke little or no inflammatory reaction. They can be 
designed to meet specific requirements of absorb.lbility, 
period of retention of strength, and hand ling properties. 

Non-.1bsorlmble synthetic materials, similarly, do not 
provoke inflammatory reactions. Polyesters, nylon and 
polypropylcne all retilin virtually all their strength o\'er 
long period50 in the tissues; this is p..lrticularly important 
when they iHe used to suture arterial prostheses. All 
natural materials deteriorate over time and silk used for 
arterial prostheses has a high long-term fai lure rate 
leading to false ilneurysm formation. 

Monofilament versus polyfilament sutures 

Monofilament materials have an extremely smooth 
surface ilnd can be pulled through the tissues with 
minimill friction; this makes them easier to insert and 
remove than polyfilament braided materials. On the 
other h.lIld, monofilament materials are stiff, springy 
"nd more difficult to knot. Braided materials have the 
best handling qualities, but their interstices provide a 
haven for b.lcteria. When used at a surface <e.g. skin or 
bowel Willi) they tend 10 act as a 'wick', drawing infected 
material in. This problem is pilrtly overcome by the 
manufacturer's applie.ltion of surface coatings. 

Wire sutures 

Metal wire sutures have now largely been displ<lced by 
the 1l00hlbsorbabie synthetics. Stainless steel wire is, 
howcver, 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 MATERtAL 

The gauge of suture chosen for a p<,rticular 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 call be the gauge 
• Type of suture materii'll being used-for a given 

gauge, the various Ini'lterials have different strengths; 
catgut is the \vei'lkest 

• Cosmetic requirements-multiple fine sutures give a 
beller cosmetic result than fewer heavier sutures 

The 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 I, i.e. gauges 0, 00 (i.e. 2/0), 000 (3/0) and so on. 
Nowadays, the finest 5uture is 10/0 which is used for 
extremely delicate surgery such as in the eye. A more 
rational metric gauge, bas.ed on suture diameter, is in use 
but the traditional gauge is still more widely used. A 
simple guide to the use of different gauges is outlined in 
Box 6.6. 

KEY POtNTS 

Bolt 6.6 Guide to suture gauges for common 
procedures 

Skin 

• Face 5JO or 610 
• Hands and limbs 3/0 or 410 
• Elsewhere 210 or 3/0 

Abdominal w all 
• Two strands of gauge 0 ('loop nylon'), gauge 1 or 

gauge 2 

Gut anastomoses 

• 210 or 310 

Arteriat anastomoses 
• 2JO down to 710 according to size of vessel 

Microsurgery (e.g. eyes. microvascular, nerve repair) 

• 710 down to as fine as 1010 

Principles of operat ive surgery 

TYPES OF SUTURE NEEDLE 

Vast ranges of needles have been designed to accommo
date both the various different demands of generi'll i'lnd 
spt..>cialist surgery and the stringent requirements of l1licro
surgery. Characteristics of needles and broad indic"tions 
for their use are suml1larised in Box 6.7 and illustrated in 
Figure 6.3. 

METHODS OF SKIN SUTURING 

TIw objective of skin suturing is to approximate the cut 
edges so they will heal rapidly, leaving a minimal scar. 
Edges to be apposed shou ld have been cut in ,1 clean line 
and perpendicular to the skin surface; ragged or angled 
edges should be trimmed. The cut edges should be 
capable of being brought together neatly and without 

KEY POtNTS 

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 
acces~ and fine control 

2. Shape of needle 

• Straight---skin suturing 
• Curved-half--<jrcle used for most purposes, 

quarter-<ircle 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 

penetrat ion 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, brean 
tissue 

S. 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 eKtra 
drag and trauma as it is pulled through the 
tissues, and the suture material does not detach 

from the needle during use 

c 
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Fig , 6,3 Various types of surgical needles 
(a) Two half-CIrcle round-bodied needles, the larger with a threaded 'eye', and the smaller with the suture material swaged into It ('atraUmdlfC' 
needle) Note the braided nature of the suture matenal. (b) The largest and smallest needles in common use. The larger needle IS a S/8'<ircle 
needle with a seml-cutllng POint, used In the hand for abdominal wall closure. Note the two strands of n~lon swaged Into the end. The smaller 
needle is used In ophthalmic surgery and has 1010 suture matenal (enlarged In the Inset) (c) Three shapes of needle. The straight needle has a 
cut llng point and IS used for skin sutUfing The J-shaped needle IS used mainly for femoral hernia repairs, and the large hal f·circle needle IS for 
abdominal wall closure. (d) Two large needles shOWing the difference between 'round-bodied' (abo~e) and 'cutting' ends (below). 

tension; olherwise the wound may break down or the 
scar s lowly stretch, giving an ugly result. To achieve this, 
it may be necessary to insert a layer of subcut,1IleoU5 
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 gO\'erned 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 s itu 
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-n 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 fo r closing skin wounds and are popular 
for neck incisions after thyroidectomy. As the dips do 
not penetra te 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 ord inary paper 
staplers, with staples stored in a magazine and applied 
singly instead of sutures. More complex devices, which 
apply multiple staples simu ltaneously, either in a linear 
or circular fashion, are ilvailable for bowel anastomoses 
and closure of tubular viscera. Some of these devices 
have revolutionised surgieill pr<lctice, e.g. reanastomosis 
of colon to rectum ,lfter Hartmann's resection or 
bronchial stump closure. When used for internal viscera, 
the staples remain in place indefinitely (sec Fig. 6.6). 

POSTOPERATIVE WOUND 
MANAGEMENT 

Once a wound has been closed, the doctor has three 
main responsibilities: choosing the dressing, monitoring 

{j 
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Staples 
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Fig. 6 .4 Methods of approximating 
skin edges 
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Fig. 6.6 Inguinal hernia wound closed with staples 

the progress of healing and deciding when to remove the 
sutures. 

75 



80 

Basic principles of surgical practice 

The purposes of d~sings for surgical wounds are as 
follows: 

• To maintain the wound in a warnl and moist state 
most conducive to healing 

• To absorb or contain any superficial bleeding or 
inflammatory exuda te 

• To protect Ihe delic.-'ltc healing tissue from trauma, 
b.1.cterial contamination and interference 

• To prevent sutures catching on clothing or other objects 
• To 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 f.lce, a 
dressing is often unnccess.1ry as the linear crust of 
inflammatory exudate performs this task admirably. [n 
most other cases, pre packed adhesive dressings are 
used, incorporating an absorbent pad with non-stick film 
in contact with the wound surface. While convenient, 
these drl;-'ssings may conceal accumulations of blood, 
inflalllm.ltory exudate or infected discharge. Wound 
inspection then requircs painful removal of the dressing 
which can be an opportunity for infection to enter. 
Tr.lIlsp.lrent semipenneable plastic film dressings neatly 
overcome this problem but are unsuitable for discharging 
wounds. 

Paraffin gilU/C (tuile gras) is used mainly for co\'ering 
raw areas (c.g. skin-graft donor sites). However, its non
st ick p<1raffin content rapidly declines and blood dot and 
tissue proliferation soon incorporate the dressing \'ia its 
open weave. As removal tends 10 damage the delicate 
new epithelium, alternative dressings such as saline
soaked S<1u/e, calci um alginate (seaweed origin), hydro
colloids and hydrogels <1re often preferred. Newer 
dressings offer 11 more ideal wound environment with 
increased hydr.ltion, fewer dressing changes and greater 
comfort. Cost eff{.'CIivencss is an issue yet to be resol\'ed. 

Gamgee is a thick cotton wool dressing material 
enveloped in a thin layer of gaU7e; this is variously used 
for p.ldding sites vulnerable to trauma (e.g. amputation 
stumps), as pilds beneath pressure bandages or as 
.lbsorbent dn ... sings for le<1king wounds. Dry dressings 
are wads of d~ing material (e.g. cotton gauze), usually 
taped or b.:lndagcd in place. Dry dressings need regular 
repl.lcement and may be prevented from sticking by first 
placing a piece of non-adherent dressing materi.ll (e.g. 
Melolin, N/ A dTL'Ssing) against the wound. If dry 
dressings arc used for inf('('ted I-vounds, exudate must 
not be allowed to permeate to the surface as bacteria 
rapidly sprL'<1d from here into the environment ('strike
through'). 

REMOVAL OF DRESSINGS AND SUTURES 

Provided Ihe dressing remains dean and dry and the 
patient afebri le and generally well, there is no need to 
inspect clean surgical wounds until Ihe time of suture 
removal. If wound complications are suspected, the 
dressing should be removed and Ihe wound checked 
and redressed as appropriate. If infection is app.lrent, a 
wou nd swab shou ld be taken for culture and sensitivity; 
spreading cellul itis requires antibiotic therapy, whilst 
localiS<.'CI abscl'SS formation requires suture removal and 
probing to effect drainage. 

Skin SUhll't.."'S shou ld be removed as soon as the wound 
is strong enough to remain int.lct without support. On 
the back and around joints, this can take 14 days; on the 
abdomen, it t<1kes about 7 days (longer in the case of 
steroid therapy or infection); on the face and neck healing 
is rapid and Icss influenced by functional stresses. Here, 
sutures can be S<lfely removed after 3-5 days, giving <1 
better cosmetic result. 

MANAGEMENT OF DRAINS IN THE 
POSTOPERATIVE PERIOD 

Abdominal dr<1ins provide <1 potential route for infection 
to enter the abdomen even though the intra-abdominal 
pressure nearly <1lways exceeds the extern.ll pressure. 
111e ris!... can be minimised by ensuring the drain opens 
into a sterile environment such as a drainage b.:lg (closed 
drainage) and by removing the drain as soon as its t,lsk 
is completed. Ded<;jol\s about !'('moval of dmins should 
r('St with the operating surgeon who will undoubtedly 
h<1ve personal preferences. 

The general principles of drain management are as 
follows: 

• Suction drains help to collapse down spaces left in the 
tissucs at oper.ltion as well as to drain blood ilnd 
inflammatory exudate. These drains arc nl<1inly used 
after extensive excisional surgery where a large 
enclosed raw surface remains, e.g. after maSIl..>ctomy, 
thyroidectomy or excision of the rectum. High
vacuum suction dr.lins, 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 comlga ted dr.lins) are mainly used for 
bowel and biliary anastomoses and in abscess 
drain<1ge. 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 dr.linage 
tract can cotla~ progressively, reducing the risk of 
leaving a decp pool of fluid 
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l Prin(iples of operative surgery 

MINIMAL ACCESS SURGERY AND ENDOSCOPY 

FLEXIBLE ENDOSCOPY fi brcoptic illumination and fi breoptic or video image 
transm ission. 

PRINCIPLES OF FLEXIBLE ENDOSCOPY 

Strictly speaking, endoscopy applies to any method of 
looking into the body (see Tilble 6.2) through a n ins tru
ment, either vio an orifice such as the nose or mouth, 
or \·i" an artificially created apming (e.g. laparoscopy, 
thoracoscopy or arth roscopy). Endoscopy lls ing simple 
tubular instruments has been in USE' for many years 
and most of these methods are s till in regular use, e.g. 
rigid sigmoidoscopy i'lnd ocsophagoscopy. Develop
ments in fibrC'op tics first led to a major improvement in 
illumi nation fo r convcntiollill rig id endoscopes and later 
to the creation of ncxible instruments which greatly 
extended the range and sophistication of endoscopic 
diagnostic and thCTilPCUl ic techniques. The unqualified 
term end oscopy is oft en employed to mean gastro
intestinal endoscopy using fl exible instruments with 

Fibreoptic illumination 

Rigid endoscopes and the early flexible instruments 
weT"(' illuminated by tiny inC.lndescent bulbs which were 
prone to {ai luT"('. The amount of light they could emit 
was limited by the production of waste heat. These were 
su perseded by fibreoplic light guid es in both rigid and 
fl exible end oscopes. 

Fibrooptic light guides are used to channel light from 
a powerful , fan-cooled light source remote from the 
patient to the d is tal end of an endoscope. The light 
guid(.'S are made up of thOU5<lnds of parallel glass fibres, 
each with tota l internal reflection, so that very little light 
is lost in transmission and no heal is transmitted. A 
powerful, cool ligh t bea m 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 Diagnostic applications Therapeutic applications 
(in alphabetical order) 

Abdomen • Diagnosis of flUId collections eg aSCItes, • Drainage 01 flUid collecuorn. 
(T or uillasonography pancreatIC pseuciocvs-t, abscess • SamplIng of StJSp«:ted pancreatIC necrOSIS for 
(note laparoscopy IS • Percutaneous biopsy of enlarged lymph nodes, Inlecllon In acute pancreautls 
covered III the adjOIning liver or pancrealJ< masses, other masses 
text and boxes 6.8 & 69) 

Anal canal • Proctoscopy to Inspect the anal canal and If • InlectlOn or bandIng of haemorrhoids 
necessary, biopsy lesions • P~nneal operatIOns lor rectal prolapse 

• Transanal rese<:Mn of tumou(5 -'TART 

Arterial • Artenography (con~entlona l or digital • P~rcu taneous transluminal angloplasty of 
subtraction; m3gnetJc resonance angIography) a rt~ria l stenoses (PCTA) 
- demonstraling the Sites and severity of • Percutaneous thrombolYSIS 

artenal obstruction or aneurysms • Embohsatlon for bleedmg/tumoursiAV 
- selective or highly selectIve angiography mallormatiooslpreoperative treatment 01 

for detecting the source 01 acute IIltes\lnal ~as(Ular lesions to redl)(e vascularity 
bleedIng or determining the blood supply • Stenling 01 obliterative arterlill disease 
of an organ • Intraluminal stent graf\lng lor aneurysms 

• Ultrasound or CT dlagllOSls of aortiC and 
other aneurysms 

• Duplex Doppler ultrasound scanmng-for 
carotid artery disease, penpheral artenal dtsease, 
femoro-pophteal and other graft SUM! lance 

• Angioscopy-Ior direct lfl~hon of the lumen 
of blood vessel's 

8i11ary (we also Pancreas) • DIStal duodenoscopy for ampullary tumours • EndoscopIC sphIncterotomy to retnevt> bile 

• DldgllOSl.K ERCP lor suspected bIle duct stooes duct stones e,g In obstructive jaundICe 

• Stent placement across bile duct stnctures or 
tumours 

8reast • Fine needle asplrauon cytology of solid lumps • Ultrasound gUided as.plfatlon of cysts 

• Stereotactic FNA or biopsy of mammographiCally 
detected lesions suspected of malignancy 
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s.o~ rebl. 6.2 Continued 

1 5pe<ialty area Diagnostic applications Therapeutk applications 
(in alphabetical order) 

Cardiac • Endomyotard.al biopsy for de!E'ctlf1g re,K1101'l • AnqoOpl.Jsty and ~Ientlng of obwucted 
10 heart transplants coronary arteoes 

• Off·pump corona", arte", bypass-OPCAB 
(undt>r @valuatIOn) 

• SmaIIIf1C1$IOO or thoracoscOptC approaches to 
~tM\ddfd cardIaC operatlOl'"lS USlng cardlO-
pulf11O(\,Jf'f ~ or ....... thout E',g. VIa partlcll 
stt'fflOtomy (under @'ValuatIOn) 

• Percutdl)E'()US trd~myocardlcll laser 
reva'ICulansa\lOn (PMRl--<uttlng (hannel~ 
mto the myocardium from lumen to attempt 
revasculansatlOfl- -uflder evaluatIOn but 
10~lf1g fd'-'OUr 

• Endo5copIC harvesting of leg Yel~ 

Chest • Ul trasound dlclgn05IS of fluid collectlOl'lS • Thoracoscopic CE'MCo-dorsiIl sympathectomy 

• ThoracoscopIc pleural or lung biopsy lor hyperhidrosIs of the hands 

• MedlastlnoscoplC node biop\Y • Pl@UfectOmy. IObe<tomy for benign disease 

Gynaecology • laparoscOptC d!clgl'lOSlS for Infertility • lapdroscQpIC stefillSiltlOO (tubal cllpptng) 

• 00.tg1'lOSlS of cause of acute M>domen In • Oophofectomy for paIkiIlJOn of breast carCinoma 
sus.peoed pe/YIC tnflammatOfY dtSeclSe. tubdl • Obtolln'ng eggs for ,n· ... ,tro and other forms 
pregnancy. ovanan problems )1 a~ted fendlSCl\1on 

• Pt>1V1C lymphadenectomy for radICal cancer 

'"'9"Y • ()pefoJtlOflS for urinary stress ,ncont,,~nce 

oesophagllS • DIagnostiC oesophagoscopy and biopsy- ·ftEo.,bk> • O,lat.ltoo 01 benogn oesophageiJl stnctUles 
'~lfUments usually used • Pulsion (puYllng) placement of lurrnnal tubes 

and doth coYt'red stents IOf obstructing 
carClf'oOma 

• PalJ1cltlYe laser ablatIOn of obwuctlng 
tumou~'reboflng' 

• l"I«tlOl'l 01 bleedIng ulcen 

• Balklon comprE'SSlOl'l and endoscopIC 
sclerotherapy InJE'CtlOl'l of ... aflces 

• Balloon d,latallOn 01 narlOw cardlilln ad\alasla 

• ThoracoscopIC myotomy fOf achalilSloJ (Heller's 
operation) 

• Lapdr~oplC antl'reflux $Urgery 

Orthopaedics OI<lgn0511C arthroscopy-tllP, knee, ankle. shoulder, • TherapeullC arthroscopy 
elbow and wnst • IC~ removal of loose bodies, artICular 

cartl!agl> & mM&E'al $Ulgery, auclilte 
reconwucllOn; Irngallon IOf InfectlOll 

• ShouldE'( -1mplngement decompJeS!.IOn, 
shouldE'r ~ldbillSatlOn, fOtoJtor cuff repaIr 

• Hlp. E'/bow' and an~1e- -removal of loose bodlE'S 
~ICulaf Cdn,Lage SUlgefy 

• Wr",' iJert:utilf1f'OllS screw lor suphood ffacture 

Pancreas • EndoscopIC paooE'oJtogr,Jphy lor suspKted duct • Early !>phlf1Cterotomy.md trawling of biliary and 
dbnormalttle5 pdncreatlC duct~ 10 re~£"v1?' ~tooe IndUCed 

• EndoscopIC coilectJOn of E'XOCfllW! secretlOl'lS parxrE'atlt'~ 

fOf cytology 

Rectum and Colon • (hagnostlC llexJbIE' SlCJffiOIdoscopy or coionoscopy • Sl';afe e.CI§IOfl of polyps and adenomas 
hndudll'lQ biopsy) lor bieE'dlflQ. SU5peCtE'd • Di.lthefmy to btee-dlng a~ 
turnour, Inflammatory bowe-I dlSoeas(' • Dlilthe'rrny loop resectIOn of Inoperable recta! 

• Endolumlnal ultrasound Imaging fOf staging tumou~ for p.allldtlOn, or bE'nlgn rectilt Stnctures 
rectilt cancE'( and determining sphincter damil9E' 

• MagnetIC resonance ImoJglng for detaIling the 
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Table 6 .2 Continued 

Specialty a rea Diagnostic a pplications Therapeutic a pplicat ions 
(in alphabetical orde r) 

Stomach and 
Duodenum 

• DiagnostIC InspectlOfl for ukers and cancer • InJectlOl"l treatment of acutely bleeding ukers 
• BIOPSY of ukers and tumours • EndoscopIC retrlCVal of foretgn bod~ 
• BIOPSY to dlilgOClSe Helicobacrer lnfectlOfl as a 

cause of ukeration 
• Combined percutaneous and endoscopIC 

placemefll of feedlllg gastrostomy tu~ rP£G') 

Uro logy 
Endoscop.oc -usually 
flgld but latterly Hexlble 

• Haematurla (staging. treatment and follow-up 
of bladder tumours) 

• FulguratIOn or resection of bladder tumours 
• Resection of bladder neck or prostatl" 

• Poor unnary stream (assesSfl')('flt of bladdl"r 
neck and pr()$tatlC obstruction) 

• Steotlng of ureter 10 relieve Slone obstruction. 
stflctures or external compresslOfl 

• Uretl"flc obstruction (url"tl"roscopy or retrograde 
uretl"rography) 

• Balloon dilatatIOn of stenosed pelVl-uretenc 
Junction Via transurethral route 

Percutaneous • Direct endoscopic stone destruclton and 
removal; Indirect stone destrudlon using 
li thotripsy 

• Placement of suprapubic catheters 

Venous system • Duplex Doppll"f ultrasound scanning-for 
diagnosing deep and 5tJperil(ial vel'lOUS 
InSUHlC1eflC)' 

• SubfasCial endos(QplC perforator surgery (SEPS) 
for treating venous ukeratlon 

Image transmission 

The second development that was crucial in the dcsign 
of flexible endoscopes was the manufacture of coherent 
viewi ng bu ndl es. In these bundles, the orientation of 
fibrcs ,1t the distal end exactly matched that al the 
proximal viewing end. Ec1Ch fibre thus transmitted a tiny 
p,lTt of the distal scene to the viewi ng end. Here it could 
be inspected or photographed with a still or vid(.>() ca mera . 
The view is not altered by angu lation of the flexible 
cond uil between the ends. The distal end of most flexible 
endoscopt.'S allowed a viewing angle of over 100°, and 
the lenses gave a remarkable depth of focus. The image 
was so clear thilt accurilte diagnosis cou ld often be made 
on inspection alone. A later development is the CCD 
(charge-coupled device) video ca mera, a lighl- and colour
sensitive microchip placed ,11 the dista l end of a flexible 
endoscope. The image is transmitted via an electrical 
cable and is viewed all a large colour tele\'ision monitor 
and not through an eyepiece. This system has now largely 
replaced the older direct viewing system. 

Structure of flexible endoscopes 

Most flexible endoscopt.'S include a mechanism to steer 
the dista l end in fou r directions (except for specialised 
ultra-slender scope:; for intravascular use, for example); 
a distal imaging chip for video endoscopy; one or two 
fibreoptic light guides; a suction channel; and a channel 
for inflating the hollow viscus under inspection with air, 
doubling as a len!> washing channel (see Fig. 6.7). The 
suction cha nnel is also used to pilSS slender nexible 

operating tools such as tiny forceps for taking biopsies, 
grasping forceps for retrieving foreign bodies, laser 
guides for therapy (haemoslasis or tumour destruction), 
snares for excision polyps, diathermy wires, scissors for 
cutting sutures and needles for injecting haemosta tic 
agents. 

APPLICATIONS OF FLEXIBLE ENDOSCOPY 

Flexible endoscopt.'S wert' first used to inspect the stomach 
in the la te 19605 and the range of available instruments 
has progressively expanded si nce. There are now instru
ments ilvailable to inspt.'Ct and cannula te the duodelMI 
papilla, to examine ill! or part of the large bowel, to 
inspect the interior of the bile ducts at operation and to 
examine the bladder interior using only loca l anaesthesia, 
as well as many Olhers. 

Choledochoscopcs are rigid or flexible instruments 
u!>Cd 10 inspect the interior of the bile ducts at open or 
lap..,,!TOSCopic operation to ensurt' any stones are cleared. 
Their use has improved the rate of s tone clearance during 
exploration of the common bile duct. 

Narrow fibrroptic bronchoscopes can be passed under 
simple topic,"!1 anaesthesia. They art' used to inspect 
bronchi for disease and can be used to aspirate mucus 
plugs responsible for postoperative lobar collapse. 

Angioscopy was developed for inspecting and 
guiding procedures within arteries. It employs slender 
flexible endoscopes 2-4 mm in diameter with a constilnt 
flow of sali ne to exclude blood. Unfortunately, they have 
proved to have little clinical application. 
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Fig. 6.7 Flexible fibreoptic gastroscope 
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(a) This end-v~mg gawOloCop£' IS composed of a Hexlble maIO shaft M whICh IS 1 m long and marked at IO-<m mtervals, the distal 10 cm can 
be flexed In four d'lf'CtlOflS 10 steer thE> mstrument and obtam the best VIeW There IS also an 'umb,hcal cord' U whICh IS plugged mto thE> control 
box and car~ air to Inflate the VISCUS. watef to wash the VIeWIng !em and suctIOn to aspirate flu,d from thl- .ume-n. There IS a flush lUbe F 
through whICh flUid can be InjeCted te wash the stomach wall The steeflrlg controls dre better seen In photogfdph (b) (b) The steering controls 
con!olslof two concentric wheels labt-'Ied respectively 0 and U (down and up) and l and R (left and fight) The channel F I~ also used to pass 
mstrume-nts, btJtton~ 10 conlrol sucllon 5 and air Infiaiion and \(>ns washlfl!] l (e) show!. the tip of lhe mslroment In detail The two lighl gUides 
are marked l , V IS Ihe len~ !Of the Imaging Chip. W IS the eXit for 1hE> ,nflalfOfl alf and lens washing water and B 15 the channel for p<w>mg 
mstruffiE'nb and lor SU(\1Qf1 Note Ihal the Video Image is transmitted up the 'scope and along the umbilical cord to the processor Unit, from 
where 1115 dl~played on a Video monitor 

Further ;]pplication:-. of flexible endoscopy will un
doublCi.Hy 0PPCM <l:-' cndo:-.coJX'S become smaller and 
morc sophisticoted. 

DIAGNOSTIC UPPER 
GASTROINTESTINAL ENDOSCOPY 

Oesophago-gastro-duodenoscopy, ,11so known as OGO 
or gaslroscopy. innJln.'S in'>pl'clion of Ihe upper g<lstro
inll.~lin,11 mUC~l u'>ing a '>teerable. flexible fibrroplic 
endO'<opc. It b usua lly carried oul under intravenous 
St.'CIat ioll on .1 day-c.lst:' b.l,>i,>. Among olher applications. 
ga!>troscopy enables the whole area prone 10 peptic ulcer 
di:.ca<,c and cancer to be directly and comprehensh'ely 
examined . 

Flexible endoscopy ha ... Ihe following advantage<> over 
ga!>l roi nte ... tinal conlra ... t r.1diulogy : 

• Structural ;]bnormalitil.'!-t ,>uch a ... chronic ulcers can be 
directly in spt.-'ctl.'(l whert'.ls radiology provides only a 
two-diml'n ... illJlal image which givl.>S little information 
,1bout sll rfac(' chilracterbtics 

• Benign ulcer<; and early malignancies arc 
indi<,tinguishable on radiology whereas suspicious 
lesions stich a'> ulcers C,1n be inspl.>ctL'CI and biopsied 
at endoscopy 

• Shallow Illuco,><, l abnorm.llities like superficial 
ulceration or v.h<'-l.Ilar malformations can be inspected 
at t"Ild(~opy 

• Bi le reflux Ihrough the pyloru!> may be visible at 
endo<;copy 

• FibTO'>b .1nd anatomical distortions from previous 
diSt.'a<;(-' or surgery interfere much less with 
recog nition of whal is abnormal on endoscopy than 
on radiology 

• Endo<,(op~' CMl of len identify the exact sile of the 
lesion causing acute upper Cl haemorrhage and give 
an indica tion of the rale of haemorrhage and the 
likelihood of rcbk>cding. Tr"cing the source is often 
impossible r.ldiologically 

• During endoscopy. Iher.,py Illay be applied during 
the Scl me procl.'CIure. e.g. injection of source of acute 
bk't.'(ling, rdricving ~.w.lllowed foreign body, 
placement of f\-'('ding gastrostomy lube 
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THERAPEUTIC UPPER 
GASTROINTESTINAL ENDOSCOPY 

Treatme nt of upper GI hae morrhage 

Firsl*line therapy for upper CI haemorrhage due to 
bleeding ulcers typically involves the injection of the 
ulcer using adrenaline solution alone or in combination 
with scJeros.l nts. Other treatments such as laser or direct 
heat co..lgulalion have proved less effective, but are still 
used. With such techniques, the need for urgent surgery 
has been substa ntially reduced. Patients who have acute 
haemorrhage from benign lesions arrested by these 
methods can often be managed in the long term without 
resort to surgery. The subject is discussed in more detail 
in Chilpter 12. Ilaemorrhage due to oesophageal varices 
is now treated preferenl'ially by endoscopic rubber-band 
ligation or injection sclerotherapy. 

Treatment of oesophageal strictures 

Endoscopic methods are often used for dilating benign 
oesophageal s trictures. 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 si tu. Plastic (Celesti n) or metal (Eder
Puestow) dilators of increasing size are then passed over 
the wire which guides them s.1fely through the stricture 
until sufficient dilatation has been achieved. 11le 
technique is relatively safe, can easily be repeated and 
avoids the need for <l general anaesthetic, which is 
necessary when a rigid oesophagoscope is used. There 
is <l small risk of oesophageal perforation but this is 
uncommon (sec Fig. 6.8). 

Dysph<lgia caused by an inoperable malignant stricture 
can be improved by creating a pathway through the 
tumour with endoscopically guided laser fulguration. 
Unfortunately the tumour inevitilbly recurs and multiple 
treatments are likely to be necessary. However, swa llow
ing can be maintained and the p<\tient's quality of life 
thereby improved without major surgery. In other 
cases, iI s tent can be placed endoscopically to keep the 
oesophagus open. This involves first dilating the stricture 
as for a benign stricture and then pushing a collapsed 
metal expanding s tent covered with cloth down the 
oesophaglls 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 p.llliation for an obstructing tumour. 

DIAGNOSTIC AND THERAPEUTIC DUODENOSCOPY 

A side-viewing duodenoscope can be used to insIX>ci the 
duodenal papilla ilnd guide insertion of a cannula or a 
variety of therapeutic tools. Cannulation allows injection 
of contra~t material into the common bile duct and 
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Fig. 6.8 Pneumomediastinum following perforation of 
an oesopheagea l tumour during endo scopy 
This 56-year-old man who was bemg Investigated for diffICulty In 
swallowmg complamed of chest pain aher the el(dmmatlon. Crepitus 
WiYS found In the neck due to surgICal emphysema resU!tlng from 
oesophageal air leaking out of the perforatIOn and uackmg up the 
medl<lstlnum In to the neck 

sep.lrately into the pancreatic duct. The technique 
is known as ERep (endoscopic retrograde chola ngio
pa ncrea tograp hy (see Fig. 6.9 and Ch. 11» and is now an 
important part of g.lstroenterological investigation. It is 
used to image the biliary duct system in preference to 
percutaneous transhepatic cholangiography. 

EReI' can be thought of as diagnostic and therapeutic. 
JndiCc1tions for diagnostic ERCP may be decreasing, as 
newer and s..lfer techniques such as MRCP (magnetic 
resonance cholangio-pancreatography) become available. 
A therapeutic EReI' allows management of many 
disorders of the bile ducts, allowing minimal-access 
techniques and short hospi tal stays for problems that 
would previou~ly have required difficult, time-consuming 
and dangerous operations. For example, bile duct stones 
can often be removed endoscopiC-lily by s litting the 
sphincter at the lower end (sphincterotomy) and 
retrieving them with a b..llloon catheter or a Dormia 
basket. Other therapeutic measures include insertion of 
stents for p.,l1iation of malignant biliary obstruction 
(cancer of pancreatic head, bile duct or duodenum) and 
for managing a ~toperative bile leak. 

LARGE BOWEL ENDOSCOPY (COLONOSCOPY) 

rlexible endoscopes of different lengths arc available for 
large bowel examination (see Fig. 6.10). The shortest, the 
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Fig. 6.9 Stenting of bi liary structure 
(a) ERCP showing malignant stncture of common bile 
duct M due to cholanglocarClnoma (b) Stent 5 placed 

'----~ (b) endoscopICally across stricture for palliation 

fib reoptic s igmoidoscope, is about 60 cm long. It is 
si mple to usc and allows examination of the rectum, 
sigmoid and descending colon with minimal bowel 
prep.,ra tion. Longer colonoscopcs enable inspection of 
the entire large bowel including the caecum. Colol1oscopy 
affords visualis.,tion of p<,thological lesions, and offers 
an opportunity to biopsy the suspicious lesions or resect 
lesions such as polyps. Its use in lhe follow up of 
patients with color(.>(lal cancer allows the search for new 
tumours or polyps (metachronous lesions) as well as 
<lsscssing the originil l site of the surgery. It use in the 
screening of ilsymptoillil tic patients for coloret'tal carci
nom" is controversial, Illainly b(.>(a use of lack of patient 
compli;mce. Cololloscopy is indicated in the surveillance 
of patients with long-sta nding ulcerative colitis. 11 is here 
that the development of dysplasia is sought by taking 
multiple biopsies. Acutely bk't.'CIing angiodyspJastic lesions 
can be treat(.'CI with diathermy. 

UROLOGICAL ENDOSCOPY 

Endoscopic urology is becom ing a progressl\'ely larger 
pari of urologic.-d surgery. Most is still performed 
wi th rigid ins truments but flexible instruments a!"C' 
being increasingly used fo r diagnostic cystoscopy and 
ureteroscopy. 

Cyslourethroscopy (cystoscopy) using a rigid instru
ment is Ihe main d iagnostic and ther,lpeutic tool for 
disease of the urcthr'l, prostate and bladder. Transurethral 
resection of the prostate has virtually eliminated the 
need for open retropubic prostatectomy and most ear:y 
bladder tumours (iln be trea lt:'d endoscopically. A similar 
but longer instnllllent, the ureteroscope, can now be used 

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 neph ro lithotomy). This involves crealing 
a cha nnel from the ski n into the rena! pelvis and dilating 
it until an endoscope GlIl be passed . When the stone is 
secn, \'arious inst nlmen ts Gin be used to fragment it and 
cffecl removill. 

Fig. 6.10 Colono5COpic view of norma l t ransve rse colon 
The !rans~erse colon IS typically tr iangular In cross-section when seen 
colonoscoplcally; the taenia coil form the apices. 



LAPAROSCOPIC SURGERY 
MINIMAL ACCESS SURGERY 

After many years of sporadic attempts to reduce the 
trauma C.1 US(:.'Ci to patients by open surgery, the last few 
years have seen an explosion in interest and rapid 
development of techniques to achieve accurate diagnosis 
and provide treatment with the least possible tissue 
injury. L1pilrOScopic surgery was the first to ca tch the 
public's imagination but other techniques such as 
lithotripsy, percutaneous s tone removal and angioplasty 
advanced in parallel. Initially called min imally 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 ca use 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 
instmmentill'ion occurred until lapilroscopi c cholccyst
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 
uncritic,ll popular media and the public. As interest and 
demand grew, commercial companies invested heavily 
to develop and improve l<lpilroscopic equipment. 'Chip' 
CCD cameras appeared which allowed superior full
colour images. <lnd practic.11 courses proliferated rapidly 
to teach the techniques to su rgeons. 

Progress and diversity in minimal access surgery 
and radiology is uns toppable bec<luse of demand from 
interested clinicians and patients. as well as from health 
economists who believe some of these techniques save 
money by rLxlucing hospital stay. On the neg<ltivc side, 
the high cost of L'quipment, particulMly if dispoS<1ble 
instmments are used, the additional time taken for some 
procedures, as well as reports of high rates of serious 
complications, demand that proper controlled studies 
arc performed and the techniques evaluated without 
emotional pressure. The phose of extreme enthusiasm 
has now passed and e<lch technique is being cri ticolly 
evaluated ogainst previous standards of open surgery. 
The expected result is th.lt some techniques will become 
stand<lrd practice, some will disappear altogether and 
others will find favour for particular groups of p<ltients. 

An example of rapid progress in minimal access surgery 
is provided by cholecystectomy. E<lrly lapMoscopic 
cholecystcctomy was hampered by poor equipment, 
poor imaging and lack of experience. Now that equip
ment is first class, experience has disseminate.:i and audit 
is in place, the indic<ltions, contraindic.ltions and risks 
have largely become dear. 

Prindptes of operative surgery 

LAPAROSCOPY 

L'paroscopy or peritoneoscopy has been in wide use 
clinically by gynaecologists since the eMly 19705 for 
diagnosing pelvic disorders and for sterilisation by tub. .... 1 
lig<ltion. In the early days, laparoscopy had limited 
application in general su rgery and was largely confined 
to visually guided liver biopsies. The first therapeutic 
g<lstrointestinal procedure was probably an appendi
cectomy performed by Semm in 1983; in 1987, Mouret 
first removed a diseased g<l ll bladder laparoscopically in 
France. Since then, the techniques have been adopted on 
a bro.1d scale by general and thoracic su rgeons as a 
method of performing abdominal and thoracic operations 
vi<l <l series of s m<lH <lbdominal punctures rather than 
through large incisions. 

L1paroscopy in general surgery has both diagnostic 
and ther.1pt..o>utic applications. 111e diagnostic applications 
<lre well recognised and are used increasingly as surgeons 
gain experience. As regards therapeutic app lications, the 
adv,mtages and potential complications of lap.lroscopic· 
guided biliary tract surgery and thoracoscopic thor<lco
dorsal sympathectomy are now \'o.'ell understood. How
ever, some of the results of 'this great uncon trolled 
experiment' have been c.ltastrophic in inexperienced 
hands, prompting more intense scm tiny of other novel 
applications such as appendicectomy, inguinal hernia 
repair, laparoscopic·assistcd colectomy Clnd many others. 
These are at various sta ges of investigation, controversy 
and acceptance. 

T horacosmpy is a variation on laparoscopy and 
uses si milar instmmenlS for diagnostic and ther.lpeutic 
applications in the thorax (sec details in eh. 24). 

TECHNIQUE OF LAPAROSCOPY 

Laparoscopy is usually perfomled under general an<les
thesia. A pneumoperitoneum is first cre<ltLxI to <ll1ow 
visualis.ltion of the peritoneal cavity by introducing 
carbon dioxide under controlled pressure. This is done 
most s.1fely by direct visualisation of the peritoneal sp<lce 
and placement of a Hasson-type cannula. The use of an 
insu fflation needle (Verrl'Ss needle) is still popul<lr, 
especia lly among gynaecologists, but it requires gas to 
be insufnated without confirmation of the correct ana
tomic.11 IOCiltion. The needle is replaced with a lOmm 
working laparoscope with a video camera attached to 
display the image 011 video monitors before placing 
further Ci\llnul<lS. 

Most laparoscopic procedures need additional ab
dominal punctures for instmmenls such as diathermy 
hooks, graspers, needle holders, dip appJiers and Linear 
staplers. These secondary trocars are inserted under 
direct l<lparoscopic vision to prevent visceral injury. 
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The operation is performed by the operator and one 
or more as!>islants, obsen'ing progress on video 
monitors. DbS<."Ction is performed using lap.uoscopic 
scissors and diathermy hooks rather than lasers which 
are expensive nnd ha"'~"lrdous. Grasping forceps, probes 
or retractable 'fans' are used for retr.1ction whilst blood 
vessels can be diathermised if sma ll or clipped lIsing dip 
applicators if larger. Repairs and other operative 
procedures are completed using Japaroscopic sutures or 
staples and resections performed using linear or circular 
staplers. In lap..lro5COpic-assisted surgery-for example, 
for colectomy-the major disst'Ction is performed lap.1m
scopica lly, then a small abdominal incision made to 
deliver the specimcn. 

After opcrillion, piltients experience abdominal dis
comfort at trocM inscrtion sites and shoulder discomfort 
from retained gas in the peritoneal cavity. Few restrictions 
are placed on the paticnt after discharge, who ca n rerum 
to work as soon a'i comfortable, often after a few days. 
I lopes for extremely rapid return to work, however, 
have 110t been borne ou l by controlled stud ies com paring 
laparoscopic cholecystectomy or hernia repai r against 
conventional open techniques. Overall p..lin experienced 
is less but the ~t/benefit ratio remains to be ascerL.lined. 

DIAGNOSTIC LAPAROSCOPY 

Diagnostic lap.l roscopy has long been used by individual 
surgeons for a~sing chronic liver disease and ascites 
of unknown origin. Recent advances in instru mentation 
and imaging now allow surgeons to perform abdominal 
exploration almost as thoroughly as through a long 
I.lparotomy incision. Key applications are in staging gastric 
and pancreatic ca ncer to assess operability by inspeclion, 
obl.lining peritoneal washings and perfomling biopsie<i. 
IJy this method, patients with incurable disease are spared 
the trauma of exploratory open surgery (Box 6.8). 

THERAPEUTIC LAPAROSCOPY 

As mentioned eMlier, therapeutic laparoscopy was 
slower in becoming acn'pted in general surgery lhan in 
gyn.lccology. Strong public interest and rapidly developing 
experience in lapMoscopic biliary tract surgery ha\e 
enhanced its usc but some techniques have yet to be 
properly evaluated. 

Thorough training .1nd supervi~ experience are 
vital for would-be lapmoscopic surgeons. The lack of 
'feel' inherent in lapa roscopic surgery and the two
dimensional view remove much of the feedback of open 
surgery and novel ILdmiques have to be Icarnl>d. Patients 
undergoing laparoscopic su rgery sometimL'S have to 
be 'converted ' to open su rgery if progrcss is slow, if 

KEY POtNTS 
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 abdominal pain, e.g. 
suspected appendicitis, gynaecological pain 

• Diagnosis and staglllg of intra-abdominal 
malignancies (including evaluating the effects of 

chemotherapy or radiotherapy on intra-abdominal 

malignancies) 

• A5. a 'second-look' procedure in patient5 operated 
on for mesenteric ischaemia 

• Assessing blunt or penetrating abdominal trauma in 
stable patient5 with positive peritoneal lavage 

• Exclusion of acute acalcuious chole<ystitis after 
major trauma or surgery in leu patients 

visibility is impaired or if complicating factors such .1S 
.ldhesions make it too difficult to evaluate the anatomy. 
This means that any surgeon undertaking laparoscopic 
procedurt.'S must have the experience to perfornl the 
procroure 'open'. As more surgery is periomlcd 
laparoscopically, available experience \x>comes SCMee 
and this r\.·presents a potential problem for the future. 

CRITICISMS 

Criticisms of laparoscopic surgery include the following: 

• Procedures tend to take longer than open surgery (the 
difference becomes smaller as the team's experience 
incre.1SCS) 

• The capital cost of laparosropic equipment and the 
revenue costs of dispos.lble equipment are high; thl'S(! 
Ciln to .1 certain extent be justified by reduced time 
spen t by the patient in hospital and by the uS(' of non
disposable equipment 

• Cleaning and steriliSing of the delicate equipment 
requires dedicated and organised theatre staff and 
strict qu.1lity control 

• Complic.llion rates may be higher than for open 
surgery and some complications such as bile duct 
injury may be catastrophic 

COMPLICATIONS 

The potential for complications is greater in lap..1roscopic 
surgery Ih.1n for the equ iva lent procedure performed 
'open'. Problems include the following: 

• Raised intra-abdominal pressure and head-dowll 
positioning lead 10 the need 10 ventilate patients at 



higher inflation pressures. This reduces venous return 
;Hld cardiac output. Intra-abdominal pressures should 
be kept to a minimum, e.g. 15 cm H20 

• The inducing of a pneumoperitoneum (needle injury 
to bowd or blood vessels, compression of venous 
return pred isposing 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 orgaJ1S and 
blood v('5sels; or direct organ damage by dissection, 
diathermy or laser. Colonic resections have caused 
d<llll<lge to nerves controlling urinary continence 

• Uncontrollable haemorrhage may nen.'5si tate 
conversion to open operation 

• Complications related to the duration of anaesthesia 
which may be twice as long as equivalent opcn 
surgery. Long anaesthetics have a longer recovery 
time and the diaphragm is 'splinted' by abdominal 
inflation and can predpit.1te cardiorespir.1 tory 
complications in compromiSl;.'CI p.ltients. There may be 
an increased rate of deep vein thrombosis 

• Later, bowel may strangu late through peritoneal 
punctures and incisiona! hernias can occur through 
puncture wounds 

SPECIFIC APPLICATIONS Of THERAPEUTIC 
LAPAROSCOPY 

Laparoscopic cholecystectomy is widely practised and is 
already a standard oper.1tion. L.lparoscopic 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 bl>tter results than some open hernia repair tech· 
niques. Other procedures described below and listed in 
Box 6.9 have yet to become incorporated into the standard 
repertoire of the genera! surgeon. 

Laparoscopic fundoplication 

L.lpnroscopic fundoplication allows a rapid return to 
normal levels of activity for patients. The technique 
involves in part, the dissection of the gastro-oesoph,'geal 
junction at the hiatus, and the wr.,pping of the gastric 
fundus around the lower oesophagus. This 'wr.,p' is 
then ~utured 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. llowevcr, 
the availabili ty of the technique should not replace the 
need to apply normal standards for electing for surgery 
rather th"n conservative management. 

Principtes of operative surgery 

KEY POINTS 

Box 6.9 Current and experimental therapeutic 
applications of laparoscopy 
• Cholecystectomy (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 plugging of 

duodenat 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 norm<ll, a lower rate of wound com
plications, reduced postoperative pain and hospital stay, 
and perhaps more rapid return to normal activities. 
Lap..lfOSCOpic 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 
e.,sily be seen with the laparoscope. Under laparoscopic 
vision, the ulcer is dosed laparoscopically usi ng 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 h.1S faded in recent years. 

laparoscopic placement of enterocutaneous 
jejunostomy tube 

For long-term enteral fceding where a gastrostomy is 
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 repai r 
are based on Ilassini's extrapcri toneal groin approach 
described in 1884. Open transabdominal repairs were 
performed in the 1930s but carried the increased mor· 
bidily associated with abdominal operations. Renewed 
interest has arisen in laparoscopic transperitoneal and, 
latterly, extra peritoneal approaches which may involve 
even lcss dissection thilll the open groin approach; they 

SOFT TISSUE SURGERY 

METHODS OF OBTAINING TISSUE FOR 
DIAGNOSIS 

Bio psy 

If major surgery or other therapy is being contemplated 
fo r a suspected malignant lesion, an accurate ti ssue 
diagnos is should be made wherever possible. 

Skin lesions can be biopsied by incision under loca l 
anaesthesia. Rectal lesions can be biopsied using forceps 
through a rigid sigmOidoscope, whi le gastric and colonic 
lesions ca n be biopsied via a flex ible endoscope. Breast 
lumps or suspicious mammographic lesions can be sam· 
pled usi ng percutaneous core needle biopsy or by fine 
needle aspiration cytology (5('(' below). 

Enlarged lym ph nodes can often be diagnosed by 
removing one or more completely for histological exam
ination (excision biopsy), alt hough many units can now 
obtain sa tisfactory results by needle biopsy. Lymph
adenectomy often requires general anaesthesia, particu
larly for lumps in the neck. 

Biopsy guided by ultrasound or IT scanning 
Abdominal masses such as liver metastases or pancrea tic 
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 guidoo 
into it wi th the hclp of further imaging. Guided biopsy 
techniques have greatly assisted surgical diagnosis and 
have saved ma ny p..ltients from unnecessary exploratory 

'MINOR' OPERATIVE PROCEDURES 

Many ski n lesions are amenable to simple excision or 
biopsy, often under local anaesthesia. These may be 
performed in family medical practice or in dcrma-

are believed 10 reduce the IikelihCXKl 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 appro.:lch has 
not been fu lfilled for unilateral primary hernia rep..1irs. 
Furthermore, disturbing complications such as femo ral 
artery damage have been reported. In addition, lapm-o· 
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 bilater"l hernias. 

laparotomy in the case of benign lesions and inoperable 
tumours. n,C technique can be used to sample abdominal 
masses or suspicious para·aortic lymph nodes in staging 
lymphomas or following treatment for testicular germ 
cell turnouTS. 

Cytology 

Special staining techniqutS for malignant cells can be 
applied to material obtain(.'CI by fine needle aspiration. 
Cytologic'1l diagnosis t"t.'quires special laboratory skills 
but often permits accurate diagnosis (e.g. of malignancy), 
which renders more invasive investigations unnecessary. 
A negative cytological result, however, mllst be interpreted 
with great caution because it may be due to sampling 
error. 

Cytological diagnosis can be useful for the following: 

• Examining cel ls aspirated from solid masS(.'S. This is 
pi'lfticularly useful for thyroid 110duJes (see Ch. 43), 
breast lumps and mammographically detected lesions 
and p,lIlcreatic 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 cellul.u m,llerial scraped from surfaces, 
e.g. uterine cervical smears, or fluid obtained from 
within hollow viscera, e.g. urine, pancreatic 
secretions, sputum 

{ological or surgical outpatient departments. A strict 
aseptic technique mllst be employed. 



LOCAL ANAESTHESIA 

"'1." usual me thod is by infiltration of local anaesthetic 
(e.g. lignoca ine O.5tX or I %) into the s kin surroundi ng 
the k>sion. Between 1 ilnd 10 ml of solution is usually 
required, but care must be taken to rema in within 
recommended maximum Safe d OSClges (see Table 6.3). A 
vasocons trictor (e.g. adrenaline 1 in 200000) may be 
incorporated to red uce vascularity in the operative fi e ld, 
but this must never be used on the extreme peripheries, 
i.e. fingers, toes, penis o r nose, beca use of the high fi sk of 
ischaemic necrosis. The injecting needle should be as fille 
as possible and inserted in to the skin as few limes as 
possible to avoid cilllsing unnecessary pain. Before each 
injection, aspira tion should be a ttempted to ensure tha t 
the solution is llo t in jected directly into a blood vessel 
as intravasculilr injection mily cause systemic toxicity. 
Methods of infiltril lion of local anilesthetic are illustrated 
in Figure 6.1 J. 

BIOPSY TECHNIQUES 

EXCISION BIOPSY 

The tech nique of excision biopsy ill us tril ted in Figure 6.12 
is appropriate fo r most smillliesions not considered to be 
malignant. The lesion is removed wilh a fusifo rm piece 
of normal skin, with the long axis orien ta ted along skin 
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creases and tension lines. The specimen should include a 
mill imetre or two of normal skin on either side of the 
lesion and should include the full depth of the dermis 
down to the subcu t.lneous fal. 

Table 6.3 Mallimum safe doses of local anaesthetic 
agents for infiltration in fit patients 

lignocaine 

2% lignocame IS probab~ 
no more effective than 1 % or 
even 0.5% 

10 ml of 1 % lignocaine 
contains 100 mg 

The maximum sa fe dose of 
plain lignocaine IS 4 mglkg 
body weight 

For a fit 60 kg adul t, the 
ma~lmum safe dose of 1 % 
plain IIgllOCame IS 16-24 ml 

With adrenaline, this dose can 
be Increased to 7 ffi!}'kg body 
weight 

For a fit 60 kg adult. the 
ma .• ,]mum safe dose of 1 % 
lignocame with adrenalme IS 

3Q-40ml 

Bupivacaine (Marcain) 

0.5% buplVacame IS probably 
no more effective than 0.25% 

10 ml of 0.5% bupivacame 

con tains 50 mg 

The maximum safe dose of 
plain bupivacaine IS 2 mglk.g 
body weight 

For a fi t 60 kg adult, the 
maximum safe dose of 0.5% 
buplVacalnt! is 24 ml 

Addition of adrenaline doe:; 
not Increase the safe dose of 
bupivacalO€ and there IS little 
pomt In USing It (Of infiltratton 

No tnCre3Se 

Ring block for local anaesthesia of digits 
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Fig. 6.12 Excision biops y technique 

INCISION BIOPSY 

Incision biopsy is a technique of obtaining a tissue 
sa mple from a lesion too large or anatomica lly unsuit
able for excis ion biopsy, e.g. a ski n rash or a suspected 
maligna nt tu mour. Major surgical procedures or r,ld io
therapy should not be performed without histological 
confirmation of the diilgnosis. The objeclive is to obta in a 
representa tive s.,mple of the full depth of the lesion, 
indudi ng an area of the ma rgin and ad join ing normal 
tissue (sec Fig. 6. 13). 

Destruction of lesions by diathermy, 
electrocautery, cryocautery or cure ttag e 

These techniques are used for sma ll lesions where there 
is no cli nica l sllspicion of Illilligna ncy or for small basal 

, •• _ __ (b) 

cell carcinomil<: and a histological diagnosis is not 
required; the lesion is destroyed in the process of removal. 
Local illfillration of anaesthetic is necessary except for 
cryocau tery which is relati\'ely painless. 

REMOVAL OF CYSTS 

A cyst is il nuid-filled lesion, lined by epithelium and 
usually cllcapsulilted by a condensation of surrounding 
fibrous tissue. The aim of treatment is to remove the 
whole epithelial lining bccauSt' any remnant will lead 
to recurrencc. The technique of removal is oullined in 
Figure 6.14. Idcally, the cyst is dissected out intact with
ou t puncturing the cavity. If this occu rs, the cyst 
collapses, making it difficult to identify and relllove the 
epitheliill1ining. Innillllt'd cysts Me best s imply drained 
and excised liller when the innammation has settled. 

(d) 



MARSUPIALISATION 

This technique is usually employed for the treatment of 
cysts or other fluid-filled lesions which are 100 large, 
inilccessible or technically difficult to remove. It is ri\rcly 
nppropri<lte for skin lesions but is often used for large 
s..,livnry retention cysts in the floor of the mou th, cysts il1 

--" ',' 

Fig. 6.13 Incision skin b iopsy technique 

1 Cyst ·de·roofed' 

2 Cyst edge 
sutured \0 
overlying 
epithelium 

., ---.' 

Fig. 6.15 Marsupialisat ion of a cyst 
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the jaw and pancreatic pscudocys ts. The techniquc is 
illus trated in Figure 6.15. The surgeon removes a disc 
from the wa\1 of the cavity nnd sutures the lining to the 
overlying epithelium Mound Ihe cut edge. This leaves a 
pouch, which slowly fill s from below once the pressure 
of thc cyst contents has oc'Cn rcmoved . 

Fusiloffil incision 
el(\ends beyond edge 
of lesion (broken line) 

2 Plane of dissection 
developed around 
cyst by blunt 
dissection 

3 Cyst removed intact 
with overlying skin 
including punctum 

4 Skin sutured 

, , 

" 

, , 
, .

" 

.' 

, 
, , , 

(; 
;{ 

Fig. 6 .14 Technique of e xcision of an ep idermal cyst 
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SURGERY INVOLVING INFECTED TISSUES 

MANAGEMENT OF ABSCESSES 

The first principle of managi ng an abscess is to establish 
drainage of the pus. When an abscess is 'poi nting' 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 sa me time. 

After drainage, small abscesses need only a dry 
dressing, the cavity filling in rapidly from beneath. 
L,rger and deeper abscesses need a method of keeping 
the skin opening patent until the cavity has filled 
with gra nulation tissue. A corruga ted drain, which 15 

graduall y wi thdrawn ('shortened ') over a few days, will 
achieve this or else the cavity may be packed with ribbon 
gauze soaked in s.,l ine or antiseptic solu tion , e.g. 
proflavine emulsion; these packs are usually changed 
daily or every other day. Good ana lgesia is required 
in the early stages. When the cavity is granulating, a 
silicone fo.lm 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 deaned. All necrotic tissue is 
excised leavi ng only he.llthy tissue, and the wound 
packed daily afterwards with s.lline-soa ked or antiseptic-

PRINCIPLES OF PLASTIC SURGERY 

The discipline of plastic su rgery was born during the 
First World War in response to the appalling dis
figurement c.lused by blast injuries and burns. Since 
then, specia lised techniques of skin reconstruction haw 
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 overla p and collabor
ation between the fie ld of plastic su rgery and other 
surgical specialties, especially ear, nose and throat, 
maxillofacial and orthopaedic su rgery. 

TISSUE TRANSFER TECHNIQUES 

Obtaining s.ltisfactory skin cover is one of the major 
problems in plastic surgery and other tissues such i1S 

SO<lked gauze. The wound is usually allowed to heal by 
seconda ry intention (see Ch. 1, p. 8), although a large 
wound can be sutured later when infection is no longer a 
problem (delayed pri mary closure). In the case of deep, 
slowly healing wounds, a si licone foam d ressing ca n be 
em ployed. 

MANAGEMENT OF DIRTY OR CONTAMINATED 
WOUNDS 

Major soft tissue injuries result in cnlshing 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 
cert,li n, and there is a serious risk of gas ga ngrene 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 (sometimL"S ca lled 'd ebridement') 

• Excision of all non-viable tissue ('necrosedomy') 
• Loose open packing of the wound with dry cotion 

gauze withou t suturi ng 
• Inspection of the wound under anaesthesia 2-4 days 

later, d rainage of any new abscesses and removal of 
any newly apparent non-viable tissue 

• Sut uring of the wound when it looks clean, but 
avoiding tension; this is known as del ayed prim ary 
closure. Alternatively, spli t skin grafting may be 
employed 

fat and muscle could not be satisfactorily transferred 
wi thout revascularisa tion. Free transplantation of full
thickness skin (other than ti ny grafts) or any other tissue 
withou t revascul.lris.l tion is usually unsuccessful. 

Tissue transfer can be achieved in three main ways: 

• Skin gra ft s 
• Vascularised fla ps 
• Free flaps 

Skin grafting 

Split skin (Thicrsch) gmfti ng involves transplanting a 
very thin l<l ycr of skin consisting of little more than 
epidermis with no blood su pply 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 
Congenital problems 

• Correction of congenital defects, e.g. deft 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 rnalignancies--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 

• ReconstructIon for facial palsy, decubitus (pressure) sores. 
soft tissue sarcoma eXCISIon, leg ulcers, reconstruction of 
skin after radiotherapy, destructive Infections, e.g 
necrotlSlng fascntlS, compartment syndromes 

skin grafts are commonly employed for burns and after 
wide excision of skin lesions, provided there is ft 

recipient base of healthy tissue. The donor site he.lls 
rapidly since small isla nds of epithelium are left behind 
(see Fig. 6.16). The donor si te is potentially more J><linful 
than the recipient but J><,in is well controlled if the donor 
s ite is dressed immediately with calciu m 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-

Principles of operative surgery 

stances as it allows free dr"inage through the perfor
ations. Small full thickness (Wolfe) grafts may survive 
in certain circumstances. Examples include skin from 
behind the car 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 b.,se and is 
known as the vascular pedicle. Flaps can be advanced, 
rotated or tTansposed into the defect to be filled and this 
may provide suHicient mobility to close a moderate
sized defect. If a new defect is produced as a result of 
flap rotation, this dean area can usually be covered with 
a small split skin graft. Most f1'lPS now used arc ax ial 
flaps which employ l.'Stablished anatomical sites to 
ensure a blood supply running along the long axis of the 
flap. The ea rly random flaps, devised by Gillies, were 
limited in scope bec,lUSC there was no domin,lnt 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 aUached 
10 its site of origin at both ends. Later, one end of the 
tube was divided and transposed to the recipient site; 
laler still the other end of the tube was divided and the 
flap opened out, shaped and sutured at the n"cipient site 
to reconstruct the dcf<.-'Ct. This, however, was a prolonged 
procedure necessitating long periods in hospital and 
uncomfortable immobi lis..ltion of the parts involved. 

Axial flaps are selected according to the site of the 
defect and the tissues ncccled. A series of flaps are now 
described, based on detailed all<ltolllical studies of blood 
supply. Flaps may be cutaneous, e.g. forehead flap, 
fascio-cutaneous, e.g. the 'Chinese' radial formrm 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 ,1Ild rib. 

Free flaps 

In free tissue transfer, a carefu lly planned piece of tissue 
is first dissected out, complete with at least one main 
artery ,md vein; axial nap sites are often suitable. The 
whole flap is then relocatoo to the recipient site where 
the vessels are connected to a suitable local artery and 
vei n by microvascular anastomoses. The donor sitc can 
often be dosed 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. 
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Donor sites 

SPLIT SKIN orTHIERSCH GRAFT 

Donor site regenerates sian 
cover from epithelial islands 

Split skin graft 

] 

01 rete processes 

Epidermis 7 

PINCH GRAFTS 

~/'------ 1 InJeclion 01 a 'bleb' 01 local 
anaesthetic 

---2 3 mm lull and partial 
thickness graft cut with 
scalpel 

FREE FLAP TRANSFER 

Full thICkness flap of skin arx:I 
any other tissues (e.g. bone) 
elevated, isolating supplyhg 
artery and vein. Several 
suitable s~es are recognised 
(e.g . lemoral). skin cover 
being achieved by either 
primary dosure or split sk n 
g .. h 

Fig. 6 .16 Methods of skin grafting 

• 

RElClpient Sites 

Split skin graft laid on 
recipient area and stabilised 
With sutures 

Multiple pinch grafts placed 
on recipient s ~e. Donor sites 
regenerate outwards from 
edges 

Free transfer of flap to 
recipient site where 
microvascular techniques 
are used to anastomose 
venous drainage and arterial 
supply. Skin sutured in 
position 
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INTRODUCTION Tabte 7 .1 Incidence of common malignancies in men 

In developed countries, pt.'Oplc are living longer. This is 
mainly due to public health measures which ha ve 
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 d isease becomes an almost equal killer. Huge 
strides have bt.."Cn made in recent years in understanding 
the molecular basis of Ca ncer. Translating this into 
improved prevent ion, detection and treatment remains 
elusive but important developments in the foreseeable 
future arc promised. 

and women as a proportion of all malignancies* 

Males " Females 

lung 20 Breast 
Prostate 20 Colorectal 
Colorectal 15 lung 
Urinary 10 Uterus and ovary 
Head and neck 6 Head and neck 
Stomach and pancreas 6 Urinary 
Leukaemias and Leukaemias and 
lymphomas 7 lymphomas 
All others 16 Al l others 

'UK and USA 1990 StatlstKs from Australia are similar except 
there IS a higher Incidence of melanoma amounting to 7% of 
malignant tumotJrs 

" 
29 
15 
11 
13 
6 
4 

7 
15 

Maligmlllt disease ilfflicts ilbout one-third of all people 
in their lifetime and ilbout one in four will die of it. 
Patients with malignant disease form a major part of the 
su rgicil l worklo."\d ilnd ilre responsible for as much as 
40% of general surgic.11 bed occupancy. Cancer patients 
impose disproportionate demands on services, since 
operations arc often extensive and the patients are 
generally older, slower to recover and more prone to 
complications. At the Silme time, the total number of 
patients with millignant disease is rising because of 
increasi ng life expectancy and an increased incidence of 
some c.1ncers. In the younger age groups, surgical work
Io.ld from cancer is also expanding because of earl ier 
detection, increased technical sophistication and increasing 
patient expectation. The incidence of common malig
nancies in Western countries is shown in Table 7.1. 

Screening for malignant disease, notably cervical, 
breast and coloreclal cancer, has had a significant but 
limited imp"lCt on mortality, partly because of lack of 
p.ltient compliance (particularly in cervical and coloredal 
cancer) bu t also because of a relative inability to detect 
biologica lly early d isease (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 carefu lly conducted randomised trials have 
identified the most effective treatment regimes which 
increasingly involve a combination of surgica l with other 
treatment modalities, particularly radiotherapy, chemo
therapy, honnone manipulation and palliative symptom 
control. 

NEOPLASIA 

The main cha racteristic of neoplasms is uncontrolled 
growth that persists after removal of the initiating 
stimulus. Most neoplasms can readily be categorised as 
benign or malignant accord ing 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 cli nically from other tumour-like disorders 
such as hyperplasia (e.g. parathyroid adenoma from 
parathyroid hyperplas ia) 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. llistologically, both cells and their nuclei often 
vary widely in shape and size, and the extent of this 
pleomorph ism tends to correlate with the degree of 
ma lignancy and the future cl inica l 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 
p..1rent 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 

Whilst the 1Tk1nagement of ca ncer is rapidly developing. 
dramatic press claims of breakthrough cures are often 
premature and raise false hopes. It is unlikely that a 
univers.11 preventative or cure fo r cancer will appear. 
Instead, advances wi ll be incremental and ty]X'-Specific 
rather than encomp.1ssing the whole spectrum. 

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 
• locat obstructive effects, e.g. leiomyoma of small 

intestine 
• Pressure causing pain or dysfunction. e.g. 

neurofibroma 
• Unacceptable cosmetic appearance. e.g. 

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
orrhage 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 rec.urrences 

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 cxtemal 
factors such as ioniSing radiation, virus infections and 
carci nogens in air, food and water. Many such factors are 
yet to be discovered but cigarette smoki ng is now well 
recognised to be Ihe 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, particulilfly those 
of the bladder, breast, skin, head and neck and large 
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KEY POINTS 

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 

• 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 

thyroid 
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 pancreat ic 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 ano 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.g. pleural effusion in breast canter, ascites w ith 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 

• Fever--<haracteristic of lymphomas and renal adenocarcinoma; also occurs when there is extensive tumour necrosis 
• Migrating thrombophlebitis and chronic disseminated intravascular coagulation (Ole) 
• Peripheral neuropathies, myopathies and rare autoimmune neuromuscular phenomena, e.g. myasthenic syndrome 
• Other rare autoimmune phenomena, e.g. haemolysis 
• 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 p..lrticu lar risk of new primary carcinoma3. 
The cl inical s ignifica nce is that prolonged su rveillance is 
required aft er an initia l tumour has been treated in these 
areas. 

Growth and spread of malignant tumours 

Malignant tumom s spread by local infiltration and by 
dislant melastasis via lymphatics and the bloodstream 
and across coelomic cavi ties. Carcinogenesis, however, is 
not a si ngle pathological event. Rather, the onset of 

uncontrolled proliferat ion and Ihe capacity for distant 
spread evolve in a series of mutations over successive 
cell divisions. Many malignancies probably arise from a 
s ingle cell line (i.e. are monoclonal) and the initial event 
is the acqu isition of the capacity to grow progressively in 
the na tive tissue. About 30 cell d ivision cycles af(' probably 
needed to prod uce a clinica lly detectable lesion of 1 cm 
diameter containing 1000 million cells . The cellular 
properties that allow a tumour to invade surrounding 
tissues and lymphati c or blood capillaries and then ' take 
root' in regional lymph nod es or other distant tissues are 
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prob.1bly also products of multiple mutations which have 
given selective survival advantages. As time passes, the 
consti tuent cells of the tumour often be'come increasingly 
heterogeneous, genetically and behaviourally. 

These 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 grea ter the chance of complete 
cure. Unfortu nately, mutations allowing metast,lsis may 
appear \'Cry early, i.e. by about 20 cell division cycles. 
when the primary lesion is too small to be detected 
(about I mm diameter). 

There are two conflicting theories about the significance 
of region'111ymph node involvement in carcinoma. Both 
views recognise that lymph node involvement implies a 
worsc 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'~ 
view is prob.lbly 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, rendering the disease 
incurable by surgery. Unfortunately, identifying whid 
patients have metastiltic 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. [n 
the case of breast cancer, this h,ls led to the increased use 
of systemic treatment with cytotoxic and hormonal therapy 

with the intention of eliminating or supPl"('S5ing the growth 
of micrometastases. This has improved survival rates. 
Nevertheless, r,ldical loc,11 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 alread y present depends on when the 
Cancer develops the c'lpacity for hacmatogenous spread. 
This is often about the s.1 1lle time as the capacity for 
lymph node metastasis develops. In these cases, surgical 
remov,ll of metast,l5eS is ineffective because haematogenous 
melast,lses are usually already multifocal. Occasionally 
blood-borne metastasis appears to be a solitary, isolated 
cvent, and a cure can sometimes be achieved- for examplc, 
by partial hepatectomy in coloredal 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, kidney and prostate) 
but complete cure is very rarely achieved. 

This model of the development of metastatic potential 
means that fu ture advances in cancer management need 
to focus on three factors: primary prevention, very early 
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
derm,ll origin, are relatively uncommon and usually 
metastasise early via the bloodstream. 

BASIC PRINCIPLES OF CANCER MANAGEMENT 

Two broad considerations determine the approach to 
treatment for any cancer patient. The first is whether an 
altempt 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 spre,1d and 
whether distant metastases are believed to be present. 
The 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 
generill state of health. Systems of staging have been 
devised for each tumour type, many baSL-ci on the TNM 
system which scores characteristics of the Tumour, the 
extent of regional lymph Node involvement ,1nd the 
presence of Metastases. Staging is used in planning 
treatment, as a guide to prognosis and as a sta ndard ised 
descriptive tool for comparing efficacy of tre,llment in 
different patients and in different centres. 

Cancer can recur at a later stage and the success of 
treatment is often described in terms of patient survival 

after a given number of years rather than 'cure'. Five
year survi val is often used as the yardstick of success in 
cancer therapy and in many cases can be taken to imply 
clITe. Nevertheless, some tumours, particu larly breast 
ca ncer, may recur in .l disseminated form as long as 30 
years after app.1rently successful eradication. Conversely, 
colorectal cancer and testicular teratoma and sem inoma 
rarely recur after the pat ient has survived 5 years. 

TREATMENT OPTIONS 

The main treatment options for malignant disease are 
surgica l 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 
Iype, tumour extent and the patient's overall condition. 
A radical or aggressive appro<lch to treatment, using a 



combination of therapies (e.g. surgery and postoper,lthe 
radiotherapy or chemotherapy) may well be recommended 
where the aim is to cure, provided the scientific evidence 
supports this appfO.lch. In other patients where cure is 
not possible, or where disease has relapsed after radical 
treatment, the aim is to alleviate the symptoms of disea~, 
i.e. to palliate. 

Pa lliat ive 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 <lctive treatment. 

Most cancer trC<ltmcnts involve unpleasant side effects 
which may e<lsily be overlooked by both doctor and 
patient in their enthusiasm for tre<ltment. Thus it is 
essential that the benefits <lnd disadvantages are carefully 
considered in every case, and where possible and where 
different options are fe,lsible, the p<ltient should be involved 
in reaching decis ions. 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. lime !;hould be allowed for the patient 10 

formulate further questions and a follow-up consultation 
arranged in a few days. It often helps the p.ltient to have 
a friend or relative presenl, but relatives should rarely be 
told more than Ihe patient. Patients are also helped by 
well-constnlcled printed information, self-help groups 
and by specially Irained cancer nurses who can spend 
longer with the palient and acl as an intermediary if 
necessary. 

EARLY DETECTION OF CANCER 

As a general principle, Ihe earlier in its natural history 
Ihal malignancy is diagnosed and treated, the better tile 
prognosis. The ideal is to detect cancer before invasion 
or metastasis has occurred, i.e. during the pre-invasi\'e 
slage. Where this applies, health education can play an 
important p.lrt in alerting the public to early symptoms 
and warning s igns. [n the case of skin and lesticular 
tumours, this shou ld include regu lar self-exa mination. 
Although self-exa mination is promoted for bre.lst cancer, 
there is little evidence that it is a useful screening test. 

GENERAL PRINCIPLES OF SCREENING 

Medical screening involves examinat ion or investigation 
of an asymptomatic population with the objective of 
making diagnoses at <In eilrlier stage than would other
wise be the case. For screening to h,lVe any benefit, it is il 
prerequisite that eilrlier diagnosis significilntly improVt.'s 

Principles of cancer management 

morbidity and mort.llity from the disease when evaluated 
on a population b.lsis. In general, screening is carried out 
on a selected group of the population at increased risk. 
In the case of breast cancer, only older females arc 
screened. 

The high cost of screening large numbers of he.llthy 
individuals must be justified by the yield ilnd, of course, 
the effectiveness of trea tment. Within this deb.lte, im
ponderables such as the economic value of a humiln life 
5<wed or of a period of enhanced survival need to be 
considered. For eXilmple, screening for pulmonary tuber
culosis by mass miniature X-ray W<lS highly successful in 
the 19505 and 1960s but was abandoned in the 19705 
when the number of new CilSes discovered on screen ing 
fell to such il low level that the cost could no longer be 
justified. Conversely, screening for cancer of the uterine 
cervix was widely introduced in the late 19705 and has 
proved successful, dt.'Spite the reluctance of many women 
at greatest risk to be screened. 

The efficacy of any medical screening programme 
depends mainly on the following factors: 

• The reliability of the screening procedure; this is 
defined by two f,lctOrs, namely sensit ivity 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 specifici ty 

• The preva lence (the proportion of cases already in a 
population) and the incidence (the proportion of new 
cases) of the diseilse in the population at risk 

• The risks associated with untreated disease (does it 
need treilting?) 

• 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 case of screening and the inconvenience 
and acceptability to the population at risk 

• The availability and cost of treatment 

Screening fo r 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 developed 
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 Cilncer in screened women. [n 
the UK, national screening policy is to invite women 
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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 screeni ng 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 
s.wcs 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 

SURGERY FOR CANCER 

GENERAL PRINCIPLES OF CANCER 
SURGERY 

The ideal resu lt of canccr surgery is the complete eradi
cation of malignant disease without radically interfering 
with function. Nearly .1 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 ide.llly of its stage. Modern techniques of 
cross-sectional imaging, laparoscopy and intraoperative 
ultrasound greatly assist in this endeavour and may Sowe 
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 
su rgery. For example, adenocarcinoma of the pancreas is 
rarely treated by pancrc.ltcctomy nowadays because of the 
high complication rate coupled with dismal 'cure' rates. 

RADIOTHERAPY 

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 
st,lge in managing about half of all patients with malignant 
disease. Orthovoltage X-rays (up to 250 kV) were the oosis 
of convent ional radiotherapy until the development of 
megavollage irr.ldiation in the late 19505. 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. 

The experience gained from breast screening and 
managing p<1tients so detected has brought about rapid 
improvements in mammogr.lphic equipment, technique 
and interpret.ltion as well as perhaps a more sensitive 
approach to bre.1St 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 ca ncer 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 
inadequacies of ea rlier screening programmes. 

Where met,lstases 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, surgica l excision of the 
primary lesion is often required to relieve the loc.11 effects 
of the tumour, e.g. bleeding, pain or bowel obstruction. 
P.l11iative surgery may also be required for locally 
advanced or metastatic disease to deal with specific 
distressing sym ptoms (e.g. severe haemorrhage from a 
bladder tumour) or some emergency problem (e.g. acute 
bowelobstnlction). 

Sometimes su rgery is used to debulk a tumour; this is 
combined wit h 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 be.ln1S with an energy of 5-20 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 particu larly 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. Tre,lhnent 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 T<ldiother<lpy for lesions deep within the body 
has improved m<lrkedly as a result of better planning 
using compu ted tomography (CT scanning) and m<lgnetic 
resonance imaging (MRI)-for example, for bladder 
tumours or head <lnd 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 loca ted 
tumours 

• Local application of radioisotopes (brachytherapy)
this involves placing the radiation source upon or 
within the tissue to be irradiated. Plaque sources of 
radintion can be employed for skin malignancies, and 
radio.,ctive iridiu m wires or caesium needles can be 
implanted in the oral cavity, perineum, skin and 
sometimes breast, givi ng high-dose local irradiation. 
Implantation is usually performed under general 
anaesthesia. For cancer of the uterus and cervix, the 
radioactive source is plilCed in a sealed container 
within the uterine or vaginal cavity; it can be inserted 
without risk to staff viil a flex ible tube from the 
radiation safe under computer control 

• Systemic radioisotope therapy-radioactive iodine 
given by mouth is <l well-established treatment for 
non-neoplastic thyrotoxicosis and can also be used for 
treating met<lst.1Ses from well-differentiated thyroid 
tumours provided the thyroid has been removed. 
Attempts ate still being made to direct radioisotopes 
precisely to cancer cells by attaching them to tumour
specific monoclonal antiixxlies, 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 cur<', as adjuvant treatment or as 
palliation. The objective must be clearly defined befo:-e 
treatment is begun. 

Principles of cancer management ... 

PRIMARY CURATIVE RADIOTHERAPY 

This applic.ltion, also known as radical radiotherapy, is 
widely used for bas.1l 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 p.lrticuJarly 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 
compmable to those <lchieved by surgical excision. For 
example, in head and neck cancers withou t distant 
metastases, cure r<ltes of 50-90% can be achieved with 
radiotherapy <llone; similM 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 Il odgkin's and non-Hodgkin lymphomas. The 
efficClCY and application of radiotherClpy for various tumour 
types is summ<lrised in Table 7.2. 

RCldiotherapy can also achieve cure in up to 50% of 
blCldder cancers, with cystectomy reserved for salvage of 
recurrences. 

ADJUVANT RADIOTHERAPY 

The principle underlyi ng adj uvant therapy, whether 
radiological, chemic.1 l or hormonal, is that di nica lly 
undetectable micrometastil5es are often present in tissue 
surrounding a prima ry lesion, in regional nodes and in 
remote locations. Th(.>s(' are believed to be responsible for 
local, regional and systemic recurrence after a primary 
lesion has appmently been completely removed. 

Adjuvant radiother,1py can be Clpplied to local tissue 
and regional nodes <lfter (or occasionally before) surgery 
to try to elimin<ltc 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 towmds avoiding irradiCltion of the axilla 
if the lymph nodes me histologically free of cancer. If 
axillmy nodes are involved, radiotherapy can be used as 
an alternat ive to radical lymph node clearance; survival 
rates are comp.lrable to those achieved after more extensive 
surgery. Ilowever, 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 

[n certain cancers, treatment a short time before surgery 
with either radiother<lpy or chemotherapy or both can 
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Table 7 .2 Applications of riidiotherilPY for treilting millignilnt diseilse 

Tumour type 

Head and neck 

lung 
Small cell 
Non-small cell 

Breast 

Thyroid 
Well differentiated 
Poorly differentiated 

Renal cell carcinoma 

Transitional cell carcinoma 
of bladder 

Testis 

Ovary 

Uterus 
CelVlx 
Body 

Gastrointestinal tract 

lymphoma 
HodgkIn's 
Non-Hodgkin's 

Multiple myeloma 

Skin 

Radiosensitivity Indication~ 

Moderate 

HIgh 
low to moderate 

Moderate 

High 
l~ 

low 

Moderate 

Moderate to high 

Very low 

Moderate 
Moderate 

HIghly effectIVE' fOf localIsed lesions espeoally larynx 

Enhance<. e'ficacy of chemothefapy but ovefall (Ufe fate less than 10% 
Worth a trial In piltlents wIth Inoperable dIsease fOf palliation 

Usually as adjuvant to surgery or to treat a~lllary nodal Involvement Of advanced local 
breast cancO'r 

High cure rilte in combinatIon with surgery (systemic radio iodIne therapy) 
Rarely u<>eful 

Rarely appropriate 

Good cure "ate for localised le5ions 

Good (especially seminoma) but chemotherapy general ly better (for teratoma) 

Rarely applicable 

High cure rate for Iocah<>ed tumours; also as adjuvant therapy 
Adjuvant or palliatIVe therapy 

Low to moderate Incre.lslngl~ used lor adjuvant therapy In advanced rectal cancers_ Definitive treatment 
lor anal carCInomas 

Excellent cure rate for stage I & II dIsease 
HIgh cure rate when used With chemotherapy 

High Mainly used for palhalJon 

Basal or SQuomous HIgh HIghly curable 
cell carcinoma 

Melanoma Low U<>ed to pa~iate metastases 

Adult central nervous system Low to moderate Adjuvant therapy m well-dIfferent iated glIomas 
Palliation a' cerebral metastases 

Paediatric malignanCies Vanable Often curat ive for bram tumours and effecti ve for Wi lms' tumour but limIted by long
term effects on growth and development 

bring benefits. n,is may enhance the cure rate for surgery 
or it may be used to 'down-stage' a cancer to make surgery 
possible, e.g. locally adva nced rectal cancer. 

PALLIATIVE RADIOTHERAPY 

Palliative r,ldiolherapy is employed for local control of 
primary or metastatic lesions with the intention of treating 
serious symptoms with the mini mum of side effects or 
preventing impending com plications, e.g. spinal cord com
pression. Much lower total doses are used for palliat ion 
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 CMl only be justified if therapeutic benefits arc 
likely to ensue. 

Radiotherapy is particularly effective in con trolling 
met,lstatic deposits in bone and brain. The pain of bone 
mel<lstascs 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 shri nk 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 cased by palliative radiotherapy. 
Symptoms associatL'CI with local tumour recurrence can 
often be controlled, e.g. hacmaturia from advanced bladder 
cancer or pain from rectal carcinoma. In abdominal 
malignancy, the main factor limiting the use of radio-
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thcrapy is incidental rad iation injury to normal bowel. 
This can cause stricture formation , obstruction and con
tinual bleed ing, often yea rs later. Indications for pall iati\-c 
r"diothcrapy are su mmarised in Box 7.3. 

COMPLICATIONS OF RADIOTHERAPY 

Despite the precise use of high-energy radiotherapy, s ide 
effeds and complications sl"ill occur; the main early dfects 
arc outlined in Table 7.3. 

LONG-TERM SIDE EFFECTS OF RADIOTHERAPY 

Modern T<ldiothempy using high-energy sources <lId 
meticulous treatment, pl<lnning <lnd delivery «luses fewer 
side effects than the often £.'m pirical orthovoltage treatment 
used in its early days. Side effects such as ostcor<ldio
necrosis are ra re these days (see Fig. 7. 1) but endarteritis 
obl itera ns may be a long-term complication affecti ng 
any tissue subjected to radiotherapy. The effect is pro
gressive impairment of blood supply, loss of specialised 
tissues and replac£'mcnt wi th fibrosis. In the chest. radio
therapy can cause pulmonary fibrosis and, in wOlllen 
treated for left-s ided breast C"nccr, there is an increased 
long-term risk of card iac events; treatmen t tl'chniqurs 
have been mod ified as a rL'Sult. In the gastrointes tinal 
tract, the effects of radiation on bowel (radia tion enteri tis) 
can be pMtirula rly serious wi th continued bleeding (in 
large bowel) and s tricture formation (in small bowel l. 
The So.lme pathophysiologica l reaction probably accounts 
for delayed or incomplete healing after surgery with 
breakdown of intestinal anastomoses or format ion d 

intern<ll fistulae. Radia tion colitis most common ly result:. 
from treatment of uterinc cervical cancer. 

KEY POINTS 

Box 7.3 Indications for palliative radiotherapy 

Pa in 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 

Ulce rating a nd fung a ting lesions 

• Breast, skin, head and neck tumours 

Haemorrhage 

• Haemoptysis 

• Haematuria 
• Rectal and cervical bleeding 

Eme rgency complications 

• Spinal cord compression 

• Supe rio r vena cava l obstruction 

• Raised intracranial pressure 
• Obstruction of tubular viscera (e.g. oesophagus, 

upper gastrointestinal tract, ureters) 

Space-occupying lesions caused by symptomatic bra in 

metastases 

• Brain metastasis causing hemiparesis 

Fig. 7 .1 Osteoradionecrosis afte r early o rthovoltage radiothe ra py for breast cance r 
ThIS 7S-ye-ar-old woman had a radICal mast('{tomy and orthovoltage rradlatlon lor carcinoma of the nght breast In 1949,40 years before this 
photograph She presented WIth two dISChargIng skin SInuses below the cldVlCie (a) Gross defOfmlty of che'St wall caused by eXCision of pectoral 
muscles at radical mastectomy (aXilla A, sternomastOids M) Note SInus openings 5 leadln9 down to sequestra, and Wldespre-ad telangIectasIa, a 
late result of radiotherapy. (b) Chest X-ray shOWing osteoradlon('{roslS of the nbs and scapula ()fl the fight Side. There IS typICal patchy 
osteoporosis and osteosclerOSIS. Several healing pathological f ractur~ are also evident (arrowed) Irradia tion has Induced lung fibrOSIS and 

(b) 

pulmonary contraction resuiling In a shift of the med,asllnum toward, the fight 10' 
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Table 7 .3 Early reactions and complications of radiotherapy 

Reaction/compl ication 

Systemic side effects 
Malaise and fatlQue-very common 
Nausea. VOITlltlllg and anolexia 

Effects O(curring in irradiated tissues 
Sk.1Il (espe<ially aXlila, grOin and penneum) 

Redness, Itching and mild paln 
Skin break.down (Ill treatment of skin cancers. thiS heals 
after 3-4 weeks) 

Abdomen and pelVIS 
Nausea, ~omltlng, diarrhoea 
Frequency, dysuna, haematuria (radiat ion cyst itis) 

Head and neck 
Dry mouth (xerostomia) due to sali~ary gland injUry 
Pain ful mouth, dysphagia and altered taste. Th iS is due 
to inflammation and atrophy of oral mucosa (mucositis) 
and may also Involve nasal mucosa 

Chest 
Painful dysphagia (radiation oesophagi tis) 

Head 
Hair loss (alopecia) 

Bone marrow 
MyelosuppresSion 

CHEMOTHERAPY 

GENERAL PRINCIPLES OF 
CHEMOTHERAPY 

Management 

These settle spontaneously With rest 
Antl-emetics 

Mild or moderate-strength topical steroids 
Moisture-retaining non-adherent dressings 
Silver-sulphasalazlne cream 

Anti-emetICs, antldlarrhoeals 
Urinary alkallnlsmg agents; exclude infection 

Frequent oral f luids, moist oral swabs, carefu l attention to oral hygiene 
Topical sterOids lor ulcers, topical anaesthetIC gels, 
antifungal agents for candidiasis. artif icial saliva 

Local anaesthetIC gel 
Compound antacid/alginate preparations. eg_ Gaviscon 

ProvISion of Wigs ('Wig library') 

Discontillue therapy, prophylactIC antibIOtICs, platelet transfusion 

Success with chemotherapeutic agents in curing many 
haematologica l and childhood malignancies has ell
couraged the usc of similar drugs to trea t solid tumours 
previously treated only by su rgery or radiotherapy. 

are chosen so the toxic effects of each drug impilct on a 
different organ system; th is means that each drug Ciln be 
given in full tumour-toxic dose without exctc'Ssive damage 
to normal tissues. The most effective drug combiniltions 
and doses for each tumour type have been established 
mainly by empirica l trials (and some good luckO. [t has 
been difficult to find regimens that give better results 
than combinations developed in the 19705 and 19805, e.g. 
CMF for breast cancer, CHOP for lymphoma and BEP for 
testicu lar cancer. Drugs are usually given intravenously, 
in a series of four to six short courses separated by 3-4 
weeks to allow recovery of normal tissues. 

Drugs destroy tumour cells in a variety of different 
ways, c,1pitalising on their increased mitotic and metabol:c 
rates. The main types of chemotherapeutic agent are as 
follows: 

• Antim ctabolites-.lna logues of normal cellula r 
nutricnts, c.g. methotrexate acts as a substitute for 
fo linic acid 

• Al kylating agents-bind to DNA, c.g. nitrogen 
mustards 

• Drugs which cross- lin k DNA, e.g. cisplatin 
• Drugs which di srupt the mitotic spindle, e.g. vinc,1 

alkaloids 

These same cytotoxic mechanisms also affect normal 
tissues, though usually to a lesser extent, and arc 
responsible for many of the side effects of chemotherapy. 
For many cancers, the best results are obtained by 
combinations of cytotoxic drugs. Particular combinations 

Experience has revealed a wide spectrum of sellSitivities 
of different malignant tumours to cytotoxic therapy. 
TIlese range from total destruction to no therapeutic effect. 
The sensitivities of different tumour types are summarised 
in Box 7.4. 

MAJOR APPLICATIONS OF 
CHEMOTHERAPY 

PRIMARY CURATIVE TREATMENT 

This is mainly indica ted for highly sensitive germ ce ll 
tumours, high-gmde lym phomas and solid tumours of 
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KEY POINTS 

Box 7 A 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 malignandes 
• Small-<ell (oat-cell) carcinoma of lung 

• Multiple myeloma 
• Acute and chronic leukaemias in adults 
• low-grade lymphomas 
• Colorectal cancer 

Relatively insensitive tumours---<ytotoxic therapy only 
indicated in speCial circumstarn:es or with techniques of 
regional infusion 

• Carcinoma of lung other than small-<:ell 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 
obt.1ining a histological diagnosis (e.g. Hodgkin's disease), 
or it may foJ1ow removal of the primary tumour (e.g. 
teratoma, Wilms' hmlOur). or it may be used first and 
then any residual tumour rt.'St."Cted 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 yea rs 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 s ide effects and better drugs to control nausea. 
Adjuvant chemotherapy, mainly using 5-f1uorouracil 
(SFU) with folinic acid, appears to have a role in extending 
recurrence-free survival and possibly life expectancy in 
cancer of the oolon 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: //ukcccr.icneLuk). For cancer of the ana l ca nal, 
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 
migh t relieve them, c.g. breast cancer causing lymphatic 
obstruction. The objt.'Ct ivc is not to prolong life but to 
im prove its quality. 

DIRECT ADMINISTRATION OF CYTOTOXIC AGENTS 
TO THE TUMOUR 

In isolated primary or secondary tumours in the liver or 
kidneys, it is someti mes possible to cannulate the arterial 
supply of the lesion and administer the cytotoxic agent 
directly. This may successfully shrink the tumour. For 
superficia l bladder tumours with widespread carcinoma 
in situ, the poor prognOSis can be improved by instillation 
of chemot herapeutic drugs into the bladder. In early 
disease, Ihis treatment may be curative. 

SIDE EFFECTS OF CHEMOTHERAPY 

Chemotherapy is toxic to tumour cells but also to nomlal 
body cells, especially those with rapid rates of turnover, 
e.g. bone marrow and gastrointestinal epithelium. Toxic 
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effects arc summarised in Box 7.5. Side effects arc common 
but arc rarely so severe that treatment is abandoned. 

Chemotherapy offers substa ntial benefit and a chance 
of cure in some well-defined malignancies, as shown in 
Box 7.4. Howevcr, clinicians treating cancer need to have 

KEY POINTS 

Box 7 .5 Toxic effeds of chemotherapy 

Bone marrow suppression 

dear management objectives, i.e. cure or palliation, based 
on published clinical trials. Given the potential for side 
effccts and the cost, there is no place for speculative 
chemotherapy where there is a lack of scientific evidence 
of benefit. 

• Causes anaemia, thrombo<:ytopenia and leucopenia (potentially fatal) 

Immunosuppression 
• causes diminished resistance to opportunistic infections 

Nausea and vomiti ng 
• 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 gast rointest inal 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-te rm risk of inducing other malignancies 
• 20-30 times the normat 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 

HORMONAL MANIPULATION 

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 dmgs 
which block or antagonise the appropriate hormone ca n 
have a valuable inhibitory effect on tumour growth. 

MAJOR APPLICATIONS OF HORMONAL 
MANIPULATION 

PROSTATIC CANCER 

Surgical removal of the testes (orchidectomy) is one (Jf 
the preferred treatments for metastatic carcinoma of the 

prostate and is the most cost-effective solution. Stilboestrol 
is a synthetic oestrogen and rem,lins a standard altem,ltivc 
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. Ilowever, it is associated with a high risk of 
arterial and vcnous thrombosis and has fallen out of 
favour. LHRH analogues (gonadorelins) are as effective 
as orchidectomy for treating disseminated prostatic cancer. 
These drugs are given at intervals of several weeks; 
initially Ihey cause release of luteinising hormone from 
the anterior pituitary, followed by inhibition. Anti
androgen drugs alone (e.g. cyproterone, f1utamide) have 
proved less effective and more toxic than gonadorelins 
but aTe usually administered initial!y to block the 
testosterone 'flnre'. 
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physicians and nurses can now offer more comprehensive 
management, both in p.-1tients' homes and in p.-1lliative care 
homes, fo r patients with di fficu lt management problem,. 

COMMON SYMPTOMS OTHER THAN 
PAIN REQUIRING PALLIATION 

Pallia tive pai n relief is covered in the next section. O ther 
common symptoms requiring pallia tion arc detailed in 
Table 7.4. 

Effective management of the symptoms of advancing 
cancer requires frequ ent reassessment of the patient's 
condition, and frequent discussion with the patient 10 

assess priorities (lnd the acceptability of treatment offered. 
At all times Ihe focus on quality of life must be retained. 
Patients and families are re liant on the doctor to guide 
them as to whether the benefit of treatment outweighs its 

dis.:1d van t.lges. Doctors must not hesitate to discuss 
complex situations wi th other colleagues and specialists 
to ascertain the best cou rse of action for their p.l tienl. 

A multidisciplinary team approach to cancer patien t 
management is known to be more successful in achieving 
symptom relief. ApprD.1chcs other than d rugs-for 
example, acu puncture or relaxation techniques-may help 
in relieving symptoms and diminish the requirement for 
med ication. It may somctimL'S be necessary to admin ister 
drugs by a va riety of routes and formulations (e.g. 
subcutaneous, transdermai) or to use unusually large 
doses. Long-term sequelae arc often not an issue and it 
may be reasonable to stop drugs usually used as long-term 
prophyl(lctic treatments to reduce oVt'ra li 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 abou t difficult and 

Table 7.4 Common symptoms other than pain requiring palliation 

Symptom 

Fatigue/asthenia 
(lack of energy ) 

l oss o f ap pet ite (anorellia) 
and weight 1055 

Dysphagia and painful 
swallowing (odynophagia) 

Nausea and vom it ing 

Causes 

Circulating factors released by tJmour. 
cherootherapy. radiotherapy 
Pain, poor ~Ieep. depre5SlOn, afllllety 

Circulating factoo released by tJmour, 
cherootherapy. radiotherapy, chrOniC pain and 
nauo;.ea, fear, depression. anxiety, 'squashed 
stomach' syndrome, sore mouth. dysphagia 

Tumours of pharynx. oesophagus and stomach 

Compression of oesophagus by extr inSIC tumour 
(e.g. mediast inal lymph nodes) 
Oesophageal candidiasis 

Bulbar and po;.eudobulbar palsy 

Drugs: OpiOlds, NSAIDS and others 
Metabolk causes, e.g hypercakaemia, uraemia, 
hver failure 

Radlotherapylchemotherapy 

IntracranlallesKlns 

Gastnc outlet obstruction, intes'lnal obstruc\1OI1 

Constipation 

M anagement 

Open dlscusSlOl'l With patient and family 
Encouraging gentle. regular exercio;.e Within 
hmltatlons and a dally routine 
Address and treat remediable causes 

explanation to patient and family of known causes 
MetiCUlous atteotlQfl to oral hygiene 
Correct remediable factors 

Options Include ino;.ertion of stents, lao;.e r ablation, 
cryotherapy, brachytherapy (local radiotherapy) 
Radiotherapy, high-dose steroids 

Suspect in immunosuppreso;.ed, patients on stero ids: 
diagnOSIS may requ ire gastroscopy: may require 
prolonged treatment With oral antifungal agent 
Mul tldisciphnary assessment; possible f ine-bore tube 
feeds or feeding gastrostomy 

explanation to allay anxiety: review prescriptions 
Antl..emetic medication e.g . metoclopramide, 
halopendol, parenterally administered until vomiting 
controlled; continue orally whilst cause remains 
Anti-emetIC drugs short courses of SHT3 antagonist 
andlor h'gh·dose stefOlds 
High-dose sterOIds reducing to minimal maintenance 

''''' AVOid nasogastflc tube wherever possible 
MInimise vomiting and reduce gastnclintestIOal 
se<retions With hyOSCine butylbromide 
May benefit from short-course high·dose steroids 
(for extrinsic compressl~ leSions) or octreotlde 
Occa5tOnally, percutaneous endoscopk gastrostomy 
(PEG) may be reqUired to ven t stomach 
Prophylactic la~at lves for all patients prescribed 
oplolds. generally aVOid bulk laxatives in preference 
to soften ing and prOKmetlC agent 
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Table 7 .4 Continued (h, 

Symptom Causes Management 7 
Breathlessness (dyspnoea), Pleural effusion, cardIac failure, infection, anaemia Investigate and treat all reve~ible causes with regard 
cough, choking to patient's overall condition (avoid nasogastnc 

as.plratlOfl, IV Infusion and antibIotics In teffmnally III) 
laryngeal tumour, pulmonary tumour or major May reqUire stentmg or local treatment e.g 
allwayobstruction radlOtherapyllaser/(ryotherapy 
Lymphangllis carcioomtosa, multiple pulmonary Trial of high-dose dexamethasone 16 mg daily; if 
metastases or infiltration benefiCial reduce to mamtenarn:e dose, e.g. 2--4 mg 

dally 
Bulbar or pseudobulbar palsy (choking) Investigate, modify oral Intake, If necessary aVOid oral 

route 
Multi factorial: disease and debllitdtion Explanation to patient and family; conlinue 

r 
bronchodi lator therapy; add intermittent oral 
morphine or continuous subcutaneous diamorphine 
terminally; oxygen If beneficial 

Anxlety-all breathless patients are anxIOus Clear explanat ion, appropriate reassurance; anxlolytic , drugs If appropriate 

Constipation (be alert to Immobility, weakness and genera debility DISCUSS nutfltional opt ions, ern:ourage increased flUid 
posslbllilles of Poor nutrition and low dietary fit)(e intake Intake, prescribe anti-emetic where nausea 
(a) constlpallOn presenllng Oplolds and other drug effects (e g tricyclic contnbutes to poor Intake 
as spunous diarrhoea due to antidepressants) laxatives: 
leakage of watery faeces Qehydration, biochemical disturbances • BulkIng agents-should be reserved for 
passed as solid faecal mass; (hypercakaemia, hypokalaemla) moderately actlV(' patients with good fluid Intake 
(b) constipatIOn as the who are not on opioid medication 
presentmg feature of low • OsmotIC laxatrves-lactuiose (may cause 
bowel obstrucllOn) flatulence and abdominal cramp); magnesium 

salts (sometImes unpalatable) 

• Stlmulants-senna, blS<KodyI, danthron, docusate 

• LubrICants-liqUid paraffin often necessary to 
combine softemng and stimulant agents 

Sell-administered SUPPOSitories (glycerol and/or 
blsacodyl) are often acceptable to patients 
Enemas and manual evacuation of faeces are 
distresSing but occaSIOnally necessary 

Confusion Unfamiliar stimuli Explanation and ca lming reassurance to patient and 
Cerebral metastases family 
Inf('(tion Investigation and trea tment of any reversible causes 
Drugs, e.g, opioids, ant lconvulsants, tflcyclics MedICation if necessary distressed patient may 
Metabolic causes, e.g. uraemia, hypercalcaemia, respond to oral or paren teral benzodiazeplnes, e.g. 
hyponatraemlil diazepam 5 mg b.d .. or midazolam by continuous 
AnXiety infUSion; paranoid or hallUCinating patients may 
Cerebral hypoXia require haloperidol orally or subcutaneously, up to 

20 mgl24 hours 

Terminal restlessness As patient's level of consciousne5, diminishes, explanation to family 
(also known as terminal abnormal movements, twitching myoclonus Identify cause of any purposeful movement and 
agitatlOlllagitated and irn:omprehensible speech/nose may prove resolvt!, e.g. catheteflse 
delirium/termlnal distressing for the family. Causes may Include SedatIOn; often requires subcutaneous InfUSIon With, 
anguishltermlnal distress) underlying psychological problems which e.g., mldazolam (benzodiazeplnej 30-90 mgl24 hou~ 

remain unresolved, plus disease, metabolic 
dlsturbdnce and drug accumuldti:;m. N B. 
COOJdlnated movements may hiJ'Je remediable 
underlying cause, e,g pain, bladder distenSion, 
prufltis etc. 

'Oeath rattle ' (ie dlWe5Slng Accumulation of bronchial secrenons and Ims ExplanatlOf'l to family 
sounds of Impaired breathing of control of muscles ofliJrynx and phyrynx POS!tlOlllng of pallent often reduces sound and 
in terminal stage of disease) respiratory ellort 

Early and contlflued use of ant isecretory agent, 
e.g hyoscine hydrobromlde subcutaneously in 
d i ~ided doses or contlfluous infUSion up to 
3.6 mg/24 hou~ 
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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. 

Ideally, 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 
p.1.tient and family are clear about who they can contact, 

CANCER PAIN 

Pain is a common feature of advanced malignant disease 
but is by no means univers.1.1 or severe. The severity of 
p.1.in 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 

TIle successful treatment of pain requires accurate diagnosis 
of its cause or causes, each of which may require different 
management. Pai n of orga nic 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 sti nging or burning in 
character and highly localised. Examina tion 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 cha racter, 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. 

day or night, about problems if they arise. Many general 
practitioners make arrangements to review their patients 
at home at frequent intervals. 11 is important that hospital 
professionals liaise frequently with community carers 
and specialists about the patient's condition, and vice 
ver5.1.. There must be immediate availability of specialist 
services and support whether for admission or advice, 
whenever required. If p.1.11iative care is handled well, it 
can bring rich rewards to both patient and doctor. 

The pain is dull, deep, poorly defined and poorly 
localised, and is often accompanied by autonomic 
effects such as nausea, vomiting, sweating and 
cardiovascular cha nges 

• Neurogenic pain- this pain does not derive from 
direct involvement of nerve endings but rather from 
tumour invasion or compression of nervE'S. Common 
causes are tumour involvement of the brachial plexus, 
chest wall (intercostal nerves), lumbosacral plexus, 
spi nal 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 sens.ltion, pins and needles, 
tingling, burning, p.1.inful numbness) is char.lcterislic 
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, lancina ting) 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 b.1Secl 
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 Organis.ltion (see Fig. 7.2) 

• Supplementing analgesics with other drugs and 
therapies (adjuvants) appropriate to the mechanisms 
ca using the pain (see Table 7.5) 
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Strong oplold +,. non-oplold 
+'- adluvant 

Pain persists 
or Increases 

Strong opioid analgesics 
Paracetamol 

Aspirin 
Non·steroidals 

Weak oplold 
+ non-opiold 
+/- adjuvant 

Pain persists 
or increases 

Weak opiold analgesics 
Codeine 

Codeine paracetamol mi.tures 
Others, e.g. de.tropropo.yphene 

Non-opiold +,. adjuvant 
Non-opioid analgesics 

Morphine and related ccmpounds, 
e.g. fentanyl, methadone 

Fig. 7.2 Three-step analgesic ladder for cancer 
pain control (WHO 1986) 
Remember 
(i) by the mouth-oral medICation if possible 

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 p<,in 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 morphi ne whose pain has improved-for example, 
after radiotherapy-arc able to reduce and sometimes stop 
morphine without difficulty. (Obviously abrupt cess.,tion 
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. 

TItrat ing the dose of morphine against the pain and 
increasing the dose gradually also avoid respiratory 
depression. Respiratory depression is only likely to be 
dinic.1lly significant where the dose prescribed is excessive 
(exceeding analgesic requircments), or where the patient's 
condition has deteriorated such that morphine acrumulatcs 
due to reduced elim ination. 

When commenci ng morphine it is important to discuss 
its use with the patient and family to allay fears and 
misconceptions. Some p<,tients and familjes equate the 
need for morphine wi th imminent death, while others 
fear addiction or side effects; these anxieties will usually 
be overcome by carefu l explanation. The use of pa renteral 
morphine is generally confined to seriously ill patients 
unable to tolerate oral administration or the occasional 
patient who is intoleran t of oral morphine. The sub
cutaneou s route is preferred and is suitable for both 

(i i) by the clock- regularly nor 'as required' (p.r n.) 
(Ii i) by the ladder- increasing potency of analgesia lor 

Increasing seventy of pain. 

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. Morph ine su lpha te causes less 
inflammation at the infusion s ite 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 subcuta neous use is between 
one-third and one-half of the equivalent oral dose. 
Subcu taneous bolus doses for breakthrough pain are 
much less painfu l 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 patien ts 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 requi.red' 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 rapidly 

7 
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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 

oraVrectaVtransdermal routes 

Indications 

Reduce inflammatory component In superfic ial and deep somatic pain, Excellent 
for bony and other muscu lo-skeletal painS 

-----
Low-dose tricyclic antidepressants Used in treatment of neurogenIC pain. Promotes sleep and may improve sense of 
(usually as single evening dose) well·being 

-----
Anticonvulsants 
(eg carbamazeplne, sodium valproate) 

---
Antispasmodics 

Valuable for neurogenic pain espeCially If lancinating in quality. May be 
combined With other adjuvant analgesics 

(e,g hYOSCine butylbromlde) 
Reduces vISCeral contr<ICIlons In colICky VIsceral pain (intestinal. blhary, ureterIC) 
and oven bowel obstructIOn 

-----'--" 
Muscle relaxants 
(e,g diazepam) 

Anxiolytics/antidepressants 

Antibiotics 
(e.g. metrooidalOle tablets or gel) 

Corticosteroids 
(e.g. dexamethasone 4--8 dally, predmsolone 
30-60 mg daily) 

Relie...e muscle spasms, e,g, lumbosacral, cervICal, psoas 

Wher~ anxiety or depress ion are found to be contribu ting to the cancer pain and 
pfeve1ting its reso'-""c"CO_O ___ _ 

Help treat Infected superiiciallesions, e,g, ulcerated skin, breast or head and 
neck :umours (usually involve Gram-negative organisms) 

- ------: 
Shrln~ Inflammatory zone associated With tumour to relieve pressure effects, e,g 
ceroo'al tumours, spinal cord and peripheral nelVt' compression, hver capsule 
strelCllilQ, tumour swelling causing obstruction to bowel, biliary or urinary tracts 

-------,--
Topical anti-inflammatory agents For 01.11 and nasal mucositis, ukerated skin lesIOns, radiation proctitis 
(e,g, steroid creams) 

Local palliative radiotherapy 

Bisphosphonates 
(eg pamidronate, clodronate) 

Radioactive isotope thera py 

Palliative chemotherapy 

Nerve blocks (often under radIOlogical gUidance) 

For bone metastases, compressive lesions of brain and spinal cord, large airway 
and supenor vena caval obstruction, fung ating or bleeding superficial lesions 

PredClTlinantly used for the rehef of bone pain in metastatic breast cancer, and 
multiple myeloma. Can be given parenterally as bolus or continuously as oral 
therapy 

Used for the relief of bone pelln due to metastatIC disease 
- - -

Somellmes relIVe'S pain by shrinkage of chemosenSItIVe tumours 
- - -

Very llelpful in treating pain in specdlc areas, e,g Intercostal blocks for chest wall 
pain; :oeliac plexus blocks for pancreatIC and otller 'for!!9ut' pain, Often reduce 
the overall reqUIrement for systemic analgesia 

-----
Muscle spasm, inflammatory component of nociceptive pain mechanisms. 
Massage for muscle spasms and lymphoedema, TENS may help neurogenic pain 

Skeletal immobilisation Elective internal fixat ion of long bones for inCipient or actual pathological 
fractlJ"e of long bones 

• Myoclonic jerks may be seen when using highe r doses 

of morphine or when the patient's condition 

deteriorates, ca using accumulation of metabolites. A 

reduction in dose of morphine or an alternative s trong 

opioid mlly be required 

• Itc h, 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 prefer red method for establ ishing 

dOS<lge is by titration . The usual s tarting 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 S<l mc dose on an 'as 

required' basis for pain w hich 'br<'aks through' before 

the next dose is due. It is usual to allow 24 hou rs before 

cons idering dose increases. Increments should be 50% at 

the lowcr-dos.lge range of morphine-for example, 20 mg 

sh ould be increased to 30 mg-but 33% in the higher

dose range-for example, 120 mg should be increased to 
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160 mg. Once the total 24-hour dose required has been 
determined, i.e. the regula r 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-hoUJ 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 avai lable for breakthrough pa in. 

Many p.1tients have their p<lin 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 <111 increase or change in character of the pain. 
Some pain may be only partiall y opioid -responsive; that 
is to say, adjuvant analgesia will be required to achieve 
pain con trol (see Table 7.5). Whenever pain is difficult to 
control it is helpful to revert to 4-hourly titration of 
morphine. It is imp::lrtant for the doctor to ascertain whether 
there is any benefi t from incremen tally increasing the 
doses of morphine. Where an increased dose does not 
reduce pain or ca uses additional side effects, it is likel), 
that the pain is only partially opioid-responsive and 
other means of treating it must be sought. Continuing to 
esca late opioid doses without improving analgesia will 
lead to unnecessary side effects and possibly toxicity and 
confusion. 

INCIDENT PAIN 

A particularly difficult area of pili n treatment is thilt of 
incidenl pain. As the name suggests, this is pilin w hich 
occurs during a particular activity such as that arising 
from movement or due to chil nging a dressing. Th is pain 
is of limi ted duration and is not best treated by 
increasing the regular systemic medication, as this may 
leild to side effects at times other than the precipitating 
incident. Incident pain is best treilted using iln analgesic 
with a quick, predictable onset of action and a short 
duration of action (for example, dextromoramide sublingual 
or PR). Using add itional analgesia in this way often 

Principles of cancer management 

a llows the 'incident' to take place comfortably but also 
perm its the p.1tient to remain on the already established 
24-hollf opioid dose. 

Successful treatment of cancer pain throughout the 
p.1tient'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 fu ll situation. Where 
the doctor works with a multidisciplinary team using all 
his or her skills, e ffective, acceptable pain relief will be 
achieved. The reward will be that the patient can then 
concentrate 011 what truly constitu tes quality of life. 

A variety of other opioids are used less commonly in 
palliative care <lnd usually for specific indications. These 
are summnrised in Table 7.6, p. 116. 

SIDE EFFECTS OF MORPHINE AND OTHER OPIOID 
DRUGS 

• Nausea and vomiting-commonly occur with initial 
admi nistration or rapid increase in dose; therefore use 
a prophylactic anti-emetic with morphine initially (it 
may be discontinued later) 

• Constipat ion-almost inevitable due to depression of 
gUI peristalsis; use prophylactic faecal bulking agents 
(e.g. dietary fib re supplements, methyl cellulose 
prep.uations), osmotic agents (e.g. sorbitol, laclulose), 
stool softeners (e.g. dioctyl sodium) and peristaltic 
sti mulants (e.g. senna, bisacody]) 

• Confusion, hallucinations-mainly a problem for 
high opioid doses, rapidly increasing doses and in the 
elderly (especially if vulnerable to toxic confusiona l 
sta tes because of olher pathological processes); reduce 
the dose if possible and/or treat with tranquillisers, 
e.g. haloperidol 

• Myoclonic s pasms, e.g. jerking-often incorrectly 
attributed to morphine and may be due to 
concomit<l nt use of phenolhiazines or similar drugs 
(e.g. prochlorperazine, haloperidol); they may occur 
due to accumulation of toxic metabolites especially in 
patients with renal f,lilure 

C~ 
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Table 7.6 Opioid dr-ugs used in palliative care 

Analgesic 

Codeine 60 mg 

Tramado l 50 mg 

Dextromoramide 
(Pallium) 5 mg 

Oiamorphine injection 
10mg 

Fentanyl 25 ~I}'h r 

transdermal 'patch' 

Methadone 5 mg syrup 

Oxyeadon!! SUpjXlSltOry 
30 mg, also available as 
tablets 

Phenazocine 5 mg 

Equianalgesic dose 
of oral morphine 

Smg 

10mg 

10mg 

2D--30 mg 

120 mg over 
24 hours 

lD--15 mg 

30mg 

25 mg 

Duration of 
aetion 

6 hours 

6 hours 

1- 2 hours 

4 hours 

72 hours 

8-12 hours 

5-8 hours 

Indications 

Codeine or dlhydrocodelne alone or In combination with 
paracetamol are used to treat mild to moderate pain 
May cause nausea or constipation 

Used In moderate pain. Can be helpful where codeine 
preparat~s Ineffective or not tolerated 

Useful subhngually or PR for rapid-onset, short-actIOn 
analgesia dunng procedures, e.g. turning, washing, 
changing dressings 

Where local regulations permit preferred to morphine, 
which requires the parenteral route ow ing to high 
solubil ity. Side effects Identical to morphine 

Important to establish opioid requirements by titra tion 
With morphine first. 
Fentanyl can be advantageous In patients Intolerant of 
side effects of morphine, or where oral route is 
chronically unavailable 

Used In specialist units; Inl\lal titration often comple~ 
owing to prolonged and variable half-hfe. Used In low 
dose, e.g 2-5 mg nocte or b.d . for cough suppression 

May be useful in short term lor some patients where oral 
foute oot available. e.g. jXlStoperative!y_ Oral 
formulatlOf'l sometimes used in patients intolerant of 

"'"PhCC'"C''-,-cc __ -,,-________ ,-____ c-__ -c __ 
Can be used sublingually; sometimes better tolerated In 
elderly patients than morphine. limited to pallents where 
morphine dose already established, no low dose 

preparation is av:' c":'b: ':' __ ,-__ :c: __ -:c __________ _ 
NB There IS no role for buprenorphine, meptazlnol or pethidine in the long-term treatment of cancer pain as they all have limitations, ego 
analgesIC cei ling, short duration of adion, or cumulation 01 to~1C metabolites, which render them unSUitable for regular long-term use 
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INTRODUCTION 

Trauma patients constitute up to 20% of general surgica l 
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-

gcons 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 bums. 

PRELIMINARY HOSPITAL MANAGEMENT OF MULTIPLE AND SERIOUS 
INJURIES 

lllere ilre two peilks of death after su rviving 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 to an accident unit. Deaths in the St.'Cond 
category ilre usually caused by treatable conditions in 
which death is largely avoidable. By the time the seriously 
injured piltient has ilrrivcd at the resuscitation room, the 
first peak has passed and the main danger of death is 
from hyJX)volaemia (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 describt.'CI. here. For the potentially seriously 
injured, the immediate priority after arriving at hospi!.1l 
is rapid initial assessment combined with resuscitation, 
followed by a secondary survey and prioritis.ltion and 
treatment of individual injuries. Training in this process 
has standa rdised through Adva nced Trauma l ife Support 
(ATLS) courses, initiated by the American College of 
Surgeons ;Illd now run in many countries. These courses 
employ well-trained volunteers as 'pa tients' and partici-

pants are given training and assessment in r(>al-life 
simulntions 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 serious ly injured patients 
are on the way to hospita\. This alerts the surgical and 
anaesthetic teams to be standing by when the patient 
arrives. The resuscitation room and its essential equip
ment arc made ready for immediate use, e.g. infusion 
sets run through, d rugs laid out. Success in managing 
life-threatening injuries depends on good organisation. 
One doctor must take overall medic..l! responsibility and 
coordinate the activities of any other specialties involved. 
This is of p<.1Tamount imJX)rtance in patients with mul
tiple injuries. 

MAJOR DISASTERS 

For major dis.lstcrs such as train or air crashes where 
marly casualties can be expected, each hospital desig- 11 ! 
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nated to receive c..l sualties should have a detailed an:i 
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 
required of all olher team members. Parts of the p lan can 
be summarised on action cards, distributed to desig
nated s taff when a major accident is declared. 

An im!X'rtant task in managing major dis.lsters is to 
sort patients into management priority groups on arrival, 
a process known as triage. 

The usual triage categories are: 

• Critica l- require immediate surgery 
• Serious-require surgery but ca n wait 

KEY POINTS 

• Minor injury 
• Expectant--scverely injured and unlikely to survive 

even if trea ted aggressively (on ly used in a mass 
casualty scene) 

• Dead 

PROTOCOL FOR INITIAL ASSESSMENT OF INJURY 

Many patients brought to the resuscitation room have 
already received 'on-site' first aid from an accident team. 
Nevertheless, all patients need an initia l rapid primary 
survey and appropriate resuscitation. This includes simul
taneous assessment, identification and management of 
immediately life-threatening problems. Most deaths result 

Box 8.1 Management priorities for the patient with multiple injuries" 
1. Resuscitation and support of cardiovascular and respiratory function 
A. ts 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 

8. Is the patient 8REATHING spontaneously and adequately ventilated? 

• Venti late artificially if necessary. e.g. for ftail chest or serious head injuries 
• Seal any open chest wounds allowing air into the pleLllal cavity in order to limit mediastinal ' fla t" 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 
D. Is there any DISA81L1TY of the central nervous system? Glasgow Coma Scale and brief neurological examination assess 

the level of consciousness and other neurological defici ts 

E. EXPOSURE of the whole patient, includ ing removal of all clothing, to allow a rapid 'top to toe' assessment for 
external injury 

2. Treat life-threatening injuries revealed during the primary survey 

• Relieve rising intracranial pressure, e.g. surgical decompression of eKtradural 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 

3. Treat major fractures and dislocations including spinal injuries 

4. Treat less serious injuries after s&.ondary 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 



from head injuries or from multiple injuries involving 
chest, abdomen and limbs. Management priorities for 
the multiply injured patient are summarised in Box 8.l. 
Primary survey and resuscitation is followed by a 
secondary su rvey designed to assess the potential for 
developing other life-threatening problems or comph
c.ltions. In the critically injured patient, the urgency of 
initial treatment may delay progress to the secondary 
survey. 

PREVENTION OF SECONDARY INJURIES 

Primilry injuries are those which result directly from Ihe 
trauma. Sccondnry injuries occur as an indirect result of 
the trnuma, e.g. brain damage from hypoxia, spinal cord 
injury due to poor hnndling of an unstable spinal injury. 
These nre lnrgely preventable wilh good immediate Care, 
careful handling, rnpid resuscitalion and elective venti
lation if nceded. Early stabilisation of long bone fractures 

Fig. 8.1 Ce rvical spine fractures 

Accid ent surgery: general principles and soft tissue injuries 

mllllmlSCS 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 call 
be made. 

Ce rvica l sp in e injury 

Any unconscious p<"ltient may have sustained an unstable 
vertebral injury, and secondary spinal cord injury may 
occur 1l]11~ 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 suspectC'd cervical spine injuries should be 
moved wilh extreme caution. Passive neck movements 
muslnol be attempted but the patient should be allowed 
to perform active movements u naided; spasm or pain 
will reslrict movement if there is it significant injury. 
Patients should be 'log-rolled' by several people together 
in order to mOve them. 

(b) 

(a) lateral cervical spine X-ray of a 17-year-old boy admitted semi-cooscioU'S after coming off his motor-cycle and landing head-first in a ditch. On 
examlnallon he was nol moving hiS lower limbs or hands although there was some movement at the shoulders. The X-ray shows a burst friKlure 
of the body of (6 (arrowed) With fragmen ts in the spinal canal; there IS also some posteoorsubluxallon of (S. (b) Left lateral cervICal ~ine X-ray 

ct 

from another unconscious young patient shOWing a fradure (anowe:l) of the body of (2 and severe anter ior subluxation of (1. 12 
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INITIAL ASSESSMENT OF THE 
SERIOUSLY INJURED PATIENT 

Despite the urgency of the situation, primary assessment 
of the trauma pa tient mus t be perfonned in a systematic 
manner, i.e. history, exa mination and special tests. 

HISTORY 

A rapid history is obtained from the patient if possible 
and from ambulilnce personnel and other witnessl.'s. The 
history should include the following detilils: 

• Time of the accident 
• Nature and spCt:!d of impilct 
• Fate of other travellers in the 5.1 me vehicle 
• Conscious level of patient when discovered and later 

cha nges in conscious level 
• An estimate of blood loss at scene of accident 
• Details of dnlgs, fluids and other treatments 

administered at scene of acciden t 
• Previous sta te of health including past medical 

history, drug history and dmg allergies 
• Details of prior food, alcohol or dmg int.lke 

EXAMINATION 

A rapid preliminary exa mination or primary survey is 
performed as soon as the patient arrives. 

The milin observa tions are: 

• Ainvay, breathing, circulation, neurological disability 
(induding the ability to mow illilimbs) and full 
exposure (sec Box 8.1) 

• State of consciousness (Glasgow Coma Score, see 
p.137) 

• Signs of distress--difficulty in breathing, obvious pain 
• Appeilrance of the skin for evidence of pallor and 

cyanosis 
• Vital signs-pulse rate, blood pfl.>ssure, respiratory 

p.1ttern 
• The presence of gross injuries 

From this, immedia te 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 s llmmMised in Box 8.2; details fo r 
indi vidual 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 St.'Condary survey must be repeated during 
hospitali5.1tion 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 stag~s. 

KEY POINTS 

Box 8.2 Special points to note in systematic 
exa mination of the seriously injured pa tient 
Head and neck 

• Lacerations 
• Depressed vault fractures 
• Facial and jaw fractures 
• 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 tung fields 
• Crepitus (subcutaneous air) 

Abdomen 

• bternal 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 

[n 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 dlest wall, media
s tina l and lung injuries and also to provide a lx"lseline for 
comp<"Irison if the patient subsequently deteriorates. Cer
vical spine X-rays often fail to include 0, C7 and T1 and 
poor films mllst be interpreted with caution; if necessary 
they should be repeated or a cr 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 t~nds to be inadequate. cr scanning of the skull 
may be rt.'C)uirt.>d urgently in head-injured patients. All 
other X-rays Me performed later in the radiology depart· 
ment once Ihe patient has been stabilised. 

Initial blood tests should include haemoglobin and 



r 
I 

, 

I 
I 
I 
I 

I 

l 

blood groupi ng and antibody screen and an appropriate 
number of units of b..1nk blood should be ordered. [n a 
dt.'sperate emergency, universal donor blood (group 0, 
Rh negative) ca n be transfused without groupi ng or 
cross-matchi ng, although plasma substitutes will usually 
suffice until compatible blood becomes available. Plastn.l 

Accident surgery: general principles and 50ft tissue injuries 

e lectrolytes and glucose are usually measured, and 
arteria l 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 fo llow
ing chapters. 

MANAGEMENT OF SOFT TISSUE INJURIES 

The detailed management of a particular injury depends 
on its si te, the tissues involved, the extent of contami n
Iltion and the possibili ty 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, bu t contused or 
contami nated 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). 

FOREIGN BODIES 

The history of the injury gives a clue as to the likelihood 
of a foreign body being present. The main foreign bodies 
arc road di rt 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 thai an 
unrecognised foreign body may result in li tigation! 

As a general principle, foreign bodies should be n,.'

moved, especially if they are organic or likely to be con
taminated. Glass and meta l fragments are often sma ll, 
multiple and deeply embedded and may be d ifficult or 
impossible to locate a t operation despite X-ray diagnosis. 
In this case, it is not appropriate to embark 011 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 wa m t->d that 
superficial fr.1gments usually work their way to the 
surface and are shed spontaneously. The patient must be 
inst ructed to return if problems occur later. All of this 
information should be recorded in the notes in case of 
future legal "ction. 

(a) (b) 

Fig. 8.2 Glass in soft tissue wounds 
(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 
mfrapatellar soft tiSSUes (b) fragments of glass (arrowed) in the pain of a 12·year·old boy after he fell through a glass door. In both these cases. 

" 

the fragments were missed by casualty off icers because X·rays were not requested despite a history of glass injury. 12 
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FACIAL LACERATIONS 

Facial lacemt ions heal well. Provided they are cleaned 
meticulously, they C,ln be sutured primarily and expected 
to heal. Infection is rarely a problem bec.1Use 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 ou tcome 
and great care should be taken with su turing technique. 
employing general anaesthl..>sia if necess.-"lry. 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 de<lling with scalp lacerations are 
haemostasis and whether the aponeurotic layer has been 
breached. Assessment and proper exploration are diffi
cult without shaving the wou nd edges; large lacerations 
should be explored under general anaesthesia. If the 
aponeurosis (ga lea) h<lS been breached, this layer must 
be sutured scparately to prevent accumu lation of a 
sub.1poneurotic haematoma which is vu lnerable to 
infection. The major sca lp vessels lie in the superficial 

Fig. 8 .3 Horners syndrome caused by stab wound In the nec~. This 
19-year-old was stabbed In the neck the knife missed the great 
~essels but succeeded In damaging the cervICal sympathetic chain. 
causing miOSIS (contraction) of the pupil as a result of unopposed 
parasympathetIC actl ~ lty 

fascia between the dermis and the aponeurosis. Dense 
collagenous h,1nds traverse the superficial fascia and 
may inh ibit vascula r contraction and the expeded spon
taneous arrest of bleeding. These vessels should be 
individually ligated or sutured. The extent of blood loss 
from sca lp lacerations is easy to underestimate and may 
be sufficient to cause hypovolaemic shock. 

LACERATIONS TO THE LIMBS AND HANDS 

The main considerations with this type of injury are as 
follows: 

• Possible nerve, tendon or vascul ar in ju ry
asscssment includ es testing sensation, movement, 
peripheral pulses and tissue perfusion (i.e. pulses, 
warmth, colour, capillary refilling after blanching) 

• Tissue viabili ty- this is particularly important in the 
casc of crush injuries and flap lacerations, especially 
of the pretibial area 

• Risk of infection- the fingers and hands are 
vulnerable to infL>ction of the pulp spaces and deep 
palmar spaces. These wounds need meticulous 
exploration, cleansi ng and antibiotic prophylaxis 
against staphylococci and streptococci (e.g. 
fludoxacillin plus amoxydllin). Potential for gas 
gangrene must be considered in the case of large 
contaminated and contused wounds involving 
muscle. Dead tissuc should be thoroughly excised, 
benzylpenicillin given prophylactically, and delayed 
primary closure planned. Injuries from bites 
(especia lly by dogs or humans) and bones (usually in 
mea t workers) almost invariably become infected 
unless antibiotic prophylaxis is given . 

PRINCIPLES OF REPLANTATION 
SURGERY 

Com plete amputation of digits is common, especially in 
industrial acddents, but sometimes whole limbs are 
severed. With d ea n-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 rehabili tation effort. Therefore, replantation 
should never be undertaken withou t carefully evaluating 
the likely benefits. In digital amputation, the greatest dis
abil ity resu lts 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 cnlshing or degloving injury. Indications 
for replantation include: 
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• 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 fi ngers (replant one or possibly two fingers) 

BURNS 

Burns and sc., lds are common injuries, resulting in 
12 000 hospital admissions annually in England and 
Wales. Many times this number are treated on an oul
p" tienl basis. Two-thirds of burns occur in the home, tI,e 
rest largely occurring in industrial accidents. The vast 
majority are preventable. Young children and the elderly 
nrc al greatest risk from burns and also suffer dis
proportionate mortality from them. Among the most 
common burns are Ihose 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 
destmction is an important determinant of outcome. 
Skin burns arc divided into partial or fu ll thickness. 
Partial thickness bums are those in which epidermal 
elements are spared. allowing spontaneous healing with
out skin grafting. [n deep partial thickness bums. the 
only epitheli,li remnants may be hair follides and sweat 
gl;lIlds which extend into the hypodermis; thus with 
deep partial thickness bums. regeneration is slower. Full 
thickness burns are those in which all the epidermis has 
been destroyed. Skin grafting is usually necessary because 
epithelia lisa lion from the margins is slow and prone to 
complications. in particular infection . fibrotic scarring 
and contracturt.>s. 

The extent of damage caused by a thermal bum is 
related not only to Ihe 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 fu ll thickness burns (scalds). l1\is is often the 
mechanism of tragic burns in childhood. Thus first aKi 
includes removing clothing 5O..1 ked 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. Llrge volumes of fluid 
can be lost. the amount depending on the area rather 

Accident surgery: general principles and soft tissue injuries 

AI 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 c.ln be successfully preserved for up to 
12 hours. 

Fig. 8.4 Typica l patte rn o f b urns in a yo ung child 
The child pulls a teapot or cup 01 hot liquid from a table or when 
being held by a seated adult. The area shaded pink IS typICally burned 

than the depth of the burn. In large burns. va50..1ctive 
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. Bums involving 15% or more of 
the body surface in adults and 10% in chi ldren result in 
hypovolaemia sufficient to cause shock. 

Extensive epidermal loss and the presence of n('CTOtic 
tissue place the patient al particula r risk of infection and 
organ failure. The main organisms are StreptococCilS 
pyogellL'S during the first week and Pselldomonas aerugilloso 
thereafter. Pselldomol1as septicaemia is responsible for 
considerable mortality. even in this antibiotic era. 

ELECTRICAL BURNS 

Electrical bums are caused by the conversion of electrical 
energy into heat, and the severity of burning is pro
portional to the ek"Ctrical resistancf' of the tissue through 

" 

12 
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which the curren t is transm itted . Bone offers the highest 
resistance. If curren t 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 grea ter than is immediately 
appclrenL Deep tissue necrosis may not become clinically 
apparent until some days after an electrical burn. 

INHALATIONAL INJURIES 

RL'Spiratory and systemic damage from inhalation of hot 
air, smoke and toxic gases (e.g. carbon monoxide or 
cyanides from burning upholstery) is a major cause of 
death <lnd complications even when skin burns <lfe slight. 
The heal of inhaled gases is often suHicient to cause 
inflammatory oedema of the oral, nasal and laryngeal 
mucm;'l or even serious burns. Bi<lckening by smoke 
around the nas.ll or oral cavities warns of inhalation 
injury. In addition, noxious gaS{.'S injure Ihe lung paren· 
chyma, resu lting in pulmonary oedema, atelectasis and 
secondary pneumonias. 

ASSESSMENT OF THE BURNED PATIENT 

The history should include infomlation 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 bum is often difficult to 
assess at the time of presentation. Signs of partial 
thickness burns arc skin redness with blanching to finger 
pressure and normal pinprick sensationi charred skin or 
thrombosed skin vessels invariably indicate a full thick
ncss burn. 

PRINCIPLES OF MANAGEMENT 

One of the first management decisions is whether th(' 
burned patient requires hospital admission. Suggested 
criteria are su mmarised in Box 8.3. Patients with extensive 
burns, i.e. involving more than 30% of 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% 
'ront 

18% 
9% back 9% 

1% 

18% 18% 

Fig. 8.5 Rule of nines 

1% 

Wallace's rule for estimating the percentage of the sloan s.urface area 
burned A useful alternatlVt' estimate is that the area of the patient's 
own palm IS approxliTiately 1 % of the total9:ln area 

kEY POINTS 

Box 8.1 Criteria for hospital admission after burns 
• Adulu 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 
(Ramazine). Either d ressing is then covered by a thick 
absorbent layer of g,l uze and wool or gamgee. Burns on 
the fingers and hands are best treated with a liberal 
cooting of s ilver sulphadiazine crcam 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 bums are full 
thickness and require ski n grafting. 

Application of Ihe dressing givt.'S considerable relief 
from pain but even minor burns are extremely painful 
and rt.'quire suitable analgesia. 
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MANAGEMENT OF EXTENSIVE BURNS 

llle main aspects of early management of serious burn 
victims arc fluid replacement, assessment and treatment 
of inhalationa l respiratory problems and local manage
mcnt of the burns. 

Fluid management 

As described previously, adult::; with 15% and children 
with 10% body involvement lose sufficient fluid to be at 
risk of hypovolacrnic 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 essell~ 
tially pinsma, the mninst<lY of fluid replacement is plf1sma 
substitu te (gclcllin 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 Bardey 
shown in Figure 8.6. With this formu la, the anticipated 
fluid loss in each of the three 4-hour periods im· 
medi.ltely fo llowing the bum is half the product of the 

Formula 

Fluid volume " Body weight x % burns 
(mil _ -'(',,9"-'_-;;-__ _ 

2 

Example 

--Theoretical fluid loss 

~ 
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'" N M " 
12 24 36 

Hours elapsed sirlCtl blJms sustamed 

Fig. 8.6 Serious burns-a method for estimating fluid 
requirements over the first 36 hours (after Muir and 
Barciey) 
The lower panel shovvs an example of a flUid replacement regimen 
for a 70 kg man With 20% burns_ 

Unit flUid volume " ~ " 700 mL 

Accident surgery: general principles and soft tissue injuries """ 

percentage area of the burn and the body weight in 
kilograms. By way of example, for a 20% burn in a 70 kg 
p<,tient, 700 ml fluid replacement is a reasonable esti· 
mate for each of Ihe first three 4-hour periods. After the 
first 12 hours, the same volume is again administered in 
each of the next two 6-hou r periods and then again over 
the following 12·hour period. Auid balance must also be 
monitored according to pulse, blood pressure and urine 
output. For the last, catheterisat ion is usually necessary 
in an extensively burned patient. 

Management of inhalational injuries 

If there is a history of possible smoke or gas inhalatioll, 
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 likely to be 
required. 

local management of the burn 

The principk>s of local management of extensive partial 
thickness burns are th~ same as for minor burns. Full 
thickness burns will require skin grafting at some stage. 
Fingers, eyelids, limb flexures and genitalia nearly 
alwilys require primary grafting soon after injury. In 
specialist centres, smaller burns are excised and grafted 
at the ou tset before infection can develop. Otherwise 
grafting is usually delayed for 2 weeks or so but the 
wounds must be fref' of infection. Sometimes grafting 
has to be performed in severill stages. 

Full thickness circumferentia l burns of the limbs and 
thorilx begin to contract early and may restrict blood 
flow and respiratory movements. If these signs develop, 
II procedure known as escha rotomy is performed, 
involving incis ion of the escha r longitudinally down to 
bleeding tissue. 

long-term problems 

Even after grafting, full thickness bums across joint 
flexures, including the neck, may undergo severe fibrotic 
contraction so that movement becomes seriously limited. 
This difficult problem may require multiple plastic 
operations. 

Ch 
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HEAD INJURIES -- , 

INTRODUCTION 

Head injuries are a devastating problem with an enormous 
social and economic cost. They cause approximately 
3500 deaths each year in the UK, about 0.6% of all deaths. 
Figure 9.1 demonstrates that serious injuries represent 
only a small proportion of head injuries; the main 
problem lies in the huge volume of head injuries, the 
medical and nursing care they require, and the chronic 
disability the injuries cause. 

The vast number of head injury patients is a major 
problem in providing satisfactory trauma services. Less 
than half require hospital admission and of these, 
only a small proportion need specialist neurosurgical 
investigation and care. Those with serious and moderate 
injuries can readily be identified and monitored closely 
in hospit<ll, but <l sm<l1J proportion of minor head injuries 
will deteriorate seriously later. The difficulty is to recog
nise those at risk without investigating and admitting 
every single case to hospital. 

PATHOPHYSIOLOGY OF TRAUMATIC 
BRAIN INJURY 

Traumatic brain injuries can be divided into primary 
b rain inj uries, the immediate result of the trauma, and 
secondary brain in juries which develop later as a result 
of complications. Treatment cannot reverse the primary 
brain injury but can sustain the patient during the 
natural recovery period. Secondary brain injury, mostly 
caused by ischaemia or hypoxia, is largely preventable 
by prophylactic mcasures and appropriate intervention. 
The death rail' from head injuries could be greatly 
reduced by morc widespread implementation of well
recognised management protocols, as discussed later. 

The brain has minimal capacity to regenerate 
functionally after injury but in general, the younger the 
patient, the better the prognosis. Young children can 
often recover full function after remarkably severe injuries 
bec.:1Use of the plasticity of the developing nervous system. 

Serious head injuries requiring intensive care and often 
neurosurgical procedures 

128 Fig . 9.1 Workload caused by he .. d injuries 

Head injuries admitted to hospital and discharged within 48 
""om 

Minor head injuries attending accident and emergency and 
discharged ± skull X-rays 

Minor ~ead iniuries not seen in hospital 
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With increasing .1ge, the consequences of the primary 
injury are likely to be more severe; the brain sh rinks in 
rel,llion to the cran ial vault, allowing greater mobility 
under impact and a greater cha nce of tearing intracra nial 
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 am nesia. By definition there are no persistent 
abnormol neurological signs. 

DIFFUSE AXONAL INJURY 

Axonal injury occu rs in mild, moderate and severe head 
injuries, the number of ax OilS damaged increasing with 
the severity of the injury. Caus.ltive factors are simi lar to 
those that produce intracranial haematomas (described 
on p. 131) bu t the tr.1uma is usually initiated by contact 
with a bl'O<lder object with less force and often with 
lateral movement. This condition does not cause raised 
intracranial pressure and treatment is supportive. 
Sequelae include organ ic and psychological dysfunction 
including loss of concentration, memory disturbances 
and personality changes such as depression or dis
inhibition. Higher cortica l 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 cr scanning. The main 
lesions are cerebral contusion or sometimes laceration, 
haemorrh age and haematoma, all of which may act as 

a •• • 
/ 

Horizontal section HOrizontal section Horizontal sect on 

Head and maxillofacial injuries 

space-occupying lesions and result in secondary brain 
injury. The si te 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 
sku ll at the time of imp.lct. 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 sku ll fracture but skull fractu re itself does not 
necessarily indicate brain injury, With overt brain injury, 
there is usua lly a period of coma followed by a period of 
cogni ti ve disturbance related to the extent of diffuse 
axonal injury or focal injury. 

SECONDARY BRAIN INJURY 

Secondary brain injury may be caused by cerebral 
hypoxia, intracrania l bleedi ng or infection. These are 
discussed in detai l 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 
com mon C(luse 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. 

.. 
Saggital section 

'Coup' or direct injury. 
Mechanism similar to 

deceleration injury 

'Contra~p' injury to 
side opposite blow 

because 01 rebound 

Rotational injury. 

fig . 9.2 Me<hanisms of brain injury 
(a) The mechanism of 'coup' or direct 
injury is Similar to a deceleration injury 
(horizontal section). (b) A 'contre-<oup' 
injury affects the side oPPOSite to the blow 
because of rebound (hOrizontal section). 
(c) In rotational injury the Inertia 01 the 
bram suspended within the cranium leads 
to the teanng of surface vessels and 
subdural haemorrhage (horizontal and 
sagittal sections). 

Inertia of brain suspended within cranium 
leads to tearing 01 surlace vessels and 

subdural haemorrhage 

12 
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INTRACRANIAL BLEEDING 

PosHraumatic int racran ial blE'i:'ding is traditionally 
classified into extradur.1l (epidural). subdura l or intra
cerebral (see Fig. 9.3) but is has recently become 
established that suba rach noid haemorrhage is also a 
common occurrence after mooerate or severe head injury 
and carries a poor prognosis. Local brain compression 
causes focal neurological effects as well as a general rise 
in intracran ial pressure. The latter may cause temporal 
lobe herniat ion under the tentorium cerebelli or 'coni ng' 
of the brain stem through the foramen magnum, or both. 

An acute rise in in tracranial pressure man ifests as: 

• Deteriora ting level of consciousness 
• An en larging, unresponsive pupil 
• Centra l respiriltory depression 
• Fa lling pu lse rilte (late sign) 
• Rising blood pressure (late sign) 

Extradu ra l haem orrh ag e 

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 ca n 
occur without a fracture. It is usually caused by rupture 
of an artery. the middle meningea l; consequently the 
haematoma develops rapidly and nE'i:'ds u rgent surgiC.l1 
intervention. Death will qu ickly fo llow unless the 
haematoma is evacuated posHlaste. Emergency CT 
sc.lnning is indicated . both to confirm the diagnosis and 
to show the position of the haema toma. Wi th increased 
awareness of the problem and the more widL'Sprcad 
availability of CT sca nning, emergency burr hole drai n
age of an extradural haemorrhage by a general surgeon 
is rarely required. Tr.1nsfer to a neurosurgeon for con
sideration of craniotomy is usually the most appropriate 
course of action. 

Pathologica lly. there is rapid accumulation of (arteriaH 
blood between the skull vault and the tough du ra mater 

with the extent of lateral spread limited by du ral att.lch
ments. The mass bulges into the underlying brain sub
stance caus ing local compression and a rise in intracranial 
pressure. 

11le classic clinical picture in extradura l 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 Oil the 

side of the injury and a hemiparesis on the opposite 
side 

In some cases, unconsciousness is continuous from the 
outset. Extradura l haematomas nearly always present 
within 24 hours of trauma. 

Fig. 9.4 Tem poro-parieta l f racture with extradu ral 
haematom a 
This 20-year-old man was admitted fu lly conscious after being 
knocked off a bicycle but deteriorated rapidly 2 hours later. (a) lateral 
skull X-ray shOWing a linear fracture of the righ t temporo-parieta l 
bones (arrowed) crossing the cou~ of the anterior branch of the 
middle meningeal artery M on the temporal bone 

Extradural haemorrhage Subdural haemorrhage Intraventricular and 
intracerebral haemorrhage Fig. 9.3 Types of post-traumatic 

intracranial bleeding 
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Subdural haematoma 

Subdural haemalomas are mof(' common than extradurals 
and occur in about 30,* of 5Cver(> head injuries. Subdural 
haemaloma usually results from the tearing of veins 
p<1.ssing between the cerebral cortex and dura, or from 
laceration of the brain or cortical arteries. Blood 
accumulates relatively slowly in the large potential Sp.lce 
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 haemnlornas commonly occur in morc than one 
s ite, either on the SolIDe side or on both sides (see Fig. 9.6). 

In an neule 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 adults 
because of increased brain mobility within the skull. 
Surgical ev,1cuation of the dot may halt deterioration but 
recovery is often incomplete; most elderly patients die 
from this condition d espite expeditious treatment. With 
increas ing use of warfarin anticoagulation, acute subdural 
haematoma is seen more commonly after trivial injury. 

Chronic subdural haematoma 
Subdural haematomas may d evelop gradually in the 

Head and maxillofacial injuries 

elderly following trivial, often u nrecalled, he,ld 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 neu rological symptoms. 

Fig. 9.6 Subconjunctival haematoma following a head 
injury 
ThiS 14-year-old boy fell off hiS blCyde and momentarily lost 
consCiousness. ThIS photograph shows a subconjunctival haematoma 
With no postenor hmlt indicating a fracture of the orbital wall. in thiS 
case the petrous temporal bone 01 the base of the skull 

(b) 

Fig. 9.5 (a ) (T scan of an elderly man 48 hours after a head injUry n a road traffIC accident. The (T 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 is shifted to the 
left by the mass effect of the larger haematoma and there is compr~sion of the la teral ventrICles. the patient required neurosurgical drainage 
(b) (T scan of skull after head IIlJury III a cyclist knocked off hiS bike by a car Note the signs of e~ternal IIlJury in the left temporal region and the 
right Ironto parietal region There is a depreS5ed segment of skull bone in the left temporal region and Signs of Intracerebral contusion beneath 
both areas of IIlJury 1 3 
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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 exp.:1nsion using serial cr scans. A larger lesion or 
continuing haemorrhage produces an expanding mass 
lesion which should be evacua ted early to prevent 
secondary brain damage. 

INFECTION 

Meningeal infection may cause secondary brain injury, 
with organisms entering via compound skull frachlres. 
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 e thmoid sinuses, the nasal cavity or 
the external auditory ca nal. Similarly, fractures of the 
frontal bone often involve the frontal sinuses. Frachms 
of this type are thus always assumed to be compound. 

Early debridement of compound depressed fractuns 
is essential to minimise the risk of infection. There is no 
evidence to support the use of prophylactic antibiotia;, 
which shou ld be reserved fo r 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 th,m those without (see Table 9.2, 
p. 136). In ;'tdditiol1, patients with sku ll fractures are 3U 
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+ 
doxiG.111y, the process of fracture may absorb some of the 
energy of imp;'tct and protect the brain. 

Most skull (r;'tctures G.11l 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 p.:1tient 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 8m: 
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 

• History of loss of consciousness or amnesia 

• Suspected penetrating injury 
• Cerebrospinal fluid or blood loss from nose or ear 
• S<alp 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) ami/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, 199B 

TYPES OF SKULL FRACTURE 

Linear or stellate fractures 

These involve main ly the sku ll vault, often with little 
externa l sign of injury, although there may be some 
overlyi ng sca lp bruising or swelling. If there is a deep 
sc;'tlp l;'tceralion or a history of penetrating injury, the 
scalp shou ld 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 fr;'tcture lines. 

Depressed fractures 

These fractures ;'tre usually caused by blunt injuries and 
the overlying scalp is usually lacerated or severely 
bruised; such fr,1ctures rarely produce serious primary 
brain injury unless they are depressed more than the 
thickness of the skull vault. Elevation of depressed 
fr,1clurcs 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 tom, thf're is a direct communication 
wi th 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. 
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Fractures of the base of the skull 

These usua lly involve the anterior or midd le cranial 
fossae, The characteristic cl inical fea tu res are summarised 
in Box 9.2. 

X-RAYS USED FOR DIAGNOSIS OF SKUll FRACTURES 

A standard set of three X-ray films is normally ta ken to 
diagnose a sku ll fractu re: la teral skull, AP skull and 
Towne's view (see Figs 9.7 and 9.8). The X-rays shou ld 
be exa mined fo r the presence of fractures and also for 
pineal shift and fl u id levels in the sphenoid and frontal 
sinuses. Fl uid levels ind ica te a basal skull fracture. For 
suspected facial and orbital fractures, a 30" occipito
mental view is the sta nd ard investiga tion. 

MANAGEMENT OF HEAD INJURIES 

ASSESSING ACTUAL OR POTENTIAL BRAIN DAMAGE 

History 

The history is of great value in deciding whether minor 
head injuries need skull X-rays or ad mission to hospital 
for observation (Fig. 9.9). The most important factors 
which indicate brain inju ry and a risk of future com
pl icat ions are a history of unconsciousness, and amnesia 

(a) AP, Towne's and lateral views 01 the skull 

A·P view 

(b) lOG occipita-mental view of the facial 
00".. 

Fig. 9.7 The standard set of sk!11I X-rays 

Towne's view 

KEY POINTS 

Box 9.2 Clinical signs of a fracture of the skull 
b ... 

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- dear fluid running 
from the nose 

Middle fossa fractures, i.e. involving petrous temporal 

bone 

• Cerebrospinal fluid otorrhoea--<Iear fluid running 
from the ear 

• Bruising over the mastoid area behind the ear 
(Battle's sign) 

for events around the time of the accident. Amnesia for 
events after the accident (post-grade amnesia) may be 
more sign ificant than for events before it (retrograde 
amnesia), The du ration of unconsciousness and amnesia 

Lateral view 

a 
';'1 

X-ray tube angled 
perpendicular 10 IlIm 

(a) The standard set of skul l X·rays includes three views anterior·posterlOr (AP). Towne's View and lateral For potential facial fractures, a 30G 

oCClplto-mental view may be added {b} The AP view is the standard frontal View of the skull. A calCified pineal may show a midline shift_ The 
Towne's view shows the occipital bone, the zygomat ic arch and the nandibular condyles If the mouth IS open. The occiplto-mental view of the 

ct 
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facial bones shows the middle third of the face, flUid levels in the maxillary Sinuses as well as the orbits and fractures of the orbi tal floor 1:: 
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fig. 9.8 Standard skull X-ray views and CT scan showing skull fractures 
(a) Towne"s V!e'W 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 bollE! (arrowed) (b) lateral view of the same patient"s sk.ulL This shows two parallel fradure lines (arrowed). The segment of bollE! 
between them IS depressed by more than the thick.~ of the skull and would therefore need elevating. (e) (T scan of the upper part of the skull 
vault In a different patient after an RTA showing a normal coronal suture CS There are parietal fractures (arrowed) and diastasis (partial 
separatlOfl) of the lambdOid suture l S (d) AP view from an unconscious 24·year-old woman after a htgh speed Impact road traffic OCCIdent (RTA). 
There were deep scalp lacerations; the X·riJ'{ shows extensive fractures (arrowed) In the parietal. occipital and squamous temporal bones. Because 
of the lacerations, these fractures were conSidered compound 

are proportional to the severity of brain injury. Witnesses 
should be qu estioned as to whether or not the patient 
was 'knocked out' . In practice, however, the evidence is 
often equivocal. If the piltient was travelling in a car, the 
extent of injuries to others in the car may give an 

indication of the energy transfer in the accident. Careful 
questioning of the patient about events leading up to the 
accident will usuillly reveal the duration of retrograde 
amnesia; post-grade am nesia is more difficult to assess 
bt.'Ca usc cerebral function tends to recover gradually. 

(b) 

(d) 
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Patient condition Rad iology Management 

WELL ORIENTATED 
(even if transient unconciousness or 
minimal amnesia) 
No serious scalp laceration or swelling 

WELL ORIENTATED 
with 

• History of > 1 0 min toss of concfousness 
alldlor amnesia 

• Suspected penetrating injury 
• Violent mechanism of injury 
• Serious scalp laceration or swelling 
• Suspected non-accidental injury in a 

child 

IMPAIRED CONSCIOUSNESS 
• From head injury 
• Alcohot or drug Intoxication 
• Difficult-to-assess patient 

SIGNS OF PROBABLE BRAIN TRAUMA 
or unstable systemic state (multiple injuries) 

• HistOtY of lit or convulsion 
• Skull fracture 
• Cerebrospinal fluid or blood loss from 

nose orear 
• Persisting stable neurotogical deficits 
• Persisting headache or vomiting 

None 
HOME with written head injury 
instructions 10 care 01 responsible adult 

Of if no responsible relative 
ADMtTTO HOSPtTAL-OBSERVE 

No 
Skull X-rays 
(or CT scan if 

fracture 

otherwise 
indicated) 

With 
fracture 

ADMIT TO HOSPITAL-OBSERVE 

Skull X-rays No 
(or CT scan if fracture 
otherwise With 
indicated) fracture 

ADMIT TO HOSPITAL-OBSEAVE 
andconsull neurosurgeons 

No 
fraclure 

CT scan Within 
2-4 hollIS 01 
admiSSial 

With 
fraclure 

URGENT REFERRAL TO 
NEUROSURGEONS DEFINITIVE SIGNS OF BRAIN TRAUMA 

• Pel'Slsting coma Urgent CT scan 

• Deteriorating conSCiousness 
• New or prO\;lressive neurological signs 
• Epileptic S81zure 

(ideally images 
transferred 
electronically) 

Fig. 9.9 M an agem ent prot oco l f o r head injury patien ts 

Examination 

In addition to a general exa mination, a systematic neuro
logical exa mination must be performed in every case of 
head injury, however trivial. Particular attention should 
be p<1id to level of consciousness, pupil size and reactivi ty, 
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. HowevCf", 
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, a nd should take into account any 
sedCltive dmgs or alcohol taken and any direct orbital 
injuries. If eye and verbal rcsponSt-'S cannot be used, the 

motor response is the must important observation-.1 
patient unClble to follow commands has a serious head 
injury. In patients with impaired consciousm.>Ss, pressure 
over the supraorbital nerve at the orbit is usually 
employed to e licit pain. To be scored as localising the 
pain, the patient's hand shou ld rise above the clavicle. A 
nexion response to pain is manifest by the hand moving 
but not rising above the clavicle. The Glasgow coma 
scale ca n roughly sort patients into SfiJerc (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 lhis risk of post-traumatic 
am nesia 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 
admi tted 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 

" C -
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downward drift on one side is ind icative of brain injury. 
For the semi-conscious or unconscious patient, the 
pattern of limb response to painful stimuli (the s tandard 
is pressure over the supraorbital nerve) provides a useful 
indicat ion 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 nrc shown in Box 9.1 (p. 132) and for hospital 
admission in Box 9.3. 

The purpose of adm ission after minor head injury is 
to monitor the patient's condition for about 24 hours, 
during which period the majority of complications, 
particularly int racranial 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 hospita l in the unlikely event of deterioration. A 
printed sheet wit h details of wa rning symptoms and 
signs shou ld always be given to the accompanying adult. 
If 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 ha ve 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 respomible adult to supervise the patient 
• Other medical condition, e.g. coagulation disorder 

All patients w it h impaired consciousness 

Notes: 1. Transient unconsciousness or amnesia with 
full recovery is not necessarily an indication 
for admission of an adult, but may be so in 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 read ily available, these criteria now include patients 
wit h uncomplic.lled skull fracnl res. Early cr scanni ng 
allows prompt recognition of s ignificant intracran ial 
injury and more efficient uS(' of scarce high-dependency 
beds and neurosurgica l services by indicating when 
specialist referral is unnecess,lry. 

Head injury o b servatio ns 

The important observations for head injury patients 
admitted to h~pital are shown in Table 9.4. These 
are sufficiently sensi tive to provide early warning of 
developing complications. Observations are performed 

KEY POINTS 

Box 9.4 Criteria for CT scan and consultation with 
a neurosurg ical 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, Le. within 
2-4 hours of admission. 

Indications for prompt neurosurgical referral 

• Coma persisting after resusci tation 
• 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 

Ch 
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rable 9.4 Essential observations for head injury 
~tients 

ObseNadon 

Conscious level 
(Glasgow coma scale) 
Pupil size alld light response 

ResplratOf)' pattern alld rate 

Developing neurological signs 

Pulse rate 
Blood pressure 

Sign of neurological 
deterioration 

Fallmg score 

Dilatation. loss of light reactIOn 
or developiny asymmetry 
Irregularity. slowiny or reduced 
depth of breathing 
Focal signs POint to localised 
intracranial damage 
Falling pulse fate (late sign) 
RiSing blood pressure (late sign) 

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 
3O-minute interv,lls, at least for the first night, otherwise 
hourly. Observ,ltions 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 s imple skull fracture. Patients 
should be advised to rest at home for about 1 week a5 
some cognitive functions such as power of concentration 
may not completely recover for some days ('post
concuss ion 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 injuri{S 
and the timing of CT scanning if other injuries need 
immediate treatment. If the receiving hospita l does not 
have CT sca nning facilities, the patient may need to 
be tra nsferred to a regional centre after resuscitation. [f 

MAXILLOFACIAL INJURIES 

GENERAL PRINCIPLES 

Fractures of the facial skeleton are common, particularly 
after sporting injuries, rood accidents and fights. The 

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 bUrT holes made by a genera l surgeon are 
now rarely ind icated. 

Continuing care 

The management of intracerebral haemorrhage and other 
major head injury complications is highly specialised. 
Many of these p<1tients have other serious injuries and 
may need to be nurs(.>d 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 

• Endotrachea l intubation and artificia l ventilation if 
hypoxaemic 

• Nasogastric aspira tion for all unconscious patients to 
prevent inhalation of stomach contents 

• Monitoring of fluid and electrolyte balance 
(hyponatraemia and hypoproteinaemia exacerbate 
cerebra l oedema) 

• Monitoring of intracranial pressure using a 
surgical ly 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 pC02 causes 
cerebral vasoconstriction, reduced cerebral oedema 
and hence reduced intracranial pressure). Maintaining 
the cerebral perfusion pressure is important and may 
requi re intravenous infusion of fluids and perhaps 
inotropic cardiac support 

Long-term recovery of intellectual function after serious 
brain injury is slow and c.1nnot be hastened, although 
physiotherapy and occupational therapy can aid physical 
recovery. Patients may easily languish in the community 
and shou ld therefore be encouraged to join self-help 
groups (such as Headway in the UK and other countries). 

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. Fadal fractures are generally managed 
by maxillofacial surgL"Ons 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 

If there is any facial injury, the contour of the facial bones 
should be carefully palpated before oedema develops and 
obscures underlying bony deformities. The extraocu lar 
muscle attachments may be disrupted by orbital wall 
fractures SO the full range of eye movements must be 
formally examined and the patient questioned about 
diplopia in all positions. The p<,tient should be asked if 
'the teeth bite together normally', and the mouth should 
be exa mined 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 ~'w 
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. 

RAOIOlOGY 

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 
condyla r 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 p.llate and dental arch to complete 
separation of the middle third complex from the base 
of the skull. Diagnosis is based on clinical assessment. 
A sim ple test is to grasp the upper teeth or jaw between 

Oral panlomograph (OPG) shOWing mandible fractured in tYt'O places, Oblique fracture lines (arrowed) (an be seen running dov.tn from between 
the left first and second premolars and between the roots of the first fight molar. The fractures have been Immoblhsed by Interdental Wiring. 
~Islble on the teeth In both Jaws. 13S 
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Oblique blow, e.g. punch 

Through premolar area 
and angle of mandible 

Through premolar area 
and condyle 

Fig . 9. " Commo n sites o f m andibular fractures 

the fingers and attem pt to move them independently of 
Ihe skull. Treatment may involve disimpaction and usually 
requires sophisticated extern,11 fixation to the skull 
afterwards. 

FRACTURES OF THE NASAL BONES 

Trauma to the nose is extremely common and often results 
in nasal bone fracture. Less often, fracture dislocation of 
the septum occurs which may interfere with the nas.ll 
airway. Diagnosis is made on clinical grounds and the 
main features are fl<lttening or l<lteral displacement of 
the n<lsal bridge. Bleeding from the nose often indicates a 
nas.ll fracture. The fracture is usually reduced severn I 
d<lys later by an ENT or m<lxilluf<lcial surgeon. 

FRACTURES OF THE ORBIT AND 
ZYGOMA 

DEPRESSED FRACTURES OF THE ZYGOMA 

A depn.'Ssed fracture of the zygoma (sec 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 fornmen and causes a palp.lble 
step in the inferior orbital margin. The infraorbital nen'e 
becomes compressed with any substantia l degree of 
depression ca using p<lr,le5lhesia or numbness in its arca 
of sensory innervation, i.e. the upper lip, upper tccth aid 
buccal mucosa. Diagnosis may be suspected by flattening 
of the cheek contour; this is best seen from above aid 
behind the palient. Overlying oedema may obscure a 
depressed fracture, and these patients warrant radio
logical examination. An associated fracture of the laterill 
orbit,11 wall may produce enough bleeding for it to 
track forward under the conju nctiva. This type of sub-

Frontal blow 

Through both premolar 
areas 

Through both condyles. 
'Guardsman's fracture' as from 

fa lling on to point 01 chin 

conju nctival haemorrhage has no visible posterior limit 
and is the chilracteristic sign of an orbital wall fracture. 

Tre,ltment is indicated if there is inferior orbital nerve 
compression or a cosmetically unacceptable deformity. 
Reduction is usually accomplished via a temporal 
appro.lch, sl iding an elevator under the root of the 
zygoma, deep 10 the temporal is fascia. 

BLOW-OUT FRACTURES OF THE ORBIT 

A direct frontal blow to the orbit from an object about the 
s ize of a squash ball (3-4 cm) may act like a plunger, 
causing a 'blow·ou l' fracture of the orbital wall without 
damaging the orbi tal margin. The blow-out most 
commonly involves the floor of the orbit where the bony 
walls are thinnest. This causes herniation of peri bulbar 
fat into the maxillilry antrum and disrupts the function 
of the extraocular muscles, causi ng diplopia and n.:.'Stricted 
upward gaze (see Figs. 9.13 and 9.14). Hence it is 
important to test eye movements in any pilticnt with a 
facial injury, Di<lgnosis is suggested by finding an antral 
opacity (h<lem<ltoma) on occipito-mental X·ray, but CT 
scann ing 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 shou ld 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 



Head and maxillofacial injuries 

Fig, 9 ,12 Depressed zygomatic fractures Qi 
(a) Submento-vertical projectIOn of a 43-year-old man who had been ~ 

punched on the left cheek showing a depressed fracture of the _ 
zygomatic arch (arrowed) (b) 30" occiplto-mental radiograph after a 
Similar injUry in a different patient. ThiS patient had a depressed 
'tr ipod' fracture of the zygoma mani fest 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. (e) 3-D reconstruction of (T scans 
shOWing a ~rely depressed fracture of right lower orbital rim 
involving maXIlla and zygomatic body (arrowed). The left lower orbital 
rim is also fractured and displaced 

_ ...... (bl 

Fig. 9.13 Blow-out fracture of orbital floor 
(a) ThiS young man was punched In the left eye, causing a blow-out 'racture of the orbital floor. (b) Note faIlure of upward gaze on the left due 
to trapping of the extraocular muscles in the fractured orbital fl oor 14 
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position. Th is can usually be done with the fingers after 
local anaesthetic infiltration. Urgent dental referral for 
tooth spli ntage and root canal treatment is then required. 

If a tooth is completely avu lsed, it can often be 
successfully reimplanted by a dentist if the tooth h,lS 
been c,lrefu lly cleaned and wrapped in a sterile, saline-

.. 

soaked swab. Discovering missi ng or broken tccth in an 
unconscious ptltient should alert the examining doctor to 
the possibili ty of in hala tion of tooth material into the 
bronchi or imp..lction in the lips or pharynx. Chest X-ray 
and examina tion of the perioral soft tissues should be 
perfo rmed 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 nght eye by a squash ball, 
caUSIng a biow-out fracture of the orbital floor by hydraulic pressure. 
Orbital fat and eKtraocular muscles have been forced Into the 
maXillary antrum alld held there by the fractured bone edges. ThIS 
causes the characteristic 'hanging drop' sign D. Upward gaze is 
restricted, resuillng In vertICal diplopia 
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Abdominal and thoracic injuries co-exist fairly often and 
it is logical to think in temlS of torso trauma, as both 
penet rati ng and closed (blunt) injuries can affect both 
cavities. Major injuries to the torso arc a common cause 

ABDOMINAL INJURIES 

Abdominal injuries are uncom mon 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 s<1line into the abdominal 
cavity via a peritoneal dialys is catheter which is then 
a llowed to run out. Staining with blood indicates intra
abdominal injury although a negative result does not 
cxclude serious injury. 

It is important to remember that areas of the abdomen 
other than the main peritoneal c.wity may be injured; 
pelvic viscera lie within a bony cage but extend low 
enough to be injured by wounds in the buttock or 
preincLim. 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. 

Ovcrall, 20% of p<1tients with closed abdominal trauma 
require operation, penetr.1ting abdominal injuries even 
more so; for example, 30% with stab wounds require 
operation and close to 100% with gunshot wounds. 

of death ill the scene of the trauma-for example, from 
rupture of the thoracic aorta, cardiac injury or massive 
liver injury. However, f"pid treatme nt may save lives in 
these potentially fatat injuries. 

PENETRATING ABDOMINAL WOUNDS 

STAB WOUNDS AND OTHER SHARP ABDOMINAL 
WOUNDS 

Stab wounds mayor may not penetrate the peritoneum 
and oft en 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 Bnragwanath Hospital, Soweto, 
Sou th Africa, demonstrated that 70% or more patients 
could S<1fely be observed in hospital for 24 hou rs and 
explored only if there were s igns of deterioration. This is 
because many bowel perforations $Cal spon taneously 
without causing peritonitis, and bleeding from some 
internal wounds also stops by norm.l1 haemostasis. The 
haemodynamically unstable patient and those with 
extensive or potentially cont.lminaled 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 shou ld 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 significa nt intra
abdominal injury are free of signs initially, thus 
emphasising the need for clinical reassessment at 
frequent intervals. 

143 
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BULLET AND OTHER MISSILE INJURIES 

The severi ty of injury depends on the path and the mass 
of the missi le and to a large extent on its velocity. Low
velocity missile wounds <e.g. hand-gun bullets) cause 
damage confi ned to the wou nd 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 causi ng con tamination 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 10 the extent of injury be<ause 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 orga n, intcstinill and vascular damage. 
Buttock wounds should be tre<Jled in the $..,me way as 
abdominal wounds. 

CLOSED ABDOMINAL INJURIES 

Closed abdomina l injuries usually result from fO<,d traffic 
accidents, falls, con tact injuries and accidents involving 
horses. Followi ng blunt injury, about 20% of patients will 
require lap..rotomy. 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 
grea ter imp.,cl, usually from the front or right side. 
Pancreatic injuri es are uncom mon and usually result 
from a massive central abdominill impact, transsecting 
the pancrc,lS across the vertebr<J1 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 re tropcritoncum, e.g. each end 
of the transverse colon, Ihe duodeno-jejunal flexure , the 
ileocaec<J1 Mea. A full bladder, common after a bout of 
heavy drinking, mily rupture into the peritoneal cavity 
after abdomina l imp"'lCt. The bladder and urethra are 
also liable to be torn in ilssociation with displaced pelvic 
fractures. The clinica l features and investigation of closed 
abdomina l injuries are shown in Box 10.1. 

PRINCIPLES OF MANAGEMENT OF CLOSED (BLUNT) 
ABDOMtNAllNJURIES 

Urgent laparotomy 

All p.:,tienls with alxlominaltrauma should be admitted to 
hospital and closely ohscrved. Following blunt abdominal 
trauma, immediate laparotomy is indicated after initial 
resuscitation for cases with hypotension and evidence of 
abdominal injury, con tinuing intra-abdominal haemor
rhage, overt peritonitis and those with abdominal gun-

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 swell ing. tenderness 
and anaemia This ultrasound scan shows a large subcapsular spleniC 
haematoma (arrowed). which had presumably developed slowly over 
the intervenmg period. The scan also shows Intrasplemc haemorrhage 
H She rapidly recovered after splenectomy (b) This operative 
specimen comes from a IS-year-old girl who fell off her pony. whKh 
then trod on the left side of her chest. She was admitted to hospital 
With bruiSing over the lower nbs and tachycardia. At laparotomy, her 
spleen was found to be split completely in half. neces~tatlng removal 

shot wou nds. Less urgent laparotomy may be required 
after invest igation or observa tion. Indications include 
positive DPL, s igns of gastrointestinal perforation (e.g. 
free gas on abdominill X-ray, developing signs of 
peritonitis) and specific visceral injuries not amenable to 
conservat ive treatment, e.g. splenic rupture. 

Diagnostic procedures 

Diagnostic proct..>d uTt.>S are needed if early laparotomy is 
not ind icated but the accident is judged to have been one 

(b) 
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KEY POINTS 

Box 10.1 Clinical f eatures o f dosed abdominal injury that suggest visc::eral injury 

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}-<aused 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 andlor 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. Investigat ion 
• Plasma amylase level should be checked and, if raised, pancreatic injury investigated by a 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 a 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-abd omi nal 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
ga tion. Its greatest use is in unstable poly trauma 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 
perfonned by mini-laparotomy under local anaesthesia 
using a small subumbilica l incision similar to Hasson's 
open technique of access for lap.1roscopy. Patients with a 
positive result are explored by laparotomy or perhaps 
Japaroscopically. 

Ch-'.P 
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CTscanning 
If DPL is equivocal, CT scanning should be performed 10 
investigate the retroperitoneum for solid organ injury as 
well as for free fluid . The examination can of len identify 
the source of haemorrhage in solid organ injuries and 
may allow conservative management of certai n liver 
injuries. CT is also va luable for defining the extent and 
configuration of complex pelvic fractures. The investi
gation shou ld also be performed in stable patients with 
abnormal abdomi nal 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 necess.lry, nu rsing 
observat ions such as pulse and blood pn...ossurc arc made 
at regular interv,lls and the patient re-examined frequently 
by a doctor for developing s igns of peritonitis or intra
abdominal bleeding. Measurements of abdominal girth 
are unreliable and may give a false sense of security while 
the p.l ticnt exsanguinates; the test is to be condemned. 
Significant injuries will almost always become manifest 
wi thin 24 hours. 

INJURIES TO SOLIO ORGANS 

Splenic rupture is treated by urgent lap..lrotomy and 
splenic rcp.l ir or splenectomy. In contrast, isolated liver 
injury may be treated by surgical repa ir or local 
resection if the injury is small but is often best trea ted 
conservatively, part icu larly when there is major injury. 
This is because su rgery may be incapable of con trolling 
bleeding from hepatic vessels deep within its subst,lncc, 
particularly the hep<1tic veins that enter the inferior vena 
cava directly. For conservative tn..lnagement, large-volume 
blood transfusions are given until abdominal tamponade 
s tops the bleeding. If a major liver injury is encountered 
at surgical exploration of the abdomen and haemorrhage 
ca nnot be arrested, it should be packed with ga uze and 
the abdomen dosed. The p.lcks ca n usually be removed 
s.1fely about 48 hours later. 

CHEST INJURIES 

GENERAL PRINCIPLES 

Chest injuries arc i'I common cause of death in patients 
with multiple injuries, although the death rate has fallen 

Pancreatic transsection is treated by surgicillly 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 bleed ing. 

BOWEL INJURIES 

Injuries to the stn..ll1 bowel are dealt with by simple suture 
or by resection and reanas tomosis if the mesenteric 
vascu lar supply is impaired. Conventional treatment for 
large bowel injuries on the righ t side is resection and 
anastomosis to small bowel. Loca lisl..xI injuries to the rest 
of the colon wit hout substantinl intra-abdominal faecal 
contamination ca n usually be resected and joined end-to
end . After knife or gunshot wou nds, simple repair gives 
good results provided there is minimal peritoneal con
tamination. Extensive injuries with conta mination require 
exleriorisation of the damaged ends, the proximal end 
as a colostomy and the dis ti'll end as a mucous fistula 
(see Ch. 20, p. 274). 

High-velocity penetrilting injuries wreak havoc upon 
the gut, causing extensive devascu larisation 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 

Intraperi toneal rupture of the bladder is treated by 
lap.l rotomy and suturing of the bladder with a urethral 
catheter left in s itu for abou t 1 week untiJ the defect 
is hcakod. Extraperitoncal bladder rupture is treated 
conservatively with prolonged urethral or suprapubic 
cil thctcrisation. Urethril l tears require specialist urological 
management. If the urelh rill wall is P.1ftly inl..lct (as shown 
on urcthrography), it can be treated by catheleris.ltion 
(usually suprapubic). Complete urethral avulsion injuries 
are usually treated by suprapubic catheteris..llion, with 
fonna l repair after local inflammation has settled. 
Fomlcrly, ilttempts used to be tn..lde to 'rail-ro.ld ' a 
catheter through the disrupted urethra at operiltion, by 
p.lssing instruments down the urethra from the bladder 
and up the urethra from below. 11,is treatment is no 
longer in vogue. 

drilmatically in countries where the wearing of seat belts 
is compulsory. Sci'lt belts, however, often Ci'luse typical 
sash pattern bruising obliquely across the chest and 
minor rib and sternal fractures (Fig. 10.2). 



Serious chest injuries, p.1rtlcularly tearing injuries of the 
mediastinal contents, c.g. aorta, bronchi and oesophagus, 
may be present even without evidence of externa l inju ry. 
Diagnosis of serious chest inju ries goes hand in hand 
with urgent resuscitative measures. Clinical signs may 
provide clues to the natu re of the injury but the various 
diagnostic possibilities must all be considered or they may 
be missed. Good-qua lity chest X-rays are mandatory and 
will usually clinch the diagnosis (see Fig. 10.3). 

The types of chest injury, their cl inica l features and 
their treatment are summarised in Table 10.1. The main 
mechan isms of chest injury are penetrating trauma , 
blunt impact and crush injuries, decelera tion in juries and 
ru pture of the diaphragm by abd ominal compression. 
Fewer tlUln 10% of chest injuries require thoracic surgery 
bu t early recognition may be life-s.aving. 

TECHNIQUE OF INSERTING A CHEST DRAIN 

Following trauma chest drai ns are usua lly placed in the 
fourth or fift h intercosta l space in the mid-axillary line. 
The technique is shown in Figures 24.4 and 24.5, p. 331. 

Fig. 10.3 Serious mest injuries 

Abdominal and chest injuries 

Fig. 10.2 Sea t belt injury Typical pattern of seatbelt brUlsmg 
follOWing a severe frontal Impact In a car Thefe were no major Injuries 
and the seat belt almost certall1ly saved the patient's life 

(b) 

(a) A 20-year-old drlVCf of a car InYOlved 111 a head-on road traffic accident. He was not weaTing a seat belt and his chest hit the steering wheel 
With great force. The chest X-ray shows multiple fib fractures f 00 the left side, assoCiated With a flail segment whKh moved paradoxically on 
breathll1g. A ~ft pneumothorax P is also shown. with the lung border c~arly visib~ (arrowed). Mediastinal shift towards the right strongly 
sugges15 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 pneumomedlas\lnum With air A trackll1g from ruptured alveoli alongside the 
airways to the mediastinum and thence Into the soft t iSSUes of the ned causing surgical emphysema (b) This chest X-ray was taken following a 
crushing central chest injury The patient appeared rela t ively unaffected. but the X-ray shows that the aortIC knuckle has a double shadow A and 147 
is wider than normal. (T scanning conf irmed a ruptured aort ic arch, the blood being contained only by a thin layer of adventitia. 
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Table 10.1 Types of chest injury and their management 

Natural of the injury 

Rib fractures 

Flail chest, i.e. multiple fib fractures 
producing a mobile segment 

Pneumothoralt, Ie air In pleural cavity 
causing tung collapse 

Sucking chest wound, i.e. open 

pneumothorax wi th mediastinum 'flapping' 
from side to side with each respiration 

Tension pneumothoralt, I e expanding 
pneumothorax caus ing progresSive 
mediasllnal shift to the opposite side and 
tracheal deviation 

lung contusion 

Rupture of bronchus (uncommon) 

Rupture of oesophagus (very rare) 

HaemothoraJl, i.e. bklod in the pleural 
cavity usually from a chest wall inJury; 
usual cause IS a ruptured Intercostal or 
internal mammary artery 

Cardiac tamponade, i,e, b leeding Into 
pericard ial cav ity (usually penetrating 
trauma) 

Clinical features 

localised pain on respiratIOn or coughing; 
tenderness over fractures; usually VISible on 
chest X-ray 

Respiratory embarrassment; 'paradoxICal' 
indrawmg of the flail segment on InsplratlOfl 

Unilateral SIgns: loss of chest movement and 
breath sounds, perCUSSion note resonant; 
sometimes chest wall emphysema; 
confi rmed by chest K-ray 

Gross resp iratory embarrassment, audible 
sucking o f air through chest wound 

Signs o f pneumothcrax w ith 
disproportionate and increasing resp iratory 
distress and hypoxaemia 

Deterior<lltng respiratory function; 
opacification of affe:ted lung held on chest 
X-ray 

Respiratory distress, surgical emphysema In 
the neck; suggested by air In mediastinum 
on chest X-ray (see Fig. 103); 
confirmed by bronchoscopy 

May have surgical emphysema In the ne<k 
and pneumomedia5tlnum on chest X-ray 
but diagnosis often missed until 
mediastinitis or em~ema develops 

Dull percussion note, breath sounds absent, 
tachycardia and hypotension due to 
blood loss 

Hypotension, inaudible heart sounds, 
d istended ne<k ve ins with systolic waves; 
enlarged, rounded heart shadow on chest 

_____ --'xC-C""' C; c"C'C'Cirmed With ul trasound 

Cardiac contusion 

Rupture of aorta {usually results from 
de<eleration InJury}-fatal unless false 
aneurysm develops In mediastinum 

Rupture of diaphragm, linear split usually 
In left diaphragm With hermatoo of gut into 
chest (penetrallng or abdommal crush Injury) 

May have arrhythmia or ECG changes 
Similar to myocardial infarction 

Back pain, hypotenson; systolic murmur or 
SIgns of tamponade in some cases; 
characteflshc widenJlg of medlasllnum on 
chest X-ray; dlagnoss confirmed by 
arteriography 

Respiratory dIStress, bowel sounds heard In 
the chest; diagnOSIS by chest X-ray and 
confirmed by barium meal; tw::r.wver, 
many cases are miSsed and only discovered 
much later; diagnosis may be made by 
laparoscopy or at laparotomy 

Treatme: "c''---_ _______ _ 

Aflalgesia, intercostal blocks, physIOtherapy, 
prop/lylactK antibiotics in chronic 

bronchC,'"'=-______ _ 
Intercostal block analgesia; endotracheal 
IntubatIOn and ventilation If hYPOXIC 

Intercostal drain with underwater seal 

Sealing of chest wound With Impermeable 
dressing; Intercostal drainage 

Urgent chest drainage 

Orygenation, phYSIOtherapy, mechanical 
ventilatIOn in severe cases 

Operation by thoracic surgeon 

SurgICal repair if re<ognised early; surgICal 
drainage and diversion for a late 
presentation 

Urgent mtercostal drain, even before X-ray 
(In Sixth intercostal space in mid-axillary 
line), blood transfusion, thoracotomy if 

excessive bleedC,C,g'--________ _ 

long needle aspiration via epigastric 
approach; operation If tamponade recurs 

Conservative management 

Urgent thoracotomy and Dacron graft 

Repair of diaphragm, usually via an 
abdommal approach 
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ABDOMEN, GENERAL PRINCIPLES 

11 Non-acute abdominal pain 
and other abdominal 
symptoms 

Pain 151 

Dysphagia 155 

Change in bowel habit, rectal b leeding and 

re lated symptoms 156 
Obstructive jaundice 161 

Abdominal mass or distension 168 

Weight loss, anorexia and associated 
symptoms 156 

Anal and perianal symptoms 159 

Iron defiCiency anaEmia 160 

INTRODUCTION 

The diagnosis and management of abdominal complaints 
is an important part of the workload of a general surgical 
ou tpatient clinic. The proportion of abdominal problems 
varies from one clinic to another depending on the 
availability of a medical gastroenterology service and 
specialist gastroenteroiogical 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 oi 
common conditions which usually present acutely, e.g. 
an appendix mass. 

The 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, cha nges 

SUMMARY 

Box 11.1 Main presenting features of non-acute 
abdominal disorders 

• Abdominal pain 
• DiHiculty 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 
rect,ll 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 fe,ltures of non-acute abdominal 
disorders are summarised in Box 11 .1. 

PAIN 

CHARACTER, TIMING AND StTE 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 p<,tient'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 
s ignificant in working towards a differential diagnosis 
and may only be elicited by diligent enquiry. It is 
important to establish when a p<lin first began, how 
frequently it occurs (m inutes, hOUTS, 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. 151 
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KEY POINTS 

Box 11,2 Assessing abdominal pain from the histoty 
location of pain 
• Where did the pain start and where is it now, 

e.g. central, epigastric, right or left subcostal 
(hypochondria I), 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? 
• Is 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' (Le. 

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? 

Associated symptoms 
• e .g. Vomiting, change in bowel habit 

The s ite of origin of the pai n, particularly the site 
at which it first ma nifes ted, suggests the a na tom ical 
structures most likely 10 be involved. These are shown in 
Table 11.1. The distribution a nd radi ation of the pain 
provide further d ues. Pain Iha t extends through to the 
back suggests involvement o f retroperi toneal structure<;, 
e.g. pa ncreas (carcinoma or ch ronic pancreatitis) or 
abdomi na l aorta (aneurysm). Ga ll bladder pa in tends to 
rad ia te from the right hypochondrium around to the 
back on the righ t s ide. Re na l pain le nd s to rad iate from 
the lo in dow n toward s the g roin and occasionally to the 
genita lia . 

Table 11 .1 Anatomical significance of the site of 
abdominal pain 

Site of pain 

Right upper quadrant 

Epigastrium 

l eft upper quadrant 

Central 

Right iliac fossa 

Suprapubic area 

left iliac fossa 

loins 

Clinical significance 

Biliary tract, liver 

USually foregut structures, i.e. 
stomach, duodenum, lower 
oesophagus. biliary tract. pancreas 
(Note cardiac pain can also present 
in the epigastrium) 

Rarely directly related to anatomICal 
structures, occasionally spleen or 
stomach 

Midgut structures, i.e. small and 
large bowel or pancreas (deep pam 
radiating to the back) 

Caecum and appendix (when 
parietal peritoneum is involved), 
ovary, right kidney and ureter, 
mesenteric adenitis 

Bladder, uterus and adnexae 

Sigmoid colon, left kidney and 
ureter, oval)' 

Kidneys and ureters 

DISEASES CAUSING NON-ACUTE ABDOMINAL PAIN 

The fo llowing conditions cause non-acute abdomina l 
pain, Each has certain cha racteristic featu res: 

• Ga llstones and gall bladder dysfunction. Biliary 
colic presents with irregularly recurrent bouts of 
severe pai n, lasting 1- 12 hou rs. Some episodes are 
morc severe and prolonged than others and of len a 
part icularly severe bout brings the patient into 
hospital. The pa in is usuall y located in the upper 
abdomen-oft en on the right side, less often in the 
epigastrium-.lnd may radiate to the back on the 
right. It is o ften precipitated by rich o r fatty foods and 
may be associa ted with vom iting la te in the attack 

• Peptic ulcer disease. This is typically associated with 
in te rm ittent 'bori ng' epigastric pa in w hich recurs 
several times a year a nd lasts for d ays o r weeks at a 
time; it is no l as severe as biliary colic unless there is 
perfo ration, which usua lly presenls acutely. 
Retroslernal 'burn ing' occurs in peptic oesophagitis 
a nd te nds to occur a fter large meals and on lying 
dow n. The associa tion of pain with food varies 
accord ing 10 thc si le o f the disease; duodenal ulce r 
pa in lends to be relieved by bland food and recu rs 
J.-4 hours afterwards, typically in the early hours o f 
the morning, w he reas Ihe pa in of gastric ulce r and 
ocsophagitis tends to be aggravated by food, especia lly 
if acid ic o r spicy. Peptic pa in is generally relieved by 
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antacids and virtually always by Hz-blocking drugs 
(c.g. ranitidine) or proton pump inhibitors (e.g. 
omcprazolc) 

• Chronic pancreatitis and ca rcinoma of pancreas. 
These arc typically associated with severe 'gnawing', 
persistent, poorly localised central pain w hich usually 
radiates through to the back and is often associated 
with anorexia and weight loss. The pain may be 
relieved by leaning forwards ('pa ncrea tic position'). 
Ea rly carcinoma of the p.:1ncreas, however, is often 
painless 

• Irritable bowel syndrome, constipation, diverticular 
disease and Crohn's disease. These conditions may 
all produce a chronic sym ptom complex mimicking a 
pMtial 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 
const ipation. 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 consta nt loin pain which may 
be accompa nied 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 surgL'On ix>cause of poorly 
defined lower abdominal pain. A gynaecological 
history shou ld be taken in female patients; pelvic 
examination may reveal the cause 

• Non-surgical (i.e. 'medica l') disorders causing 
abdomina l pain. These include liver congestion in 
heart failure (common), splenic infarcts or diabetes 
(both uncommon but important), acute intemlillent 
porphyria, sickle-cell anaemia or tertiary syphilis 
(very rare). Pat ients sometimes present with 
abdominal p<1in fo r wh ich no orga nic cause can be 
fou nd despite extensive investigation. In these, 
irritable bowel synd rome or sensitivity to certain 
foods, e.g. gluten, need to be considered. Only as a 
last resort shou ld the pain be attributed to 
psychological disturbance and only then if diagnostic 
psychological features are present. Unnecessary 
operations may be performed 011 these patients 
(Munchause n syndrome) 

Note that non-acute abdomina l pain in children is 
uncommon; the main organic causes are constipation, 
irritable bowel synd rome 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 ...c: 

Fig. 11 .1 Erythema ab igne 
This woman of 4S had experienced chronic pain in the right loin area 
and had oblamed some re lief from regularly applying a hot water 
bottle 10 the area This has resulted in typical skin damage 

abdominal pain, sufficiently sevef(' for the child to avoid 
school. There af(' 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 
investigat ions should be efficient and economical, after 
considering how each one will su pport or help e liminate 
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: 

1. 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, ga ll bladder disease af(' 
statistically the most like ly. Irritable bowel syndrome 
and angina pectoris are less likely 

2. A detailed history and direct questioning strengthen 
the possibi li ty of certain diagnoses and diminish the 
likelihood of ot hers; rarer conditions such as chronic 
pancreatitis might now enter the differential diagnosis 

3. 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) 

Ch 
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Symptoms, diagnosis and management; abdomen 

KEY POINTS 

Box 11.3 21 points to remember in examining a patient with abdominal symptoms 
General examination 
1. Well-looking or ill (thin, emaciated, weak)? 
2. Alert and responding normally or obtunded and slumped? 
3. Dehydrated (poor skin tone, sunken cheeks)? 
4. Abnormal colour (pale, jaundiced, grey) 
5. Signs of surgical wounds/dressings 
6. 'Medical accessories'-Lv. infusion, urinary catheter, parenteral nutrition, monitoring apparatus, oxygen 
7. End-of-bed charts-fever, tachycardia, fluid balance, trauma chart, pain chart, drug chart (e.g. strength and frequency 

of analgesia) 

Abdominal inspection 
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) 
2. Distended or scaphoid (sunken) abdominal shape 
3. Wounds and scars 
4. Bruising- umbilical or flank in acute pancreatitis; cloth printing (trauma cases) 
5. Herniation (including usual sites or incisional hernias) 
6. Redness or other signs of infection, erythema ab igne (see Fig. 11.1) 
7. Jaundice and scratch marks resulting from pruritus (itching) 

Abdominal palpation 
Do not hurt the patient; watch the face for signs of diKomfort 
1. Gentle overall palpation for obvious abnormalities 
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 em 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 

4. Examination for ascites (see Fig. 11.12) 
5. Hernial orifices-inguinal and femoral for cough impulse; reducibility (see Ch. 2S, p. 339) 
6. Rectal andlor vaginal examination if appropriate 
7. Percussion and auscultation if appropriate 

4. A narrower and wcighted set of diagnostic prob.1.bilities 
wi ll by now havc evolved and will form the basis for 
planning Special investigations 

5. If the most likely diagnosis is acid-peptic disorder, 
gastroscopy (oesophagogastroduodenoscopy, or 
OGD) w ill he considered , although if the symptoms 
are mild, a d iagnostic trial of antacid therapy might 
be more appropria te. A full blood cou nt is performed 
if anaemia is suspected and specimens of faeces tested 
for occu lt 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 

6. By this stage, investigation will usually have 
confirmed o r eliminated the most likely diagnoses. If 
no diagnOSis has been confirmed, alternative 
diagnoses are cons idered, usually at a subsequent 
visit, by further history-ta king and examination. 
Symptoms and phYSical s igns may have persisted 
unchanged, they may have cha ng£.>d or they may even 
have resolved complete ly during the period of 
investigation. Changed symptoms may suggest new 
diagnostic possibilities and new lines of investigation. 
If the symptoms have decreased, a less serious 
disorder such as irritable bowel syndrome might 
become the working diagnosis and a trial of treatment 
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initiated. Further in vestigation will depend on the 
patient's response to treatment or to reassuranC('. 
Often c~sccliona l imaging (computed tomogTaphy 
or magnetic resonance imaging) is indicated, 
p.:1rticularly in older p.:1tients, where organic disease is 
likely but symptoms and signs are not diagnostic 

DYSPHAGIA 

CLINICAL PRESENTATION 

Dysphagia is the term used to describe difficulty in 
swa llowing. The most com mon symptom is inabi lity to 
swa llow solid food, which the patient will describe as 
'becoming stuck' or 'held up' before it either passes on 
into the stomach or is regurgi tated. The patient usually 
reports that particular types of food are more difficult 
than others; fibrous foods, such as chunks of meal, 
usually ca use the mosl 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 al most 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 tumen, Ihe more severe the symptoms. In 
many of the p.:1 thological conditions causing dysphagia. 
the lumen becomes progressively constricted and 
ind istensible. Initially on ly fibrous solids ca use difficu lty 
but later the problem extend s to all solids and later, even 
to fluids. Bec,luse narrowing is a gradual and insidious 
process, pilticnts often compensate to a surprising degree 
(e.g. by liquidisi ng all food) and may on ly present when 
they have difficulty in swallowing fluids or even their 
own 5<l liva. By Ihis lime there is usually marked weight 
loss. 

The common causes of dysphagia are outlined in Box 
11.4. Pain on swa llowing (usually provoked by both food 
and drink, particularly if hot) is a dis tinctive symptom 
which is highly suspicious of carcinoma. 

Achalasia is a major exception 10 the usual pattern or 
dysphagia in that swallowing of fluids tends to cause 
more difficulty than swa llowi ng solids. In achalasia, 
there is idiopathic dcstruction of the p.:1rasympathelic 
ganglia in Auerb..lch's (submucosal) plexus of the entire 
oesopha~us, which results in functional narrowin~ of 
the lower oesophagus and peristaltic failure throughout 
its length. Thus the oc-'SOphagus becomes markedly 
distend ed and dilated, with solids settling towards the 
lower end and fluids spilling over into the airways causing 
spluttering dysphagia. Th is overspill and consequent 
symptoms tend to occur when the patient is lying fla t 
at night. Achalasia often presents with chronic chcst 
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infection rather than dysphagia and the diagnosis is often 
reached late. Similar symptoms of overspill into the 
airways can be provoked by buJbar palsy, most commonly 
provoked by a stroke. 

Bolus obslruction is an acute fonn of dysphagia, where 
a lump of food sticks at a narrowed part, completely 
obstructing the oesophagus. 

APPROACH TO INVESTIGATION OF DYSPHAGIA 

Dysphagia, p.:1rticularly 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. [n high dysphagia, a barium 
swa llow and meal is usually the next investigation (OCD 
risks perforating a pharyngeal pouch). In lower dysphagia, 
fl exible endoscopy (OCD) is usually perfonned. Both 
OCD and contrast radiography are often required. If a 
lesion has been demonstrated radiologically, endoscopy 
allows direct inspection and biopsy to confinn (or change) 
Ihe diagnosis. In disorders of fu nction, 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-uncommon 

• 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 
• Subcarinallymph 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. 0eso
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 
(a norexia) are frequently manifestations of serious, 
ins id ious, often malignant abdominal disorders. They 
may be associa ted with a variety of other symptoms 
such as malaise, bloating, nausca, sporadic vomiting and 
regurgitation. These symptoms may have been u nnoticed 
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 ca tegories: 

• Intra-abdomina l 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. hep.1titis or infectious 
mononucleosis), uncontrolled diabetes or 
thyrotoxicosis, ma labsorption, renal failure, cardiac 
cachexia 

• Psychologica l disorders, e.g. anxiety, depression, 
anorexia nerVOSt1, bulimia 

• Chronic visce ral 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 

[n many patients, there may be other clinical clues to the 
main diagnosis or which suggest a line of investigation, 
e.g. pain, s igns of anaemia or jaundice, or a palpable 
abdominal or rectal mass. More difficult are those cases 
where the symptoms occur alone. In this s ituation, basic 
screening investigations (fu ll blood count and erythrocyte 
sedimentation rate, urea and electrolytes, liver function 
tests and urinalysis) begin to differentiate 'med ical' 
conditions from 'surgica l' 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 occu lt intra-abdominal malignancy. 

If investigations still reveal no cause, a psychological 
cause shou ld be serious ly considered. Before such a 
diagnosis can be accepted, there must be positive evidence 
of psychiatric disturb..1nce. In practice, by this stage, 
previously concea led 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 
p.1ttem of bowel action. All may signify serious disease 
and deserve investigation. 111e 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 
• 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 ;s found, particularly with 
isolated early morning diarrhoea 



Stool consistency varies according to diet but the stool 
is usually 'formed'. Persistently unfonned 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 

• Loss of peristalsis, e.g. acutely due to drugs such as 
narcotics, antidepressan ts or iron, chronic diverticular 
disease, chron ic laxative abuse 

• Inadequate fibre intake or poor fluid intake, wh ich 
decrease faecal volume and prolong intestinal transit 
time 

• In bed-bound patients, multiple factors induding 
immobility, diet, inadequate fluid intake, drug effects 

Diarrhoea 

Chronic diarrhoea is most often caused by irritation or 
inflammation of the sma ll or large bowel. The inflam
matory bowel diseases (ulcerative colitis and Crohn's 
disease) are important diagnoses. Chronic parasitic 
infestat ions of the large bowel with amoebae or of the 
sma ll 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 Sa/mol/ella 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 re.1bsorption 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. 

Errat ic 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 causc is 
irritable bowel syndro me, which can be attributed to a 
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heightened pain response in conjunction with a possible 
over-product ion 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 dive rticu lar 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. 

Patien ts treated with broad-spectrum antibiotics, 
particularly the cephalosporins, may develop antibiotic
associated d iarrh oea (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, bilinlbin does not reach the gut and the stools become 
pale. Stools in obvious jaundice are often described as 
'putty-coloured' . 

Stools may also be p.11e 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 
digest ion 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 fi stula 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 p.1tient has seen blood in the stool, a careful 
history shou ld be taken rega rding the colour, i.e. fresh or 
altered blood, and also the relationship of the blood to 
the stool. Blood alone may be p.1.ssed, or it may appear 
before or after the stool. There may be blood mixed with 
the stool or c0<1ting it. The only evidence may be blood
staining of the stool after defaecation. 

Bright red blood usually indicates a lesion in the 
re<:tum or anus. When blood is clearly separate from the 

1 
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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 bJe<.>ding 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 
causc. In such cases the blood, being 'older', is darker. 

When the blood originates further proximally in the 
gastrointestinnl Iracl, e.g. peptic ulcer, it is so altered 
by 'digestion' Ihal il may not be re<:ognised 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 nre 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 fo r altered blood. In 
this case, faecal occult blood testing should be negative. 

Occult faecal blood 1055 

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 tesl 
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 rilTely 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 inflamm,ltory bowel disorders and occasionally 
in diverticular disease. An anal leak of murns may be 
a feature of haemorrhoids and causes itching (pruritus 
ani). A p.1tienl sometimes reports passing a mass of 
punllent 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 unpleaS<lllt senS<ltion of incomplete 
evacuation of the rectum. The sensation causes the 
patient to attempt dcfaccation (often with straining) at 

Fig. 11 .2 Colonoscopic appearance of a polyp in the 
sigmoid colon 
ThIS 2 em polyp (arrowed) was found to be the cause of rectal 
bleeding It was easily removed WIth a eolonoscopie snarl' soon after 
thIS photograph was taken. 

frequent interv,lls. The most common cause is probably 
irritable bowel syndrome. Another common cause is 
an abnormal mass in the rectum or anal callaL This may 
be a carcinoma, polyp or thrombosed haemorrhoid. 
Occasionally a prostatic carcinoma illvades 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 JX'nnits 
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 h,md, 
allows exami nation to the splenic flexure. The majority 
of large bowel lesions responsible for altered bowel habit 
occur in this region. In the case of chronic diarrho€.l, 
stool specimens should be examined for ova and para
sites and cultured for Shigella and Salmonella species. 
Biopsies of the rect,11 wall should always be taken both 
for histology (e.g. for Crohn's disease) and for micro
biological examination. 



Further in vestigation is based on the differential 
diagnosis assembled during cli nical examination. Barium 
enema X-ray, contrast CT scanning or colonoscopy is 
ind icated in the majority of cases. Note that in some 
centres, low rectal lesions cannot be reliably demonstrated 
on b.,rium enema and preliminary sigmoidoscopy is 
mandatory. If Crohn's disease is suspected, barium 
studies of the small bowel may also be required. 

Rexible fibreoptic endoscopes of different lengths are 
used to examine the colon above the rectosigmoid 
junction. The shortest, the nexible sigmoidoscope, may 
be employed with no preparation or following a sim ple 
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 la rge bowel cancers occur. The longer instru
ments, colonoscopes, require prior bowel clearance with 
purgatives. In some centres, they tend to be reserved 
for det,liled 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 ded icated 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, 1'<,in and itching, local swelling and a sensation 
of 'something com ing down'. They often cause distress 
out of proportion to their pathological importance. The 
most common diagnoses arc haemorrhoids, anal fissures 
and local abscesses, although the occasional infiltrating 
anal carcinoma or low recta l 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 'pi les' 
(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 ana l 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 periana l 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 
allal 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, dearly visible at the anal margin, 
by strangu lated 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 ca use of these symptoms is in
adequate hygiene which results in local skin irritation. 
This is often eX<lcerba ted 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 fung<ll 
and bacterial infections. The longer these symptoms 
persist, the more difficult they are to eradicate and in 
fastidious patients a 'fixation' can develop. [n 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 occasiona lly come through the anus and be 
confused with prolapsed haemorrhoids. Perianal warts 
are occ,1sionally mistaken for lumps arising from within 
the anal ca nal. 

h. 
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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 deft 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 at least a rigid sigmoidoscopy. If pain 
makes these examinations impossible, a young patient 
can usunlly be assumed to have a fissure. In an older 
person, carcinoma of the anus must be excluded by 
examination under anaesthesia. Ilaemorrhoids 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 ('externa l piles') or prolapse through the 
anus ('intero-external piles'). 

A typical ana l fis tu la appears as an inflammatory 
' nipple' near the anal margin (see Fig. 11.3); it often 

F 

Fig . 11 .3 Anal fi stula 
This man of 39 had presented With a perianal abscess 3 months 
previously that had been drained. He complained of persistent 
discharge which was found to be emanating from a fistulous opening 
F within the drainage scar. This proved to be a low fistula on further 
examinat ion 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 
proctit is, the rectal mucosa is granular and reddened 
when secn on proctoscopy, and often bleeds to the touch 
(friability). An anal or low rectal carcinoma is a discrete 
ulcemted lesion with an indurated (fi rm, 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 rcason 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 recogn ised during 
general physical exam ination or on a blood count. 

Chronic anaem ia has many causes. Iron deficiency is 
the commonest and is the only one with a cause likely to 
need su rgical treatment. In blood films, iron deficiency 
anaemia is characterised by hypochromic, microcytic red 
blood cells. Senlill 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 anaem ia 
from another cause, particularly the 'anaemia of chronic 
illness'. For ex.lmple, an elderly patient with rheumatoid 
arthritis may have a chronic normochromic, normocytic 
anaemia due to chronic disease, as well as an iron 
deficiency anacmia caused by gastric bleeding provoked 
by non-steroida l anli-inflammatory drugs. 

APPROACH TO INVESTIGATION OF ANAEMIA 

Investigation of a p.ltient with suspected iron deficiency 
anaemia has five main components: 

• History-seeking sources of blood loss from the 
various tracts (see Box 11.6) and excluding inadequate 
dietary iron intake. Previous gastrectomy may cause 
vitamin B12 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 
refluK oesophagitis, gastric and duodenal ul(ers or 
stomal ulceration following gastric surgery. All may 
be induced or aggravated by ingestion of aspirin 
and other non·st eroidal 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) 

l esions in the urinary tract (rarely sufficient to (ause 
anaemia) 

• Transitional cell carcinoma of bladder, pelvicalyceal 
systems or ureters 

• Renal cell carcinoma (may (ause haematuria but 
rarely anaemia) 

• Chronic parasitic infestations, e.g. schistosomiasis 
(common in some developing countries) 

arca (indicative of intra-abdominal malignancy), a 
rectal lesion or signs of a 'medica l' cause 

• Confirmation of iron deficiency anaem ia and 
exclusion of common 'medica l' causes of anaemia 
such as rheumatoid arthritis or chron ic leukaemias
exa mine blood film, measure ESR, serum iron and 
transferrin, BI2 and fo late. When there is a 'mixed ' 
anaemia, measuring iron stores in a bone marrow 
biopsy is the definitive melhod of d iagnosing 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 fo r occult blood (at least 
th rcc specimens shou ld be tested) 

• Pursuing clues that suggest the origin of bleeding by 
using special investigations such as endoscopy and 
contrast radiology. When occu lt blood is found in the 

Non·atute abdominal pain and other abdominal symptoms 

faeces and there are no digestive symptoms, 
colonoscopy is usually performed first, looking for 
tumours, polyps, inflammatory bowel disease or 
angiodysplasias. If nega tive, this is followed by 
gastroscopy. Both may be performed in the one 
session. If both are negative, it may be appropriate to 
proceed to sma ll 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 meri t operation and no 
obvious lesion is found, the whole small bowel may 
be examined by operative endoscopy (enteroscopy). The 
sma ll bowel is opened and a colonoscope threaded along 
its full length, transill uminating the bowel in the process. 
Small bowel angiodysplasias ca n only be reliably located 
by this method. 

OBSTRUCTIVE JAUNDICE 

Patients with ~lundice usually reach the su rgeon 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 bi lirubin (mainly in the spleen and bone 
marrow), bound to a lbumin and transported to the liver. 
This relatively st.lble protein-pigment complex is insoluble 
in water and is not excreted in the urine. [n 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 cana liculi. The normal concen
tration of both conjugated and unconjugated bilinlbin 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 ca lled an 
enlerohepatic circu lation (see Fig. 11.4). A small amount 
of urobilinogen escapes into the systemic circulation and 
is excreted in the urine. 

Bile adds (salts) are synthesised in the liver from 
cholesterol-b.lsed precursors. These are excreted in bile 
to the duodenum and facil itate 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 
cnterohepatic circu lations. 
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BILIRUBIN 
bound to albumin 

HAEM 

Spent red cells broken 
down in spteen and 

bone marrow 

Proteln·pigment complex 
~_-- conver1ed In gut to 

UROBILINOGEN and 
UROBILIN by bacterial action 
(also water·soluble) 

Some UROBILINOGEN 
reabsorbed and returned to 
liver via portal blood 

CONJUGATED BILIRUBIN 

If bite ducts are obstructed, 
conl~ated bilirubin reaches 

UROBILIN turns faeces 
bmw" 

Fig. 11 .4 Norma l dyna m ics of 
bilirubin e xcretio n and the effects 
of obst ructive jaundice 

high btood levels and is 
excreted in urine produclflg 
dark urine high In bilirubin 

This does not occur in 
obstructive jaundice thus 
producing pale stools 

Note that urobilinogen WIll appear In 

substantial quantities in the urine If large 
amounts are produced because of 
haemolytIC anaemia, or if there is liver cell 
damage 

UROBILIN 

PATHOPHYSIOLOGY OF OBSTRUCTIVE JAUNDICE 

If biliMy outflow becomes obstmcted, conjugated bili
mbin is dammed back in the liver where it enters the 
bloodstream and causes a gradual rise in plasma 
bilimbi n. Once the plasma bilimbin level exceeds about 
3OlJ1l101/L, ~lundicc should be clinically detectable. Above 
6OlJmol/L, jaundice is obvious. Conjugated bilimbin, 
being water-soluble, is excreted in the urine, turning it 
dark. The presence of bilimbin in the urine, together 
with an indication of its concentration, is easily established 
by ward dipstick testing. Significant quantities usually 
mean biliary obstruction. 

In obstntctive ~lundice 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. 
The two combine to give the s tool a characteristic 'putty' 
colou r. 

A particular consequence of poor dietary fat absorption 
is malabsorption of vitamin K. This leads to decreased 
hep.l tic synthesis of clotting factors, notably prothrombin . 
Impairment of blood clotting is not so great as to cause 
spontaneous haemorrhage or bmising but there is a 

significan t risk of haemorrhage during surgery or after 
liver biopsy. Thus the co%>ulation profile must be checked 
before any invasive procedure. The coagulopathy is 
corrected with pa renteral 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 t ests in obstructive jaundice 

Obstructive ~lundice is manifest biochemically by an 
elevated level of plasma bilirubin, predominantly in the 
conjugated form. There is marked elevation of plasm'l 
alkaline phosphatase (liver isoenzyme) which is derived 
from bile ca nal iculi, but the transaminases, derived from 
hep.ltocytes, are usually only mildly elevated. When 
biliary obstruction is intrahepatic (e.g. cholangiocarcinoma 
obstructing on ly 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 Ihe 
liver is m<1ndatory. 



HISTORY AND EXAMINATION OF PATIENTS WITH 
OBSTRUCTIVE JAUNDICE 

I-listory-t"king shou ld include enquiry about episodes of 
pain typical of gallstone disease, previous episod es of 
obstruclive jaundice which resolved spontaneously, or 
previous biliary tract surgery. Attacks of acute p.1.ncreatitis 
also suggest gallstone disease. A history of anorexia, 
weight loss and non-specific upper gastrointestinal 
disturb.1.nces is common in carcinoma of the p.1.ncreas, 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 un less 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 . [n some cases of obstructive 
~1.undice, the patient develops generalised itching 
(pru ri tus) and scratch marks may be app.1.rent. 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,''In enlarged liver or spleen, abnormal masses or a 
palpable gall bladder. An enlarged liver may be caused 
by primary or secondary malignancy. Splenomegaly with 
hepa tomegaly is an important sign of chronic paren
chyma l liver d isease (usually ci rrhosis) and indica tes 
portal hypertension. Ascites in a patient with obstructive 
~1.u ndice is almost always due 10 d isseminated intra
abdomina l malignancy. 

COUivoisier'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 chron ic inflammation lead ing to 
fibrosis of the gall bladder which prevents its distension. 
An alternative explanation is that intermittent stone 

r-4= Dilated biliary tree 

Gall bladder chronically inflamed and 
thickened as a result of stones -

.:~:!:- therefore unable 10 dilate in dislal 
obstruction; thus not palpable 

- ObslructlflQ stone 

'-

Obstructive jaundice due to stone 

Fig. 11.5 Courvoisier's law 

Non-acute abdominal pain and other abdominal symptoms -c: 

obstruction leads to thickening of the gall bladder wa ll 
which prevents distension. In malignancy, progressive 
obstruction occurs over a short period and the ga ll 
bladder distends easily. 

Particular attention is paid to the colour of the 
slool found on rectal exami nation, as a pale stool is 
characteristic of obstructive ~1.u ndice. The urine shou ld 
also be inspected. In obstructive }aundice, it is usually 
dark yellow or orange fTOm 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 

Jau ndice is usually investigated s tep by step as follows: 

• Exdude infective hep.1. titis by screening for hep.1.titis B 
and C (se<- Table 1.3, p. 21). O ther antigen and 
antilxxly tests may be carried out if suspicion of 
infective hepatitis is high. A history of transfusion, 
intra venous drug abuse or travel may increase the 
likelihood of an infection 

• Confirm that the jallndice is obstructive if possible by 
mea ns of liver function tests (see Fig. 11 .6) (although 
there are not completely reliable). Mild }aundice is 
commonly fou nd in patients with Gilbert's syndrome, 
due to a mild congenita l abnormality of haemoglobin 
metabolism with no serious significa nce. Obstructive 
~1.undice is characterised by a predominance of 
conjugated bilirubin and a high alka line phosphatase 
level (liver isoenzyme); Irans.1.minase levels are only 
moderately elevated 

• I-Iepatobiliary ultrasonogra phy is the simplest means 
of demonstrating dilated intrahepatic ducts (see 
Fig. 11.7), liver secondaries, a dilated extrahepa tic 
biliary system or g,1ll bladder abnormalities induding 
s tones. Ultrasound may revea l the cause of 

1---Diill",,, bil iary tree 

~il-b~;~;:~:::::;l;:':I; bladder dilates in distal becomes palpable 

- Carcinoma of pancreas or periampulary 
region obstructing common bile duct 

Obstructive Jaundice due to carcinoma 
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Bo)( 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. 115) 

Ac.ute 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 common) or previous stone (uncommon) 
• Clinical features similar to carcinoma of head of pancreas 

Other malignant tumoun: 

• May cause bile duct obstruction above the ampulla, e.g. secondaries in the porta hepatis (fairly common), 
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) 
• Idiosyncrasy to certain drugs (including chlorpromazine, oral contraceptives and chlorpropamide) interferes with bile 

excretion from hepatocytes, presumably by affecting membrane transport 

• Hepatic lymphoma is another classic but rare cause of intrahepatic cholestasis 

obstruct ive ~lundice to be a tumour in the head of the 
p.lncrcas or enlarged lymph nodes in the port.l 
hep.ltis. Ultrasound, however, is unreliable for 
demonstrating p.lthology in the lower portion of Ihe 
biliary tree; although it may show gallstones, it is 
unreliable for excluding them. In particular it may not 
visuali:.e common bile duct stones or lesions in the 
head of the pancreas. CT scanning may be the next 
stage if the finding~ 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 

• If ultrasound demonstrates dilated ducls, endoscopic 
retrograde cholangiop.lncreatography (ERCP) is 
frequently the next investigation (see Fig. 11.8). It is now 
usual practice to drain an obstructed bile duct at the 
s.lme procedure if practicable, either by sphincterotomy 
and slone removal or by placing an intraluminal stent. 
This may be Ihe definitive treatment for duct stones or 
inoperable carcinomas; for p.,tients requiring operation, 
stenting allows the ~lul1dice 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 '>Can In an 80-year·old man wit h obstructIVe Jaundice. 
This transverse section through the Irver shows the characterl5tK 
'double-barrel g..otgun sign' D. with two parallel tubular structures 
replesen\lng major brancheos of the bile duct and portal vein. 
Normally. the portal vein is four times WIder than the corresponding 
bile duct. Here they are the same diameter 

Alternatively, percutaneous Chiba needle ('skinny 
needle') transhepatic cholangiography can be 
performed. Both tests show the site and often the 
nature of an obstruction nlthough 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 
dotting is frequently abnormal, dotting studies musl 
be performed before any invasive procedure. 
Abnormalities are corrected by giving daily vitamin K 
injections and if a dotting defect remains, infusing 

~ . 

CHEM 
Fig. 11.6 Typical liver function test 
result in obstructive jaundice 

fresh-frozen plasmn before and during any invasive 
procedure. L.lparoscopy 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; abdomina l 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 re lieve the obstruction 
of the biliary tract. Obstructed bile is often infected and a 
fulminant acute cholangitis c,m develop at any time. 
B.lck pressure interferes with other liver functions such 
as synthesis of albumin and clotting factors. Eventually 
structural liver damage ensuE'S. 

Three ca tegories of obstruct ion may be defined 
according to surgic"l treatment oplions: 

• Potentially curable obstructions 
• Obstnlction due to incurable tumour 
• Terminal disease 

Potentially curable obstructions 

These 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 s ten!s, 
named after the inventor of earlier devices of this kind. 
Current large-bore duodena l endoscopes allow per-oral 
placement of stents up to 4 mm in d iameter. 

The number, size and position of bile duct s tones 
may have been identified before operation by ERCP (or 
by percutaneous transhepatic cholangiography). Stones 
may be removed at ERCP by dividing the ampullary 

Fig. 11 .8 Endoscopic stenting 
(a) DiagnostiC endoscopic retrograde cholangiogram (ERe) showing 
an enlarged commoo 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 fight. as used In this patient . (e) Despi te 
endoscopic sphincterotomy. the bile duct stone could rIOt be retrieved 
so a tubular self-retalnmg stent has been placed to relieve the 
obstructIVe JaundICe. The stone was successfully removed 
endoscopICally on a later occat lOn 

sphincter us ing a bow-string' diathermy wire via the 
duodenal endoscope. Sometimes if the stone is very 
la rge or impacted the obstructed bile may be drained by 
placing a s tent without stone removal. 

Where it is avai lable, sphincterotomy or stent p lace
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: 



Stone in common bile duct 
Benign stricture, e.g. 
following trauma at 
cholecystectomy 

Non-acute abdominal pain and other abdominal symptoms ... 

Carcinoma of ampulla or 
duodenum Cholangiocarcinoma 

PERIAMPULLARY CARCINOMAS 

(h. 

1 

Fig. 11.9 Some potentially curable causes of obstructive jaundice 

• Acute cholangitis where it may represent an emergency 
• Pat ients who h,we previously had a cholecystectomy 
• If laparoscopic cholecystectomy is planned 
• Debilitated elderly p.'ltients 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 routinely perform operiltive cholilngiogrilphy 
but only a small proportion undertake laparoscopic 
exploration of the common bile duct as this is a difficult 
and time;:onsuming procedure. 

Bile duct strictures can be treated by long-term 
stenling. 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 fo r iatrogenic division or ligation of the common bile 
duct is surgica l reconstruction of the bile ducts. 

Sma ll 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 ~'lundice but the long-term prognosis 
is poor even after a successful radical pancreatico
duodenectomy (which itself has a high mortality rate). 
This may get better as specialist surgical centres improve 
preoperative staging and achieve better surgical out-

comes. At present, the trend is towards palliative treat
mcnt with stenting, together with gastro-jeju nostomy if 
the duodenum becomes obstructed by invading tumour. 

Obstrudion due to incurable tumour 

This commonly occurs in carcinoma of the head of the 
p.'lncreas, less often with lymph node metastases in the 
port,'l hep.'ltis and rarely from carcinoma of the gall 
bladder. Stenting is the pallialive treatment of choice but 
if this proves impossible, various operations can bypass 
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 eh. 17) is the classic 
palliative operation 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 ~'lundice 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 
p.1tients 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 Sc'llts which are able to reach the bowel. 

SPECIAL RISKS OF SURGERY IN THE JAUNDICED 
PATIENT (see Box l' .8) 

Despite the fact that most obstructive jaundice ca n now 
be relieved preoperatively by stone removal or stenting. 
surgery must still be performed in a )''lundiced patient. 
This poses a greater risk from preoperative and post
operative surgical complications as follows: 

• Infect ion. Obstructed bile is nearly always infected by 
aerobic gllt orga nisms and surgical instrumentation 
may precipita te asce nding 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. Pn.."Operative drainage of bile into the bowel 
by endoscopic sphi ncterotomy or stenting can prevent 
this. Prophylactic antibiotics against the usual gut 
flora shou ld be used for the procedure 

• Endotoxaemia. Endotoxins appear in the systemic 
circulation. These predispose to multiple organ 
dysfunction syndrome (MOOS) by activating 
components of the inflammatory cascade and may 
precipitate a systemic inflammatory response. Renal 
function is particularly vulnerable if renal perfusion is 
already impaired. Renal failure following operation 
for obstructive ).'lundice is manifest as hepatorenal 
syndrome, but can occur in any patient with 
obstructive )''lundice. Typical findings are oliguria and 
hyponatremia. Renal function can be protected by 
ensuring that the patient does not become dehydra ted 
during [lny period of restriction of oral fluids. 
Intravenous fluids should be given overnight before 
an operation or procl'!!ure but may aggravate the 
hep.'ltorenal syndrome. The patient should be 
catheteriscd and given prophylactic antibiotics 

• Hepatic impairment. There is usually some degree of 
hep.'ltic imp.'lirment due to biliary back pressure. This 
causes reduced hepatic metabolism of certain drugs 
and results in defective synthesis of dotting factors, 
even if vitamin K hns been given. Patients with 
chronic parcnchymalliver disease withstand the 
stresses of major abdominal su rgery and anaesthesia 
poorly. Drugs excreted by the liver should be avoided 

• Malabsorption of fats. Biliary obstruction leads to 
diminished absorption of fats, including vitamin K, a 
ro-factor for prothrombin synthesis. This results in 
defective clotting. Parenteral vitamin K before 
operation usually improves the prothrombin ratio 
sufficiently to permit operation but needs to be given 
ilt least 2~ hours Ix>foreha nd. If this is not poSSible, 

SUMMARY 

BO)lll .8 Special precautions to be taken when 
operating on a patient w ith obstructive jaundice 
Note that most obstructive jaundice can now be 
relieved preoperatively by stone removal or stenting 

Infected bile under pressure 

• Use prophylactic antibiotics:t drainage preoperatively 
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 dotting factors) 

• Check clotting 
• Give vitamin K intramuscularly for several days 

before operation 

Thromboembolism 

• Use prophylactic measures, e.g. low-dose 
subcutaneous heparin 

frcsh-frol'en plasma is given perioperatively to correct 
the co.'lgulopathy 

• Thromboembolism. Paradoxically, considering the 
dotting deficiency, postoperative deep vein 
thrombosis is common in the ).ltlndiced patient. 
Prophylactic measures should be taken to reduce this 
risk, e.g. low-dose subcu taneous heparin 

ABDOMINAL MASS OR DISTENSION 

An abdominal mass is sometimes discovered by the 
p.lticnt but more often on medical examination. An 
older patient with a definite p..llp.'lble mass is likely to 
have a malignant tumour, but benign cysts, inflam
matory masses, aneurysms or atypical hernias may be 
responsible. Occasionally masses have a 'mooi('.;'ll' C.1USC, 

e.g. hepatosplenomegaly of chronic lymphocytic leu
kaemia. Commonly, one of the 'five Fs'-fetus, faeces, 
flatus, fat or fluid-may masquerade as a 'surgical' mass 
or distension. These arc common causes of emba rrass
ment! An obdominol mass may be discovered without 
any rclotl'!! cl in ical features; usually however, the patient 
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has gastrointestinal symptoms, anaemia or jaundice in 
addition. A careful history will often reveal useful dues 
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 cha racteristics, such as size, shape and 
consistency, give valuable infoTlThltion about the organ of 
origin and the likely p., thology. incisional, umbilical and 
sometimes intcrstita l (Spigelian) hernias (see eh. 26, 
p. 348) may present as localised swellings but they usually 
shrink or reduce completely when the patien t is supine 
or under anaesthesia. Unless the d iagnosis of a hernia 
is considered, it may be overlooked. An incarcerated 
(irreducible but 1101 obstructed) hernia is more 
appropriately considered a true 'mass', 

Mass in the right hypochondrium 

A right hypochondrial mass is usually of hepatobiliary 
origi n. If so, it will be continuous with the main bulk of 
the liver both to p.llpation and percussion. It will also 
descend on inspiration. The enlarging liver usually 
remains in contact with the anterior abdomina l wall and 
is consequently dull to percussion. When the liver is 
diffusely enlarged, the inferior margin is regular and 
well defi ned 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 en larged. 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 
common ly, a right hypochond ria I 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 li kely to be a mucocoele of the gall bladder. A 
more diffuse, tender m,lSS may be an empyema of the 
gall bladder. 

Epigastric mass 

A mass in the epigastrium is usua lly due to a u,mcer of 
the stomach or tr,lnsverse 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 arc usually hard and irregu lar 
and are mobile or fixed according to the degree of 
invasion. Occasionally an f'p igastric mass is an isolated 
enlargement of the left lobe of the liver or massive para
aortic lymph nodes due to lymphoma or testicu lar 
secondaries. A pulsati le epigastric mass is likdy to be an 
abdominal aortic aneurysm. 

Non-acute abdominal pain and other abdominal symptoms 

Fig. 11 .10 Epigastric mass 
ThiS man of 44 presented havmg discovered an epigastnc mass. It was 
asymptomatic. The margms of the mass are out lmed on the skin_ The 
mass moved downwards with respiration and proved to be a massive 
liver metastasIS from a tmy 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 distinguishf'd clinically 
from an enlarged spleen as the latter often has a discrete 
'edge' and lies more posteriorly. The spleen also has a 
b.lnd 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 
puiS 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 b imanual palpation . This involves 
pushing the mass forward from behind wi th one hand so 
tha t it can be p,llpated anteriorly with the other. A renal 
mass will lISU,1l1y descend wi th inspiration since the 
kidneys lie just beneath the diaphragm. Very rarely, a 
hernia occurs in the lumbar region; this reduces 
spont'lncously 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 milSS 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 fQSS..l. These les ions, however, arise from oul 
of the pelvis and can often be pushed up on to the 
abdominal exam ining hand by digital pressure in the 
rectum or vagi na (bimanual pa lpation- most effectively 
performed under genera l anaesthesia). Note that a rectal 
examination is mandatory in a thorough abdomi nal 
examination. 

Hernias in the groin are common (see Ch. 26) and may 
be chronically irreducible (incarcerated). Occasionally, an 
interstitia l (Spigelian) hern ia develops above the groin in 
either iliac foss.l. This presents a somewhat confusing 
picture on examinat ion by virtue of its site and because 
the peritoneal Sac herniates between the muscle layers of 
the abdom inal wa ll. 

Sup rapubic 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 dis.lppears on catheterisation. Bladder en
largement is usually symmetrica l and may extend above 
the umbil icus. The margins may be difficult to define 
accurately because of the bladder's soft consistency. Only 
massive bladder tu mours are p.llpable and would be 
accompanied by urinary tract symptoms and urine 
abnormalities. Sometimes large bladder stones are pa l
pable abdominally. 

A uterus may be palpable abdomi nally 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 exam ination (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 'append ix 
mass' (see e h. 19). lllere is usually a recent history of 
right iliac fossa p.lin and fever. A carcinoma of the caecum 
may become very large without causing symptoms oi 
obstruction because the caecum is large and distens ible. 
and the faecal s tream at this point is quite liquid . Thus. 
a caecal ca rcinoma often presents as an asymptomatic 
right iliac fOSS.l mass; iron deficiency anaemia is often 
evident by this s tnge. Crohn's disease of the terminal 
ileum often presents with a tender mass, usually with 
typical symptoms of pain and diarrhoea. 

Ce ntral abdom ina l ma ss 

A central abdominal mass may originate in large or 
sma ll bowel, as a result of malignant infiltration of the 
great omentum or from retroperitoneal structures such 
as lym ph nodes, pancreas, connective tissues or the aorta. 
Retroperitoneal masses arc 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 expansil e p ulsation; other solid 
masses may transmit pulsation from large vessels 
nearby, but these masses arc 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. 
Paraumbi lica l or u mbilical hernias, common in the 
obese, occur centrally and diagnosis is usually stra ight
forward. Diva rica tion of the recti (rectus abdominis 
muscles, nol a true hernia) involves the recti being splayed 
apart, of len as a resu lt 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 e xamination 

Palpation of the normal rectum reveals the firm walls of 
the anal sphincter over the first Scm 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 
swell ing about 2cm in diameter with a midline groove 
between the lateral lobes. Enlargement of the prost,lle 
(usually benign) ca n be palpated, as can irregularity or 
nodularity which may represent carcinoma. 

An abdominal or pelvic mass may be palp.lble solely 
on rectal (or vaginal) examination. The mass may be a 
rectal Cancer or a ca ncer of the loop of sigmoid colon 
lying in the pelvic cavi ty; the latter is unlikely to be 
visible on sigmoidoscopy. Sometimes, secondary deposits 
from an impalpable tumour in the upper abdomen may 
seed the pelvic cavi ty. This may produce a palpable 
anterior lump known as Blumer's shelf or even a solid 
mass filling the pelvic cavity. The latter condition is 



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 intennittent abdominal distension. It 
usually occurs in healthy young adults, particularly 
women, in association with irri table bowel syndrome or 
air swallowing during hyperventilation. Women of 
reproductive age often complain of alx:lominal 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. 

Alx:Iominal wall and intraperitoneal fat may give the 
impression of diffuse alx:lominal 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 alxlominal 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 alx:lominal 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 o f ascites is massive obstruction of alx:lominal 
lymphatic drainage. This is usually ca used by malignant 
involvement of para-aortic lymph nodes with lymphoma 
or metastatic testicular malignancy. Chylous ascites, in 
which the ascitic fl uid 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. 

Ascitt_-'S can usually be recognised only when the 
volume exceeds 2 lilres, 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). Alx:Iominal 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 
resonance 

Flank and suprapubic 
dullness to percussion 

2 

B Shifting dullness 

2 

1 

A Percussion to 
demonstrate ascites Area 1 is resonant when supine and dull in lateral poSitIOn 

Area 2 is dull when supine Wld resonant in lateral position 

Assistant's or patient's hand 
steadies centre of abdomen 

Operator flicks flank ---
C Eliciting a ftu ld thrill 

Radiology 

A chest X-ray should be performed if malignancy is 
suspected. Ultrasonography or CT scanning (see Fig. 11.13) 
is useful for demonstr;]ting the size and origin of;] 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 va luable in defining masses in the retroperi toneal 
area, e.g. pancreas, aort;] or kidneys, but may be the 
investigation of choicc for suspected large bowel cancer 
in frail patients. Ultrasound or CT sca nning can be used 
to guide need le biopsy or aspiration cytology precisely 
and may avoid the need for a diagnostic laparotomy 
Finally, contrast studies, e.g. b.lrium meal, barium enema 
or intra venous urogram, may be indicated. 

Endoscopy 

Rexible endoscopic techniques such as gastroscopy 0, 

colonoscopy enable direct examination and biopsy of 
many gastrointestinal lesions. ERCr may be used 10 
injt."'Ct conlr<lst material into the biliary and pancreatic 
duct systems if appropriate. 

A 'splash' is detected 
on opposite Side 01 
abdomen 

Fig . 11.11 Ctinicat signs of ascites 

Other methods of tissue diagnosis 

A tissue diagnosis should be obtained even if disseminated 
malignancy seems obvious. It can influence palliative 
<tnd supportive treiltment and, occasioll<llly, <tn apparently 
hopeless case proves on histology to be treat,lble or even 
cur;]ble. Examples are tuberculosis, lymphoma or a germ 
cell tumour such as teratom<t. Techniques of obtaining 
tissue for histology include nt.>ffIle or excision biopsy of 
enl<trged ccrvic,lllymph nodes, and percu taneous biopsy 
of liver or an intra-abdominal mass (which may be 
guided by ultrasound or CT). Paracentesis <tbdominis 
(i.e. needle aspiration of ascitic fluid) is <t safe and simple 
way of obtaining il specimen for cytology ,11ld micro
biology. Finally, when less invasive methods have failed 
to provide the necessary information, direct biopsy of 
tumour at diilgnostic laparoscopy or open operation 
usually provides the definitive diagnosis. 

Examination under anaesthesia, laparoscopy and 
exploratory laparotomy 

Ex<tmin<ttion under anaesthesia (EUA) is sometimes 
necessary for estimating the mobility and spread of pelvic 
tumours. General anaeslhesi<t with a muscle relaxant 
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Fig. 11 .12 Bimanual palpation of the abdomen 
The posterIOr hand pushes forwards so that an enlarged VISCUS 
(usually retroperitoneal e.g kidney) or a mobile Intra·abdomlnal mag 
~ pushed onto the aOlerlOr eKaminlng hand. Note that this is not 
bdl/orrmenr which Involves short ~arp palpation anteriorly thus 
displaCing aSCites enabhng a mass to bounce onto the examining hard 

Non·acute abdominat pain and other abdominal symptoms 

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. L'paroscopy, widely used in 
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 arc too small to be detected by standard 
non-invasive ultrasonography. Diagnostic laparotomy, 
often necessary before the advent of modem 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. 

Fig. 11 .13 CT scans showing gross ascites and enlarged lymph nodes 
In (a) note the darker grey homogeneous shadO'N of flUid A around the hver l and the contrast In the stomach S (b) Retroperitoneal mass of 
lymph nodes due to lymphoma. ThiS (T scan was taken to assess th~ stage of spread of a known lymphoma. ThiS 40-year-old woman presented 
With a large rubbery lymph node mass in her ne<k and was also found to have a large central abdominal mass. Abdominal (T scanning showed 
an enormous mass of lymph nodes (arrowed) Small bowel B IS seen anteriorly, enhanced by orally administered contrast material 
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INTRODUCTION 

The 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' 
arc serious and potentially life-threateni ng unless treated 
promptly. On the other hand, simple and rela tively 
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 ti me of hospi tal admission, a patient with an 
'acute abdomen' may have been managed conservatively 
at home for a day or two, du ring which the symptoms 
have either fa iled to settle or become progressively worse. 

Major gastrointestinal haemorrhage is also a common 
reason for acute surgiml referral. and is manifest by 
vomiting of blood (haematemesis) or rectal bleeding or 
p.lssage of melaena. Many such patients are initially 
referred to a gener.,1 (internal) physician or gastro
enterologist, especially if the presu mptive d iagnosis is 
bleed ing 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 su rgery (e.g. for ruptured 
abdominal aortic aneurysm) or a scheduled surgical 

Table 12 .1 Composition of acute general surgical 
admissio ns in a typical district general hospital · 

Reason for admission 

Non-speCIfic abdomll'\al pain, 
fesoMng WIthout SUfgefy 
Acute appen(hot~ 
Acute abdomen due to other causes 
Head tnJuries 
AI",,,,,,, 
Arterial emergencies 
UrologICal emergencies 
Hernlcvscrotal emergencies 
GastrOintestinal haemorrhage 
Solt tiSSue wounds 
Bums 

Percentage of admissions 

,,% 
,,% 
,,% 
'0% 
10% 
5% 
5% 
5% 

'" ,% 
,% 

'WltnoUt a separate head InjUry or urological emergency service 

procedure during the same admission (e.g. cholecyst
ectomy on the next available operating list), or arc booked 
to have an operation later (e.g. interval appendicectomy 
for I'l'SOlving appendix mass). 

The common abdominal causes for emergency ad
mission are summarised in Box 12.1. The list is not meant 
to be ex haustive and excludes obscure medical causes 
like acute intermittent porphyria or tabes dOr.>.lliS, as well 
as cond itions mainly confined to infants and children 
(see eh. 44). 

BASIC PRINCIPLES OF MANAGING THE ACUTE 
ABDOMEN 

[n managing the acute abdomen, the first goa l is to make 
a bro.ld diagnosis which wi ll help to decide whether an 



operation is necessary and how urgently it is required. 
Further detai led diagnostic information is obtained if 
possible, but the procedure perfonned often depends on 
what is found when the abdomen is opened. 

Firstly, the basic pathophysiological phenomenon re
sponsible fo r the patient's clinical state should be identified. 
Does the clinical picture suggest intestinal obstruction, 
bowel stra ngulation, peritonitis, intra-alxlominal abscess, 
intra-abdominal bleeding or acute bowel ischaemia, or 
is it obv iously gastrointestinal haemorrhage? More than 
one of these phenomena may occur at once. For example, 
strangu lation 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 vita l 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-large 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 sa lpingitis 

The acute abdomen and acute gastrointestinal haemorrhage 

INTESTINAL OBSTRUCTION 

PATHOPHYSIOLOGY OF INTESTINAL OBSTRUCTION 

Any part of the gastrointesti nal 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 perista lsis. The manner of presentation 
depends on the level of obstruction within the gastro
intesti nal tract (Le. stomach, proximal or distal small 
bowel or large bowel) and on the completeness of 
obstruction. The most acute presentation is upper sma ll 
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 teft-sided), 

gastric carcinoma near the pytorus, 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 

tnflammatory 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. A segment 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 vom ited 
In contrast, dista l large bowel obstruction is often much 
more chronic and may be present fo r a day or two before 
the p<,tient seeks treatment. 

SYMPTOMS OF INTESTINAL OBSTRUCTION 

Symptoms and physical s igns are summarised in Box 
12.3, p. 180. 

Vomiting 

Obstruction of the bowel ev£>ntually leads to vomiting 
The more proximal the obstruction, the earlier it develops. 
Vomiting can occur even if nothing is taken by mouth 
because s.,liva and other gastrointestinal secretions 
continue to be produced and enter the stomach. At least 
10 lilres 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 
vomiti ng usually takes place gradually after about 
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 swn llowcd nir proximal to an obstruction, 
together with conti nuing 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. [n the small bowel, peristaltic 
action often increases for 24-48 hours and often fades 
after that. 

Constipation 

Distal to the obstruction, bowel gas is absorbed and 
propulsion of bowel conten ts is arrested. The resulting 
absolute co ns tipation or obstipation, i.e. neither faeces 
nor flatus are passed recta lly, is pathognomonic of bowel 
obstruction. The longer the duration of obstipation, the 
more important it beeomes in the diagnosis of obstruction. 

Effects of the competence of the ileocaecal valve 

Symptoms develop more gradually in large bowel 
obstruction bee.1Use of the large cap<"lcity of the colon and 
caecum and their absorptive activity. If the ileocaecal 
va lve remains competent, b..lckward flow of accumulating 
bowel contents is prevented; the thin-walled caecum 
progressively distends with swallowed air and eventually 
ruptures. The iteocaecal valve becomes incompetent in 
about half of large bowel obstructions, and this allows 
the small bowel to distend, delaying the onset of 
symptoms. [f the ileocaecal valve remains competent, 
operation is clearly more urgent. 

Incomplete obstruction 

If 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 pai n which arc more prominent than those found 
in complete obstruction. The p<lin 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 sub..,cu te 
obstruction as the term is misleading. 

PHYSICAL SIGNS OF INTESTINAL OBSTRUCTION 

Vomiting, diminished fluid intake and sequestration of 
fluid in the Slllall bowel commonly lead to dehydration . 
This is manifest clin ica lly by extreme dryness of the 
mouth and characteristic loss of skin turgor and elasticity. 
Gas-filled loops of bowel proximal to the obstnlction 
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 exam ination may reveal signs of anaemia or 
lymphadenop<,thy attributable to the primary disorder. 

The most st riking feature on abdominal palpation is 
the lack of tenderness; the exception is when strangu
lation has occurred . Obstruction with tenderness must 
t-e diagnosed as strangu lation, necessi tating urgent oper
ation after fluid resuscitation. An obstructing abdominal 
mass may be palpable if large. TIle groins must always 
be examined for hernias. An obstructed femoral hernia 
r<lrely causes local symptoms but instead produces 
symptoms and signs of small bowel obstruction. A 
strangula ted 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 
f"CSOnant and the periphery dull because bowel gas rises 
to the most eleva ted point; this may be diffiru lt 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 oo.1t. 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 obstnlction is distended by gas. Bowd 
gas is absent beyond the obstruction but some rectal gas 
may be seen if a digital examination has been performed. 
The p<1t1ern and distribution of gas often indicates the 
approximate s ite of obstruction. Ruid [evels 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. [t 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 ileocaeca[ valve remains 
competent, the ca(."(um and ascending colon, being less 
muscular, take the brunt of the distension. When the 
radio[ogical diameter of the caecum reaches 12cm, 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 s ite and nature of the obstruc
tion (including sigmoid volvul us) and to distinguish 
mechanical obstnlction from pseudo-obstruction (see 
below). 

ADYNAMIC BOWEL OBSTRUCTION 

Temporary disnlption of normal peristaltic activity 
without mechanical blockage causes adynamic bowel 
obstruction. Most commonly it occurs after abdomina l 
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 paralyt ic 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 'i leus' 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, ck>ctrolyte disturbances like hypo
kalaemia or the usc 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 c,1lled 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, certa in drugs (e.g. anticholinergics), pregnancy, 
orthopaedic injuries and surgery, partirularly in the 
elderly, and prolonged recumbency. 

Physica l s igns 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 int.1ke is discontinued and intravenous 
fluids are given, the volume and type of fluid 
depending on the state of hydra tion, the duration of 
the obstruction and scrum electrolyte abnormalities. 
After prolonged vomiting, patients may be seriously 
depleted of fluid and electrolytes 

• If the patient is vom iting 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 arc 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 
sa fely be deferred for a day or two. Nevertheless, few 
obstructions that have not settled with 48 hours of 
adequate conservative treatment will resolve withou t 
intervention. This interval gives time for the patient to 

1') .... ___ ____ _ 

Ie) 

be resuscitated and for any desirable investigations. 
The obstruction may settle during this period of 
conservative management, particularly if caused by 
ad hesions 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 

Ib) 
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Fig. 12 .1 Radiological appearances of obstructed bowel 
(a) Plain abdominal fi lm shOWing gastr ic 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 obstruction has been absorbed or expelled and so the rest of the abdomen is 
relative ly gas-free. (b) Supine abdominal film showing mid small bow~1 obstruction. Dilated small bowel fills the upper lef t quadrant and centre of 
the abdomen, and can be Identified by the plicae Clrculares (valvulae conniventes) P which extend across the whole width of the lumen. Distal 
small bowel IS colla~ and fs not seen on this film. The large bowel is also oolla~ distal to the obstruction. with only a small amount of gas 
seen in the sigmoid colon 5, there is faecal loading of the ascending (olon 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) Supme abdommal X-ray In a middle-aged man WIth several days of small bowel OOstructlOO due to adhesions. The abdomen IS 
filled WIth grossly dilated small bowel loops. In addltlOO, the small bowel wall is thickened, as shown by the apparent space between loops of 
bowel (arrowed); this IS a charactertstic feature of prolonged obstructoo. (e) 'Instant' barium enema on the same patient as (d). showing contra5t 
filling the normal colon Co and distal ileum I which abruptly terminat~ at the obstruCllon (arrowed). (f) Supine film showing gross caecal 
dilatation (outhne 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 cclonlc gas down the left ~de of the abdomen m the positIOn of the 
descending and SigmOid colon. Gross caecal dilatatIOn occurs m large bowel obstruction when the lleocaecal va~ remains competent. In thIS 
patient, the caecum has perfOfated. as shown by the presence of gas G In the extra-peritoneal tiSSUes. (g) Erect film of the same patl('nt as m (f) 
showmg gas In the caecal wall (arrowed); this indICates necrosis. Not~ also the long fluid level In the transverse colon T This patient was an 
elderly man With an obstructing carcinoma at the splenic flexure. (h) 'lam supme abdommal X-ray of another elderly man. also with an 
obstrucllng carcmoma at the splenic flexure. In this patient, the ileociecal valve has become mcompetent. Note the dilated transverse colon T and 
the multiple dilated loops of small bowel 58 in the centre of the abdomen 
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~ri-->--------Abdominal incision 

.~---------CoIlapsed bowel distal to 
obstruction 

,.----------Bruised area at site of 
obstruction 

------------Dllated bowel proximal to 
obstruction Fig. 12.2 Findings at operation for 

simple band obstruction of small 
bowel 

of bowel become trapped within the abdominnl cnvity 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 
nggravates the obstruction; venous return is initinlly 
obstructed. The closed loop of bowel becomes pro
gressively dilated by gas from fermentntion. The 
combination of gas pressure and venous bnck pressure 
progressively inhibits arterial inflow, causi ng ischaemia 
and then infarction. 

Strangulation most commonly occurs when small 
bowel is caught within a hernia (inguinal, femornl, 
umbilical or incisional). The bowel undergoes necrosi;; 
and soon perforates within the hernial 5<lC; this may be 
contained initially but genera lised peritonitis usually 
ensues. Clinically, the patient first develops sym ptom5 
nnd signs of small bowel obstruction. A newly irreducible 
hernia can usually be found and this is likely to be 
tender and inflamed. However, a strnngulated femornl 
hernia is a trnp for the unwary. As indicated earlier, these 
are often deceptively small and non-tender and will be 
missed unless the groi ns arc carefully examined. 

Bowel may also becomc strangulated within the 
abdominal cavity if a loop becomes trapped by fibrou5 
bands or adhesions or passes through an omental or 
mesenteric defect. Similarly, strangu lation occurs if a 
large loop of bowel becomes twisted several times on it5 
mesentery, a condition known as volvulus (see Ch. 22). 
Small bowel volvulus is rMC but the sigmoid colon (or 
sometimes the caecum) is particularly susceptible 10 
volvulus should il become excessively distended; this i5 
most commonly seen in elderly patients with chronic 
constip.1tion and in countries where the staple diet i5 
extremely high in fibre. 

SYMPTOMS AND SIGNS OF BOWEL STRANGULATION 

Intra-abdominal strangulation causes the usua l symptoms 
and signs of bowel obstruction (see Box 12.3) but these 
are accomp;mied by abdominal tenderness which is not 

SUMMARY 

Bo)( 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--<aused 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 arc systemically 
more unwell with a tachycardia and a leucocytosis. Pain 
increases over time and the pulse progressively rises. At 
this point, conservative trc<ltment must be abandoned. 
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PRINCIPLES OF MANAGEMENT OF SUSPECTED 
BOWEL STRANGULATION 

When strangulation is diagnosed or even suspected, 
operation must be performed urgently (after rapid fluid 
resuscit,ltion) to try to prevent infarction and perforation 
(see Fig. 12.3). The p<,tient 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 inflamm.ltion 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 cxample. 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 
guardi ng. If thc palpilting hand is quickly removed, the 
sudden movemcnt 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 gentie per· 
cussion and can often be inferred from the history. 
Ilospital 'speed bumps' thus may perform an important 
diagnostic role! Reel.11 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, 
tachycardia and leucocytOSiS. 

With ge neralised 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 bowet after strangulation 
ThiS photograph, taken at operatlOfl for bowel ob5trudlon, shows a 
dilated necrotIC loop of small bowel which has strangulated after 
passlllg through a congellilal delect III the sigmoid mesocolon. The 
bowel was on the point of perforatIOn. 

most severe when there is widespread contamination by 
fil('ces, pus or infected bile. Peritonitis is less severe 
when infection is absent (e.g. perforated duodenal ulcer 
in its early stages). 

On examination in generaliSLu peritonitis, the abdomen 
is rigid and tender and bowel sounds arc absent because 
of peristaltiC paralysis. Rectal examination provides a 
means of direct p<,lpation 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 C.1Use. It is unkind and un
necesSary, however, to subject a patient to abdominal 
X-rays if a deeision has already been taken to perform an 
emergency lap<,rotomy. 

The causes of peritonitis are summarised in Box 12A. 

INTRA-ABDOMINAL HAEMORRHAGE 

Blood may enter the abdominal cavity from a variety of 
sources including nlptured 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 Cause s of peritonitis 
localised peritonitis 

• Transmural inflammation of bowel. e.g. appendicitis, 
(rohn's disease, diverticulitis 

• Transmural inflammation of other viscera, e.g. 
chole<:ystitis, salpingitis 

Generalised peritonitis 

• Irritation 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 

moderote peritoneal irritation and symptoms similar to 
peritonitis, but often more muted. Distinguishing between 
the two is usually not difficu lt because the history and 
other symptoms and signs give enough clues. In an 
uns table p.ltient 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 peritoncililavagc which involves instillation of sali ne 
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 sa lpingitis are usually managed 
with antibiotics. 

With generalised peritonitis, the patient is at risk of 
death from toxaemia or septic shock. As SOOI1 as the 
diagnosis is made, high doses of antibiotics are given 
intravenously. With the exception of acute p.lncreatitis, 
genera lised peritonitis requires urgent laparotomy to 
discover the cause and 10 clear the contaminating 
material (peritoneal to ilet). 

INTRA-ABDOMINAL ABSCESS 

PATHOPHYSIOLOGY AND CLINICAL FEATURES OF 
INTRA-ABDOMINAL ABSCESS 

There arc 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 Ix.>en localised faecal contamination or an 
anastomotic lea k. Appendiceal perforation may cause a 
local abscess or one which tracks down into the pelvis. 
Diverticular disease often causes a pericol ic abscess 
or complex in(Jammalory 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 con tinuous rather than colicky and tends to 
increase inexorably. Local bowel irritation may cause 
diarrhoea or adynamic obstruclion. A swinging pyrexia 
(see eh. I) is ,111 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 .lcute diverticular disease. Rectal 
examination may reveal a hot, tender mass (a pelvic 
abscess), displacing the (('(tum backwards-.l classic 
finding in the post-appendicectomy p.ltienl. These 
patients usually complai n of diarrhoea due to inflam
mation close to the rectum. 

Ultrasound of the abdomen and pelvis is most usefu l 
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, usi ng the patient's OWI1 radionuclidc-labeJled 
white cells moy be helpful (see Fig. 12.4). 

PRINCIPLES OF MANAGEMENT OF AN INTRA
ABDOMINAL ABSCESS 

With a pelvic obscess in a patient who is otherwise well, 
there is usuolly 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 moy be required in some caSte'S to deal with 
an intril-abdominal abscess, particularly if the under
lying cause needs to be treated or if it is technically unsuit
able for percutaneous drain.lge. 



Fig. 12.4 Radioisotope Kan showing a large pelvic abscess 
Radioouclide scan of a 47·year-old woman who presented with lower 
abdominal tenderness and a SWInging pyrexia The patient's own 
leucocytes were labelled WIth a radlonuchde. ThiS scan shows a large 
pe/v!c abscess P, shown later to be due to diverticular pefforalion. 
Note also the radIOisotope uptake by the spleen S. liver l and bone 
marrow B, whICh IS a OOfmal feature of '>lIch scans. 

PE"FORATION OF AN ABDOMINAL 
VISCUS 

PATHOPHYSIOLOGY AND CLINICAL FEATURES OF 
PERFORATION 

Diseilse in any hollow abdominal viscus may be compli· 
cated by perforiltion into the peritoneal cavity. The 
common sites of perforation are stomach and duooenum 
(from peptic ulcer), sigmoid colon (from diverticular 
disease) and the appendix (from acute appendicitis). The 
symptoms and signs of a perfora ted viscus depend on 
the nature of its contents, the volume of spillage and the 
effectiveness of the local defences. 

A sma ll perforation may be immediately walled off by 
omentum and nearby bowel, but a loc."ll abscess will then 
develop. In th is case, symptoms and signs are often 
grumbling and rather non-specific at first but subsequently 
develop into those typical of an intra-alxlomina l 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 
perforiltion due to a stercoral tear from severe constipation 
causes Slldden overwhelming fa('("al peritonitis, which is 
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often fatal despite treatment. A perforated peptic ulcer 
causes ma rked 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 clinicaJ diagnosis but can 
usually be confi rmed by the presence of free gas in the 
peritoneal cavity on plain X-ray. This can usually be seen 
as a radiolucen t line beneath one or both hemidiaphragms 
on an erect chest film (see Fig. 12.5) or on a latera l 
d('("ubitus film of the abdomen. Radiology does not 
always demonstrnte free gas when there is a perforation; 
if X-rays {nil to support the clinical diagnosis, nction 
should be based on the clinical diagnosis. In the case of 
perforntcd appendicitis, free gas is very rnrely seen. 
L.1rge nmounts of gas arc typically s(c'Cn with perfora ted 
duodenal uk('rs 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. Duooenal ulcer perforations 
can be plugged with omentum or closed by suture. This 
mny be accomplished nt open surgery or laparoscopically. 
In large bowel perforntions, a Hartmann's procedure, 
which lenves a tcmpornry colostomy (see eh. 20, p. 274), 
is frequently required be<"ause healing of an anastomosis 
may be imp.1ired if there has been peritoneal con
taminntion. Occnsionnlly, conserva tive management is 
appropriate where there are few clin ical signs: for 
exn mple, perforation following colonoscopy. In the 
elderly, perforated duooenal ulcers may be managed 
conservatively using restriction of oral fluids, acid 
suppression nnd 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-dcrived 
structures, i.e. jejunum, ileum and right colon (see 
Fig. 12.6). This causes massive infarction and later, fatal 
perforation . There arc two fairly distinct types of acute 
superior mesenteric occlllsion. The first is embolism, 
which originates from left atrial thrombus in atrial 
fibrillation or from left ventricu lar 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-rilYs 
(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 pentOOilis. (b) Similar View to (a) frofTl a different patient. shOWIng a smal ler pneumoperitoneum G beneath the 
right hemidiaphragm. (e) 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 mo~ed to the right il iac fossa (RIF). Clinically he ha::l tenderness and rebound 10 the RIF. ThiS erect chest X-ray shows free gas 
beneath both sides of the diaphragm indlcallng perforated bowel. Unusuall y, 10 this case it was due to a perforated appendICit is. 

sclerotic stenosis; thrombosis takes place more readily if 
the mesenteric vessels are already atherosclerotic. The 
vul nerability 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 d iagnosis to 
make because of the lack of specific clinica l features and 
diagnostic tests. The severity of abdominal symptoms 
and s igns often gives no clue to the ca tastrophe within. 
There may be diffuse tenderness, abdominal distension 
and absent bowel sounds. Typically, there is a dispro
portionate degree of c,lrd iovascular collapse or shock. 
Diagnosis depends therefore on clinical suspicion. In the 
la te stages, g,lS may appear within the bowel wall and be 
visible on plai n nbdominal X-ray; by this time su rgery is 
unlikely to be successful. 

Some cases of intestinal infarction are due to portal 
vein thrombosis. The cause may be a prothrombotic 
d isorder but is often idiopathic. In these patients. the 
infarction is often patchy and localised resections may 
allow some p<,tients to survive. 

PRINCIPLES OF MANAGEMENT OF INTESTINAL 
ISCHAEMIA 

If intestina l ischaemia is suspected, laparotomy must be 
performed urgently u nless it is clearly going to be fru it
less. It is occaSionally possible to restore the mesenteric 
arterial supply by embolectomy or vascular bypass 
before the bowel becomes necrotic. If the infarcted 
segment is not too extensive and the rest of the bowel 
looks healthy, resection gives a reasonable chance of 
recovery and an adequate amount of bowel to sustain 



Fig. 12.6 Intestina l ischaemia 
ThIS 68-year-old woman with atriallibrillatioo presented WIth collapse 
but only moderate abdommal pain. The patient had embolised her 
superior mesenteric artery (acute SMA occlUSion) which supplies the 
embryologICal mldgut-deflvec! structures. The whole 01 her small 
bowel and the fight half of her colon were necrotIC but the left half of 
the colon was Intact. ThIS film shows the typical gross thick.ening 01 
small bowel folds 0 caused by swelling from oedema and intramural 
haemofrhage 

nutrition. In nearly ha lf 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 venOUi> 
infarction, resection and small bowel transplantation 
may be appropriale later. 

Examination and investigation of the acute abdomen are 
su mmarised in Boxes 12.5 and 12.6. 

MAJOR GASTROINTESTINAL 
HAEMORRHAGE 

PATHOPHYSIOLOGY AND CLINICAL fEATURES OF 
GASTROINTESTINAL HAEMORRHAGE 

Major gastrointestinal haemorrhage presents either a;; 
vomiting of blood o r passage of frank or altered blood 
rectally. Vomited blood (haematemesis) may be fresh or 
partly digested. [n the latter case, it is dark in colour and 
may have the typical appearance of 'coffee grounds'. 
Hacmatemesis usually indicates bleeding from the 
oesophagus or stomach but may indicate bleeding from 
the duodenu m. 

The acute abdomen and acute gastrointestinal haemorrhage ...: 

SUMMARY en 
Box 12.5 Special points to note in examining a 1 
patient with an acute abdomen 
Gene ral 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 
p<1sscd recta lly. The extent to which it is altered by 
digestion and the degree of mixing with the stool are 
useful indic."ttors of its level of origin (described in 
Ch. II, p. 151). Upper gastrointestinal bleeding is often 
manifest by melaena . This is the pass."tge of loose, b lack, 
tarry stools with a characteristic foul smell. With upper 
gastrointestinal bleeding proxima l to the duodeno
jejunal (Dj) flexure at the ligament of Treitz, hOle
matemesis or melaena or both can occur. Haematemesis 
is more like ly if the bleeding is rapid. The main causes of 
major gastrointestinal haemorrhage are summarised in 
Figure 12.7 a nd Table 12.2, p. 187. 18~ 
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KEY POINTS 

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 

Initial management and resuscitation 

Any patient presenting with severe upper gastrointestinal 
haemorrhage is at risk of death from hypovolaemic 
shock initially or as a result of rebleeding. Hospitals 
should ideally have clearly written and agreed protocols 
for combined medical and su rgica l management of 
upper gastrointeslinal haemorrhage so that patients do 
not 'sl ip through the net' and perish by default. There is 

a very real danger of rebleeding in high-risk patients 
during a hospi tal stay (about 50%) and a combined 
management policy has been shown to reduce mortality 
for all cases of upper gastrointestinal haemorrhage from 
10% to about 2%. 

Clinical history. examination and investigation 

More than tw()-thirds of patients presenting with upper 
gastrointestina l haemorrhage nowadays are over 60 years 
and one-Ihi rd of these have a history of taking aspirin 



The acute abdomen and acute gastro intestinal haemorrhage 

HAEMATEMESIS ANDIOR MALAENA 

Common causes Urrommon causes 

~---- Oesophageal varices 

Gastric Ulcer.:===;==10~--- Mallory-Weiss oesophageallears 
Gastric erosions 

Ouodenal u~er 0 

Polyps or carcinoma of colon -

IshaemlC colitis--

--Acute ulcerative colitis 

itl--- - - Small bowellumours 

:~~: • ,~ Small bowel angiodysplasia 

• =---Colonic angiodysplasia Diverticular disease, ------:-: 

Haemorrhoids·-------,l 

RECTAL BLEEDING OR BLOODY DIARRHOEA 

Table 12.2 Causes of ac.ute gastro intestinal haemorrhage 

Pathology 

Oesophageal var ices 

Mallo ry- Weiss oesophageal tears 

Chronic. g ast r ic and duodenal ulcers, 
acute gastric ulcers or erosions 
Stress ulcers 

Cl inical f eatures 

Haematemesis and/Of melaena 

Haematemesis or altered blood per rectum 

Haematemesls and/or melaena 

Malignant small bowel tumours Altered blood per rectum ----:----c-___ 
Angiodysplasias of small bowel Altered blood per rEctum 

Diverticular d isease Fresh rectal bleeding 

Ischaemic. colitis 

Angiodysplasias of co lon 

Abdominal pain then fairly fresh rectal bleeding 
------:--:-

Pattern of bleeding depends on locatIOn 
with in (alan 

Acute or fulminant ulcerati ve colitis 

Haemorrhoids. rectal polyps and 
carcinomas 

Bloody diarrhoea 

Fresh rectal bleedlOg but rarely 10 large quantities 

Fig . 12.7 Cau ses of g astrointestina l 
h aemorrhag e 

Frequenc)' 

Uncommon 
- ----

Uncommon 

Very common 

Uncommon 

Rare 

Rare 

Common 

f air ly common 

Fair ly common and increasingly 
recognised w ith the rise in colonoscopy 

Uncommon 

Common 

or other non-steroidal anti-inflammatory drugs_ Other 
specific deta ils of the hislory may be relevant. These 
include alcohol consumption, previous peptic ulceration 
or gastric surgery, or a his tory of cirrhosis and variceal 
haemorrhage. 

Abdominal examination is usually unremarkable but 
genera l examination may show signs of chronic liver 
disease suggesti ng possible gastro-oesophageal varices. 
Rectal examination may reveal melaena stool or altered 
blood and this can be helpful if the history of haema
temesis has not been substantiated, e.g. 'coffee-ground' 
vomit not seen by a doctor. 

The volume of blood S<1id to ha ve been vomited or 
passed per reclum is unreliable as a measure of blood 
loss because a great deal may remain in the bowel. It is 
therefore essential initia lly to oblain good venous access 
and perform a full blood count, urea and electrolytes and 
prot hrombin and liver fu nction tests, to send blood for 
grouping and antibody screen (or cross-matching), and 
to order blood for transfus ion in high-risk cases (see 
below). ECC and chest X-rays are usefu l in patients 
over 65 years or with cardiorespira tory disease. The 
patient should be mad e ready for thea tre at a moment's 
notice, rather than laboratories being chased for resu lts 
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or blood for transfusion when the patient suddenly 
deteriorates! 

Stratification of risk 

Patients with acute upper gastrointesti nal haemorrhage 
should be stratified clinically into a low-risk group 
(non-li fe-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 pn..>scnce of com plicating disease (see Fig. 12.8). 
Strati fication wi ll determine the priorities of manage
ment <lnd enable concentration of resources on those 
who really need it. Furt her risk f<lelors ma y be found at 
endoscopy (sec below). 

It is vit<ll th;lI patients with signs of shock are monitored 
and rcsuscit<lted thoroughly; the rate and volu me of 
intr<lvenous fluid replacement (whether plasma expanders 
or blood) is adjusted aga inst the responses of pu lse 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 J 

HIGH RISK 

If Bny of the following are present: 
• Age 60 or more 
• Presence 01 shock-systolic pressure less than 100 

mmHg or diastolic pressure falls on sining or standing 
• HaemO!;l lobin less than lOG 
• Severe Intercurrent disease 

(liver disease and suspected variceal haemorrhage. 
jaundice, cardiovascular. respiralory or renal) 

Admil to high dependency ward 

Restore blood volume 

Consider momtonng central venous pl"essure 

Inform consullant phySician and consultant surgeon 

Observe for continued bleeding Of' rebleeding 
(overt haemorrhage. rail In systolic blood pressure. rise 

in piJlse rate. fatl in central venous pressure) 

Only sips 01 water until endoscopy, 
Within 12 hours of initial bleed 

gastroenterologist or physician. Ideally, the same surgical 
team should rema in responsible fo r that patient until 
recovery. This con tinuity of surgical ca re ensures that 
a decision to operate can be made without delay if 
conservative management fail s. 

All patients with upper gastroi ntestinal haemorrhage 
require endoscopy to determine the site and activity of 
bleeding, to diagnose oesophageal varices and to deter
mi ne suitability for endoscopic treatment. Endoscopy 
also assists the surgeon in (ocating the source if surgery 
becomes nccesS<lry. Urgent endoscopy, within 12 hours 
of the first bleed, should be performed in clinically high
risk patients; <Ill others shou ld be endoscoped on the 
next available list, but ideally within 24 hours. This gives 
the best chance of locating the source of bleeding. 

Unexpected end oscopic features may also place 
appMently 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 ad renalinc/sderosant 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 reblecding. If the p.ltient is also hypotensive, 
the risk of rebleeding is 80% 

LOW RISK 

If all of the following are present: 
• Age less than 60 
• No evidence 01 hypovolaemia 
• Haemoglobin greater than lOG 
• Previously fit 

Admit to geooral ward 

Allow lIulds by mouth on first day and food thereafter 

Observe for contlllUed bleeding or rebleeding 
(oven haemorrhage. fall in systolic blood pressure. rise 

in pulse rate. lall in central venous pl"essure) 

Arrange endoscopy on next elective tist 

Discharge with in 5 days if no lurther bleeding 

188 Fig. 12.8 Risk stratification in the management of acute upper gastrointestinal haemorrhage 



• Bleeding gastro-ocsophageal varices. Mortality is 
30%. Immediate treatment is required with 
cndoluminal rubber b.1nd ligation or injection 
sclerotherapy. Tamponade with special balloon 
c;;ltheters may also be necessary prior to endol herapy 

Low-risk palients usually stop ble<'ding 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 supprC'SSion 
therapy (although there is little scientific evidence to 
support this practice), monitored by observation for 
rebleeding, pulse rate nnd blood pressure, nnd endo
seoped on the next nV!1il!1blc list. 

Surgical management 

Immediate surgery is required for patients with 
eX5.:1nguinating haemorrhage or those unable to be 
stabilised during initial resuscitation. Even in the most 
!1cute case of upper gastrointestinal haemorrhage, gastro
scopy C.1n usually be performed on the operating t.lble 
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 p..1rtirular operative problems. 
Thus, oesophagea l ulceration or a Mallory-Weiss tear 
(see Ch. 15) may be discovered, and the su rgeon can 
!1void operating on unsuspL>ctoo 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 thai an unguided lap.1rotomy 
must be performed immediately to sta unch the now. 

A policy of early surgery for patients over 60 has 
been shown to reduce mortality. Urgent su rgery is also 
required for patients defin(.>d clinically or end oscopically 
as being 'h igh-risk' and who suffer one rebleed, or for 
any p.1tient 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. C;;lstriC ulcers should 
be biopsied in case of malignancy but gastrectomy or 
vagotomy and pyloroplasty are rarely necess.1ry (see 

The acute abdomen and acute gastrointestinal haemorrhage 

Ch. 14). Postoperative anti-Helicolxlcler therapy is of 
course essential but is often overlooked. 

MORE DISTAL GI HAEMORRHAGE 

More distal gastrointestinal bleeding is usually not 
invesligated immediately to find the site but is managed 
conservatively anticip.1ting 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 
sou rce of bleeding should be localised by investigation 
so thnt nppropriate trentment can be targeted accurntcly. 
'Bli nd' 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, wi th 
blood per rectum the on ly trace. 

Investig.1tion involves rolonoscopy 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 carci noma or polyp is discovered. 

In ulcerative colitis, the diagnosis is e\Iident from the 
other symptoms and signs, and management depends 
on the success of medical treatment (sec 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
fnctory, 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 
gener.l l area of bowel (see Fig. 12.9). At laparotomy the 
whole bowel can be examined !1nd 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 
embolis..1tion of localised bleeding lesions using selective 
angiography is employed. 
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Fig. 12.9 Angiogram showing angiodysplasia of caecum 
This man of 70 had been admitted to hospital on 12 occasions for rectal bleeding and chronic anaemia and had reCl?lved 55 units of b lood 
transfusion in all. On the last admission, thiS superIOr mesenterIC artellogram was perfOHned, revealing the source of blood loss. (a) Subtraction 
film showing the aneriaf phase; the ileocolIC anery I feeds a knot of abnormal blood vessels, an anglOdysplasla A. at the lower pole of the 
caecum; this was responsible for the bleeding (b) Subtraction film of the venous phase; the anglodysplasla A IS still visible and there is early filling 
of a large draining vein V These appearances are typical of anglOdysplasla; the caecum is the most commoo site of Q(CUHffi(e. The le5IOn was 
resected by fight hemicolectomy 
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INTRODUCTION 

Gallstones and related disorders account for all but a 
s mall proportion of b iliary tract diS('ase. The most 
important of the remainder, cholangiocarcinoma and 
sclerosing cholangitis, are discussed in Chapter 17. 
Gallstone disease is also known as cholelithiasis. When 
s tones arc present in the bile ducts, this is known as 
choledocholith iasis. 

Most gallstonc·related disease presents with pain, 
located typic<llly in the epig<lstrium or right hypo
chondrium (upper quadr,1nt). The character of the p<lin 
varies with the diagnosis; in most cases, it is <lcute <lnd 
intermittent. The severity ranges from very severe and 
requiring hospitnl admission to moderately severe and 
m<l1l<lged <II home. For the less severe group, g<lllstone 

d isease tends to be investigated from the outpatient 
clinic. Less commonly, ga lls tone disease presents as 
jaundice caused by a stone p.1.ssing 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, 
<lbout half will be diagnosed as having gallstone disease. 
Furthermore, about 25% of elective abdominal operations 
on adu lts in district general hospitals are performed for 
g,1ll blndder discnse. As gall blndder surgery is fmught 
with potentinlly serious complkntions, there is consider
able scope for the development of effective preventative 
mensurcs, s.lfer su rgicnl techniques and better non
surgicnl methods of managing gallstone disense. 

STRUCTURE AND FUNCTION OF THE BILIARY SYSTEM 

Bile collects in the canaliculi between hepatocytes and 
drains via collecting ducts wi thin the portal triads into a 
system of ducts within the liver. These progresSively 
increase in diameter until they become the right and left 
hepatic duels which fuse to form the common hepatic 
duel 3-4 cm outside the liver; this is joined hlrther down 
by the cystic duct to become the common bile duct (see 
Fig. 13.1). The common bile duct is 4-Scm long and 
passes down behind the duodenum close to the head of 
the pancreas to drain via the ampulla of Vater into the 

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 mUC05.1 
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 hepalls 1F"'!!!!====-;:=~_, 

Common hepallc duct ~~----=" 
CyStic artery and duct ~t--"""";~-

Gall ~,,'''e, - 'ff' 
'------Liver 

r-------:~'------ Inferior vena cava 

--.:....-------Coeliac trunk .. 
-------- Pancreas 

-------'--- Main pancreatic duct 

Ampulla of Vater ----~- m~~, A---'.:.--- ----- Superior mesenteric artery and lJJ 'I. vein emerging below pancreas 

Fig. 13.1 Surgica l anatomy of the gall bladder, biliary tract and pa ncreas 
The coel iac trunl:. (the foregut artery) anses from the aorta and divides into the hepatic artery A, the splenic artery S and the left gast rIC artery G 
The porta hepatis consists of the hepatic artery A, the extrahepatIC bile ducts and the portal vein V The hepatic artery diVides into right and left 
branches, The extrahepatIC bile ducts consist of the right and left hepatic ducts wtllch JOin to form the common hepatic dud; In turn thiS IS JOined 
by the cystic duct to f()(m the common bile dUd 0 

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 dispost.'CI into a spir.1 1 arrangement called the 
sp ira l va lve, the function of which is not well under
stood. The g.1 11 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 tum. lined by a si mple, tall 
columnar epithelium. It is normally up to 0.6 cm in dia· 
meter which ca n be measured on ultrasound scanning. 

Bile is made con tinuously by the liver and passes 
along the biliary tract to the gall bladder where it is 
stored. Bile is concentrated by as much as 10 times in the 
ga ll bladder by aclive mucosal reabsorption of water. 
Lipid-rich food passing from stomach to duodenum 

promotes secretion of the hormone cholecystokin in. 
pancrcozymi n (CCK) by endocrine cells of the duodenal 
mucosa. This hormone sti mulates contraction of the gall 
bladder, squeezing bile into the duodenum. Bile sa lts 
(acids) act as emulsifying agents and facilitate hydrolysis 
of dietary lipids by pancreatic lip<1ses. If bile fails to 
reach the duodenum because of biliary tract obstruction, 
lipids are neither digested nor absorbed, resulting in the 
paSs.1ge of loose foul-smel ling fatty s tools (steatorrhoea). 
Furthermore, the fat-soluble vitamins (A, 0, E and K) are 
not absorbed. The lack of vitam in K soon leads to 
inildeqllate prothrombin syn thesis and hence defective 
clottingi this may pose problems if surgery is necessary 
in a patient with obstructive jaundice. 

PATHOPHYSIOLOGY OF THE BILIARY SYSTEM 
GALLSTONE COMPOSITION 

In developed countries, most g.ll1stones contain a 
predominance of cholesterol mixed wit h some bile 
pigment (calcium bilirubinate) and other calci um salts. 
A sma ll proportion are virtually 'pure' cholesterol stones 
('cholesterol solitaire'). [n Asia, most galls tones are 
composed of bile pigment alone. The composition and 
pathogenesis of the various types of ga llstone are sum· 
marised in Table 13. \ , and some examples are illustrated 
in Figu re 13.2. 

The 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 

of 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 
'fa milies' of gallstones, each of a different size, found in 
the same gall bladder. This suggests that each f'1I11ily 
bega n at a different time, presumably due to a transient 
change in local conditions. All families then build up by 
lamination at the s.1 nte rate, leading to the variety of 
different s izes. Radioisotope dating s tudies have shown 
that the average gallstone is 11 years old when it is 
removed! 

The full s tory of how the common choh..>sterol
predominant (mixed) stones are formed has not yet been 
el ucidated but several cl ues are available. The main 



Table 13.1 Composition and pathogenesis of gallstones 

Chemical composition 

Milled stones 
(75-90% of all stones) 
Cholesterol IS the predommant con~tltuent 
Heterogenous mIxture of cholesterol, 
bIle pIgments and cakium salts 10 a 'core' 
and lam mated structure 

Cholesterol stones 
(up to 10% of al l stones) 

Pigment stones 
(uncommon in developed countries, 
common in Asia) 
CalCIum bll irub inate 

Calcium carbonate stones 
(rare) 

Fig, 1],2 Types of gallstone 

Pathogenesis 

CombinatIOn of: 
Abnormalities 0' bile constItuents 
BIle stasis 
Inf£'Ction 

As for mixed stonES 

Excess bilirubin excretIon due to haemolyt ic 
disorders, e·9· hae'1lolytic anaemias, 
infectIons, malana leukaemias 

Excess calcium excretion In bl~ 

Gallstone disease and related disorders 

Morphology 

Mult,ple stooes, 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 blacle Most are 
radiolucent but 10% are radiopaque 

large, smooth, egg- or barrel-shaped 
and usually solitary ('cholesterol solitaIre'). 
Yellowish . Up to 4 cm diameter and 
may fill the gal l bladder. Radiolucent 

Mult iple, jet-black, shiny 'jack ' stones: 
0.5-1 cm diameter. Usually of uniform 
Si2e and often friable 

Greyish faceted stones. 
Radiopaque 

(a) Thick-wal led chronICally mflamed gall bladder found to be obstructed at its n£'Ck by a Single stone Note the slone is an aggregate of many 
smal ler stones. (b) MultIple small gallstones In the gallbladder, all of much the same 'generatIOn' (c) Gallbladder containing one huge stone and 
mult iple smal ler stones These stones al l f itted together w ith adjoining face ts. (d) 'Cholesterol solitaire' which had caused gallstone ileus by 
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factors are changes in concentra tion of the different 
constituents of bile, biliary stasis and infection. It is likely 
that several subtle abnomlal ities combine to bring about 
precipitation of bile constituents. 

Bile &lJtS and lecithin are responsible for maintaining 
cholesterol in a stable micelle formation. The normal 
micellar structu re of bile supports a greater concentration 
of cholesterol than could norm.llly be held in solution 
and it is therefore inherently unstable. An excess of 
cholesterol in relation 10 bile salts and lecithin is prob.lbly 
one of the main factors in stone formation. This is 
supportoo by the observation that patients in whom the 
terminal ileum has been resected or who have chronic 
distal ileill disCilsc hilve a threefold risk of developing 
cholesterol-rich stones. The terminal ileum is the main 
site for rcilbsorption of bile SilItS. When this is removeJ 
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 
micella r structure of cholesterol suspension. 

Precipitation is enhanced by biliary stasis. This occurs 
if the gall blildder becomes obstructed or its contractility 
becomes defective. It is not known whether obstnlction 
of the gall bladder outlet is a primary evenl in the 
formation 01 stones but it is believed 10 playa part in 
their continued accretion. Obstruction could be ciluSC\.i 
by dysfunction of the ~pira l va lve in the cystic duct, by 
reflux of duodenal contents (which may be infected) or 
by small stones a lready formed. The muscular gall 
bladder wall is damaged by longstanding inflammation 
or infection which interferes with its ability to empty. 
Pregnancy is 11 predisposing factor. 

THE ROLE OF INFLAMMATION AND INFECTION 

The relative roles of inflammation and infection in 
ga llstone formation are sti ll in doubt, but probably both 
playa part. Abnormalities of bile composition may cause 
chemical inflammation of the gall bladder, resulting in 
inflamm.ltory exudation and perhaps accumulation d 
inflammatory debris. Infection probably plays an import
ant part in the p.lthogenesis of gallstones. Bacteria 
usually fo rm the organic nidus upon which gallstones 
are built; they enter the gall bladder intermittently by 
reflux from the duodenu m or via the bloodstream. This 
process is probably normal in itself but becomes patho
logica l if the b.lcteria are not flushed out, as when the 
gall bladder does not adequately empty. Once stones are 
formed, episod ic b.lclcrial ingress could be responsible 
for periods of precipitation in which layers of the 
laminated structure arc built up. Indeed, some gallstones 
continue to harbour bacteria so the process becomes self
perpetuating. In support of this is the fact that filecal 
organisms can be cultured from at least 25% of chole
cystectomy specimens. 

THE ROLE OF CHRONIC OBSTRUCTION 

Transient obstruction of the gall bladder by stone 
may cause episodes of acute pain (biliary colic), If the 
obstnlction 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 
pa lpable and tender. If the contents become infected, an 
abscess develops within the gall bladder and this is 
known as an empyema of the ga ll bladder. 

The majority of gall bladders removed for chronic p.lin 
show a range of histological features more in keeping 
with a chronic obstructive aetiology tlWll an infective 
ol1e. These fe<ltures include intact but often atrophic 
mUCOS<l, submucosal and subserosa I fibrosis, hypertrophy 
of the musculM wall, <lnd mucoS<11 diverticula extending 
into the muscular layer (known as Rokitansky-Aschoff 
si nuses). Evidence of .1ctive or previous infection is 
uncommon. Inflammatory infiltrates are mainly asso
ciated with tr.lumatic g.lllslonc erosion of the mucosa or 
intrusion of inspiss.lted 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 slone can be demonstrated during 
investig.ltion or at opcr.ltion. [n some of these cases, a 
stone may have passed out of the duct system into the 
bowel. In other caSL'S, chronic inflammation occurs 
independently of stones, the so-called 'cholecystitis sans 
stones'; again, chron ic obstruction may be the aetiology. 
Finally, the terms 'biliary dyskinesia' and 'cystic du ct 
syndrome' are used to explain the situation where 
patients have typic.11 symptoms of gall blildder disease 
but essentially normal standard investigations. When 
biliary manometry is used, many of these patients .lre 
shown to have an abnormally high pressure in the 
sphincter of Oddi. Confirm ing Ihis diagnosis is difficult 
but a fai r proportion of p<ltients suspected of this are 
cured by endoscopic sphincterotomy or su rgical 
sphi ncleroplasty. 

EPIDEMIOLOGY OF GALLSTONES 

In developed countries, at least 10% of the adult 
population probably develop gallstones during their 
lifetime although most remain asymptomiltic. Gallstones 
arc rare before adulthood and incTeilSC in prevalence 
with age. Women are affected four times ilS often as men 
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and it appears that pregnancy is a very important 
predisposing factors; obesity and diabetes may also play 
a p<,rl. The typical patient is said to be a 'fair fat fertile 
female of forty', but many ga lls tone p<1tients 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 urbanis., tion. 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 compntible with the theory that changes in the 
composition of bile are the most important factors in 
stone p<,thogcnesis. 

INVESTIGATION OF GALL BLADDER PATHOLOGY 

When gallstone disease is suspected, investigation has 
the following objectives: 

• Exclude hnematological, liver function and other 
systemic abnormalities 

• Establish whether gai1stones are present in the gall 
bladder imd/or common duct and whether the gall 
bladder wall is abnormally thickened 

• Assess the integrity of Ihe 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 nnaemia in susceptible 
groups such as women of child-benring age. Haemolytic 
d isorders such as hereditary spherocytosis, thalassaemia 
and sickle cell trait should be considered as they may 
predispose to pigment stoncs. Liver function tests are 
indicated if there is .my suggestion of ~,undice or other 
liver abnormoUty. Finally, blood cultures to exclude 

Fig. 13.3 Bilia ry 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 invest igation 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 nccurate means of demon
strating di latation o f th e com mon duct system, which 
often indicates distal duct obstruction. Unfortunately, it 
is unreliilble for identifying bile duct stones directly, 
particularly ot the lower end. Ultrasound has the great 
advantage of being suitable for the seriously ill or 
jaundiced potien!. 

(al Longitudinal scan of gall bladder in a 46-year-old woman who complained of intermittent attacks of right upper quadrant pain The scan 
shows the outline of the gall bladder GB and a layer of gallstones (afrowed) along Its posterior wall. The stones each cast a clear acOustiC shadow 
AS beyond them. Note that these shadows can be prOjected back to :he 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 afc) because all sound waves 
are ref lected from it, casting a dense acoustIC shadow beyond Note that ultrasound IS a poor method of demonstrating stones at the lower end 
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of the common bile duct because the image tends to be ob>cured 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 ga ll bladder function and only incidentally 
revealing stones. It involves ingestion of contrast 
medium wh ich is absorbed, excreted by the liver and 
then radiographically demonstrated in the extrahepatic 
biliary system. A plain radiograph of the biliary area 
(control film ) Illay demonstrate stones, although only 
about 10% of all stones are radiopaque (see Fig. 13.4). 
[t may occ<\sionally 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 radiop.,que 
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 
~lundice, hepatic (.,i lure, intestinal malabsorption and 
vomit ing and is rarely indicated in acute gall bl.,dder 
disease because the ga ll 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 obstructiv~ 
jaundice do not require preoperative investigation for 
duct stones. If open cholecystectomy is performed, 
operative cholangiography (a lso known as peroperative 

Fig. 13.4 X·ray of radiopaque gallstone 
Plain abdominal X·ray shOWIng large radiopaque gallstone In the righl 
upper quadrant Note that the stone IS obviously laminated. having 
bUilt up In layers over many years 

chola ngiography) is carried out routinely but is less often 
employed at lap<\roscopic cholecystectomy, p. 205. At 
open operation, the bile duct system is outlined by 
p.issing a cannula through the cystic duct into the 
common bile duct and injecting radiopaque contrast 
material. This fil ls 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 cholangiogra phy 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 
trans ient jaundice possibly attributable to stones. Most 
cases will have either opera tive cholangiography at open 
cholecystectomy or preoperative endoscopic retrograde 
cholangio-pancrealography (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 ~iundice 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 extrahep.itic ducts and may even show a stone lodged 
at the lower end of the ducl. [f stones are demonstrated 
in the gall bladder, this adds weight to the impression 
that stones nre blocking the duct rather than tumour, but 
the two can c()(>xist. 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 
Iwo methods: ERCP and percutaneous transhep.:ltic 
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 
pnncrealic 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 ~lundice 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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Fig. 13.5 Investigation of the biliary duct system 
(a) Normal ERCP showing duodenoscope 0 in the set:ond part of the duodenum. Contrast has been injected fl~t Into the pancreatic duel 
P and then ,nto the common bile dlKt (arrowed). Note also the cystIC duct CD, gall bladder GB and intrahepatIC bile ducts IHD 
(b) Endoscopic retrograde cholangiogram in a woman of 77 who presented with mild epigastriC pam and obstructive jaundice. The film shows 
multiple large stooes In the common bde duct, represented by filling defe<ts. The common bile duct IS moderately dilated, but the intrahepatIC 
ducts tHO are 1"101 The fundus and neck. of the gall bladder GB all' shawn, but the body is empty of contrast (dotted lines). There is a stone S 
!'lear the IleCk of the gal' bladder. Cc) and (d) PostoperatIVe Hub€> chdanglogram films taken (routinely) 7 days after a cholecystectomy and 
removal of storIeS from the comrT\Ofl bile dud. The hlrm show the T-tube TT In SitU. In (c), a stooe S can be seen in the left hepatic duct. and in 
(d). another stooe S can be seen at the lower end of the comrT\Ofl bile dUd_ Both stones were successfully retrIeVed percutafleOusly 6 weeks later. 
The T-tube was removed and steerable grasping forceps passed into ttle biliary system through the skin defe<t Each stone was then grasped and 
drawn to the surface along the track 

Percutaneous transhepatic cholangiography is used if 
ERCP is llllavaililbic or unsuccessful. It involves inserting 
a long, finc (22 gnu gc) needle through the skin into one 
of the dilated intrahepatic ducts under radiological 

control. Contrast medium is then injected. An obstructing 
stone produces a characteristic rounded filling defect 
(Fig. 13.6d), as opposed to the tilpering stricture typical 
of tumour. 
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CLINICAL PRESENTATIONS OF GALLSTONE DISEASE 

The names attached to the various clinical syndrome;; 
associated wit h ga llstones are somewhat confusi ng and 
at best imprecise. This is partly because more than one 
pathological process may occur at once; hence the true 
d iagnosis ca n often be made only in the histop.1.thology 
laboratory. 

In the past, gallstones have been bl<lmed for causing 
chronic, low-grad e symptoms, <lnd l<lbelled chronic' 
cholecystitis or flatulent dyspepsia . In fact chronic 10w
gr<lde obstructive g<lll bl<ldder dise<lse prob<lbly does not 
exist ond the symptoms can usually be explained by 
irritable bowel syndrome or chronic aeroph<lgia (<lir 
swo llowing). 

Severe pain occurs if the gall bl<ldder becomes <lcutcly 
obstructed, even tronsiently. Th is is known as biliary 
colic. Acute infl<lmm<ltion of the gall bladder is known <l5 
acute cholecystitis. It m<ly be complicated by mucocoele 
of the ga ll b ladder, abscess formation (empyema) or 
free perforation . Ra rely, large stones in the comlllon bile 
duct ulcerate through into the duodenum c<lusing fistula 
fo rmation and someti mes gallstone ileus. Fin<llly, g<l ll
stones prob.1.bly prediSpose to carcinoma in the very 
long term. The spectru m of clinical disorders associated 
with gallstones is summarised in Figure 13.6. 

CHRONIC SYMPTOMS SUGGESTIVE OF 
GALL BLADDER DISEASE 

CLINICAL FEATURES 

Many patients arc rc(erred with a long history of <llmost 
daily pain which is poorly localised in the right upper 
quadrant or epig,1strium. It is often accomp<lnied by 
nausea or even vomiting. The pain may be eX<lCerb,ltcd 
by large or fatty meals and may radiate around towards 
the back. The sy mptoms are often rather vague and ill 
defined; this probably explains why patients often delay 
consult ing a doctor. Examination rarely revCills IllOrc 

than vague upper abdominal tenderness. 

MANAGEMENT 

Most of these patients turn out not to have gallstone; 
on ultrasonography. 111e most frequent diagnosis is 
irritable bowel syndrome but the differential diagnosis 
includes peptic ulcer disease, urinary tract infection and 
chronic constipa tion. Note that even if a patient has 
upper abdominal symptoms and demonstrable gall
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 whet her cholecystectomy is likely to cure the 
symptoms. 

When symptoms are characteris tic of gall bladder 
dise,lse, no specia l investigations other than ultra
sonography are required. When the symptoms are less 
clear-<ul, a more extensive search is necessary, perhaps 
including upper gastrointestinal endoscopy, plasma 
amylase and ECG. 

BILIARY COLIC 

CLINICAL FEATURES 

intennittent cyst ic duct obstruction by stone is probably 
the most common reason fo r symptoms from gallstones. 
Typic,1lly, patients are female and chiefly fall into two 
groups: the young or middk>-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 
cond itions arise less frequen tly in males. 

Biliary colic descrilx-s the symptom complex arising 
from sudden and complete obstruction of the cystic duct 
or common bile duct by stone. The pa in produced is 
severe, typically rising to a plateau over a few minutes, 
then continu ing unrelentingly. The patient writhes in 
agony until the pain resolves spontaneously after several 
hours or after opia te analgesia. A bout of vomiting often 
herald s the end of the attack and the patient fee ls 
exhausted and sore for the next day or so. There is 
common ly a history of previous similar episodes. On 
examination, there are few positive findings. There is no 
fever but there ma y 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 s.1fely be managed at 
home if the diagnosis is recognised. Pain relief usually 
requires only one injection of an opiate and the attack 
then P.1SSCS. Severe attacks of bil iary colic usually lead to 
emergency hospital admission since the differentia l 
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, s ince early diagnosis may 5.we several un
necessmy days in hospital. In acute gallstone disease, 
cholecystectomy scheduled for the next available list is 
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Basic pathological Pathophys io logy Clinical condition Complications 
process 

A Asmptomatic ~allstones 
No inflammation (very common 

B Chronic, or recurrent acute s~mploms Carcinoma of gall bladder 
Low-grade Chronic or (bul can be asymptomatic) S runken, (very rare) 
inflammation of intermittent low- scarred gall bladder is not palpable 

gall bladder grade gall bladdBf 
± transient inflammation Chronic Iowlrade gall bladder 
episodes of (common) symptoms - latulent dyspepsia' 
obstruction 

C 
Stones passing 
through bile 
duct system 

Acute exacerbation 

Acute attack sett les 

Stone impacts in 
neck of gall 
bladder 

Small stooes pass 
throogh bile duels 
into duodenum 

Disrupted ampullary 
flow dynamics 

(probably common) 

Acute cholecystiti s 
(fairly common) 

Mucocele of gall bladder 

Attacks of biliary colic 
(common) 

Acute pancreatitis 

Intermittent impaction and 
disimpaction of stone causes 
intermittent }aundice 

Empyema of gall bladder 
(uncommon) 

Perloration of galt bladder 
(rare) 

Stooe(s) 
remain III 
bile duct 
system 
aod 
enlarge 

Stone{s) 
block 
lower 
end of 
oommon 
bile duct 

Obstructive jaundice ~ r.:- ~ 

Progressive }aundice 
and liver failure (rare) .' • 

pr • 

D 

Stagnant bHe in common 
bile duct becomes 
infected • 

Large stone 
fistulates into 
duodenum (rare) 

Stone impacts in 
terminal Ileum 
(narrowest part of 
small bowel 

Asymptomatic cholecysto·duodenal ~. 
fistula (gas in bile ducts seen on plain _ .. 
abdominal X·ray) _ 

Ascending cholangitis 
(uncommon) 
'Charcot's intermittent 
hepatic fever' (very rare) 

e _ cf 

Smalt bowel obstrucli01 'gallstone 
ileus' (very rare) 

Fig . 13.6 Clinical conseque nces of gallstones 

preferred by many su rgeons but others perform the 
operation electi vely at a la ter date. Early opera tion 
appears to be the better option, reducing the risk of the 
complica tions of ga lls tones. If a mucocoele of the gall 
bladder is found , the attack is li kely to persist and there 
is a high risk of an empyema of the ga ll bl adder 
developi ng. In this case, cholecystectomy often becomes 
necessary during the current ad mission. 

Cholecystectomy is the defini ti ve treatment for bi liary 
colic. Patients are frequently put on a low-fat diet 
initially or while awai ting opera tion; this often relieves 

sym ptoms, presumably by removing a stimu lus to gall 
bladder contraction. It also faci lita tes weight loss, if 
appropria te. 

[n younger p..,tients, cholecystectomy is usually straight
fo rward. The ga ll bladder is usua lly found to contain 
stones or thick dark biliary sludge and its wall is often 
thin, a lthough it may be inflamed. OccaSiona lly a 
mucocoel e is found. In a few patients, the gall bladder is 
thickened and scarred and technically more d ifficult 10 
remove. Techniques of cholecystectomy are discussed on 
pages 203-207. 1S 
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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 chem ical irri tation and, la ter in 
the episode, bilcterial infection. The clinical result is 
acu te 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 ga ll bladder mass may be palpable. The term 
'Murphy'S s ign ' is often misused in this context; it was 
originally used to describe tenderness at the tip of the 
ninth rib. Being infl<lmm<ltory 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 d iagnosis may be 
made on clin ic.11 grounds. but it is worthwhi le obtaining 
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an early defi nitive diagnosis. Ultrasound is usually 
sufficient to support the diagnosis by revealing stones 
and a th ickened g<lll bladder wall. A more positive 
diagnosis of g.l 11 bladder obstruction can be made by 
radionucl ide scanning although this is rarely necess.1ry; 
isotope-labelled HIDA is excreled in bile and outlines the 
norma l gall bladder and bile duct system. An obstructed 
ga ll bladder fa ils to take up the isotope il nd is not 
demons trated (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 
ga ll bladder infection, symptoms and signs are more 
marked and antibiotics should then be given. 

Acute chole cystectomy 

The pa tient with acute cholecystitis will need a chole
cystectomy at some stage. E.1.rly cholecystectomy, per
formed within a few days of the onset of the attack, is 
becoming more popu lar. The procedure is as safe as 
elective surgery, convenient fo r the patient and efficient 

Fig. 13.7 HIDA scanning for acute cholecystitis 
(a) Normal HIOA scan. ThiS scan was taken 30 minutes after irtgestion 
of the radIOISOtope RadIOaCtiVity ha5 been detected in the liver l . gall 
bladder G8. common bile duct C and small bowel 58, demonstrating 
patency of the whole biliary system . (b) HIOA scan in a patient with 
symptoms and signs suggesting acute cholecystit iS. ThiS scan at 30 
minutes shows contrast in the liver and a Il\tle In the common bile 
duct and smal l bowel; there IS none in the gall bladder. (c) HIOA 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 fi ll ing of the gal l bladder, which must therefore be obstructed, 
conf irming the diagnosis of acute cholecysti t is. 
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in terms of hospital bed usage. The alternative policy of 
conservative management is to discharge the patient 
after Ihe acute attack resolves and readmit the patient for 
elective cholecystectomy after arout 6 weeks, by which 
time the innammation has usually settled. However, in 
thc mean time, there is a risk of further acute attacks or 
some other manifestation of gallstone disease such as 
acute p.1ncreatilis . 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 scros.11 surface is oedematous and inflamed wHh 
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 live r bed . Great care must be taken to avoid 
damaging the bile ducts. The ga ll bladder often contains 
several s tones and may be filled with pus. A culture 
swab should be taken from within the gall bladder ,1t 
operation as any postoperative infective complications 
are like ly to involve the sa me organisms. 

Empyema of the gall bladder 

In a more extreme clinical variant, the gall bladder 
becomes dis tended with pus. The condition, known as 
an empyema, reprt.>sents an abscess of the gall bladder. 
As with abscesses c\sewhere, 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 p<11p.1ble gall bladder mass. Occasionally 
perforation leads to a subphrenic abscess or generalist'd 
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 p<1tients 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 {lnd a stone ulcerating through the 
wall to form a cholecysto-duoclenal fistula. The fistula 
decompresses the obstructed gall bladder and allows 

Gallstone disease and related disorders 

stones to p<1SS into the bowel and gas to enter the biliary 
tree. As such, the condition is usually harmless and 
uns uspected . It may be diagnosed on plain abdominal X
ray by the prest'nce of gas outlining the biliary tree. 
Sometimes it is discovered at operation. 

Occasionally, a solitary cholesterol s tone p<1ssing into 
the bowel is so large tha t, after traversing the small 
bowc\, it imp<1cts in the narrowest part, the distal ileum, 
causing gallstone ileus. This occurs in the elderly and 
presents as an lInexplainro 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 
mad e if gas is n.'Cognised 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 e lderly. The 
presenting symptoms are s imilar to chronic inflammatory 
gall bladder disease. ja llndice 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 soli taire stone had ukerated from the 
gall bladder Into the duodenum. travel led down the smal l bowel and 
fina lly Impacted in the distal Ileum causing comple te obstruction. ThiS 
plain supine abdominal X-ray shows residual barium from a barium 
enema performed 2 weeks previously. There is w idespread small 
bowel dilatatIOn. The diagnostic fea ture is the presence of gas G In 
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 possibil ity of malignant transformation is one 
argument in favou r 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 bil iary system into 
Ihe duodenum but may cause biliary colic or mild 
jaundice during transit. This explains many of the 
symptoms of ((.>current 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 com mon bile duct is narrowest at its 
lower end and stones too large to pass out tend to lodge 
at this point. A s tone here either becomes impacted, 
causing progressive jaundi ce, or acts as a ball-valve, 
causing intem,iUent jaundice. Obstruction results in 
grad ual dilatation of the biliary tn.-e; if diJatation is long
sta nding 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 (Courvoisicr's law-see Ch. 1 I, 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 obstnlctivc jaundice and must be 

considered in the differential diagnosis; details are given 
in Chapter II. 

Asymptomatic duct stones 

Any p.ltient 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
s<''quent 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 
doct may cause acute pancreatitis (see eh. 18). 

Ascending cholangitis 

Bile stasis in the common duct occurs with chronic 
obstruction and dila tation and predisposes to bacterial 
infection. The ink>ction 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. Th is triad is also referred to as Charcot's 
intermittent hepatic feve r and is often accompanied by 
marked weight loss. Ascending cholangi tis is a serious 
condition and may cu lminate in life-threatening acute 
suppurati ve cholang itis. The bile duct must be drained 
urgently, either by surgical operation or preferably by 
endoscopic sphincterotomy. 

Ascending cholangitis more commonly develops as a 
latc complication of biliary tract surgery, particularly 
bypass operations. 

MANAGEMENT OF GALLSTONE DISEASE 

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. 
Chenodeoxycholi c acid (a bite acid) and related drugs 
increase the bile S.l Jt pool and inh ibit hepatic cholesterol 
sC(:retion. When administered over a long period, these 
drugs cause slow d issolution of cholesterol stones. 

Unfortunately, the drugs have several disadvantages 
apMt from their very s low 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 sma ll radiolucent 
stones in " g,11l bladder which concentrates cont rast and 
contracts in response to a fatty meal. 



There was a vogue for gallstone destmction using 
extra-corporea l shock wave lithotri psy as for urological 
stones (sec 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 underlying metabolic predisposing 
factors remain unchangt.'Ci. 

SURGICAL MANAGEMENT OF 
GALLSTONES 

INDICATIONS FOR SURGERY AND PREPARATION OF 
THE PATIENT 

TItere are two llli'tin indications for cholecystectomy: 

• Symptomatic gallstone disease 
• Asymptomatic gallstones when there is a rei'tsonable 

likelihood of future symptoms or complications 

[n most cases high-quality biliary ultrasound is the only 
imaging study required. This demonstrates gall bladder 
disease and gallstones and the diameter of the intra
hep.ltic and cxtrahep.ltic bile ducts. Infonnation 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 lap.lroscopic surgery. If there are 
stones in the duct system, common duct exploration 
is added to open cholecystectomy or else stones are 
extracted "t ERCP. 

Any i"undiccd p<ltient is at particular risk during 
surgery because of infection, hepatic impairment. defec
tive clotting, <lcute ren(li f(lilure (lnd venous thrombosis 
and it is preferilble to relieve obstructive jaundice prior 
to surgery by endoscopiC sphincterotomy and stone 
extraction or bi le duct stenting. 

I 
Kocher Right paramedian 

Fig . 13.9 Incisions for bilia ry surgery 

Gallstone disease and related disorders 

CHOLECYSTECTOMY-OPEN VERSUS LAPAROSCOPIC 
SURGERY 

The traditional method of cholecystectomy is by open 
operation at laparotomy. Llparoscopic cholecystectomy 
has rapidly increased in popu larity in recent years (l nd is 
already the standard method of treating gallstones in 
many centres where expertise is available. However, 
public awaren~s of catastrophic complications (which 
often, but by no means always, occur ('arly in a surgeon's 
experience) has meant that questions are often asked 
about the appropriateness and S<lfety of laparoscopic 
surgery. Some centres perform open cholecystectomy 
through small incisions, 7-lOcm long, the so-ca lled 
mini-cholecystectomy (see Fig. 13.9), and randomised 
studies have show n thai recovery is similar to lapar
oscopic cholecystectomy. Dt..>spite this, it is likely that 
laparoscopic cholecystectomy will become the standard 
method, given improved training, greater experience 
and close audit of outcomC$. All SUrgL-'01lS performing 
this operation must, however, be able to perform an 
open operation to cope with compl ications or particular 
difficulties arising during a laparoscopic operation which 
oblige conversion to an open operation. 

OPEN CHOLECYSTECTOMY AND OPERATIONS ON 
THE COMMON DUCT 

The mClin choice of incisions for biliary surgery are 
illuslrCltccl in Figure 13.9 and the main steps in 
cholecystectomy are shown in Figure 13.10. Students and 
junior surgical staff should be familiar with these if they 
Me to ilssist at operation as well as appreciate the 
potential for operative complications. 

Exploration of the common bile duct 

If stones ilre known to be present in the bile ducts by 
preoperative ERCP or operative cholangiography, the 

Right upper transverse 
(7-10 cm incision used in 

mini-cholecystectomy) 
Midline 
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Cystic artery 
isolated, ligaled 

and divided 

Junction between cystic duct and 
common bile duct clearly idenlllEld 

(failure to do so puts bile duct in 
jeopardy) , 

Cystic duct ligated near 
gall bladder 

Small incision made in cystic 
duct, cannula is inserted (e.g. 

Sioke-on-Trent type) and 
secured WIth ligature 

Conlrast medium injected in two 
or Ihree stages and X-rays taken 

to demonstrate biliary tree and 
flow through ampulla, Le. 

'operative cholangiography' 

Cystic duct divided 
and stump ligated 

with absorbable tie 

Gall bladder dissected out of liver 
bed commencing either at neck 
or fundus ('fundus first'), the latter 
being safer when the anatomy is 
obscure 

Fig. 13.10 Cholecystectomy 
(a) Pr incipal steps J1 cholecystectomy. (b) Cannula for operat ive cholangiography. 

common duct is ex plored. The duct is opened through a 
longitudi nal incision and stones are retrieved, often with 
some difficu lty, by a combination of manipulation, 
irrigation, grasping wi th stone forceps and use of a 
balloon ca theter. Operative choledochoscopy is often 
used to check for residual stones and to remove difficult 
stones. The flexible fi breoptic choledochoscope gives 
good visibility and manoeuvrability but, unli ke its rigid 
counterpart, lacks the ra nge of instrumentation fo r 
retrieving s tones. After exploration, a latex T-mbe is 
usually inserted to drain bile to the exterior, the trans
verse limb being placed within the common bile duct. 
The mai n purpose of a T-tube is to provide access to the 
biliary tree for a further chola ngiogram about I week 
after opera tion (T-tube cholangiography, see Fig. 13.11 ). 
This is to ensure that no stones remain. If no stones 
are fou nd on surgical exploration or if the surgeon is 

satisfied that no stones remain, the common bile duct 
can be closed wi thout T-tube drainage. 

Procedures to facilitate bile duct drainage 

When the common bile duct is grossly d ilated and 
contains multiple stones, it may be difficult to ensure 
complete stone cleara nce at explora tion. This is because 
fragments of stone adhere to the wall. Furthermore, such 
a duel is usua lly stretched and baggy and rema ins so 
postoperatively, predisposing to stasis and further stone 
formation. It is therefore a usefu l precaution to make 
an anastomosis between the bile duct and ad~lcent 

duodenum known as a chol edocho-duodenostomy. This 
ensures bi le drai n<lge even if stones or debris have been 
left behind, The (lnastomosis must be wide or it will 
predispose to ascending cholangitis. 
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An alternative oper.1Iion, l.ransduodenal sph inctero
plasly, 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 aTC performed nowadays as these patients are 
often better and mOTC safely managed by endoscopic 
sphincterotomy. 

Gallstone disease and related disorders 

(b) 

Fig. 13.1' Operative cholangiogram and 
T-tube and cholangiogram 
(a) Normal operatrve 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 alio>Ner 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 
common bile duct representing a stone. Th iS was 
removed at operat ion via a choledochotomy 
A T-tube was placed into the bile duct. draining to 
the e~ terior. (c) 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 withou t an open operation. This technique 
represents a real adva nce in the management of duel 
stones over the earlier need for open surgery. Endoscopic 
sp hincterotomy may be employed in the followi ng 
circu mstances: 

• 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 duci stones in patients unfit for operation 
• Some cases of acute p.lllcreatitis due to gallstones 
• Preparation of a jaundiced p.ltient for elective gall 

bladder surgery 

LAPAROSCOPIC MANAGEMENT OF GALL BLADDER 
DISEASE 

Absolute contraindica tions to laparoscopic cholecyst
ectomy include generalised abdominal infection, the late 
stages of pregnancy and major bleed ing d isorders. 
Relative contrai ndici'liions for less experienced surgica l 
teams include morbid obesity, acute cholecystitis. u n
treated bile duct stones including obstructive }aundice. 
acute gallstone pancreatitis, previous abdominal surgery 
(adhesions) and int ra-abdominal malignancy. 

Patients undergoing laparoscopic su rgery should be 
prepared for and have consented to open surgery in caEe 
conversion proves necessary. In most centres, 5-10% of 
elective patients requi re conversion. Lf bile duct stones 
are suspected, a preoperative ERCP (or equiva lent 
magnetic resonance investigation) is ad visable and s tone 
extraction is carried out if necessary as laparoscopic 
exploration of the bile duct has not yet proved its value. 
With experience, at least 95% of stones can be success
fully extracted by endothcrapy. Some surgeons favour 
operative cholangiography in every case to give a 'road 
map' of the duci anatomy, to exclude bile duct stones 

Monitor 1 

and to provide experience for when chola ngiography is 
essential. 

Ope rative t echn ique 

A common operat ing theatre set-up for laparoscopic 
cholecystectomy is shown in Figure 13.12. The patient 
is anaesthet ised 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 Ihe subumbi lica! Verress need le) using an allto
ma lic gas insufnator. A 10 mm cannula is then placed for 
a video laparoscope. The abdominal cavity is ins]X'Cted 
fo r other pathology and the feasibility of endoscopic 
cholecystectomy is then determined. 

Three additional abdominal punctures are usually made 
to introduce operating instruments. The cystic duct and 
artery are identified and an operative cholangiogram per
formed if d esired 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 

Upper m idline--------, ,-----SuDumbllical port 

Midclavicular l i ne~ 

AoIa'o, ",II"y ,,,.a

l 
GB j 

Assistant 
on patient's right 

4 

2 

1 

Operating surgeon 
on patient's left 

Fig. 11.12 Operating theatre arrangement for 
la paroscopic cho lecystectomy 
A common arrangement of the varIOus operating portS 

(numbered \-4) IS shown. The subumblliCol pon (1) is 
usually placed WIth the Hassan open technique to toke a 
10 mm video laparoscope A Vl'fress needle is stili 
sometimes used for Iniliol gas insufflation. At the upper 
midline pon (2) a 10 mm trocar is placed 5 cm below the 
XiphOid under video VlSIOfl to the right of Ihe falciform 
ligament. ThiS is used to introduce operat ing 
Instrument-<urved dissectors, cl ip applter, and suction 
and irr igation tubes. At the midclavicular (3) and anterior 
axillary (4) lines,S mm trocars give occess lor grasping 
forceps, whICh are used to retract the gall bladder 



The now free gall bladder is usually removed via the 
umbilical porI. To achieve this, the laparoscope is moved 
to the upper midline port and forceps inserted through 
the umbilical ca nnula . The neck of the gall bladder is 
grasped and pulled into the cannula and the entire 
cannula and ga ll bladder neck withdrawn through the 
abdom inal wall. If large stones prevent its passage, the 
incision is en larged. The umbilical fascial defect should 
be sutured to prevent herniation but the upper midline 
puncture is usually left unsuturcd 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 6 
hours of operation and up to 80% can be discharged 
wi thin 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 lapa roscopic as in open surgery. Bile 
duct injuries probably occur in 0.3-1 % of patients. The 
consequences of bile duct injury can be catastrophici 
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 

Placement of insufflation 
needle or trocar 
During operation 

Postoperative 

L", 
Trauma to biliary system 
DUring operation 

Postoperative 

Other complications 

Complication 

Injuries to bowel 
Injuries to blood vessels. 
e,g, iliac artery 
Diaphragmatic injury With 
tension pneumothorax 
Bleeding from trocar insertion sites 
Subcutaneous emphysema 
Herniation through trocar entry 
points and bowel strangulation 

Injuries to common bile ducts and 
hepatiC ducts 
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 
Postoperat ive shoulder tip pam 

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 complica tions are listed in Table 13.2. 

COMPLICATIONS OF BILIARY SURGERY 

The pMticular 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 
ca rried 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 w ith 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 sponta neously 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 dllcts can easi ly be damaged at cholecystectomy 
or common duct exploration unless their anatomy, 
wh ich is commonly aberrant, is carefully displayed. The 
most serious error is unrecognised transsection or 
ligat ion of the common duct. This presents as a major 
biliary leak or increasing jaundice; mgent 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 
stenl 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 stnlctures, passing unnoticed 
althe lime; this is a common cause of bile duct trauma. 

Hazards of pre-existing jaundice 

TIl($C are discussed under 'Obstructive jaundice' in 
Chapler 11 (p. 161). 

Ascending cholangitis and other infedions 

Ascending cholangitis c.ln be a late complication of 
biliary surgery where an anastomosis has been fomlro 
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 sihlation 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. Th is 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 condi tions 
share the symptom of epigastric pain and a ll have the 
common aetiology of mucosal inflammation associated, 
to a greater or lesser extent, with gastric acid-pepsin 
secretions. Recent work has demonstrated tha t perhaps 
the most important aetiological factor in gastric and 
duodena l ulcer d isease is chronic mucosal infection with 
the bacterium /-Idico/meter pylori. Peptic d isorders, 
together with gallstone disease, are the most common 
causes of org<1l1ic upper abdominal pain. 

With the advent of highly effective pha rmacological 
agents to block acid secretion and more reliable d iag
nostic and treatment monitoring techniques such as 
flex ible endoscopy, the use of surgery in peptic ulcer 

disease has decli ned by over 90% in the last 25 years. 
More recently, antibiotic and other treatments against /-I. 
pylori promise even grealer reductions and perhaps 
perma nent cure for many peptic ulcer disorders. Most 
patients wit h suspected peptic ulcer disease are treated 
empi rically by family practitioners; the rest are largely 
managed by gastroenterologists. Only a minori ty present 
to su rgeons because of fa iled medical trea tment. Rates of 
emergency complications such as perforation and 
haemorrhage have remained morc 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 pa tients who 
turn out to have peptic d isorders. 

PATHOPHYSIOLOGY AND EPIDEMIOLOGY OF PEPTIC DISORDERS 

PATHOPHYSIOLOGY OF PEPTIC 
ULCERATION 

Inflammation, prob.lbly initiated by /-I. pylori infection 
and sustained by the combined effect of gastric acid and 
pepsin upon the mucosa, is probably the ca use of all 
peptic disorders of the upper gastrointestina l tract other 
than reflux oesophagi tis. H. I'ylori is a Gram-nega tive 

microaerophilic spiral bacterium which has the abili ty to 
colonise the gastric mUCOs.l over a very long period. In 
many C.1SCS, 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 delica te 20 
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b.:llancc between secretion and protection may be 
disrupted by diminution of mucosal resistance or 
excessive acid-pepsin secretion or a combination of both. 
In some C,lSCS, 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 si milar and is summarised in Figure 
14.1. If, at any stage, the b.:l lance of resistance over attack 
is restored, the proct..-'Ss is halted and the tissue repaired. 
This explains the chronic and remittent nature of peptc 
ulcer disease. 

OUTCOMES OF BREACHES OF THE MUCOSAL BARRIER 

When the protective mucosal barrier is breached, tile 
delicate underlying connective tissue is exposed to acid
pepsin attack, exci ti ng an acute inflammatory response. 
If 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 b.llance is not restored, continued acid-pepsin 
attack on the unprotected submucosa leads to an acu te 
peptic ulcer. This tends to become progressively larger 
and deeper. 

From here, there are several possible outcomes. 
Sometimes the ulcerative process continues virtually 

unchecked through the fulilhickness of the gut wall. The 
ulcer perforates and intcstinal contents escape into Ihe 
peritoneal cavity resulting in peritonitis. More often, Ihe 
layer of necrotic slough and acutely infla med underlying 
tissue in the ulcer base temporarily resist acid-pepsin 
attack. This allows granulation tissue to form which 
in itiates the process of fibrous repair. If, for example, 
acid-reducing drugs are used, the ulcer may heal, leaving 
a sma ll sca r 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 
b.llance in favour of repair, the lesion may heal completely. 
On the mucos.ll surface, the healed ulcer site is usually 
puckered by scar contraction in the muscular waiL 
Externally, the seros..l is thickened and may adhere to 
ad~lcent structures. If scarring occurs in a narrow pmt of 
the tract, i.e. the lower OL'SOph'lgUS or pyloric region, the 
lumen may become even narrower to produce a stricture, 
and subsequent acute mucosal infla mmation and swelling 
may then precipitate obstruction. If healing does not 
occur al all, a chronic ulcer may s lowly enlarge and 
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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 at tacks 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 mod ern 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 ad vice may never be sought. 

SITES OF PEPTIC ULCERATION (see Fig. 14.3) 

Stomach and duodenum 

Arou nd 98% of all chronic peptic ulcers occu r in either 
the d uodenum or s tomach, and sometimes both at the 
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• 

Fig. 14.2 Bleeding gastric ulcer-histopathology 
Post·mortem specimen showmg 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 . 
The patient died from massive haemorrhage. 

sa me time. The most common s ites are in the first part of 
th e duod enum (duodena l bulb) or the gastric antrum, 
particu larly along the lesser curve. A chronic s tomal 
ulcer may also appea r at the margin of a surgically 
created communication between stomach and intestine 
(gastroenterostomy). 

Crura of diaphragm------------,-, 

Anterior vagus nerve--------------'--: 
Stomach 

Oesophagus------------':' 

Posterior vagus nerve--------------:\H 

Left gastric artery------------

Coeliac trunk----------

Hepatic artery------

Gastroduodenal arlery- - - -----_ 

~'- 3 
Duodenal bulb (cap) I 2 

First part of duodenum----,L -- 1 

Second part of duodenum ----:---::-

-1~~~----------Fundus 

-------"~'--'L----Cardia 

"-;--;-----Greater curve 

-~--!----Body 

'-.,,;'-------"'''-------Incisura 

----------~--~-----------Lessercurve 

----,i't:.:'---------Anlrum 

I 
Right gastro-epiploic anery 

Pyloric sphincter Rig'lt gastrtc artery 

Fig. 14.3 Surgical anatomy of stomach and duodenum showing common sites of peptic ulceration 
Acid secre tion by the gastric mucosa is controlled by two mechanism~ (a) the vagus nerve st imulates aCid secretion by the parietal cells 
(cholmerglC stimulation) and (b) gastrin (produced by the APUD cel ls n the antrum) promotes secretion of acid and pepsin by the parietal and 
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peptic ce lls of the fundus and body. The second is mediated via H, receptors. (1) marks the common site for duodenal ulcers which may be 21 
anterior or postenor: (2) the si te of pyloriC channel ulcers; and (3) the common site of lesser curve gastric ulcers_ 
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In the rare Zoll inger-Ellison syndrome, a gastrin
secreting tumour of pancreatic origin overstimu lates 
acid-pepsin production and C.:lUses 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 hintus hernin. H. pylori infection (see below) is 
probnbly 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 
metaplast ic columnar mucos.,. 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). Ch ronic peptic u lcers, si milar to gastro
duodenal ulcers, may also develop at the lower end of 
the oesophagus. 

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 
19805. 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 showL'CI intra mucosal bacteria, which 
were eventua lly culturL'CI in vitro. These spiral-shaped 
organ isms appear able to penetrate protective su rface 
mucus and accumulate in the region of intercellular 
junctions. There they may excite inflammation, stimulate 
excess acid-pepsin or comprom ise normal protective 
mechanisms. In a dr.1matic demonstration of Koch's 
postulates, Mitchell produced a duodenal ulcer in 
himself, a few days after ingesting cultured H. f,ylori. The 
ulcer proved to be H. pylori-positive on biopsy and was 
cured by anti-/1elico/mc/er antibiotic therapy. 

The jigs.,w began to tit 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 
elimi nated . There is now evidence that H. pylori is 
carcinogenic, initiating certa in types of gastric lymphoma 
and some cases of gastric cancer. The bro.ld picture is 
now apparenti I-I. pylori causes a chronic infection with 
complications that include gastric and duodenal ulcer, 
gastric mucos.,-associated lymphoma and gastric cancer. 
Only 2-3% of patients with duodenal or gastric ulcers 
are II. pylori-nega tive. Tests for H. pylori infection include 
serum anti-H.py/ori IgC, 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 
II. pylori infection develop upper gastrointestinal lesions, 
and why not all patients with gastric cancer have been 
exposed to 1-1. 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 excha nges 
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 
O.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 
gastrointest inal mucosa against autodigestion. Somato
statin and prostaglandins are inhibitors of p<,rietal cell 
secretion and the latter have other cytoprotective pro
perties. Two forms of mucus, soluble and insoluble, are 
secreted continuously by gastric and duodena! mucos.'i 
they contain bicarbonate and together maintain the cell 



surface pH at neutrality. Mucosa l blood flow probably 
plays an important part by removi ng hydrogen ions 
which back-diffuse into the cells. 

With increasing age, there is reduced turnover of 
surface cells and general ised mild mucosa l atrophy, 
which might explain why the incidence of gastric ulcers 
rises wi th age. Non-steroidal anti-inflammatory drugs 
(NSAIDs) prescribed fo r arthritic disorders are com· 
manly and increasingly identified as the causative factor 
fo r acute presentations of peptic ulceration. NSA IDs 
probably have their greatest effect system ically via their 
blocki ng 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 ora lly. 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 ta king NSA1Ds must be taken 
seriously. 

Peptic ulceration and related disorders -c: 

Other mucosal irritants 

Alcohol, aspirin and other NSA IDs are all known to 
induce acute mucosal inflammation directly (acute 
gastritis). In a susceptible individual, the intlammation 
may persist, resu lting in chronic ulceration . Prolonged 
heavy alcohol intake is also a recognised risk faclor. 
Reflux of pancreatic digestive enzymes back through the 
pylorus may also playa part, and is probably ulused by 
defective pyloric closure. Another possible faclor is 
antral stasis (perhaps also caused by abnonnal pyloric 
function), leadi ng to increased gastrin secretion. The area 
of the junction between p.lrietal and antral cells on the 
lesser curvature of the s tomach 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 d isease as in the general population. 
Its pathogenic role is attributed to increased vagal 
activity, and its effect on producing relative gastric 
mucosal ischaemia. Cess.ltion of smoking, however, 
grea tly assists in the healing of peptic ulcers. 
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INVESTIGATION AND CLINICAL FEATURES OF PEPTIC DISORDERS 

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-duodcnoscopy, also known as OCD 
or gastroscopy, involves visua l examination of the 
mUcos.l usi ng a steerable, flexible endoscope. Gastro
scopy enables direct and com prehensive exam ination of 
the whole area of the upper gastrointestinal tract which 
is prOne to peptic ulcer disease. 

In peptic ulcer disease, gastroscopy has defin ite 
adva ntages over contrast radiography, which by its 
nature can only demons trate substantial structura l 
abnormalities and then only as two-di mensional images. 
Sha llow mucosal abnormalities such as superficial ulcer· 
alion or vascu lar malformations are invisible on barium 
meal but can be directly inspected and diagnosed from 
their endoscopic appearance. Distortion resulting from 

previous d isease or surgery often interferes with radio
logica l interpretation. This too ca n 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 gastrointesti nal haemorrhage, gastro
scopy is almost ma ndatory, as described in Chapter 12, 
p. 185. Gastroscopy ca n identify the site of the bleeding 
and is particularly useful if gastro-oesophagea l va rices 
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 rebleedi ng and 
provides an important means of treating bleeding sites 
by injection of vasoconstrictors or sclerosants. 

CONTRAST RADIOLOGY 

Contrast radiography of the upper gastroi ntestinal tract 
involves the patient swallowing ba rium suspension 
(barium meal). Its p.lssage is followed through the upper 
gastrOintestinal tract by fluoroscopic imaging, with 21 
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points of special diagnostic importance recorded on film 
or electronica lly. During the invt:'Stigation, the patient is 
tilted and rolled in various directions to demons tmte the 
whole region of interest. Effervescent tablets are given 
to prod uce gaseous distension of the stomach and 
duodenum and spread the contrast in a thin. even layer 
over the mucos.l l surface. This standard double contrast 
technique improves the imaging of mucos.1J deta il, 
particularly when the d uodenum is relaxed by giving 
intravenous anticholinergic d rugs such as hYOSCine 
butylbromide. 

PRESENTING FEATURES OF PEPTIC 
ULCER DISEASE 

The various ways in which peptic inflammation affects 
the oesophagus, stomach and duodenum are summarised 
in Table 14.1. 

Epig'-lstriC pain (usually described as 'boring', 'gnawing' 
or 'burning' ) is the pri ncipa l presenting symptom and is 
com mon 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 dlHerent anatomical sites 

Pathological pro<ess 

Oesophagus 

Tra/lSlent ami-pepsin reflux 

Recurrent aC!d·pepsm reflux or 
failure of oesophagus to expel aCid 
by perIStalSIS (often found In 
hiatus hernia) 

~tent severe reflux 

Stomach 

Acute gastnc IffItatloo. e.g by 
NSAIDs or alcohol 

Acute reductlOO In mucosal resistance 
provoked by Visceral ISChaemia or 
the systemIC IOflammatOty 
response syndrome (usually In 
intenSive therapy unit patients or 
after burns) 

Chronic H pylori infection. probably 
with longstanding diminished 
resistance to acid-pepsin attack:. 
With or Without extrinSIC IffitatlOO 

Duodenum 

EpisodiC acid-pepsin attack 

Chrome H pykYi InfectlOrl, probably 
With persIStent acid-pepsin attack 

Pre-e~lng duodenal scarnng 
caUSIng pylorIC stenosrs With 
superadded acute InildmmatlOl1 
and mucosal swelling 

Both stomach and duodenum 

Clinical lesion 

Mild reversible acute InfiammatlOrl, I e tranSIent 
oesophagltlS 

Episodes of acute inflammatIOn. I.e, reflux 
oesophagltls--probably reversible With no 
scamng. Chronic Iow-gr~de blood loss 

Continuous severe rnfiammatlOO With superiraal 
uk:eratlOrl. May Iedd to C'lronlC uk:eratlOn and/or 
stncture 

Acute (reversible) mucosallnfldmmatlOn. Ie acute 
gastritis or eroslvelhaemorrhagrc gastritis 

Widespread superflClill ~strlC ulceratIOn 

Chronic or recurrent gastric ulceration 

Acute (reversible) mucosallnfldmmatlOn, 
i.e, duodenitIS 

Duodenal ulceratlOO (may Involve pylorIC canal) 

Complete pylorIC obstructIOn 

Penochc loss of protective eqUlllooum Recurrent ulceratlOrl 

ErOSIOn of a map vessel In ulcer floor Severe haemorrhage 

Uncheck:ed ulceration Perforation and pefltonius 

Symptoms 

Burning retrosternal pain (I.e 'heanburn') 

Recurrent epigastrIC and retrosternal pain. 
ChronIC Iron deficiency anaemia may ocCtlr 

Severe retfOSternal pain, dysphagia and 
sometimes recurrent small haematemeses 

Eplgastne pain, vomltrng. acute upper 
gastrointestinal bleeding 

May bleed uncootrollably or perforate 

Epigastric pain----<:haractenstically 
exac(>rbated by food (especially If acid or 
SPICY). anorexia and werght loss 
Symptoms of chronIC anaemia 

Eprgastric pain -typICally relreved by food 
and oceurnng several hours alter food, 
espe<:ially at nrght 

Symptoms of chrof1le anaemlil 
Severe vomiting, dehydratlOrl, shock, gross 
electrolyte dISturbance (hypochloraemic 
alkalosis) 
~~~ 

Intermittent symptomatIC eprsodes 

MassIVe haematernesis or melaef1a 

Acute severe abdominal parn and shock: 



described by the patient as 'i ndigestion' or 'dyspepsia'. A 
more specific description may suggest partirular diagnostic 
entities. Retrosternal pain ('heartburn') suggests reflux 
oesophagitis, whereas bitter regurgitation ('waterbrash') 
is cha racteristic of both oesophageal reflux and duodenal 
ulceration. ausea or vomiting. anorexia (loss of appetite) 
and abdomina l fullness or bloating are common in gastric 
ulcer and pyloric stenosis, but may also ocrur in a 
variety of other upper gastroin testinal 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 

g.1stric ulcer pain is typically exacerbated by food and 
duodenal ulcer pain relieved by it. 

Untreated peptic disorders are by nature protracted, 
wilh exacerbations and remissions over weeks or months. 
Symptoms lend 10 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 in vestiga tion of iron deficiency anaemia. 
Asymptomatic peptic ulceration should always be 
suspected if there is no obvious cause for anaemia. 

NON-ACUTE CLINICAL PRESENTATIONS OF PEPTIC ULCER DISEASE 

PEPTIC DISORDERS OF THE 
OESOPHAGUS 

Reflux of gastric con tents is associated with all peptic 
disorders of the oesophagus. These range from mild 
reversible inflammation, through moderate acute inflam
mation with superficial ulceration (refl ux oesophagit is), 
to severe persistent inflammation. The latter may lead to 
fibrotic scarring and stenosis (see Fig. 14.4) and some
times chronic pept ic ulceration. [n many patients, reflux 
is associated with hiatus hernia (see C h. 15, p. 230) but in 
the remainder, the mechanism of the damaging reflux is 
poorly understood. 

Barium meal examination is often more u$('ful than 
gastroscopy for demonstrating strictures, hiatus hernia 
or the existence of gross reflu x and the relationship of 
abnormalities to the level of the diaph ragm; both 
investigations arc 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 st ricture is usually located just above the oesophago
gastric junction, which often lies above the diaphragm 
beca use of in flam matory shortening of the oesophagus. 
The normal oesophago-gastric junction is about 40cm 
from the incisor teeth when seen on endoscopy. The 
mucosa near the stricture varies in the amount of inflam
mation and ulceration present. Special ised intestinal meta
plasia, dysplasia and carcinoma must be excluded by 
biopsies because the visual appearances may nol be 
characteristic. Occasiona lly, 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 Ba rrett's oesophagus and there is strong evi
dence that it predisposes to malignant change. If found, it 
should be biopsied to exclude d ysplasia. When dysplasia 
is severe, there is about a I % annual risk of malignant 
change and continued surveillance or surgery is needed . 

PEPTIC DISORDERS OF THE STOMACH 

Peptic disord ers of the s tomach range from mild inflam
mation (gastrit is) to chronic gastric ulcers, and most 
often occur in the antral region and along the lesser 
curve beyond the incisura. 

Chronic gastr ic ulcers mus t 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 exa mination of multiple representative biopsies 
taken from around the ulcer circumference (not the base) 
or by exa mining the whole ulcer in a resection specimen. 
In most cases, ca rcinoma probably arises de novo but 
occ.1siona ll y a benign ulcer may undergo malignant 
tr.1nsformation. 

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 
somet imes referred to as 'biliary gastritis' on the 
assumption that it is caused. by the irritant effect of 
biliary and pancreatic secretions. Acute gastritis, often 
ca used by alcohol (chronic alcoholism or single alcoholic 
binges) or aspirin ingestion, can cause symptoms of 
su ffi cient severity to warrant gastroscopy. The mucosa 
often ex hibits patchy shallow ulceration (erosive gastritis) 
and is friable and easily traumatised, causing bleeding. 
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(.) (b) 

Fig. 14.4 Peptic st r icture of the oesophagus 
(al A barium swallow In a 60-year-old woman who Complained of turung retrost~nal pain when Iytng flat (present for several yeaf!.) and the 
recent onset of pain and difficulty when swallowtng solid foods. The X-rays show the lower end of the oesophagus 0 and stomach St.. pan of 
whICh hes above the level of the diaphragm (posrhon arflJlV>'ed), formi'19 a sliding hiatus hernia H There IS a light stenosis In the last 2 cm of the 
oesophagus due to a peptIC stflcture S (b) At greater magnlhcatlOl1, :><Inum can be set'fl fllhng the crater of a chronic peptIC uker U Immediately 
above the stncture 

Fig. 14.5 Reflua oesophagitis 
GastrOSCOPIC View of the lower end of the oesophagus In a woman of 
62 With a long hIStory of reflux Note the patchy ulceratlOl1 U and the 
Irregular fibrotIC cardia caused by recurrent ukerallon and attempts at 
healing Further scafflng may cause strICture formation 

STRESS ULCERS 

Acute 'stress' ulcers arc single or multiple small discrete 
supcrficiallesions that may develop rapidly in seriollsly 
ill patients. TIlis condition may be a com plica tion of 
c-.:lensive bums, systemic sepsis (possibly via visceral 
hypopcrfusion>. multiple trauma, major head injuries, 
uraemia or tenninal illness. Stress ulcers typically present 
with haemorrhage (hacmorrhagic gastrit is) which is 
sometimes ca tastrophic, and occasionally with perforation. 
There is minimal mUCOS<ll inflammation around the 
ulcers and the aetiol'>Sy may be primarily mucQS.ll 
ischaemia rather than peptic. The risk of this life
threatening complica tion can be minimised in vulnerable 
p.ltients by prophylactic treahnent with mUCDS.ll 
protective agen ts, e.g. sucralfate. 

CHRONIC GASTRIC ULCERATION 

Chronic gastric ulcers vary greatly in size but the majority 
arc small (less than 2 cm in diameter). Gian t ulcers (up 



to l Oon) are occasionally seen in the elderly; if posteriorly 
situated, they may erode through the stomach w.ll1, 
obliterating the lesser S<lC and adhering to the surface of 
the pancreas (Fig. 14.7b). In these cases, the ulcer base or 
floor is comJXJSCd of pancreatic tissue and catastrophic 
haemorrhage may occur. Often symptoms prior to the 
acute event are mi nimal. 

Benign gastric ulcers are typically regular in outl ine 
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 
mucos.'ll margin as seen in malignant ulcers. The 
surrounding mucosa is surprisingly normal. although 
there may be radiating folds resulting from fibroti c 
contractures. The typic.11 endoscopic appearance of a 
gastric ulcer is shown in Figure 14.6(a) and the barium 
mea l appearance in Figure 14.7. 

Peptic disorders of the stomach typically cause severe, 
often d iS<'lbling, epigast ric p.'lin 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 fea r of food. Symptoms tend to persist for 
weeks or months, fluctuat ing in intensity and then 
disappearing completely, only to recur weeks or months 

Fig . 14.6 Peptic ulcers 
(a) lesser curve benign gastrtc uker as seen through a gastroscope 
At the Original eKilmlnatlon, the ulcer could be viewed from several 
directIOns and biopsies tak.en of the edge to exclude matlgnallC)'. 
(b) Photograph 13k.en at emergency laparotomy for bleeding 
duodellilt ulcer The gastric antrum IS seen at A, the pylorus has been 
opeoed Iongltudlnatly and a deep chronIC posterior ulcer crater IS 
Identified (arrowed) Thrombus T overlying an eroded artery IS VISible 
(Dleu-Ia-Ioy lesion) A bleeding artery In the ulcer crater was under
run w ith sutures to arrest the haemorrhage 

Peptic ulce ration and related disorde rs ...c: 

later. Symptoms are a poor guide to d isease activity or 
response to treatment. indeed, major ulcers may be 
silent. Both can be mon itored only by repea ted 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 simi lar endoscopic appearance to gastritis. 
Jt is commonly discovered in pa tients suspected of 
having duodenal ulceration, <lnd probably represen ts a 
mild form of peptic disease. 

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 'duod enal 
bulb' and radiologically as the 'duodenal cap'. On endo-
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(b) 

Fig. 14.7 Chronic gast ric ulcer 
(a) Double contrast barium meal in a 54-year-old rTI<In With a 6-month histOfY of epigastriC pain aft~ meals. A gastric uker croter GU contolmng 
barium IS seen on the lesser curve Abnormal folds of gastric mllC~ radlOte out from the ulc~_ Endoscopy and biopsy are indicated to exclude 
mahgnarocy. (b) Baflum meal In an 88-year-old woman who suffered a haematerT\e5ls The patient had been taking non-steroidal anti· 
Inflammatory drugs for several months. The X·ray shows 0 giant gastric ulcer (outhne arrowed) on the lesser curve, partly filled with barium 

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'), Mtllignancy is very rare in the duodenal 
bulb, so biopsy of the ulcer for this purpose is seldom 
necesstlTy; biopsy of the gtlstric antrum for confirmation 
of H. pylori infections is, however, ind icated. The radio
logictll characteristics of duodenal ulcers are shown in 
Figure 14.8. 

Duodenal ulcer symptoms follow the same general 
pattern as for gastric u lcer bu t 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. 

NON-ULCER DYSPEPSIA 

This condition is by far the most common sct of 
symploms in patients with upper abdominal pain. The 
cause is unknown tlnd 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 p.1tients 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. Unfortu nately, there is a poor correlation 
between elim ination of infection and relief of symptoms. 

MANAGEMENT OF CHRONIC PEPTIC 
ULCER DISEASE 

Both the nature and the mtlnagement of peptic ulcer 
disease have undergone ext raordinary changes over the 
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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 'ea rn' 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 0 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 w ith contrast f illing the ulcer crater; on 
either side are large areas free of contrast 0 caused by a ring of 
oedematous 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 lesser curve gastric ulcer. This ulcer has 
probably only been present for about 4 months_ It does not show 
surrounding scarring and distortIOn of the gastric wall that would be 
characteristIC of long standing ulcers. 

1<) 

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 
ca n be easily eliminated. These are summarised at the 21 ~ 
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start of Box 14.1. Radical dietary modification is un
necess.1ry; p.11ients should merely be advised to avoid 
food which Ihey find aggravates the symptoms. Spicy or 
acidic foods are often blamed. 

Aspirin and other NSAlDs should be avoided, 
although this is often difficu lt in p..1tients with arthritic 
disorders; thc 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 effect iveness and relates largely to their systemic 
anti-cydo-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 can not be avoided in patients with a predis
position to peptic ulceration, concurrent use of cyto
protective drugs may be indicated. 

Recently introduced specific cydo-oxygenase 2 
inhib itors (COX-2) hold out a better hope of avoiding 
adverse NSA ID effects on the upper gastrointestinal 
tract. COX-I is an enzyme present throughout the body 
that initiates the production of prostaglandins, key 

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 

• H2-receptor-blocking drugs (cimetidine, ranitidine), 
proton pump inhibitors (PPls, 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 ha nd. is an inducible fo rm of the enzyme present 
at very low levels in normal tissues; in disease, it 
stimulates production of prostaglandins that mediate 
inflammation and p.1in. 

Patients wilh oesophagea l reflux, especially if associ
ated with hia tus hernia, ca n minimise the damage by 
simple mechanical measures such as losing wcight, 
elevating thc head end of the bed and avoiding stooping. 

ELIMINATION OF PROVEN H. PYLORI INFECTION 

Once 1·1. pylori has been confirmed, treatment involves 
a short course of acid inhibition combined with anti
biotic \re.ltmcnt. 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 amoxycillin or metronidazole) given for 1 week 
gives Helicobacter elimination in over 90%. Longer 
cou rses give potentially higher elimination rates but pro
duce more side effects and lower compliance. Confir
mat ion of erad ication can be achieved by re-endoscopy 
and rapid urease testing, or by breath-hydrogen analysis. 
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Fig. 14.9 Proprietary urease testing kit for H. pylor; 
BiopsIes of gastnc or duodenal mucosa are placed in the well and the 
resu lt read after a set penod A posit i ~e results is indicated by the 
colour change seen here in (b) 



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 
mai n active ingredients are few. Sodium b icarbonate 
offers rapid but temporary relief of symptoms, while 
magnesium trisilicate or alu minium hydroxide promotes 
ulcer healing. Some of these agents, however, interfere 
with proton pump inhibitors. Colloid al bismuth com
pound s have been in use for many years. They have an 
antacid action and have been found to be active against 
H. pylori. 

Alginate preparati ons form a foamy layer on the 
surface of gastric contents, coa ting the upper stomach 
and lower oesophagus and protecting it from oesophageal 
reflux. 

ADMINISTRATION Of MUCOSAL PROTECTIVE 
AGENTS 

Sucralfate is a com plex of al uminium 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 a ttack. It has been shown to be as effective as 
H2-blockers in providing sym ptom relief and healing 
when given in the dose of 2g twice daily. It does not 
interfere with other drugs and is safe in pregnancy. It is 
also effecti ve 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 sti mulation of parietal cells 
mediated via the vagus nerve. This is under reflex 
con trol originating in the cerebral cortex triggered by 
the sigh t and taste of food 

• Gastrin is secreted by APUD cells in the gastric 
antrum and promotes acid secretion via histamine 
released from mast cells in the vicinity of the parieta l 
cells. The histamine receptors on the parietal cells are 
distinct fro m those elsewhere in the body and are 
designated as type 2 (H~) receptors; these receptors 
are not blocked by standard 'a ntihistamine' drugs 
such as chlorphenirami ne. Gastrin secretion is partly 
controlled by the vagus and partly by local (vagally 
independent) reflexes initia ted by gastric distension 
and the presence of food or alcohol in the stomach 

From this, two practical methods have been found to 
red uce acid secretion: drugs wh ich selectively block H2-

Peptic ulceration and related disorders -c: 

receptors or the proton pump mechanism (described 
ea rlier), and surgical division of the vagus nerve. 

Hz-receptor blockade and proton pump antagonists 

H2-receptor blocking drugs were developed in the 1970s 
and were the fi rst 'medic.ll' revolution in the manage
ment of peptic disorders as sole therapy. Cimetidine was 
alone in the market for several years but was joined by 
ran itid ine, which has a few minor advantages but is no 
more effective for healing ulcers. Hr 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 
benzimid azo les, are extremely potent and reduce acid 
production to near-zero by direct inhibition of the proton 
pump. Omeprazo le is the best known member of this 
grou p and is often employed for oesophagitis, recurrent 
ulcers and Zoll inger- 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 fo r chronic duodenal ulcer. The various vagotomy 
operations illustrated in Figure 14.10 are now only of 
historic,11 interest. The simplest involved dividing the 
anterior and posterior vagal trunks close to the abdomi
nal oesophagus just below the d iaphragm (truncal 
vagotomy). The operation is effective in promoting ulcer 
hea ling but paralyses gastric motility and slows pyloric 
emptyi ng. A surgica l drai nage proced ure, usually pyloro
plasty ('V & P'), less commonly gastro-jejunostomy, was 
therefore a necessary pmt of the operation. 

Attempts to reduce the gastric emptying compl i
cations of truncal vagotomy led to operations designed 
to preserve the innervation of the distal antrum and 
pylorus 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 dra inage procedure. Early postoperative side 
effects are fewer but ulcer recurrence rate is higher than 
fo r trunca l vagotomy. 

All surgical treatments for duodenal ulcer were eclipsed 
by the introduction of the H2-blockers and the operate rate 
is now only 1% of that of four decades ago. The v,lgotomies 
are now occasionally employed for chronic symptomatic 
duodenal ulceration that recurs after effective elim ination 
therapy; most are performed laparoscopically. 
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Pyloroplasty 

either 

A A 
(a) Truncal vagotomy 

Plus 
drainage 

procedure Gastro-lelunostomy 

0' 

1:::==::==:--- Anastomosis 

(b) Highly selective 
vagotomy 

77 

Fig. 14.10 The vagotomies and gastric drainage procedures (rarely performed nowadays but of historical interest) 
(al Truncal vagotomy is fo llowed by a drainage procedure. either pylcroplasty (Helnecke--Mikulicz IS Illustrated) or gastrO-jejunostomy. In gastro
jejunostomy an anastomOSiS is crea ted to the most dependent port of the stomach; a short efferent loop of Jejunum is brought up eit her 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 (retrocolicj, (b) Highly selective vagotomy does not reqUIre a drainage procedure. Only the 
par ietal 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 occasiona lly used for patients 
where medical management had fa iled to heal a benign 
gastric ulcer or to treat repeated recurrences. The operation 
had the d ual role of removing the u lcer and the gastrin
secreting mucosa. The classic gastrectomy for chronic 
gastric ulcer was known as the 8illroth I type (Billroth, 
1881) and involved removing the d istal two-thirds of the 
stomach. The gastric rem nant 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 hea l (see Fig. 14.10). Numerous 
varia tions on gastrectomy have been described over the 
years and ma ny still carry their au thors' names, e.g. 
Polya (1911), Finsterer (1909), Billroth II (881), Hofmeister 
(908), &,lfour (1934). The use of eponymous titles to 
describe particu lar operations has become somewha t 
confused but the essential difference is whether the 
gastric remna nt is anastomosed to the duodenum 
(Billroth I-type) or to a jejunal loop (Polya-type). 

In general, partia l 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. 
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perhaps directs 
pancreatico-biliary 
secretions to jejunum 
not stomach 

Fig. 14.11 Types of partial gastre ctomy 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 p...rtiai 
gastrectomy occur in the long term and may not become 
manifest (or years (see Box 14.2), Recurrent ulceration 
after partial gastrectomy was rare and occurred in th~ 
gastric remnant or at the stomal margin. The usual 

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--<ommon 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 1055 due to a combination of above factors 
and malabsorption- especially common in women 

• Vitamin Bu deficiency due to 1055 of gastric intrinsic 
factor; may presents as macrocytic anaemia or 
subacute combined degeneration of the spinal 
cord-potentially catastrophic, occurring many 
yean: after operation and preventable by regular 
vitamin B l~ (hydroxycobalamin) injections 

• Iron deficiency anaemia due to reduced iron 
absorption--<ommon 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 Zotiinger-Ellison 
syndrome or hyperparathyroidism. 

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 c.'luse. 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 s trictu ring; it may then become necess.1.ry to 
perform anti-reflux surgery. 

EMERGENCY PRESENTATIONS OF PEPTIC ULCER DISEASE 
The emergency presentations of peptic ulcer disease are 
acute haemorrhage, perforation and, much less commonly, 
pyloric stenosis. Peptic ulcer disease was responsible for 

much major emergency abdominal surgery until the 
early 1970s. Since then there has been a remarkable 
reduct ion in emergency presentations of peptic ulcer and 
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emergency surgery is now a rarity except in elderly 
patients taking NSAIDs fo r 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 followi ng 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 g,1stric or duodenal ulcer into the 
peritoneal cavity causes peritonitis. Until about 25 years 
ago, these perfor<1tions were a common cause of an acu te 
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 common ly in elderly patients taking NSAIDs. 
Occasionally, a younger patient presents with a JX'rforated 
duodenal ulcer without an obvious predisposing cause. 

Duodena l 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 jus t 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 fa ctor. 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 elderl y. 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 gas tric or duodenal ulcer usually presents 
as a sudden onset of epigastric pain, rapidly spreading 
to the whole abdomen. TIle 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, 

as 

Fig. 14.12 Gastric outlet obstruction 
Barium meal examinatIOn In a woman of 78 who presented WIth two 
weeks history of vomiting She was grossly dehydrated WIth a 
hypochlofaemlC al~alosls. She was resuscitated and a nasogastrlC tube 
passed This film shows huge gastric dilatation and no flow of barium 
beyond the pylorus. She also has Incidental gallstones (GS) The 
obstruction proved to be due to chronic duodenal Ulceration, but a 
diagnOSIS of carcinoma of the gaWK antrum must be considered in 
such a patien t. 

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. 
After several hours, abdominal wall rigidity tends to relax 
although tend erness remai ns. [n older patients, rigidity is 
less marked because of a lack of muscle bulk. Peptic ulcer 
perforation initially causes a chemica l, as opposed to 
b.1cterial, 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 w ill 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 h..,s swallowed 25 m[ of water-soluble contrast; 
this may confirm the leak..,se. Diagnostic gastroscopy IS 

contraind icated because the stomach must be inflated 
during this examina tion 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 gastrointcstina l perforation. The patient is first 
resuscitated and a nasogastric tube inserted. The oper
ation is most com monly performed at laparotomy, but 
there is increasing interest in a laparoscopic approach for 
duodenal ulcer perfora tion. The principles are si milar in 
either case. At surgery, the abdomen is inspected and the 
d iagnosis confirmed . 'Peritonea l 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 gastnc 
perfo ration 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 He/icobncter erad ication therapy. 

In perforated gastric ulcer, the classic operation was 
Billroth I gastrectomy, including the whole ulcer in the 
resection. However, loca l 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 
duodena l ulcer, many surgeons treat this conservatively. 
This involves nasogastric aspiration, intrav~nous fluids, 
gastric acid suppression and antibiotics. Many of these 
p.1tients recover s.1tis factorily but might have succumbed 
with major su rgery. 

PYLORIC STENOSIS 

The pyloric canal and the immediate pre-pyloric area are 
common sites of chronic ulceration. Ulcers in this area 
are probably aetiologica lly related more closely to 

Pept ic ulceration and re lated disorde rs 

duodenal than gastric ulcers and should be managed 
accordingly. There may be typica l symptoms of chronic 
duodenal ulcer or the presenta tion may be with pyloric 
slenosis and a minimal his tory of ulcer pain. Chronic 
ulceration near the pylorus causes fibrosis which may 
progress to stricture fonnation. In the early stages, this 
leads to partial gastric outlet obstruction. An acute 
exacerb.1 tion 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 fou l-smelling semi-digested food 
ea ten 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 
disturba nce. 

On cl inica l 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 p<1tient's abdomen 
from s ide to side produces an audible succuss ion splash. 
Gast ric peristalsis may be visible in longstanding cases 
and a dila ted 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 materia l. 

Several gastric washouts lIsing a large-bore oral tube 
will be necess.1 ry to clear the gastric residue before endo
scopy or barium mea l is attempted . 

Nowadays, distal gastric cancer is a more common 
ca use of gastric outlet obstruction. With ca ncer, the 
obstruction r.uely resolves wi th conservative treatment 
whereas ben ign stenoses usually do. 

The differential diagnosis of gastric outflow obstruc
tion also includes carcinoma of the head of the pancreas 
(with or withou t obstructive jaundice) and, rarely. chronic 
pancreatitis. 

BIOCHEMICAL ABNORMALITIES IN PYLORIC STENOSIS 

The biochemical distu rbances in these patients are 
com plex and depend on the volume and composition of 
fluid lost by vomiting and on the body's compensatory 
mechanisms. llydrogen 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 necess.uily 
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 
(wh ich is not accurately rcnected in the plasma sodium 
leveD, 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 fa ll as a 
result of the alkalosis, inducing tetany. 

MANAGEMENT OF PYLORIC STENOSIS 

The first management priority in gastric ouUet 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 add suppression and Helicobacter eradication 
will produce a significant clinical response. If these fail, or 
maligna ncy is suspected, endoscopy shou ld be repeated. 
Operative treatment may then become necessary. 
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INTRODUCTION 

Diseases of the oesophagus form a small but s igni fi cant 
part of the worklo'ld of some general surgeons but the 
ITh1.jority of oesophageal surgery is perfonned in specialised 
units. Most cases are managed by medical gastroentero
logis ts except those likely to require surgery, when c10Sl' 
collaboration between medical and surgical specialis ts is 
needed. 

Difficulty in swallowing, dysphagia, is the most 
common presenting symptom. Reflux oesophagitis and 
other peplic disorders of the lower oesophagus (often 
associated with hiatus hernia) and oesophageal carci
nomas are the main conditions encountered. AchalasiA 
and pharyngea l pouch are occasionally seen; oeso
phagea l web (as in Plummer-Vinson syndrome) and 
leiomyoma (sceCh. 16, p. 242) areexlremely rare. 

Oesophagea l varices secondary 10 cirrhosis usually 
present as massive haemillemesis. 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 OC'SOphagus is lined by striltified squamous epithelium 
and thus the ma;ority of oesophageal malignancies are 
sq uamous carcinomas. The rest are adenocarcinomas, 
probably derived from metaplastic intestinal mUcos.l, 
i.e. Barrett's oesophagus (see p. 231), and occur in the 
lower third of the oesophagus. Tumours at the gastro
oesoph'lgcal junction origina te from three areas: the distal 
oesophagus, the cardia of the stomach or the subcardial 
gastric wa ll. Both squamous and adenocarcinomatous 

forms are usually only moderately differentiated and 
behave aggresSively. 

Oesophageil l cancers may fungate into the lumen but 
more often infiltr,l te diffusely along and around the 
oesophagea l wa iL Once through the wall, the tumour 
invades surround ing medias tinal 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
pens.lte Oiquidising 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 
mcdiasti nnl nodes has already occurred. Sometimes, 
involvement of other mediastinal organs, e.g. recurrent 
laryngeal nerve invasion or an O<'Sophago-trachcnl fistula, 
produces the first symptoms. Low oesophageal lesions 
tend to mctilstasise to upper abdominal nodes and the 
liver. 

EPIDEMIOLOGY AND AETIOLOGY OF OESOPHAGEAL 
CARCINOMA 

The incidence of oesophageal cancer in Western countries 
is relatively low comp.lred with carcinoma of the colon 
and stomach. It nccounts for about 5% of all deaths from 
cancer, wit h ma les and females equally at risk. The 
discase is usually ndvanccd by the time of presentation, 
hence the mortality rate is app.llling. with 75% dying 
within a year of presentation and only 6% surviving 5 
years (see Fig. \5.1). 

Oesophagcn l 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 grea ter risk and smokers have at least five times 22~ 
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Fig. 15.1 Survivat 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 acid
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 ocsophagitis 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 Sc,1. There is some evidence that a fungus 
which grows on food grilin 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 Vi.rchow's node in the left 
supraclavicular fossa or sometimes hoarseness as a result 
of recurrent laryngeal nerve involvement. 

Direct inspection is necessary lIsing 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 sui table to use as a surgical conduit. 

Staging the tumour 

Once carci noma of the oesophagus is diagnosed, it is 
important to establ ish 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 SCiln; 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 ide.11 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 
obstmction must be relieved to allow the patient to eat 
and to prevent the appalling consequence of complete 
obstruction, i.e. inability to swa llow 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 ilre certainly preferable to major surgery, 
pMticularly 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 chemot herapy (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 Ihe short 
term to avoid tot,11 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 
adver5C effects of alcohol and cigarettes may influence 
the decision, e.g. chronic lung disease, cirrhosis. Cardiac 
fitness is assessed cl inically and by electrocardiography 
(ECC) and sometimes echocardiography. [n addition, 
spiromet ry and blood gases shou ld be performed to 
assess the patient's fitness for thoracotomy. [f the FEV] 
is less than 2 L, Single lung ventilation used during 
thoracotomy is unlikely to be tolerated. A preoperative 
staging work-up usuillly includes CT scanning of chest 
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Fig. 15.2 Barrett's oesophilgus ilnd oesophilge ill carcinomil 
(iI) Elldoscopic VIN/ of Barrett"s oesophagus demonstrating linear ulceration and deeper red 
mucosa with chroniC ukerat1Ol1 at the oesophaglF9astric Junction OlilgrlOSlS IS confirmed on 
bIOpSY This condition is premalignant. (b) Barium swallow in an eldelly man who presented 
WIth almost complete dysphagia. The film shows the lower end of Ih" oesophagus whICh has 
an Irregular narrowmg of the lumen (arrowed) This appearance did not aller In several VIews 
of the same area and IS characteristic of malignancy Nevt'rtheless, endoscopy IS usually 
performed to obtain histologICal confirmation by means of bIOpSies. ne oesophagus above 
is modefately dilated and contains a bolus of food F which cannot PiSS onwards 

and abdomen and laparoscopy, with endoscopic ultra
sound if available. 

Surgery 

Once a decision has been made to undertake su rgery, the 
choice of operation depends on the level of the lesion. In 
general, the aim is to remove the tumour with an appro
priate safety margin, to perform a two-field lymph
adenectomy <removing mediasti nal and abdominal lymph 
nodes) and to achieve a leak-free anastomosis. 

Lesions above the carina (the tracheal bihJfcation) are 
usually dealt with by a three-stage oesophagectomy 
known as the McKeown operation, with all stages 
performed at the S<1 me 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 s tage 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. 

If the tumour arises lower in the oesophagus, a two
stage Ivor Lewis operatio n is usually performed. The 
abdomen is opened first, and the stomach mobilised and 
fashioned into a conduit. The patient is then hlfned 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 ;ejunllm (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 
transhiataJ oesophagectomy. A thoracotomy is avoided 
by mobilising the oesophagus and the cancer by blunt 
dissection from the abdomen via the d iaphragmatic 
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 5<1.fety 
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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Oesopllago-gastric 
anastomosis 

~
AnastomOSiS formed with 
sutures (or orcular stapler prior 
10 gastric dosure) 

\' -- OpeolflQ cut in antenor wall of 
stomach to match oesophageal 
diameter 

L----D,vided pro)(imal aoo of 
stomach closed, usually with 
linear stapler 

L---,,~----Pylorus usually destroyed by 
pytoromyotomy or pyloroplasty 
to assist gastric drainage 

t 

Oesophago-JeJunal 
anastomosis using Uddin 
loop ot jejunum 

-Jejunal loop is drawn up and 
$Ide anastomosed to cut end 
01 oesophagus 

"~~--Slde-to-side anastOfTlOSlS made ¥ turther down jejunum 

T 

Raux-en-y loop 

----JejUllll'Tl cfIIIded and cut clstal 
end brouglI up to anastomose 
to distal end 01 oesophagus 

! ,(f.---Cut proXimal end of jejunum 
anastomosed to side of 
jejunum further downstream 

End result of Roux~ loop 

~
Oesophago-jejUnal 

"""""""'" (sutured or stapled) 
11\\ 

\ ---Closed end of taiunum I (usually stapled) 

L------CIosed proKimaI end of 
-.-nom 

~~c ______ {USuaJly stapled) 
~ JejuflO-jejunal anastomosis, 
;;;:. end- to-side, sutured 

Fig. 15.3 Methods of reconstruction after d istal oesophagectomy a nd partial or total gastrectomy 
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in the chest during dissection (p.lrticularly the azygos 
vein) and causing ca tastrophic haemorrhage. 

Techniques 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 fata l risk of anastomotic brea k
down . This may lead to mediastinitis, lung abscess or 
oesophago-pleural fistula . Patients should be made 
aware of the risks in relation to the benefits as well as the 
expected prolonged convalescent period and long-tenn 
morbidity. Problems include dysphagia, small capadty 
for food (early 5<ltiety), and reflux. 

Inoperable lesions 

If operation is inappropriate. oesophageal patency can 
often be restored by p<,lliative ablation of tumour with 
absolute alcohol injections or by cutting a pat hway 

through the tumour with laser therapy via a gastroscope. 
Both of these treatments ca n be repea ted as the tu mou r 
regrows. Alternatively, the oesophagus can be intubated 
by inserting a cloth-covered meta l 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 dilat.llion. These tubes relieve symp
toms, but food has 10 be liquidised and Ihe tube kepi 
'clean' by taking fizzy drinks after eating. 

HIATUS HERNIA AND REFLUX 
OESOPHAGITIS 

PATHOPHYSIOLOGY 

The oesophagus is essentially a tube of smooth muscle 
conveying food to the !otomach by peristalsis. At the 
lower end of the oesophagus 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 oesophagus The malignant stricture was dilated 
via a flexible gastroscope and a Dacron-covered metal stent in5(>rted 
to keep the stricture open as a palliat ive measure. This lateral chest 
X-ray shollllS the stent In Situ 

sphincter mechanism. Its activity coordinates with 
perist.1Isis, relaxing to allow f()(X! 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 em 
within the abdomen before joining the stomach. The 
sphincter mechanism is not completely understocxl but 
it probably involves severa l components: a functional 
(but not anatomical) sphi ncter 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 oesophagus 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). Ch. 
Around 90% of hiatus hernias are of the sliding type, in 1 
which the gastro-oesophageal junction is drawn up into 
the chest and a segment of s tomach 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 con tributory. Hiatus hernia can also be a 
congenital abnormality pn..>senting in early infancy. 

CLINICAL FEATURES OF REFLUX OESOPHAGITIS 

Hiatus hernia is common, especially in women, and 
becomes more common wHh advancing years. Only a 
small proportion of p.,tients 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 adveTS€ 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 regurgita tion or other forms of 'indigestion'. 
Symptoms are typic,111y 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 recu rrent and inflammation becomes chronic. Pro
gressive scarring le,lds to fibrosis of the wall and this 
may lead to narrowing (strictu re) 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 specia lised 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 23' 
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(a) Sliding hiatus hernia (b) ROiling or para-oesophageal hiatus hernia 

- -----Oesophagus --c------- Oesophagus 

- -----Gastrcroosophageal junction 

- ----- Herniated stomach Herniated stomach 

-- Diaphragm -- Diaphragm 

Fig. 15.5 Types of hiatus hernia 
(a) Sliding hiatus hernia. whICh IS common. ThiS type disrupts the physiological anti ·reflux mechanism. (b) Rolling or para-oesophageal hiatus 
hernia, which IS rare. The antl·ref lux mechan ism is usually left mtact. 

mistaken for angina or even myocardial infarction. There 
is often an elemen t of oesophageal spasm which, like 
angina, is relieved by glyceryl trinitrate and similar 
drugs. This Illay confuse the diagnosis. 

In general, hiatus hernia and reflux can be demon
stra ted by barium swa llow 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 
specia lised 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 sphin cter 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 substa ntially by taking smaller, 
more frequent <lnd 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 
dralll<ltically. Alginate drugs, <lvailable in liquid or 
chewable tablet form, produce a fO<lmy surface layer on 
the stomach contents and are said to CO<lt the lower 

oesophagus, protecting it from the effects of reflux. 
These drugs are most effective if taken soon after food. 

Prokinetic agents 

Drugs which stimu late motility can have a useful effect 
in reflux. Metocloprdmide is a dopamine antagonist that 
sti mula tes gastric emptying and increases small bowel 
transit as well as en hancing contraction of the 0eso

phageal sphincter. Cisapride is a more recent drug with
out dop<,mine 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 11 2-receptor antagonists are sometimes 
effective but in severe cases they are inadequate, and 
omcprazole or another proton pump inhibitor (PPJ), 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-clastic bougies of progressively increasing size 
under general anaesthesia via a rigid oesophagoscopc. 
Nowadays, dilat .... tion 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 <lnti-reflux operation may be indicated. 



Disorders of the oesophagus 

I,) ..... __ ..... Ib) 

F 
«) (d) 

Fig. 15.6 HiiltU5 hernia 
(a) Shdlll9 hiatus hernia III a 63-year-old wolTIdn. The hiatus hernaa IS marked HH. the stomach S and the oesophetg0-9astnc ]UnctlOO J. the 
POSitIOn of the diaphragm IS arrowed (bl and Ic) Large Incarceratec (irreduCible) sliding hiatus hernia In an elderly woman with few symptoms. 
Note there IS also a small para-oesophageal 'rolhng' hiatus hernia P The lateral/11m (bl shows the hernia containing banum and a fluid level. 
(d) Plain chest X-ray of the same patient showing a fluid level F stto1gly suggestive of a hiatus hernia 

This usually allows healing of mucosal damage and may 
prevent further s tricture formation. 

Surgery for hiatus hernia and reflux oesophagitis 

Surgery is reserved for intractable symptoms, recurrent 
stricture and chroni c peptic ulceration, particularly with 

B.:1rrett's oesophagus (having excluded a high risk of 
malignancy by biopsy), which fail to respond to PPI 
therapy. The traditional operations for formal repair of 
hiatus hernia, perfomlcd via chest or abdomen (e.g. Belsey 
Mark IV), have largely been superseded by Nissen 
fundoplicalion. This abdominal (or thoracic) operation 
involves dissection of the gastro-oesophageal junction at 

.9 
• 
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the hiatus and wrapping the gastric fundus around the 
intra-abdominal portion of the oesophagus to re-create a 
flutter va lve. 

In experienced hands, laparoscopic Nissen fundo
plication is the operation of choice and allows the patienl 
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 d isorder of oesophageal 
motility. Norma l peristalsis is disrupted throughout the 
oesophagus, causing uncoordinated and inadequate 
relaxation of the lower oesophageal sphincter. 

In pathological terms, there is a poorly understood 
neurologica l defect involving Auerbach's myenteric 
(parasympathetic) plexus. The entin:- 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 la tter, the cause may be a central rather 
than a local neurological defect. Acha lasia, as with any 
structural abnormality of the oesophagus, predisposes to 
carcinoma. 

Clinically, the cardiac sphincter becomes constricted 
and the proximal oesophagus di lates with accumulated 
fluid and solids. Difficu lty in swallowing fluids is the 
usual presenting symptom. Solids tend to sink to the 
lower end of the dilated Ot..'SOphagus, whereas fluids spill 
over into the trachea causing splultering dysphagia (see 
Ch. 11 ) and cough ing, particularly at night. Vomiting and 
retrosterna l 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 d ilated oesophagus, and sometimes a fluid 
level is visible in the oesophagus behind the heart. 
Barium swa llow examination reveals gross dilatation of 
the oesophagus wi th a t."lpering cons triction at the lower 
end. The cons triction barely allows contrast to pass into 
the stomach (see Fig. 15.7). Under fluoroscopic screening, 
uncoordi nated purposeless peristal tic waves can often be 
seen; these are described as 'tertiary contractions' and are 
distinct from the normal co-ordina ted pattern of primary 
and secondary contractions. Oesophageal manometry is 
the ca rdinal test for achalasia and demonstrates excessive 

lower oesophageal sphincter pressure that fails to relax 
on swa llowing. 

MANAGEMENT OF ACHALASIA 

The condition is, by its nature, incu rable, and treatment 
is directed at relieving the d ista l obstruction. The standard 
operation is via the abdomen, and involves a longi
tudinal incision of the lower oesophageal and upper 
gastric muscle wa ll until the mucosa bulges through 
(Hell er'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 lap<lroscopically. Balloon dilatation is 
sometimes used as an alternative to operation and 
results appear to be virtua lly as good in experienced 
hands. Patients with achalasia should be followed up 
and periodica lly endoscoped to exclude developing 
carcinoma (5(.>e Fig. 15.8). 

PHARYNGEAL POUCH 

Pharyngeal pouch is a rare cause of dysphagia. It arises 
at the junction of pharynx and oesophagus, and 
probably resu lts from lack of coordination between the 
inferior constrictor muscle and cricopharyngeus during 
swa llowing. The result is a progressive mucosal out
pouch ing between the two muscles. The condition is best 
d iagnosed by barium swa llow (see Fig. 15.9). Endoscopy 
should be avoided in patients with 'high' dysphagia as 
a pharyngeal pouch is easily perforated. Treatment of 
pharyngea l pouch is by su rgical excision from the side of 
the neck, or via a completely endoluminal approach. 

OESOPHAGEAL WEB 

Circumferential mucosa l folds (or webs) may occur in 
the oesophagus producing annular narrowing of the 
lumen and ca us ing dysphagia. In the upper oesophagus, 
they are found in association with severe iron deficiency 
anaemia, particularly in women. The triad of dysphagia, 
anaemia and a trophiC glossi tis is known as Plummer
Vinson or Patterson- Kelly syndrome. 

GASTRO-OESOPHAGEAL VARICES 

PATHOPHYSIOLOGY OF GASTRO-OESOPHAGEAL 
VARICES 

Castro-oesophageal va rices result from portal venous 
hypertens ion. 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-Chia ri syndrome) and schistosomiasis. 
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Fig. 15.7 Late-stage achalasia in a 60-year-old man 
(al The chest X- ray shows gross mediastinal Widening caused by a rrasslY€1y di lated oesophagus 0 filled With food debris. Note the mottled 
appearance of the oesophagus and the fluid level F at its upper end. Note also the ab5ence of a gastnc alf bubble bekm the diaphragm, This IS 
characteristic of achalaSl.l (b) Barium swallow in the same patient. ThIS confirms the findings on the chest X·ray 

As resistance to now 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 11\ 

the peritonea l 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 gas tric fundus and these are known as 
gastro-oesophageal varices (see Fig. 15.10). These varices 
c..,n pnxluce massive gastrointestinal haemorrhage, poss
ibly related to rises in intra varicea! pressure. Up to 40% 
of cirrhotic patients suffer variceal haemorrhage at sollle 
stage. 

A further result of portal hypertension is splenic en
largement. This may cause the effects of hypersp lenism, 
namely anaemia, thrombocytopen ia and leucopenia. 
Patients in late stages of cirrhosis a lso develop asciles. 

If massive portal-systemic shunting occurs either 
spontaneously or as a result of a surgically crea ted shunt 
to treat portal hypertension, portal-systemic encephalo
pathy may develop. This is due to toxic substanc($ 
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 

Castro-oesophageal varices are not usually treated 
unless they have bled . Occas ionally, elective treatment is 
carried out in high-risk cases where haemorrhage is 
cons idered highly likely; with the improving effi cacy 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 unti l 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 
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Fig. 15.8 Oesophage al car<:inoma s4Kondary to achalasia 
Malignant stncture S In the middle third of the oesophagus in a 60-
year-old woman with achalasia of long standing She had a Heller~ 

myotomy at the age of 26. Note that this surgery d05 not alter the 
prediSp05l tKln to carcinoma 

haemorrhage is sought by endoscopy. In fact only about 
half of these patien ts wi ll be bleeding from oesophageal 
varices. The rest w ill have bleeding gastriC varices, gastric 
erosions or Mallory- Weiss tears of the lower oesop hagus. 
In this last condition, arterial bleeding is the cause and it 
does not respond to measures designed to treat bleeding 
varices. Occasiona lly 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 dotting. It is prudent to perform dotting studies 
and give specific corrective factors. 

Treatment 

If bleeding is from varices, the mainstay of initial 
treatment is an oct reolide infusion. More than 75% oi 
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 ca vity as ascites. Hepa tic encephalopathy 
should be anticipa ted as a result of the protein load of 

o 
Fig. 15.9 Pharyngeal pouch 
lateral ~ dunng banum swallow examination in a 41 -year-old man 
complalnmg of mild dysphagia; the X-ray shows a contrast-filled 
pouch P extending from the pharyn)( Ph Note the gas-filled trachea T 
Iymg anterIOrly. 0 = oesophagus 

Fig. 15.10 Endoscopic view of oesophageal varices 
This man of 63 was known to have alcoholic cirrhosis and had 
suffered one acute GI haemorrhage, treated successfu!1y by injectIOn 
of bleeding vaflces. The bulging blue masses can be seen protruding 
Into the oesophageal lumen 

blood in the bowel and oral neomycin or lactulose 
adminis tered. Delirium tremens may also require treat· 
ment if the patient is an alcoholic. 



In p.1tients 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 s tomach 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 separa te intragastric 
and oesophageal balloons and depends for its action 
upon physiological arrest of bleeding. Most cases cease 
bleed ing wit h inflation of the gastric balloon alone and 
traction. The Linton balloon is an alternative comprising 
a single large intragastric balloon (300-600 ml) which 
allows simultaneous endoscopy and rubber banding or 
injection sclerotherapy of varices. 

Operative surgery for oesophageal varices has dwindled 
in recent years bectluse 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 contimles despite effective 
conservative therapy, transjugular intrahepatic porto· 
systemic stenting is used (TIPS). This involves can· 
nulating the internal jugular vein and placing tin 
tlngiography catheter first with in the intra-hep.1tic vena 
ctlva. Using combi ned fluoroscopy and u ltrasound, the 
catheter is guided into the portal system within the liver. 
Then an exp.1nding metal stent is placed to connect the 
intra-hepatic port<ll system to the vena cava. 

As a last resort, emergency surgical treahnent is per
formed but all operations carry a high mortality in such 
seriously ill patients. The simpk'St operation is trans
gastric oesophagea l 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 -0( 

Emergency portal-systemic shunting is occasionally 
used but carries a risk of portal-systemic encephalopathy 
although it rel iably arrests haemorrhage. Shunting oper
ations are still sometimes used following recovery from 
acute haemorrhage but many doctors believe that 
repeated rubber b.1nding or injection sclerotherapy via a 
flexib le endoscope is the best prophylaxis against further 
haemorrhage. 

All types of su rgica l portal-systemic shunts carry a 
risk of ence phalopathy, although shunt design has been 
modified to minimise this risk. The original operation 
was portacaval sh unting, in which the main portal vein 
is anastomosed to the inferior vena cava. Later variations 
include mesocava l sh unting in which the superior 
mesenteric vein is connected to the inferior vena cava via 
an interposition graft, and lienorenal shunting (the 
Warren shun t) 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 fOf assessing operative risk 
in portal hypertension 

Score points 

Risk factor 2 

Encephalopathy Noo. MinImal 
Ascites Noo. Slight 
BIlirubin (mlCromolesIL) <35 36-50 
Albumin (gn..) >35 28-35 
Prothrombin ratiO < 1.4 1.4-2.0 

Each Criter ion 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 

3 

Marked 
Moderate 
>50 
<28 
>2 .0 

Ch. 

1 

23~ 
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UPPER GASTROINTESTINAL AND HEPATOBILIARY 

16 Tumours of the stomach and 
small intestine 

Lymphomas 243 

Carcinoid tumours 244 
Peutz- Jeghers syndrome 245 Carcinoma of stomach 238 

Gastric polyps 242 

Leiomyomas 242 Other tumours 01 the small mtestlne 245 

INTRODUCTION 

Benign tumours occ.lsionaliy occur in the stomach but 
most gastric tumours are malign,;mt. The great majority are 
adenocarcinomas, whilst lymphomas and the occasional 
carcinoid tumour or sarcoma make up the remainder. 
True adcnomatous gast ric polyps are rare; most gastric 
polypoid lesions are sma ll benign hyperplastic nodules. 

Tumours of the sma ll 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 commonly encountered at 
student examinntions! 

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. 

The intestinal type has histological features similar to 
intestinal epithelium. Cells grow in clumps and there is a 
marked inAammatory 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. lllese factors suggest that 
environmental factors have a great influence on the 
development of intestinal-type gastric cancer. 

The second histological type of gastric adeno
carcinoma is the diffuse type. Here the cells are singular, 

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
logica l 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: 

• Fu ngati ng tumours. These are polypoid and may 
grow to a huge size (sec Fig. 16.3) 

• Ma lignan t 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 

• Infi ltrating 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 capaci ty. The condition is 
known as li nitis p last ica and its appearance is 
likened to a 'leather bottle'. Linitis plastica affects a 
sl ightly younger age group and has a very poor 
prognOSis. Diagnosis may be delayed because the 
endoscopic changes are often subtle, and biopsies of 
the mUCOS<."l 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. 
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Fig. 16.1 Can:inoma 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. Ca ncer of the 
stomach is rare before the age of 50 and increases in 
frequency thereafter. Mak>s have one and a half times the 
risk of females, and the disease is more common in 
lower socio-cconomic 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 dose 
behind but the offspri ng of Japa nese immigra nts to 
America appea r 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 
d isease. The vast va riation in incidence of intestinal-type 
gastric cancer between differen t countries and the fact 
that this type is more prominent in lower socia-economic 
groups suggest that environmental factors play an 
important part. It is likely that there is no single 
aetiological facto r 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 

Multi foca l atrophi c gastritis (type B) has often been 
incriminated as a pr~xisting condi tion in intestinal· 
type gastric cancer, which may represent the end point of 

a sequence running between superficial gastritis, atrophic 
gastritis, intesti nal and colonic metaplasia, dysplasia and 
ca ncer. Multifocal atrophic gastritis is the result of chronic 
inflammation and appears firs t on the lesser cu rve of the 
stomach. Other risk factors such as diet and Helicobacter 
pylori infection may initiate atrophic gastritiS and act 
through the same pa thway. 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 ca ncer, but the absolute risk remains low. 

Helicobacter pylori infection 

In recent yea rs, chronic infection with H. pylori has 
become a prime suspect fo r initiating gastric cancer, as it 
is for peptic ulceration. /-1. 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 gastritis type B. 
1-1. 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. Eleva ted levels of IgG antibody to I-f. pylori 
have been found in gastric cancer patients compared 
wit h 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 23~ 
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mUCOS<1.l susceptibility to ingested carcinogens. H. pylori 
appears to playa major but far from exclusive role. 

Other factors 

Dietary factors have been show n to in"uence 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 particu lar risk. 

CLINICAL FEATURES OF GASTRIC CARCINOMA 

Symptoms are minimal until late in the course of the 
disease and patients most commonly present with 
advnnced local and metastntic disease. However, retro
spective review of the records of patients with early 
gnstric cancer has shown that a high proportion have 
some pre-existing 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 sma ll mea ls (early satiety). Vomiting ocrurs 
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 rure remote. Anaemia resulting from 
chronic occu lt 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 cJinicinn to possible gastric carcinoma. Virtually 
70% of gastri c ca ncer patients pn'sent with advanced 
local disease (stage T, ) of whom more than half have 
extensive nodal spread and half have distant metastases. 
Patien ts are now tending to present earlier, perhaps 
because persistent indigestion and upper gastTointestinal 
sym ptoms tend nowadays to be more effectively investi
gated than hitherto. 

The presenting features of gastric carcinom.l are 
summarised in Box 16.1. 

INVESTIGATION OF GASTRIC CARCINOMA 

Tumour staging 

Invasive C.1ncer 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 designaled lym ph 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 

sta tions numbered 1- 16. Perigastric stations 1-6 are 
considered Nil whilst other more distant stations denote 

20 NJ or MI< These stations are important when more 
radical Rl or R2 gastrectomies, pioneered by the 
Japanese, are performed and provide useful prognostic 
information. The results of surgica l treatment correlate 
directly wit h the T M 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 
hcpatis become involved, the latter sometimes causing 
obstructive ~1.undice. Classically, left supraclavicular 
(Vi rchow's) nodes may become invaded via the thoracic 
duct and give rise to a pn lpable mnss (Troisier's sign). 
These nodes are palp.1ble in a sma1i proportion of 
cases at initial presentntion. Hepatic metastasis via 
hacmatogenous spread is also a common initial finding. 
Widespread metastasis to lungs, brain and bone may 
also occur. Gnstric carcinomn sometimes spreads across 
the peritoneal c.wity, particularly to the surface of the 
ovaries (Krukenberg tumour) or the pouch of Douglas. In 
either case, a mnss is often palpable on rectal examin
ation. Direct spread into the transverse colon is not 
unusunl in neglected cases and sometimes results in 
gastro-colic fistula formation. 

Invest ig ative procedures 

Endoscopy alone is now the preferred investigation for 
suspected carcinoma of the s tomach. Barium mea l held 
this position for many years but it is often diffirult to 
differentiate between gastric uicf'r and carcinoma radio
logically, even on double contrast studies. The typical 
radiological appearances of gastric malignancies are 
shown in Figure 16.2. 
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Fig. 16.2 Endoscopy and barium meals showing 
carcinoma of the stomach 
(a) GastroscopIc View of large fungating carc inoma of stomach in the 
prepyloric region C. Th is corresponds to the barium meal examination 
In (b) Diagnosis was conf irmed by endoscopic biopsy. (c) Ulcerating 
carcinoma of stomach U in a 55·year·old man presenting With weight 
loss. (d) linitiS plastlca·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 arlOfexia . 5he 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 lesion.; 
(90%) and lower fo r infiltrating lesions (50%). Diagnostic 
accur<lCY increases <lS more biopsies taken, and there 
should be little hcsilat ion to re-biopsy suspicious lesion.; 
to obtain a reprcscnt<ltive sample. Ca rcinomas can arise 
in <lny part of the stom<lch, 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 s ignificance. 

[n <lTCas of high incidence, endoscopic screening is a 
popular and effective method of detecting early disease. 
It is widely employt.'Ci in Jap.:1n and the result has been 
that over 40% of cancers operated upon have been dis
covered in a pre-symptomatic stage by this method, <lnd 
mn truly be defined as 'early gastric cancer'. About 90% 
of these patients have potentially curative operations. 

(h, 
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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 th is method. 

cr scanning is used most widely for staging purposes 
before embarki ng 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 cr 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. [n Western countries, early gastric cancer is 
usually discovered only fo rtuitous ly- for example,when 
a patient is gastroscoped for d yspepsia. This situation 
is improving. however, in some d eveloped 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 ea rly detection dramati
cally increases the chance of curative surgery. 

Even if the disease has progressed to loca l lymph 
nodes, radical gastrectomy may be rurative. In early 
gastric cancer, confined to the mUC05.1 and submucosa, 
5-yea r survival approaches 90%, and with only local 
nodal involvement, about 50%; with more extensive 
spread, 5-year surviva l 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 Rl and the secondary nodal 
fields as well in R2. With thcsc procedures, much
improved 5--year survival rates have been achieved and 
local recurrences a lmost e liminated. This experience was 
not immediately seen in Western studies, w here highcr 
complication rates were evident. 

The decision to attempt removal of a gastric cancer 
depends on the general fitness of the patient as wcll 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 
sUJVive about 12 months on average, compared with about 
3 months wi thout operation. Gastric outlet obstruction 
may be relieved by placement of a self-expanding intra
luminal sten!. 

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 1.5 cm in diameter and can confidently be 
observed as they almost never become malignant. 

Genuine adenomatous polyps are rare. These are true 
neoplasms with histologica l and morphologica l forms 
similar to adenomatous polyps of the large intestine (see 
eh. 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 sma ll 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 ulce rate, 
causing insidious blood loss and anaemia (see Fig. 16.3). 
Major haemorrhage sometimes occurs, presenting as 
haematemesis or melaena. 

Leiomyos.1roomas (see Fig. 16.4), the malignant counter
part of leiomyomas, are rare and present with s imilar 
symptoms or as an alx:lominal mass. Leiomyosarcomas 
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Fig. 16.3 Gastric leiomyoma 
(a) This 64-year-old woman presented with recurrent Ifon deliciency 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 ulcelJ can be seen on Its surface. 
Histologically, It proved to be a benign leiomyoma. (b) Another benign gawk leiomyoma wtllch had be<:ome impacted in the pylorus causing 
gastric outlet obstruction. It was delivered through the gastrotomy, e)Q:ised and the defect closed WIth sutures. 

spread locally and tend 10 metaslasise early via the 
blcxx:lslream. Treatment involves resection of the primary 
lesion plus pallia tive 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 ahout 10% of 
malignancies. As with peptic ulcer and gastric adeno
carcinoma, H. pylori infection is an importa nt 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 gas tric carcinoma in symptoms and 
end oscopic 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 contras t to gastric carcinoma, 
lymphomas have a tendency to occur in children and 
young adults. Low-grade lymphoma has been reported 
to resolve following f-Ielicobacfer eradication. 

In the small intestine, lymphomas also produce bulky 
lesions wh ich may obstruct, ulcerate, bleed or even 
perforate. Ckcasionally, a lymphoma provides the focus 
for an intussucept ion (sec Fig. 16.5 and also Fig. 44.9, 

Fig. 16.4 Leiomyosall:oma of the jejunum 
This opera ti ~e speCimen shows a large fleshy iesion on the outer 
surface of the upper Jejunum. The patient was a 33-year-old woman 
who presented wah IfOn deficiency anaemia refractory to oral iron, An 
abnormality was finally ~ on a barium small bowei study after many 
fruitless investigatIOnS, This tumour was histologically well differentiated 
and amenable to reseCllOn; 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 

[n both stomach and small intestine, investigation 
involves barium studies and endoscopic biopsy, but only 
laparotomy or lap<'roscopy and biopsy can distinguish 
primary lymphomas from secondary carcinoma. Primary 
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(,) 

:::...----_.l (d} 
Fig. 16.5 Int ussescepting tumours of small bowel 
(a) This 35-year-old woman suffered several self-limiting episodes of ~II bowel obstruction. DUring one of those episodes this small bowel 
barium enema was performed by placing the tiP of a nasojeJunal tube T Just distal to the duodeno-JeJunal flexure and Inst illing barium . A '>Il1all 
boweJ IntU5susceptlOfllS demonstrated by the 'coiled spring' sign 5, dl.e to the presence of barium between the telescoping layers of bowel. At 
surgery, a Jeiomyoma was foooo to be responSible. (bHd) This 22-ye .... -old man presented wi th small bowel obstruction . At laparotomy, the 
obstructlOfl was found to be caused by an ileo-ileallntussusception. In this set of operatIVe photographs (b) shows how the pro:<Jmallleum P had 
Intussuscepted Into the distal Ileum 0 When this was reduced (c), an cbnofmality 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 arc often discrete and bulky lesions which 
may be amen .. ble to surgical excision . Subsequent radio
therapy or chemotherapy or both may be necessary. 
Treatment gives a s-year surviv .. 1 rate of around 50%. 
Radiotherapy .. lone can succeed in treating some prim .. ry 
g .. stric 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 ii, including the pancreas 



I 

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 discovcrro 
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 bowellcsions 
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 
htmour, usually in the form of liver metastases, enough 
catecholamines are secreted to cause the carci noid 
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 (S-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 
ca rcinoid present at the tip and less than 2 cm 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, ilnd in the typically young patient, a more 
radicill ilpproach ca n be advocated than for other intra
abdominal malignancies. 

, 

Fig. 16.6 Carcinoid tumo ur in the a ppendix-histopatho logy 

Tumours of the st oma(h and small intestine 

The full carcinoid syndrome is assoc:iated with hepatic 
tumour outside the portal circula tion wh ich is usually of 
large volume and not amenable to surgical or other cure. 
I! 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 
ang iomas. These are usually found incidenti"lily at 
opcr"tioll 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 metas tases. B.lrium follow-through examin
ation for chronic symptoms may demonstrate the lesion, 
but more commonly it is found and resected a t lapar
otomy for acute obstruction, only being categorised later 
by histologica l exa mination. In many p..'1tients, spread has 
alrc,ldy occurred to regiona l lymph nodes or the liver by 
the time of presentation. 

PEUTZ-JEGHERS SYNDROME 

Peutz-Jeghers syndrome is a rare inherilL'CI autosoma l 
do minant d isorder in which multiple small benign 
polypoid lesions develop diffusely throughout the 

(a) Incidental finding of carcinoid tumour T In appendix removed for aJpendlCltis. Tumour extends to the s.erasal surface arrowed (b) Hlgh
power view shOWIng close-packed neoplastic carc inoid cells C These typically stain positive Wi th Silver stams, such as Grimehus, as well as wi th 
immunohistochemical techniques for neuroendocrine markers . 
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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 mUCQS.l, submucos.l 
and smooth muscle rather than true adenomas. They 
1Th1y cause chronic intestinal blood loss Of present with 

intesti nal obstruction due to intussusception. Malignant 
transformation does not OCCUf. This cond ition should not 
be confused with familial adcnomatous polyposis coli 
(FAP) characterised by multiple adenomatous colonic 
polyps which almost invariably undergo malignant 
change (see Ch. 20). 
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UPPER GASTROINTESTINAL AND HEPATOBILIARY 

17 Tumours of the pancreas and 
hepatobiliary system 

Carcinoma of the pancrea~ 247 

Biliary and peflampul lary tumours 251 

Carcinoma of the gall bladder 252 

Sclerosing cholangl t s 252 Pr imary tumours of the liver 254 

Secondary liver tumours 255 Endocrine tumours 01 the pancreas 252 

INTRODUCTION 

Adenocarcinoma derived from ductal cells of the exocrine 
pancreas makes up more than 90% of pancreatic cancers; 
these have the worst S-year survival of all gastrointestinal 
malignancies w ith only about 5% of patients surviving 
5 years. Much Jess commonly. tumours arise from exo
crine ad na r 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 c<\SCS is often prolonged. 

IntracI,1ble abdominal pain, marked weight loss and 
obstructive ~1undicc caused by compression of the common 
bile duct arc 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 Valer and the 
duodenum ('pcriampu llary carci nomas'). 

Sclerosing cholangitis, a rarE' non-malignant condition, 
has a similar mode of presentation, and is thus induded 
in this chapte r. In contrast, the uncommon carcinoma of 
the gall bladder docs not usually present w ith ~1undice. 

Primary liver tumours are rare in developed countries 
but relatively common in some developing countries where 
hepatitis Band C are the mai n predisposi ng factors. 
Secondary liver tumours are common eve'Y'"here. 

CARCINOMA OF THE PANCREAS 

PATHOLOGY 

Histologically, carci noma of the pancreas is usually an 
adenocarcinoma arising from cells lining the duct system. 

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 10 form a well-differentiated ductular 
pattern but the sheets of cells between the ducts often 
have a more anaplastic appea rance. Despite the organised 
histological paltern, carcinoma of the pancreas is a highly 
malignant tumour. It metastasises early to local lymph 
nodes (induding 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 a ffected about 1.5-2 times as often as women. 
Pancreatic CMcinoma ranks third in incidence among 
gastrointestinal carcinomas after cancer of the large bowel 
and stomach. Nevertheless, it is relatively uncommon in 
absolute numbers and is responsible for about 65{X} 
deaths annually in the UK. Its incidence is only half that 
of gastric carcinoma and it represents only about 3% of 
a ll 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 nitros.1mines 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 screeni ng tests and so pancreatic 
cancer nearly always presents with symptoms. The main 
p resen ting 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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Fig . 11.1 Spread of carcinoma of 
the pancreas 

Pancreas 

Direct spread may involve the common bile 
duct CB, the duodenum and the portal ~ein 
PV lymphatiC spread may reach the 
paraduodenal peritoneum P and the nodes 
of the coel iac axis 1. the porta hepatis 2. 
the lesser and greater curves of the 
stomach 3, 4 and the hilum of the spleen 4 
Spread may also occur ~ia the bloodstream 

• Spread via 
bloodstream 

Duodenum 

presenting features of pancreatic carcinoma are shown in 
Box 17.1. 

Pain and other abdominal symptoms and signs 

The pain of pancreatic (.urinoma is severe and continuous 
and is typically described as 'deep' and 'gnawing'; it may 
drive patients to contemplate suicide. The pa in tends to 
be nocturna l and poorly relieved by analgesics but may 
be alleviated somewhat by leaning forwards from a 
sitting position ('the pancreatic position'). This severe 
pain often represents locally advanced disease. There are 
often ill-defined dyspeptic symptoms like anorexia, nausea 
or sporildic vomiting. Weight loss may be dramatic even 

SUMMARY 

Box 17.1 Presenting features of pancreatic 
carc:inoma 
Commo n presenting features 
• Substantial weight loss (about 80% of cases) 
• Abdominal pain (about 60%) 
• Obstructive jaundice, often without pain (about 50%) 

l ess common presenting features 
• Acute panc.reatitis (rare) 
• Diabetes mellitus (preceding or following diagnosis) 
• Gastric outlet obstruction (due to external 

compression) 
• Thrombophlebitis migrans (recurrent superficial 

venous thromboses) 
• Pancreatic steatorrhoea (due to pancreatic duct 

obstruction) 

to the li~er. lungs etc 

without liver metastases, and is much greater than could 
be explained by anorexia alone. 

Obstructive jaundice 

Jaundice, often without pain, develops insidiously over 
several weeks, during which time the patient gradually 
assumcs a deep greenish-yellow hue. Surprisingly, 
pruritus and other distressing symptoms are uncommon. 
Obstructive ~1.undice is usually caused by compression 
of the common bile duct where it lil"$ in contact with the 
head of the pancreas. Thus, the proximal bile duct system 
including the gall bladder becomes dilated. The gall 
bladder often becomes pa lpable (Courvoisier's law, see 
Ch. 11, p. 163). Bile duct obstruction may also be caused 
by metastatic lymph nodes in the porta hepalis. Liver 
metastases alone rarely cause jaundice. Note that car
cinoma of the pancreas and other obstructing tumours of 
the biliary tree typically produce an unremitting, pain
less and progressively deepening jaundice, whereas the 
~lundice of gallstone disease tends not to be as profound. 
It also tends to fluctuate in intensity and there is usually 
a typical history of biliary pain. 

APPROACH TO INVESTIGATtON OF SUSPECTED 
PANCREATIC CARCINOMA 

The patient presenting with obstructive ~1.undice should 
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 
ERcr (see Fig. 17.2b) both to inspect the ampulla of 
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Vater and to demons trate the anatomy of the bil iary and 
pancreatic ducts; sites of obstruction are identified by 
injecting contrast. 

When pancreatic cancer is suspected in a non-jaundiced 
patient and no clear ca usative factor has yet been seen, 
abdominal cr scanning may be indicated (see Fig. 17.2c 
and d). cr scanni ng is a more reliable method of 

-----
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Fig. 17.2 Carcinoma of the head of the pancreas 

d iagnosing pancreat ic ca nceTS than ul trasound, but 
tumours smaller tha n 2 cm may not be detected. cr 
scanning also demonstra tes metastatic deposits in the 
porta hcpatis or li ver parenchyma and gives an idea of 
the extent of local invasion into the retroperi toneal area 
and portal vein; th is can help the surgeon decide 
whether the lesion might be resectable. CT scanning 

(a) Thl~ 77-year-old man presented WIth 4 weeks of painles.s obstructive JaundICe. This barium meal Sh0W5 the g<lstnc antrum G and duodenum. 
The duodenal loop 0 IS grossly distended by the obstructing effect of the head of the pancreas The medial wall of the second part of the 
duodenum (arrowed) is compressed and distorted by the tumour. (b) EndoscopIC retrograde pancreatogram In a Jaundiced pat ient with carcinoma 
of the head of the pancreas. The tiP of the duodenoscope 0 lies 0pp::lSlte the ampulla of Vater, Into whICh a catheter C has been passed The 
distal pancreatK duct is di lated (arrowed) and the proximal duct PD is compressed and distorted by the tumour. (c) (T scan shOWing enlargement 
of the head of the pancreas P most suspiCIOUS of carcinoma . The dar( circular lesion w ithlll the tail of the pancreas IS a secondary cyst or 
pseudocyst C (d) (T scan fu rther cephalad (towards the head) of the same patient showing one obVIOUS low-attenuat ion lesion in the liver 
consistent Wi th a metastasis (arrowed). The diagnosis of carc inoma of the pancreas was confirmed on percutaneous bloP'5Y of the pancreat ic 
lesion. Thus thiS 54-year-old man had inoperable disease. Unfortunately, th is IS all too common a presentatIOn 
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alone, however, often understages the disease. Pancreatic 
masses ca n be biopsied percutaneously using ultrasound 
or cr 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 abysma l. Various methods have been employed but 
many specialist centtx.>s depend on cr and staging 
laparoscopy. Laparoscopy allows more precise staging as 
small peritoneal seedlings can be visua lised (and biopsied) 
and cytology of peritoneal fluid performed. Laparoscopic 
ultrasound is finding favour to assess possible portal 
vein invasion and to seck microscopic liver metastases. 

MANAGEMENT Of PA NCREATIC 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 
(p.1ncreatico-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-yea r survival about 20%. 

The main indication fo r pancreatico--duodenectomy is 
a periampulJary lesion. External beam radiotherapy and 
5-fluorourncil (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 pallifltive fit best. 

Cystic neoplasms of the pancreas are sometimes dis
covered incidentally on cr 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. 

Pa llia t ion 

Palliation takes several forms, if there is obvious wide
spread disease, the p.1tient 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 percu taneously or thoracoscopically. If 
obstructive ~1undice is the dominant fea ture, this 
ca n usually be relieved by inserting a biliary s tent 
(e ndoprosthesis) into the compressed bile duct at ERCP 
or via a percu taneous transhepatic route; techniques are 
illust rated in Figure 17.3. Bypass can be achieved 
surgically at laparotomy or Japaroscopically. Options 
include both biliary bypass and enteric bypass. The 
standard palliative operation of triple bypass 
(cholecysto-jejunostomy, gastro-jejunostomy and an 
anastomosis between the loops of small bowel attached 
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 

Adenoc.1rcinomas originating from the epi thelium 
lining the biliary duct system are known as 
cholangioca rcinomas. They may develop anywhere in 
the intrahepatic or extrahep.l tic duct system, The less 
common intrahepatic chola ngiocarcinomas 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 s..1me way as 
carcinoma of the pancreatic head. Unlike pancreatic 
cancer, cholangiocarci nomas 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. SO) or transhepatic cholangiography 
(see Fig. 17.4). Histological proof of malignancy may be 
difficult to obta in owing 10 the fibrous nature of the 
tumour. 

Fig. 17.3 Palliative proc:edures for obstructive jaundice caused by carcinoma of the head of t he pancreas or a 
periamp ul lary t umo ur 
(a) Obstruction of the common blJe dud and duodenum. CarCinoma cf the pancreatic head obstructs the lower end of the common biJe duct and 
potentially the duodenum, Ie. the gastric outlet (b) Endoscopic stent placement. The sphincter of Oddi may require a preliminary endoscopic 
sphincterotomy prior to intubatIOn. A self-retaining plastic stent. placed endOSCOPICally or percutaneously, lies in Situ across the biliary stricture 
Note the 'plg-tail' ends of this type of stent which curl up when the wife IS removed, retaining the stem in the corre<t position. (e) Triple bypass 
operat ion, rarely performed nowadays because of the efficacy of endoscopIC stenting and the short hfe expectancy of pat ients with pancreatic 
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(e) Anatomy of obstruction of the common bile duct and duodenum 

Liver 

Distended gall blaclder- -

Carcinoma 01 pancreatic head------,.., .... -
obstructing lower end 01 common bile 

duct and potenlially obstructing the 
duodenum, I.e. gastric outlet 

(b) Endoscopic stent placement 

/ 

Side-viewing Ilexible d~~:":~~: _!~ ______ ::-,.L~_--'!-I 
placed opposite ampulta of 

Guide-wire passed via ';~~~:::_ 
through biliary 

Stent tube pushed over guide-wire 
through endoscope to lie across 

stricture 

(c) Triple bypass operation 
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1 ~ 1 Gaslro-jejunostomy to bypass 

duodenal obstruction 

2 Cholecysto-jejunostomy to bypass 
obstructed commoo bile duct 

3 Jejuno-jejunostomy to divert lood 
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Fig. 17.4 Cholangiocarcinoma 
Percutaneous transhepatlC cholangiogram In a 66-year-old man with 
painless progresSive j<lundlce from an inoperable cholanglOCarClnoma; 
thIS X-ray shows a long stricture of the common bile duct CBD, 
common hepatIC duct CHD and left hepatic dUd lHD. Some contrast 
has flowed through Into the duodenum. The cystic dud is obliterated, 
preventing filling of the gall bladder. A percutaneous drainage tube T 
has been Insened Into the fight hepatiC duct system priof to an 
a ttempt to place a stent across the strICture by the same route. SomE; 
contrast has flowed through Into the duodenum (D). Nowadays, roo;t 
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 ERCI' at which the 
tumour is vis ible and accessible to biopsy. Very rarely, 
adenocarcinoma arises in the duodenal mUa>5<l and causes 
obstructive ~lundice if situated dose to the ampulla. 
Again, the lesion is readily diagnosed at ERCI'. 

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 involves resection 
of most of the extrahepatic biliary system as well as the 

whole duodenum, the head of the pancreas and usually 
the dis tal stomach, as illustrated in Figure 17.5. Operative 
morbidity and mortali ty are high because of the difficulty 
of preventing leakage of exocrine secretions from the 
p<1ncreatic remnant, the overall extent of the operation 
and the complications of pre-exis ting jaundice. 

CARCINOMA OF THE GALL BLADDER 

Carcinoma of the gall bladder is a disease of old age and 
nearly always arises in association with pre-existing stone 
disease. C hronic in(]"mmation may be the carcinogenic 
facior. Diagnos is is usually made incidentally at 
cholecystectomy, or more often after presenting with 
advanced disease. The tumour tends to invade the liver 
bed by direct venous and lympha tic spread at an early 
stage making resection impracticable and the prognosis 
poor. At a late stage, gall bladder carcinomas may invade 
the biliary system causing obstructive jaundice. 

SCLEROSING CHOLANGITIS 

Sclerosing cholangitis is a rare condition, probably of 
autoimmune origin, which results in progressive fibrosis 
of the biliary system. The luminal narrowing causes 
gradual and progressive obstructive jaundice and secondary 
cirrhosis. The condition may arise sporadically but often 
occurs in association with longstanding ulcerative colitis. 
Bile duct stenosis is usually diffuse with a characteristic 
appearance on ERCP (sec Fig. 17.6), but occasionally the 
condition is local ised to the extrahepatic biliary system. 
Here it gives a radiological appearance indistinguishable 
from cholangiocarcinoma. 

In the case of localised obstruction, an indwelling 
plastic stent may be passed through the stricture, either 
endoscopically or at laparotomy. More extensive intubation 
procedu res have been devised for diffuse disease but life 
expectancy is only about 5--10 years. 

ENDOCRINE TUMOURS OF THE 
PANCREAS 

The neuroendocrine cells of the islets of Langerhans give 
rise to a variety of uncommon tumours which often 
produce excess hormone secretions that are responsible 
for their usual presenting features. The islets make up 
only 2% of the pancreatic mass and comprise cells of 
four types; alpha cells secrete glucagon, beta cells 
secrete insulin, delta ce lls secrete somatostatin and For 
PP cell s secrete pancreatic polypeptide. 
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Fig. 17.5 Whipple's operation (pancreatico-duodenectomy) 
(a) Structures are dMded at the hnes A. 8 and ( (b) The distal hall of the stomach. the entire duodenal loop, the head am:! body of the pancreas 
and the lower end of the common bile duct are all removed, then reconSlfuction performed with anastomoses betvveen A, and A), 8, and 8} and 
( , and ( ) 

INSULINOMAS AND GlUCAGONOMAS 

The most common endocrine tumours of the pancreas 
arc insulinomas derived from beta cells. Nevertheless 
these occur in only 17 per 10 million people per annum. 
The main symptoms are cerebral disturbances caused by 
attacks of hypoglycaemi<1, p<1rticularly when fasting or 
exercising. The <1t1acks are relieved by oral or intravenous 
glucose, About 90% of insulinomas are single and 90% 

are benign and amenable to curative resection. They 
occur with equal frequency in the head, body and tail of 
the pancreas. llistology almost always appears benign 
and malignancy is only diagnosed by the appearance of 
metast.1SCS. The diagnosis is usually made after metabolic 
investigation for biz..1fre 'funn y turns'. Once hyper
insulinism has been confi rmed, cr scanning and selective 
p.:lnocatic arteriography (see Fig. 17.7) are used to identify 
the site of the lesion. 

Alpha cells may give rise to gl ucagonomas which are 
\'cry rare and present with diabetes mellitus and a 
charactcrist ic skin rash known as migralory necrolylie 
eryt hema. 

ZOLLINGER-ELLISON SYNDROME 

Gastrin-secreting tumours (gaslrinomas) arise in the islets 
of Llngerhans or in theduoden<11 wall in 10 per 10 mil lion 

people per annum. About 25% develop in patients with 
MEN 1, described below. Gastrinomas give rise to severe 
and intractable peptic ulceration and diarrhoea. This 
condition is known as Zollil1ger~ElIison syndrome. 

Diagnosis is milde by demonstrating persistently high 
serum gastrin levels. The tumour is 10c<'lised by cr 
scan ning and selective p<'ncreatic angiography. Many of 
the lesions arc too small to be demonstrated by either 
method and their loca tion can only be established at 
laparotomy using intraoperative ultrasonography. About 
60% of gast rinomas are clilssified as malignant but they 
grow slowly and metastasise late. Thus, excision is often 
cu rati ve. In patients where the primary tumour is 
inoperable, palliation with omeprazole often prevents 
peptic ulcer sym ptoms and compl ications. 

MULTIPLE ENDOCRINE NEOPLASIA SYNDROMES (MEN) 

Pancreatic neuroendocrine cell tumours sometimes form 
part of a multiple endocrine neoplasia syndrome (MEN) 
of which two types are recognised: 

• MEN I- islet cell tumours, pituitary adenomas and 
parathyroid hyperplasia 

• MEN II- medullary c.lrcinoma of the thyroid, 
phaeochromocytoma and parathyroid adenoma 

1 
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Fig. 11 .6 Sclerosing cholangitis 
ERCP In a 52·year-old man Wlth Iongstandmg ukerative colitis who 
developed painless jaundICe. There IS Wld~read Irregular narrowing 
of both the Intrahepatic and extrahepatIC bile ducts typical of 
sclerosmg cholangitis. Note the endoscope E. the normal gall bladder 
G and the cystic duct CO filling with contrast The proximal part of t~e 
pancreatIC duct PO also contains cootrast. 

PRIMARY TUMOURS OF THE LIVER 

Primary tumours of the liver are uncommon in developed 
countries and the majority are hepatocellular carcinomas 
derived from hepatocytes. A small minority of primary 
liver tumours arc ha eOlangiomas derived from the 
vascular system; these benign neoplasms are a separa te 
pathological entity from the common congenital vascular 
hamartomas of the liver. 

HEPATOCELLULAR CARCINOMA 

Hepatocellu lar carcinomas (also known as hepatomas) 
are ma lignant, s low·growing tumours which often arise 
multicentrically throughout the liver. It is of great interest 
that an aetiological factor can be identified in nearly all 
cases; factors include pre·existing infection with hepatitis 
B and particu larly hep.1 titis C, alcoholic cirrhosis, haemo-
chromatosis and chronic active hepa titis. [n 80% of cases, 
there is some form of pre--existing cirrhosis. Alcoholic 
cirrhos is is the most common aetiological factor in 

I \ 

Fig. 17.7 Insulinoma as seen on a selective arteriogram 
(subtraction film) 
ThiS 31-year-old woman suffered from bouts of faintness which 
proved to be caused by intermittent hypoglycaemia. Select ive splenic 
arteriography demonstrated an abnormal mass of blood vessels about 
1.5 cm in diameter (arrowed) In the tail of the pancreas representing 
an Insulinoma. The tall of the pancreas was excised and the patient's 
symptoms disappeared. 

developed countries; indeed, hepatoma occurs in about 
25% of patients with ci rrhosis of more tha n 5 years' 
stand ing. The risk in patients with haemochromalosis 
and chronic active hepatitis is even higher. Although 
uncommon in developed cou ntries, hepatocellular car· 
cinoma is one of the most common ca ncers in parts of 
Africa. Here the most common cause is cirrhosis 
resu lting from hepa titis Bar C but a variety of environ· 
mental carcinogens hilve been implicated; these include 
aflatoxin, a toxin produced by a species of Aspergillus 
which grows on stored grains and peanuts. Various 
parasilic infestations, e.g. sch istosomiasis, Echinococcus 
(tapeworm) <lnd Clonorchis sillellsis (l iver flu ke), also 
pred ispose to hepil tocellular carcinoma. In developed 
countries, the peak incidence of hepatocellular carci· 
nomOI is between the ages of 40 and 60, but in those 
developing countries where the disease is common, most 
cases occur between 20 and 40 years of age. 

Clinical features and management of 
hepatocellular carcinoma 

The presenting fea tures of hepa tocellular carcinoma are 
anorexia, weight loss, abdominal pa in and dis tension. 
These are ohen associated wi th stigma ta of cirrhosis. On 
examination, a liver mass is usually palpable. Ultrasound 
or CT scanni ng or laparoscopy can be used to establish 
the size and position of the liver mass or masses and to 
guide needle biopsy. 

By the ti me it is diagnosed, hepatocellular carcinoma 
is usually widespread within the liver and the only surgical 
option would be liver tra nsplanta tion. Un fortunately, 



recurrence has proved inevitable after transplantation 
and this has now been abandoned. Isolated lesions are 
occ.1sionally amenable to segmental resection but again 
recurrence is likely. Recurrence is due to the multicentric 
origin of the tumour, although this does not explain 
recurrence after transplantation. Embolisation or local 
administration of cytotoxic drugs via an intra-arterial 
cannula is sometimes attempted by way of palliation but 
complication mtes are high and efficacy is unproven. 

SECONDARY LIVER TUMOURS 

Secondary tumours in the liver are extremely common. 
These (lrise from a wide variety of primary sources, 
especially the stomach, pancreas, large boweL breast and 
bronchus. Liver metastases are usually asymptomatic 
but as the liver parenchyma is progressively destroyed, 
the patient begins to feel unwell with anorexia and 

Tumours of the pancreas and hepatobiliary system -< 

weight loss. Jaundice is unusual and tends to appear 
only at a termi nal s tage of the illness. Jaund ice resu lts 
from a combination of compressive obstruction of the 
intrahepa tic biliary system and gross loss of p.1.renchyma 
so that bile pigments cannot be excreted. Consequently, 
the biochemical picture tends to be that of a mixed 
hepatitic and obstructive pattern. 

Depending on the source, the presence of liver 
metastases usually indicates incurable disease. Isolated 
metastases, however, especially of colonic or renal origin, 
can sometimes be removed by segmental resection with 
about a 35% chance of 5-year disease-free survival; repeat 
resection of recurrences has also been described. If liver 
metastases are responsible for pain, systemic chemotherapy 
may retard their growth and suppress symptoms. Large 
metastases causing intractable p.lin can be controlled by 
several different physical methods including local cryo
therapy, microwave and thermal ablation, percutam.'Ous 
alcohol injection and palliative radiotherapy. 

Ch. 
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ChronIC pancreiltltls 262 

INTROOUCTION 

P,lncrcatilis is an innammatory disorder of the pancreas 
thai is characterised by abdominal p."lin. Most cases present 
in an acute fo ml known as acute pan creatitis. Attacks 
range in severity from mild to life-threatening. Some 

ACUTE PANCREATITIS 
AETIOLOGY AND EPIDEMIOLOGY OF ACUTE 
PANCREATITIS 

Gallstones and alcoholism together aCCQunt for about 80% 
of acute pnllcrcalitis world-wide. These and the other 
main ca uses of acute pancreatitis arc listed in Box 18.1. 
Opie first pointed out the relationship between gallstones 
and pancreatitis in 1901 based on autopsy evidence. Later 
it became app.1rent that stone obstruction of the ampulla 
of Vater allowed bile to reflux into the pancreatic duct, 
thus activilting enzymes within the gland. Small gallstones 
may cause transient obstnlction as they pass through the 
.1mpulla or larger stones may impact at the lower end of 
the common bile duct. Beyond this, the precise mechanism 
of ga llstone p.1ncreatitis remains obscure even today. 

TIle proportion of acute pancreatitis caused by al
coholism varies from country to country; about two
thirds of p.1tients in the UK have a gallstone aetiology 
whereas about two-thirds have an alcoholic aetiology in 
parts of the USA and continental Europe. Longstanding 
high alcohol intake for at least 2 years is usually required 
to cause alcoholic pancreatitis; the mean daily alcohol 
intake in the subjects of one study was 140 g compared 
with 40 g in controls. Occasionally acute pancreatitis can 
result from a single St..'Ssion of heavy drinking--students 
fin ishing exams bew<lre! [n most cases of acute pancreatitis 

p.llients suffer recurrent acute attacks (acute relapsi ng 
pa ncrea titis) and a small proportion appear to suffer a 
persistent form known as chronic pancreatitis; this is 
often associated with high alcohol intake. 

the initiating factor is some form of pancreatic duct 
obstruction. TIlis is most often due to gallstones, but chronic 
alcoholic p<1ncre<ltitis may also have an obstructive dement. 

In developed countries, the <lnnual incidence of acute 
pancreatitis requiring hospital <ldmission is about 1:2000 
population and the mortality is about 2%. About 15% fall 
into the clinical category of severe pa ncreatitis. Women 
are affected more than mell, but men are more likely to 
suffer recurrent attacks. Most patients are over 45 years 
of age and the peak incidence is between 50 and 60 years. 
The incidence appears to have risen by a factor of 10 over 
the last 40 years with only part of this due to improved 
diagnosis. TIle other caU5..1tive factors are unknown. 

PATHOPHYSIOLOGY OF ACUTE PANCREATITIS 

Acute pancreatitis is characterised by the sudden onset 
of diffuse inflammation of the pancreas. A range of diverse 
factors initiate dishlrb.lnces of cellular metabolism, chiefly 
revolving around membrane stability. This leads to 
inappropriate activation of zymogens within the pancreas. 
Activation of trypsin is probably the key initiating event 
and this overwhelms intrinsic antitrypsin activity, leading 
to intersti tial oede matous pancreatitis. Fortunately, the 
extent ilnd severity of inflammation remain mild and 
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Box 18.1 Aetiology of acute pancreatitis 
Obstruction 
• Gallstones-30-70% of cases 
• Congenital abnormalit ies: pancreas divisum with 

accessory duct obstruction; choledochocoele; 
duodenal diverticula-5% 

• Ampullary or pancreatic tumours-3% 
• Abnormally high pressure in the sphincter of Oddi 

(above 40 mmHg)-1-2% 

• Ascariasis (second most common cause in endemic 
areas, e.g. Kashmir) 

Drugs and toxins 
• Alcoholism-30-70% of cases 
• Drugs: azathioprine and 6-mercaptopurine, 

antibacterials such as metronidazole and 

tetracycline, H2 blockers and many other classes of 
drug-1-2% 

Iatrogenic and traumatic causes 
• Following endoscopic retrograde cholangio

pancreatography (ERep) or endoscopic 
sphincterotomy (2-6% of patients having the 
procedure) 

• Following cardiopulmonary bypass (0.5-5% of 
patients having bypass) 

• Blunt pancreatic trauma usually due to motor 
vehide accidents (very rare) 

Metabolic causes 

• Hypertriglyceridaemia (> 11 mmol/l)-2% 
• Hypercalcaemia-rare 

Infection 

• AIDS: secondary infection with cytomegalovirus and 
others-incidence about 10% in AIDS patients 

• Other viruses: mumps, chickenpox, Coxsackie viruses, 
hepatitis A, Band C (very rare) 

Idiopathic pancreatitis 

• About 10% have no definable cause after diagnostic 
evaluation induding ERCP; research !itudies show 
about two-thirds of 'idiopathic' cases have 
microlithiasis 

self-limiting in mosl pMienls and any systemic effects are 
mild. III the least severe cases, there is minimal peritoneal 
exudation and no pancreatic changes are detectable on 
contrast-enhanced CT scanning. [n more severe disease, 
the pancreas becomes swollen and oedematous but 
remains viable. If laparolomy is inadvertently performed 
al this stilge, dear, non-infected peritoneal fluid can be 
seen with whitish patches on the great omentum and 

Pancreatitis 

mesentery, representing areas of fat saponification ('fat 
necrosis'). If S<lponification is extensive, calcium becomes 
sequestered in areas of fal necrosis and this has been 
incriminated in the fall in blood calcium level characteristic 
of more severe acute pancreatitis. 

As severity increases, trypsin and other enzymes cause 
more extensive local damage as well as activation of 
complement and kinin systems leading to the development 
of the systemic inflammatory response syndrome (SIRS). 
Manifestations include shock, acute respiratory distress 
syndrome (ARDS), renal failure and disseminated intra
vascll iar coagulation (see Ch. 2). At this stage, acule 
peri pancreatic fluid collections become detectable on CT 
scanning. Severe pancreatitiS is associated with pancreatic 
necrosis. An element of ischaemia within the gland and 
an associated reperfusion injury have been incriminated 
in transforming acute oedemalous pancreatitis into this 
necrotising disease. Complications are common in this 
grollp and mortality is up to 10%. 

A substantial proportion of patients with pancreatic 
necrosis develop infected necrotising pancreatitis, usually 
with Gram-negative organisms translocated from the 
bowel. This occurs within 2 weeks of the onset and greatly 
increases mortality. DiagnosiS of this crucial development 
can be difficult to make. Pancreatic abscess formation is 
a different phenomenon developing later and having a 
somewhat better prognosis. 

At autopsy in patients dying of acute necrotising 
pancreatitis, the peritoneal cavity is filled with a dark, 
blood-stained inOammatory exudate containing fine lipid 
droplets leading to the term acute haemorrhagic 
pancreatitis being employed. The peritoneal surface is 
grossly inflamed and semi-digested and all that is left of 
the pancreas is a necrotic mass. 

CLINICAL FEATURES OF ACUTE PANCREATITIS 

Acute pancreatitis presents as an acute abdomen. Pain 
begins suddenly and is severe and continuous from the 
outset. Initially it is poorly localised in the upper 
abdomen and is often described by the patient as 'going 
through to the b.lck'. As the peritoneal cavity becomes 
involved over the next few hours, the pain spreads 
throughollt the abdomen and may be referred to the 
shou lder tips if the diaphragmatic peritoneum becomes 
inflamed. Relentless vomiti ng is an ea rly feature. In the 
early stages, the patient is restless and constantly 
changes posture in the search for a comfortable position. 
Pain is most often relieved by leaning forward in the so
called 'pancreatic position'. With the onset of peritonitis, 
movement becomcs increasingly painful and the patient 
tends to lie still. The cl inical signs depend on the severity 
of the inflammatory process and the stage to which it has 
progressed. 

.£ 
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Clinical classification 

The initial clinical picture cannot be relied upon 10 predict 
which p<,lienls arc likely to deteriorate. Only a s mall 
proportion eventually suffer necrotising pancreatitis but 
a case of mild p<,ncreatitis can rapidly deteriorate to 
'dealh's door '. To provide ea rly wa rning of severity, each 
patient with acute p<,ncreatitis is placed into one of two 
categories, mild or severe. This provides an early indicator 
of prognosiS and is central to the generation of a manage
ment strategy. Categorisation is based on carefully tested 
scoring syste ms originally developed by Ranson (see Box 

18.2) or by Imrie (Glasgow criteria--see Table 18.1). [f 
three o r more of the fi'lctors listed are present, the patient 
is dii'lgnosed as having severe pancreatitis and should be 
admitted to an intensive care or high-dependency unit 
for careful monito ring. The more adverse fa ctors present, 
the worse the prognosis. Even if a patient is initial1y 
placed in the mild group, conti nued observation is essential 
as a shift to severe pancreatitis ca n occur at any time. 

Mild a cute pa ncreatitis 

Mild attacks are common. The p<,tienl looks generally 
well with minimal systemic features. Nevertheless, there 
is often cons iderable pain. The abdomen is us ually 
diste nded and diffusely tender but w ith little guarding. 
Bowel sounds are absent as a result of inflammatory 
ileus and rectal exa mination is normal. The patient may 
be mildly jaundiced as a resu lt of p£'riampullary oedema. 
The differential diagnOSiS in this situation includes biliary 
colic, acute cholecystitis, an acute exacerbation of a 
p£'ptic ulcer or even a s mall perforation of a peptic ulcer. 
Lower lobe pneumonia o r an inferior myocardial infarction 
may sometimcs present in this way. Sometimes the 
diagnosis is made when the scmm amylase is found to 
be unexpectedly e leva ted (sec below). 

Seve re acute pa ncreatitis 

[n a severe attack the pa tient looks apathetic, grey and 
shocked and there are typical abdominal signs of 
generalised peritonitis, i.e. extreme tenderness, guarding 
and rig idity. In this case, the differential diagnosis includes 
other major alxlominal ca tas trophes, especially faecal 
peritonitis from perforated large bowel and concea led 
haemorrhage from a leaking aortic aneurysm. Massiv(' 
bowel infarct ion due to arterial occlusion may present in 
this way but the abdominal signs are often less marked. 
An im portant ea rly and dangerous complication of 
severe acute pancreatitis is ARDS. 

The clinical features of acute pancreatitis arc summarised 
in Box 18.3. 

KEY POINTS 

Bo)( 18.2 Criteria for early identification of severe 
pancreatitis (after Ranson) 
'Severe pancreatitis'; high risk of major complicat ions or 
death defined by the presence of three or more of t he 
following features: 

On admission 
• Age over S5 years (non-gallstone pancreat itis) or 70 

years (gallstone pancreatitis) 
• Leucocyte count greater than 16000 x 1091l 

• Blood glucose greater than 10 mmol/l in a patient 
who is not diabetic 

• Lactate dehydrogenase (lDH) greater t han 350 i.u.lL 
• SGOT> 100 ulL 

During the next 48 hours 
• Haematocrit increase of more than 10% 
• Serum urea increase of more than 10 mmol/L despite 

adequate Lv. therapy 
• Hypocalcaemia (corrected serum Ca < 2.0 mmolll) 
• Low arterial p02 « 8 kPa or 60 mmHg) 
• Metabolic acidosis (base deficit more than 4 mEqIL) 
• Estimated fluid sequestration more than 6 L 

Tabte 18.1 A mnemonic ('PANCREAS') for 
remembering a modified Glasgow scoring system of 
severity prediction in acute pancreatitis 

Mnemonic Criterion Positive when 
letter 

p PaCI < 8 kPA or 60 mmHg 

A Ago > 55 ye<lrs (non· 
gallstone pancreatitis) 
or > 70 (gallstone) 

N Neutrophil count > 16x 10~A.. 

C Caklum (blood) < 2 mmollt 

R Raised piaSITId urea ral5Cd by > 10 mmollt 

E Enzyme (plasma lactate > 350 I,UJL 

dehydrogenase. LDH) 

A Albumin (piaSITId) <32¢ 

S Sugar (plasma glucose) > 10 mmoVl 

After E M Moore, WIth permISSIOn 

INVESTIGATION OF SUSPECTED PANCREATITIS 

Acute pancrei'ltitis musl be excluded in any adult 
presenting with ftcu te abdominal pain, and in any child 
with peritonitis not readily attributable to appendicitis. 



SUMMARY 

Box 18.3 Clinical featu~s of acute panc~atitis 
Mild attack 

• Acute abdominal pain 
• Minimal or rapidly resolving abdominal signs, e.g. 

abdominal distension, some abdominal tenderness 
and guarding, absent bowel sounds 

• Minimal systemic illness 
• Moderate tachycardia 

Severe attack 

• Severe acute abdominal pain 
• Severe toxaemia and shock 
• Generalised peritonitis (diffuse abdominal 

tenderness, guarding, rigidity, absent bowel sounds) 
• Acute respiratory distress syndrome (may develop 

during the fir51 few days) 

Plasma amylase 

Amylase is one of the enzymes absorbed into the 
circulation in pancreatitis; plasma amylase measurement 
is s imple to perform in the laboratory and provides a 
generally reliable diagnostic test. A plasma amylase level 
above 1200 i.u./ml is usually regarded as diagnostic of 
arute p<U\crcatitis but amylase levels are often lower in 
alcoholic pilncreatitis, partirularly in recurrent attacks. 
Any upper abdomi nal inflammatory condition dose to 
the pancreas (e.g. cholecystitis, perforated peptic ulcer or 
strangulated bowel) may cause a moderate rise in plasma 
amylase, alt hough this rarely reaches 1000 i.u./ml. Most 
other enzyme estimations have not proved more sensitive 
or specific although serum lipase estimation may be 
useful in difficu lt or IClte-presenting CClseS. 

Plasma amylase levels rise mpidly at the outset of an 
attack of p.1ncrc,1titis and levels of 10 000 i.u./ml or more 
may be recorded on admission to hospital. The peak 
amylase level is not an indicator of the severity of the 
pClncreatitis nor of the likelihood of subsequent com
plications. However, persistently raised leveJs over several 
days warn of developing complications. False negative 
amylase results may ocrur in lipaemic serum. In this 
case, true resu lts can be obtained on diluted specimens. 

AIClninc aminotransferase (ALT) levels elevated to more 
than three times normal are 5.1 id to be highly specific for 
gallstone p.1ncreatitis. 

Imaging 

Plain X-rays of chest (erect) to look for free gas under the 
diaphragm, and abdomen (supine) are usually performed 
during the initial investigation. Abdominal X-ray may 
show a 'ground-glass' appearance if peritoneal exudate 
is present. Bowel gas tends to be absent except perhaps 

Pancreatitis 

for a 'sentinel loop' of dilated adynamic small bowel in 
the centre of the abdomen. These signs are often Clbsent 
in pancreatitis and even if present, are not diClgnostic. 
Rarely, radiop.:1que gallstones are visible. 

An ultrasound scan of the biliary tree is essential if a 
good-quality exa mination has not been performed 
recently; a delay of 48-72 hours may improve the image 
quality and a decision to perform therapeutic ERCP may 
render urgent scanning unnCCC5S<1ry. In either case, the 
go.,1 is to look for small calrul i in the gall bladder or bile 
ducts which are typically responsible for gallstone pCln
creOltit is. If no definite cause for the p.:1ncreCltitis is found , 
ultrasound examina tion should be performed following 
recovery from the nttack. 

Endoscopy 

In patients where a cause for pancreatitis is not evident 
from the history or in itiClI imaging studies, ERCP can 
have an important diagnostic role. A cause can be found 
in up to 50% of this group of patients, e.g. small 
pClncreatic or periampullary tumoUJs, pancreatic duct 
stricture, ga llstones, pancreas di visum or hypertensive 
sphincter of Oddi. 

A peritoneal tap (abdom inal paracentesis) or lapar
oscopy may be useful in patients with severe alx:lominal 
signs without a firm diagnosis of pancreatitis. Clear fluid 
is obtained in mild p.1ncreatitis and dark ('pru ne juice'), 
sterile fluid in severe necrotising pancreatitis. If foul
smelling fluid containing b.:1cteria is found, the alter
native diagnOSiS of intestinal perforation is likely. 

MANAGEMENT OF ACUTE PANCREATITIS 

Mild attacks 

Mild attacks n.'C]uire no further emergency investigation 
and are managed by fluid resuscitation and analgesia. 
Recovery is usually rapid. The withholding of oral intClke 
W,lS originally designed to 'rest' the pancreas, but this 
belief is not held as firmly as it once was. Subsequent 
management is aimed at treating predisposing factors. 
Gallstones should be sought by ultrasonography. Ductal 
stones shouJd be removed endoscopically before discharge 
from hospital. Chok>cystectomy should be performed early 
in the recovery period. Alcohol abuse must be discouraged. 

Even when p.,ncreatitis is more severe, supportive 
measures (including careful intravenous fluid resuscitation) 
are st ill the ma instay of treatment. A nasogastric tube is 
usually p.l~sed to aspirate the stomach and ndds to the 
patient's comfort and safety if gastroparesis causes 
troublesome vomiting. Controversially, early oral fceding 
or fceding via a tube has \x.>('n reiX'rtro in some series to 
decrease morbidity significantly. Prophylactic parenteral 
antibiotics (e.g. a cephalosporin or imipenem) may be 
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administered, although any role for infection in mild 
pancreatitis is controversial. 

Plasma amylase is measured daily to chart the progress 
of the disease; as the inflammation begins to resolve, the 
amylase levels fall accordingly. If the level remains elevated 
beyond a week, complications such as pancreatic infection, 
abscess or pseudocyst may be responsible. Biochemical 
estimations, particularly liver transaminases and bilirubin, 
are charted regularly chiefly looking for evidence of 
biliary obstruction; renal function tests are performed to 
seek evidence of acute renal failure. 

Severe attacks 

A severe attack is defined by reference to a list of criteria 
which should be evaluated on admission and over the 
next 48 hours (see Box 18.2, p. 258). Patients with severe 
pancreatitis may die early because of profound systemic 
toxaemia and multiple organ dysfunction synd rome 
(MODS----see eh. 2). ARDS develops rapidly with little 
warning but a deteriorating arterial pOz may herald it:; 
onset. This is an indication for urgent ventilatory support 
before the condition becomes est.lblished. 

Gross fluid and electrolyte d is turbances and hYi»" 
calcaemia are also likely to occu r. Fluid balance in the 
shocked patient is complicated by massive losses of 
protein-rich fluid into the peritoneal cavity and interstitially 
(' third space'). This sequestration of fluid needs to be 
countered by large amounts of colloid and crystalloid 
solutions, carefully monitored by measuring central venous 
pressure and hourly urine output. Any patient recognised 
to have severe pancreatitis or anyone with acu te pan
creatitis, however mild, with signs of serious deterioration 
should be admitted to an intensive care unit without 
delay for close monitoring and early treatment of 
card iovascu lar, pulmonary, renal and septic compli
cations. Box 18.4 lists recommended investigations to 
guide management. 

Peritoneal lavage, using up to 48 L of lavage fluid per 
24 hours, has been employed in severe cases in an attempt 

KEY POINTS 

Box 18.4 Recommended daily investigations in 
severe acute pancN!atitis 
• Haemoglobin estimation and white cell count 
• Arterial blood gas estimations 
• Blood sugar 
• Plasma electrolytes, creatinine and urea 
• 'Liver function tests' (i.e. bilirubin, alkaline 

phosphatase, lactate dehydrogenase (lDH), 
transaminases, serum proteins) 

• Plasma calcium and phosphate 

to reduce systemiC absorption of enzymes and other 
toxins. Results, however, are mixed and the procedure is 
not generally recommended. 

Endoscopy and surgery in acute pancreatitis 

Trials of early endoscopic removal of causative bile duct 
stones suggest the infection rate is lower and overall 
morbidity reducoo. However, this is a technically 
demanding procedure, and there is a risk of worsening 
the attack. The patients who benefit the most are those 
with fairly sever gallstone pancreatitis with progressive 
biochemica! abnormalities. If a stone is impacted at the 
lower end of the com mon duct, preventing resolution of 
acute pancreatitis, early stone removal is sometimes 
necessary. In most cases, endoscopic sphincterotomy or 
bilii1ry tract surgery for stones is performed after recO\'ery. 

The role of surgery during the acute attack continues 
to be uncertain but, for most patients, surgery does not 
improve results and often adversely affects recovery. 
However, deferring cholecystectomy until months after 
the acute attack increases the risk of a second attack. 
Some surgeons offer laparoscopic cholecystectomy with 
operative chola ngiography before discharge but most 
prefer to operate after about 4 weeks. 

In the small group of critically ill patients with 
infected necrotic tissue and infected peripancreatic fluid 
collections, there is evidence that surgical debridement 
improves survival. 

The principles of management of acute pancreatitis are 
summarised in Box 18.5. 

COMPLICATIONS OF ACUTE PANCREATITIS 

Mortality 

About 15% of patients admitted to hospital with acute 
pancrci1titis have severe disease with potential compli
cations. In this group, mortality is 8-10%, i.e. 2% of all 

SUMMARY 

Box 18.5 Principles of management of acute 
pancreatitis 
(Treatments added according to severity of attack) 
• 'Nil by mouth', nasogastric tube and gastric aspiration 
• Re5uscitation with intravenous fluids; antibiotics 
• Intensive care: 

- fluid and electrolyte management 
- treatment of hypocalcaemia 
- ventilatory support 

• laparotomy and pancreatic necrosectomy 
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cases. Obese patients have a much higher morta lity. 
About ha lf of these die w ithin the first week, usually of 
ARDS and pulmonary failure. The other ea rly life
thrc,1tcning complications mainly involve multipl e organ 
dysfu nction: card iovascu lar collapse resulting from fluid 
shifts, pulmonary fai lure from ARDS, and renal fai lure 
from hypotension. Septic complications are the usual 
cause of death afler the firs t week. 

Pancreatic necrosis and infection 

During Ihe first 2 weeks, pancreatic and peripancrea lic 
necrosis may manifest in cases of severe pancreatitis (set' 

Figure 18.1). Necrosis is identified using intravenous 
conlTil st-cnhanccd CT scanning in which the necrotic 
pancreas docs not opacify, having lost its blood supply. 
Infection of dcvitalised pancreatic and peripancreatic 
tissues occurs in about one~lhird of patients with severe 
pancreatitis despite prophylactic antibiotics, and is often 
lethal. With infection, the pancreatitis fails to resolve and 
s igns of SIRS appear. Infection can be confirmed only by 
percutaneous aspiration under cr guidance. In proven 
infected C,lSCS, operative debridement and drainage may 
be necessary, along with aggressive supportive measures. 

Fluid collections around the pancreas 

Ouring the initial attack, acute fluid collections may 
develop around the gland. Most of thli.'Se resolve spon~ 
taneously. After the initial period, pseudocysts appear 
within the lesser sac in 1--8% of cases; these are less likely 
to resolve spontaneously. L,ter in the course of the 
disease, a pancreatic abscess may develop. These occur 

Fig. 18.1 Panueatic necrosis 
NecrotiC panueas removed 16 days after a severe attack of 
pancreatitis compll(ated by penpanueatl( IIlfec110n. The patient made 
a slow recovery but became diabetiC III the convalsescent penod 

Pancreatitis 

in 1-4% of cases. An abscess represents a well-localised 
collection of pus within the gland and conlTasts with the 
infccted nccrotis ing pancreatitis which appears earlier 
and is not localised. 

Pancreatic pseudocyst 
A p.lncreatic pseudocyst is a collection of pancrea tic 
enzymes, inflammatory fluid and necrotic debris en~ 

capsulated within the lesser S.1C. It is not a true cyst (i .e. 
there is no epithelial lining) although the surrounding 
tissues become thickened by the inflammatory response. 
Pseudocysts may occur after even a moderate attack of 
pancreatitis and somctimes reach the size of a foatb"ll! 

Clinically, the acute attack fails to resolve completely; 
at the end of thc second week, the serum amylase remains 
elevated and normal bowel peristalsis has not returned. 
An upper abdominal mass may be palpable. If a pseudo· 
cyst is suspected, CT scanning is the investigation of 
choice (see Fig. 18.2). 

Management varies according to the size of the cyst. 
Larger cysts, especially those larger than 10 em, are 
unlikely to resolve. Those around 6cm can be s.l fely 
observed for up to 6 months, provided they are typical 
on CT scanning and asymptomatic. If they have failed to 
resolve by then, operative intervention should be con· 
sidered. cr-guided perrutanoous drainage seems attractive, 
but the relapse rate is high. Operative intervention by 
laparoscopy or an open approach involves 'marsupialising' 
the pseudocyst into the posterior wall of the stomach. 
This ca n be performed after about 6 weeks, when the 
wa ll of the pseudocyst has 'matured' enough to hold 
sutures. 

Fig. 18.2 Pancreatic pseudocyst 
ThIS 57·year-old man was admitted to hospital Wlth an acute abdomen 
3 week.s before thiS scan. He was found to have acute paflCreatltis due 
10 gallstones The symptoms and signs of paflCreatltls smouldered on 
and the plasma amylase fai led to return to normal. ThIS (T scan of his 
upper abdomen shows the cause of the persistent pancreatitis. a 
pseudocyst aflsmg from the tal l of the pancreas p, 
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Pancreatic abscess 
Some patients remain systemically well despite pancreatic 
necrosis. The illness may grumble on for several weeks 
with a high swingi ng fever indicating the presence of an 
abscess. By now the necrotic pancreas is likely to have 
formed a discrete red-grey mass lying free within the 
pancreatic bed surrounded by pus, which may extend 
widely in the rctro}X'riloneal tissues. Operation is requiroi 
to remove the necrotic tissue and drain the abscesses. 

Late complications of acute pancreatitis 

Diabetes mellitus, and intestinal malabsorption due to 
loss of pancreatic secretions sometimes occur after severe 
attacks, but it is surprising how uncommon these are 
considering Ihc extent of pancreatic damage thai occurs. 

RECURRENT, RELAPSING AND CHRONIC PANCREATITIS 

RECURRENT ACUTE PANCREATITIS 

Some patients suffer l\..'CUrrent attacks of acute pancreatitis, 
usually resulting from either alcohol abuse or gallstone 
disease. The first and second attacks may be severe, but 
attacks after that almost never produce lelhal com
plications. The patient is entirely well between attacks. 
In different p<,tients, the attacks vary in severity but are 
rarely extreme. This condition is often described as 
'chronic relapsing pancreatitis' but both types are better 
described as recurrent acute pancreatitis. 

CHRONIC PANCREATITIS 

Other patients suffer persistent and severe upper 
abdominal p<lin, similar in character to a prolonged attack 
of acute pancreatitis. This condition is known as chronic 
pancreat itis. These patients do not develop the other 
clinical featuTt.."S of acute pancreatitis and may not develop 
hyperamylasaemia. The pain is so severe and so persistent 
as to drive some patients 10 suicide. Clrcinoma of the 
pancreas and ch ronic pancreatic inflammation should 
both be considered in patients with this pattern of p.lin. 
Inflammatory swelling of the pancreatic head occasionally 
causes obstructive jaundice bul carcinoma in this position 
is a far more common cause. 

Despite the pain, there are usually no abnonnal 
alxtominal s igns. The serum amylase may be moderately 
elevated on occasion; the diagnosis of chronic pancreatitis 
may, however, be missed if raised serum amylase levels 
are not detec'IL>rl. This may be because tests are not done 
at an appropriate time or the patient is unfortunate 

enough never to havelevated levels. There is a danger 
that these patients may be dismissed as suffering from 
psychosomatic pain. 

Ultrasound or CT scans may show glandular swelling 
(sometimes difficult to differentiate from pancreatic car
cinoma) and a dilated pancreatic duct. If ERCP is 
performed, the p<lncreatic duct system may look normal 
or else may be distorted and irregular in calibre, confinning 
chronic inflamm.ltion and fibrosis (see Fig. 18.3). Somt'
ti mes pancreatic duct stones are demonstrated. 

Chronic p<1ncreatitis may cause years of misery, perhaps 
eventually 'burning out' as the gland atrophies completely. 
It is important to make the diagnosis in good time so 
that p<lin can be relieved. In the long tenn, mal.lbsorption 
or diabetes arc more likely to develop than after acute 
pancreatitis. 

Pancreatic calcification SC('n on aJxlominal X-rays is 
diagnostic of chronic pancreatitis but is a rare finding 
and is sometimes found in asymptomatic patients (see 
Fig. 18.4). X-rays are therefore of little clinical value. 

Treatment of chronic pancre.lt:itis is far from 5.1tisfactory. 
Surgery is only useful if struchtrai abnormalities can be 
found. Surgical procedures include removal of pancreatic 
duct stones, partial pancreati.,'Ctomy of the body and tail 
for duct stenosis, sphincteroplasty of the pancreatic duct 
opening, or occasiol'l<1.lly romplete pancreatectomy. Chemical 
coeliac ganglion blockade provides useful (and often 
permanent) p<1in relief, but does nothing to prevent 
inflammation. If there are multiple duct strictures, the 
pancreatic duct can be surgically split along its whole 
length and a loop of jejunum sutured to the gla nd to 
allow unrestricted drainage. Interventional endoscopy 
c.ln be employed for dila tation and slenting of pancreatic 
duct strictures. 
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Pancreatitis 

Fig. 18.3 Retrograde pancreatography 
These films were both obtained by In,ecting contrast into the pancreahc dud usmg ill flexible duodenoscope (a) This panaeatogram is normal 
The rrtdin ducl (arrowed) narrows regularly towards the tall of the pancreas and there ale no strictures Of dilatatiOns along its length. The 
accesSOl"f pancreatIC ducl AD also fills in this patient. (b) This pancreatogram is from a man of 26 With a hlStOf)' of seveore upper abdominal pain 
There IS ill long strICture of the main duct 5 of unknown Oflgln. Typical ch.lnges of chromc pancreatitis, Ie Irregulamy of the wall With dil<ttations 
and poor flillng of small ducts, are seen In the duct distal to the stricture 

Fig. 18.4 Pancreatic caldfication in chronic pancreatitis 
ThiS obese 55-year-old man had ill long hlstOf)' of ~e 3bdomlnal 
pain and akohol abuse. PancreatIC cal(lflCatlOIl was not VISible on a 
plain abdominal X-ray but extenSive calcification is clearly seen on this 
(T scan 
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INTRODUCTION 

Acute appendicitis is the most common cause of inlra
alxlominal infection in developed COlUltnes and appendi
cectomy is the most common emergency surgical oper
ation. In the UK, 1.9 females per thousand have the 
operation each year comp.'lred with 1.5 males, and 1 in 
about 6 or 7 people eventually undergo the operation. 
Surprisi ngly, the incidence of append icitis fell by about 
50% between the 1960sand the 1980s. 

Appendicitis can occur at any age but is most 
common below 40 years, especially between the ages of 8 
and 14. It is very fa rt' below the age of 2. Appendicitis is 
T<lre in rural parts of developing countries, but in the 
ci ties the incidence approaches that of the West. This 
different susceptibility in people of similar e thnic origin 
is probably related to a much redu ced intake of dietary 
fibre in city-dwellers. 

Acute appendici tis should be in the differential diag
nosis of all patients presenting to hospital with alxlominal 
pain, Even previous append icectomy does not absolutely 
rule ou t the diagnosis. Despite lay impressions, a positive 
diagnosis is often difficult to make and this is partly 
oc"'Causc of the wide range of differential diagnoses. 
Sometimes a non-inflamed appendix is found at oper
a tion. The fact is that there is no definitive test for the 
confirmation or exclus ion of appendicitis and thus a 
proportion of unnecessary appendicectomy operations i5 
unavoidable. Diagnostic laparoscopy can improve diag
nostic accu racy, particularly in young women, and can 
also be used therapeutically to remove an inflamed 
appendix. 

ANATOMY OF THE APPENDIX 

The appendix is a blind-ending tube arising from the 
caecum at the meeting point of the three taeniae coli, just 

distal to the ileo-cm_'Ca l junction. The base of the appendix 
thus lies in the right iliac fossa, close to McBurney's 
point. Th is is two-thirds of the way along a line drawn 
from the umbilicus to the anterior superior iliac spine 
(see Fig. 19.7, p. 2n). In most cases, the appendix is 
mobile within the peritoneal cavity, suspended by its 
mesentery (meso-append ix) with the appendicular 
artery in its free edge. This is effectively an end-artery, 
with anastomotic connections only proxim'lily. 

The appendix has been described as lying in several 
'classic' si tes, but apart from the true retrocaecal 
appendix, the organ prob.,bly floats in a broad arc about 
its base (see Fig. 19.1). Only inflammation will fix it in a 
particu lar place. Its position will then determine the 
clin ica l presentation of the disease. In about 30% of 
appendicectomies, the appendix lies over the brim of the 
pelvis ('pelvic appendix'). This is adjacent to the bladder 
and rectum in males and to the uterus, Fallopian tubes 
and bladder in females, In some cases, the appendix lies 
retroperitoneally behind thc caecum and is often plastered 
to it by fibrous bands. Thus, an inflamed retrocaecal 
appendix may irrita te the right ureter and psoas muscle, 
and may cven lie high enough to simulate ga ll-bladder 
pain. 

Histologically, the appendix has the same basic struc
ture as the large intestine. Its glandular mucosa is 
separated from a loose vascula r submucosa by the 
delicate muscularis mucos.l. External to the submucosa 
is the mai n muscular wa ll. The appendix is covered by a 
seros.a l layer (the visceral layer of peritoneum) which 
contains the large blood vessels and becomes continuous 
with the seros.l of the mesoappendix. When the appendix 
lies retroperitoneally, there is no serosa l covering. A 
prominent feature of the appendix is its collections of 
lymphoid tissue in the lamina propria. This lymphoid 
tissue often has germina l centres and is prominent in 
childhood but diminishes with increasing age. 
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Peritoneum--

Anterior taenia coli leading to----~o_---
appendix base 

True retrocaecal position of----;.';~-
appendix plastered to posterior 

wall of caecum dose to right 
ureter and psoas 

Fig . 19 .1 Surgical a natomy of the appe ndix 

Appendicitis 

'-------Iteo-colic branch of superiof 
mesenteric artery 

-----c--~-Appendicular artery passing 
behind ileum 

-'o-~';"-===----Meso-appeodix 

--;--'--------'Pelvic· position of appendix close 
\0 Fallopian tube, rectum or ureter 

The appendix can be poslhoned anywhere on the circumference shown by the arrowed arc 

The mucosa contains a large number of cells of the 
gastrointestinal endocrine system (APUD system). These 
secrete mainly serotonin and were formerly known as 
argentilffin cell s. Carcinoid tumours commonly occur in 
the appendix and arise from these cells. 

PATHOPHYSIOLOGY OF APPENDICITIS 

Appendicitis is probably initia ted by obstruction of the 
lumen by impacted faeces or a f.lecoli th. This explanation 
fits with the epidemiological obscrv<ltion that appendi
citis is associated wilh a low dietary fibre in take. 

In the early stages of appendicitis, the mUC05.1oc'COmes 
inflamed fi rst. This inflammation eventually extends 
through the submUC05.1 to involve the mU5CU lar and 
serosal (peritoneal) layers. A fibri nopuru\mt exudate 
forms on the serosa l surface and extends to any adj.lcent 
peritoneal surface. e.g. bO\vel or <lbdominal wall, causi ng 
a localised peritonitis. 

By this stage the necrotic glandular mucosa sloughs 
in to the lumen, which becomcs distended with pus. 
Finally, the end-arteries supplying the appendix become 
thrombosed and the infarcted appendix becomes necrotic 
or ga ngrenous. This usually occurs at the distal end and 
the appendix begins to disintegrate. Perforation soon 
follows and faecally contaminated appendiceal contents 
spread into the peritoneal cavity. If the spilled contents 
are enveloped by omentum or adherent small bowel, a 
localised abscess results; otherw'isc spreading peritonitis 
develops. The evolution of acute <lppendicitis is illustrated 
histologically in Figure 19.2. 

CLINICAL FEATURES OF APPENDICITIS 

The pathophysiological evolution of appendicitis and 
the corresponding symptoms and signs ar .. illustrated in 
Figure 19.3. 

CLASSIC APPENDICITIS 

Acute append icitis claSSically begins with poorly 
localised, colicky central abdominal visceral pain; th is 
results from smooth muscle spasm as a reaction to 
appendiceal obstruction. Anorexia and vomiting often 
accompany the pain at this stage. 

As infl amma tion advanccs over the ensuing 12-24 
houTS, it progresses through the appendiceal wall to 
involve the pa rietal peritoneum (which is innervated 
somatically). At th is s tage the p.lin typically becomes 
loca lised to the right iliac fos!>.l. Signs of local peritonitis, 
i.e. tenderness and guarding, can be elicited at this stage. 
This classic picture is seen in less than half of all C.lses, 
largely because the locaJising symptoms and signs vary 
with the anatomical relations of the inflamed append ix. 

OTHER PRESENTATIONS OF ACUTE APPENDICITIS 

If the appendix lies in the pelvis near the rectum, it may 
cause local irritation and diarrhoea. If it lies ncar the 
bladder or ureter, inflammation may cause urinary 
symptoms of frequency, d ysuria and (microscopic) 
pyuria. These may readily be mistaken for urinary tract 
infection. An inflamed retrocaecal appendix produces 
none of the usualloca lis ing sy mptoms or signs, but may 
irritate the psoas muscle causing involuntary right hip 26 
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Fig . 19.2 Acute a ppendicit is 
(a) Macrosc:oplC photograph shoWlng acutely Inflamed appendix 
The dIStended tiP shows a purulent exudate on the se~1 ~rtace 
(arrO<Ned) (b) MlCrosc:opy showmg mucosal ulceratJon Mu With acute 
Iflflammalory cells Within the lumen l . InflammatlOfl extends through 
the muscle wall M 10 the serosal surface S (c) Hlgh-pa.ver view 
showifI<J acute inflammatory cells. mostly polyrnorphs P, destroying 
glands G 

flexion and pain on extension. A high retrocaecal apfX'-ndix 
may cause pain and tenderness below the right costal 
margin. An inflamed appendix near the Fallopian RIm-

causes pelvic pain suggestive of an acute gynaecological 
disorder such as S<l lpingitis or torsion of an ovarian cyst. 

TIle early phase of poorly localised visceral pain 
typically lasts for a few hours until peritoneal inflam
mation produces soma tic localising signs. If untreated, 
the inflamed appendix becomes gangreJlous after 12-24 
hours and perforates, causing spreading peritonitis unless 
sealed off by omentum. The whole abdomen becomes 
rigid and tender and there is marked systemic toxicity. 
Perforation is p<lrticularly common in children. Some
times, the pathological sequence is extremely rapid and 
the p.:lticnt presents with sudden peritonitis. 

In older patients, a gangrenous or perforated appendix 
tend s to be con tained by omentum or [oops of small 
boweL This results in a palpable appendix mass. This 
mCly contClin free pus and is then known as an appendiceal 
abscess. As with any significant abscess, there is a tachy
cardia and swi nging pyrexia. An appendix mass usually 
resolves spontaneou sly over 2--6 weeks. In the elderly, 
a delayed diagnosis may prouce an appendix abscess 
walled off by loops of small bowel. There may be no 
palpable mass and the symptoms and signs may not be 
recognis.:lble as appendicitis. 111e5e include non-specific 
abdominal pain and features of sma ll bowel obstruction 
due to localised p.:1rnlytic ileus. Occasionally, appendicitis 
may present in a most unusual way. Examples include 
discharge of an appendix abscess into the Fallopian tube 
presenting as a purulent vaginal discharge, and inflam
mation of an appendix lying in an inguinal hernia 
presenting as an abscess in the groin. 

MAKING THE DIAGNOSIS OF 
APPENDICITIS 

Acute appendicitis is a clinical diagnosis, relying almost 
entirely on the history and physical examination. Investi
ga tions are only usefu l in excluding other differential 
diagnoses. If possible, the diagnosis should be made and 
the appendix removed before it becomes gangrenous and 
perforates. On the other hand, unnecessary appendicec
tomies must be kept to a minimum. 

Diagnosis of acute appendicitis poses little difficulty 
if the p.:ltient exh ibits the classic symptoms and signs 
summa rised in Box 19.1. The problem in appendicitis 
occurs when the symptoms and signs are not typical. 
The p..ltient may present at a very early stage, or the 
signs may have some other pathological cause. At least 
two out of every three children admitted to hospital with 
suspected appendicitis do not have the condition. 

If the evidence for acute appendicitis is insufficient 
and no ot her diagnosis can be made, the patient should be 
kept under observation, admitted to hospital if necessary 
and re-examined periodically. Eventually, the symptoms 
sett le or the diagnosis becomes clear. 
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PATHOLOGICAL SEQUENCE 

Initiation of Inflammation 
possibly by faecollth 

obstruction 

Acute inflammation of 
m"",'" 

Extension of inflammation 
across appendiceal wall 

Involvement of serosa by 
inflammation 

(visceral peritooitis) 

Spread of peritonitiS to adjacent 
structures 

(depends on position of appendix) 

Gangrene of appendiK wall 

PERFORATION 

AnemplS at walling off perforation 
by omentum and adjacent bowel 

., 
Inadequate conlainmentleading 

to spreading peritOnitis 

Intense and extensiVe 
walling-of! reac\JOfl 

Appendicitis 

CLINICAL MANIFESTATIONS 

Poorly localised colicky central abdominal pain 

Conlinuous central atxIominal pain ohen 
associated with nausea and vomiting 

(due to autooomic stlmulatlOO) 

Localisation of symptoms and signs as parietal 
peritoneum becomes involved 

(somatic Innervation) 

Classically: 
tenderness. rebound and guarding in the right 

Ihac fossa 

Moderate fever, facial flush and tachycardia 

Tenderness extends to 
whole abdomen with 
increasing rigidity and 

more prorlOlrIC8d SystemIC 
features of toxicity, 

i.e. an increasingly III. 
apathetic patient With 

dehydration 

., 

Formation of 'appendix mass' 
with gradual recovery 

Fig. 19.3 Pathophysiology and clinical manifestations of acute appendicitis 

26 
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SUMMARY 

Box 19.1 cardinal features of acute appendicitis 
• Abdominal pain for less than 72 hours 

• Vomiting 1-3 times 

• Facial flush 
• Tenderness concentrated on the right iliac fossa 
• Anterior tenderness on rectal examination 

• Fever between 37.3 and 3ase 
• No evidence of urinary tract infection on urine 

microscopy 

SPECIAL POINTS IN THE HISTORY AND 
EXAMINATION 

Acute ilppcndici tis lypiCillly runs il short course, between 
a few hours ilnd ilbou t 3 days. If symptoms have been 
present for longer, appendicitis is unlikely unless an 
'a ppendix milSS' has developed. A recent or current sore 
throat o r virilHype illness, particularly in children, fa vours 
the diilgnosis of mesenteric adenitis (inflammation of Ihe 
mesenteric lymph nodes ilnalogous to vira l tonsi llitis). 
Urinary symptoms s uggest urinary tract infection but 
may also occu r wit h pelvic appendici tis. 

The patient w ith appendicitis is typically quie t, 
apa thetic and flushed; the lively child doing jigsaw 
pU7..zles almost never has appendicitis! Oral foetor may 
be present but is not a reliable sign of appendicitis. 
Cervica llym phildenop.1thy tends to suggest a viral origin 
fo r the ilbdominal pain. Mild tachycard ia and pyrexiil 
are typical of ilppendicitis but a temperature much over 
38°C makes the diilgnosis of acute virill illness or urinary 
tr;)c! infection more likely. 

Signs of peritonea l inflammiltion in the right iliilC 
fossa are often absent in the eilrly stages of the illness. 
The patient should be asked to cough, blow the abdom i· 
nal Will! out and draw it in; illl of these cause pain if the 
parietal peritoneum is inflamed. In children, it may be 
difficult to interpret apparent tenderness, especially if 
the child cries and refuses 10 cooperate. This can usually 
be overcome by distracti ng the child's attention whilst 
p.1l pating the abdomen through the bedclothes or even 
with the child's own hilnd under the examiner's hand. 
Several s igns (e.g. Rovsing's sign-pressure in the left 
iliac fOSS.:1 causi ng pain in the right iliac f055<l ) have been 
described w hich are S.:l id 10 point to the diagnosis of 
appendicitis but these are a ll unreliable. One useful test 
is to ask the chi ld to stand, then to hop on the right leg. If 
this can be achieved, there is unlikely to be any signifi· 
can t peritoneill inflammiltion. 

Rebound tenderness Ciln best be demons trated by 
gentle percussion of Ihe right iliac fossa. Pain on per
cussion is a reliable s ign of locill peritonitis. Anterior 

peritoneal tenderness on rectal examination (i.e. pelvic 
peritonitis) supports the diagnosis of appendicitis. 
provided o ther signs are consistent. In pelvic appendicitis. 
it may be the only abdominal sign. Lack of rect,ll tender
ness does not, however, exclude appendicitis. 

DIFFERENTIAL DIAGNOSIS 

The differential diagnosis of acute appendidtis theoretically 
includes all the causes of an acute abdomen shown 
earlier in Box 12.2. However, the main conditions of 
practical importilnce are summariSt..>d in Box 19.2, along 
with the main fei'ltures distinguishing them from acute 
appendicitis. These other cond itions rarely need oper
ation. Certain unCOmmon conditions such as Yersi/l;a 
ile itis and inflillned Meckel's diverticulum are nol 
included in the list si nce Ihey can only be distinguished 
from appendicitis at laparotomy. 

THE EQUIVOCAL DIAGNOSIS 

If acute appendicitis can be diagnosed confidently on 
clinical grounds, no further investigations other than 
those diclatoo by age are required unless there are 
secondary problems such as anaemia or dehydration. 
These require full blood count and electrolyte esti
mations. There a re no d iagnostic tests specific for 
appendicilis but certain investigations are useful w here 
the diagnosis is in doubt. 

The white blood cou nt is usually unhe lpful, as a 
modest rise occurs in many conditions. If the re is a great 
rise (to over 16000), the clinical diagnosis of appendicitis 
is usually already clinically obvious, but it helps to ex· 
elude non-suppurative gynaecological pathology. Urine 
microscopy must be performed if there is any suggestion 
of a urinary tract infection. 

Abdominal X-rays are not needed unless there is 
confusing evidence of abdominal pathology after a period 
of observation. The presence of a single fluid level in the 
right iliac f055<l or even w idespread small bowel dilatation 
(see Fig. 19.5a) suggests local adynamic obstruction due 
to appendicitis caus ing functional obstruction, bu t this is 
an uncommon find ing. Even less commonly, a perforated 
appendix may allow sufficient free gas to escape 10 be 
revealed on plain X-rays (see Fig. 19.5b). In adults w ith an 
t"quivocal diagnosis of ilppendkitis, the plasma amylase 
should be measured because the early features of 
appendicitis and p<lncreiltitis can be s imilar. There is no 
place for barium enema in the diilgnosis of ilppendicitis. 
Abdominalultrasoulld is largely unhelpfuL CT scanning 
is claimed by some to be ilccura te but submits the patient 
to a high rildiiltion dose and greatly increases the cost of 
investigation. 



Appendicit is 

KEY POINTS 

Box 19.2 Main differential d iagnoses of acute appendicitis 

Urinary t ract infection (cystitis or pyelonephritis) 

• Unlikely if nitrites are absent from dipstick testing of the urine and can be excluded if there are not significant 
numbers of white blood cells or bacteria on urine microscopy 

Mesenteric adenitis 
• Inflammation and enlargement of the abdominal lymph nodes, probably viral in origin, and often associated with an 

upper respiratory infection or sore throat. 
• Symptoms and signs may be similar to those of early appendicitis but without rectal tenderness 
• Fever is typically higher than in appendicitis (i.e. greater than 38.5·0 and settles rapidly 

• A firm diagnosis can only be made at laparotomy or laparoscopy 

Constipation 

• May cause colicky abdominal pain and iliac fossa tenderness 
• There is no fever and the rectum is loaded wi th faeces 

Gynaecological disorders 
• The pain of ovulation about 14 days after the last menstrual period (mittelschmerz) may cause right iliac fossa pain. 

There is often a history of similar pain in the past. There are no signs of infection and the pain settles quickly 
• Salpingitis (most comonly Chlamydia I) causes lower abdominal pain, often with a vaginal discharge. Digital vaginal 

examination typically reveals adnexal tenderness, and moving the cervix from side to side induces pain ('cervical 
excitation') 

• Torsion of, or haemorrhage into a right ovarian cyst may produce symptoms like appendicitis, but there is no fever. 
A tender mobile mass may be palpable in the right suprapubic region or on vaginal examination. This diagnosis can 
be confirmed with ult rasound 

Perforation of anot her abdominal viscus 

• A perforated Meckel's diverticulum (see Fig. 19.4) may present exactly like appendicitis 
• Necrotic small bowel from strangulation usually presents with intestinal obstruction 

Acute pancreat it is 

• Pain is predominantly central 
• If there is tenderness in the right iliac fossa, it will also be present in the epigastrium 
• If in doubt, the serum amylase should be measured 

Non-specific abdominal upset 

• Vague abdominal pain and tenderness w hich may be associated with vomiting and diarrhoea 
• Usua lly improves steadi ly during a period of observation 

PROBLEMS IN DIAGNOSIS OF 
APPENDICITIS 

THE VERY YOUNG 

Appendici tis is rarely seen below 2 years of age, but 
when it does occu r, the 'typica l' abdominal symptoms 
and s igns are obscure or absent. An infant or todd ler may 
d isplay signs of sepsis without revealing the abdominal 
origin. Abdomina l X-rays may demonstrate dilated loops 
of bowel and fl uid levels. Generalised peritonitis super
venes rapid ly in this age group because the abdominal 
defence mecha nisms, in particula r the 'wrapping' effect 
of the greater omentum, arc rud imentary. Lapa rotomy is 
usuall y ind icated in an ill in fa nt with abdominal signs. 

THE ELDERLY 

Appendicitis tends to develop more slowly in the 
elderly. The append ix wa ll becomes fi brotic with age a nd 
the area is more readily walled off by omentum and 
adherent small bowel. Ma ny cases probably resolve 
sponta neously. In those who reach hospital, the history is 
often as long as 1 week. Symptoms and signs of obstruc
tion may be present . These include vomiting. colicky 
abdomi nal pain and obstructed bowel sounds. A mass 
may be palpable if the pa tient is relaxed and not too 
tender but ca n often be pal pated only under general 
anaesthesia . Abdominal X-rays may reveal fl uid levels in 
the right iliac fossa. 

th. 
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Fig. 19.4 Perforated Meckel 's diverticulum 
This man of 28 presented with a typical history and dimcalllOdlngs cf 
acute appendlCllis. Howevef, at operation he was found to have a 
normal appendix but a perforated Meckel's dlverlxulum (arrowed). 
The dIVerticulum was resected and the appendix also removed to 
prevent future confuslOfl and the pdllent made a good recovery. On 
histological examlnatlOfl, the Meckel's was found to cont<110 g<lstnc 
m",,,,, 

PREGNANCY 

Appendicitis occurs at least as often during pregnancy as 
at other times but the diagnosis can be difficult. The 
appendix is displaced upwards by the enlarging uterus 
so that abdominal pain and tenderness are in a much 
higher position than usual. Diagnosis and management 
of the pregnant patient must be shared with an 
obslctrici;m . Laparoscopy may be indic.lted if the diag
nosis is in doubt, but this becomes tcchnically difficult 
beyond 26 weeks. Mortality from appendicitis for both 
mother and fetus rises as the pregnancy progresses; this 
is as high as 9% for the mother and 20% for the fetus in 
the thi rd trimester. 

THE 'GRUMBLING' APPENDIX 

RecuITCnt bouts of right iliac fossa p..lin occur in some 
children and are often labelled as 'grumbling appendix'. 
Append icula r pathology is probably the cause in very 
few of these cases. Persistent chronic inflammation of the 
append ix probably does not occu r, but recurrent bouts of 
appendicu lar colic or low-grade acute appendici tis 
undoubtedly do. ThCS(' children may have several abortive 
admissions for abdominal pain and it may eventually be 
justifi ilblc to remove the appendix to allay parental 

G 

Fig. 19.5 Perforated gangrenous sub-hepatic appendiK 
ThiS 12·year-old boy presented with 2 days' abdominat pain and 
vomiling On examination. there was tenderness In the right Side of 
the abdomen. There was also abdomlOat distenSion resonant to 
percussion and oOstructed bowel sounds. which Indicated posSible 
sfTklll bowel obstrucllon . (a) Suplfle plain abdominal film shOWing 
grossly dIlated small bowel filling the centre of the abdomen. The 
plicae semilunares P can be seen to cross the lumen completely. 
characterising dilated small bowel. There is a httle gas In the rectum R 
and Sigmoid colon S These Signs are diagllOSllC of small bowel 
obstrllCtlon. Thefe IS some free gas G VISible In the fight IlioK fossa 
suggesllng periorallon (b) A lateral decubitus plain abdominal film 
(right-SIde upwards) In another Slmll<l! pdtlent shows a featureless 
loop of SITlali bowel 5B. whICh IS adynamIC due to ne.1rby InflammatlO41. 
The radlo-opaCity Ra IS a faecolith 10 the appendiX (appendolithJ and 
the linear racholucency G IS free gas under a Riedel's lobe of the liver. 
At operatIOn. the appendix was found to be g<lngrenous <lnd 
perforated. but was lying In a high position close to the hver. 

anxiety. A non-inflamed appendix containing a faL'Colith 
or thread worms (aSsumed to have caused the pain) is 
often found . 

(b) 



, 

, 

llll~ management of suspected appendicitis is sum· 
marised in Figure 19.6. 

APPENDICECTOMY 

The annual death rate from appendicitis has fallen 
dmmatically si nce 1960. In 1934 there were 3193 deaths 
from appendicit is in the UK, whereas in 1982 there weI'C 
110 deaths. llle improvement results from several factors 
including beller general nutrition, earlier presentation. 
beller preoperative preparation and better anaesthesia. 
Deaths that now occur are usually due to dehydration 
and electrolyte changes which are unrecognised or 
ineffectively treated before surgery. Infective compli· 
cations of appendicitis have dramatically fallen since the 
19705 because of the widespread use of prophylactic 
1Intib.lcterial agents. 

ANTIBIOTIC PROPHYLAXIS 

In appendicitis, most intra-abdominal infective compli
cations and wound infections occur in perforated or 
ga ngrenous appendicitis. The majority of the infecting 
organisms are anaerobic and the infections can largely be 
prevented by prophylactic metronidazole. Rectal sup
positories are just as effective as intravenous metroni· 
dazole and arc cheaper but need to be given 2 hours 
before operation. Aerobic organisms are involved in a 
smaller number of cases and some surgeons therefore 
advocate addition.,l prophylaxis with an antibiotic such 
as a fi rs t- or St.'<:ond-genera tion cepha losporin. 

TECHNIQUE OF APPENDICECTOMY 

The principal steps in appendicectomy are illustrated in 
Figure 19.7 <lnd should be understood by any doctor 

Appendicitis 

called upon to assist in the operation. Increasingly, 
laparotomy is being replaced by laparoscopic diagnosis 
and surgery but the principles are similar. 

A low skin crease incision (Lanz) r.lther than the 
higher and more oblique one centred on McBurney'S 
point is now favoured as it gives a better cosmetic result. 
The superficial fascia (well marked in children) is then 
incised and the three muscu lo-aponcurotic layers of the 
abdomin<ll wall arc split along the line of their fibres. 
This produces the 'gridi.ron ' incis ion, described as such 
becau$C' the fibres of external oblique and internal 
oblique run at right angles to each other. The peritoneum 
is then lifted ;md opened and may reveal pus or 
mucopurulent watery fluid; a swab of this is taken for 
microscopy and cu lture. The appendix is located digitally 
and delivered ill to the wound; further exploration lllay 
be nL't..>ded if it docs not lie in the immediate vicinity. A 
retrocaec.ll appendix will require mobilisation of the 
c.lccum by dividing the peritoneum along its lateral side. 

Once the <lppendix has been delivered into the 
wound, its blood supply in the meso-appendix is 
divided between dips and ligated. The appendix base is 
crushed with a haemostat which is then reapplied more 
distally. An absorbable lig.lture is then tied around the 
crushed area. After this prepar.1tion, the appendix is then 
excised. A 'purse-string' suture is usually placed in the 
caecu m nea r the appendix base, the appendix is inverted 
and the su ture tied. If the apIX'ndix was perforated or 
gangrenous, or if pus was found, thorough peritoneal 
toilet is performed. A Slimp sucker is guided down il1to 
the pelvis with <I finger to suck out any fluid, and the 
ilrea is then gently swabbed ou t with gauze to remove 
any adherent infected material. Any pus or fClccolith left 
in the pelvis predisposes to subsequent pelvic abscess. 

The peritoneum, internal oblique and externClI oblique 
arc each closed with two or three absorbable su tures. 
Drainage is not usually recommended unless there is a 
thick-w<lllcd Clbscess cavity which will not COllClpse. 

Right iliac fossa pain 

ConclUSive features of 
appendicitis 

APPENDICECTOMY 

InconclUSIVe 

Review periodICally 

SIIIt Inconclusive 

Urine microscopy, full 
blood coont. plain X·ray 

and serum amylase 

Fig. 19.6 Summary-management of suspected appendicitis 

Other cause apparent 
(see Box 19.2) 

Treat accordingly 

(h. 
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The skin Incision 

CLassical 
'gridiron' 

l'nclslOfl 
McBurney's 

lIs 2_" __ ~rint 
--Cosmetic 

Lanz 
incision 

4 Finding and delivering 
the appendix 

The lorellnger palpates for the 
appendix 

- II mobile, it Is pushed out 
from Within 

- If adherent by inflammation, 
it is dissected out 

- It truly retrocaecal , lateral 
peritoneum Is divided and the 
appendix dissected out 

6 Removing the appendix 

A 'two-layer' 
anastomosis is usually 
made by: 

t . Tying the appendix 
base before removal 

2. In\lerting the slump 
With a purse-string 
suture 

2 Abdominal wall incision 
The layers 

3 Abdominal wall incision 
Themusdes 

------ Skin--- --

[ t Fat --------, 

1 

E .. pen~,~t t,,,,,, 
11 

Exlernal obllq~e aponeurOSIS 

I
_Internal oblique muscle :====~~ __ 

l--':========,T~,~ansversus abdomlnis 

1 
Vascular layer 

J~:;:::::::======= Parietal peritoneum --------~ 
~ Visceral peritoneum 
~ Appendix 

5 Dividing the blood supply 

Unless obvious, the Meries are 
located by transillumination 01 
the meSQoappendlx 

The vessels are clipped and 
ligated individually aher pushing 
holes in the meso-appendix on 
either SlOe 

----Note that the meSQoappendix is 
often thick and friable when 
inllamed, and that the 
appendiceal artery is an 
end-artery 

Tie to appendix base Haemostat applied here first to 
crush appendix at site of tie 

Four-square 
purse-string 
suture 1.5 cm 
from appendix 
allows inversion 

Haemosmt------1' 
crushing appendix 

7 Peritoneal tollel 

It pus is found, the pelvic 'sump' is carefully 
sucked and swabbed out to minimise the 
risk of pelVIC Infecllon 

Fig. 19.7 Appendlcectomy--operative technique 

8 Closure 

Absorbable sutures, e.g_ gauge 0 polyglactlO, fO( the deep Layers 

1. Pentoneum 
-<xmunuous 

2. Inlemal oblique muscle 
- a lew loose interrupted sutures 
(not transversus. 10 avoid including nerves) 

3. External oblique aponeurosIs 
-continuous 

4. Skin 
- subcuticular if not inflamed. if infected leave open for delayed 
primary closure. Drain only If established thick-walled abscess 
cavity IS found 
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After operation, oral fluids followed by solids are 
gradually increased over a few days unless vomiting or 
other complications occur. 

laparoscopic appendicectomy 

L.lpMOSCOPY allows the appendix 10 be found wherever 
it may lie. The principles and techniques are si milar to 
the open opera tion; the appendix can be visualised and 
appendicectomy performed if it is abnom1il.1. L.1.paroscopic 
removal gives a lower wound infection rate and may 
allow an earlier return to normal activities. However, it 
is a more techn ica lly demanding operation. 

THE 'LILY-WHITE' APPENDIX 

If the appendix is found not to be inflamed at open 
operation (colloquially lermL>d 'lily-white'), it shou ld 
always be removed because an appendicectomy scar 
would lead doctors in future to assume that the 
appendix has been removed. The alxlomen is explored 
as allowed by the incision to search fo r a cause for the 
symptoms: 

• Mesenteric lymph nodes in chi ldren may be grossly 
enlarged by mesenteric adenitis-this is prob.lbly 
viral in origin 

• The termina l il eu m may be thickened and reddened 
by Crohn's disease or by Yersillin ileitis-the appendix 
is removed but the bowel is left alone. If possible, an 
enlarged mesenteric node is removed for histological 
examination 

Appendicitis 

• An inflamed Meckel's diverticulum may be found 
withi n JOcm of the ileocaecal valve-if inflamed, this 
is removed bu t a wide-mouthed non-inflamed 
diverticulum is usually left alone 

• Both ova ries can usually be palpa ted---ovaries may 
be twisted, inflamed or enlarged or an inflamed 
Fallopian tube may be seen 

• Cholecystitis, hydronephrosis or a leaking 
aneurysm-these are rarely found 

THE APPENDIX MASS 

A vigorous response to appendicitis may result in a mass 
in the right iliac fossa, often with fever. Usually the 
patient has few systemic symptoms or signs of ill health. 
A conservative regime followed by interval appendic
ectomy 6 weeks later (Ochsner-Sherren regimen) was 
advocated in pre-antibiotic days but is now less 
favoured. Early operation under antibiotic cover is now 
performed morc frequently. 

YERSINIA ILEITIS 

Acute inflammation of the ileum by the org.lnism 
Yers;,,;a 1JSelldolllberclI/osis is an uncommon cause of right 
iliac fossa p.lin which is clinically identical to acute 
appendicitis. The diagnosis is made at operation, when 
the terminal ileum is S(."Cn to be bright red and thickened 
by the inflammatory process. Sometimes the appearance 
may be difficult to distinguish from Crohn's disease. 
Yers;lIia ileitis is a seli-Iimiting condition and requires no 
treatment. 
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Stomas 286 

INTRODUCTION 

Cancer of the colon and rectum is the third most common 
malignancy in both men and women in Western countries. 
It is less common in the developing world, but is still the 
fourth most common newly diagnosed cancer in the 
world . Most oolorectal cancers originate in the glandular 
mucosa and arc therefore ade noca rcinomas. Fami lial 
adenoma lou5 polyposis is a rare autosomal dominant 
disorder which invariably pn."CIisposes to adenocarcinomas 
of the colon (often multiple) from lhe late teenage years. 
Other forms of malignancy in the large bowel such as 
carci noid tumour or lymphoma are rare. Squamous 
(epidermoid) carcinomas occur in the anus or anal canal 
skin (see Ch. 23) but these make up only about 1% of 
large bowel cancers and are not usually difficult to 
distinguish clinically from rectallumours. 

The term po lyp C.l n calise more confusion than 
understa nding. The term is a morphological one and is 
used to describe any localised lesion protruding from the 
bowel wall into the lumen; it does not imply any specific 
pathology. This conforms with the use of the term 
elsewhere in the body, e.g. nasal polyps (usually allergic 
in origin), endometrial polyps (hyperplastic), polyps of 
Peutz-Jeghers syndrome (hamartomatous). 

Colonic angiodysplasias arc covered in this chapter as 
they ca n also present with large bowel bleeding and are 
often part of a differential diagnosis with polyps and 
carcinoma. 

The common complications of large bowel surgery are 
described in this chapter and finally, the different types of 
intesti nal stoma and their indication are outlined. 

COLORECTAL POLYPS 

Polyps are a common finding in the large bowel. Their 
great importance is in relation to malignant change. Most 

colorc<:tal polyps are adenomas (i.e. benign neoplasms) 
and all of these have the potential for malignant change. 
Not all adenomas are polypoid, however. Flat adenomas 
are f.,ir ly common in the Far East and occasionally occur 
in developed countries. These can be very smalJ and are 
often found as slight depressions in the colonic waiL 
Recognition requires special dye-spray techniques at 
colonoscopy. A polyp may already have undergone 
malignant change, yet still be at an early and potentially 
curable stage. Thus for practica l purposes, almost any 
colorc<:ta l polyp must be considered adenomatous and 
ma lignant or premalignant until proved otherwise on 
histology. Hence the terminological difficulty of calling 
these h.>sions polyps, which might be taken to imply that 
they are all benign. 

A simple pathological classification of large bowel 
polyps is shown in Box 20.1. 

ADENOMATOUS POLYPS (ADENOMAS) 

Malignant potential 

Adenomas arc clinically important because they undergo 
mali gnant change. n,e degree of epithelial dysplasia in 
adenomatous polyps is highly variable. In benign lesions 
and carcinoma in situ, the abnormality is, by definition, 
confined to the epithelium. E.."lrly malignant change is 
represented by invasion of tumour cells through the 
epitheli.1l b.1scment membrane, from where progression 
occurs through the muscularis mucosa and into the sub
mucos.'. In apparently benign lesions, there may be dis
crete areas of frank maligna ncy and thorough histological 
exam ination is needed if these are not to be overlooked. 
With pedunculated lesions removed by colonoscopic 
snaring, it is crucial to establish whether there is invasion 
of the stn lk as this will determine whether further treat· 
ment is required. 
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KEY POINTS 

Box 20 .1 Pathological cla ssificat ion of colorectal 
polyps and adenomas 
Neoplasms 

• Adenomas-very common, all potentia lly malignant; 

these include villous, tubular and tubulo~villous types 

• Early carc inomas-<ommon 

• Lympho mas- rare 
• Leiomyomas and leiomyosarcomas- rare 

• Lipo mas and liposarcomas-rare 

• Carcinoid tumours-rare 

Hyperplasias 

• Metaplast ic mucosal po lyps-commo n 
• Lymphoid aggregations-common in young children 

Hamartomas 

• A ngiomas (related to angiodysp lasias}--uncommon 

• Juven ile polyps-uncommo n, found o nly in children; 

no malignant potential 

Inflammatory polyps 

• 'Pseudo polyps' of severe ulcerative colitis 

Adenomas have Iwo basic morphological for ms, 
globular peduncu lated polyps with stalks of variable 
length, and brood-based (sessile) lesions. The flat adenom<l 
is a variant of the sessile lesion. 

Histologic."Illy, thn:-e p.1t1erns of growth are recognised: 
tubular adenomas, villous adenomas and tubulo-villoll:; 
adenomas (see Fig. 20.1). 

Tubular adenomas 
These arc small pedunculated or sessile lesions in which 
the adenoma cells ret<lin a tubular form similar to normal 
colonic mucosa. Tubular adenomas have the least potential 
for malignant transformation. The exception is when 
multiple tubu lar adenomas occur throughout the large 
bowel in the rare d isorder of familial adenomatous 
po lyposis (FAP). In this inherited condition there is a 
vcry high risk of early malignant transformation (see 
p.285). 

Villous adenomas 
Villous adenomas are usually sessile and frond- like 
(papilliferous) lesions which tend to secrete mucus. Th is 
may be so copious as to be the main presenting compla int. 
Occasionally, symptomatic hypokalaemia may develop 
because so much potassium-containing mucus is lost. 
The epithelia l com ponent of villous adenoma is more 
dysplastic than that of tubular adenoma and there is ;\ 
grea ter potential for malignant change; as with tubulo
villous adenolll.1s, the malignant potential is proportional 
to the size. 

Colorectat potyps and tard noma 

e.) 

(0) 

,. 

__ --' e<) 

Fig. 20.1 Adenom ato us colon ic potyps--hist opatho togy 
(a) Adenomatous polyp havmg mamly Villous glandular architecture. 
The eK.:lmple shown has a well-defined stalk S. although thiS IS more 
tYPICal of tubular or tubulovilious polyps, Vi llous adenoma often 
haVing a broad base. (b) Early malignant change In a tubulo-vilious 
adenomatous polyp showing carcinoma breaching the muscularis 
mucosae and invadmg the stalk (e) High-power ViCW shOWIng high
grade dysplasia. DiagnosIS of malignancy. however requires 
exammatlon of multiple histological sectlOflS for mv3S1Ofl of the 
musculari5 mlKosae 

Tubulo-villous adenomas 
Histologically, these les ions are intermediate betwL"Cn 

tubular and villous adenomas and comprise the majority 27~ 
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of colonic polyps. Most are pedunculated, and the stalk 
is covered with normal colonic epithelium. The stalk 
prob.lbly develops by the action of peristalsis dragging 
the tumour mass distally and va ries in length from about 
0.5 to 10 cm. 

Pre sentation of coloredal adenomatous polyps 

Adcnomatous polyps may occur in any part of the large 
bowci, although three-quarters of them arise in the rectum 
and sigmoid colon. This exactly parallels the distribution 
of carcinomas and provides strong evidence that most 
cancers develop (rom polyps. 

As a genera l rule, the larger the lesion, the more likely 
it is to be malignant-only 'I % of polyps smaller than 1 em 
in diameter are malignant whereas about half of those 
larger than 2.5 cm arc malignant. 

Adenomas and es}X'Cial1y villous adenomas often arise 
singly but multiple polyps are present in more than 20r;:,. 
of p,'tients with colonic polyps; these multiple polyps are 
most often tubulo-villous. Patients with frank carcinoma 
arc often found to have COt'x isting benign adenomas 
<synchronous) and these may become maligllant later if 
not removed (st.'£' Fig. 20.2). This explains why the whole 
colon shou ld be examined before coiL>ctomy wherever 
possible, preferably by colonosropy, and why long-term 
follow-up after treatment of large bowel cancer should 
include regular colonoscopy. 

SYMPTOMS AND SIGNS OF COLORECTAL POLYPS 

Many polyps C,1Use no symptoms, at least in their early 
stages, and remain undiagnosed or are found incidentally 
on colonoscopy or barium enema examination. Screening 
aims 10 detect these (as well as invasive cancers) so they 
can be removed before they undergo malignant change. 
Symptomatic JXllyps present typicaUy with rectal bleeding 
and sometimes iron deficiency anaemi a due to occult 
blood loss. Distal lesions may occasionally produce 
tenesm us or they may prolapse through the anus. 

DIAGNOSIS AND MANAGEMENT OF COlORECTAL 
POLYPS 

Diilgnosis may be made at sigmoidoscopy (rectoscopy) 
with nearly half of all polyps lying within reach of the 
25 Clll rigid instrument. Rcxible sigmoidoscopy has a 
greater range and enables the area at greatest risk of 
adenoma/carcinoma to be fully examined, namely the 
rectum and left side of colon as far as the splenic flexure. 
Flexible sigmoidoscopy is becoming popular because the 
examination can be performed in the outpatient clinic 
with minimal bowel preparation and any polyps can ~ 

Fig. 20.2 Multiple colonic adenomatous polyps 
This length 01 opened descending colon IS from a 64-year-old man 
who presented wltl, an invasive carCinoma of the rectum (not shown 
here), Several adenomatous polyps of var ious sizes can be seen In thIS 
part of the bowel; the larger polyps have greater malignant potential 

removed at the same time by diathermy snare ('excision 
biopsy'). If adenomatous polyps are discovered, the rest 
of the large bowel must be exa mined by colonoscopy and 
any more JXllyps removed for histological examination 
as described below. 

For examining the transverse and right side of the 
colon, b.lrium enema examination reveals most polyps of 
significant size, and is often the first choice, particularly 
if symptoms include change of bowel habit (SC'(' Fig. 20.3). 
Colonoscopy is a better diagnostic altenmtive for patients 
presenting with rectal blet..>ding considered to arise above 
the ana l canal as it allows direct visual inspection for 
polyps and carcinomas as well as biopsy of suspicious 
lesions. It can a lso demonstrate small lesions likely to be 
missed on barium examination. Colonoscopy also enilblcs 
polyps to be excised by snare or diathermy at the Silme 
time. [n <lddilion it is a more complete examination for 
follow-up after coiL'Ctomy or polyp removal. HQwever, it 
shou ld be noted that colonoscopy carries a 1-2 per 1000 
risk of perforation or haemorrhage. 

Both barium enema and colonoscopy are operator
dependent and it m"y be technically difficult to demon
strate the w hole colon in sufikient detail to show sma ll 
lesions; the caecum is particularly difficult to see welL If 
a b.lriulll enema demonstrates polyps or is technically 
um;'ltisfaclory, colonoscopy should then be performed. 
Sessile adenom<lS in any loc,ltion can be difficult to 
recognise even on colonosropy and lhese potientially 
malignant lesions can thereby be missed. 

At colonoscopy, polyps can be excised using a 
diathermy snare p.,ssed around the stal k or sessile b.1SC 
(see Fig. 20.4). I)eduncu lated lesions less than 2 cm in 
diameter can usually be removed with ease but larger 
ones or sessile lesions mily require snaring in scverill 
pieces. Ilisiology is mandatory to estilblish whether Ihe 
lesion is malignant and whether it has been completely 
removed. If ., malignant polyp has been incompletely 
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(b) 

Fig. 20.3 Colorect .. ! polyps 
This 65-year-old man presented with re<tal bleeding On 
sigmoidoscopy. a large polypoid lesIOn was seen in the upper rectum. 
The X-rays shOW' two views of the rectum and sigmoid colon dunng a 
barium enema (note the hip prosthesis H) Both VIews show the sessile 
rectalleslOfl S, which was vIsible at stglTlOldoscopy In addltlOll, a 
pedunculated polyp P was found In the slgfllOld colon. No other 
polyps were demonstrated In the large bowel. SigmolClosc:opic: 
biOPSies showed no malignancy, but the lestOI1s looked SUSpICIOUS and 
were removed by surgically resecting the upper rectum and Sigmoid 
colon. Histology showed the rectal lesion was an adenoma, but It was 
found to have earty invaSive carcinoma In one area The SigmOid polyp 
proved to be a benign tubulo-Vll ious adenoma (OIl Single contrast 
(b) Double contra!>t-note the difference In appearance of the 
pedunculated polyp from (a) 

removed, then bowel resection is required. After removal 
of dysplastic or frankly malignant polyps, patients shou ld 
be scheduled for colonoscopy after 1 year and then again 
every 3-5 years. 

Colorectal polyps and tardnoma 

..... ~~--------------' {.j 

{bj 

Fig. 20.4 Colonoscopic sna ring of a polyp 
(a) A 2 cm polyp on a long stalk In the sigmoid colon. (b) The snare 
loop 15 tightened around the stalk of the polyp before applying 
diathermy current to remove It and coagulate the bKxxl vessels In the 
stall:_ 

ADENOCARCINOMA OF COLON AND 
RECTUM 

EPIDEMIOLOGY OF COLORECTAL CARCINOMA 

As shown in Table 20.1, colOreclal cancer is the third most 
common cause of death from cancer in the developed 
world; if is responSible for about 26000 deaths in the UK 
every year. Almost one-third arise in the rectum. In 
industrialised countries approximately one person in 25 
will develop this cancer in their lifetime. The disease is 
rare before the age of 50 (except in familial adenomatous 
polyposis, FAr-sec p. 2&5) but common after the age of 
60. There is little difference in incidence between the 
sexes. First-degree relatives (i.e. siblings and children) of 
patients with colorectal cancer (excluding FAP) have an 
increased risk of developing this malignancy if the 
affected relative was under 50 at the time of d iagnosis or 
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Tabte 20.1 Death rates from colorectal cancer compared with other malignancies (UK 1991) 

Males Annual no. Rate/million Pen:entage of 
of deaths population male cancer 

deaths 

I lung 22 000 760 286 

2 Prostate '500 326 12.3 

3 Coloo and rectum 9000 308 11.7 

4 Stomach and 8500 29' 11.0 
oesophagus 

5 Leukaemlas, 5600 195 73 
lymphofTldS and 
myeloma 

6 Kidney and bladder 5200 179 6.8 

7 Pancreas 3000 108 39 

8 Brain 1800 63 23 

9 liver 1300 45 1.7 

10 Malignant 760 26 10 
me"""",, 

An Olhers 10344 13.4 

All cancers 77 000 100.0 

if more than one such relative was affected at any age. In 
some countries, screening is recom mended for these 
relatives every 3-5 years us ing cololloscopy, with faecal 
occult blood testing in the intervening yea rs. Screening 
should commence at age 50, or 10 years before the agc at 
which the affected member developed the cancer. Wherc 
screening is not recommended or available, relatives 
should be m<ldc <lware of their greater risk and advised 
10 be pMliculMly vigilant in acting upon possible c.lrly 
presenting symptoms. 

Most colorectal carcinomas are now known to arise in 
pre-exisling adenomas. This adenoma--cMcinoma sequcnce 
is of crucial importance in the prevention of colorectal 
C<l ncer because recognising and treating adenomas before 
inv<lsivc cancer develops is curative. A small proportion 
arc second<lry to malignant change in familial adenomalOus 
polyposis or longstanding ulcerative colitis (sec Ch. 2 1l. 
Colorccta l ca ncer is a disease of developed countrics, 
almost unknown in rural Third World communities, 
strongly suggest ing an environmental facto r in the 
<letiology. This was first highlighted by Denis Bu rkitt in 
the ea rly 19705 and led to the belief that the Western low
fibre, high-fat diet is in SOme way responsible. It is well 
established that the Western diet rcsults in a much slower 
whole-gu t transit time and it may be that carcinogens in 
the stool thereby m(lintain contact with the bowd mucOS<l 
for longer. Low-fibre diets are usually low in fruit and 
f<lW vegetables and consequently low in antioxidants 

Females Annual no. Rate/ million Pen:entage of 
of deaths population female cancer 

deaths 

1 Breast 13400 446 17.4 

2 lung 12800 427 16.6 

3 Colon and rectum 8400 280 10.9 

4 Stomach and 5600 185 73 
oesophagus 

5 leukaemla5. 5000 170 6.5 
lymphomas and 
mylemoa 

6 Ovary 4500 150 5.8 

7 Pancreas 3400 112 44 

8 Kidney and bladder 3000 99 3.' 

9 Uterus and cel'\llx 1800 50 2.3 

10 Brain 1300 45 1.7 

AIlOlhm 17800 231 

All cancers 77000 1000 

which arc thought to have a protective role in colom:tal 
cancer. Recent studies have shown a reduction in colorcctal 
ca ncer in people laking a small daily dose of aspi rin 
(75-'1.50 mS> <lS prophylaxis against cardiovascular disease. 
This tmy also be due to its antioxidant action. 

PATHOPHYSIOLOGY OF COLORECTAL CARCINOMA 

Colorccta l carci nomas exhibit <I wide range of differ
enti<ltion which broadly correlates with their diniC<l1 
beluwiolt r <lnd prognOSiS. Most carcinomas arc initially 
exophyti c (i.e. prolnld ing into the lumen) and l<lter 
ulcerate <lnd progresSively invade the muscul<lr bowel 
wall (see Fig. 20.5). Even tually, the tumour involves the 
serOS<I and surrounding structures. Stromal fibrosis may 
cause lumina l narrowing, which is responsible for the 
com mon acule prcsent<ltion of large bowel obstruction. 

Large bowel carcinom<ls metastasiS(' mainly via 
lymphatics and the bloodstream. Lymphatic spread is 
sequential, first to mesenteric nodes and then to para
<lorlic nodes. Ot.'Casiona lly lymph node involvement is 
directly responsible for the di nic<l l presentation. For 
example, p<lra-aortic ll(xles m<ly present as a palpable 
m<lSS or cause duodenal obstruction. Other enl.lrgcd 
nodes may compress the bile ducts in the poria hepalis 
c<lusi ng jaundice. 

Haemalogenous spread is predominantly to the liver 
and usually occurs later Ihan lymph<ltic spread; therefore 
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Fig. 20.5 Colorectal carcinoma--histopathology 
(a) InvaSIVe carCinoma arISing 10 a tubulovdlous adenoma (b) 
CarCinoma has Inlladed through the entire thld:roess of tht> colool( 
muscular wall to (NCh fat F, but has not spread to lymph nodes. 
making thiS a Dukes' B carcinoma (e) Mesentenc lymph node In WhICh 
IymptlOld tlSwe L has been partly replaced by carCinoma. 

Colore<tal polyps and carcinoma 

Fig. 20.6 Ca ncers of the colon and rectum 
(a) Uker cancer of sigmoid colon. ThIS 52~year-old man pfl'SI'nled 
With 3·months· hlStOfY of rectal bleeding This uker was seen and 
btopsted on colonoscopy and resected '>000 afterwards Without a 
colostomy, (b) Annular carcifloma of re<:tum In a 68-year-old woman 
who presented WIth large bowel obstruction, A low anterIOr resection 
was performed WIth a covenng loop ileostomy, The bowel was 
reJOII'led uSI091he Circular stapler S Two complete 'doughnuts' 01 
tiSSue 0 Indicate successful firing of the stapler (el Synchronous 
cancers of the transverse (Olon . ThiS elderly man presented With a 
change in bowel habit, With const ipat ion and overflow diarrhoea 
Preoperative barium enema examination revealed two cancers that 

:2 

were resected al operat ion and the ends <Inastomosed 27 
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a p..ltient with only early lymph node involvement at the 
time of prescntalion has ,1 better chance of avoiding liver 
mct.lsl<lscs. Despite this, hepatic involvement often OCOJ.rs 
without evidence of lym phatic spread . The effects of liver 
s('condaries often cause deilth even after an app.:lrently 
successful resection of the primary cancer. Haematogenous 
spread to other ~i t l'S such as lung or bone is uncommon, 
as arc systemic manifesta tions. By the time of diagnosis, 
as many as 25~ of p..1tients with oolorcctal cancer already 
have widespread metas t,lSCS. 

PRESENTATION OF LARGE BOWEL CARCINOMA 

LltC presentations as n result of mel<lstascs have been 
discussed in the la~ t pilr;'lgraph. For local diSC'ase, the 
mooe of growth and cli nical presentation of large bowel 
cancer depend to SOI11 l' extent on the site of the lesion: 

• The right oolon is larger in diameter than the left oolon 
and the faecal stream more fluid . Therefore t'umours 
of the right colon rarely ca use obstruction unless the 
ilco-caeca l valve b involved. Occult bleeding from the 
tumour surface commonly causes iron deficiency 
,lnaemia and these p..lticnts typically present with 
anilemia and a p..llpable mass in the right iliac fossa 

• Lesions elsewhere in the colon or rectum tend to 
ulcerate ea rlier, perhaps due to greater intraluminal 
pressure and stool trauma. In many cases, the tumour 
progressively enorek's the bowel wall, enCTOc1ching on 
the lumen and pnKiucing an annul ar s tenos is. It has 
been estimated thai it takt.'S a yeil r to involve each 
quarter of the bowel circumference. The slool in the left 
colon is more solid than on the right. Consequently, left
sided cancers u~ually present with a change in bowel 
h.,bit or pl\.'-'Cipitatc an emergency admission to hospital 
with large bowel obstruction; this may be p..lrtiOlI or 
complete. Blood is often visible in the stool and the 
character of the blood l1nd iL-; mixing with stool depend 
on how far proximally the lesion is from the anus 

• Lesions (carcinomas or polyps) in the lower Iwo
thirds of the rectum may be perceived as a mass of 
faeces. This :.t imulatcs a persislent deJaccation 
response causing the symptom of tenesmus 

• A cancer erod ing through the bowel wall may 
:.timulilte a vigorous local inflammatory process 
resulting in., pe ricolic abscess. This occurs in the 
recto-sigmoid area .md usually presents wilh left iliac 
fossa p.."li n and tendernt."SS and a swinging fever. 
Differential diagnosiS is acute diverticulitis or a 
d iverticular abscess 

• A carcinoma anywhere in the colon (but rarely in the 
n.'Clum) may perforate ,1 nd present as an acu te 
alxlomen with peritonitis. OccaSionally a malignant 
fis tula occurs into stomach, bladder, uterus or vagin., 
or to the skin 

Fig . 20.7 Right hepatectomy specimen 
ThIs 49·year-01d man presented wrth a 9·month hlStcxy of rectal 
bleedmg. found to be d~ to a SKJrnotd colon carcinoma. This was 
resected bUI lWO years later he was fournl 10 have a single metastasrs 
In the right lobe of the lIVer seen here. No other metast.MeS were 
found so hl> underwent a resectron of the fKJht lobe of the 1M!!' Three 
yea~ 1,lIer, he returned WIth a paraduodenal mass and wrdespfead 
pentOl'WI mela5tase!., from wtllch hl> died 

CLINICAL SIGNS IN SUSPECTED COlORECTAL 
CARCINOMA 

TIle symptoms and signs of colon.'Cta1 cancer are iIlustratL>rl 
in Figure 20.8. AlxIominal examination may reveill a 
colonic mass, li\'er enlargement due to melas ta5('S or 
ascites. All of these signs reprcscntlate and often incurable 
disease; the majori ty of patien ls have no abnormal 
alxlomin.,l symptoms. Reet,,1 examination is mandatory 
as tlltllly carcinomas occur in the lowest 12cm of the 
lilrge bowel and Ccln be reached with an examining finger. 
In addition, local tumour spread into the pouch of Douglas 
may be p..llp.:1ble through the rectal waU anteriorly. The 
degl'l'C of fixa tion of a rcct.ll tumour 10 surrounding 
structures can also be eva luated digil<llly and this gives 
some indication of potential operative difficulty. Finally, 
Ihe glove should be inspected for blood and mucus and 
stool colour and conSistency. General examination may 
show other fCiltures suggesting disseminated malignant 
diSt.'a!,(', e.g . • 1I\.lemi..l, obvious weighlloss, supracl.wicular 
node en l.1Tgement. 

INVESTIGATION OF SUSPECTED COlORECTAl 
CARCINOMA 

Proctoscopy and rigid or Ocxible sigmoidoscopy arc per
forml>rl ,11 the initial consultation. Proctoscopy may ~how 



Effects of p rimary cancer 

Symptomless anaemia 
Mass in right iliac fossa 
Diarrhoea 

Rectal blood loss 
Change in bowel habit 
Colicky pain/obstruction 
Mucus wilh stool 
Internal fistula 
Perforation/peritonitis 

T enesmusiBleeding/Mucus 
Diarrhoea (Fluid depletion) 
Hypokalaemia 
Local pain due to infiltration of 
sacral plexus 

Fig . 20.8 Sy m ptoms and signs of colorectal cancer 

local call~ for rectal bleeding such as haemorrhoids. 
About S()% of colOrc<:tal Cancers lie within reach of a 
rigid sigmoiduscope and 75% within reach of a flexible 
sigmoidoscope; in cHher case, lesions can be biopsied. A 
barium l'nCllla or colonoscopy should be arranged, even 
if a tumour has been identified at sigmoidoscopy (sec 
Fig. 2().9). This is hecilUSC synchronous tumours or 
potcntially milli);nant adcnomatous polyps may also be 
present. Colonoscopy Illay be employed to obtain a 
histological dia~nosis of more proximal lesions found on 
barium enema if the di.lgnosis is in doubt. Ultrasound or 
CT sc;mning of the liver is often performed to seek 
met,lstascs, but in the absence of clinical suspicion the 
chance of finding IUCI,lstaSCS is low and, even if found, 
they are unlikely to affect the ea rly management. Higher
resolution CT scanning with contrast enhancement is 
making progress as a first-line examination of the large 
bowel. Finally, if there is a risk of ureteric involvement 
by local spread, intravenous urography can be a useful 
preoperative invc!:itigation. 

Many palil'nts, l.'Specially the elderly, present as 
emergencies with complete l<l rge bowel obstnlction, often 
at the sigmoid colon or rectO-Sigmoid junction. This 
typically tak('S Sl'wr<ll d<lYs to develop. Plilin abdominill 
X-rily'; of len show l<lrge bowel dilated by gas down to 

\ ...... 
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Colorectal polyps and Cilrdnoma 

Due to secondary deposits 

Obstructive jaundice 
(node compression 01 porta 
hepalis) 

Retropentoneal lymph node 
involvement causing: 

Ureteric obstruction 
Duodenal obstruction 

SystemiC effects 

Widespread liver andlor other 
metastases causing: 

Malaise 
AnoreKia 
Weight loss 

the level of obstruction and empty of gas beyond it. 
Sigmoidoscopy may confi rm the diagnosis of ca rcinoma; 
if not, an 'instant' barium enema (i.e. withou t bowel pre
paration) will uSll<llly do so, and will exclude pseudo
obstruction. 

MANAGEMENT OF COlORECTAl CARCINOMA 

Su rgical resection is the main treatment for colorectal 
mrdnOl1la. Adjuva nt radiotherapy and chemotherapy are 
sometime:. used but the indications are as yet uncertain. 
For small tumours IOC.lliscd to the bowel watL resectiO'l 
offers an exccllent chance of complete cure. TIle cure rate 
falls marked ly with invasion through the bowel wall but 
cures Call still be achieved. Even in very extensive tumours, 
palliative resection is usually s till worth while to relieve 
obstruction or prevent continuing blood loss. 

Staging of colorectal carcinoma 

Staging of colorectal cancers largely depends on the 
find ings at l<lparotomy and histological examination of 
the resected specimen. Several staging systems have 
been proposed but the most widely used one is still 2< 
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FhOi! . 20.9 Caecal and colonic carcinomas--barium enema examinations 
(a) PoIypotd carClflOfTl(I arISIng on the medial wall of lhe caecum In a ,3-year-01d man WIth an Iron deflOeOCY anaemia and a mi.lS5 In the right Iliac 
fossa. Note the IesIOflIS grOWIng out Into the lumen; II IS re<ogmsed I'f the overlaPPIng double shadows S (b) TyptCill 'apple-<ore' lesion Just 
distal to the splemc flexure of a man of 39 who Complained of rectal bieedU'lg. With thIS ~ree of Sler'IOS/S, (\ was surprising that he had had no 
change In bowel habit Acute obstructIOn would probiIbIy soon have occurred If the tumour had not been recognised and resected. The pallent IS 
unusually young !Of colorectal tatClOOIl"Ia In thE> Western world 

b.'lsro on Dukes' classi fica tion. Dukes was a pathologist 
and staged tumours h.'lsed on the specimens he received 
I lis classification was (irst described for n.>ctal carcinomas 
and later for colonic c,lrcinomas and is outlined in Box 
20.2. Stagi ng of colored,,! Glrcinoma seldom influenct.>S 
treatment but it does give an estimate of the sta tistical 
prob..lbility of cure and likelihood of surviving 5 years. In 
fact, s urvival is largely determined by the presence or 
absence of liver metasta~. Indeed, small met.1smses 
impalpable at operation can be detected most sensitively 
by intraoperati ve ultrasonography, placing the probe 
directly on the liver surface. Intraoperative ultrasound is 
not yet widely avai lable so conventiona l ultrasound or 
cr sca nning is often used to provide this prognostic 
information. 

Approximately half of all patients with colorectal cancer 
are incurable at present.,lion; a ll of these die w ithin 5 
years. Of the other half that undergo radical surgery 
with the ai m of cure, SO'! are alive and well 5 years later 
Very few patients s urvi ving 5 years die later of recu rrent 
disease. 

Operations for (olorectal cancer 

TIle principles of colorect.ll tumour resection are as follows: 

• Opcriltive access is achieved by laparotomy, usually 
via a long midline incision. In specin lis t units, 

laparosoopic or Inp.lrosoopic-nssisled surgery is 
sometimes employed 

• The nffectcd segment of bowel is removed with a 
margin of normal bowel. A minimum of 5 on clear each 
side of the tumour removes local lymphatics likely to be 
involved. Rectal cancers arc a special case. They require 
excision of the tumour and an intact envelope of fat 
around it (the mesorectum) to a distance of 5 cm below 
the primary tumour. This allows the anal sphincter to 
be preserved in many patients. provided the lower 
edge of the tumour is 8 em or more from Ihe allal verge 

• The precise lines of resection are determined by the 
distribution of mesenteric blood vessels. There must 
be a good blood supply to the cut ends of bowel to 
ensure healing. Some surgeons first perform proximal 
ligation of the venous drainage, in an attempt to 
minimise the risk of tumour embolisation from 
handling during resection. Recent advances in 
tUIllOur biology suggl..'St that Ihis is likely to be 
ineffective since ca ncers embolise continual ly and 
whether or not metastases form depends on the 
interaction between 'seed' and 'soil' 

• The primary lesion plus a 5.1fcty margin is resected en 
bloc with a wedge-shaped section of mesentery and 
its contili ncd lymph nodes to remove the primary 
field of lymphatic drainilge. If there are ot he r obvious 
lymph node metastases, these arc usually included ill 
the resection specimen 



• In most cases, the cui ends of bowel can be rejoined at 
the same operation without the need fo r a temporary 
or permanent colostomy. The indications for stomas, 
and their types ;md managemen t are described 011 

kEY POINTS 

Box 20_2 Staging and survival ra tes from treated 
coloreaal carcinoma based on Dukes' classificat ion 
Dukes' A ~ 
• Tumour confined to t he bowel wall with no 

extension into the extrarectal or extracolic t issues 
and no lymph node metastases-7S% S-year survival 

Dukes' B 

• Tumour spread through the muscularis propria (i.e. 
the bowel wall) into t he extrarectal or extracolic 

t issues by direct continuity but wi thout lymph node 
metastases--SS% S-year survival 

Dukes' ( 

• Lymph node metastases are present. This category is 
subd ivided into: 
( 1: - only a few nodes are involved near the 

primary growth, leaving proximal nodes free 
from metastases-40% S-year survival 

(2: - there is a continuous string of involved lymph 
nodes up to the proximal limit of resection-
20% S-year survival 

Stage 0 

• This is a later addit ion to Dukes' staging, based on 
clinical rather t han pat ho logical evidence. These 
patients are found at operation to have distant 
metastases or such extensive local or nodal spread 
that the lesion is surgically incurable whatever the 
pathological staging 

Colorectal polyps and carcinoma 

p."lges 286-290.) The met hod used depends on the s ite 
of the anastomosis and whether there is much 
d isparity in diameter between the ends to be joined. 
Standard operations vMy with the site of the tumour, 
and each is modified accordi ng to the ofX'rative 
findings. Details of technique vary from surgeon to 
surgeon, but an outline of stand ard operat ions is 
given in Figure 20.10. The technique of right 
hemicolectomy is illus trated in Figure 20. 11 and 
methods of large bowel anas tomosis in Figure 20.12. 
Methods of matching the diameter of the bowel ends 
are illustra ted in Figure 20.13. 

The role of ad juva nt rad iothe ra py and 
che mothe ra py 

The usc of adjuvant radiotherapy and chemotherapy in 
colorectal cancer is becoming dearer as the results of 
dinical tria ls emerge. Radiotherapy can be used pre
operatively to shri nk a large or telhered tumou r to make 
it operable or to enable the anal sphincter to be preserved 
(downstaging); short, sharp courses of treatment im
media tely prior to surgery may be beneficial in terms of 
red ucing loca l recurrence where tumours extend through 
the recta l wall. Radiot herapy after surgery is probably 
less effective and risks radiation damage to sma ll bowel 
now lying in the pelvis. 

As regards chemotherapy, 5-f1uorouraci l (5-FU) is the 
chief ad juva nt agent and it is often given in combination 
with its biomod ulator, folin ic acid . Several d iniml trials 
have shown an increase in time before recurrence in 
Dukes' C cases but no convincing prolongation of survival. 
There may be a benefit in combining preoperative r,1dio
therapy wit h postoper<lti ve chemothera py in certain 
locally advanced cases bu t conclusive evidence of its value 
is lacking. 

Abdominoperineal resection of rectum Anterior resection of rectum Hartmann·s operation 

Fig. 20.10 Standard operations for rectal c;ancer 
Hartmann"s procedure IS described Oil p. 288 and 289 2E 
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Dlvlc\e lateral pentooeum 

2 Reflect ascending colon 
lorwards on its mesentery, 
idenlltylOg and preserving 
ureter and retropenlooeat 
duodenum 

3 Select pomts at whiCh to 
divide bowel, retaining as 
much ileum as possible; 
ensure ~ blood supply 2 
10 colon y transilluminating 
mesocolon, aiming to retain 
a good vessel close to line 
01 section 

• Divide greater omentum 

5 Ugale and divide vessels 
01 mesenlery 

6 Anastomose cut ends of 
ileum and colon 

7 Repair defect in mesentery 

(a) Single-layer 
anastomosis 

(b) Two-layer anastomosis 

5 

6 

Fig, 20.12 Standard methods of bowel anastomosis 

• 

(a) A smgle-Iayer anastomosis uses Interrupted ilbsorbilb le sutures. 

6 

It IS a standard method of anastomOSiS for all types of bowel. The 
posteflor layer can be placed from inSide the bowel Sutures usually 
include only the muscle wall and submucosa. (b) A two-layer 
anastoffiOSlS IS sornetlfll(>S used fOf small bowel but is rilrely used for 
large bowel It is unsuitable fOf the rectum and oesophagus. The lif5t 
layer A IS an 'all-coats' suture and It is usually continuous. The !.eConc 
layer 8 IS an Inverting layer Including only the sera-muscular coat, It 

may be continUOUs or Interrupted 

Management of advanced disease and recurrence 

The primary tumour is usually resected to relieve its 
loca l effects even when dis ta nt metastases have been 
diagnOSt..oxI _ MCY.>t of these patients die within 1 or 2 yei1rs, 
<lnd only about J in 10 survives 2 or 3 years; nOlle survives 
5 years. 

TIle liver is the most common site of disti1llt meti1sti1sis. 
Liver mc(,lstases m<ly IX' discovered at operation 

3 

(a) End-to-end 
anastomosis 

Fig, 20.11 Principles of right 
hemicolectomy 
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(e) Side-to-end 
anastomosis 

Fig. 20.13 Methods of matching the diamete~ of the 
bowel ends to effect a safe anastomosis 
(a) An end-to-end anastomosis is used when bow",1 ends ilre of 
similar diameter (b) An end-to-slCle anastomosis IS used where the 
proximal end IS greater In diameter than the dls\al end. e.g. In small 
bowel obstruction. (c) A side-to-end anastomosis IS used where the 
distal end IS greater In diameter than thi> prO/oma! end, e.g. 10 fight 
hi>mlCoIectomy 

(synchronous) o r appear later on surveill.lnce with 
ulir<lsound , CT or b lood tumour marker estimation 
(me tachronous)_ In most caS£'S, there art.' multiple live r 
metastases in both lobes by the Hme o f diagnosis_ 
Occasio nally there may be one or two mt:'tast,lS('S confint'CI 
10 a resectable anatomical lobe. TheS(' ma y be excised 
locally, or the affected segment o f li ver rellloved by 
pi1rtial hepatecto my. Abollt 20% of these paliellts survive 



5 years. Liver rt'St.'Ctions for metastases are rarely per
formed , however, because few p<ltients fulfil thc CritCn.l 
for operat ion just described . 

Pa tients with liver mctastases seldom become ~lun
diced, since this only occurs when the p<lrenchyma is 
almost completely destroyed or major bi le ducts are 
compressed. This is usually a late event and treatment is 
rarely worth whi le uniL'SS gallstones are found to be the 
C.1USC. Colorectal tumours sometimes metastasise to bone, 
particularly the lumbar spine, and pai nful lesions may 
be palliated by radiotherapy. 

Metastatic coloredal carcinomas are relatively un
responsive to current chemotherapeutic regimens. Oc
casionally 5-fluorouracil is given by direct infusion in to 
the liver to control painful liver metastases. Colorectal 
carcinornas do respond to radiotherapy but its application 
is limited by the difficulty of directing the radiation 
beam at the tumour without damaging surrounding 
bowel. Radiotherapy is a useful palliative treatment for 
recurrent pelvic cancer following removal of the rectum. 
Pelvic recurrence used to be a common problem before 
the importance of mesorectal excision was realised; it 
causes intr.lct.lblc perineal pain. Occasionally a fu ngating 
mass grows in the anal region or buttocks and this very 
distr<.'Ssing complication may also be palliated with 
radiotherapy. 

FAMILIAL ADENOMATOUS POLYPOSIS 

Familial adcnomatous polyposis is a rare autosomal 
dominant disorder caused by a deletion in the long arm 
of chromosome 5. 11 has a high degree of penetrance and 
is characterised by multiple tubular adenomatous polyps 
throughout the colon and rectum; there are often polyps 
in the proximal small bowel. The polyps first develop in 
adok'SCence and arc usually asymptomatic but may 
present with nx t.,l bleeding or change in bowel habit. 
The polyps are init ially benign but malignant cha nge 
almost inevit.,bly occurs in early adulthood, often in 
more than onc polyp at the same time. 

p.,ticnts presenting with this condition should have 
their close relatives screened, in adolescence if possible, 
by retinal examination for hypertrophy of pigment 
epithelium (present in 95%), colonoscopy and DNA 
s tudies. Once familial polyposis coli has bec-n diagnosed, 
the whole COIOred.ll mUCQS.l shou ld be removed. Pan
proctocolectomy with ileostomy is the standard treatment. 
A popu lar alternative to ileostomy is the creation in the 
pelvis of a pouch or reservoir of ileum which is connected 
to the anus. The anal sphincter mechanism is preservl..'<1 
so thai the patient is usually continent and can control 
evacuation. As in p..1n-proctocolectomy, all mU~l .,t risk 
of malignant change is removed. 

Colorectal polyps and carcinoma 

COMPLICATIONS OF LARGE BOWEL 
SURGERY 

Infection arising from faecal contamination is the main 
early complication of large bowel surgery. This carries a 
high risk of systemic sepsis and multi-organ dysfunction 
synd rome. Contamination may result from perforation 
prior to operation, inadvertent faecal spillage during the 
operation, or anastomotic leakage or breakdown post
operatively. Three main types of infection occur: wound 
infection and dehiscence, intraperitoneal abscesses and 
generalised peritonitis. Large bowel surgery has always 
been associated with a high risk of infective complications, 
p..ltticularly in emergency operations; these are dramatically 
reduced by the use of prophylactic antibiotics and pre
operative bowel cleansing techniques. 

The cornplic.ltions of large bowel surgery are su m
mariSl.'Ct in Box 20.3. 

BOWEL CLEANSING TECHNIQUES PRIOR TO SURGERY 

The objective is to dear the bowel of faecal material and 
10 reduce the Io..ld of b..lcterial nora. This is achieved by a 
combination of the following procedures: 

• Withdrawal of sol id foods. The patient may be 
limited 10 fluids or a low-fibre diet for a few days 
before operation 

• Purgation . This is usually with stimulant laxativC'S 
(e.g. sodium picosulphate) or sometimes osmotic 
laxatives (e.g. magnesium sulphate mixture, 
mannitol). If mannitol is used, non-absorbed oral 

SUMMARY 

Box 20.3 Complications of large bowel surgery 
Early complications 
• Wound infections-abscess and cellulitis 
• Intra-abdominal abscess-at site of surgery, pelvic or 

subphrenic 
• Anastomotic leak or breakdown 
• Systemic sepsis and mUlti-organ dysfunction syndrome 
• Inadvertent damage to other organs, e.g. ureters, 

bladder, duodenum or spleen 
• Stoma problems-sloughing or retraction 

later complications 
• Diarrhoea-due to short bowel 
• Division of pelvk parasympathetic nerves-<auses 

impotence 
• Small bowel obstruction-due to pelvic peritoneal 

adhesiom or tangling of small bowel with colostomy 
or ileostomy, or later as a complication of 
radiotherapy causing small bowel damage 

28 ' 
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antib.,cter;al agents like nE-'omycin must be used to 
prevent b.lcteri,,1 fermentation and formation of 
potentially explosi\'e gas within the bowel 

• Enemas and distal bowel washouts. For incomplete 
obstruction, purgation must be used with great care 10 

avoid precipitating acute obstruction. When there is 
complete obstruction, dis tal washouts "nd enemas 
only ca n be given prropcratively. In thl..'SE' cases, it is 
possible to dear the proximal colon of faeces by an 
'on-table washout' during the operation, once the 
tumour lUIS been resected. This involves inserting a 
Foley catheter through the Willi of the caecum 
(usually through the appendix stum p) which is used 
to irrigate 2-3 L of w<lrm Silli ne into the colon. This is 
drained via a large-bore lube connected to Ihe dis tal 
end of the colon into a bucket. In some cases, this 
allows a primtlry anastomosis to be performed silfc1y. 

PERI OPERATIVE PROPHYLACTIC ANTIBIOTICS 

A vClriety of faecal commens.,ls and other organisms cause 
abdominal infi..'Ctions after large bowel surgery. These 
includc Escherichia coli and other enterobacteriaceae (Gr.tm
negative aerobes), Bacteroidl.'S and related organisms 
(Gram-negative anaerobic rods), Staph. aI/reus (Gram
positivc aerobic cocci), EII/erofoccliS farra/is (Gram-positive 
anaerobic c:occi) and the clostridia (Gram-positive anaerobic 
rods). An antibiotic combination for prophylaxis is chosen 
to cover the main o rganisms, and popular regimens are 
shown in Box 20.4. It is important to achieve high 
circu lating blood lewis at the time of operation, so the 
first dose is usually given at anaesthetic induction or 
with the prem(.>dication. 

COLONIC ANGIODYSPLASIAS 

Colonic angiodysplasias have only been recognised as il 
common cause of acutt' or chronic rectal bleeding and 

KEY POINTS 

Box 20.4 ProphylactiC antibiotic regimens for 
large bowel surgery, started intravenously at 
induction of anaesthesia 
Standard regimen 
Gentamicin 120 mg plus benzylpenicillin 1.2 9 plus 
metronidazole 500 mg 

If minor peniCillin allergy (rash) 
Cephalosporin (e.g. cefotaxime 1 g) plus metronidazole 
500 mg i.v. 

If major penicillin allergy (anaphylaxis or angio-oedema) 
Ciprofloxacin 200 mg plus metronidazole 500 mg 

iron deficiency ana('mia s ince the mid-1970s. They are 
tiny hamartomatous vascular lesions in the colonic wall 
and produce bleeding out of proportion to their size (see 
Fig. 20.14). Their origin is unknown but since they occur 
later in life, they are more likely to be acquired and 
degenerative than congenital. 

If bleeding is acute and is occurring rapidly, selective 
mcscnteric arteriography may demonstrate the source of 
ble<.oding. [n chronic or recurrent haemorrhage, the lesions 
can be visualised by colonoscopy but are invisible on 
bmium enema. This underlines the importance of thorough 
colonoscopy in patients with unexplained gastrointestinal 
blood loss. The les ions can often be treated by electrical 
coagu lation via the colonoscope. If unsuccessful, Ihe 
affected segment is resected. Similar lesions OCCllr more 
rarely in the small bowel and bleed in the s.,me way. 

• 

Fig. 20.14 Caecal angiodysplasia 
ThiS 66·year-old man had been admitted to hOS{lIIal on 12 OCCaSKlnS 
for rectal bleeding or anaemid and received a total of 77 Ullits of 
blood by transfUSion. ThiS selective arterIOgram was performed on the 
most recent admlsslOO. and shows an abnormal mass of blood vessels 
A In the caecum typICal of anglodysplasia This part of the bowel was 
resected and the patient had not re-bled 3 years later. 

STOMAS 

INDICATIONS AND GENERAL PRINCIPLES 

It is often necessary to divert the faecal stream to the 
anterior abdomirl.1l w<lll via a stoma. The effluent is 
collected in a removable plastic bag attached by adhesive 
to the abdominal skin. Stomas are named according to 
the part o( the bowel opening on to the abdominal w<llL 
i.e. ileostomy or colostomy. The more distal the location 



of the original lesion, the more likely a stoma will be 
required . The majority of stomas are performed in cancer 
surgery, although they are sometimes necesSo1ry in 
inflammatory bowel disease and diverticular d isease, 
and at emergency operations for large bowel perforation 
or obstruction. The indications for stomas and the 
principles of stoma design and aftercare are s imi lar for 
all these conditions. 

Stomas may be perm,lllent or temporary. Wherever 
possible, the need for a stoma should be anticipated 
before operation and discussed with the patient. This i5 
done to ensure th<1t informed consen t is obtained and to 
prepare the patien t for what is often perceived as <1 'fate 
worse th<1n de<1th'. Specialised stoma nurses are employed 
to <1ssist in planning and aftercare. They counsel the 
patient before opcrCltion, when he/she is encouraged to 
tryout a dummy appliClnce and talk to other stoma 
patients. The stomCl nurse will also identify and mark the 
most suitable and comfortable site for the stoma appliance. 
Th is takcs into account the patient's occupation and 
leisure activities, clothing and ability for self--<:are. 

Permanent stomas 

llltS! arc necessary when there is no d ist.'ll bowel segment 
remaini ng after resection or when for some reason the 
bowel cannot be rejoined. A colostomy is required after 
abd omino-perin cal resection of a low rectal or anal canal 
tumou r. An ileostomy (Fig. 20. 15) is required after excision 
of the whole colon and rectum (pan-proctocolectomy) 
unless a pelvic reservoir (pouch) is constructed. The usual 
indications arc inflammatory bowel disease or familial 
adenoma tOllS polyposis. 

I') Ib) 

Fig. 20.15 End ileostomy 

Colorectal polyps and carcinoma 

Permanent stomas must be carefully sited to facilitate 
long-tenn management. They are usually below the belt 
line. Permanent colostomies are usually fashioned in the 
left iliac fossa and ileostomies in the right iliac foss.l. 

Temporary stomas 

A s toma is often required temporarily to divert the f.lecal 
stream away from .1 morc dis tal part of the bowel. When 
the distal bowel problem has resolved, the colostomy can 
be dosed. 

Firstly, a colostomy may be created as an emergency 
measure to relieve complete distal large bowel obstruction 
callsing proximal di la tation. A particular application is 
when the ileo-caecal valve has remained competent, 
resulting in extreme c,leca l dilatation and imminent ruptu re. 
The obstructing lesion may be removed at the 5<1me 
operation or laler as a scheduled procedure. 

s...'Condly, a 'defunctioning' stoma (ileostomy or col
ostomy) may be u&ed to protect a more distal anastomosis 
that is at particular risk of leakage or breakdown. Com
mon examples arc a technically difficuil low anastomosis 
(flatus and faeces may leak from the anastomosis), an 
anastomosis performed after resection of an obstructing 
lesion (d is tens ion may compromise the blcxxt supply), 
emergency resection involving unprepared bowel (solid 
f.1CC£'S in the lumen) or elective surgery where the bowel 
has not been adequately d eMed of faeces. 

Thirdly, 11 temporary colostomy may be used to 'rest' 
a more distal segment of bowel involved in an inflam
matory process such as a pericolic abscess, a complex 
anorectal fis tula, <1cute Crohn's disease or a colo-vesical 
or colo-vagina I (istu la . 

ThiS man of 45 had suffered remittent ukeratlve col itiS for 12 years wfllch could only be managro With high doses of sterOids, He underwent 
subtotal colectomy and formation of thiS end Ileostomy. La ter, he will be conSidered for a pouch reconstruction (a) Formanon of Ileostomy The 
end of the ileum IS brought to the surface via an openmg made in the right Ihac fossa at a pomt predetermined by the stoma therapist (b) The 

c~ 
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(a) Caecostomy 

Large Foley 
catheter in 
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liuld \; Anastomosis 
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abdominal wa I 

(c) Paul-Mikullcz 

(b) Loop transverse 
colostomy 
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excised 
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(d) End colostomy 
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Rectum 
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(e) Ileostomy after 
proctlH:oIectomy 
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procedure 

• 
entire 
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~-------E,nd oversawn 
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CD 

Fig.20.16 Principal types of ileostomy and colostomy 

Lesion 
excised 

(a) Caecostomy IS temporary (b) loop transverse colostomy is usually temporary, and IS used to defunction the distal bowel (c) PauJ...MIKulicz 
double·barrelled colostomy is usually temporary There is no anastomoSIs w ithin the abdominal cavity (d) End colostomy IS usuil ily permanent 
(e) Ileostomy after proctcrcolectomy IS permanent Note the prolrudtng 'spout' produced by evertlnglhe Ileum. (f) End colostomy in Hartmann's 
procedure somellmes becom~ permanent. 

TYPES OF STOMA 

The way in which a stoma is fashioned depends on its 
purpose. The main types of stoma are described below 
and illus trated in Figure 20.16. Colonic s tomas are 
designed with the bowel mucosa lying fl ush wilh the 
skin. Small bowel stomas are fashioned with a 'spout' of 
bowel protruding .lbout 3 cm, to ensure tha t the irri tant 
small bowel contents enter the ileostomy applia nce 
d irectly ra ther than nowing on to the skin (see Eg. 20. 15 
above). 

Caecostomy 

A connection is l.'S tablishl..od between the skin and the 
caecum and is held open wit h a large ba lloon catheter 
(sec Fig. 20.16.1). Its sole fu nction is to d ecompress the 

bowel of gas; it is ina ppropriate fo r diversion of the 
faecal stream. C.lecostomy is rarely used now because 
the s tomo frequen tly becomes blocked wi th faeces and 
requires regu lar irriga tion to maintain patency. 

loop stoma 

This type of stoma is designed so that both the proxima l 
and d is tal segments of bowel drai n on to the skin su rface 
(see Fig. 20.16b). This deflects proximal effl uent to the 
ski n surface and provides a 'blow-off' valve for the d istal 
loop. Si nce the distal loop no longer has any functioning 
cap.:1ci ty, such stomas are often described as defunctioning 
stomas. They arc used mainly as a temporary meosure. 

A loop of bowel (usually term inal ileum) is brought 
through (\ single ski n aperture and held above the ski n 
surface by a 'bridge' of plastic rod . An incision is thell 



made in Ihe side of the exteriorised loop to open both 
proximal and distal loops. The bridge is usually removed 
after about I week. When the stoma is dosed, weeks or 
months later, the bowel is dissected from the skin, the 
bowel incision closed or a section of bowel resected, and 
the loop dropped back into the abdomen. The m05t 
common fonn of loop stoma is the loop ileostomy; 
occasionally a loop transverse colostomy is used. Both. 
are usually sited below the waistline on the right. The 
former is smaller and easier to manage and therefore 
preferable. 

A variant of the loop stoma is used if complete and 
prolonged dcfunctioning is required. The proxima l colon 
is brought to the skin and opened as usual and the distal 
end is oversewn and SU hlred to the abdominal wall just 
under the skin ncxt to the open proximal end. This 
allows complctc dcfunclioning of the distal bowel but 
avoids the need for a laparotomy when closing the stoma 
,1S both ends are close together. This is an alternative to 
the older 'split stoma' operation in which proximal and 
distal ends were brought separately to the skin surface at 
different sites. 

Double-ende d st oma 

This is a variant of the loop stoma and is used if 
complctc and prolonged defunclioning is required. The 
'bridge' is fash ioned from a pedicle of abdominal wall 
skin, which remains in place until the stoma is closro. 

Split stoma 

This is the ultimate form of defunctioning stoma which 
is now rilrely used, having been superseded by the loop 
stoma. The bowel ends are completely divided . Both 
proximal and distal ends are brought separately to the 
skin surface, the proximill one as an end stoma which 
P.1SSCS stool into a stoma appliance; the distal defunctioncd 
end produces a little mucus and is termed a mucous 
fislu la. 

Sing le e nd s toma 

This type of stoma is mosl commonJy used to 'resite the 
anus' on to the abdominal wall and is a permanent 
stoma. It may be employed as an ileostomy after pan· 
proctocolectomy or as a colostomy after removal of the 
rectum and anal sphincter (i.e. abdomino-perineal resection). 

Hartma nn's p rocedure 

This technique is increasingly used after cmergency 
resection of rectosigmoid lesions where primary anas· 

Colorectal polyps and can: inoma 

tomosis is inadvis.1ble because of obstruction, inflammation 
or faecal contamination. Hartmann's procedure may also 
be used in frail or debilitated patients. The lesion is 
resected, the proximal loop is made into an end colostomy 
and the distal remnant closed with su tures or staples (see 
Fig. 20.160. The residual rectum is thus completely 
defunctioned but its secretions still pass through the 
anus. Several months later, when local inflammation has 
resolved, the bowel may be reconnected. TIle development 
of circular stapling instruments has simplified 
reconnection and is the main reason for the increasi ng 
use of Hartmann's operation. The colostomy is identical 
to the end colostomy employed after an abdomina
perine<ll resection. The colostomy is so well tolerated 
that some patients prefer to keep it permanently ra ther 
than undergo another major operation. 

Double -barre lled colostomy 

The term double-barrelled colostomy does nol apply 10 
any of those described above, but W,1S applied to the 
sloma resulting from the old Pa ul-Mikulicz operation, 
now rarely used (see Fig. 20.1 6c). This operation enabled 

Table 20.2 Complications of ileostomy and colostomy 

Complication Treatment 

Early complications Reoperoltlon and refashlonlrlg of 
Mucosal sIoughmg Of the '>Ioma 
necrosIs of the terminal 
bowel due to ISChaemia 

Obstruction of stoma due to Exploration With a gloved finge!" 
oedema or faecal impaction and sometimes glycenne 

suppoSltones or softening enemas 

Persistent leakage between May respond to 5toma nursing 
skin and appliance causing care or require a resllmg 
slo::ln erosion and patient operol lion 
distress, often due 10 
mapproprklte locatIOn of 
stoma (e.g. over skin crease) 

Late complicat ions 
Proopse of bowel Refashioning of stoma 

Paraslomal hernia due to Resiling of stoma 
abdommal wali.....eakness 

Parastomal fistula Refashioning of stoma 

RetractIOn of 'spout" Ileostomy Reoperation and refashioning of 
a new ileostomy 

Stenosis of stomal orifICe Refashioning of stOfl"\il 

PerforatlOfl after colomc Emergency operation 
Itrlgallon 

Psychological and May require counselling or 
psychosexual dysfunction measures 10 reverse stoma 

2 
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s,,1fe rese<:tion of proximal s igmoid or descending colon 
where an anastomosis would have been unsafe and there 
was sufficient bowel length for both ends to be brought 
10 the skin. At the firsl operation. the lesion and nearby 
colon were mobilised so it cou ld be brought completely 
outside the abdominal wall (exteriorisation). The two 
limbs of the loop were su tured together for about 10cm 
deep to the abdomina l wall to resemble a double-barreUed 
shotgun and the eXleriorised bowel was cut off flush wilh 
the skin leaving a double slOma. La ter. the spur between 
the two stomas was crushed using an enlerotume and the 
colostomy gradually dosed spontaneously. The operation 
had the advantage that a major laparotomy was not 
required to 'reverse' Ihe procedure and dose the stoma, 
unlike a Hartmann's operation. In most cases, however, 
the dislal bowel was too short to rea ch the skin . 

IRRIGATION TECHNIQUE FOR MANAGING A 
COLOSTOMY 

An ileostomy tends to work continuously during the day 
whereas a colostomy is interm ittent. Some patients with 
a colostomy prefer to d ispense wi th a stoma bag by 
using a tcchnique of colonic irrigation. Once every few 
days Ihe patient passes a litre or more of water inlo the 
colostomy via a Specia l spout; then the water is allowed 
to d rain out, with the aim of emptying the enti re colon. 
Once this has been done the stoma is covered wi th a dry 
dressi ng and a s toma bag is not net'ded until the next 
irrigation. 

COMPLICATIONS OF COLOSTOMY AND ILEOSTOMY 

These are summarist.-'d in Table 20.2. 
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INTRODUCTION 

The term inflammatory bowel disease is usually used to 
describe two chronic remittent bowel disorders, ulcerative 
coli tis and Croho's disease, which are described in the 
bulk of this chapter. These disorders share many patho
physiological and clinical features. Both cond itions usually 
prf'SC'nt with chron ic diarrhoe.l, bu t recurrent bouts of 
abdomi nal pai n afe peculiar to Crohn's d isease. Medical 
and surgical gastroenterologists working as a team help 
to obl.,in the best outcomes. Most patients can be 
managed on an olllp.:llieni basis but acute exacerbations 
or com plications often necessitate hospitill admissiOll. 
Surgery is U!;ually indicated when medical ma nagement 
has failed or when complications such as fulminant 
col itis, obstruction, hnemorrhage or perforation occu r. 

Ulcerative colitis and Crohn's disease are relatively 
common in developed countries but they mu st be 
distinguished from parasitic infestations which also 
cause chronic inflammation of the large bowel. Infes· 
lations such as amoebiasis and giardiasis are common 
in developing countries and may be contracted by 
overseas travellers; they are described briefly at the end 
of the chapter. Ischaemic colitis is included here but 
antibiotic-associated co litis is covered in Chapter 47. 

EPIDEMIOLOGY AND AETIOLOGY OF 

INFLAMMATORY BOWEL DISEASE 

The aetiology of the inflammatory bowd discases re-
mains obscure despite extensive epidemiological, clinical 
and laboratory research. Ulcerative colitis and Crohn's 
disease are considered to be separa te entities but a clear 
distinction cannot be made in 10-15% of cases; this is 
termed indeterminate colitis. The diseases may sha i"L' 

some aetiological factors or even represent different facets 
of the s.,me disease. 

Despite problems of reliable diagnosis, epidemiological 
studies indicate that ulcerative colitis and Crohn's disease 
are rel<ll ively common in the developed com munities of 
Western Europe, North America, Australasia and South 
Africa . The incidence appears to be much lower in 
Sout hern and Eastern Europe and Japa n. The diseases 
are rare in most of Africa, Asia and South America. In the 
West, the incidence of Crohn's disease appears to have 
increased over the past 50 years, while ulcerative colitis 
has rema ined s tatic or has even declined. 

Most C<lSl."S of inflammatory bowel disease develop in 
the lote teens and twenties with little difference between 
males and females. Social class seems to be irrel evant as 
doc'S urban verSllS rural living. In the USA, white people 
are three times more susceptible to ulcera tive coli tis than 
black people and five times more susceptible to Crohn's 
disease. 

A wide variety of d ietary factors, infective agents and 
immune responses have been proposed for the aetiology 
of inflam m<ltory bowel diseases bu t none has been 
dearly implicated . There is a familial incidence, with 
6-8% of p<, tients with ulcerative colitis and abou t 20% of 
those with Crohn's disease having first·degree re latives 
wit h the same condition. There is a high concordance of 
Crohn's disease in monOt:ygous twins, though this is not 
SO fo r ulcerative coli tis. One conclusion is tha t both 
conditions have a polygenetic hereditary predisposition, 
with the morc complete genotype tending to Crohn's 
disease and the less complete to ulcerative colitis. A 
genetic link between the two diseases is supported by 
the association of both conditions with a range of nOI1-
gastroin testinal disord ers of which the most common 
is ankylosing spondylitis. Pericholangitis, in contrast, 29 
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occurs common ly in ulccr.ltive col itis and occasionally 
progrt.'SSeS to sclerosing cholangitis, but is rare in Crohn's 
disease. 

Infect ion is believed to playa part in initiating some 
cases of both ulcerative colitis and Crohn's disease as 
many C,lSCS follow an acute attack of gastroenteritis. One 

ULCERATIVE COLITIS 

Ulcerillive colitis is an inflammatory disorder of the 
mucosa and subm ucosa of the large bowd. It is 
ch<lracteriscd by rccurrent acute exacerba tions and 
intervening periods of quiescence or chronic low-grade 
activity. The severity of symptoms corresponds to the 
level of d isease activity. Systemic features affect a small 
proportion of pa tients, and these inclllde anaemia, 
inflammation of joints (arthropathy) and inflammation 
of the uveal tract of the eye (uveitis and iritis). The 
disease always involves the rectum bllt often extends 
prox imally in continuity to involve a variable length of 
colon. In nea rly 20~ of cases (but only th~ with 
pancolitis), the dista l end of the ileum is secondarily 
affected; this is described as backwash ileitis. 

PATHOPHYSIOLOGY OF ULCERATIVE COLITIS 

Initially, the colonic mucosa becomes acutely inflamed. 
Neutrophils accumulate in the lamina propria and within 
the tubular colonic gla nds to form sma U, highly charac
teristic crypt abscesses. This is followed by slollghing of 
the overlying mUCos.1 to produce small superficial ulcers. 
If the infl<lmmatory process persists, the ulcers coalesce 
into extensive areas of irregular ulceration. Residu<ll 
islands of intact but oedematous mucosa project into the 
bowel lumen; these inflammatory lesions are called 
pseudopolyps (sec Fig. 21.1). The inflammation is con
fined to the mUCOs.1 and subml1cos.1, only extend ing in to 
the muscular wall and peri toneal surface in fulminaling 
co litis. 

Acute inflammatory episodes range from severa l days' 
to severa l months' dur.1 Iion. After subsiding, they recur 
months or even years later. During qu iescent periods, 
the acute inflammation resolves and the mucosa re
generates. TIle lamina propria, however, remains swollen 
by a chronic inflam matory in filtra te of lymphocytes 
and plasma cells. The colon ic glands show a marked 
Tt.'<I.uct ion in the number of mucin-secreting goblet cells, 
histologically termed 'goblet cell depletion' . 

After the disease has been present for some time, 
dysplas tic changes appear in the epithelium. After 
prolonged or repeated episodes of inflammation, the 
epithelium becomes even more dysplastic, and may 
develop adenocarcinoma. In young patients with total 

strain of [scJll',icl1in coli has been implica ted in causing 
an acute colitis very s imilar to ulcerative colitis, and it 
seems likely th;\t other organisms, as yet unidentified , 
may be found responsible for initiating these acute 
inflammatory disorders. 

colitis for 10 years, the risk of developing carcinoma is 
about 5-7%. A diagnosis of ca ncer may be delayed if 
symptoms Me mistaken fo r a relapse of colitis and not 
investiga ted. Co ncers in these patients are often particu
larly aggressive. In longstanding colitis, the mucosa and 
submuCDs.1 undergo fibrosis, !"(>Suiting in loss of haustration 
and a shortened colon, the so-called lead pipe colon (sec 
Fig. 21.2(, p. 294). This has a characteristic radiological 
appearance. 

CLINICAL FEATURES OF ULCERATIVE COLITIS 

Acu te inflammatory attacks are marked by loose blood
s tai ned slools streaked with mucus. DiarrhO<'"a may be 
severe, wit h the patien t suffering up to 20 loose stools 
per day, often precL·dcd by cramping abdomina l pain. In 
many pa tients, the urge to defaecate is so precipitate that 
incontinence ensues uniL'SS a lavatory is immediately 
available. Fea r of inconti nence keeps many patients at 
home and may profollndly limit social life and employ
ment. This, rather tha n the frequency of defaecation, is 
the worsl handicap in ulcerative coli tis. 

Any attack of ulcerative colitis may be fulminant , and 
the patient may become prostrated by dehydration, severe 

Fig. 21 .1 Ulcerative colitis-histopathology 
ErOSIOn and undermining of the mucosa Mu by the Inflammatory 
process has produced typical pseudo polyps (arrowed) Inflammallon 
spares the muscte wall M and serosa S Mucosal glands show reactive 
and regenerative changes 



electrolyte disturbance and blood loss. Occasionally, the 
colon dilates considerably and eventually patchy necrosis 
occurs. The patient is systemically ill with high fever. 
marked tachycardia and dehydration. nlis process, known 
as toxic megacolon, culminates in perforation and fatal 
peritonitis unless emergency colectomy is performed. 

Ulcerative colitis is a systemic disorder sometimes 
accomp.:lnied by one or more non-gastroin testinal mimi
festations, summarised in Box 21.1. During active phases 
of the disease, the erythrocyte sedimentation rate (ESR) is 
elevated and modcmte anaemia is common. The anaemia 
is normochromic and normocytic, described. as 'anaemia of 
chronic disc<lse'. A simil<1f non-specific <lnaemia is found 
in other, chronic inflammatory disorders like rheumatoid 
disease. Both ulccr<ltive colitis <1Ild Crohn's dise<lse can 
C<luse an <1fthropathy of large joints similar to ankylosing 
spondylitis or rheumatoid arthritis; this occurs in up to 
20% of patients. Serum tes ts for rheumatoid factor are 
negative, making th is a seronegati ve arthropathy. Joint 
involvement can occur without active colitis and may 
even present before the coli tis. 

CLINICAL EXAMINATION AND INVESTIGATION OF 
SUSPECTED ULCERATIVE COLITIS 

TIle typical patient referred for investigation of suspected 
ulcerative colitis is a you ng adult who gives a history of 

SUMMARY 
Box 21 .1 Systemic manifestations of ulcerative 
colitis 
Weight los$ 
• Frequent during exacerbations 

Anaemia 
• Typica lly chronic and non-specific (normochromic, 

normocytic) 

Arthropathy 
• Sacroiteitisiankylosing spondylitis or rheumatoid-like 

arthritis, especially of large joints (approximately 
20% of cases) 

Uveitis and iritis 
• Painful red eye or eyes (approximately 10%) 

Skin lesions 
• Erythema nodosum, i.e. tender red nodules on the 

shins (uncommon), pyoderma gangrenosum, i.e. 
purulent skin ulcers (rare) 

Sclerosing cholangitis 
• Progressive fibrosis of intrahepatic biliary system 

leading to cirrhosis, progressive liver failure, 
jaundice and eventually death (rare) 
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several wt.'Cks of frequent loose slools, later streaked 
with blood find mucus. The attack often St,1Tts with an 
attack of ga~trocnteritis or traveller's d iarrhoea which 
f,li ls to settle. Careful questioning often elicits a story of 
similar previous attacks. There is sometimes a hislory of 
associated symptoms like arthropathy or uveitis. 

General examination often reveals anaemia but 
abdominal examination is usually unremarkable. Rectal 
examination, followed by proctoscopy and sigmoid
oscopy, is mmldatory to palpate, inspect and, if necess
ary, biopsy the n:.'Ctal mucosa. Other diseases of the 
rectum and anus such as carcinoma and benign solitary 
ulcer must be excluded. Ulcerative colitis always in
volves the rectum and extends proximally for a variable 
distance. Thus, diseased bowel is always accessible to 
sigmoidoscopic diagnosiS. The diseased mucosa ranges 
in i1ppcamncc from mildly hyperaemic and easily 
traumalised, to more severe involvement with extensive 
patchy ulceration. Biopsies should be taken from rep
resentative areas. Typically, blood-streaked loose faeces 
leak down into the lumen during examination. 

At least three separate fresh stool samples should be 
microscoped and cultured to exclude bacterial or parasitic 
causes of diarrhoea as these cond itions may closely 
simulate ulcerative colitis. 

Contrast radiology 

If the clinical picture and histological findings are 
consistent with inflammatory bowel disease, the extent 
and degree of colonic involvement can be assessed by 
barium enema examina tion. Radiological appearances 
are illustrated in Figure 21.2. 

Colonoscopy 

Colonoscopy, using flexible instruments up to 180cm 
long, enables din:.>ct inspection of the entire colonic 
mucosa and the taking of multiple biopsies (see Fig. 
21.3). It is a useful adjunct (or alternative) to rad iological 
examination and permits excision or biopsy of polyps or 
other suspicious k>sions (e.g. inflammatory pseudopolyps) 
to exclude malignancy. Furthermore, rolonoscopy is used 
for periodic surveillance for dysplastic change in p.:ltients 
with longstanding tola l colitis, knQ\\'n to have an increased 
risk of developing carcinoma. 

PROCTITIS 

In ulcerative colitis, the mucDS..l1 abnormality usually 
extends beyond the reach of the sigmoidoscope. Some 
pat ients with colitic sym ptoms, however, have illflam
motion confined to the lower rectum. The mucosa often 
has a granu lar appea rance and the condition is described 
as proctitis or granular proctitis. Its cause is unknown 

'h< 
2 

29: 



Section 

3 

294 

Symptoms, diagnosis and management: colo proctology 

, 
(.) 

Fig. 21 .2 Radiological appearances of ulcerative colitis 

(a) thiS 35-year-old woman presented With a 3·month history of blood-streal:ed diarrhoea and paSSing mucus per rectum. Sigmoidoscopy 
showed marked wperllCial ulceration, and hIStology of biOpSIeS coofirmed ukefatlve colitiS. ThiS barium enema show.; extenSIve ukeratlOO of the 
rectum R and lower slgrnQld colon S, although this is a subtle sign, It IS shown here ooly by fUZZiness of the bowel wall coused by barium filling 
the mucosal uker craters. The rest of the colon was normal. Ukeratr.e colitiS always affects the rectum dnd a variable amount of colon proXimal 
to It, and always In continUIty (b) Severe and Iongstdndlng ukerallve colitIS In a man 01 SO The whole colon is affected (pancolitlS) With loss of 
the normal haustral panern There IS extenSIve pseudopolyp formation, particularly in the descending and Sigmoid colon, manifest by multiple 
small fllhng defects (arrowed) Prolonged severe ukeratlOn stimulates mitotIC actMty and IS probably responsible for dysplastIC changes and 
eventual mahgndnt change in longstanding severe ukerative cohtlS. (c) and (d) 'End-stage' or 'burnl-ou\' ulcerative colitiS In a 49·year-01d offICe 
worl:er He had suffered episodiC, but not incapacitating, diarrhoea for 34 years, but presented on this occasion be<:ause of urgency and 
incontinence SigmOidoscopy showed only moderate rectal ulceration, This bonum enema shoW'S a typICal smooth, shortened 'lead pipe' colon, 
Wi th complete loss of haustration Note that (e) IS orientated in the I"teral decubitus po5ltlon He fa iled to respond to medical treatment and 
underwent proctocoleclomy and Ileostomy 



Fig. 21 .3 Colonoscopic view of ulcerative colitis 
ThIS colon IS qUiescent, WIth no evidence of current ukeratlOfl but 
InflammatOfY polyps are ~ as memorials to past severe 
InllammallOfl and ukerallOfl_ 

and its course self-limiting, though it tends to recur at 
times of stress, often a t prot racted intervals. Proctitis 
usua lly responds to short courses of local corticosteroid 
therapy but can occasionally progress into a dist,1 1 or 
even a total colitis. Colonoscopy (or barium enema) is 
required if lesions higher up the colon such as carcinoma 
or Crohn's disease cannot be excl uded on clinical 
grounds. 

FULMINANT ULCERATIVE COLITIS 

Fu lminant attacks of ulcerative colitis sometimes occur, 
with extremely frequent watery, blood-stained s tools 
and systemic illness. An attack may progress to toxic 
dilatation and eventual perforation. Urgent colectomy 
may be judged necessary to treat fulminant colitis which 
is resista nt to medical therapy or toxic megacolon. 
Fulminant bloody diarrhoea with prostration may also 
occur in infective colitis, e.g. Salmonella colitis, cholera or 
amoebiasis, and these diagnoses should be excluded by 
microbiological examination of the stool. 

Whatever the cause, patients with acute col itis require 
urgent hospital admission and resuscitation including 
fluid , electrolyte and bl<x.ld replacement. Sigmoidoscopy 
and biopsy are performed to establish the diagnosis. 
Plain abdomina l radiography is performed to monitor 
for dilatation wh ich might indicate toxic megacolon 
(defined as colonic diameter grea ter than 6 cm). In the 
absence of megacolon, plain radiogr.lphy may demon
strate other features of acute ulcerative colitis as shown 
in Figure 21.4. An urgent barium enema may be 
performed without bowel prepmation ('instant enema') 
if the diagnosis is in doubt and there is no evidence of 
tox ic dilatation on plain film. Colonoscopy is rarely 
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ind icated in fulminant cases as it carries a risk of Chi 

perforation. 2 

MANAGEMENT OF ULCERATIVE COLITIS 

The management of ulcerative colitis varies from patient 
to p.l tient and from episode to episode. The choice of 
treatment depends on the severity of individual a ttacks, 
the amount of colon involved, the extent of chron ic 
symptoms and the risk of long-limn complic,l tions. The 
treatment options for ulcer.ltive coli tis are summarised 
in Box 21.2. 

Corticosteroids 

Mild to moderate attacks can usually be controlled with 
loca lly active rectal steroid preparations once or twice 
daily. l1\ese may be in the form of prednisolone enemas 
or hydrocortisone foam. Fo.lm is more easily retained 
and appears jus l as effective as fluid enemas. Short 
courses of hjgh-dose oral corticoids are used for morc 
severe exacerbations (e.g. prednisolone 60 mg daily for 2 
weeks, phased oul over the next month). Intravenous 
administration is advis.lble in seriously iJ1 patients. 
There is no evidence that 'bowel rest' (i.e. nil by mouth) 
and total parenteral nutrition (TPN) are of any value in 
ulcera tive coljtis. Immunosuppressive drugs, especia lly 
azath iop rine, are occasionally tried in patients who fai l 
to respond to corticosteroids. 

SUMMARY 

Box 21.2 Main treatment measures for ulcerative 
colitis 
lO(al corticosteroid preparations (e.g. prednisolone 
suppositories and enemas, hydrocortisone foam) 
• Employed in all cases of active disease 

Systemic corticosteroids 
• Suppress moderate or severe exacerbations (oral or 

intravenous administration according to severity of 
disease) 

Oral (or sometimes rectal) aminosalicylate preparations, 
e.g. sulphasalazine, mesalazine or olsalazine 
• long. term maintenance therapy to minimise relapse 

Oral antidiarrhoeal drugs, e.g. codeine phosphate, 
loperamide 

Surgical removal of the colon 
- emergency operation: inCipient or actual 

perforation, serious haemorrhage, fai lure of 
fu lminant colitis to improve on medical treatment 

- elective operation: fai lure of medica l treatment, risk 
of malignancy 
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Fig. 21 .4 Acute ulcerative cotitis and toxic megacolon 
(a) This 44-year-old woman presented WIth fulminant ukerallve Co/illS. She was prostrated by frequent dl.1rrhoea and consequent electrolyte 
abnormalitIeS ThIS plain supine radIOgraph shows acute right-Sided colitiS. The caecum, ascending colon and proximal t1ans~ (Olon are affected 
In thiS area, there IS absence of the normal 'convex outward' pattern and there are thICk: fo/ds crOSSing the bowel lumen. This appearance IS (aused 
by oedema of the ba.vel wall; note the InCidental finding of gallstones GS (b) ThIS patJeflt presented in a !oImilar way but became toXIC while In 
hosplUlI undergoing Intensive medical treatment There was an Increifilng tachycardlcl, fevef artd abdominal tender~. Serial plain abdommal 
radiographs showed an mcrea~ing diameter of the left colon. This film shows the Sigmoid coloo S dilated to 10 cm and in Imminent danger of 
perforation This is k.nown as tOXIC dilatation of the (Olon; It occurs most tommonly m ulcerative colitiS and usually affects the transverse colon 

Aminosalicylate preparations 

OralS mninoS<1 licylic acid (5-ASA) preparations have 
long been employed as maintenance therapy in mild 
10 moderate ulcerative colitis to prevent relapse; they 
substantially reduce the severity and frequency of 
attacks. A range of 5-ASA preparations is now available 
including the original drug, sulphasalazine, which is a 
combination of a sulphonamide .1Ild aminosalicylic acid 
that dissociates in the large oowel to release the thera
peu tic agent 5-A5A. Other drugs in this group include 
mesalazine and 015<.1 Ia7ine. The drugs are usually well 
tolerated but may C,lUse lupoid skin rashes or rarely, 
serious blood dyscrasias. 

Other supportive measures 

Anti-diarrhoeal agents such as codeine phosphate or 
loperillllidc and bu lking agents like methylcellulosc may 
help to reduce stool frequency. 

Patients with moderately severe chronic disease 
frequently becollle ;lnoemic and lose weight, in part 
iJccause of persistent loss of protein in the stool. These 

problems may be helped by medical treatment, a diet 
high in calories and protcin, and oral iron supplements. 

Surgery for ulcerative colitis 

Surgery is required only in about 20% of patients with 
ulcerative colitis, Colectomy may be needed in the 
following: 

• Fulminant cases which fail to respond to intensive 
medical treatment 

• Acute cases which progress to toxic megacolon, 
perfora tion or haemorrhage 

• P.1tients with chronic dis.1bling symptoms of 
intractable diarrhoea with urgency, recurring anaemia 
and failure to maintain adequate weight and nutrition 

• Children with failure to thrive and retardation of 
growth (both arc exacerbated by corticosteroid 
therapy) 

• Patients with longstanding persistcnt total colitis, to 
prevent malignant change particularly if colitis 
started in childhood. Biopsy evidence of dysplasia 
strengt hens the case for surgical treatment 



As a general principle, surgery fo r ulcerative colitis 
requires removal of the entire large bowel and is curative. 
There are two surgical options: 

• l'roctocolectomy which leaves the patient with a 
permanent ileostomy after the anal sphincters have 
been rt:'movoo. This is psychologically distressing. 
especially for a young person 

• Sphincter-preserving operations which avoid a 
permanent ileostomy. In these operations, the rectal 
stump remaining after total colectomy is excised and 
a nco-rectum or il eo-a nal pouch is fashioned from 

CROHN'S DISEASE 

Crohn's disease is a chronic relapsing inflammatory dis
order of the gastrointestinal tract which predominantly 
affects younger people. About 60% of patients are under 
25 years at the time of initial diagnosis, and on average, 
symptoms will by then have been present intermittently 
for 5 years. It potentially affects any part of the tract from 
mouth to anus. The small bowel olone is affected in 50% 
of patients, the large bowel alone in 20% and both 
together in 30%. In contrast to ulcerative colitis, the 
inflammation involves the whole thicknt'ss of the bowel 
wall (transmural inflammation). The disease often affects 
one or more discrete segments of the bowel with inter
vening parts of the bowel being completely spared 
(discontinuous disease). The affected areas are known as 
'skip lesions' (see Fig. 21.9, p. 303). 

The terminal ileum is affected most commonly and 
in up to half of all cases, the disease is confined to the 
tcrminal ileum. When Dr Crohn first described the 
condition in 1932, he thought it only affected the terminal 
ileum, hence the original name 'terminal ileitis'. Later, it 
became clear that other segments of the bowel could also 
be affected. The name was thus cha nged to regional 
enteritis, a term still widely employed in the USA. As 
mentioned above, the large bowel is affected in at least 
30% of cases, ei ther alone or in association with disease 
elsewhere in the gastrointestinal tract. Crohn's diseose 
may also affect the perianal region, whether or not the 
large bowel is involv<c'CI. Occasionally, the disease involV(_'S 
the stomach, duodellum, oesophilgus or mouth. With 
cilcll exacerbation, previously affected or new areas may 
become involved. The disease tends to run a protracted 
and unpredictable coun.€'. 

PATHOPHYSIOLOGY AND CLINICAL CONSEQUENCES 
OF CROHN'S DISEASE 

The essen tial pathological f('ilture of Crohn's disease is 
chronic inflammation of one or morc discrete segments 
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two or more loops of terminal ileum. This was 
originally described by Parks. The outlet of the 
reservoir is brought down through the pelvis and 
anastomosed to the upper anal canal. Many patients 
have excellent continence and can evacuate the 
bowels in the normal way. In a sick patient, or one on 
high-dose corticosteroids, a tot,11 colectomy and 
ileostomy is often undertaken initially. The patient 
can then recover from the acute illness and stop 
steroid treatment before a second operation for 
completion proctectomy and iil'O-anal pouch 
formation 

of bowel with the inflammation extending diffusely 
through the entire thickness of the bowel wall. The wall 
becomes markedly thickened by inflammatory oedema, 
especiaUy in the submucosa. The epithelium remains 
largely intact but is criss-crossed by deep fiss ured ulcers. 
These ulcers, and the intervening areas of dome-shope<! 
mucosa and submucos.', give a typical 'cobblestone' 
surface appearance. 

Granulomas containing multinucleate giant cells (sec 
Fig. 21.5) are usually scilUer<.>d throughout the inflamed 
bowel wall as well as in locill lymph nodes. Although 
granu lomas are diagnostic of Crohn's disease, they ore 
not always found. Longstanding inflammation leads to 
progressive fib rosis of the thickened bowel wall. which 
encro.,ches on the lumen, producing elongated slTictures. 

Effects of mucosal inflammation 

Mucosal inflammation causes diarrhoea which, if the 
colon is involved, may be streaked with mucus and 
blood. Luminal narrowing results in partial obstruction 
which causes grumbling. colicky abdominal p.:1in. There 
may also be acute episodes of more severe pain and 
vomiting which precipitate hospital admission. Pain is a 
prominent feature in Crohn's disease in contrast to 
ulcerative colitis. 

If the small bowel is inflamed, diarrhoea occurs and 
digestive and absorptive functions may be adversely 
offect<.>d. Extensive disease results in general mal· 
absorptiun causing protein-calorie malnutrition, iron and 
folate deficiency, and anaemiil. In children, Crohn's disease 
may cause marked growth retardation. Ileal inflammation 
d isrupts bile salt reabsorption. Excess bile salts in the 
fa<c'CCS cause colonic irritation (ond more diarrhoea) while 
diminished recirculation of bile salts may resull in gall· 
stone formation. Involvement of the terminal ileum may 
also reduce vitamin B12 absorption but serious deficiency 
usually occurs only after surgica I resection. 

2 
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Fig. 21 .S Crohn 's disease a ffe cting t he colon--histopathology 

• 

" /, 
-..; ____ ~ _____ _' (b) 

(a) Inflammation has produced fissure ulcers (arrowed) whICh e~tend into the muscle wall M. lymphoid aggregates are also present and the 
Inflammatory process extends Into serosal fa! F (b) High-power View showing well-formed granulomas Wi th typICal giant cells (arrowed), enabl ing 
a con fident diagnosis of Crohn's disease 10 be made 

Effects of tra nsmural infla mmation 

Croh n's disease causes additional problems if serosal 
innammation extends to adjacent structures. If inflamed 
bowel impinges on the parietal peritoneum, p.l.in becomes 
locillised and more severe, i1nd signs of loca l peritonirs 
develop. Inde.:."Ct, Crohn's disease of the temlinal ileum 
may mimic acute appendicitis. At laparotomy, the 
terminal ileum is Sl.'€1l to be inflamL"Ct and the bowel wall 
abnormally thick to JXllpation. In this casc, the terminal 
ileum shou ld not be cxcibt.'Ct; a firm diagnosis of Crohn's 
disease can be made if other 'skip lesions' are found in 
the small bowel, if typical histological changes are found 
in excised mesenteric lymph nodes or if sma ll bowel 
barium stud ies performed later show char.l.cteristic 
lesions. Yersillia ileitis (sC<' Ch. 19, p. 273) has a similar 
clinical prcscnt<ltion but the disease is acute, completely 
reversible and confined to the temlinal ileum. 

Fulminant colonic Croh n's disease occasionally causes 
toxic dilatation which is clinically identical to ulcerathe 
colitis, butlhis prcsc.ntation is rMe. 

Serosal inflammation may cause a segment of discas;.'CI 
bowel to adhere to nearby abdominal s tructures. Several 
complications may occur if these become matted together 
by the inflammatory prOCt-'SS: 

• Adhes ions. These tough, fibrotic post-inflammatory 
adhesions are rarely symptomatic, but constitute a 
formidable obstacle if operation is needed later 

• Perforation. Free perforation is rare but a contained 
perfor<ltion may occur which causes localised 
pericolic or pelvic abscess formation 

• Fistu lae. These may develop between diseased bowel 
and ot her hollow viscera causing unusual clinical 
phenomena. For example, <I gastrocolic fistula may 
result in f"ccal vomiting; an ileorectal fistula may 
<lggr<lvate diarrhoea. Entero-vesical fistulae cause 

severe urinary tract infections and pneumaturia 
(pass.l.ge of 'soda-w.l ter' urine), and fistulae between 
bowel and uterus or vagina lead to vaginal passage of 
faeces. Entero-cu laneous fistulae between bowel and 
skin QCC.lsionally develop as a complication of bowel 
resection fo r Crohn's disease 

Peria nal infla mmation 

Peria nal inflamm<llion is common in Crohn's disease. 
Symptoms include recurrent perianal abscesses, charac
teristic blueish, boggy 'piles' (see Fig. 21.6) and antero
lateral anal fissures. The last two are quite distinct from 
ordi nary haemorrhoids and posterior anal fissures. 
Multiple fistulae common ly develop between rectum 
and perianal skin. These are sometimes so numerous as 
to cause il 'pepper-pot' or 'wa tering-can' perineum (see 
Fig. 21.7). Par<ldoxically, this is more often associated 
with small bowel disc<lsc than colorcctal disease. 

Syst e mic features 

Like ulcer<ltive colitis, Crohn's disease is a systemic 
disorder and has a similar r<lllge of non-gastrointestinal 
manifestations (see Box 21.1 , p. 293). It is common for 
p.,tients to feel generally ill during an arute at tack, in 
contrast to ulcerative colitis. Speci fi c systemic fea tun..~ 

.l.ffeet ing skin, joints or the eye are relatively uncommon 
and not nccess.,rily related to intestinal disease activity. 

SYMPTOMS AND SIGNS IN CROHN ' S DISEASE 

Symptoms of Crohn's disease Ciln be similar to thoS(' of 
uicer,ltive colitis, particu larly when the large bowel is 
involved (see Table 21.1, p. 302). Diarrhoea is usually 
less distressing and less likely to contain blood. Other 
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Fig , 21 ,6 Crohn's 'piles' 
This appearance IS typical of (mhn's 'piles' They are pale and 
oedemalous In contfastto ordinary haemorrhoids 

char.lcteristlc symptoms of Crohn's disease include cramp
like Clbdominal pain, weight loss and general malaise, 

Physical examination may reveal generalised wasting 
and anaemia and sometimes other features like arthro
pathy, On abdominal examination, there may be areas 
of tenderness, an inflammatory mass or the scars of pre
vious surgery. The pcrianal skin should be examined for 
fissures, fistulae, Croh n's 'piles' or s tenotic scarring from 
previous disease. Diseased recta l mucosa, with its typical 
finn surface nodularity, may be felt on digital examination. 
Sigmoidoscopic examination is usually normal but there 
may be mucosal oedema if the rectum is involved. In 
more severe cases, the typical 'cobblestone' appearance 
with fissured ulceration may be seen. Biopsies may be 
positive even when tile mucosa is apparently normal. 

APPROACH TO INVESTIGATION Of SUSPECTED 
CROHN'S DISEASE 

Investigation of suspected Croh n's disease is simila r to 
that for ulcerative colitis in TCSpt.."Ct of the large bowel, 
but follows a different pattern when there is suspected 
small bowel disease. 
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Fig. 21.7 Multiple anal fistutae in Crohn's disease 
This 30·year.old woman had 5e'o'eral 'skip leSions' of (fohn's disease in 
her small bowel and was troubled by recUfrent perianal sepsis. This 
photograph shows a typICal 'pepper-pot pefilleUm', with several 
fistulous openings (arrowed) seen around the circumfefence of the 
anus. Anal skin tags are also VISible 

Isotope scanning using radioactive indium-labclk>d 
white blood cells is useful as an initial assessment of the 
extent of disease and indicates which parts of the bowel 
to examine radiologica lly. Abnormali ties on barium 
enema may be difficult or impossible to distinguish from 
ulcerative colitis. The definitive diagnosis in these p.lticnts 
may depend on histological examination of a surgical 
speci men or a clinica l course characteristic of Crohn's 
disease, 

Barium 'foUow-through' is the traditional method of 
exa mining the sma ll bowel but is being supplanted by 
'small bowel enema'; the latter, despite its name, is 
performed via the oral route, and involves the controlled 
instillation of barium into the duodenum through a 
nasogastric tube. Typical radiological appeara nces of 
Crohn's disease include narrowing of the lumen due to 
mural oedema and fibrosis, nodularity and cobblestoning 
of the mucosal surface, deep fissured ulceration extending 
into the muscular wall, spiky 'fOS(> thorn' ulcers and 
possibly evidence of fistula formation. Radiological 
cha ngL'S in small and large bowel are shown in Figure 
2 1.8. Colonoscopy may enable a histological d iagnosis to 
be obtained in colonic disease. 295 
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.... _ ......... ___ .i.I; ...... __ .... (d) 

Fig.21.8 Radiologial appearances in Crohn's disease 
(a) ThIS man of S 1 had recurrent attacks of colicky abdominal pain, With dl<lrrhoea and loss of weight This barium follow·through examinatIOn 
shows one of the characterlstK radiologICal appearances of Crohns di5ea5e. The lerminailleum IS extremely narrowed by InflammatIOn of the 
whole wall thd:.ness (arrowed); thiS is known as the 'stnng SIgn of Kantor' and causes the symptoms and Signs of partial obstrucuon. This film 
also shows dilatatIOn of small bowel 58 proximal to the stncture (b) ThIS man of 48 presented With 8 months of diarrhoea and feeling generally 
unwell The barium enema shows Crohn's disease of the (aecum C, "ansverse colon TV and splef1K flexure SF The descending colon and Sigmoid 
are normal Here, the features of Crohns disease are dlsconllnuous skip lesions With normal bowel between, a ragged luminal outline due to 
ulceratIOn, and loss of haU5tration. (c) Double contrast barium enema In a 28·year·old woman who complamed of 8 months' history of recurrent 
abdommal pains and diarrhoea. She had not lost weight. This film shows a 'ragged' segment in the sigmoid (olon With narrowmg and 'rose 
thorn' ulcers T, better seen in the dose up ~iew in (d), In both Views, contrast is ~islble outSide the coion (arrowed) In fact, this is in small bowel 
because of a fistula between colon and small bowel. 

(b) 



MANAGEMENT OF CROHN'S DISEASE 

Drug therapy is the mains tay of treatment for Crohn's 
disease but surgery is usually required in patients with 
chronic obstructive symptoms. Medical treahnent employs 
a s imilar range of drugs to that used for ulcerative 
colitis, including oral prednisolone and aminosalicylate 
prep<,rations (S·ASA); sometimes the antimetabolite aza
thioprine is used as a steroid-sparing agent in extensive 
small bowel granulomatous disease. High-dose oral corti
costeroids (30-60 mg daily for 2-3 weeks) are used to 
induce remission in acute attacks of Crohn's disease, New
generation s teroids such as budesonide are destroyed in 
the first pass through the liver and in principle, deliver 
topical anti-inflammatory effects to the small bowel 
without the adverse systemic effects. Such treatment is 
useful in mild to moderate Crohn's, as are the 5-ASA 
prepMations, e.g, sulphasalazine, Al'y of these drug treat
ments can be effective for acute attacks but maintenance 
therapy conveys no additional benefits. 

Topical steroid enemas and foams are of some benefit 
in acute distal colonic disease but have little value in 
perianal disease. In the latter case, secondary bacterial 

Chronic inflammatory disorders of the bowel 

infection is probably responsible for much of the pain and 
purulent discharge. Treatment with oral metronidazole 
for 1- 2 months often helps to alleviate symptoms. 

Anti-diarrhoeal drugs and bulk-forming agents may 
help to control fluid s tools and urgency, Supportive 
treatment is often required for complications such as 
anaemia and malnutrition, 

Dietary modification has become an established treat
ment for the long-term management of Crohn's disease 
to prevent acute exacerbations without risking the side 
effects of dmg treatment and reducing the need for surgery, 
There is some evidence that intolerance to certain foods 
plays a part in provoking <lcute attacks, and acute attacks 
can often be settled by restricting intake to elemental 
diets, Later, certain food groups can be reintroduced one 
at a time to determine whether any particular group 
exacerbates the inflammatory process. Some patients can 
be maintaim.'CI on a limitt.'CI diet for years without recourse 
to medication or surgery, However, in a disease with 
rel<l p5CS and remissions like Crohn's disease, proof of 
benefit c"n be hard to obtain , 

Fig . 21.9 Appearances of Crohn's colitis 

Ie) 1.. ____ .;;;;;... ____ ...;.,;. ______ .. 

(a) This is a typical CoionOSCOPIC VIM of fkxid Cmhn"; 
COlill$. Note the nodular appearance producing a 
'cobblestone' surface With lInear ukers belweefl the 
nodule, seen more clearly In (b) (b) Spe<:unen of Crohn"; 
colon from another patient wilh similar symptoms_ Here 
'aphthous type' ulcers are clearly VISlble. (e) ThIS subtotal 
colectomy specimen was removed from a man of S4 with 
a long history 01 weigh t lem, diarrhoea and abdominal 
pain . There are three 'skip lesIOns' typical of (rohn's 
disease, In the ascending colon. the transverse colon ond 
the hepatIC fl e~ ure shOWing thICkening of the wal l, 
cobblestone mucosol surface and narrowing of the lumen 

Ch. 

2 

Ib) 



Seaion 

3 

302 

Symptoms, diagnosis and management: coloprodology 

Table 21.1 Comparative feiltures of ulcerative colitis and Crohn's diseilse 

Ulcerative colitis (rohn's dC;'=':,:,,'-_ _____ _ 
Pathology 
Inflammation Recurrent acute inflammation with Intervemng ChrOniC relaP\ing Inflammation 

qUiescent phases 
Genefal dlstnbutoo 
Rectal invoWement 
Ileal involvement 

Continuous Involvement of affected part of colon 
AlwaY5 

Skip lesions In any part of gasrrointe5tlnal tract 
About 25% 

Backwash ileitis only 

Mucosa only 

Involved in 80% of cases; exclusIVe 10 Ileum in 50% 
of cases 

Transmural, Including serosa Depth of walllnVOived 
MU(osal changes Wlde5pre<id Irregular superficial ulceration With or 

without pseudopolyps 
Fissured ulceration causing 'cobblestone' 

appearance 
Granuloma formation 
Mesenteric adenopathy 

Fibrosis of wal l 

Absent 
Reactive hyperplaSia only 

Minimal 

CharacteflstK but not always present 
Lymph nodes often enlarged; grilnulomas may be 

present 
Marked 

Main clinkal feature s 
Diarrhoea 
Rectal bleeding 
Abdominal pain 

Severe during acute attacks, often cauSing Incontinence 
Very common 

Less prominent 
Less common 

Mild cramping 'pre-defae<alion' pain with diarrhoeal 
attacks 

DomlOant feature-persistent or grumbling palO 
With severe acute attacks 

Abdominal mass 
General debility 

Complications 
SttlC!ures 
Fistulae 
A~1 and perianal lesions 
Masslve haemorrhage 
IntestlnalobstNctlon 
PerfOfatJOn 

TOXlC megacolon 
Malignant change 

Management 
Local 5terOld~ 

No 
Unusual 

.... .... 
Uncommon 
Occurs In fulminant disease .... 
ComplicatIOn of tOXIC megacolon 

May occur in fulminant attacks 
High nsk With severellongslandlrtg dl5easE' 

All active disease 
Severe exacerbations 
Long·term maintenance 

Relatively common 
Characlenstic 

Common and often multiple 
Common 
Common 

.. " 
Incomplete obstnKtion IS common 
Free perforatlO1l rare but perfor.:ltlon causing local 

abscess formatIOn or Internal fistula common .. " 
Low fisk 

Le5S effective 
Severe exacerbations 
Less effe<tl ve 

SY5temlc sterOids 
Amlnosahcylates (5·ASA) 
Immunosuppressives 
Surgery 

Occasionally In Inlractable cases- 'sterold sparing' 
Uncommon-usually in longstanding disease 10 

Rarely effectlV{! 
Commonly reqUired 

prevent malignancy or in fulminant colitis 

THE ROLE OF SURGERY IN CROHN' S DISEASE 

Su rgery plays a larger part in Crohn's disease than 
ulcera tive colitis but no matter how much bowel is re
movcci or subjected to stricturoplasty, it does not influence 
subsequent recurrence elsewhere, 

The main indications for surgery may be summarised 
as follows: 

• Acute exacerlxttions unresponsive to steroids 
• Acute complications, e.g. abscess, perforation, major 

haemorrhage 
• Persistent loe.,l He.,1 disease 
• Intolerable long-term obstructive and other 

symptoms, e.g. abdominal pain, perianal disease, 
gener.,l ill-health 

• Entero-<utaneous fistul.,e and symptomatic internal 
fistulae 

The choice of operation depends on the s ite and extent of 
disease. The former belief that aU d isease must be 
resected has been ab.lndoned. Surgery for multiple small 
bowel strictures now involves multiple s tricluroplastics, 
a technique of enlarging the lumen of diseased bowel 
without losing potential absorptive length. [f the d isease 
is limited, resection of the diseased segment wi th a small 
margin of normallissue may be performed, followed by 
end-to-end anastomosis. About 50% of patients with 
terminal Heal disease develop further lesions elscwhere 
after initial resection. If ileal Crohn's disease is found 
incidentally at appendicectomy, the affected segment is 
bcstleft alone. For large bowel disease, the entire colon is 
generally removl..,j (pan-proctocolectomy with ileostomy). 
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This is because there are usually several colonic 'skip 
lesions' and recurrence is likely. A bJjnd rectal stump 
may be left in situ if unaffected by disease in order to 
reduce the extent of the operation. Pouch procedures are 
not recommended because of the risk of recurrent 
disease in the small bowel. 

Recurrent disease often necessitates further surgery. 
Abscesses aTC usually treated by sim ple drainage with 
resection of the affected bowel at the same time or later. 
Fistulae between abdominal viscera are treated by re
moval of the diseased bowel. In contrast, entero-cutaneous 
fistul<lc, usually a complication of recent surgery, are a 
more formidable problem since they are often associated 
with complicating factors like il1tra~abdominal sepsis. 
gross fluid and electrolyte nbnormalities, and a hyper-

Chronk inflammatory disorders of the bowel 

catabolic state. Patients with entero-cutaneous fistulae 
require intensive medical care and strategic surgical 
intervention before definitive treatment of the fistula is 
possible. 

Intestinal byp.., ss operations leaving inflamed segments 
of bowel in situ were popular at one time for Crohn's 
disease. The rationale was that diseased bowel would 
heal once 'rested'. The results and complications, including 
blind loop syndromes, were much worse than for re
section and the technique has been abandoned in favour 
of resection or stricturoplasty. 

A comparison of ulcerative colitis and Crohn's disease is 
shown in Table 21.1. 

OTHER CHRONIC INFLAMMATIONS OF THE COLON 

AMOEBIC COLITIS 

£/ItnIllOl'i'fl histolyticn is a protozoon parasite responsible 
for amoebic colitis. It is an endemic bowel commenStll in 
many developing countries but is also found in a few 
people in developed countries. Most of those infected 
have no symptoms but they art' all carriers. Less than 5% 
of those infected suffer amocbic colitis. In these, the 
organism invades the large bowel muCOStl, causing 
chronic relapsing sym ptoms si milar to ulcerative colitis 
or Crohn's disease. Encysted parasites are shed by carriers 
in their faeces and infection is readily transmitted to new 
individuals via contaminated hands or uncooked food. 

The incidence of amoebiasis is likely to increase in the 
West as tourism exp<1nds into endemic areas. If sufferers 
are mis t<1kenly ITCi'lted with systemic steroids for inflam
matory bowel dise<1se, the result may be fatal. 

PATHOLOGY OF AMOEBIC COLITIS 

Initi.l1 penetration of bowel mucosa by the parasite causes 
sma ll surface erosions. Lateral spread from the depths of 
the crypts produces fl ask-shaped mucosal ulcers. These 
arc multiple and discrete, and are characteristic of 
amoebic colitis. Amoebae can often be seen near the edge 
of ulcers on standard histological preparations, but can 
best be demonstrated when s tained magenta by the 
periodic acid-Schiff method . The mucosa between the 
ulcers is remarkably nonnal. Large granulomatous colonic 
lesions also occur. These are known as amoebomas. 

Occasionally, ramp,1I1t invasion causes widespread 
mucos,11 sloughing and muscle wall involvement. This 
progresses to local perforation and a pericolic abscess or 
toxic megacolon leading to massive perforation and 
gencraliSl.>d peritonitis. 

In any C<lSC of amocbic colitis, amoebae passing to 
the liver in the porlal veins may occasionally produce 
hepatic abscesses. 111£.'se are usually solitary and are filled 
with reddish-brown n<->erotic materiaL said to resemble 
anchovy sauce. 

CLINICAL FEATURES OF AMOEBIC COLITIS 

TIle disease usually affects the proximal colon, causing 
colicky abdominal pain, erratic bowel habit with episodes 
of blood-stained loose stools, and right iliac fossa 
tenderness. If the distal colon is involved, the patient 
suffers chronic watery diarrhoca with blood and mucus. 
When the entire colon is involved there is generalised 
abdominal tenderness as well as systemic fcahlrcs, e.g. 
pyrexin and progress ive weight loss. A large amoeboma 
may be palp<1ble and must be differentiated from 
carcinomo or diverticular disease. 

If the patient develops an amoebic liver abscess, 
systemic features become more marked, with general ill
health and a swinging pyrexia with sweating attacks. 
There is p..lin in the liver area and an enlarged tender 
liver on p..llp..ltion. The abscess may rupture spontaneously 
into the peritone.11 cavity (causing peritonitis) or through 
the diaphragm into the chest. Secondary lung abscesses 
may then nlpture into the bronchi and the patient 
coughs up 'anchovy sauce' sputum. 

DIAGNOSIS OF AMOEBIASIS 

In developed coun tries, amoebic colitis should always be 
considered in the differential diagnosis of ulcerative 
colitis or Crolm's colitis. 

Chi 
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Amoebic colitis can be diagnosed on histology of 
biopsy specimens. Alterna tively, parasites containing 
ingested red cells can be sough t in fres h stool specimens 
or scrapings from bowel lesions; this is diagnostic 
of invasive amoebiasis. Contrast rad iology does not 
differentiate amoebic col itis from other forms of colitis. 

Liver abscesses cause serological tests for amoebiasis 
to become positive. The lesions are readily demonstrated 
by hep.1 lk ultrasound and the diagnosis is confinned by 
needle aspiration . 

TREATMENT OF AMOEBIASIS 

Metronidazo le is the drug treatment of choice, given 
orally (400 mg three times daily) or parenterally if the 
d iseClse is severe. When small liver abscesses are present, 
the dose is doubled and this may eliminate them withou t 
need for surgery. Emergency surgery is occasionally 
necesS<1fy in fulminati ng amoebic colitis or less urgently 
for large liver abscesses. 

GIARDIASIS 

Giardiasis is caused by the flage llate protozoal parasite 
Giardia lamb/ia and is an infection of small bowel. It is 
included here for convenience. Giardiasis is endemic in 
many developing countries as well as in Russia and 
other Eastern European countries. The organism thrives 
when sanitation is poor and wa ter supplies are con
tamina ted . Sporadic outbreaks of gia rdiasis sometimes 
occur in devcJoped countries but it is most often seen in 
young travellers returning from long holidays abroad. In 
Austr<l lia, na tive animals are a reservoir for Giardi(l, 
resu lting in contami nation of water courses, leadi ng to 
human infections after 'bush' camping holidays. In a 
typical attack, explosive foul -smel1ing diarrhoea continues 
for several days or a few weeks, eventually settling 
spontaneously. Less commonly, the disease may take a 
protracted course, with chronic diarrhoea, pain and 
al:xJominal distension. There may also be anorexia, 
nausea and weight loss. 

DiagnOSis is made on stool microscopy; at least three 
samples from different days shou ld be examined to 
ensure that the paraSi te is not missed. nle disease 
responds rapidly to oral metronidazole although other 
antip<1Tasitic drugs may be preferred. 

ISCHAEMIC COLITIS 

Ischaemic colitis is a condition of the elderly which 
usually presents with recta l bleed ing. The history is 
characteristic; there is a bout of cramp-like abdominal 
pai n lasting a few hours, followed by an attack of rectal 
bleeding. Usua lly the bleedi ng is dark red, often without 
faeces, and occurs one to three times over about 12 hours. 
The episode then ceases spontaneously. The differential 
diagnosis includes acute bleeding from diverticular 
disease. nle cause is transient ischaemia of a segment of 
large bowel, the splenic flexure being most vulnerable. 
Further attacks occasiona lly occur but most patients have 
no furt her trouble. Investigation by bari um enema in the 
acute stage may revea l colonic oedema in the affected 
segment (sec Fig. 21.10). A rare late compUcation is fibrotic 
strictu ring of the area originally affected by ischaemia. 

Fig . 21 .10 Ischaem iccolitis 
This 72-year-old man presented WIth a bout of severe abdominal palO 
48 houfS before thiS barium enema was performed. Soon after the 
pain, there was a Single ePIsode of fresh rectal bleeding. Thrs film 
shows typical (though eXlellSlVe) changes of acute ischaemlC collI IS, 
which characterIStically invoNed the pWXlmal descending colon. The 
transverse colon T and Sigmoid coloo S are normal. Nole the 
extremely narrovved lumen of the ischaemlC segmenl and the 
characteristic thumb;:lfInting (arrovved) caused by mucosal Of"dema 
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Irritable bowel syndrome, chronic constipation and 
diverticular disease all arise from disordered peristalhc 
function and are largely attributable to a modem highly 
refi ned diet. These cond itions could be regarded as 
endemic in developed societies. They make considerable 
demands on the lime of family practitioners, physicians 
and surgeons, yet they are largely preventable. A hundred 
years ago, they were largely unknown in the West (apart 
from the obsession with constipation), as they still aTC in 
many rural commun ities in developing countries. 

Apart from symptoms needing treatment, the main 
surgical importance of these conditions is that they must 
be distinguished from large bowel cancer. 

The large bowel condi tions mentioned above have 
several symptoms in common: 

• Intermittent attacks of abdominal pain 
• Erratic bowel habit 
• Abdominol blooting and passage of excessive flotus 

Sigmoid volvulus is an acu te condition resulting from 
massive chronic dilat,1tion of the sigmoid colon and 
consequent twisting of the sigmoid loop on a narrow 
mesentery. In Western countries, it is seen mainJy in the 
elderly and p<,ticnts with learning difficulties or menta l 
illness. In developing countries, it is common in areas of 
very high fibre intake. 

MODERN DIET AND DISEASE 

EPIDEMIOLOGICAL OBSERVATIONS 

Little scientific ouention was paid to diet-related discosc 
until the 19705 olthough Gaylord Hauser had written on 
the subject in the 19305. [n the 19705, the ideas of Surgeon 

Captain T. L. Cleeve, a Royal Navy physician, and later 
the remarkable epidemiological observations of Denis 
Burkitt, a long-time missionary surgeon in Africa, began 
to be published. Now the subject of diet is not only 
respcct.lble in surgical circles but has made enormous 
contributions to the understanding and management of 
many common diseases. Diseases such as irritable bowel 
syndrome, divertiOllor disease, appendicitis and rolorectal 
cancer, which are common in Western society, are largely 
unknown in the developing world and this difference 
is almost certo inly reloted to diet. Thus, it follows that 
a dietary history is important in evaluating patients 
with these conditions, and dietary change is often a 
fundamental part of their management. 

Over millions of years as 'hunter-gatherers', humans 
subsisted on a staple diet of vegetables and fruits, grains, 
legumes and nuts, su pplemented by small quantities of 
meat and fish. The human gastrointesti nal and metaix.>lic 
systems are thus perfectly adapted to that diet. During 
the brief period of the last 100 years, the average Western 
diet has changed dramatically, largely due to affluence, 
fashion, convenience and food processing. Since the 
1980s there have been similar trends in the more 
prosperous parts of developing countries, particularly in 
the cities. The modern diet compared with the hunter
gatherer diet contains many more calories. These are 
largely in the form of refined carix.>hydrates and fats, 
especially s.,turated anima l fats. Equally important, the 
modern diet contains far less unabsorbable fibre residue. 

MECHANISMS OF DISEASE CAUSED BY MODERN DIET 

While the increase in calories and nutrients has brought 
many benefits, just as many problems have arisen. The 
modern diet has had an adverse effect 011 both bowel 
function and metabolism, particularly of lipids, and this 30 
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has led to a multiplicity of disorders. The ways in which 
modem diet may induce disease and dysfunction are 
outlined in Box 22. 1. In relation to diseases of the bowel, 
the most important factors are faecal volume and 
consistency and gastrointestinal transit time. The average 
Western adult passes between 80 and 120g of firm stool 
each day with a transit time of about 3 days. Transit time 
can be as long as 2 weeks in the elderly. In contrast, rural 
dwellers in the developing world, with a diet similar to 
that of the hunter-gathcrer, pass between 300 and 800g 
of much softer stool each day with an average transit 
time of less than a day and a half. 

INCREASING DIETARY FIBRE CONTENT 

An essential part of managing many bowel conditions 
and preventing others is a substantia.l increase in daily 
dietary fibre intake. Box 22.2 lists the readily available 
foods with a high fibre content which can be eaten 
regu larly with little effort or extra expense. Increasing 
the fibre content of the normal diet almost inevitably 
leads to reduced consumption of refined carbohydrates 
and saturated anima l fats and lower total energy intake. 
Patients should be advised to introduce dietary fibre 
gradually as a sudden increase is likely to cause abdominal 
discomfort and distension and increased pn:x:Juction of 
flatus. Bulking agents (ispaghula husk preparations) can 
be taken in the early stages to achieve a rapid result 
while aVOiding these unpleasant side effects. 

IRRITABLE BOWEL SYNDROME 

Irritable bowel syndrome (lBS) has only been accepted 
in recent years as a pathological entity although the 
symptom complex has been described in the past unde r 
other names s uch as 'spastic colon'. The cond ition is 
very rommon, particularly in young and middle-aged 
women. 

QJNICAL FEATURES OF IRRfTABL£ BOWEL 
SYNDROME 

The patient typically complains of episodic 'cramping' 
abdominal pain occurring at any time of day and lasting 
from about 15 minutes to several hours. The pain is un
related to meals or other provoking factors. It may occur 
anywhere in the abdomen but tends to occur peripherally, 
i.e. in either iliac fossa or the epigastrium, and usually 
recurs in the same general area in anyone patient. 

Symptoms occur daily for wt..>eks al a time and then 
resolve for weeks or months, only to return later. The 
patient may recognise that symptoms are worse at times 
of stress and are absent during weekends and holidays. 
The pain may provoke an urge to open the bowels and 

KEY POINTS 

Box 22.1 Mechanisms by which refined diet may 
cause disease 
Slowed gastrointestinal transit time 
• Increases duration of contact between stool and 

bowel mucosa; this increases duration of contact of 
carcinogens, predisposing to colorectal cancer 

Increased intra-abdominal pressure due to straining at 
stool 
• Obstructs venous return making haemorrhoids and 

varicose veins more likely 
• Predisposes to hiatus hernia, inguinal hernia and 

rectal prolapse 

Reduced bulk and more solid consistency of faeces 
• Make peristalsis less effective and constipation more 

likely 
• Increase intraluminal pressure predisposing to 

diverticular disease 
• Hard stool increases friction, causing anal fissure and 

perhaps haemorrhoids 
• Small stool bulk increases concentration of 

carcinogens 
• May contribute to pathogenesis of appendicitis by 

obstructing appendiceal orifice 

De<reased loss of bile salts in the faeces 
• Increased bile salt pool predisposes to gallstone 

formation 
• Increased bile salts in lumen may result in formation 

of carcinogens 

Changes in bacterial flora of the bowel 
• May result in formation of carcinogens 
• May be implicated in appendicitis 

Increased refined carbohydrate intake 
• Predisposes to diabetes 
• Contributes to excess calorie intake causing obesity 

tncreased dietary fat intake, particularly saturated 
animal fats 
• Predisposes to atherosclerosis 
• Predisposes to gallstone formation 
• Contributes to excess calorie intake and obesity 

Increased absorption of dietary fat because of reduced 
binding by fibre 
• Increases fat absorption and blood lipid levels 

Obesity 
• Weakens abdominal wall muscles predisposing to 

hiatus hernia, abdominal wall hernias and vaginal 
prolapse 

• Predisposes to thromboembolism 
• Contributes to musculoskeletal and joint disorders 
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KEY POINTS 

Box 22.2 Foods with a high fibre content 

• Whole-grain and bran-enriched breakfast cereals, 
e.g. muesli, All-Bran, Weetabix (not cornflakes, 
puffed rice, etc.) 

• Wholemeal bread (not white or 'brown') 
• Other wholewheat products, e.g. wholewheat pasta, 

wholemeal pastry, digestive biscuits 
• Other whole grains, e.g. brown rice, cracked wheat 
• Pulses of any kind, e.g. haricot beans (including 

canned baked beans), kidney beans, chick peas, 
other dried beans and lentils 

• Potatoes (skins should be left on) 
• Unpeeled fruit and vegetables (actually low in fibre 

compared with grains and pulses) 

evacuat ion may bring some relief from the pain. An 
erratic bowel h<lbit is a characteristic feature of irritable 
bowel syndrome. Passage of loose stools alternates with 
constipation, with sma ll hard stools described as looking 
like rabbit pellets. Patients may also complain of ab
dominal distens ion and excess natliS. 

PATHOPHYSIOLOGY AND AETIOLOGY OF IRRITABLE 
BOWel SYNDROME 

The p.1.thophysiology of irritable bowel syndrome is 
fXXlrly understood but a low-fibre diet seems to playa 
major p.1rt. Colon ic motility studies in th~ patients 
show abnormal rises in intraluminal pressure and 
disordered peristalsis resulting in segmenting, non
propulsive contractions. The sma ll volume of faeces 
(because of little residual fibre) thus becomes excessively 
dehydrated and fragmented. Food intolerance (wrongly 
ca lled food allergy) has been found to playa part in a 
proportion of patients with irritable bowel syndrome. 
The three common culprits are dairy products, gluten 
and wheat, and exclusion of these items can produce 
dramatic improvements. Some patients with irritable 
bowel syndrome appear to be hypersensitive to gut 
distension and their symptoms may be exacerbated by a 
high-fibre diet. These patients in particular may benefit 
from a low-fibre diet with the addition of methylcelllliose 
fibre substitutes which do not ferment, e.g. Celevac. Thus 
the p.1ticnt avoids ronstip.1.tion without the usual fermen
tation associilted with a high-fibre diet. 

Air swallowing (aerophagia) may also ca use similar 
symptoms of bloating and discomfort and can be treated 
by physiot herapy. Psychological factors are probably 
important in some cases; these patients tend to be tense 
and introspective. Perhaps the condition represents an 
imbalance in intestinal hormonal and autonomic control 
.,jid£R'Ib, both centrally and locally mediated. 

Disorders of large bowel dynamks 

MANAGEMENT OF IRRITABLE BOWEL SYNDROME 

There is no Specific lesl for irritable bowel syndrome. 
Diagnosis is made on the b.1sis of a typirnl history after 
exclud ing other disorders and often after a trial of treat
ment. In Ihe young p.1.tienl, where carcinoma is unlikely, 
abdominal and rectal examination (prob.1.bly including 
sigmoidoscopy) is all thai is required. These will be 
normal except perhaps for mild tenderness in the are.1. of 
pain. In a patient over the age of SO, the diagnosis of 
irritable bowel syndrome is unlikely and carcinoma and 
diverticular disease must be excluded by sigmoidoscopy 
and barium encma or colonoscopy before it can be 
accepted. 

Treatment involves reassurance, adjusting the diet to 
include adequate fibre, and pn."Scribing bu lking agents 
and antispasmodic drugs such as mebeverine. Codeine 
phosphate is useful as an analgesic for occasional use. 
This combinotion of treatment given early in an attack 
produces rapid relief of symptoms and confirms the 
diagnosis. There is probably little benefit in giving 
continuous treatment For selected patients, relaxation 
therapy may be useful. 

CONSTIPATION 

CLINICAL FEATURES OF CONSTIPATION 

Whether or not they regard it as a problem, many patients 
suffer from chronic consti pation. Constipation is difficult 
to define but the essence is an inability to evacua te the 
bowels with sufficient frequency, ease, completeness or 
sa tisfaction. Perception of the norm varies greatly; some 
patients insist that daily evacuation is essential whilst 
others tolerate a bowel movement only once a week. 

Constipation is often considered in two groups. The first 
is s low transit constipation where there appears to be a 
general failure of colonic propulsion. The other group 
includes patients with evacuation difficulties who are 
labelled as having an evacuation disorder. These patients 
oiten complain of incomplete rectal evacuation and the 
sens.ltion of obstructed defaecation. They are particularly 
difficult to lre,l! as the pathophysiology of the condition 
is not understood. 

From a med ical viewpoint, evacuation less than twice 
a week is abnormal. In the uncomplaining elderly, 
dcfaecation may occur much less frequently, causing 
vague discomfort and anorexia, and predisposing to 
urinary retention, incontinence and urinary tract infection. 
SeveI"C constip.1.tion may lead to faecal impaction and 
complete bowel obstruction necessitating admission to 
hospital. Faecal fluid may intermittently escape past the 
impacted faec"l mass and calise soiling, overflow in
conl'inencc or apparent ('spurious') diarrhoea. 

a 
• • 

30 
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Symptoms, diagnosis and management: (oloproctology 

Abdominal pain may be the presenting symptom of 
constip<ltion. The pain may be sufficiently severe to 
result in emergency hospital admission with suspeded 
appendicitis (usually children) or intestinal obstruction 
(usually the elderly). As many as 25% of patients in these 
age groups admitted with abdominal pain are diagnosed 
as suffering from constipation. There is no fever, tachy· 
card ia or vomiting, and signs of peritoneal inflammation 
are absent. There may, however, be mild abdominal 
tenderness. The faccally loaded left side of the colon often 
forms a palpable column which may indent on palpation 
and have a putty-like consistency. Rectal examination 
usually reveals a palpable mass of faeces, although in the 
elderly the faeces may be impacted higher up. Thus, an 
empty rectum docs not exclude constipation . 

PATHOPHYSIOLOGY OF CHRONIC CONSTIPATION 

For surgeons, chron ic constipation is mainly a problem 
of children and the elderly. Patients present both as 
emergencies and in the outpatient clinic. For general 
practitioners and gastroenterologists, constipation is more 
a problem of young women. In most cases, the cause is a 
combination of low-fibre diet, poor fluid intake, obesity, 
inactivity and persistent failure to respond promptly to 
the urge to defaecate. Long-term use of purgati ve drugs 
such as senna derivatives may have an adverse effect on 
peristalsis. Some drugs, p..,rticu[arly codeine and op iates, 
slow large bowel motility, whilst other drugs such as 
alumi nium hydroxide mixtures and iron prepa rations 
solidify the stool. Consti pation is a characteristic feature 
of hypothyroidism and is also seen in hypo- and 
hyperca lcaemia. 

MANAGEMENT OF CONSTIPATION 

Diagnosis of constipation in children can usualJy be 
made on the history and clinical examination; successful 
treatment confirms the diagnosis. If chronic severe 
constipation persists in infants despite treatment, the 
diagnOSis of ultra-short segment Hirschsprung's disease 
(see Ch. 44) should be considered. In the elderly, camnom<l 
or the complications of diverticular disease should be 
excluded by sigmoidoscopy and barium enema once the 
constipa tion has been trealed. 

In severe constipation, immediate treatment involve; 
the following local measures, in increasing order of 
desperation! 

• Lubricant glycerine suppositories 
• Stimulant suppositories (e.g. bisacodyl) 
• Sma ll phosphate enemas (disposable or 'mini' enemas) 
• Stool-softening arachis oil enemas 
• Large-volume soap and water enemas (,high, hot and 

a helluva lon-rarely used these days 

• Manual disimpaction (may require general 
anaesthesia) 

• Oral sod ium picosulphate or mannitol (1 L 10% 
mannitol with an equal quantity of other fluid ) 

Many patients take a high-fibre diet but do not drink 
enough, failing to recognise that both are necessary for the 
effect of fibre to be produced. Many women fail to benefit 
from a high-fibre diet. In these patients, increasing their 
fibre even more does not improve matters. If the condition 
is not severe, then eating more figs, apricots, prunes etc. 
may solve the problem. Otherwise, a low dose of a 
stimulant laxative taken from time to time should help. 

If there is any suspicion of bowel obstruction, oral 
laxatives of any kind are contraindicated. 

Managing chronic constipation involves treating the 
acute problem as above (and see Box 22.3), followed by 
long-term prophylactic measures. Most patients should 
be encouraged to increase dietary fibre and fluid intake 
and to heed the urge to defaceate but to avoid straining. 
Bulking agents may be appropriate in the medium term. 
In chronic laxative abuse, the laxative may have to be 
continued. 

SIGMOID VOLVULUS 

PATHOPHYSIOLOGY OF SIGMOID VOLVULUS 

Patienls with longsta nding chron ic constipation tend 
to develop a cap<'cious, elongated and relatively atonic 
colon, especially in the sigmoid region. This is sometimes 
described as acquired or idiopathic megacolon. 

Occasionally, a huge sigmoid loop, heavy with faeces 
and distended with gas, becomes twisted on ils mesen-

KEY POINTS 

Box 22.3 Oral laxative agents 

• StimulanVirritant laxatives, e.g. danthron, bisacodyl, 
senna derivatives 

• Fae<al softeners and lubricants, e.g. dioctyl, liquid 
paraffin 

• Osmotic laxatives, e.g. lactulose, mixtures of 
magnesium hydroxide or magnesium sulphate 

• Proprietary preparations, e.g. Milpar (liquid paraffin 
and magnesium hydroxide emulsion), EJC-lax 
(phenolphthalein) 

• Strong laxatives for single-dose use for bowel 
preparation or very stubborn constipation, e.g. 
sodium picosulphate (stimulant), mannitol solution 
(osmotic) 

Note: bulking agents do not have a laxative effect in 
the short term 
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teric pedicle to produce a dosed-loop obstruction (see 
Fig. 22.0, If this sigmoid volvulus is not corrected, 
venous infarction ensues, followed by perforation and 
catastrophic faecal peritonitis. This full picture is un
common but when it occurs, there is often a history of 
several episodes of trans ient obstruction which probably 
represents incomplete volvulus. Some episodes of ab
dominal pain diagnosed as constipation may in fact be 
sigmoid volvulus, resolving spontaneously as constipation 
is treated. Volvu lus of the caecum, smaU bowel or stomach, 
however, is unrela ted to constipation. 

CLINICAL FEATURES OF SIGMOID VOLVULUS 

[n developed countries, sigmoid volvulus is rarely seen 
except in the elderly, those with severe learning diffi
culties and long-stay patients in menta l institutions; in 
contrast, it is very common in parts of the world where 
diet is extremely high in fibre. The patient is mildly 
unwell wit h abdominal distension and a variable degree 
of abdominal pain. There is also absolu te constipation (of 
both faeces and flatus) for at least 24 hours. On digita l 
examination, the rectum is empty but capacious. The 
abdomen is vis ibly distended and tympanitic but rarely 
tender. This is true even if the colon has reached the 
stage of venous infarction. Once perforation occurs, the 
full picture of faecal peritonitis will be evident. 

MANAGEMENT OF SIGMOID VOLVULUS 

Pla in abdominnl X-rny usually shows a single grossly 
dilated sigmoid loop, often reaching the xiphisternum 
(see Fig. 22.2). An crecl film may reveal a characteristic 
'inverted U' or 'coffee-bean sign' of bowel gas in the 
upper abdomen, with fluid levels at the same height in 
the two bowel limbs in the lower abdomen; an abdominal 
lateral decubitus X-ray may reveal two parallel fluid 
levels running the full length of the abdomen. 

If sigmoid volvulus is diagnosed, a sigmoidoscope is 
gently passed as far as possible into the rectum and a 
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fla tus tube inserted through it. The end of the flatus tube 
is then gently manipu la ted through the twisted bowel 
into the obstructed loop. If this is successful, there is a 
gush of liquid faeces and flatus, relieving the obstruction. 
The flatus tube can be left in situ for 24 hours to maintain 
decompression, discourage retwisti ng and allow recovery 
of the vascu lar supply of the bowel wa iL Despite this, 
volvulus is likely to recur later. 

If plai n X-ray and sigmoidoscopy do not confirm 
volvulus but large bowel obstruction is sti ll suspected, 
a limiled barium enemil is performed, without bowel 
preparation. This differentiates volvulus from other 
causes of obstruction such as carcinoma and diverticula r 
disease, or pseudo-obstruction. [n volvu lus, pressure 
from the bari um enema may cause the bowel to untwist, 
releasing a torrent of faC(:es and flatus. 

If a volvulus cannot be released, operation is per
formed urgently. In most cases, the bowel is still viable 
but sigmoid colectomy is often required to prevent 
recurrence. The usual procedure is to bring the Iwo 
divided ends of bowel out on to the abdominal wall to 
form a double-barrelled colostomy (see eh. ()(X)), rather 
than risk a primary anastomosis in dilated and unprep<,red 
colon. For recurrent volvulus. sigmoid colectomy or 
suturing the bowel to the abdominal wall to prevent 
""isting may be performed electively. 

DIVERTICULAR DISEASE 

Diverticu lar disease is a common condition of uncertain 
aetiology. There is evidence that it can be caused or at 
least aggravated by a chronic lack of dietary fibre but 
there is probably also il genetic element. It occurs in at 
least one-th ird of the population of developed countries 
over the age of 60. Fem,1les are affected more often than 
males. (Note thai the singu lar noun is diverticullllll and 
the plural diverliCl/la, not diverticulac; the adjC(:tival form 
is divertiClllar.) 

Fig. 22.1 Mechanism of sigmoid 
volvulus 
(a) Normal colon (b) Mega<:oIon of chronic 
conSllpiltlOn/lilX<lllve abuse--a large. floppy 
transverse colon ilnd huge Sigmoid loop 

Normal colon Megacolon of chronic 
constipation/laxallve abuse Sigmoid volvulus 

(c) Sigmoid Yolvulus shOWing a grossly 
distended flUld·fllled SigmOid colon twisted 
ilbout its narrow neck, prodUCing a 'closed· 
loop' obstrudlon. (,) (b) (c) 30 
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Symptoms, diagnosis and ma nagement: coloproctology 

PATHOPHYSIOLOGY OF DIVERTICULAR DISEASE 

In diverticular disease, the colonic muscle wall is thicker 
than normaL not because of hypertrophy but because of 
an excess of elastic tissue between the muscle fibres. This 
abnormal distribution of elastin is the most marked 
pathological abnormality and may be related to the 
pathogencsis of the disease. The functional sphincter at 
the rectosigmoid junction probably fails to relax, leaving 
a high pressure in the proximal bowel. In addition, 
hypersegmentation is the probable mechanism for the 
formation of diverticula. In this, two segments of colon 
close to each other contract at the same time, sending a 
peristaltic wave towards each other. This causes very 
high luminal pressure in short segments of the colon 
which results in pockets of mucosa herniating through 
weak points in the bowel wall. These potential defects 
occur where mUCQS<11 blood vessels penetrate the wall 
from outside, between the longitudinal musclc bands 
(taen ia coli). The s igmOid colon is the segment m()!;i 
commonly affl..'Cloo by diverticular disease and the 
condition extends for a variable distance proximally. 
Right-sided divcrticulnr disease is more common in 
Japanese, Chi nese and Polynesian races and is particu
l<lTly common in Ilawaii. In the West, isolated diverticula 

Fig. 22.2 Sigmoid ¥ol¥ulu s 
ThIS 35-year-old man WIth Down's syndrome presented WIth a 
massively swollen abdomen and total constipation (3) The clinical 
and radIOgraphic diagnosis was SIgmoid volvulus but the volvulus 
could not be rellE!Yed by gentle passage of a flatllS tube. At operation, 
(b) the hugely dIStended Sigmoid emefged from the laparotomy 
wound The loop had twisted three times around 115 narrow base and 
the colon was of doubtful Viability. This SIgmoid colon was resected 
WIthout untWIsting the volvulus 

sometimes occur alone in the caecum but these are 
probably congenital rather than acquired. 

The presence of uncomplicated diverticula is probably 
unimportant; this asymptotlw tic condition was formerly 
described <IS 'd ive rti culosis'. An individual diverticulum 
may, however, become inflnmed as n resu lt of obstruction 
of the narrow oUllet. This results in the formation of a 
diverticu lar abscess. The abscess effectively lies outside 
the bowel wall and leads to other complications described 
below. The microscopic anatomy is demonstrated in 
Figure 22.3. 

COMPLICATIONS OF DIVERTICULAR DISEASE 

Diverticular inflammation may lead 10 a variety of 
complications: 

• Spreadi ng pericolic inflammation 
• Pericolic abscess 
• Intraperitoneal perforation 
• Acute reet;"!1 haemorrhage 
• Fistula formation into other abdominal or pelvic 

viscera 
• Bowel-ta-bowel adhesions 
• Fibrous strictures of bowel 



Fig. 22.1 Diverticular disease-histopathology 
Low-power VIf'!oN of muscle wall M showmg a diverticulum hned by 
mlJ(QSa (arrov.ted) and extending Into fat F Faecal material IS present 
WIthin the dtvertJ(ulum (0) 

Fig. 22 .4 Diverticular disease 
Banum enema showing the typical appearance of mult iple d l ~ertlCu l a 
(arrowed) in the Sigmoid and descendmg (olon in a 77-year-old 
woman. A few diverticula are als.o present in the traf15~erse colon 

CLINICAL PRESENTATIONS OF DIVERTICULAR 
DISEASE AND THEIR MANAGEMENT 

The pathological consequences of diverticular innam
rna !ion are collectively d escribed as diverticulitis and 
are summarised in Figurc 22.5. Most patients wilh 
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diverticula are asym ptomatic, and diverticula are a com
mon incidental finding whcn the colon is investigated by 
barium enema or colonoscopy. The typical appea rances 
are shown in FiguTl:.'S 22.4 and 22.5. 

Chronic grumbling diverticular pain (see Fig. 22.5b) 

This is probably the most com mon manifestation of 
diverticu lar disease, and is usually ma naged in fami ly 
practice. Peridiverticular innammation is chronic, low
gTade and recurrent. Local irritation provokes bowel 
wall spasm causing chronic p.1in and erratic bowel habit. 
There is chronic constipation with small reBet-like faeces 
and episodic diarrhoea. On clin ica l examination, there is 
little abnormal to find except perhaps mild [eft iliac 
fossa tenderness and faec<ll loading. Barium enema is 
often performed to confirm the diagn05is and exclude 
malignancy. 

In most patients, symptoms can be relieved by taking a 
high-fibre diet and bulking agents. In the past, however, 
before the importance of dietary fibre was real ised, many 
patients with severe chronic symptoms were subj<.'Cted to 
colectomy, with all its attendant complications. 

Acute diverticulitis (i.e. spreading ~ricolic 
innammation-see Fig. 22.Sc) 

This represents local extension of the inflammation 
described above. The local innammation involves the 
pericolic tissues and parietal peritoneum. Typically, the 
patient complains of continuous left iliac fossa pai n and 
is systemically ill with a pyrexia and tachycardia, often 
requiring admission to hospital. Abdominal findings 
range from mild left iliac fossa tenderness to obvious 
local peritoni tis. 

Antibiotic treatment is directed aga inst the uswil faecal 
orga nisms. In severe cases, a combination of intr<lvcnous 
antibiotics such as a cephalosporin and metron idazole 
is used , and the bowel 'rested' by stopping oral intake 
and giving intravenous flu ids. Less severe cases can be 
managed a t home with oral antibiotics, e.g. metronidazole 
alone or with amoxycillin or a cephalosporin. 

Pericolic abscess (see Fig. 22.5d) 

Pericolic abscess rcpr('scnts a further extension of the 
pathological process just described. The clinical presen
tation is similar a t first but fails to resolve with antibiotics. 
11,e patient suffers persistent p..in and tenderness, a 
swinging pyrexi<l and incomplete obstruction due to 
sp..sm of the bowel wall muscle. Sometimes a pericolic 
abscess presents as sepsis or 'pyrexia of unknown origin'. 
The pericolic abscL'Ss may drain spontaneously into the 
bowel produ cing an attack of purulent diarrhoea; the 31 
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(a) AsymptomatIC 
(common) 

(e) Free perforation 

(b) Spasm-causing chronic 
grumbling diverticular pain 

• • 

(11 Acute (transient) ractal 
bleeding 

Fig. 22.5 Clinical presentations of diverticular disease 

Fig. 22.6 Colonoscopic view of diverticula (arrowed) 

condition then resolves. Diagnosis of a pericolic abscess 
can often be made by ultrasonography. A ba rium enema 
may show leakage of contrast into the abscess cavity (see 

Fig. 22.7). 
Antibiotic therapy, as for acute diverticulitis, is the 

first line of treatment. Ideally, this contains the abscess. 
allowi ng it to drain spon taneously into the bowel. If 
antibiotic trC(ltmen! fail s, operation is required. This is a 

(e) Acute diverticulitis 
(spreading pericolic 
inflammation) 

(0) Fistula formation 
(e,g. into bladclef Of uterus) 

(d) Pericolic abscess 

(h) Intestinal obstruction from 
stricture + inflammation 

major procedure involving diversion of the faeca l stream 
via a colostomy, and exploration and drainage of the 
<lbscess. In oddition, the affected segment of bowd must 
be removed (Hartmann's operation-----see Ch. 20, p. 289). 
This is best done at the first operation if the infl<ltn
mal ion is not too extensive and the surgeon is 
sufficiently experienced. If not, resection is performed 
electively several months later when inflammation has 
subsided. The COlostomy is closed at the same time or 
later. Perforated carcinOl1l<l can present in a similar way 
and the diagnOSis should be excluded if resection is 10 be 
delayed. 

Diverticular perforation (see Fig. 22.Se) 

A small, asymptomatic diverticular abscess may rupture 
spontaneously, i.e. perforate. resulting in the escape of 
gas or bowel contents into the peritoneal cavity. The 
p.ltienl presents with an acute abdomen. the severity of 
clinical signs depending on the s ize of the perforation 
and degree of peritoneal contam ination. The perforation 
may be anything from a pinhole size, allowing only 
bowel gas and a little fluid to escape. to a hole up to 1 em 
in diameter causing generalised faecal peritonitis and 
septicaemia. With small perforations, the symptoms and 
signs may be liule more than those of acute diverticulitis; 
diagnosis is confirmed by the presence of free gas under 
the diaphragm on an erect chL'S! X-ray. 
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Fig. 22.7 Pericolic a"SteSi due to perforated diverticular 
disease 
Barium enema films from it 49-year-old woman who presented with 
abdommal pain and tenderness, it mass In the left IlIaC fossa and a 
SWInging pyrexia. She was treated With antibiotics but the pyrexia 
failed to settle. (a) Right lateral view of the r('({o-sigmoid region 
showing marked narlOWlrlg of the distal Sigmoid S due to spasm and 
Inflammatory oedema. The radIOlucent area antero-Infeflorty (outline 
arrowed) represents a bubble of gas In a large pelviC abscess. 
(b) Lateral decubitus film (left Side upwards) of the Sdme patient 
taken later dunng the s.ame e~amlnatlon This shows barium which 
has leaked into the abscess cavity (out line arrowed). Note also a flU id 
level Wi th a gas bubble G above it, Within the abscess Al laparotom~. 

it large perKohc and pelvic abscess was found to be walled off This 
was drained surgically. the ~gmoid colon excised and the end of the 
descending colon brought out as a terminal colostomy in the left Ihac 
fossa The rectal stump was oversewn; 3 months later, the bowel was 
reconnected 

Treatment usually involves immediate parenteral anti
biotics to prevent septicaemia, followed by laparotomy 
to perform peritoneal toilet, diversion of the f<lccal 
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stream and resection of the diseased bowel (Hartma nn's 9l; 
operation), as previously described. 2 
Acute rectal haemorrhage (SI..'C Fig. 22.5D 

Diverticular disease may present with an episode of 
acute rectal bleedi ng, prob.:1bly resulting from erosion of 
a bowel wa ll artery by a small diverticular abscess. 
Blood loss is variable but the bleeding almost always 
stops spontaneously. The patient typically complains of 
having passed a mass of fairly fresh blood instead of the 
expected stool and is admitted to hospital urgently. 
The main differential diagnosis is ischaemic colitis but 
other causes of rectal bleeding such as carcinoma and 
haemorrhoids must be considered. 

Management is rarely surgical. After any necessnry 
resuscitation, the patient is kept under observation for 
severa l days, after which it is safe to perform a barium 
enema. 

Fistula formation into other abdominal or pelvic 
structures (see Fig. 22.5g) 

Fistula formation occurs when an inOamed di verticulum 
lies in dose proxim ity to anot her hollow viscus. An 
inflammatory adhesion develops between them and 
the d iverticulum then ruptures into the other viscus, 
leaving a persistent channel between the two. A fi stula 
between the large bowel and a loop of sma ll bowel (see 
Fig. 22.8) causes diarrhoea . A vesico-colic fistu la causes 
pneumaturia and severe urinary tract infect ion. A fistula 
into the vagina after a previous hysterectomy ca uses a 
purulent vagina l discharge. Diverticular disease is the 
most common cause of these kinds of fistuJa but they 
may also be caused by Crohn's disease or sometimes 
coloreclal cancers. 

Surprisingly, fistulae rarely show up on barium enema 
exa mination. Diagnosis is made on the history, at oper
ation or at cystoscopic exami nation in the case of bladder 
fistula. Surgical treatment involves excision and histo
logical exa mination of the affected segment of bowel. 

Intestinal obstruction (see Fig. 225h) 

Diverticular disease occasionally presents with complete 
large bowel obstruction due 10 a combination of acute 
inflammatory thickening, muscle hypertrophy and sp.1sm. 
Incomp lete obstruction is much more common and 
presents as severe constipation. Chronic diverticu lar in
flammation someti mes causes isolated fibrous strictures, 
p.1rticu larly in the sigmoid colon, which cause inter
mittent bouts of constipation. When seen on barium 
enema (see Fig. 22.9) these strictures must be distinguished 
from mal ignancy or Crohn's disease. This may require 
colonoscopy. 31. 
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Fig. 22.8 Diverticular fistula into the distal ileum 
Barium enema of a 61-year-Old man with a recently erratIC bowel 
habit, who presented with palO and tenderness 10 the left Iliac fossa 
The X-ray shov-ls the Sigmoid colon, although part of it is poorly fillec 
With banum whICh IS only seen In the dlVt.'ftJcul.1 0 There is a loop of 
smal! bowel which containS contrast (arrowed), indICating the 
presence of a cO!o-lJeallistula caused by pendlVE!rtlwlitlS. 

When acu te diverticular inflammation involves the 
pericolic tissues, small bowel may become entangled in 
the process, Thus, adyna mic small bowel obstruction may 
be the presenting feature. 

Fig. 22,9 Diverticular stricture in the sigmoid colon 
This 64·year-old man suffered several attacks of dlVfflicuhtis whICh 
settled With antibiotICS. ThIS frontal VIeW of a barium enema shows 
drver\JCu1a D In the upper sigmoid colon and orcular muscle hypertrophy 
In the dIStal SIgmoid colon (arrowed) typical of dM!rtlcular dISease. 
There is a stncture S near the recto-SlQmoKi JUnction_ ThIS stricture does 
not show the typICal 'shouldenng' of a carcinoma, although carCinoma 
could not be excluded on barium enem.l Coionoscopy confirmed that 
It was benign ThiS patient later had a severe atta<k of dlVeftJcuhtls 
whICh required surgery and a Hartmann's operallOfl was performed 
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INTRODUCTION 

Anal and perianal disorders make up about 20% of 
general surgical outpatient referrals. Although trivial in 
pathological terms, these conditions fire extremely distl'(.'Ss
ins and embarrassing. Patients often tolerate symptoms 
for a long time before seeking medical advice. The 
common anal symptoms aTC summarised in Box 23. 1 and 
thei r interpretation is discussed in Chapter 11 . 

Disorders of the anus ilnd perianal i1~a art:' illustrated 
in Figure 23.1. Haemorrhoids and other common benign 
anal conditions must be distinguished from carcinoma of 
the rectum and the rare carcinoma of the anus, particu· 
larly in older patients. Most anal and perianal conditions 
ca n be treated on an outpatient basis, although abscesses, 
and haemorrhoids that ha ve become strangulah.>d or 
thrombosed may present as surgica l emergencies. 

ANATOMY Of THE ANAL CANAL 

The anal canal is approximately 4 cm long and is sur
rounded by the anal sphincter mechanism (see Fig. 23.2). 
There are four areas of differing epithelium lining the 
anal canal. At the anal verge, there is strati fied squamous 

KEY POtNTS 

Box 23 .1 Common anal symptoms 

• Anal bleeding 
• Anal itching and discomfort 

• Pain on defaecation 
• Perianal itching and irritation 
• 'Something coming down' 
• Perianal discharge 

epithelium with associated skin appendag('s-sweat 
glands, hair follides and seb.,ceous glands. The append 
ages are then absent up to the level of the anal valves at 
the dentate (pectinate) line. From here, the epithelium 
becomes cuboidal for a variilble distance and this is ca lled 
the ana l transition zone (ATZ). Towards the upper pMt 
of the anal canal this gives way to rectal mucos.1 proper. 
On proctoscopic inspection, the rectal mucosa is pink 
but in the anal canal where it overlies the submucos.11 
venous plexus, it is a darker reddish-blue. 

The mucosa of the upper pelTt of the anal canal is thrown 
into 6-10 longitudinal folds, the columns of Morgagni, 
each containing a terminal branch of the superior rectal 
artery and vein. 111e folds are most prominent in the left 
late ral, right posterior and right anterior sectors where 
the vessels form prominent anal cushions. These Me 
important in maintaining con tinence and may enlarge to 
form haemorrhoids, complex collections of arterioles, 
arteries, venules, venous S.1CCUJes and connecti ve tissue. 
The anal columns are nol readily visible on proctoscopy 
but the transition between glandular rectal mucos..1 and 
anal skin is dearly vis ible. The lymphatics of the upper 
part of the anal canal drain to the pelvic and abdominal 
lymph node chain, whereas the lower part of the anal 
ca nal drains to the inguinal lymph nodes . All of the allal 
ca nal below the rectal mucosa is exquisitely sensi tive, for 
exa mple, to injection. In contrast, the rectal mUCOs.1 is 
relatively insensitive. 

The anal sphincter mechanism has three constituents, 
the internal sphincter, the external sph incter and 
puborectalis. The internal sphincter represents a down
wa rd but thickened continuation of the rectal wa ll 
musculature. The encircl ing external sphincter and the 
puborectalis sling (wh ich is pari of levator ani) arise 
(rom the pelvic fl oor. Continence is maintained principally 31 
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Haemorrhoids 

~---- M"rosa 

I'+-'~ _____ Prolapsing intemal 
haelTIOfftloids 

TL- -------- lntero-eKlemai haemont\oids 

Thrombosed external 
haemorrhoid 

Anatiistula 

.~----- High fistula 

-',---- Pubofectalis sling 

'-- '-- '--!"'--- Low fistula 

Rectal prolapse 

Prolapsing low rectal polyp 

) ( 
Fig. 23.1 Anal and perianal disorders 

Anal fissure 

I 
/
~-----Mucosa 

'Tear' across mucocutaneotJs 
" ___ ___ junctionJntemai sphinct9l' may 
I ~ be visible in base 

L_':::...-= ___ Small sentinel ·pile·. 
i.e. skin tag 

Abscess 

- --- Ischiorectal abscess \ I 
. ---''--'---''---- Perianal abscess 

Perianal warts 

Anal carcinoma 

I 
.JJ--~----- Ulcer with hard base and 

raised edge 

Low rectal carcinoma 

Ulcer spreading a variable 
distance around 

~-~----- Circumlerence 

f""';-- !...-----Hard ulcer base invading 
I laterally 

.... =-~'------ Elevated fleshy ulcer edge 
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Transverse folds of rectum ~-----,;---,-----;---, I 

Pelvic bone-- rr-----'.:.:.---'---f-J'----,--~AnaJ columns, most marked at 3, 

Anal 
canal 

Obturator Inlemus~----;-

Levator ani -~--'~:-----',;-

Transitional zone---~----;:=-;-c-;

Dentate or,-~--l,-.:----;-7:--
pectmate line 

Mucous membrane----J---- 7-'o-=-

Ischiorectal fossa fi lled with-----
loose fat 

True anal skin------------' 

7, and 11 o'clock and containing 
terminal radicles 01 supelior rectal 
artery and vein 

nll~!7-:'---'-+-- ."" ,,,,,,,'~,,,, gJaoos open '0 thiS zone 

Puboreclalis 
sling 

L---------Inlemal sphincter 

External 
sphincter 

'White line of Hilton'-rarely visible but palpable as 
a groove between Internal and eKlemal sphincter 

Fig. 23 .2 Anatomy of the anal canal 

by the pressure generated by the anal sphincters squeezing 
on the three ana l cushions causing them to occlude the 
lumen between them. Continence is assisted by the fact 
that the rectum proximally fomlS a compliant reservoir 
to store stool. The angle maintained by the action of 
puborectalis is no longer thought to be important as 
regards continence. 

HAEMORRHOIDS 

Hacmorrhoids (piles) arc extremely common, affecting 
nearly half of the population at some stage in their lives. 
Men tend to suffer more often and for longer periods, 
whereas women ore particularly susceptible in late 
pregnancy and the puerperium. 

PATHOGENESIS OF HAEMORRHOIDS 

It is likely that heredity plays an important part in 
predisposing individuals to haemorrhoids. This pre
disposition is brought to light by pregnancy, constipation 
or diarrhoea. L.1ck of fibre in the modem Western diet is 
prob.1bly also a factor in predisposed patients. Haemor
rhoids are probably initiated by straining to pass small 
hard stools. Straining raises intra-abdominal pressure 
which obstructs venous rcturn and the venous plexuses 
become engorged. The bulging mucosa is then dragged 
distilily by the hard stool. Furthermore, persistent strain
ing ilt stool causes the pdvic floor to sag downwards, 
extruding the illlal mUCOs.1 and causing il minor degree 

of prolapse. In pregnancy-related. hilemorrhoids, venous 
engorgement and mucosal prolapse are probably the main 
mechanisms. Progesterones mediate venous dilatation, 
and the fetus obstructs pelvic venous return. 

Anatomically, haemorrhoids are enlarged, engorged 
anal cushions and these may bleed, prolapse or result in 
minor mucus or faecal leakage, particularly when passing 
flatus. Bleeding fTOm the arterial component of the anal 
cushion results in the characteristic bright red. rectal 
bleeding. The venous component only causes a problem 
if it becomes thrombosed to form a thrombosed external 
venous saccu le (sometimes wrongly labelled a perianal 
haematoma). Haemorrhoids are usually located in the 
three, seven and eleven o'clock positions when viewed 
with the patient in the supine lithotomy position. These 
correspond to the anatomical positions of the anal 
cushions. 

CLASSIFICATION OF HAEMORRHOIDS 

Haemorrhoids (piles) arc classified into first, second and 
third degrees according to the extent to which they 
prolapse through the anal canal. First degree piles 
never prolapse; second degree piles prolapse during 
defaecation and then return spontaneously into the anal 
canal; third degree pi les remain outside the anal margin 
unless replaced digitally (see Fig. 23.3). Most haemor
rhoids cail be described as 'internal' because they are 
covered by glandular mucosa. L1rge neglected haemor
rhoids may extend beneath the stratified squamous 
epithelium so th<lt their lower part becomes covered by 
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First degree Second degree Third degree 

Fig, 2],3 Classification of hae morrhoids 

skin. These are correctly described as ' inlero-ext('rnal ' 
haemorrhoids, or more common ly 'external piles'. 

Any haemorrhoids may bleed from stool trauma 
during defaecalion. Large haemorrhoids may thrombo~e 
if Ihey prolapse and their venous return is obstrucled by 
sphincter lone. Such piles then become solid and cannot 
be effectively replaced within the anal canal. In extreme 
cases, the haemorrhoid undergoes venous infarction 
(strangulation) and ulceration. The local pain and 
irritation caused by haemorrhoids results in increased 
anal sphincter tone and spasm, thus aggravating the 
problems of defaecation and prolapse. Longstanding 
haemorrhoids eventually atrophy, probably by Ihrom
bosis and fibros is, leaving small skin lags at Ihe anal 
margin. 

SYMPTOMS AND SIGNS OF HAEMORRHOIDS 

Haemorrhoids often produce symptoms intermittently. 
Attacks lasl from a few days to a few weeks, often with 
complete freedom from trouble between times. Episodes 
of constipation are often a precipitating factor. 

The symptoms of haemorrhoids are: 

• Perianal irritation and itching (pnlritus ani) 
• Aching discomfort and p.1in exacerbated by 

defaecation 
• H<lemorrhoidal prolapse 
• R(.'Ctal bleeding (fresh blood, on the paper or separate 

from stool) 

Most patients reaching the surg1...'On have already tried 
various anaesthetic and sedative creams and suppositories, 
self-ad ministered or prescribed by the general practitioner. 
Reasons fo r referral are persistent symptoms and the 
need to exclude malignancy as a cause of bleed ing. 

With imperfect closure of the anal cushions, leakagt> 
of mucus together with low-grade secondary in fection 
by faecal b..1cteria or Cal1dida cause both skin macer
ation and periana l irrit.ltion. Scratching exacerbates the 
problem. 

On examination, external piles or skin tags may be 
visible in the ana l area. Digital examination is essential 
to exclude carcinoma and provides a useful measure of 

anal lone. Haemorrhoids, however, are not p<1lpable 
unless they are large since they empty with pressure 
from the exa mining finge r. Procloscopy is necessary to 
demonstrate internal piles, which are seen bulging into 
the lumen as the proctoscope is withdrawn. Sigmoid
oscopy is important in patients over 40 years, if there is 
a history of bleeding or any symptoms sllspicious of 
malignancy; occaSionally a rectal polyp will be diagnosed 
in this way. 

ACUTE PRESENTATIONS OF HAEMORRHOIDS 

Thrombosed or strangu lated haemorrhoids present with 
acute pain and many patients are admitted to hospital as 
an emergency. These complications are common in the 
late stages of pregnancy and soon after delivery. The 
diagnosis of thrombosed haemorrhoids is usually obvious 
on inspccl"ion-an oedematous, cong1..."Sted purplish mass 
is seen at the anal margin. Tight spasm of the anal 
sphincter makes digital rectal exam ination extremely 
painful. Strangulated haemorrhoids are even more pain
ful than thrombosed haemorrhoids, and the strangulated 
mass may become necrotic or even ulcerated . Sympto
matic relief is given by bed rest and applying ice packs 
and topica l local anaesthetic gel over a few days; this 
may be the only treatment that can safely be offered in 
late pregnancy. Acute haemorrhoidectomy under anti
biotic cover provides definitive management for both 
thrombosed and strangulated haemorrhoids bu t carries a 
higher risk of complications. 

CONSERVATIVE MANAGEMENT AND PREVENTION 
OF HAEMORRHOIDS 

The most important me.lns of preventing and treating 
haemorrhoids is avoiding constipation and ensuring a 
bulky stool. This is often best achieved by taking a diet 
high in fibre. This change in diet may be supplemented 
initially wi th an ispaghula husk bulking agent. The 
patient should be advi5(.'([ to heed the call to evacuate as 
when this occurs there appears to be a reflex release of 
lubricating mucus which may be absent later. In addition, 
the patient should be strongly encouraged to avoid 



straining and to spend minimal time in defaecating. Man)' 
sufferers regularly spend a long lime on the lavatory 
reading. This ritual easi ly leads to unnecessary straining 
at the end of defae<:ation, and a mild haemorrhoidal 
or mucosal prolapse can be interpreted as incomplete 
evacua tion of faeces, prompting further stmining. Pro· 
longed straining occasion<llly leads to the formation of a 
'solitary ulcer' on the posterior wall of the proximal anal 
ca nal, which may be cl inica lly indistinguishable from a 
malignant ulcer. In many patients with symptomatic 
haemorrhoids, these simple meaSures are enough to 
relieve the sym ptoms. 

Pruritus ani can be greatly helped if the perineum is 
washed and dried after defaec.1tion and kept dry by 
applying t<llcum powder. Washing the perianill arca with 
soap aggrav,ltes the symptoms, so it is better to apply 
aqueous cream and then wash it off with plain water. 
With prolapsing third degree haemorrhoids, symptoms 
can often be relieved by the paticnt replacing the 
haemorrhoids digitally <lfter def,lecation. Many creams, 
suppositories and other topical prcp.1rations arc available 
with or without prescription, and arc very widely used. 
Many contain local anaesthetic agents and steroids. They 
are useful to help a patient l\."Cover from an episode of 
haemorrhoidal symptoms but do nothing to treat the 
underlying condition and may Cause local allergic re
actions. Overuse causes rnaceriltion of the perianal skin 
and predisposes to secondary infection. 

Proctoscope External sphincter 

Fig . 23.4 Technique of injecting hae morrhoids 
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SURGICAL TREATMENTS FOR HAEMORRHOIDS 

Injection of sclerosants 

First degree haemorrhoids which do not f1'grcss with 
dietary change and avoidance of straining, and most 
second degree haemorrhoids are best ttcilted by sderos<1llt 
injection. An irritant solution is injected subm Ll C05<1lly 
around the pedicles of the three major haemorrhoids. 
This provokes a fibrotic reaction, effectively obl iterating 
the hacmorrhoidal vessels and causing atrophy of the 
haemorrhoids. 

The procedure can be performed on an outpatient 
basis and does not require any .1naesthetic. The hacmor· 
rhoids are first assessed by external inspection, with the 
patient both at rest and 'stT<lini ng down'. A proctoscope 
is then inserted to its full length so that the distal end 
of the proctoscope lies beyond the external sphincter 
and pro~~cts into the lower rectum (see Fig. 23.4). The 
instrument is then slowly withdrawn and the haemor
rhoids ,1re seen to bulge into the lumi'n. The proctoscope 
is reinserted as before and 3-5 ml of 5% phenol in oil is 
in;ccted just beneath the mucosa. Usually three in;cctions 
are given, near the sites ilt which each vessel enters or 
leaves the haemorrhoidClI plexuses, i.e. at positions three, 
seven and eleven o'clock as viewed with the patient in 
the lithotomy position I.e. supine. A spcdally designed 
aspira ting syringe and a shouldered needle arc intended 
to help avoid injecting directly into a vein or injecting too 

r--------Syringe 

~------- Phenol in oil 
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deeply, although aspiration is not routinely employed in 
practice. Injection must be placed superficially and is pain
less provided the needle is placed correctly into the neck of 
the haemorrhoid above the anal canal; direct injection inlo 
the haemorrhoid itself is extremely painful. Injection may 
be repeated on 2-3 occasions at intervals of 4-6 weeks. 

Banding 

An alternative to injection is the application of Barron's 
bands to obliterate the haemorrhoidal vessels (see Fig. 
23.5). Contrary to popu lar belief. the bands are not 
placed around the stalk of prolapsing haemorrhoids; this 
would be unbearably painful because of the somatic 
innervation of anal skin. Instead, a cone of mucosa just 
above the h[lemorrhoidal neck is picked up in special 
forceps and drawn into the banding instrument. Tl'e 
bands are then released around the base of the cone, 
const ricting the haemorrhoidal vessels. The result is that 
the haemorrhoid gradually shrinks. 

lord's stre tch 

This technique, which was in vogue in the 19805, involved 
manual dilatation of the anal sphi ncter under general 
anaesthesia. This proa.-dure is not recommended because 
of the high risk of causing permanent incontinence for 
Aatus and sometimes for stool, especially in the elderly. 

Haemorrhoidedomy 

Haemorrhoidal excision is indi,cated. for third degree 
haemorrhoids and for lesser degrees when other treat
ments have fCliled. The operation most commonly per-

(b) 

I 
Extemal 

sphincter 

Forceps draw mucosa at 
neck of haemorrhoid into 

r-----~banding device 

ro====Band, 
2 Banding device 'fired' by 

pushing pre·loaded 
rubber bands off 

",,,'------- instrument around 
mucosal elevation 

3 Ischaemic necrosis 
occurs distal to bands 

Fig. 23.S Bar ron 's banding technique for haemorrhoids 
Note that the haemorrhOid itself is not banded. 

formed is the one described by Mill igan and Morgan 
and shown in Figure 23.6, in which the haemorrhoidal 
masses are excised together with overlying mucosa and 
some skin. This leaves skin and mucosal defects which 
heal by secondary intention and wound contraction. A 
skin bridge must be preserved between each wound to 
prevent the serious late complication of anal stenosis. 

Before operation, stool softeners such as bulking 
agents and gentle laxativL'S should be given to avoid 
constipation afterwards. The painful early postoperative 
period can be greCltly eased by caudal analgesia given at 
operation. 

Some surgeons favour urgent haemorrhoidectomy for 
thrombosed or strllngulated piles, accepting the higher 

(0) Inlemal 

~Ph"'O'" 

HaeITIOfftIoid on its pedicle Skin bridges 

Fig. 23 .6 Technique of Milligan-Morgan h aemorrhoidectomy 
(a) ldentifKatlon of the main haemorrhOids; the external part of each IS clamped With a haemostat and retracted outwards. (b) Scissors are used 
to inCISe the skin around the external haemorrhOid. any excess skin being eXCIsed at the same time The haemorrhOid IS then raised on Its pedICle 
by dissection from the external sphincter and the Internal sphincter. The pedICle IS transfixed and ligated at its base With an absorbable suture The 
skin IS not closed. (c) The same process 15 repeated for the other primary haemorrhoids, ensuMg that skin br idges are preserved between each 
raw area The completed haemorrholdedomy has a 'cloverleaf' appearance. After haemostasis IS ensured, wounds are dressed with paraff in 

320 gauze (tulle gras) and a surgical pad applied. held In place by a perineal T bandage 
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(d) L..._ 

Fig. 23.6 Continued 
(d) Inlero--exlernal haemorrhOids prolapsed and held With artety fort:l.'ps. Ie) 'Clover-l ike' appearance after haemormoidectomy. It is vital that skin 
bridges are retamed between the areas of resection or anal stenOSIS will occur as healing proceeds flf II looks like a dahlia, It'S a failure'). 

risk of complications in exchange fo r a more rapid return 
to normal lire. Prophylactic antibiotics should be given 
because of the risk of infection in necrotic tissue. Hospital 
stay and recovery period arc genera lly shorler with 
urgent haemorrhoidcctomy than with any conservative 
approach. 

THROMBOSED EXTERNAL 
HAEMORRHOIDS 

A thrombosed external haemorrhoid or pile is an acutely 
painful anal condition (Fig. 23.7). The onset is sudden 
and there is persistent pain over 1-2 weeks which is 
worse on defaccation. A thrombosed external haemor
rhoid is sometimes called a perianal haematoma but this 
is inaccurate for it is not a haematoma but a thrombosis 
of perianal venous saccules. The cond ition often occurs 

~ 
Blue dome of thrombosed external 

haemorrtloid 

Fig.23.1 Thrombosed external haemarrhoid 

in patients with haemorrhoids but can be seen in iso-
lation. On exam ination, a blue-black hemispherica l bulge 
is seen in the ski n near the anal margin; haemorrhoids 
mayor may not be present. 

Most thrombosed external haemorrhoids subside over 
a few days and patients ne«l only oral analgesia. Most 
topical anaesthetic crea ms are not absorbed by the skin 
and arc useless. If pain is intolerable, the thrombosis 
may be incised and drained under anaesthesia. 

ANAL FISSURE 

An anal fissure is a longitudinal tear in the mucosa and 
skin of the anal ca nal ca used by passing a large, 
constip'-lled stool. The tear is nearly always in the 
midline of the posterior anal margin. The fi ssure causes 
acute pain during defaccation and sphincter spasm, both 
of which persist for up to an hour. The result is fear of 
defaccation and this aggrava tes the constipation. There 
is often a small amount of fresh bleeding at defaecation. 
This history alone is diagnostic of an anal fissure. On 
inspection, the fissure is concealed by the ana l sp."\sm but 
a small skin tag (sentinel pi le) may be seen at the super
ficia l end of the fissure (see Fig. 23.8). Rectal examination 
is cXlTCmely p.1inful and rarely possible. 

Patients sometimes manage to tolerate the pain of an 
acute fissure by using local anaesthetic creams and then 
present after a long period with a chronic anal fissure 
prevented from hea ling by anal sphincter spasm and 
repeated te<lring open of the healing fissure during 
passage of stools. 

Ch 
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(,) L~ ____ .... 

~~~ 

~ 
(b) 

Retractor 'Senlloel pile' 

Fig. 23.8 Ana l fi ssure 
(a) Chrome anal fissure With a 'sentinel pile' Simple fissures are 
IYPlGllly postefiOfly located, as In this patient (b) Explanatory diagrilm 

MANAGEMENT OF ANAL FISSURE 

Anal fissure call be managed conservatively or opera
tively. Modern conservative treatment involves the use 
of topical glyceryl trinitrale (GTN) ointment 0.2%, applied 
three times a day for a month. P<ltients need to be warned 
that it may causc headaches. This treatment can CUT(' up 
to 60'7. of anal fissures. For the rest, the GTN concen
tration can be increaSl.'d to 0.3 or 0.5% for a further month 
if tolerated . 

Surgery in the form of lateral submucous (internal) 
sphi ncterotomy brings more immediate relief, but there 
is a 10-15'7. incidence of incontinence of flatus following 
this procedure. Surgeons tend to be reluctant to offC"r 
sphincterotomy to women because their sphincters are 
shorter and less robust, and because occult sphincter 
injury from child birth may already have occurred. 
However, if a prolongL>d course of GTN fails to work and 
the p<1tient is suitably informed of the risks, an intcrnill 
illlal sphincterotomy may be performL>d. Anal streIch 
used 10 be performed for fissure, but the frequency of 

incontinence is unacceptable; the procedure is dangerous 
because it dilates the external sphincter unnecessarily 
and produces gloh.11 damage to the internal sphincter 
which is exceptionally difficult to correct later. Dietary 
advice regarding fibre intilke should be given to help 
prevent recurrence. 

ANORECTAL ABSCESSES 

PATHOPHYSIOLOGY AND CLINICAL FEATURES Of 
ANORECTAL ABSCESSES 

AbsccssL"S in the <1llorect<11 area ilre common surgical 
emergencies. They present with constant and often severe 
perine;!i pain and local tenderness. 

Anorectal absc~ses begin as acute purulent infections 
of anal glands. Th~ lie between the internal and 
external sphincters ilnd drain into tiny pits, the anal 
crypts, near the dentate line. The ducts are very narrow 
and duct obstruction may be the factor that initiates the 
infection. Rarely, an .1bscess remains confined between 
the sphincters and an intersphincteric abscess results. 
The only symptom m.ly be chronic anal pain and there is 
little to find on clinical examination to explain it. 111e only 
clue may be localised tenderness on rectal examination. 

From the intcrsphincteric plane, infection tends to 
spread in one or more of three directions (see Fig. 23.9): 

• Downwa rds between the sphi ncters towards the anal 
verge, forming a periana l abscess. This is the most 
common presentation and accounts for 80% of 
anorectal absces!;es. The patient pn..>sents with a 
painful, tender, red swelling close to the anal verge 

• Outwards through the external sphincter into the 
loose fibro-fatty tissue of the ischiorectal fossa, 
forming an ischiorectal abscess. There is little barrier 
to sprcild of infection in this space and il neglected or 
inadequately treated abscesS may become enormous. 
Isch iorectal abscesses make up about 15% of anorectal 
abscl.'Sscs. The patient presents with systemic signs of 
infection and perineal pain. There is tenderness over 

Pilonidal abscess 
Perianal abscess 

Fig . 23.9 Abscesses in the a norectal region 



the ischiorectal fossa lateral to the anus but there may 
be no visible redness or swelling; rectal palpation 
reveals a tender mass lateral to the rectum 

• Upwards between the sphincters to foml a 
supralcvalor abscess, involving the pararectal tissues 
above the pelvic (loor. These make up less than 5% of 
anort'Ctal abscesses and present with systemic signs of 
infection, rectal pain and d ifficulty in micturition. On 
rectal examination, a tender mass is palpable near the 
tip of the finger 

TREATMENT OF ANORECTAL ABSCESSES 

If perinnal infection is seen very enrly, oral antibiotic 
treatment may abort it. The lISC of antibiotics in this way 
by general practitioners, coupled with early referra l, has 
reduced the number and severity of cases reaching 
the surgeon. However, once an abscess is diagnosed, 
surgica l drainage is needed ; antibiotics are only indi
ca ted when there is spreading infection. Drainage is 
performed under regional or general anaesthesia. Care
ful exam in ati on under anaesthesia is performed first to 
establish the extent of the abscess. An intersphincteric 
abscess is drained by nn internol sphincterotomy; perianal 
and ischiorectal abscesses are drained via the periann i 
skin, ensuring all loculatiolls ore broken down. Llrge 
ischiorectal abscesses require packing or placement or 
a drain to keep the neck of the cavity open whilst 
granulation tissue gradually fills the space from its 
depths. Further examinations under anaesthesia after a 
few days are often planned to ensure complete d rainage 
and to inspect for fi stulae. Supra levator abscesses arc 
often more complicated and require complex staged 
surgical procedures including drainage by incising the 
rectal wall from an anal approncil. 

Incisi ng a perianal nbscess results in complete 
resolution in about 50% of cases; the other half develop 
an anal fistula (see below). The fi stula is usually un· 
detect.lble at the time of drainage but is recognised by a 
persistent discharge through the aren of the skin incis ion 
continuing for several weeks afterwards. 

Differential diagnOSis of abscesses in the perianal are.l 
includes: 

• Crohn's disease-may C<IUSC multiple abscesses and 
complex fistulae (see Ch. 21) and must be excludCl..i 

• Hidradenitis suppu rativa-originates in perianill 
apocrine glands; it is ensily distinguished from 
perianal abscesses by careful inspection 

• Pilon idal abscess-occurs in the skin of the natal cleft 
(see Fig. 23.9 and page 538) but may mimic a genuine 
perianal abscess if near the anal margin; carefu l 
examination shows the presence of embedded h,lirs 
but no communic<ltion with the anal canal. Treatment 
is ,1lso by incision and drainage bu t further 

Anal and perianal disorders 

procedures ma y be required to treat the associated 
pilonidal sinus (sec Ch. 40, p. 538) 

• Tuberculou s abscess and fistula-very rare 

ANAL FISTULA 

Anal fistulae usually develop as a complication of 
perinnal, ischiorectal or supra levator abscesses. A fistula 
consists of a chronically infected tract extending from an 
internal opening at the level of the dentate line, and 
passing through the s ite of the previolls abscess to an 
external opening on the perianal skin near the old drain
ilgC senr. The communication between abscess cavity and 
bowel is established by spontaneous drainage into the 
bowel either before surgical drainage or ilfter incomplete 
surgic.ll drainage. Thus any abscess in the anal region 
should be drained ea rly and thoroughly. 

The patient typically complains of intermittent dis
charge of mucus, often faecally stained, in the perianal 
region. On examination, a small papilla of gr.l nulation 
tissuc is seen on the skin wilhin 2-3cm of the anal 
margin (see Fig. 23.10 and 11.1). This clinical picture 
is diagnostic of an anal fi stula; unfortunately, this 
apparently trivial skin lesion may be dismissed as a 
pustule or an incompletely healed perianal abscess. 

Most anal fistulae are simple and relatively superficial, 
with the internal opening located in a crypt at the level 
of the dentate line (well below puborectalis), most often 
in the posterior midline. These are known as low anal 
fi stu lae. For successful treatment, it is crucial to locate 
the internal opening. Goodsa ll's rule helps to predict 

Fig. 23.10 Anal fi stula 
A probe has been passed from the skin wrface through a low anal 
fistula to emerge In the anal canal at the level of the dentate hne. 
Treatment COnSISted simply of cutting down onto the probe. thus 
laying open the fistula along Its length The wound was left 10 heal by 
secondary Intention 
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whether a fis tula is likely to have a short direct tract to 
Ule anal ca nal (if the externa l opening is in front of an 
imaginary transverse line across the anus) or likely to 
have a cu rved course towards an internal opening in the 
posterior midline (if the externa l opening is behind the 
tmnsverse line). Horseshoe fistulae confound this rule 
with an anterior externa l opening and a posterior mid
line internal opening. 

Assessment and treat ment require general or regiona l 
anaL"Sthesia. Examination under anaesthetic (EUA) is 
performed first. A malleable probe is gently manipulated 
through the fistula to try to demonstrate the internal 
orifice. If this is not found, hydrogen peroxide ca n be 
gently injected into the external opening. This has 
replaced methylene bluc as the best way of finding the 
internal opening. 

Provided the fishlla is entirely below the puborectalis 
muscle (which is pa lpable at operation), treatment is by 
laying open the tract by cutting down on to the probe 
with a scalpel, transsecting the anal margin and opening 
the whole length of the fis tula. This is known as 
fis tulotomy and involves dividing some of the internal 
sph incter and often part of the external sphincter. TIle 
wound hea ls gradually by secondary intention. 11lere is 
no loss of faecal continence. but fla tus may be less wel l 
controlled . 

If the interna l opening lies above puborectalis, surgical 
treatment is difficult and highly specialised because of 
the need to reta in the funct ional integrity of the sphincters 
(includi ng puborectalis) to preserve continence. Where 
complex fistulae arc suspected. the anatomy can be 
very well defined preoperatively by magnetc resonance 
imaging (MRI). If the fistula involves more than half the 
length of the externa l anal sph incter complex, surgical 
division of the fis tula track would cause incontinence. In 
these cases, slow division of the muscle using a non
absorb.1ble suture threaded through the fistula can avoid 
this problem; this is known as seton . 

Anal fistulae sometimes occur as a manifestation of 
Crohn's disease. Such fistu lae tend to be multiple and in 
the most extreme case'S form a 'pepper-pot' perineum 
(see Fig. 21.6, p. 299). 

PILONIDAL SINUS AND ABSCESS 

These cond itions arise from the skin of the natal deft rather 
than the anus and arc covered in Cha pter 40 (p. 538). 

ANAL WARTS (CONDYLOMA 
ACCUMINATA) 

Wa rts in the periana l region (see Fig. 23.11) have the 
S<1me pathology and viral aetiology (human papilloma 

vi rus) as warts elsewhere but are usually transmitted by 
sexual activi ty. Referral to a genitomedical unit may be 
appropriate if other sexually tra nsmitted diseases are 
suspected. 

In sma ll numbers, anal w,1Tts ca n be treated by topical 
applications of podophylli n. When large numbers are 
present, surgica l excision under general anaesthetic is 
the on ly practical option. This involves meticulous 
excision of each individual wart by electrocau tery. The 
normal skin between the wa rts is carefully preserved to 
avoid delayed healing or the diS<'1strous complication of 
anal stenosis. 

RECTAL PROLAPSE 

Rectal prolapse is mainly seen in young chi ldren and the 
elderly. In children, it is usually a rela tively minor and 
self-correcting problem. In Ihe elderly, it is a chronic 
problem with no easy surgical sol ution (see Fig. 23.12). 
In p.1thophysiological term.s, a recta l prolapse is a hernia 
of the rectum through the pelvic floor. In effect, the 
mucosa and muscle wa ll intussuscept through the anal 
ca nal. In the early stages, the prolapse occurs on ly with 
defaecat ion and retracts sponta neously. At a later stage, 
thc rectu m may prolapse when the patient merely stands 
up. Thc patient is thus relucta nt to leave home and often 
becomes socially isolated. 

Fig. 23. " Anat warts (condyloma accuminata) 



Fig.2] .12 Rectal prolapse 
This complete lectal prolapse was In an 80-ye<lr·old WOlTlclO. It 
emerged spontaneously whenever she stood. C<lusmg cOf\Slderable 
discomfort and Inconvenience. to say the least! 

In childhood, rectal prolapse usually OCCUTh around the 
age of 2 years. II tends to occur during toilet training and 
causes parental anxiety. Parents should be reassured that 
the prolapse will return spontaneously after defaecation; 
genlle manipulation using water-soluble lubricant jelly 
may be required. These children should be given a high
fibre did and taught not to strilin during defaecation. 
More sophisticilted treatment is rilrely required. 

In the elderly, reclill prolapse is either remarkably 
well tolerated or else concealed. The patient becomes 
accustomed to reducing the prolapse manually after 
dcfaecillion ilnd rilfcly com plains about it. A high-fibre 
diet nlilkcs little difference 10 the problem since the ana
tomical defect will never recoV€r spontaneously. If the 
prolapse occurs on s tanding or if incontinence develops, 
the patient is likely to requi re surgical treatment. In
continence is not directly due to the prolapse but to 
dilatation of thc internal anal sphi ncter by the prolapse. 

MANAGEMENT OF RECTAL PROLAPSE 

There are four operiltions commonly employed to treat 
T(.'Ctal prolapse, two via an abdominal route and two vb 
a pcrineill route. The ilbdominal operations include 
su ture fixation rectopexy, where the rectum is mobilised 
and the mesorectum sutured to the sacral promontory 
and the presacral fascia, and resect ion rectopexy, where 
the rectum is mobilised find sutured in the same way, but 

Anat and perianal di~orders 

a s igmOid colectomy is also performed to trv to prevent Chi 

the constipation that often accompilnies simple "'uture 2 
fixation. Older procedures uSing mesh sting ... or pl,IStiC 
foam wrappers to hitch the rectum in place are rarely 
used nowadays. 

The popular perineal procedures indude Oe lonne's 
operation (most common in the UK). In the USA the 
preferred perineal procedure is (Altemeirer's procedure). 
Both of these involve a perineal excision of the rectum 
and sigmoid colon and a colo-anal anastomosis. There is 
a continuing deb.,te about which of these procedures 
is best with regard to functional outcome including 
avoidi ng constipation. 

In the very unfit, <l subcutaneous circumanal sil icolle 
rubber ring may be inserted (a modification of the old 
Thiersch wire procedure). This is a minor procedure 
bu t is apt to fail because the ring is too tight (causing 
constipation) or too loose (allowing recurrent prolapse). 

ANAL AND PERIANAL NEOPLASMS 

Anatomically, the anal canal is the terminal part of the 
large intestine; it begins at the upper surface of Ihe 
anorectal ring (a p<,lpable ring surrounding the anal 
canal at the upper surface of the pelvic floor) and ends at 
the puckered pigmented hair·bearing true skin surround
ing the anus. 

NEOPLASMS OF THE ANAL MARGIN 

Pre-invasive carcinoma 

Paget's disease of the anal margin is histologically similar 
to Pilget's dise<lse of the breast; it is not invariably 
accompanied by inVilsivc carcinoma, although it can 
transform into <ldcnocarcinoma. Paget's disease C,lUseS 

severe pruritus, and scaly plaque-like lesions are visible. 
Treatment is by wide excision. Bowen's disease is 
squamous carcinoma in si tu occurring in the elderly. It 
presents as a brownish plaque or diffuse fleshy nodular 
area. About 100/. of these lesions become invasive. Treat
ment is by wide excision. 

Squamous cell and basal cell carcinoma 

Carcinoma of the allal margin is a cutaneous tumour 
presenting as an elevated ulcer with rolled everted edges. 
These lesions of the anal margin occur most frequently 
in men and arc usually well differentiated. They often 
present latc with inguina l lymph node metastases. 
Treatment is by wide IOCill excision, prest"'rving the anal 
sphi ncters. Basal cell carcinoma in this site behaves 
simila rly to basal cell carci noma elsewhere; local excision 
is Ihe tre<ltment of choice. 32~ 
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NEOPLASMS OF THE ANAL CANAL 

Squamous can:inoma of the anal canal 

Squamous carcinoma of the anal canal arises from the 
anal transit ional zone and has several different histo
logical forms (e.g. b.lsaloid, mucin-producing) which 
behave in a s imilar manner. The disease is uncommon 
and fonns less than 5% of anorectal malignancies. It is 
mainly a discasc of elderly females. The symptoms-fresh 
rectal bleeding, anal pain, discomfort and discharge---are 
similar to those of haemorrhoids and other common 
benign ,mal condit ionsi the patient may ignore them or 
the doctor may miss the diagnosis at first. Anal canal 
carcinoma metaslasises to superior rectal as well as to 
inguinfll lymph nodes, reflecting the mixed drainage of 
Ihe anfll cana l. By the time of presentation, 50% already 
have superior recial node metastases and 30% inguinal 
node metastases. 

On palpation, squamous carcinoma feels hard and 
woody due to invasion of perianal tissues. This is in 
contrast to the other perianal conditions described arove. 
Diagnosis is confirmed by proctoscopic biopsy. 

Until the 1980s, the sta ndard treatment was surgical 
abdomi na-perineal resection of rectum and anus with 
a permanent end colostomy in the left iliac fOS5.1. The 
cure rate was less than 50%. Improved results have been 
claimed for a non-surgical approach, employing a 
combination of radiotherapy and chemotherapy. The 
indiCations for surgical, oncological or combined treat
ment are not yet dear. Inguinal lymph node metastases 

developing later may be excised or treated with 
radiotherapy. 

M alignant melanoma 

The anal canal is the third most common site for 
malignant melanomas after the skin and the eye. They 
Cause non-specific anal sym ptoms of discomfort and 
bleeding, and diagnosis may thus be delayed. These 
tumours are usually non-pigmented and need biopsy 
evidence to make a firm diagnosis. Melanomas in this 
si te are extremely malignant with a cure rate of about 
10% with abdomino-perineal proctectomy. 

LOW RECTAL POLYPS AND CANCER 

Rectal adenomaS may sometimes develop a long pedicle 
and be dragged down into the anal canal. They may 
be mistaken for haemorrhoids if they appear at the anal 
verge. This emphasises the importance of proper invest
igation of patients with persistent haemorrhoid-like 
symptoms by p.llpation, proctoscopy and sigmoidoscopy. 
Treatment of low polyps is by excision with a diathermy 
snare and histologica l examina tion to check for 
malignancy. 

Adenocarcinomas arising low in the rectum some
times present with anal bleeding and discharge. Again, 
these symptoms should be properly investigated rather 
than dismissed as haemorrhoids. 
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INTRODUCTION 

Although most respiratory disease is managed by non
surgical methods, non-c.lrdiac thoracic surgery includes 
diagnosis and ma nagement of a range of benign and 
malignant respiratory diseases including chest trauma, 
oesophagea l renux and tumours (also managed by some 

INVESTIGATIVE TECHNIQUES 
IMAGING 

Computerised tomography (en of the chest offers high
resolution images of the entire lung fields in cross
section and provides quantitative information about 
tissue density in all parts of the chest; most pathological 
lesions can thus be diagnosed with a fair degree of con
fidence. In particu lar, the progress of apparently benign 
intrapulmonary masses can be followed accurately with 
serial cr scans, thus avoiding unnecessary surgical 
resection. 

For staging bronchogenic carcinoma, cr sca nning is 
invaluable. Positron em ission tomography (PET) is being 
evaluated for its potential to provide improved diag
nostic accuracy for intrat horacic maHgnancy. 

LUNG FUNCTION TESTS 

Formal lung function tests are mandatory before chest 
surgery and serve two main purposes: 

• Measurement of airflow into and out of the alveoli, 
i.c. FEV I' FVe. peak air flow, total lung capacity, 
alveola r vcntilation 

Disorders of the mediastinum 337 

upper gastrointestinal surgeons), and various medi,lstinal 
disorders. This chapter deals with surgical respiratory 
problems and mediastinal disorders. The principles of 
oesophageal surgery are covered in Chapter 15 and chest 
trauma in Chapler 10. 

• Measurement of gas diffusion across the 
alveolar-<:apillary interface, i.e. tests of involving 
rates of diffusion of carbon monoxide 

Lung function tests provide a detailed portrait of the 
pathophysiology of thc particular chest disease and can 
be used to demonstrate cha nges over time or as a result 
of tre,1tmcnt. When surgery is contemplated, lung func
tion tests are employed to assess ventilatory capacity to 
withstand chest wall incision or lung resection. 

BRONCHOSCOPY 

Bronchoscopy gives direct access for biopsy of lesions 
within the airways and, with transbronchial biopsy, 
provides access to lesions in the lung parenchyma. In 
many centres, diagnostic bronchoscopy is performed 
mainly by chest physicians u.sing flexible instruments, 
with more difficult and potentially complicated cases 
passing to thoracic surgeons. Rexible bronchoscopy is 
performed under similar conditions to gastroscopy, using 
topical local anaesthesia and sometimes intravenous 
sedation. 327 



» Symptoms, diagnosis and management: thoracic surgery excluding cardiac 

Seaion 

3 

328 

Rigid bronchoscopy 

Direct visual access to the large airways firs t became 
possible with the rigid bronchoscope. Its limitations 
include the need for general anaesthesia, the technical 
difficulty in achieving a thorough, reliable and satisfac
tory examination, and limited access to airways beyord 
lob..,r level. Rigid bronchoscopy remains a useful tool for 
certain therapeutic manoeuvres, e.g. removing inhaled 
foreign bodies and aspirating inspissated mucus respon
sible for postoperative lung or lobar collapse; the latter, 
however, may now best be done with a flexible 
bronchoscope. 

Despite the popularity of rigid bronchoscopy in some 
cenires, its use is certain to decline for most applications 
in the f<lce of competition from flex ible bronchoscopy. 

Flexible bronchoscopy 

There has been ste<ldy progress in the development of 
flexible bronchoscopes employing fibre optics and micro
chip cameras. Endoscopes h<lvC become narrower (yel 
with larger biopsy chan nels), more manoeuvrable and 
capable of producing bctter-quality colour images and 
instruments can be introduced using local anaesthesia or 
via an in situ endotracheal tube. Access can easi ly be 
achieved to the level of ind ividual lung segments and 
adequate-sized biopsies obta ined of masses lying withm 
the airway or in the ad;oining lung parenchyma, the latter 
by transbronchial needle biopsy under X-ray guida nce. 

PLEURAL ASPIRATION AND PERCUTANEOUS BIOPSY 

In the case of pleur<ll effusion, pleural aspiration may be 
performed for cytologic,l l examination using a st<lndard 

(. j ('j 

wide-bore needle and syri nge. Blind pleura l biopsy can 
be performed at the samL' time using an Abram's needle. 
Many deeper intrathoracic masses are amenable to 
percutaneous biopsy under X-ray or CT guidance. 

MEDIASTINOSCOPY 

The mediasti noscope is used to biopsy para tracheal and 
sometimes subcarinal lym ph nodes. The instrument is a 
rigid tube incorpora ting fibreop tic light guides; it is 
inserted via a skin incision above the suprasternal notch 
and passed caudally along the plane of the pretrachea l 
fasc ia (see Fig. 24.1). The rou te passes close to the 
superior ven<l cava on the righi, the innominate artery, 
the arch of the aorta and the left atrium anteriorly, the 
descending aorta on the left and the recurrent laryngea l 
nerves posterol<ltera ll y on each side. All these structures 
are at risk of damage and, although rare, this must be 
explained to the p,l tient (and recorded as such) as part of 
obtaining informed consent. Mediastinoscopy gives 
access to the entire middle and posterior mediastinu m 
except for the subaortic fossa (the area below the arch of 
the aorta which often contains lymph nodes). Access to 
this area is obta ined by anterior mediastinotomy. 

ANTERIOR MEDIASTINOTOMY 

Anterior mediastinotomy (see Fig. 24.2), a form of mini
thoracotomy, may be used to obtain tissue from lesions 
in the anterior mediastinum, e.g. thymic tumour. The 
approach may be m<ldc to the left or right of the 
sternum, either intercostally or by resection of a costal 
cartilage. Left anterior medi<lstinotomy affords good 
access for d iagnostic biopsy of masses in the subaortic 
fossa. 

Medlasti~y incision 
Pathway fOf mediastinoscopy between 
trachea and arch of aorta above, and 

.... ~hea: OO~'OW~~~~_TraChea -------Pretracheal 
space 
Aortic arch 

- ,'------Left atrium 

-----------Sternum 

Fig. 24.1 Mediastinoscopy 
(a) For investigation of the poster ior 
mediastinum. (b) Sagittal sect ion. 



.. · .. r.. Incisions for l----''===== mediastinotomy 
(horizontal or vertical) 

Fig. 24.2 Mediastinot omy 

THERAPEUTIC PROCEDURES 

PROBLEMS AFFECTING THE PLEURAL 
SPACE 

Between the chest wall and the lung is a potential space, 
the pleural cavity, lined by mesothelium. Pleura lining 
the chest wall is known as parietal pleura and that 
covering the lung as visce ral pleu ra. The pleural space 
normally contains a minute amount of serous fluid 
which lubricates the movement of the opposed shiny 
pleural surfaces and causes them to adhere by surface 
tension. This, and the negative pressure that would 
result if the su rfa ces were sepa rated, keep the lungs 
expanded. Disease or injury may result in accumulation 
within the pleural cavity of air (pneumothorax), fluid 
(pleura l effus ion), pus (empyema) or blood (haemo
thorax), causing potentially serious (or even fatal) disturb
ances of respiratory and, in some cases, cardiovascular 
function. Pus in the pleural cavity, as in any other location, 
must be drained before infection can be controlled. 

The b.1sic principles of pleural drainage are illustrated 
by the management of pneumothorax. The management 
of pleural effusion, empyema and haemothorax involves 
variations of the technique to accommodate the particular 
pathologies of such fluid collections. 

PNEUMOTHORAX 

Spo nta neous pneumothorax usually results from rup
ture of a bulla on the pleural surface of the lung. This is a 
congenital air-filled cavity which communicates with the 
bronchial tree. Rupture causes air to escape into the pleural 

Thoracic surgery 

THORACOTOMY 

Thoracotomy, described on p. 335, gives full access for 
biopsy of para tracheal, subca rinal and hilar lymph node 
groups, the great vessels, oesophagus, lung and peri
cardium and is used when less invasive procedures are 
inappropriate or have failed. Immediate examination of 
frozen sections of speci m?ns taken during surgery is often 
helpful in determining the extent of surgery required 
and the completeness of resection achieved. 

space and the lung to collapse. Traumatic pneumothorax 
usually results from blunt chest injury, often as a result 
of rib fractures penetrating the visceral pleura. Sharp 
chest inju ry, e.g. stab wounds, may also be responsible. 
Different types of pneumothorax are illustrated in Figure 
24.3. 

A pneumothorax requires treatment under the follow
ing circumstances: 

• When the lung volume is compromised by more than 
about 25% as calcu lated on a PA chest X-ray 

• If the pneumothorax is increasing in size 
• When a sma ll pneumothorax is having a 

disproportionate effect on lung function because of 
pre-ex isting lung disease 

• Where there is a tension pneumothorax 

Sometimes the site of ai r leakage acts as a one-way 
valve, creating a tension pneumothorax. The valve effect 
allows air to escape into the pleural space but not to 
return to the airway, causing collapse of the lung on 
the affected s ide. Rising intrapleural tension pushes the 
mediastinum towards the opposite s ide, compressing 
and compromisi ng the contra lateral lung and obstruct
ing systemic venous return. The physiological upset is 
ext reme and poses an immediate threat to life so the 
condition must be treated urgently. 

Treatment of pneumothorax 

Aspiration 
An uncomplicated pneumothorax in an otherwise fit 
patient can often be treated by aspiration. A 20 ml syringe 
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Fig. 24.3 Classification of 
pneumothorax 

Closed pneumothorax Open pneumothorax Tensioo pneumothorax 

(a) In closed pneumothorax the pleural 
delect cI~ spontaneously. leaving a fixed 
amount of air 10 the pleural !.paCe (b) In 
open pneumothorax there IS free passage 
of air via an open delect In the visceral 
pleura (e) In tension pneumothorax the 
pleural defect acts as a flap vatve allOWing 
progressive entry of air into the pleural 
space, collapsing the lung and pushing the 
mediastinum to the opposite side. 

is connected to n thrt .. >c .. way tap and a needle. The needle 
is inserted into the pneumothorax vin an intercostal 
approach and 20 ml of air aspirated. The tap is turned to 
exclude the needle (lnd the air evacuated from the 
syringe. This is repented until no more (lir can be with· 
d rawn. Progress is monitored by chest X .. ray. The process 
can be repeated, bu t fo rmal tube drainage may become 
necessary if the pneumothorax continues to r&;:ur. 

In the case of te ns ion pneumothorax, rapid emergency 
relie f can be obtained by plunging a large needle into lhe 
ple ural space via an intercostal space. However, a formal 
apical chest drain must be inserted soon afterwards. 

Intercostal tube drainage 
The technique of intercostal chest drainage is described 
in Box 24.1 and Fig ure 24.4; see a lso Figure 24.5. For 
treatment of a pneumothorax, a single apical drain is 
used which may be of sma ll size, e.g. 16F gauge. 

Intercostal tube drains must be connected to an 
npp.uatus which prevents lung collapse due to air 
refluxing into the chest as a result of negative intri1~ 
pleural pressure. The usual mechanism is to connect a 
tube from the dmin in to a water bottle such that the end 
of the tube is below the water level so as to form an 
underwate r seal. The bottle is placed below the level of 
the patient so that gravity creates a small vacuum. As the 
patient breathes, excess air and fluid in the pleural space 
are gradually expelled into the bottle and air bubbles oul 
of the exhaust tube. If there is an air leak from the lung 
via ,1 breach in the visceral pleura, this is manifest by 
continued bubbli ng in the bottle and fa ilure of the lung 
to exp<,nd. Suction shou ld then be applied to the outlEt 
of the underwater sea l for a few days; this usually 
enables the lung to expa nd and adhere to the chest wall, 
thereby remaining innated and blocking the site of the 
air leak. 

Patients with intercostal d ra ins must be transported 
with care to prevent reflux of fluid into the chest. At one 
time it was recommended that chest tubes should be 
clamped when patients were to be moved but this advice 
is now rarely g iven. If drainage tubes are clamped, the 

drain fails to functio n and lung collapse can occur. When 
a patient is transported, onc attendant should be in 
charge of the drainage bottle 10 ensure that it does not 
tip over and that it always remains below the level of the 
patient. 

Intercostal drains are fCmoved when their purpose is 
complete. In all cases the lung must be fully expanded. 
For pneumot horax, cess., tion of bubbling in the bottle for 
24 hours is a n indication for removal; for fluid drainage, 
the duration varies according to the underlying problem. 

Treatment of persistent or recurrent pneumothorax 
More extensive surgical intervention may be required 
for persistent o r recurrent pneumothorax. Appro.1ches 

KEY POINTS 

Box 24.1 Technique of intercostal tube drainage 
of chest 
• Make a 2 cm incision near the upper border of the 

rib and parallel to it 
• Bluntly dissect the intercostal muscles down to the 

parietal pleura with artery forceps. Stay near the 
upper border of the rib to avoid intercostal vessels 

• Palpate the lung with a gloved index finger to free 
adhesions and ensure free entry for the drain 

• Remove the trocar from a large-bore chest drain 
tube (at least 28F gauge). Grasp the distal end with 
artery forceps and guide the drain into the chest in 
an apical or a basal direction according to purpose. 
Never insert a chest drain with the trocar in position 
as this is highly dangerous 

• Attach the drain to an underwater seal and suture 
the drain to the chest wall. Snug the skin around 
the drain with a purse string suture. Apply an 
airtight dressing around the tube and tape the tube 
to the chest wall. Sit the patient up to 45° 

• Take a chest X.ray to confirm the position of the 
tube 
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Appropriate local anaesthesia 

Skin---

Periosteum,---

Parietal pleura'---- 1-l Intra 
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space 
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Fig. 24.4 Technique of intercostal tube drainage of chest 
(a) Three structures WIth somatiC sensory InnervatIOn. (b) After thofacotomy a linger should 
pass easily Into the intrapleural ~e (e) Chest drams ~uld always Je anached to an 
underwater seal. NOIe A small diameter can be employed for pneumJthofaJ( alone. 

Fig. 24.5 Chest drain 

Thoracic surgery -<0( 

Appropnalely positioned large chest drain(s) 
(26-30 F) 

Apical lor Air 

(,) 

Ylt-l--' 

Basal for Blood 
(and oIhef ftuids) 

Collapsed lung 

2 

(a) 30 F gauge tube (10 mm) with stylet removed (and thrown away"_ Note the 
radIOpaque hne and the Side holes near the tip. (b) Post thoracotomy and lobar 
rese<;hon of lung for cancer. ThiS patient has two chest drams in Situ, and A pica! 
drain for Air and a Basal dram for Blood. Both are connected to an unde!Water 
sea l, C, to prevent inf low of air that wou!d cause a pneumothoraJl 
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indude stapling of bullae to prevent air leakage, and 
pleure<:tomy, which causes the visceral pleura to attach 
permanently to the bare chest wall (see Fig. 24.6). 

EXCESS PLEURAL FLUID 

There is normally a very small amount of fluid lying 
between visceral and parietal pleura. This may substan
tially increase in response to lung disorders secondarily 
affecting the pleura (e.g. infection, inflammation, primary 
lung cancers, metastatic cancer of breast) or as a result of 
primary pleural disorders such as mesothelioma. The 
fluid may be a w"tery transudate (e.g. in heart failure) 
or an exudate of vari"ble viscosity (e.g. due to pleural 
infection). Indications for draining a pleural effusion 
indude: 

• Diagnost ic 
empyema 

- suspected malignancy 
- !raum"tic hm!mothorax 

• Th erapeut ic 
removing the compressive effects of a large 
pleural fluid collection on the lu ng 
draining pus from an empyema 
arresting haemorrhage from damaged intercostal 
vessels causing haemothorax 

Stapling 01 bullae 

Pleurectomy 

Visceral pleura---~""-"'1 

Removal 01 the paneta' J 
pleura of upper hall 01 
affected pleural space 

Parietal pleura 

Fig. 24.6 Surgical approaches for treatment of persistent 
pneumothorax 

Uncomplic"ted pleural effusions are usually drained via 
a large-bore (30F guage) tube inserted towards the b."lse 
of the pleural cavity in the most practical dependant 
position. If the fluid collections are loculated, more than 
one drain may be required. 

Malignant effusions 

Ma lignanl effusions (e.g. from breast cancer) usually 
recur after simple drainage and need to be treated in 
other ways. Methods include: 

• Stimulating adhes ion formalion between visceral and 
parietal pleura (pleurodcs is). This can be achieved by 
aspirating the fl uid, injecti ng an irri tant such as 
tetracycline and maintaining tube drainage until 
permanenl adhesions have developed. An alternative 
is to perform pl eural abra sion . Via a slllall 
thoracotomy, the parietal pleura is widely abraded 
using a surgical swab. Agai n, chest drainage allows 
adhesions to form between the two layers of pleura 
with permanent prevention of effusion. This and the 
following technique bot h obl iterate the pleural space 

• Pari etal pleurectomy. This open thoracotomy 
operation involves the strippi ng of the parietal pleura 
which results in d iffuse adhesion of the lu ng surface 
to the chest wall (see Fig. 24.6) 

• Pleuro-peritonea l shunting using a tubular device 
connecting the two cavities. This is impla nted beneat h 
the ski n and incorporates a one-way valve. The 
pleural fluid is then reabsorbed via the abdominal 
peritoneum. This may be the treatment of choice in 
patients with a short life expectancy 

EMPYEMA 

When pleural fl uid becomes infL>eted, pus accumula tes 
in a loculus within the pleural cavity; this is known as 
an empyema. In the early stages, an empyema can be 
treated by dependent intercostal tube drainage with 
irrigation if necessary; ea rly loculi may respond to treat
mcnt with urokinase. in chronic cases, a thick fibrous 
wall or cortex gradua lly forms around the pus-filled 
sp."lcc. Treatment options then include prolonged closed 
tube drainage or open tube d rainage involving removal 
of a segment of rib, and surgical 'decort ication' of the 
entire abscess wall (sec Fig. 24.7). This releases the tethered 
chest wall and diaphragm and a llows the lung to re
expand. 

HAEMOTHORAX 

Following chest trauma, blood may accumulate in the 
p leura l space. This is usually drained via two large 



Thoracic surgery 

CLOSED TUBE DRAINAGE OPEN DRAINAGE DECORTICATION 

Fig. 24.7 Treatment of empyema thoracis 
(a) Closed tube drainage (b) Open drainage--<! segment of rib is rerroved and a red ru bber tube inserted. (c) Decortication-the 'abscess' wall 
of the empyema is removed 

Fig. 24.8 Empyema thoracis 
This 51·year-old man underwent a thoraeo-abdominal oesophagoganectomy for proximal gastne cancer. He suffered a small intrathoracic 
anastomotIC leak and developed an intrapleural empyema. shown by the flUId level In (a) (b) Drainage of empyema. A section of rib overlying 
the cavity IS re5e(ted and a large red rubber tube inserted 10 gM' dependent drainage Into a bag. The drain IS gradually shortened as the caVIty 
closes. ThIS patient was aiM' and well 15 years idter. 

drains, one apically and one basally loca ted. A s imilar 
strategy is employed after open chest surgery. However, 
recently clotted blood will not drain successfully and 
thoracotomy may be required. L1ter, clot liquefies and 
may be removed by drainage. Removing blood allow~ 
Ihe lung to expand against the chest wall and helps 10 

arrest continuing haemorrhage from intercostal vessels. 
Persis tent or increasing drainage of blood indicates con
tinuing intrathoracic bleeding which often necessitates 
surgical intervent ion. Continued bleeding is usually from 
the systemic circulation (e.g, intercostal or great vessels) 
rather than from the lung parenchyma. 
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TRACHEOSTOMY 

PRINCIPLES OF TRACHEOSTOMY 

A tracheostomy (see Fig. 24.9) is an artificial opening into 
the trachea and is performed to provide a secure airway 
when the pharyngeal airway or larynx needs to be 
byp<lssed. With time, an epithelialised fistula develops 
between the ski n and trachea which allows tracheostomy 
tubes to be changed and the airways clea ned without 
difficulty. 

Indica tions for tracheostomy include: 

• Permanent functional obstruction of the upper 
airway, e.g. carcinoma of larynx 

• Temporilry or potentia! upper airway obstnlction, e.g. 
facial fractuTes, major heild and neck operations 

• Patients requiring long-term ventilatory support; 
prolonged endotrachea l intubation is likely to causc 
permanent laryngeal damage and prevent swallowi ng 
and speech. Tracheostomy also provides continuous 
access to the lower airways for bronchial toilet 

Tracheostomy shou ld be a pla nned procedu re performed 
in the opera ting room under general anaesthesia. It is not 

I 

) 

BjorX flap tracheostomy Vertical inCision in trachea 

Fig. 24.9 Tracheostomy 

an emergency procedu re for patients with upper airway 
obstruction, For these patients endotracheal intubation 
or cricot hyroidotomy (see Fig. 24.10) should be used . 

COMPLICATIONS OF TRACHEOSTOMY 

• Haemorrhage caused by erosion of the innominate 
(brach iocephalic) artery 

• Tracheo-oesoph agea l fi stula, particu larly where a 
nasogastric tube is in place 

• Displ acement of the tracheostomy tube may occur 
before the ' fi stula' is established, ma king it difficult to 
reintubat'e the trachea 

• Tra cheal stenos is, usua Ily the « .. 'SuIt of prolonged use 
of a high-pressure cuff 

THORACOTOMY 

POSTEROLATERAL THORACOTOMY 

Posterolater.ll thoracotomy is the standard approach for 
lung and oesophageal resections as well as for surgery of 
the descending aorta. The incision is sited below the 

Tracheostomy tube in situ 

- ......; ........... ,<) 

(a) Trache05tomy placement (b) Disposable tracheostomy tube. No:e distal bal loon whICh IS inflated ~ i a the smal l tube to provide a snug f it 
Inside the trachea. (c) Patient being ~enti l ated via an electi~e tracheostomy after cardiac surgery 
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Incision of cricothyroid 
membrane 

Fig. 24.10 Cricothyroidotomy 

Insertion of scalpel handle 
into incision 

Twisting scalpel handle 10 
enlarge incisIon, allowing 

insertion of tube 

Tho racic surgery 

(b) 

Planned percutaneous 
insertion of dilators, Ihen 

specially designed 
cricothyroidotomy tube 

(a) In a dire emergency, thiS Ilfe·savlng procedure can be rapid ly employed to gain time. (b) Modern mlnl-<:ncothyroidotomy can be performed 
percutaneously by making a small Incision through the cricothyroid membrane and progressively dilating it With graded dilators before insertion of a 
specially constructed small-diameter tube. e,g , Minitrach or QUlCktrach Th~ are used In aCCIdent vi<:tlms and often in intensive care units 

inferior angle of the scapula, latissimus dorsi is divided 
and the chest is entered through the bed of the (wlresected) 
fifth or sixth rib. If necess.'\ry, the incision can be extended 
into the abdomen (thoraro-abdominal incision) so that the 
oper'ltive field extends above and below the diaphragm, 
e.g. for ocsophagcrgastrectomy or thoraro-abdominal 
aortic aneurysm. 

LATERAL THORACOTOMY 

Lateral thoracotomy involves an incision extending 
between anterior and posterior axillary lines. It is used 
for limited access, most often for surgical treatment of 
pneumothorax, 

ANTERIOR THORACOTOMY 

This is used for diagnostic biopsy (p. 329). It is less likely 
to cause post-thoracotomy neuralgia tiwn other 
thoracotomyappro.'\ches. 

THORACOSCOPY 

This is the thoracic equivalent of laparoscopy or 'keyhole' 
surgery and is sometimes known as video-assisted thora
cotomy. Rigid instru ments for viewing and operating are 
inserted through sm,l l1 incisions in the chest wall and the 

SPECIFIC THORACIC DISORDERS 

LUNG ABSCESS 

Lung abscesses have become much less common with 
effective antibiotic treatment of pulmonary infections. 

image is displayed on a monitor so that the whole team 
C,'\n view the procedure. 

As with lap..uoscopic surgery, these techniques are 
evolving and being evaluated and the indications and 
contraindications are gradually emerging. For some 
applications, such as thoraco-dorsa l sympa thectomy and 
pleural biopsy, thomcoscopy is the treatment of choice, 
whilst for others, e.g. lobar resection, hiatus hernia repair, 
further apprais.'\1 is needed. 

Dis.'\dvant,'\ges of thoracoscopic techniques include: 

• Thoracoscopic operations often take much longer 
than equivalent open procedures (e.g. pleurodesis, 
pleurectomy, stapling of apical bullae) 

• The completeness of thoracoscopic excision of 
malignant lesions is difficult to evaluate 

• Post-thora cotomy neuralgia may also complicate 
thoracoscopy incisions 

MEDIAN STERNOTOMY 

Median sternotomy or 'sternal split' gives wide access 
to the heart and the entire anterior mediastinum including 
the great vessels. It is the standard incision for coronary 
artery byp..'\ss surgery as well as for excision of thymic 
lesions and relrosternal parathyroid tumours and, oc
casionally, resection of a goitre with massive retrosternal 
extension. 

Onset of symptoms may be insidious with clinical 
features including a swinging pyrexia, foul-smelling 
spu tum and the finding of a cavitating shadow on chest 
X-ray. 
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Se<tion 

3 
Primary lung abscess may follow bacterial lung infec

tion, most commonly with Stal,IIY/OCOCClIs allrellS, beta 
haemolytic streptococci, Pseudomollas or Klebsiella. 

Secondary lung abscess may follow aspiration of 
gastric contents or occur in lung segments distal to a 
bronchial obstruction caused by a centra lly placed 
neoplasm (usually squamous cell carcinoma) or inhaled 
foreign body. 

Lung abscesses are usually treattc'<.i with antibiot ics 
alone but occasionally a cavity requires drai nage. Drains 
are usually plnced perculnneously u nder ultrasound or 
cr guidnnce. 

CANCER OF THE LUNG 

Lung cancers arise as primary bronchogenic tu mours or 
as metastatic deposits from ca ncers elsewhere in the 
body. Of the primary tumours, only 20% will not have 
met,1stasised by the time of presentation. Lymph nodes 
in the hilar area are usually involved firs t, followed by 
ot her mediastinal nodes. Bone and brain are common 
sit~ of dist,lnt metastatic sprcad and may be responsible 
for initial presentation. 

1'1 
T, 

1'1 

• 

Tumour less than 3 em 

T3 e 

" • 
• • 

• 
Extension into adjacent 

structures 

• 

Tumour more than 3 em 

• 

Involvement of main 
broochus less than 2 em 

distal to carina 

Fig. 24.'1 Tumour staging using the TNM classification 
336 (a) Tumour size and extent. (b) Lymph node in~olvement. 

Primary lung cancers are classified into small cell 
tumours (10-15~ ) and non-small cell tumours (85-90%). 
Small cell tUmours (often called 'oat-<:ell carcinomas' 
fro m their histological appearance) are thought to 
originate from pulmonary APUD cells. Non-small cell 
tumours are derived from bronchopulmonary tissues 
and include squamous cell carcinoma (almost always 
related to smoking), adenocarcinoma and large cell or 
undifferentiated carcinomas, and broncho-alveolar cell 
tumours. Many lung cancers grow rapidly and assess
ment should not be delayed if su rgery is contempla ted. 

STAGING OF LUNG CANCER AND ITS IMPLICATIONS 

TNM staging of lung cancer is fundamen tal to planning 
appropriate treatment. The staging system follows the 
general TNM p<1ttern described on page 100 and is shown 
in Figure 24.11. 

In staging bronchogenic carcinoma, CT scan ning is 
invaluable. Intravenous injections of contrast imp rove its 
reliabi li ty by enabling blood vessels to be d iscri minated 
reliably from lymph nodes. The likelihood of en larged 
lymph nodes being malignant increases with size, from 

• 

Tumour Within lobar 
bronchus but more than 
2 em away from canna 

• 

Tumour associated With 
pleural effusion 
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.. 

• 

Invasion of pleura 
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N, 
N, 

T 
Tumour 

Lymph nodes 



7% for nodes Jess than I cm in diameter to 40% for node; 
1-2 cm in diameter and 66% for nodes larger than 2 cm. 

The role of surgery in the management of lung cancer 
varies according to the type of tumour, the known 
responsiveness of the tumour type to other therapies (i.e. 
radiotherapy and chemotherapy), the general state of 
respiratory function and the age and fitness of the 
patient for major surgery. As a genera l principle, surgery 
is reserved for patients who are potentially curable. 
Surgery usually involves removing one or more affected 
lung lobes (lobectomy) or the whole lung (pneumo
nectomy), sometimes with resection of involved chest 
wall. 

For carcinoma in nodal stage No (no nodal involve
ment) or N I (metastasis to ipsilateral hilar or perI
bronchial nodes on ly) with no known distant metastases 
(Mo), excising the primary tumour and local nodes by 
lobectomy or pneumonectomy (with or without chest 
wall resection) gives a 5-year survival of about 50%. N2 
disease is diagnosed when there are metastases to ipsi
I,llera l mediastinal or su\xarinal lymph nodes or both. 
When diagnosed preoperatively (e.g. by mediastino
scopy ;1Ild biopsy), complete resection is possible in less 
than 10% of patients and 5-yea r survival following 
resection is on ly 2%. 

N) disease is defined by metastases in contralateral 
mediastinal lymph nodes, scalene or supraclavicular 
lymph nodes. If N2 or NJ disease (or Ml disease with 
distant metastases) is confirmed during initial stagi ng. 
the results of surgery are so poor that it is rarely offered 
and other methods of palliation need to be considered. If 
preoperative staging of mediastinal lymph nodes is 
nega live but N2 disease is discovered at thoracotomy 
(occult N2 disease), 50% of p,'tients can undergo a histo
logically complete resection and this subgroup wou ld 
expect a 5-year su rvival of 30%. 

For disease too advanced for useful surgery, radio
therapy can increase life expectancy and provide effecti\·e 
palliation for troublesome complications such as lobar 
collapse, haemoptysis, superior vena caval obstruction or 
symptoma tic metastases in brain or bone. Radiotherapy 
has also proved useful for managing symptomatic 
tumour recurrence after surgery. The role of adjuvant 
chemotherapy in treating lung cancer is currently under 
scruti ny. 

SURGICAL TREATMENT OF LUNG CANCER 

Surgica l treatment of lung ca ncer involves wide f('S('Ction 
of the primary cancer with sampling of loco-regiollJ l 
(mediastinal) lymph nodes to establish accurate TNM 
staging. Accurate pathological staging of the surgical 
specimen influences the decision to employ adjuvant 
chemotherapy or rildiotherapy. 

Thoracic surgery 

Thc standard surgical approach is via a postero-Iateral 
thoracotomy. For lobectomy, one or more lobes arc 
excised. Both lungs have three 'surgical' lobes; the right 
has upper, middle and lower lobes, the left has upper, 
!ingular and lowcr lobes. For pneumonectomy, the entire 
lung is removed. 

The empty thoracic sp.1.ce left by resection is soon 
taken up by hyperinflation of the remaining lung tissue, 
medias tinal shift and elevation of the hemidiaphragm. 

Apart from treatment of malignant disease, indica
tions for lung resection include: 

• Tra uma-major sharp injury to a lobe or lung, or 
cases of blunt trauma where a bronchus has been 
ruptured 

• In fection--conscql1ences of infection including 
bleeding due to bronchiectasis or secondary fungal 
infection of a persistent, antibiotically 'sterilised' 
abscess c,wity 

• Benign tumours-if curative excision via 
bronchotomy is impracticable 

• Lung transplantation- transplantation of a single 
lung is sometimes performed for non-malignant 
disease when there i.<. minimal respiratory reserve and 
one lung is significant ly more affected than the other. 
Bilateral lung transplantation is performed in patients 
with lung diseases involving infection, e.g. cystic 
fibrosis or bronchiectasis. Heart-lung transplantation 
is offered when both lungs are irreparably damaged 
by cardiovascular disease. e.g. severe pulmonary 
hypertension (see e h. 4) 

DISORDERS OF THE MEDIASTINUM 

Disorders of the mediastinum of surgical importance are 
summarised in Figure 24.12. 

ANTERIOR MEDIASTINUM 

Retrosterna l thyroid 

Rarely, the thyroid gla nd is ectopically located in the 
anterior mediastinum where it may become enlarged by 
any of the processes discussed in Chapter 42. Alterna
tively. an inferior extension of a normally located thyroid 
gland may spread retrostemally into the anterior media
stinum as a result of si milar pathological changes. The 
adverse effects of retrostemal thyroid enlargement are 
usually related to progressive displacement of the trachea. 
Sudden enlargement of restrosternal thyroid tissue caused 
by haemorrhage can threaten the airway. Most retro
s ternal thyroid s can be removed through a standard 
thyroidectomy collar incision and only rarely is a median 
sternotomy required. 

Ch 



Section 

3 

338 

Symptoms. diagnosis and management; thoracic surgery excluding cardiac 

Anterior mediastinum 
(between sternum and 

pericardium) 

Middle mediastinum Posterior mediastinum 
(pericardium and Its contents (posterior to pencardium) 

and lymph nodes) 

Extracardiac abnormatities 
loclude: 

• Retrosternal thyroid • Lymph n<XIe enlargement 
Parathyroid hypertrophy • Mediastinal cysts 
01 tumour 

Neu'ogenic tumours 
Aneurysm of descending 
aorta 

• Thymoma 
Lymph node 
enlargement 

Hiatus hernia 
Congenital hemla throogn 
foramen of Bochdalek 

Aneurysm of ascending 
aorta 
Hernia through foramen 
of Morgagni 
Germ celf tumour 
(seminoma/teratoma) 

Fig. 24.12 Disorders of the mediastinum 

Thymus 

The thymus causes few pathological problems with the 
exception of the rare thymic tumour (thymoma) which 
may be benign or malignant. Distinguishing between the 
two is difficult on histologic.ll grounds and diagnosis has 
to be based on morphological characteristics, such as the 
presence of a capsule. For malignant thymomas, surgical 
excision is the only treatment and achieves a 5-year 
surviv.ll ratc of abou t 65%. 

Myasthenia gravis is an unusual clinical condition 
associated with certain thymic tumours or thymic hyper
plasia . After thymectomy. the paroxysmal fatigue of 
myasthenia is llsu<111y improved and the need for anti
cholinesterase therapy reduced. However, the symptoms 
are rarely completely eliminated. 

Parathyroid 

Benign and malignant pa rathyroid tumours usually 
occur in the neck bu t may occasionally occur anywhere 
between the rctrothyroid area and the arch of the aorta. 
If retrosternal lesions are suspected, exploration of the 
anterior mediasti num accompanied by thymectomy per
mits the abnorma l par.l lhyroid tissue to be removed. 

MIDDLE MEDIASTINUM 

This contains Ihe pericardium and hila of both lungs. 
Disorders requiring surgical intervention include; 

• Lymph nod e en largement-bronchogenic malignancy 
or lymphoma arc the most common causes. Tumour 
type may be defined by biopsy and the extent by CT 
scanning 

• Aneurysms-those of the ascending aorta or the arch 
of the aorta are usually degenerative but may also 
appear as a late com plication of aortic trauma or 
dissection. Syphil itic aneurysm is now rare 

• Developmental cysts- these include peric."lrdial, 
bronchogenic, enterogenous and cysts of uncertain 
origin. Mediast inal cysts occasionally become infected 
and even more rarely undergo malignant cha nge 

• Genn ce ll tumou rs-primary or secondary teratoma 
or seminoma occasionally occur. Thes£' tumours are 
diagnosed by histology or raised serum markers and 
can usually be treated successfully with 
chemothempy 

POSTERIOR MEDIASTINUM 

The posterior mediastinum lies behind the pericardium. 
Surgery may be required for the following conditions: 

• Aneurysms of the descending aorta 
• Benign tumours of neurological origin-these may 

be bilobed and extend into the spi nal ca nal 
• Diaphragmatic hernia- hiatus hernia is common but 

is not always associated with gastric reflux. Most 
sliding hernias can now be treated with acid-reducing 
drugs, weight loss and other si mple advice (see 
Ch. 15). The more unusual pa.ra-oesophageal or 
rolling h ia tus hernia may lead to gastric infarction 
and many believe its presence is an indication for 
surgery. Congenital herniation into the posterior 
mediastinum (hernia of Bochdalek) is very rare . 
Discussion continues as to whether hiatus hern ias 
requiring surgery should be approached from above 
or below the diaphragm 
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GROIN AND MALE GENITALIA 

25 Diagnosis of problems in the 
groin and scrotum 

lumps in the groin 342 
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GrOin and scrotal pain 345 

The missing or ectopic testiS 347 

INTRODUCTION 

This chapter describes the clinical presentation and diag
nosis of Jumps and swellings in the groin and scrotum. 
The specific conditions causing these problems along 
with their management are covered in the following two 
chapters. 

Groin Jumps and swellings account for about 10% of 
generill .!.urgica l outpatient referrals. [Il both sexes, the 
commonest lumps in the groin are hernias, either inguinal 
or {('moral. Both arc caused by abdominal contents 
protruding through defects in the abdominal wall. In the 
male, the testis descends into the scrotum via the inguinal 
canal, and Ihis arcil remains potentially weak throughout 
life; inguinal hemiils are therefore more common in ma les. 
I( large, an inguinal herni a may present as a scrotal 
lump rather than a groin lump. I.n the female, the uterine 

Super1iclal inguinal ring~ 

tlio-ingUmalnefVe~ ~ 

Pubic tubercle crossed by spermatic cord 

round ligament pursues a course similar to the spermatic 
cord in the male; this explains the occasional occurrence 
of inguinal hernias in females. The femoral canal, below 
the inguinal ligament, is another potential weakness in 
the alxlominal wall and may give rise to a femoral hern ia. 

Enlarged lymph nodes due to infection or ma lignancy 
also cause groin lumps or swellings. Less common are 
vascular abnormal ities such as a saphena varix or a 
femoral artery aneurysm. Very rarely nowadays, a psoas 
abscess may track beneath the inguinal ligament to 
present in the grOin. This used to be a complication of 
tuberculous disease of the spine but is now more 
commonly a result of colon-related sepsis. 

The embryology and anatomy of the groin, testis and 
perinellm provide a good starting point for under
standing many surgical problems in this area and ,Ire 
explained in Figures 25.1-25.5. 

--------External oblique muscle and 
aponeurosis 

~----- Antenor superior iliac spme 

---------Ingumalligamenl 

------------Lme 01 incision of external oblique 

A 
aponeurosis during inguinal 
herniorrhaphy 

Spermallc cord ShOwll'"lQ spiratlibres 01 / 
cremaster muscle---- / 

·,-------------Femoral vein 
-----------FemoraJ artery 

Pectineus muscle -----------Saphenous opening 

Loog saphenous vein------_ 

Femoral canal 

Fig. 25.1 Structure of the inguinal and femoral canals 
A IS the surface marking of the femoral pulse. midvvay between the pubiC symphYSIs and the anterior superior ilia< spine; the deep ring lies 2_5 em 
,bo",,, 3, 
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SuperfiCial inguinal ring----- - --------Inguinalligament 

--;- ---------Femoral vein 

- - - --;- -----------Pectillealline f()(lTling upper border 
of pubic ramus 

Gimbernat's ligament------,c' 

Pectineus muscle-------

Fig. 25.2 Structure of the femoral canal 
The abdominal opening seen from below 

Conjoint 'tendon ------- -

Spermatic oordl----

(.) 

Conjoint 'tendon'-fused lower 
edges of inlemal oblique and 

• 

B 

~)l'_;--------- Inlerior epigaslric artery 

L _ ___________ Dehciency below internal oblique 
and transversalis musdes IlOfffially 
closed by transversal is fascia 

A 

I 
transversalis muscles, - -------- Inferior epigastric artery (branch of 

I 
external iliac) marl<ing medial edge of 

Spermatic cord ----- I Lc-------------~:::s~neg:~~ ::ia 

L-------------Shiny aponeurotic inner lower ~e of 
external oblique forming the ingull"lal 
ligament 

(b) 

Fig. 25.3 Structure of the inguinal canal 
(a) IngUInal canal displayed by opening the anteflOf wall (e~ternal oblque aponeurOSIS) (b) Inguinal canal With the spermallC cord removed A IS 
the proximal end of the 5pefmaiIC COfd whefe II leaves the deep Inguillal nng B and C are the upper and lowe, edges of the InCised enemal 
oblique reflected to show the ingUinal canal 

Testicular tumours are usually of germ cell origin; 
they are relatively uncommon but important not leas t 
be(ause curative tre<1lment is now aV<1ilable for most of 
them. The lymphatic drainage of the testis (to the intra
abdominal nod es) is different from that of the scrotal 

skin (towards Ihe inguinal nodes) and is determined by 
the embryology of testicular d escent. 

When pain in the groin or scrotum is the main 
prt.'SCnting symptom, the usual cause is a newly devel 
oped inguinal hernia, a str.lllglllated inguinal or femoral 
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- --:--':- - ---------- Kidney 

- ---------- Peritoneum 

,"'::--:~-------- EmtxyoIogIC8I origin 01 testis below 
kidney and behind peritoneum 

,.~1;; .... "T-:;:_~,------- Iliac crest 

j "------------- Testicular artery 

Bladder 

I ------ Inguinalligament 

~l==== Processus vaginalis Ductus (vas) deferens 
Testicular anery 

Spermatic cord passing out 
through deep ring 

1 - ---- Epididymis 

---- Testis 

---- Tunica vaglnalis 

Fig. 25.4 Embryological descent of the testis 
The testicular artery marks the line of descent of the te51is towards the scrotum In the embryo, the artenal supply is direct from the aorta, and 
thiS persists even when the tes tis has reached the scrotum. 

-• •• 
-. 

• • -
Upper group (5-6 nodes) 

Medial nodes drain: 
external genitalia 
vagina below hymen 
lower anal canal 
perianal region 
medial lower abdominal wall 
umbilicus 
uterus via round ligament 

lower group (4-5 nodes) 

Drain most 01 lower limb 

Fig. 25.5 Superficial inguinal lymph nodes of the groin 

Lateral nodes drain: 
upper lateral thigh 
gluteal region 
lalerallower abdominal wall 

The lower group lie around the termlnalion of the long saphenous vein Both upper and lower groups drain to the external Iliac nodes 

Ch 

34 



3 

Symptoms, diagnosis and management: groin and male genitalia 

hernia, an acute infection of the scrotal contents or 
testicular torsion. All but the first of these are acute 
su rgical emergencies. 

Disorders of the penis (other than problems with the 
foreskin) are uncommon in adults; the most serious is 
carcinoma. In children, pen ile disorders are either devel· 
opmental or minor inna mmatory conditions; these are 
discussed in Chapler 45. Disorders of the female genitalia 
are usua lly seen by gynaecologis ts and are not covered 
here. 

LUMPS IN THE GROIN 

Lumps in the groin or scrotum mayor may not be 
painful. The groin and scrotum must both be examined 
when either is swollen to discover the anatomical origin 
of the swelling. The patient must be examined both lying 
and standing to avoid missing an inguinal hernia which 
reduces spontaneusly or a varicocoele which empties 
when the pa tient is supine. 

CLINICAL EXAMINATION 

Lumps in the groin are exa mined in the S'lme way as 
lumps elsewhere but there are two special points to note 
as follows: 

• The relationship of the groin lump to the inguinal 
ligament 

• The consistency and reducibility of the lump 

Method 1 

Palpale upper border 01 pubic bone 
near pubic s'rmphysiS, Ihen move 
laterally unti pubic tubercle IS rell 

Care is needed--the spermatJc 00I'd 
crosses lhe pubtc tubercle and can 

be very tender 

34 2 Fig. 25.6 Digital palpation of the pubic tubercle 

Relationship to the inguinal ligament 

The position of the lump in relation to the inguinal 
ligament should first be identified. The ligament is not 
visible but s tretches between two palp.,ble bony 
prominence;,: the anterior superior iliac spine laterally 
and the pubic tubercle medially (see Fig. 25.1). Usually, 
the iliac spine is casy to fi nd but the pubic tubercle ca n 
be diffinllt to locate, cspe<:i<l lly in obese patients. The 
pubic tubercle can be found by palpating outwards from 
the mid line along the up~r border of Ihe pubic symphysis 
(care is nC\.~cd as the spermatic cord can be tender). This 
is a better method than invaginating the scrotum with 
the index finger from below (see Fig. 25.6). 

The pubic lubcrcle is higher thiHl might be imagined 
from the skin contollT, and the inguina l ligament does 
not correspond to the crease between lower abdomen 
and thigh. Hather, the inguinal ligament is 2 cm or more 
above the crcaSl'. As shown in Figure 25.7, inguinal hemi,lS 
alw'lys originatc above the inguinal ligament, whereas 
femor.11 hernias, s..,phena varices and femoral artery 
aneurysms always arise below it. Enlarged inguinal lymph 
nodes arc usually below the inguinal ligament. Psoas 
abscesses have their origins out of reach well above the 
ingl.lina l ligament but track down within the psoas sheath 
to present below the ingui nalligamenl. 

Consistency and reducibility 

The consistency and red ucibility of a groin lump can be 
useful diagnostic features. Hernias are usually soft but 

t 
Method 2 

Starting low in the scrotum anterior 
to tesbs, invaginate scrotal skin 

carefully until the pubic tubercle is 
felt on upper bofder 01 pubic booe 

This gives very good palpation of 
the tubercle but can be 

urlComfortabie for the patient and 
is therefore not recommended 
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Diagnosis of problems in the groin and scrotum « 

Ingulnalligament------------

Superficial inguinal ring'------

Inguinal hemla.---

Femoral hemia-neck is below 

A 

inguInalligamenl but sac may tum 
upwards--------

Upper lateral lymph nodes 
draining lateral lower abdomen 
and upper lateral thigh 

-----------Femoral artery aneurysm below 
inguinal ligament 

B 

Saphena vari)(--below inguinal 
Iigamenl-----,------=7 

-"'-'-----------Upper medial lymph nodes and 
lower lymph nodes overlie 
sapheno·femoral junction and 

F,moca' ",,,0 _ _ _ C ___ 91-;(1--_ 
drain lower limb and perineum 

All lymph nodes are below IngUinal 
ligament 

Fig. 2S.7 Significance of the relationship of groin lumps to the inguinal ligament 
A. B and C Me stages in the enlargement of an Indirect inguinal hernia Note that the neck IS above the IngUinal ligament A direct Inguinal 
hernia enlarges forwards In position A 

the most reliable diagnostic sign is whether the lump 
~u(esspontaneously when the p.1.ticnt lies flat or reduces 
with gentle manipulation. Most inguinal hernias are at 
least partly reducible, although longstanding hern ias 
gradually become irnxlucible because of adhesions \\'ithin 
the S<1.(. These arc said to be incarcerated . Another 
characteristic of an inguinal hemin is a palpable expansi le 
impulse when the patient coug hs. If bowel is present 
within (and the hernia is not strangulated), auscultation 
will reveal bowel sounds. In contrast, femo ra l hernias 
are usually irreducible and have no cough impu lse since 
the femoral canal is so narrow. Bowel sounds are not 
heard unless the hernial orifice is so large as to admit a 
large and reducible mass of bowel. This is rare, ho ..... ever. 

Distinguishing between direct and indirect inguinal 
hernias may be clinically difficult and is of little practic.ll 
importance. Despite this, it is a useful exercise in eliciting 
cli nical signs and frequently comes up in student 
examinations! The pi1 tient's age is perhaps the most 
useful indicator of the type of inguinal hernia, with 
indirect hernias most common under the age of 50 and 
direct hernias more common after that age. By definition, 
an indi.rect inguinal hernia is one ;n which the hernial 
.s.1C leavcs the abdomen via the deep (internal) inguinal 
ring to enter the inguinal c,lnal. Thus, if the hernia C,1n be 
completely reduced, finger pressure over the deep ring 
(2.5cm nbove the femoral pulse - see on Fig. 25.1) will 

prevent it reappearing on coughing. In contrast, a d irect 
inguinal hernia leaves the abdomen through a weakness 
in the posterior wall of the inguina l canal, i.e. medial to 
the deep ring, and so cannot be controlled by d igital 
pressure over the deep ring. 

En larged inguinal lymph nodes vary in consistency, 
number and size depending on the pa lhologicill ca use; 
they are not reducible. A saphena varix is very soft and 
completely disappears on p.1.Ip.:1.tion, {'('filling when pressure 
is released. Femoral artery aneurysms, however, arc firm 
and pulsatile. 11lt"'5(, vascular conditions must be diagnOS(-'d 
correctly as injudicious operation could be catastrophic! 

SCROTAL LUMPS AND SWELLINGS 

A lump or swelling in the scrotum may be: 

• A solid or cystic mass arising from one of the 
components of the scrotal contents or spermatic corel. 
These anatomical structures include testis, 
epididymis, epididymal appendage, vas deferens and 
pampiniform venous plexus 

• A collection of fluid in the lunica or processus 
v'lgi nalis (hydrocoele) 

• An inguinal herni,l extending along the embryologic.ll 
path of testicular descent 34, 
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Symptoms, diagnosis and management: groin and male genital ia 

CLINICAL EXAMINATION 

The origin of a scrotal lump 

The first clinical objective is to determine whether the 
swelling ;Irises in the groin, in the spermatic cord itself 
or in the scrotUIll. This is achieved by palpating the 
spermat ic cord at Ihe neck of the scrotum. In the case of a 
hernia, the spermatic cord is much grea ter in diameter 
than normal and the hemia can be shown to communimte 
with the abdominal ca vity. Spermatic co'rd swelling~ 

(varicocoele or cyst) are usua lly easy to recogn ise. If the 
lump is purely scrotal, Ihe spermatic cord is norma l in 
diameter. 

Testicular and epididymal lumps 

When the abnormality is scrotal, an attempt should be 
made to pa lpate the testis and epididymis separately, 

Inguinal (indirect) hernia 
enlarging cord 

Chronic epididymitis 

DiHuse enlargement of testis 
with small secondary 

hydrocele 

Assume to be a tumour 
until proven otherwise 

Hydrocoele 

344 Fig. 25.8 Causes of ill lump or swelling in the scrotum 

and to find their relationship to the lump. If the testis is 
enlarged or there is a lump within it, this must be 
regarded as a primary tumour unti l proven otherwise by 
expert clinical examination, surgical exploration or ultra
sou nd sca nning; if doubt remains, excision biopsy is 
necessMy. Testiculn r swellings due to lymphoma, leu
kaemia or granulomatous infections (e.g. tuberculosis 
or syph ilitic gu mma) tend to be softer, but this is an 
unreli<lble sign. Any tL'SticuJar pathology may ca use a 
littl e nuid to accumu late in the tun ica vaginalis resulting 
in a small secondary hydrocoelc. This rarely interleres 
with testicular pnlpation. 

Lumps in the epididymis (cysts, chronic epididymitis 
or rarely, tuberculous gra nulomas) are discrete from, but 
attached to, an otherwise normal testis. liny focal lumps 
in the epididymis are rarely clinically important. Infective 
lesions cause diffuse thickening of Ule epididymis, whereas 
epididymal cysts are al most always located at the u pper 

Focal enlargement of testis 

Assume to be a tumour 
until proven otherwise 

Varicocoele 

Epididymal cysts or 
spermatocele 

Encysted hydrocoele 
of the cord 
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Fig. 25.9 Trans illuminat ion of a scro t a l cyst 
This 30·year·old man complamed of a swel lmg In the fight scrotum. 
On clinical examination. there IS a 3 cm soft rounded swelling at the 
upper pole of the epididymis. A confident diagnosis of epididymal cpt 
can thus be made 

pole. Epididymal cysts are filled with clear fluid and 
therefore transilluminate. Transi ll umination (Fig. 25.9) 
is demonstrated by shining a strong beam of light from a 
(torch or fibIL>optic cable) through the scrotum in a partly 
darkened room. If the lesion is fluid-filled, it will glow 
(except in the case of blood). About 10% of cysts in the 
epididymis, and most of those in the cord, are filled with 
an opalescent fluid containing spermatozoa . These 
spennatocoeles also sometimes transilluminate brilliantly. 

Other scrotal lumps a nd swe llings 

Slow accumulation of fluid within the tunica vaginalis 
produces a primary hyd rocoe le surrou nding the testis. 
Primary hydrocoeles are com mon in the elderly. They 
arc often ignored by the patient until they become very 
large (300 ml or more) because they do not cause pain. 
The testis is nol palp.lble separately from the swelling 
but occasionally, the hydrocoele is lax enough to allow 
the testis to be palpated through it; more often the 
hydrocoele is too tense for this. Diagnosis is confirmed if 
the swelling transillumimltcs. 

In young boys. Ihe tunicil vilginillis may sometimes 
remain in continuity with the peritoneal cavity via a 

DiagnOSIs of problems in the groin and scrotum ..c: 

patent processus vagina l is. This is so narrow that Q; 
herniation does not occur but it allows peritoneal fluid to ~ 
accumulate by grilvity during the day. This causes a 
scrotal swelling which may disappear overnight, and is 
known as a commun ica ting hydrocoele. 

Abnormalities of the spermatic cord are usually 
varicocoeles or cysts. Varicocoeles are common, often 
asymptomatic, and represent dilatation of the venous 
network making up the p.lmpiniform plexus. They feel 
like a 'bag of worms' on palp.llion and disappear in the 
supine position. Cysts of the cord are usually small, 
spherical and transilluminable. They represent either an 
encysted hydrocoele arising from a remnant of the 
processus vagiJlalis or il spermalocoele. 

GROIN AND SCROTAL PAIN 

ACUTE PAIN 

Several common conditions can present with acute pilin 
in the groin or scrotum. These are listed in Box 25.1 with 
their typical signs and symptoms. A strangulated hernia 
will usually be readily diagnosed by finding an irreducible 
hernia which is tender and often red, although strangu lated 
femoral herniils may be grilpe-si:.o:ed and unimpressive. 
Str<lngulated hernias, p<lrticularly femoral hernias, some
timcs present with abdominal pain or signs of obstruction 
but without localised pain. 111is emphasises the importance 
of examining the hernial orifices in every patient with an 
acute abdomen. 

Testicular torsion must alwilys be excluded clinically 
if there is acute scrotal pain since the testis can be sewed 
if operation is performed promptly; an explor'llory 
operation is mandiltory if torsion of the testis cannot be 
confidently excluded. Torsion occurs mainly in adolescents 
but occasionally in young adu lts. The main differential 
diagnosis at aU ages is acute bacterial epididymitis. Torsion 
of an ep ididymal appendage (hydatid of Morgagni) 
produces symptoms similar to testicular torsion in 
children but less SC'vere; surgica l exploration is usually 
still required to exclude it. A traumati c hacmatocoele is 
also associated with acute p.lin but the trauma or surgery 
which preceded it will point to the likely diagnosis. 

CHRONIC PAIN 

Chronic pain in the groin or scrotum which occurs 
without any clues in the history and without swelling is 
difficult to diagnose and treat. 

Groin pain may bccaused by inflamed inguinal lymph 
nodes secondary to infection in their field of drainage. 
Strained muscle attachmen ls to the bony pelvis some
times cause groin pain; this particularly affects the hip 
adductor attachments near the pubic tubercle; and is 
usually associated with extreme physical activity. Groin 34 



Seaion 

3 

346 

Symptoms, diagnosis and management: groin and male genitalia 

Table 25,' Summary of disorders of the groin and scrotum and their clinical features 

Disorder 

1. GROIN LUMPS AND 
SWElliNGS 

a. Inguinal hernia 
Direct 

b. Femoral hernia 

c. Inguinal 
lymphadenopathy 

d . Saphena varix 

e. Femoral artery 
aneurysm 

f . Psoas abscess 

2. TESTICULAR DISORDERS 
a. Incompletel y descended 

testis (!Of children. 
see Ch. 45) 

b, Torsion of testis 

c. Inflammation of 
epididymis or testis 

d , Testicular tumours 

3. DISORDERS OF OTHER 
SCROTAL CONTENTS 

•• Hydrocoele 

b. Haematocoele 

<. Varicocoele 

d. Epididymal cyst and 
spermatocoele 

•• Torsion of hydatid of 
Morgagni 

Anatomical /developmental basis 

Slmpll' bulgrng of abdominal contents due to 
Inadequate support grven by weik posterior 
wall of ingurnal canal 
Passage of abdom!nal content5, often includIng 
bowel, through IOgumal canal towards scrotum 
or labrum majus 

Passage of abdomrnal contents, often rncludm9 
bowel into femoral canal 
IngUinal nodes dram lower hmb, abdominal wall 
below umbilicus, anal canal, scro~a l skin, peniS 
(but not testes, which dram to para·aontc and 
para·rl iac nodes) 
Drla tat ion of long saphenous ve ir superf icial to 
deep faSCia before It enters the femoral vein 

Dilatation of common femoral ar:ery Just belO\N 
Inguinal hgament 

Clas'>ically. a tuberculous abscess of lumbar 
vertebra tracking down inside sheath 01 psoas 
muscle; ocCilSlOfIal1y a pyogenIC abscess 
origmating Within the abdomen presents via the 
same roult' 

Failure of complete descent from rt'!tOp(>ntoneal 
Sltl' into scrotum; testis may be arrested at any 
polOt of de5Cent or In an ectOPIC ;Ite 
Rotation of testIS 10 scrotum; twi~lng of the 
spermatIC cord result In venous obstruction 
whICh may culminate In infarction; recurrent 
incomplete torsion may occur 
'Epldldymo--orrnitis' is a term ohen used 
incorrect ly for acute epididymitiS 
Usually caused by common unn,}!y tract 
pa thogens 
Acute orchitis IS often wal (mumps) 
Chronic orchitis may be caused bl tuberculOSIS 
or syphil itic gumma 

Derived from germ cells of testiS; metastaslse via 
lymphatics to para·iliac and para·aortic nodes or 
via bloodstream, commonly to lung 

Abnormal collection of fluid 10 space around testis; 
10 children may '>1111 be In communication With 
JX>rltoneal caVity (communicating hydrocoele) 
Colk>ctlOO of blood around testiS; usually early 
result of trauma or surgery 
Dllatatton of pamplmform venous plexus of 
spermatic cord 

Cyst derived from epididymal tissue 

TorS ion of epididymal appendage 

Clinical features 

DISComfort, lump disappears on Iymg dO\Nn; risk of 
Incarcerallon If large; low ~ of '>Irangulauon 

Potential for IncarceratIOn and '>Irangulation; much 
more commoo In rrH'!n 

Rarely has a cough Impulse; rarely reducible; very likely 
to become strangulated 
Enlarged nodes mdica te infection, lymphoma or 
secondaries in dramage area 

Can be mistaken for femoral hernia but empties on 
pressure and disappears on Iymg down. unlike femoral 
hernia; other varicose veins present in the leg 
Found in pa tients over 65 years, mostly male; classic 
clinical Sign IS expan~1e pulsation; could be mIStaken 
for femoral hernia 
T8 presents as swelling or 'cold absc~' below ingUinal 
ligament; rare nowadaY'> but may be confused With 
lymph nodes; pyogenic abscess typICally 'hot'; rarely 
may be due to abscess from renal stones 

MalOly a problem of mfancy and childhood requmng 
orchidope!\)'; POSSIble cause of lump 10 groin; 
predlSPOSltlOll to mahgnancy; fertility may be impaired 
Complete torsion causes severe acute scrotal pain (and 
SOrrH'!tlmes abdommal pain); partial torsion may cause 
episodiC pam 

Acute epididymitiS IS painful; must be dlsllngulshed 
from testicular torsion; usually associated with UTI 

Test icular pam and swell ing 
Usually presents as painless testicular enlargement 

Present as pamless swelling of testiS usually With smal l 
secondary hydrocoele 

Presents as a painless scrotal swelling which 
Iransillumlnates; testiS may be dlffKult to palpate 
Within It until flUid IS dramed 

Presents like a hydrocoele after trauma but does 
not tranSilluminate 
Present!. as a scrotal swelling separate from testiS and 
epididymiS; feels hke a 'bag of worms'; dISappears on 
lying dO\Nn, thus pattent must be examined standing 
Epididymal cyst presents as a scrotal swellmg whICh 
transillumlnates; separate from the testis, ohen 
muhlloculated, spermatocoele is unilocular, in cord or 
epididymiS and may be trans illuminable 
Occurs In ch ildren; may present late as a small 
hydrocoele; In the acute phase, presents as scrotal pain 
and oedema and may Simulate testicular torsion 



SUMMARY 

Box 2S.1 Common causes of acute pain in the 
groin and scrotum 
Strangulated inguinal or femoral hernia 
• Painful, irreducible, tender groin lump 
• Sometimes presenu as intestinal obstruction or 

abdominal pain 

Torsion of the testis 
• Sudden onset of unilateral scrotal pain with or 

without poorly localised abdominal pain 
• In early cases, the testis is high in the scrotum and 

exquisitely tender, and the cord is thickened; later 
these signs are often obscured by oedema 

• The opposite testis may lie horizontally (bell-clapper 
testis) 

Torsion of the epididymal appendage (hydatid of 
Morgagni) 
• Nearly always in children 
• Sudden onset of unilateral scrotal pain; the testis 

hangs normally. There is a tenderness only at its 
upper pole and minimal overlying oedema 

Acute epididymitis 
• Moderate or severe scrotal pain and tenderness with 

marked redness and oedema 
• Often preceded by symptoms of urinary tract 

infection; urine usually contains white cells, nitrites 
and organisms 

Haematocoele following t rauma or scrotal surgery (e.g . 
vasectomy) 
• History may be diagnostic although torsion is 

sometimes precipitated by trauma 

p<lin may also be referred from il diseased hip joint. An 
early inguinal hernia sometimes causes groin pain before 
the hernia becomes clinically detectable. 

Chronic scrotal pain is most often due to inflam· 
mation. It can often be traced back to a vasectomy, 
although the cause is often obscure and the treatment 
ineffective. Patients present weeks or months after the 
operation, complaining of localised tenderness at the 
operation site or a general ache in one side of the 

DiagnOSiS of problems in the groin and scrotum 

scrotum. If there is a small tender lump due to a stitch 
granuloma, this is usually cured by excision. 

Pain is also a fea ture of chronic bacterial epididymitis, 
which usually follows an acute episode. 

Re..l.irrent, incomplete testicular torsion may cause 
transient episodes of severe pain in the inguino-scrotal 
region or poorly defined lower abdominal pain. In these 
cases, the anatomiQlI relationship of the testis to the tunica 
vaginalis is often abnorma l so the testes lie horizontally 
rat her than vertica lly when the patient is sta nding. These 
'bell-clapper' lestes are susceptible to torsion. 

The important disorders of the groin and genitalia are 
summa rised in Table 25.1, together with their anatomical 
and clinical significance. 

THE MISSING OR ECTOPIC TESTIS 

Scrotal exami nation may reveal the absence of one testis 
or both testes. The problem is very common in children 
but is sometimes discovered incidentally in adults. The 
testis is very rarely truly absent but lies somewhere along 
the normal }><"'I th of testicular descent, usually in the 
ingui nal canal but occaSionally within the abdomen. 
Incomp letely de5C(!nded testes (often calJed undescended 
testes) are usually sma ll and atrophic and, being histo
logically dystrophic, are predisjXlSed to malignant change; 
indeed an inguinal mass may sometimes be a testicular 
tumour in an incompletely descended testis. Previous 
orch idectomy should of course be excluded. This is often 
performed bi laterally for treating metastatic prostatic 
ca ncer or unilaterally for torsion associated with a necrotic 
testis or during surgery for recurrent inguina l hernia. 

Occasionally, an adult testis may become displaced 
upwards towards the ingui nal canal following trauma or 
surgery; Ihis is known as a trapped testis. The testis is 
normal in size but is fixed in position by adhesions. If 
trauma was the cause and there were other major injuries, 
the scrotal injury may have been overlooked. 

Trauma, including operative trauma during operations 
for hernia or incompletely descended testis, may damage 
the blood supply and Qluse testicular atrophy. The 
resulting testis is abnormally small and soft. When both 
testes are small, the Qluse is usually hypoplasia, androgen 
insufficiency or hormonal therapy for prostatic carcinoma. 

2 
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GROIN AND MALE GENITALIA 

26 Hernias and other groin 
lumps 

Inguinal hernia 348 

Femoral hernia 354 
Enlarged ingumallymph nodes 354 

Saphena vari)( 356 
Femoral artery aneurysm 356 

INTRODUCTION 

This chapter covers the individual entities which make 
up the common surgical lumps in Ihe groin area. These 
include ing'uinal and femoral hernias. enlarged inguinal 
lymph nodes, saphena varix and femoral artery aneurysm. 
Diagnosis of these lesions is covered in Chapter 25. 

INGUINAL HERNIA 

Inguinal hernia is one of the most common complaints in 
general surgical outpatient departments. In a typical 

Age range 

Femoral female 152 (4.5%) 

Femoral male 69(2%) 

Inguinal female 343(10%) 

Inguinal male 2833 (83.5%) 

district general hospi!.,\' inguinal hernias account for 
about 7% of surgical outpatient consul tations and about 
12% of operating theatre time. 

As shown in Figurc26.1, inguinal hernias in males are 
by far the most common groin hernia. Femoral hernias 
are uncommon in males-97.5% inguinal versus 2.5% 
femor.1!. Evcn in females, inguinal hernias occur twice as 
oftcn as femoral hernias yel femo ral hernias are twice as 
common in females as in males. Inguinal hernias are 
eight times more common in males because of the 
potential abdominal wall weakness caused by testicular 
descent. 

0-3 10 

4-12 5 

13-30 5 

31-60 

61-99 

0 10 

0-3 
4 - 12 

13-30 5 
31-60 

20 30 

13 

22 

28 

40 

40 

40 

(b) 
Inguinal male 
percentages 

(0) 
Inguinal female 
percentages 

TOTAL 3397 61-99 32 

(.) 0 1000 2000 3000 4000 0 10 20 30 40 

Number 4 -12 1 (d) 

13-30 5 Femoral female 
numbers 

31-60 52 

61-99 94 

TOTAL 152 

0 50 100 150 200 

Fig.26.1 Relative incidence of inguinal and femoral hernias in East Anglia (UK) 1990 
(a) Number of hernias by type and sex Percentage of all hernias 15 shown In brackets. (b) InCidence of Ingumal hernias m males (e) Incidence of 
ingumal hernias In females (d) InCidence of femoral hernias in females 



Inguinal hernias occur at any age. In childhood they 
are always of developmental origin and are particularly 
common in premature infants. In ma les, hernias are most 
common before the age of 5 and after midd le age. A 
smaller peak occurs in the late teens and early twenties. 
Hernias in these young men probably result from a 
congenita l predisposition, exacerbated by work or sport. 
Inguinal hernias should be rep..,ired early to reduce the 
risk of strangu lation and the need for emergency 
opera tion . 

ANATOMICAL CONStDERATIONS 

Details of the slIfgica l anatomy of the inguinal and 
femora! canals <Ire shown in Figure 26.2. In this d iagram, 
the external oblique aponeurosis (or fascia) which forms 
the anterior wall of the inguinal canal is shown opened 
as it would be after the first stage of a hernia repair 
operation. 

In the diagram, the external oblique aponcUJ'osis has 
been spli t obliquely from the external ring along the line 
of its fibres for about 5 cm laterally and the cut edges 
reflected upwards and downw.1fds to expose the inguinal 
canal. Note that the internal oblique and transversus 
abdominis muscles are deficient above the medial half of 
the inguinal ligament. Their inferior borders fuse in this 
area to form the con;oi nt tendon. This 'tendon', which is 
usually just the fused lower edge of the muscles, forms a 
shallow arch stretching from the lateral half of the 
inguinal ligament to the pubic crest. The D-shaped defect 
in the muscular abdomi nal wall leaves the transvers.,lis 
fascia as the only T\."Straintto hernia tion of the abdominal 
contents. It is normally particularly strong in this area. 

The spermatic cord passes through the transversalis 
fascia in the most lateral part of the muscular defect. TIle 
inferior epigastric artery passes upwards immediately 
medial to it. Thus, the deep (internal) ring is bounded by 
inguinal ligament below, conjoint tendon above and 
laterally, and the inferior epigastric artery medially. 
The posterior wall of the inguinal canal consis ts of 
Iransvers.,lis fascia and the medial insertion of the 
conjoint tendon. 

MECHANISMS OF INGUINAL HERNIA FORMATION 

Ingui nal herniation may be direct or indirect. A direct 
hernia protrudes directly through the transversalis fasciil 
and en ters the inguina! canal through its posterior wall. 
An indirect hernia Icaves the alxlomen via the deep 
inguinal ring to follow an oblique course along the 
inguinal canal through the abdominal wall (5('(' Fig. 26.31. 
In either case, the herniated alxlominal contents are 
con tained within a s.,c of peritoneum. The hernia may 
consist merely of peritoneum and its associated extra
peritoneal f;lI, but the sac usually contains omentum or 

Hernias and other groin lumps 
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Coojoilll1endon' 

lnfeliof epigastnc 

f-1 
artery 

Deficiency below 
~ internal oblique 

and transversalis 
muscles normally 
closed by 
transversalis 
fascia 

Spermatic cord 

Fig. 26,2 Relations of the deep inguinal ring 

jrl-,,-.-\~~:====~;,:;;;;"g";",1 -" Indirect Inguinal 
hemia 

,'------Opalescent 
j peritoneal sac 

either empty or 
containlllg gut or 
omentum 

L--------Spermatic cord 

'---------Cut edge of 
cremaster 

Fig. 26.3 Direct and indirect inguinal hernias 
A direct IIlgulnal herllla bulges medial to the Infenor epigastric artery 
and is not attached to the spermatic cord. An indirect ingUinal hernia 
leaves the deep inguinal flng lateral to the artery and withlll the 
cremaster 

slllall bowel. Less commonly, the s.,c contains large bowel 
or appendix, or rarely bladder. Occasionally, the contents 
of the s.,c are diseased, e.g. large bowel c,lrcinoma, an 
inflamed appendix (,lppendicitis) or peritoneal tumour 
secondaries, and this may be the reason for the emergency 
operation at which the condition is discovered. 

Distinguishing clinically between direct and indirect 
hernias is often difficult and is unimportant except at 
operation. It shou ld be noted that an indirect and a direct 
hernia c,ln occur together on the same side. 

In an indirect hernia, the peritoneal sac may represent 
a p"tent or reopened processus vagina lis. It may extend 
as far as the tunica vaginalis surrounding the testis. It is 
easy to accept that indirect hernias have a congenital 
origin in children or in young muscular men, but this is 
less convincing in fl"bby older men. 

(h 
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Symptoms. diagnosis and management: groin and male genitalia 

Direct hernias tend to bulge forwards and rarely enter 
the scrotum. TIley are usually found in older patients 
with deficient muscles and weak transversalis fascia. The 
neck of a direct S<lC tends to be broad, in contrast to the 
narrow neck of an indirect hernia, confined as it is by 
the borders of the deep ring. Indirect inguina l hernias 
are therefore more liable to stra ngulate. Occasionally, a 
direct hernia occurs suddenly after physical effort. Ln this 
case, the transversalis fascia splits, causing the sudden 
appea rance of what is known in lay terms as a 'rupture' 

Sometimes a retroperitoneal structure 'slides' down 
the posterior abdominal wall and herniates directly or 
indirectly into the inguinal canal, dragging its overlyi ng 
peritoneum with it. Thus, sliding hernias lie behind and 
outside the peritoneal sac (see Fig. 26.4). Diagnosis can 
only be made at operation. 

Rarely, herniation occu rs through a fascial defect at 
the lateral border of rectus abdominis. The hernial SolC 

comes to lie interstitially, i.e, between the layers of 
internal and external oblique or transversus abdominis. 
This is known as a Sp igelian hernia . II has some of the 
clinical chamcteristics of an inguinal hernia but the bulge 
lies higher and more medial than the position of an 
inguinal hernia, and may be difficult to palpate because 
it is covered by one or more layers of the abdominal w,111 
(see Fig. 26.5). 

NATURAL HISTORY OF INGUINAL HERNIA 

Inguinal hern ias usually develop slowly, although 
exacerbah.>d by any condition which rais£''S intra
abdominal pressure, e.g. obesity, constipation, straining 
at micturition or chronic coughing; continued heavy 
lifting probilbly has a similar effect. In adults, a single 
episode of increased intra-abdominal pressure, e.g. an 
extreme bout of heavy lifting. may 'nlpture' the abdominal 
wall, resulting in the sudden appearance of il direct 

Common type ot 
Inguinal hern ia 

--'\-----,Abdominal contents 
within peritoneal sac 

350 Fig. 26.4 Common and sliding inguinal hernias 

hernia. In infants, a period of severe coughing may 
precipitate an acute indirect hernia which may become 
irreducible. 

Initially in adults, the peritoneal so,c and its contents 
are completely reducible into the abdominal cavity. This 
usually occurs spontaneously when the patient lies 
down, but larger hernias may need manipulating by the 
patient if they are to be reduced. In general, the longer a 
hernia remains and the larger it becomes, the more 
difficult it is to reduce. This increases the likelihood of 
fibrous adhesions developing within the sac which pre
vent complete reduction. A chronically irreducible hernia 
which is not st rangulated is described as incarcerated. 
However, the term is often used inaccurately when a 
clinician is uncert"in whether iln acutely irreducible 
hernia is strangu lated. It is safer to assume such a hernia 
is strangu lated until proved otherwise. 

Hernial strangulation 

Inguinal hernias may become irreducible or stranglliated 
at any time; those wit h a narrow neck that are difficult to 
reduce or that cause p<, in are at special risk. Strangulation 
occurs if the hernial contents become constricted by 
the neck of the sac or by twisting. Obstruction of venous 
return then leads to swelling and later to arterial 
obstruction. If strangu lation is not relieved by manual or 
operative reduction, infarction follows. n,e strangulated 
inguinal hernia first becomes irreducible and then tender 
and later red. Symptoms and signs of bowel obstruction 
develop over the next few hours, followed by peritonitis 
if the bowel perforates (Fig. 26.6). 

MANAGEMENT OF INGUINAL HERNIAS 

Inguinal hernias in adu lts should ideally be repaired by 
herniorrhaphy. Performing elective repair soon after 

'Sliding' inguinat 
hernia 

:"1--\--------Retropentoneal 
abdominal contents 
behind sac 
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Fig. 26.6 Wrigler's sign 
This 40-year-old man presented with symptoms and Signs of distal 
small bowel obstruction due to a strangulated Inguma1 hernia. At first. 
the abdorneo, though distended and tympanitic, was IlOt tender. 
However, dunng resUSCltatlOll, the abdomen became tender. thiS X
ray shows a clear outline of the outSIde of parts of the small bowel W, 
representing Wngler's sign. A false Wflgler's SIgn is seen in other paiU 
F and thiS IS where two loops of thICkened small bowel he in contact. 

diagnosis reduces the risk of strangulation and minimises 
stretching of the abdominal wall musculature. The latter 
probably lowers the rate of recurrence. If age or infirmity 
makes an operation ha7 .. lrdous, a truss may be the only 
treatment but it is markedly inferior to herniorrhaphy. 

With time, an enlarging hernia may become irreducible. 
Urgent operation is not essential provided there are no 
problems with the hernia . Some patients give a his tory 
of episodes in which the hernia becomes temporarily 

Hernias and other groin lumps 

irreducible. These episodes may be accomp.."lnied by 
local pain and tenderness or even symptoms of bowel 
obstruction (vomiting, colicky abdominal pain, disten
sion and absolute constipation). These warning episodes 
should be taken as an indication for operation very soon. 
More severe and prolonged symptoms usuaUy precipitate 
emergency admission to hospital, in which case strangu
lation must be assumed to have occurred (the term 
s trangulation prompts rapid action!) and operation 
should be performed urgently. 

Very large 'wheelbarrow' hemias are invariably of long 
standing and are found in elderly men (see Fig. 26.7). 
They only present when size becomes a handicap, if 
bowel strangulates within the hernia or if the anatomical 
distortion interferes with micturition. Bowel adhesions 
may make operation difficult and postoperative wound 
infections are common. Despite this, surgery for strangu· 
lation cannot be avoided . If the hernia is not strangulated, 
a bag truss (see p. 353) may be the most appropriate 
treatment. 

Inguinal herniorrhaphy and herniotomy 

Until recently, the standard open techniques of hernior
rhaphy were all based on Bassini's 19th century extra· 
peritoneal approach. Many variations have been de. 
scribed but aU remove or rC'duce the peritoneal sac and 
employ non-absorbable sutures to repair the abdominal 
wa ll. Success with these methods of herniorrhaphy is 

Fig. 26.7 Inguino-scrotal hernia 
ThIS man of 76 tived alone and only presented to a doctor when he 
had increaSing difficulty WIth controtllng the direction of hiS 
micturition. HIS peniS had dJSappeared altogether as the hernia had 
enlarged The right testiS IS Visible In the scrotum but the left Side of 
the scrotum IS filled With a large hernia. At operation, the abdominal 
wall defect was surprisingly small and was easily repaired by a 
standard method 35 
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undoubted ly operator-dependent and, in oompetent hands, 
any standard technique gives good results and low 
recurrence rates. The lowest reported recurrence rates, 
close to zero, were from the Should ice hernia clinic in 
Canadf'l using the Should ice variation of a Bassini repair. 

In recent years, the Lichtenstein technique has over
shadowed the various Bassini techniques and has widely 
become the preferred standard operation. This operation 
is sim ilar to the Bassini up to the point of repair. Then it 
employs a no tension technique, using a patch of non
f'lbsorooble open-we,we mesh to repair and reinforce the 
defect rather Ihan suturing muscle and fascial layers 
together under tension. Figure 26.8 shows the principles 
of the Bassin i and Lichtenstein types of inguinal hernia 
repair. 

I.I L..._ 

" I s 
.... -._-- .. 

Fig. 26.8 Technique of Lichtenstein hernia repair 

The mesh techn ique has several distinct advantages: 

• 111e technique is easily learned and junior doctors can 
reliably produce good resu lts 

• Postoperative p."lin is substantiaUy reduced allowing 
increased mobility and early return to normal 
activities such as work and driving 

• R{:'Currence rates appear to be exceptionally low 

Having a foreign body implanted ought to increase the 
risk of infection but in practice, this is exceptionally rare. 

Hernia operations are usually performed under general 
anaesthesia, although epidural or spina l anaesthesia may 
be used in patients with poor cardiovascular or respir
atory function. Many hernia operations are performed 
under locill anaesthesia, pilrticularly in specialised clinics. 

;.... __ ... ,dl 

(a) Skin markln~ demonstrallng the upper border of the public arch S, the anterior superIOr Iliac spine A , the pubiC tubercle P and the IngUinal 
ligament I Note the Side of operation has been marked With an arrow on the thigh. (b) The dissection down to the external oblique aponeurOSIs 
The external (superf icial) nng is arrowed. (c) External oblique aponeurosIs opened, demonstrating the shinY ingUinal ligament, whICh r.; It5 
inturned lower edge (d) The Indirect hernia 'liIC S dissected out from the spermatic cord and held upwards before ligation and excision. The 
Infenor epiga5tric artery and vein Ill' at the medial border of the dee): ingUinal ring 

Ibl 
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Fig. 26.8 Con tinued 
(e) Polypropylene mesh is cut to shape before insertion and sutured in place along the inguinal ligament and tacked to the surface of the Internal 
oblique With 'starry ski sutures. (f) External oblique closed to recreate the Inguinal canal before skin closure. 

In infants, the patent processus vaginalis is merely 
ligated and excised (h ern iotomy); formal repair of the 
abdominal wall defect is us ually unnec:ess.l.ry. If the defect 
is enormous, a single sti tch should be used on the medial 
side to narrow the deep ring. 

Complications of herniorrhaphy are unusual but 
scrotal haematoma or wound infection occasionally 
occurs soon after operation. Late complications include 
chronic groin pain due to inadwrtent trapping of the 
ilio-inguinal nerve in the repair and to testicular atrophy 
caused by inad vertent damage to the testicular artery, 
usually with diathermy. The latter is a particular problem 
with recurrent hernias. 

To minimise complications in obstTUcted and strangu
lated hernias, the first step is to ensure that the patient 
is fully resuscita ted; more patients die of fluid and 
electrolyte problems th,1n of delaying an operation for a 
few hours. The hernia is applThlched via a sta ndard 
groin incision. 

La paro scopic inguina l hernia repair 

Lap.uoscopic rep.1ir of inguinal hernias by transperiloneal 
or retroperitoneal routes is possible but has not shown 
any convincing advant,lges over open techniques for 
primary hernia rep,tir. The technique is probably most 
useful for hernias which have recurred several times <X" 

for bilateral rep.1ir, and is described in Chapter 6. 

Recurrent inguina l h ernia 

Even when a n..>cogniscd operative technique is 
competently performed, hernias recur in about 0$ .. 10% 
of cases over a lifetime. The rate is greatly increased 

when inadequate attention has been given to operative 
principles. Apart from technical failure, recurrence is 
prob.1bly due to inherently poor musculature, chronic 
cough, urinary obstruction, constipation or resumption 
of heavy work too soon after repair. Operations for 
recurrent hernia are often more difficult and have a 
higher potenlial for com plications than a primary rep.lir. 
A lap.'roscopic applThlch has the advantage that it allows 
the repair to be placed in vi rgin territory. 

Postoperative care and re turn to normal activities 

Most inguinal hernias are now repaired on a day case 
b.1sis although some patients stay in hospital for 24-48 
hours to allow early recovery under controlled conditions. 

During the first postoperative week, patients shou ld 
avoid activities likely to strain the repair, such as heavy 
lifting or driving a car. Over the next 2 or 3 weeks, they 
shou ld gradually return to normal activity, including 
usual sexua l activity. Return to work depends 011 the 
physical nature of the job and whether activities cause 
p.1in, but usually varies from 2-6 weeks. 

Trusses (see Fig. 26.9) 

A truss may be used to control certain types of hernia 
when surgery is either inappropriate or unacceptable to 
the patient. A pressure truss can be safely used if the 
hernia is easily reducible and can be kept reduced and 
free of sym ptoms. Pressure trusses made of padded 
webbing have superseded various spring contraptions. 
For very large hernias which can not be reduced, a 'bag 
tnlss' can be used to su pport the hernia. 

Ch. 

35: 
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FEMORAL HERNIA 

Femoral hernias are formed by a protrusion of peri
toneum into the potential sp.1.ce of the femoral canal. 
The S.1C may contain abdominal viscera (usually small 
bowel) or omentum. In males, inguinal hernia is 40 times 
more com mon than femoral hernia, but in fema les, 
inguinal hernia is on ly twice as common . Increased 
intra-abdominal pn.'SSure and other factors related to 
pregnancy may be important in fema les s ince the 
incidence of femoral hernia is higher in parous than 
nulliparous women. In both sexes, femoral hernia 15 

assumed to be acqui red ; no evidence of a congenil<ll sac 
has ever been found. Thus, femoral hernias. unlike 
inguina l hernias, are rare but not unknown in children. 

CLINICAL FEATURES OF FEMORAL HERNIA 

A femoral hernin is usually smnll, appearing as a grape
sized lump immedi<ltely below the inguinal ligament and 
just lateral to its medial attachment to the pubic tuberde. 
The anatomy of the fcmornl canal is shown in Figure 
25.2, p. 340. If a femorallll.~rnia becomes large, it tends to 
be deflected upwards and may seem to arise above the 
inguinal ligament. TIlis explains Ule importance of careful 
exam ination to determine the origin of a hernial neck. 

Since the femoral canal is narrow, a cough impulse can 
rarely be detected, and the hernia is usually irreducible. 
Thus, small femoral hernias may be difficult to distinguish 
from ot her lumps arising in the femoral canal such as a 
lipoma or enlarged Cloquet'S lymph node. However, a 
hernia is deeply fixed whereas the others tend to be 
more mobile. 

Strangulated femoral hernia 

In contrast to str<lngula tcd inguinal hernia, there are 
usually no localisi ng symptoms and signs in stra ngulated 

Fig. 26.9 Truss with unreduced inguinal 
hernia 
X·ray of the pelviS In an 82-year-old woman follOWing 
a fall causing a fractured neck of the left femur. She 
happened to be wear ing a truss T for a longstanding. 
large right ingUinal hernia. This was not kept reduced 
by the truss as indICated by the presence of bowel 
gas (arrowed) In thl' inguinal area. 

femo ral hernia, and the classic presenting features are 
those of distal small bowel obstruction. The diagnosis of 
stra ngula ted femoral hernia is easily missed unless the 
femoral region is carefully examined for a lump, which 
is usually small, the size of a large grape, and often 
unimpressive. 

In nearly 30% of stra ngulated femoral hernias, only 
part of the bowel circumference is trapped in the hernial 
5<1C. Although the bowel lumen remains patent and the 
patient conlinues to P.1SS flatus, perista ls is is sufficiently 
disrupted for other signs of obstruction to occur, notably 
vomiting. This is known as Richter's hernia (SL'e Fig. 
26.10). Resuscitation and urgent opcration are required. 

MANAGEMENT OF FEMORAL HERNIA 

The abdomina l orifice of the femoral canal is small and 
indistensible. Consequently, abdominal contents finding 
their way into the canal strangulate much more readily 
than they do in inguinal hernias. Thus, all femoral 
hernias, even if asymptomatic, should be repaired with
out delay. Usc of a truss is dangerous. 

Elective repair is perfomled by emptying and excising 
the peritone,1l sac (see Fig. 26.10. The femoral canal 
is then closed with non-absorbable sutures between 
pectineus fascia and inguinal ligament. The canal can be 
exposed by several different methods. The most common 
are the femoral or low approach, the Lotheissen or high 
approilch via the posterior wall of the inguinal canal, and 
the McEvedy or p.1rarcctus extra peritoneal approach. 

ENLARGED INGUINAL LYMPH NODES 

The lymph nodes of the inguinal region are clustered 
into the three anatomical groups shown in Figure 25.5, 
p. 341. These drain the lower abdominal wall and lower 
back, perineum (including vulva and vagina), anal canal, 



Fig. 26.10 Richter-'s hernia 
This 71-year-old woman presented with symptoms and signs 01 
Incomplete small 00weI obStructlOl1: these Included vomiting, 
abdominal dlSteflSlOn and colKl:y abdominal pain, but she continued 
to pass flatus, She had a grape-SIzed femoral hernlil whICh w~ oot 
tender At Operation, part of the wall of the Ileum was trapped In the 
hernia. The photograph ~ bruISing around the area trapped In 
the hernia. Luckily, the bowel was viable and did not need resection, 
The hernia W~ repaired before closure 

penis and scrotal skin and the whole lower limb. The 
testes, derived from the retroperitoneal af(>a, dmin to the 
upper para-aortic nodes within the ilbdomen rather than 
the inguinal nodes. 

Inguinal lymph nodes may become secondarily en
larged as a result of local disea~ in their field of drainage 

Fig. 26.11 Femoral hernia 

Hernias and other groin lumps 

EXilm plcs include infections of the foot, skin diseaS(.'S, ( 
sexually transmitted infection or turnoUTS. Inguinal lymph 2 
node enlargement may also be part of il gencrillised 
lymphadenopathy in lymphoma or a systemic infection 
such as glilndular fever or A IDS. Multiple smil ll hard 
('shotly') nodes are commonly found, especiil lly in men, 
and ilre accepted as norlllili. These nodes probilbly resu lt 
from minor infections of the lower limb, ilnd ilre eilsily 
P.llpilble in males bec.1 Use they hilve less subcutaneous (aL 

CLINICAL FEATURES OF ENLARGED INGUINAL 

LYMPH NODES 

Enlilrged inguinal lymph nodes present with pilin or a 
lump in the groin but ore often d iscovered incidentally. 
When they are smilll , it Ciln be difficult to determine 
cli nicil lly whether nodes ore ilbnormill. Enlarged lymph 
nodes are recognised by their anil tomical position ilnd by 
exclud ing hernias or vilscu lar abnormaJitics. En largl:.'CI 
nodes are usually mobi le bu t become fixed to the 
surrounding tissues when infiltrated by tumour. If doubt 
exists as to whether the nodes are enlarged, ullmsound 
scanning will usually give a definitive answer, and ca n 
be used to guide percutaneous needle biopsy. If enlilrged 
and fixed inguinal lymph nodes are confirmed, the 
history mily need to be reviewed for dues as to the 
origin. A history of systemic manifestations of lymphoma 
or acquired immunodeficiency syndrome (A IDS) should 
be sought. These include ma laise, periodic fevers and 
weight loss. There mily be a history of a 'mole' or 'wart' 
hilving been removed, even many years before. If this 
\VilS il malignilnt melanoma or squa mous carcinoma, 

(b) 

Sac of femoral hernia 

Femoral vein 

IngUinal ligament 

Pectineus 
Glmbemal's ligament (b) 

(a) An average-sized felTlOfa l hernia H at operation. The patient's genital ia are to the left of the photograph The line of the Inguinal ligament IS 
marl:ed With an Interrupted line and the opening of the femoral canal is seen at C (b) The four margins of the femoral canal 355 
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it could now have mctastasised. Other symptoms of 
tumours that could metastasise to inguinal lymph nodes 
should be sought. For example, anal pain or bleeding 
might indicate an anal carcinoma. 

The examination shou ld include palpating lymph 
nodes in the neck and axillae, and palpating the liver 
and spleen. The ski n of the whole drainage field should 
be examined closely, p.1ying p<1rticu lar attention to the 
b.1ck, perineum and feel, including between the toes 
and beneath the toenails. The examination may reveal 
infection, squamous cell carcinoma or malignant mela
noma. Rectal exam ination is mandatory to exclude anal 
ca rcinoma. A blood tcst for human immunodeficiency 
vim, (J-llV) may be indicated. 

If enlarged lymph nodes cannot be explained by 
simple local factors or a systemic i!lness, nodes should 
be sampled for histological examination by fine need le 
aspiration or needle core biopsy, or should be surgically 
removed . If only a single node is enlarged, histology 
often shows non-specific reactive changes. The patient 
usually recovers fully and a diagnosis is never made. 

SAPHENA VARIX 

A saphena va rix is a dilatation of the long saphenous 
vein in the groin, just proximal to its junction with the 

---------Femoral artery 

---------Edge of saphenous 
opening in fascia lata 

-c~r---------Saphenavanx 

!.i(f-C>~---------Longsaphenous 
vein 

L ________ Femoral vein 

(deep to 'ascia lala) 

Fig. 26.12 Saphena varix 

femoral vein (see Fig. 26.12). The varix is caused by 
valvular incompetence at this point; there are usually 
varicose veins elsewhere in the long saphenous system. 

The varix can reach the size of a golf baU or even 
larger. On examination, the swelling is soft and diffuse. 
The diagnostic feature is that it empties with minimal 
pressure and refills on release (' the sign of emptying'). A 
cough impulse is invariably present. If these physical 
signs are not sollght and the patient is only examined 
standi ng, the varix can be mistaken for a solid mass. 

Treatment is high saphenous ligation, as for sapheno
femoral renux associated with varicose veins (see eh. 34). 

FEMORAL ARTERY ANEURYSM 

Femoral aneurysms are uncommon as a cause of a lump 
in the groin. They may occur as part of generalised 
aneurysmal disease of the abdominal aorta, iliac and 
lower limb arterial system but can also occur in isolation. 
Diagnosis is made on cli nical examination; the lump 
lies below the midpoint of the inguinal ligament (see 
Fig. 26. 13) and has a characteristic expansile pulsation . 
Dis tinguishing an aneurysm from a femoral hernia is 
dearly vitally important. The management of aneurysms 
is discussed in Chapler 35. 

• FUSiform aneurysm 
of common femoral 

--------artery 

Profunda femoris 
-------------artery 

__________ Superficial femoral 
artery 

L--------Femoral vem 

Fig. 26.13 Femoral artery a ne urysm 
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DISORDERS OF THE SCROTAL CONTENTS 
INTRODUCTION 

Abnormalities of the scrotal contents include disorders 
of normal scrotal contents, i.e. the testis and its coverings 
and the spermatic cord as well as inguina-scrotal hernias 
(see Cha pter 26). Distinguishing between them is usually 
a matter of si mple clinical exam ination. Tile diagnosis 
which must 1101 be missed is the testicular tumour. Other 
problems include inflammation, hydrocoeles and cysts, 
maldesccnt, torsion and testicular trauma, as well as 
varicococle. Male sterilisa tion is also covered in this 
chapter. 

INFLAMMATION OF THE EPIDIDYMIS 
AND TESTIS 

EPIDIDYMITIS 

The most common inflammatory disorder of the scrotal 
contents is b."lcterial epid idymitis. This is usually second
ary to a urethral infection conducted via the vas deferens. 
The primary infection is either a urinary tract infection 
with coli forms (50-65 age group) or a sexually trans
mitted infection with Chlamydia or Neisseria gOllorrhoene 
(common in the 15-30 age group). Epidjdymitis is often 
incom.'Ctly referred to as orchitis or epididymo-orchitis. 
The testis is rarely infected, although the surrounding 
inflammation may cause testicular tendemess. The dif
ferential diilgnosis includes sperm leakage following 
vasectomy causi ng a s perm granu loma, and vasitis 
nodosa . Epididymitis is painful and usually ~gins 

acutely. It may present as a surgical emergency and be 
indis tinguishable clinically from testicular torsion. On 
exam ination of a patient w ith acute epididymitis, the 
affected side of the scrotum and its contents are swollen, 
oedema tous ilnd tender, and the scrotal skin is red and 
warm. It may be difficult to palpate the testis and epi
didymiS separately once the infection has become estab
lished. Epididymitis must never be diagnosed in a boy 
under 15 in the absence of urinary symptoms, or a proven 
urinary infection or urethritis. Such an 'acu te scrotum' 
mLlst be explored to exclud e torsion (see p. 366). 

Treatment of acute epididymitis is with bed rest for 
pain relief And At least 1 month of an appropriAte broad
spectnml antibio tic. The infecting organism is often not 
identified but attempts should be made to pin it down 
using urine culturt..'S, blood culhlres or cul ture of urethral 
discharge after prostatic massage. Ciprofloxacin is often 
favoured on A 'best-guess' basis and is continued if cul
ture confi rms sensitivi ty of the organisms. 

Persistent or chronic epid idymitis may cause the patient 
to present with chron ic scrotal tenderness. This usually 
follows an initial acute episode. Chronic epididymitis 
may also result from inadequate antibiotic therapy of an 
acute episode. 

Tuberculous epididymitis 

Tuberculosis may involve the epididymis via blood
stream spread from a pulmonary focus. A tuberculous 
urina ry tract infection Illay spread to the epididymis and 
epidid ymal swel ling mClY be the presenting complaint. 35 
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Typically, the whole length of the epididymis is thick
ened, non-tender and 'cold'. In contrast to bacterial epi
didymitis, the epididym is can be readily distinguished 
from the testis on palpation. If untreated, the testis may 
also become involved. 

Diagnosis requires the analysis of serial early morning 
urine specimens (EMUs) for mycobacteria or, more 
reliably, histological examination of percutaneous needle 
biopsies. If tuberculosis is confi rmed, a search must be 
made for pulmonary and urinary tract disease (see eh. 32). 

ORCHITIS 

Primary bacterial orchitis is rare and may result from 
pyogenic infection in the genital tract or elsewhere in 
the body. Tertiary gu mmatous syp hilis may involve the 
testis, producing diffuse non-tender enlargement; th is is 
now extremely rare. There is usually a history of primary 
and seconda ry lesions. Sometimes a gumma is found un
expected ly during investig.1tion of a suspected testicular 
tumour. 

Viral orchitis is most often caused by mumps. 1n post
pubertal males, bilateral mumps orchitis produces 
infertil ity in 50% of caS<'S; e levated follicle-stimulating 
hormone (FSH) blood levels following orchitis usually 
ind ica te the p..1tient is infertile. Mumps orchitis manifests 
4--6 days after the onset of parotitis with extreme testi
cular tenderness and an infla mmatory hydrocoele. Tr<'at
ment is directed a t symptomatic relief. Other viruS('S 
affecting the testis include Coxs.lCkie, huma n immuno
deficiency vi rus (HIV), Epstein-Barr, varicella, and in 
earlier times, sma llpox. 

HYDROCOELE 

PRIMARY HYDROCOElE 

A hydrocoele is an excessive collection of fluid within 
the tunica vagi nil lis, the serous space surrounding the 
testis. Like the peritoneal cavity, the tunica vaginalis con
tains a sma ll amount of serous fluid which is normally 
produced and reabsorbed at the s.1me rilte. 

In infants and chi ldren, a hydrocoele is usually an 
expression of a patent processus vaginalis (PPV). Pro
vided there is no hemia present, hydrocoeles below the 
age of 1 year usually resolve spontaneously. For older 
children ligation of the PPV is required. 

Primary hydrocoeles may develop in adulthood, par
ticularly in the elderly, by s low accumulation of serous 
fluid, presumably caused by impaired reabsorption. These 
hydrocoeles can reach a huge s ize, containing several 
hundred mi llil itres of fluid. The lesions are otherwise 
asymptomatic. The swelling is soft ilnd non-tender on 
examination and the testis cannot usuillly be palpated. The 
presence of fluid is demonstrated by transillumination. 

Fig. 27.1 Testicular hydrocoele 
ThiS man of 67 had a palnl~s swelling of the left Side of the scrotum 
for several years that was slowlV enlarging . On examination, the 
swell ing was confined to the scrotum and did not involve Widening of 
the cord at the neck of the scrotum which might indicate a hernia. 
The t~tlS was not palpable separately from the t~tis and the swelling 
tranSlllumlnated, confirming the diagnosis. 

Note thai a secondary hydrocoele may develop in 
response to tumour or infla mmation of the testis. In most 
cases, the hydrococle is small and the testis can easily be 
p..1 lpated to reveal the primary abnormality. 

Management 

If a testicular tumour is a possibility, hydrocoeles must 
not be aspirated as malignant cells can be disseminated 
via the scrotal skin to its lymphatic field. If tumou r can-
110t be excludcd cl inically, ultrasonography is indicated. 
Provided there is no suspicion of tumour, the hydrocoele 
Ciln be tapped, i.e. aspirated with a needle and syringe. 
Clear strilw-coloured fluid and a palpably normal testis 
confi rm the diagnosis; otherwise surgical exploration of 
the test is is needed. 

After aspiration of a primary hydrocoele, fluid re
accumulates over the following months and periodic 
aspiration, sclerotherapy or operation is needed. For 
younger pa tients, operation is usually preferred, where
as the elderly or unfit can have aspirations repeated 
whenever the hydrocoele becomes uncomfortably large. 
Sclerotherapy is an altemative; after aspira tion, 6% 
aqueous phenol (I0-20m l) together with 1% lignocaine 
for ana lgesia can be injected and this often inhibits 
reaccumu lat ion. Several treat ments may be necessary. 

HYDROCOElE OF THE CORD 

Rarely, a hydrococlc develops in a remnant of the pro
cessus vaginalis somewhere along the course of the 
spermatic corei. This hydrocoele also transilluminates, 
and is known as an encysted hydrocoele of the cord (see 



Fig. 27.2). In females, a multicystic hydrocoele of the 
canal of Nuck sometimes presents as a swelling in the 
groin. It probably results from cystic degeneration of 
the round ligament. 

FOURNIER 'S SCROTAL GANGRENE 

Occasionally, elderly men develop an acute unilateral 
infection within the tunica vagina lis which rapidly 
extends outwards to ca use spreading gangrene of the 
scrota l skin (see Fig. 27.3). It is a foml of necrotising 

Hydrocoele Encysted hydrocoele 
01 the cord 

Fig. 21.2 Hydrocoele a nd encysted hydrocoele of the cord 

Fig. 21.3 Fournier's scrotal gangrene 
This 81-year-old man presented with scrotal pain and a rapidly rising 
temperature The right Side of the scrotum was red and <>edematous 
on admiSSIOn to hospital: Within 2 hours. the black necrotiC areas see" 
at the lower pole appeared and rapidly extended. He was trea ted witn 
Intravenous antibioticS and wide surgICal eXCision to remove all 
necrotic ti ssue. The pallent had a pre-existing hydrocoele 
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fasdil is and does not involve the testes. There is often an 
associated septicaemia. The underlying causes are varied 
and include pre-existi ng primary hydrocoele. genito
urinary trauma, either accidental or iatrogenic. perirectal 
abscess and urethral stricture. Predisposing factors in
clude d iabett.>s mellitus, corticosteroids, chemot herapy 
and alcohol abuse. 111e infecting organism is pri ncipally 
an anaerobe but there is often synergistic aerobic in
fection. Treatment is urgent and includes intravenous 
antibiotics and surgical excision of aU the necrotic tissue, 
with the wound being left open to heal by secondary 
intention. 

EPIDIDYMAL CYST AND 
SPERMATOCOElE 

Multiple cysts may develop in the upper pole of the 
epididym is and present as a painless scrotal swelling 
(see Fig. 27.4). One cyst is usually larger than the others. 
Epididymal cysts affect a slightly younger age group 
than hydrocoeles. The testis can be palpated separately 
from the cysts, which lie near the upper pole of the testis. 
Epididymal cysts tr,1 lls illuminate. 

Less common is the spermatocoele, a single cyst con
taining spermatozoa. Spermatocoeles usually occur in 
the head of the epididymis and may present Like a third 
test is. They are clinically similar to epididymal cysts but 
mayor may not transilluminate. Occasionally they occu r 
in the spermatic cord . They prob..1bly arise from th(' rete 
testis (a plexus of spaces upon which the seminiferous 
tubules converge> and the 10-20 small ductuli efferentes 
connecting the rete testis to the epididymis; thus surgical 
excision may ca use obstmction to the paS5<lge of sperm. 
If a patient wishes to remain fertile and the cysts are 
bilateral, excision may be contraindicated. 

Fig. 21.4 Epididymal cysts 

Ch 
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VARICOCOELE 

A varicocoele (see Fig. 27.5) represents dilatation and 
tortuosity of the veins of the pampiniform plexus of the 
spermatic vein in the sperma tic cord. 111e cause I'> 
unknown, but since the condition is much more common 
on the left (90%), it may resu lt from the different venou,> 
drainage on the two s ides. On the left, the testicular vein 
drains into the high-pressure renal vein, whereas the 
right testicular vein drains directly into the inferior vena 
cilva. 

Varicocoele is common, affecting as many as 10% of 
young ildult milk>s. It is usually asymptomatic but i'> 
often discovered during general physical examination 
for infertility. Vilricocoele increases scrotal temperature 
which mily inhibit normal sperm function and event
ually CilUse testiculM atrophy. In the supine position, the 
distended veins collapse and are impalpable. Varicocoele 
C,l11 only be diagnosed if the patient is examined while 
standing, when the varicocoele feels like 'a bag of 
\\'onns'. 

Rarely, a varicocoele may be caused by obstruction of 
the left renal vein by an invading renal adenocarcinoma. 
Such varicocoeles do not collapse when the patient lie5 
supine. If the history of varicocoele is short, particularly 
in the elderly, or if it is on the right side, then ultra
sou nd investigation for renal adenOC"rcinoma may be 
appropriate. 

In adults, surgical treatment of varicocoele is only 
indicated for the relief of p<,in or the treatment of [ow 
sperm count (oligospermia). In the chi ld or adolescent, 
treatment is advised to preserve spermatogenesis. The 
treatment mn be 1<lp<lroscopic, dipping the veins pos
terior to the sigmoid colon, or open surgicallig<ltion can 
be performed at or above the groin level. Embolisation of 

(,) 
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testicular veins ca n be performed percutaneously via the 
femoral vein; this may become the treatment of choice in 
the fu ture. 

TESTICULAR TUMOURS 

Testicular tumours are the most common solid tumours 
in males between the ages of 25 and 35 years. In males of 
aU ages, they comprise about 1 % of a[[ malignancies. 
About I new C,l5e occurs in 20000 males per annum and 
half have metastases by the time of presentation. 
Undescended testes are at least 30 times more likely to 
become malignant, although the individual risk is still 
low. Such tumours are usually seminomas. 

More than 90% of primary testicular tumours arc 
derived from germ cells; the rest include gonadal, 
stromal, mesenchymal and ductal tumours. Germ cell 
tumours are ca tegorised as either seminomas, derived 
from spermatocytes, or non-seminomatous germ cell 
tumours (NSGCTs). Teratomas, derived from multi
potent germ ceUs, make up the majority of the NSGCf 
group with the rest mainly undifferentiated embryona l 
cell ca rcinomas, choriocarcinomas or tumours of mixed 
cell type. Non-germ cell Leydig cell tumours derived 
from the gonada l stroma often present with excess 
hormone secretion rather than a testicular lump, which 
causes precocious puberty in a child and testicular 
feminisat ion in an adult. 

The testes may also be involved in more widespread 
malignancy: lymphoma, chronic lymphocytic leukaemia 
or, in ch ildren, acute lymphoblastic leukaemia. These 
rarely present as lumps in the testis bu t the surgeon may 
be asked to perform a testicular biopsy as part of the 
monitoring process. 



Fig. 21.6 Seminoma 
This ultrasound scan was performed on a 23·year-old man w ith a 
short history of an enlarged testiS. There was no cllmcal Sign of a 
hydrocoele. The scan shows a solid mass involving the whole testiS 
with no evidence of flUid The scan IS fairly homogeneous. suggesting 
seminoma Teratomas tend to be more variegated but a deflmtlVe 
diagnosIS requires surglCal expiofatlOn 

PATHOLOGY OF TESTICULAR TUMOURS 

Seminomas 

Scminomas---derived from spermatocytes-make up 
more than half of the malignant testicular tu mours. Their 
peak incidence is at 35 years and they occur mainly 
between the ages of 20 and 45 years. The cut surface of 
seminomas is typically pale, creamy-white and homo
geneous. Histologically, the tumour cells are un iform 
and tightly packed. A distinct but rare form of semi
noma, the spennatocytic seminoma, occu rs between the 
ages of 50 and 70 years and almost never metastasiscs. 

Teratomas 

Teratomas are slightly less common than seminomas and 
their peak incidence is a decade earlier. Since Ihey are 
derived from multipotent cells, teratomas may contain 
tissue from all th ree germ cell layers: ectoderm, meso
derm and endoderm. Teratomas exhibit a wide range of 
d ifferentiation. Differentiated and intermediate tumouTS 
contain a collection of tissues resembling mature adult 
tissues: in particular, squamOllS epithelium (ectodermal), 
cMti lage and smooth mu scle (mesoderma1), and respir
atory epithelium (endodermal) . Consequently, the cut 
surface of teratomas often appears va riegated, with cystic 
areas and areas of necrosis and haemorrhage; this is easi ly 
distinguished from seminoma with the naked eye. 

Und ifferentiated germ cell tumours are regarded as 
vMiants of teratoma and are generally known as non
seminomalous germ cell tumours. In some of these 
tumours, described as embryona l carcinomas in the 
USA, no orgilnoid elements are evident. Another vilrian! 
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contai ns tissUL"S with malignant syncytiotrophoblastic ilnd Ch 

cytotrophoblastic features. These are known as tropho- 2 
blastic teratomas or chorioca rcinoma . Some germ cell 
tumou rs con tain mixed cell types with areas of poorly 
diffcrentiil ted teratom<l and areils of seminoma, but one 
or the other tumour type usually predominates. These 
mixCi:1 tumours behave as temtom<lS and should be 
treated as such. 

Box 27.1 shows the current classificil tion of primary 
mal ignilnt testicular tumours used in the UK. Other 
classifications are used in other countries. All classifica 
tions are f~ucntly updated as new information emerges. 

CLINICAL fEATURES OF TESTICULAR TUMOURS 

A malignant testiculrtr tumour usually presents as rt 
painless, progressively enlarging testicular lump. If the 
capsule becomes in volved, a secondary hydrocoele may 
develop but this is usually small and does not hi nder 
palpation of Ihe lump. 

Both seminoma and teratoma spread via lymphatics 
to p.:lm-aortic nod es at the level of L1 /2. Spread is then 
proximally along the lymphatic chain and thoracic duct 
to the supraclavicular nod es and systemic circulation. 
Lung secondaries are particularly common in teratomas. 
Poorly differentiated !(.>s ticular tumours met<lstasise 
early and may present as enlarged abdominal or cervical 
lymph nodes or with symptoms of lung metasta5(..'S. The 
primary testicula r lesion may be very small or even 
imp.:llpable. 

A solid testicular lump must be assumed to be a 
tumour unti l proven otherwise. The history is rarely help
ful but may include an episode of trauma which merely 
drew attention to the lump. On examination, the testis 
is either diffusely enlarged or contains a discrete lump 

KEY POINTS 
Box 21.1 Classification of malignant testicular 
tumours· 

• Seminoma 
• Differentiated teratoma (TO) 
• Malignant teratoma intermediate (MTt) 
• Malignant teratoma undifferentiated (MTU)-also 

known as embryonal tumour 
• Subvariant: Malignant teratoma trophoblastic (MTT) 

also known as choriocarcinoma 
• Yolk sac tumour 
• Testicular Tumour Panel and Registry of the 

Pathological Society of Great Britain and treland. 
Unlike the WHO classification, this groups all non
seminomatous tumours under the heading of 
teratoma 
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which is firm and non-tender. A small hydrocoele may 
be present. Systemic examina tion may reveal evidence of 
metastases. Malignant cervical nodes will be palpable 
but enlarged para-aortic nodes can rarely be palpated 
unless they are huge. Inguinal nodes are not involved 
unless the tumour has spread to the scrotal skin. This is 
rare except when biopsy or orchidectomy has been per
formed through a scrotal incision, which is b.,d surgical 
practice if malignancy is suspected. 

INVESTIGATION AND TREATMENT OF TESTICULAR 
TUMOURS 

The outlook for treated testicular hmlOurs, even with 
metastases, is often good. Cure rates have improved 
dramatically over the past 25 years with the use of CT 
scanning and tumour markers for staging and monitor
ing the disease and with the evolution of scientifically 
based treatment protocols. Investigation and treatment 
usually take place in parallel. The aims are to confirm the 
diagnosis, to detect any metastases and to stage the 
disease. and to treat according to the stage. 

The first invL'Stigation is ultrasonography of the scrotal 
contents. If this confirms a solid testicular mass, direct 
SUrgic.ll examination will be required, as described on 
page 365. Preliminary staging investigations are usually 
performed beforehand, including chest X-ray to look for 
hilar node involvement and lung secondaries (see Fig. 
27.7), and blood levels of tumour markers. Tumour 
markers are useful for tracking residual or recurrent 
tumour metastases as blood levels correlate closely with 
tumour bulk. A preoperative measurement is important 
as it may become negative later; serial postoperative 
measurements help monitor disease progress and the 
impact of thernpy. 

Tumour markers 

Human chorioni c gonadotrophin (PHCG) is secreted by 
syncytiotrophoblastic cells and levels may rise in any 
tumour type, particularly poorly differentiated germ cell 
tumours. Alpha-fetoprotein (AFP) is produced by yolk 
sac elements. About 75% of patients with metastatic 
teratoma have elevah.xi AFI' levels but this marker is nol 
expressed in seminoma . lactic dehydrogenase (lDH) is 
elevated in more than half of a ll patients with metastatic 
seminoma. Tumour markers are repeated at intervals 
during follow-up and are invaluable for predicting the 
appearance of new metastases. 

Surgical exploration 

Orchidectomy is the only appropriate treatment for the 
primary tumour illld is usually performed as part of the 

Fig. 27.7 Metastatic testicular tumours 
(a) ThIS 24-year-old man presented with a small testICular tump. An 
orchidectomy was performed and the cut surface of the tumour was 
cystIC and haemorrhagic. Histology confirmed the expected 
diagnosiS of testicular teratoma This chest X-ray shaws a large 
mediastinal mass whICh represen15 a grossly enlarged paratracheal 
lymph node P Para·aortic node Involvement occurs in teratoma but 
not seminoma This patient's disease was defined as stage III 
because the dISease was not extralymphatlc (b) Multiple bilateral 
pulmonary metastases (arrawed) m a 27-year-old man with a 
testicular swell ing. The cut surface of the orchidectomy specimen 
was homogeneous and histology confirmed semmama. Pulmonary 
metastases occur in both teratoma and semmama. and in either 
case indICate stage IV disease. 

(bJ 



diagnostic process. The surgical approach involves an 
exploratory operation performed via an inguinal incision 
to avoid involving the scrotal skin. The spermatic cord 
is temporarily damped to preclude venous spread of 
tumour cells and the testis is brought out fo r visual 
examination and palpation. If the testis is obviously 
malignant, orchidectomy is then performed, dividing the 
cord at the internal inguinal ring. If there is any diag
nostic doubt, a testicu lar biopsy is taken and exami ned 
imml"CIiately by frozen st..'Ction. The other testis is usually 
unaffected and can be preserved. Further treatment is 
plannrxl according to tumour type and stage. 

Imaging for staging 

If malignancy is confirmed, computed tomography is 
performed to establish the sites and degree of involve
ment of abdominal, thoracic and pelvic lymph nodes. cr 
may demonstrate pulmonary metastases not shown on 
chest X-ray. A standard method of staging testicular 
tumours is shown in Figure 27.8 and Box 27.2 opposite. 

Manage ment of seminoma 

For stage I seminoma, i.e. disease confined to the testis, 
many oncologists recommend no further initial treatment. 
Seminoma is, however, very radiosensitive and many 
advise p.1ra-aortic radiotherapy as there is a 30% relapse 
rate with orchidectomy alone. For stages lIa and b (i.e. 
abdomi nal lymphadenopathy up to 5cm diameter), 
radical radiotherapy to the ipsilateral para-aortic and 
iliac nodes gives a cure rate of about 95%. Oligospermia 
of the contralateral testis may occur even if the latter is 
lead-shielded but this is usually transient. There is also a 
vogue for single-dose chemotherapy with carbopla tin 
fo r all stages, avoiding radiotherapy altogether. For morc 
advanced disease, chemotherapy is nearly always 
indicated. 

Management of teratomas and other 
non·seminomatous ge rm cell tumours 

Up to 25% of patients with stage I disease would relapse 
within a year of orchidectomy without further treatment. 
Radiotherapy has no curative role in these types of tumour. 
Further treatment for stage I disease has three options: 

• Immediate chemotherapy 
• Retroperitoneal lymph node dissection 
• Surveillance and treatment if metastases occur 

In the USA, lymph node dissection is often employed 
and provides a good cure rate but risks ejaculatory fai lure 
from autonomic nerve damage. In the UK, meticulous 
surveillance is the preferred option. Chemotherapy for 

Oisorders of the male genita lia "" 

relapse is virtually ah· .... ,ys successhtl and thus 75% of 
patients are spared additional treatment. 

Chemotherapy is indicated for all patients with 
known metastatic disease, incillding those in whom the 
only evidence of metastatic disease is devated tumour 
markers. Results of chemotherapy for metastatic disease 
were transformed in the 19705 by the usc of cis
pl atinum. 111e Einhorn regimen from Indiana combined 
this with vinblastine and b leomycin and gave even 
better cure rates of 70%. L.1tcr, etoposide replaced 
vinblastine (bleomycin, etoposide, cis-platin-'BEP') with 
improved overall cure rates of 85%. Thrce-quartcrs of 
patients wi th teratomas and ot her non-seminomatous 
germ cell tumours have low-volume disease, and in 
these cure can be expected in 95%. 

• Slagel • 
Stage It • 

• Stage ttl • • • • Stage tV • • • • 
• • • 
• •• 

Fig. 27.8 Stages of spread of t esticular tumo urs 

KEY POINTS 
80)( 27.2 Stages of spread of testicular tumours 

Stage I 
• Tumour confined to testis 

Stage It 

• Retroperitoneal lymph node involvement 
- Ita nodes < 2 em 
- It b nodes 2-5 em 
- Itc nodes> 5 em 

Stage III 
• Metanasis above the diaphragm confined to lymph 

nodes 

Stage tV 
• Extralymphatic metastases (usually lungs and liver) 

I 

2 
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long-term surveillance 

After chemotherapy, SUrgiC<11 debulking ('salvage' ) of 
residual lymph node masses is occas ionally indicated. In 
the long term, tumour markers and sequential CT scans 
are used to monitor the success of treatment. Recurrent 
disease can often be s uccessfull y treated by radiotherapy, 
chemotherapy or surgery. 

Fertility 

Many patients with testiculilr tumours are subfertile at 
presentation and chemotherapy with BEP has unpre
dictably adverse effects on fertility. Patients need to be 
counselled c<lrcfully and, if appropriate and required, 
semen should be collected ilnd stored before tre<ltment 
so that artificial inserni niltion or in vitro fertilisation may 
be performed l<lter. However, the success rate is poor. 

Treatment of testicular tumours is summarised in Box 
27.3. 

KEY POINTS 

Box 27.3 Treatment of testicular tumours 
1. Removal of the affected testis-usually performed as 

part of the diagnostic process 

2. No further treatment given if stage I disease (i.e. no 

metastases) but meticulous surveillance with tumour 

markers and CT scans required 

3. Radiotherapy-local irradiation alone for moderate 

abdominal lymph node metastases in seminoma 

(stages lIa and lib) 

4. Chemotherapy with BEP (bleomycin, etoposide and 

cis-platinum)-for all cases of metastatic teratoma, 

and metastatic seminoma beyond stage lib 

S. Debulking surgery for lymph nodes treated by 

chemotherapy-sometimes necessary 

MALDESCENT OF THE TESTIS 

The testis may fail to descend normally from the 
poslerior abdominal w.ll1 into the scrotum where it 
should lie a t birth in the full -term infant. If the testis is 
not in Ihe scrotum, it usually lies at some point along its 
normal p.llh of descent, most commonly in the inguinal 
canal. Alternatively, it may be found in an ectopic 
position, most oft en in the superficial inguinal pouch just 
above the external inguinal ring. 

Maldescended t<-'Stes are often s tructurally abnormal, 
and this may be responsible for the failure of normal 
descent. The maldesccnded testis is known to be at 
increased risk of m<llignancy, which may also be due to 

developmental abnormalities. Unless the testis is success
full y reloc.1ted in the scrotum before the age of 10, the 
risk of malignancy persis ts despite operation. 

In developed countries, the condition is usually ident
ified at screening during early childhood and surgically 
corrected (orchidopexy) at a young age (see Ch. 45); the 
idea l age is prob.lbly around 2 years. Delaying treatment 
until puberty is dis..1StroUS for spermatogenesis. 

A few cases of absent testis are missed. in childhood, 
however, and present in adulthood with: 

• An 'absent' tcstis---confirmed if a vas is found at 
groin exploration. L'paroscopy appears to be the best 
investigation to search further if no vas is found 

• A groin lump which is the testis or a testicular tumour 
• Groin pain due to acute or recurrent torsion 

TORSION OF THE TESTIS OR 
EPIDIDYMAL APPENDAGE 

TESTICULAR TORSION (see Fig. 27.9) 

In infants, the newly d<--'SCended testis and its investing 
tunica vaginalis are mobile within the scrotum and may 
undergo extravaginal torsion. This presents as a hard , 
swollen testis. Later, the testis becomes suspended in the 
scrotum in a near vertical position, anchored by the 
spermatic cord and by attachments to the posterior wall 

Fig. 27.9 Torsion of the testis 
This 1 S-year-old boy expenenced sudden severe lower abdominal pain 
extending 10 the scrotum dunng a lootball match. A prOV1sional 
diagnOSIs of tOrsion was made and the scrotum explored Within 
2 hours of the onsel 01 pam. At operation. the testiS was twisted 
2'n times around on its cord (arrowed) and was near Infarction. On 
untwlSllng howe~er. II soon regamed normal colour. Both testes were 
fixed to pre~en l ful ure lorsion. 



of the scrotum. This prevents rotation of the testis. Minor 
anatomica l variations can produce a narrow-based 
pedicle with a horizontal ('bell-dapper') testicula r lie, 
which allows the testis to become twisted about its axis 
within the tunica vagina lis (intravaginal torsion). When 
this occurs, the veins in the pampiniform plexus are 
compressed, c" us ing venous congestion. After a few 
hours, venous infarction will occur unless the torsion is 
corrected. Trauma during sport may sometimes initiate 
the process of torsion. Torsion of the testis is a surgica l 
emergency requiring prompt diagnosis and urgent sur
gica l treatment if the testis is to be saved. 

Testicular torsion presents with a sudden onset of 
severe testicular pain often accompanied by poorly local
ised central abdominal pain and sometimes vomiting. 
The abdomi nal pilin occurs because the testis retains its 
embryological ncrve supply with in the abdomen. In the 
early stages of torsion, the affected testis is tender, 
slightly swollcn and drawn up into the neck of the 
scrotum where the cord may be palpably thickened . 
With these features, the diagnosis is seldom in doubt. At 
a later stage, the overlying scrotal skin tends to become 
red and oedematous, making accurate palpation dif
ficult. At this point, torsion may be difficult to distinguish 
clinically from acute epididymitis and the scrotum must 
be explol\.>d surgic.1 I1 y. 

TORS tON Of THE EPtDIDYMAL APPENDAGE 
(HYDATID Of MORGAGNI) 

A small embryologica l remnant at the upper pole of 
the testis is known as the hydatid of Margagni (sec 

Fig. 27.10), This may undergo torsion and produce 
symptoms si milar to those of testicular torsion, out of 
proportion to the size of the infarcted tissue. Infarction of 

High Investment of 
tunica vaglnalisj 

'engf~~ [-- ------

"',. jnslde 
scrotum _______ _ 

Fig. 27.10 Torsion of the testis and Hydatid of Morgagni 
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the hydatid is of no consequence except that it must be 
d isti nguished from testicula r torsion. 

MANAGEMENT Of SUSPECTED TESTICULAR TORSION 

Differentiating between acute epididymitis and torsion 
can be difficult; if a. firm diagnosis cannot be reached, 
surgica l exploration is mandatory. Investigations are of 
little value: both radionuclide studies and Doppler ultra
sound exam ination may be employed to show testicular 
blood flow but results ca n be misleading. If torsion is 
seen at an ea rly stage, it is sometimes possible to untwist 
the testis without operation. The testis is gently rotated 
outwards, if necessary us ing local anaesthetic infiltration 
in the cord. Successful reduction relieves the emergency, 
but th e testis should be surgically secured as soon as 
practicable to prevent recu rrence. 

In most cases, urgent operation is imperative as delay 
leads to testic\llar necrosis after about 8 hours. A scrotal 
incision is made and the testis is examined and 
untwis ted . If the testis is black and fails to recover its 
colour, it is necrotic and should be removed to prevent it 
inducing a sym p.'\thetic contralateral orchiopathy. If some 
colour is restored, biopsy can be performed to check for 
viability; otherwise the testis is best left, although it may 
later atrophy. The untwisted testis is then sutured to the 
tunica vagi nalis or placed into a dartos pouch to prevent 
recurrence. Both testes should be secured si nce pre
disposition to torsion is usually bilateral. 

TRAUMA TO THE TESTIS 

The testes may be injul\.>d during contact sports or fi ghts. 
The dense fibrous c.1psule which invests the testis (tunica 

Pedunculated hyatid of 
Morganll 

Torsion of hyaUd 01 Morganii 

(b ) 
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albuginea) may remain inlact or split but the testis is 
extremely painful in either case. If the tunica remains 
intact, a testicular hacmatoma results; if it splits, the 
testicular parenchyma bursts and bleeds into the tunica 
vaginalis c,1Vily, resulting in a haematocoele. 

If ",lin is severe and persistent, the scrotum can be 
explored surgically. Pain from a testicular haematoma 
can be relievoo by incising the tunka albuginea. 
EvaClJating a haemalO(oclc, however, may be impossible 
because blood tends to infiltrate the tissues. If the 
haemntococle can be evacuated, a rupture of the tunica 
albugi nea is best repaired. 

MALE STERILISATION 

Male sterilisation by vasectomy is a simple, effective 
method of birth control. It can be performed under local 
anaesthesia at little cost and requires no special 
equipment. The essential prerequiSite is that the couple 
involvt.>d should have already completed their family, 
since reversal is tcchnic.llly difficult and unreliable. A 
technique of vasectomy is illustrated in Figure 27.11. 

Most techniques involve removal of a section of the 
vas (ductus) deferens and ligation or cauteris.1tion of 
the cut ends. For medico-legal reasons, the nature of 
the excised portion is often confirmed histologically. 
Spermntozoa remain in the proximal duct system for 
several months after vasectomy, Thus, the operation can
not be considered a success until at least two successive 
sperm counts perfomled about I month apart after 
20-25 ejaculntions are negative. Despite correct operative 
tcchlllque ilnd negative sperm counts, there is a late 
fili lure rnle of nbout 1 case in every 500. Failure due to 
spontaneous reconnect ion of the vas should be proved 
by a positive sperm count; note the problems of deter
mining pnternily in the case of unexpected pregnancy! 

Early complications of vasectomy include JX>StoJX'rative 
scrotal hacmatoma (operator error) and wound infection. 
L.1ter, failure of sterilisation may become apparent or a 
sperm granu loma may present as a tender scrotal 
swelling near the cut end of the vas. Further excision is 
usually required. Chronic debilitating pain can occur 
in the testis and the patient must be wa.med of this 
possibility at the time of consent. The patient must also 
be warnoo of Ihe possibility of spontaneous reversa l. 

Palpate for vas near neck 
of scrotum and 'work' it as 
close to the skin as possible 

2 Whilst holding vas near the 
surface infiltrate skin and 
tissue around vas and in a 
proximal directioo with 
1-2ml lignocaine 

3 Make small vertical 
incision through skin right 
down on to vas 

4 Draw 5 em loop 01 vas out 
of incision, clamp proximally 
and distally and remove 
short segment (send to 
histology 10 confirm) 

Fig . 27. ' 1 Technique of vasecto my 

5 Ligate upper end 01 vas WIth 
non-absorbable ligature: 
ligale lower end likeWise 
and then tie it back on itsell 
to keep ends apart 

6 Ensure haemoslasis and 
ctose skin With absorbable 
suture 

366 Note that each side is dealt with separately. 



DISORDERS OF THE PENIS 

Problems with the fOr<.>skin (prepuce) are common and 
form the majority of surgical disorders of the penis. They 
include balano-posth itis (i nflammation of the glans and 
foreskin), phi mosis (stricture of the preputial meatus'. 
paraphimosis (acute constriction of the glans by a tight 
retracted foreskin) and balanitis xerotica obliterans 
(idiopathic sclerosis of the foreskin). 

Carcinoma of the penis is uncommon but obviously 
important. l'eyronie's disease (idiopathic fibrosis of the 
corpom cavernosa) is now a frequent presentation in 
urologica l outpi1tient clin ics (below). Exclusion of Cancer 
is usui111y the fi rst requirement. 

FORESKIN PROBLEMS IN ADULTS 

PHIMOSIS 

The most common foreskin problem in adults arist'S 
when the foreskin will not retract fully and causes pain 
on intercourse. This is calk>d phimosis and is usui111y 
c.l used by fi brosis of the fores kin. This fibrosis may be 
due to chronic or recurrent low-grade umdida infection. 
Phimosis is aggravated by attempts at retraction which 
cause minor teatS of the inner epithelial lining inducing 
further fibrosis. Phimosis may be accompanied by stenosis 
of the urethml meatus, also due to recurrent inflam
mation and fibrosis. Treatment involves circumcis ion. 

BALANO-POSTHITIS (BALANITIS) 

The term balano-posthitis refers to overt inflammation of 
the glans pen is and foreskin (Greek: balallos gland, post lit' 
foreskin); it is the correct term to use in preference to the 
short form balanitis, which, has. however, passed into 
common usage. The condition occurs most commonly in 
children. Inflammation is most often caused by Candida or 
faeca l bacteria but this problem rarely reaches the surgeon. 

Ba lan it is xe rotica obliterans is a fibrotic condition of 
the foreskin of unknown aetiology and analogous to 
lichen sclerosis of the vu lva in females. It produces a 
thickened, s tenosed, often depigmented foreskin which 
is often adherent to the glans. Circumcision solves the 
problem but the process can involve the urethral meatus 
causing meatal stenosis, sometimes requiring meatotomy 
or meatoplasty at the s."tme ti me. 

PARAPHIMOSIS 

If a phimotic foreskin is forcibly retraded , the tight 
meatal b.lIld may lodge in the corona l sulcus making 
reduction impossible. Th is is known as pi1raphimosis. 
Progressive oedema of the glans penis and foreskin then 
exacerbates the difficulty of reduction. It may occur at 

Disorders of the male genitalia -< 

any age. but is pa rticularly common in elderly men in 
whom the foreskin is not correctly pulled forwards after 
retraction for cat heteris."ttion or washing the glans 
(female nurses and junior doctors are the main culprits). 
Paraphimosis also occurs in children and adolescents 
experimenting with foreskin retraction. In most cases, the 
foresk in can be reduced by firm manual compression of 
the gli1ns and foreskin. Local anaesthetic jelly is applied 
first for lubrication and pain relief. Sometimes, it may be 
necessa ry to incise the tight ring under local or general 
anaesthesia to effect reduction. Preputioplasty, in which 
the band is inciS\..'CI longitudinally and the skin sutured 
tri1nsversely, can often be performed at the same time to 
solve Ihe problem in the long term . If not, circumcision 
or prcputioplasty is usually performed at a later dale 
when the oedema and inflammation have resolved. 

CIRCUMCISION 

Circumcision fo r phimosis, paraphimosis and recurrent 
b."llanitis in ch ildren has largely gone out of favour. Most 
cases will respond to local treatments or to prepulioplasty. 
Misguided circumcision may predispose to am mon iacal 
nappy rash and meatal stenosis. 

Circumcis ion should be reserved for unresolved phi
mosis. recurrent balan itis and sclerosis from balanitis 
xerotica obliterans. The surgica l technique is shown in 
Figure 27.12. During the opera tion, the urethral mea tus 
should be checked for stenosis. If present, a meatotomy 
may be required . An occasional early postoperative com
plica tion is haemorrhage which usua lly requires surgical 
re-exploration. Postopemlive bleeding can best be pre
vented by meticulous haemostasis at operation. 

PEYRONIE'S DISEASE 

This disease of unknown aetiology occurs in young to 
middle-aged adults. Some cases are thought to result 
from penile trauma during sexual activity and some 
C.1SCS are associated with Dupuytren's contracture. Slowly 
progressive asymmetrical fibrotic plaques develop in the 
fascia surrounding the corpora cavernos."l of the penis. 
The corpus spongiosum including the glans is spared . 
The plaques may beoomeca1cified and visible on X-ray. The 
condit ion ca llses the penis to bend towards the affected 
side on el\."Ction, making intercourse difficult and p."linful. 
There may be spontaneous pa rtial resolution with time. 

Severe caS!..'S require su rgery. Nesbitt's operation in
volves crea ting pleats in the corpus on the contralateri11 
s id e. Another approach involves excision of the plaques 
which are replaced by a patch of tunica vaginnlis. Either 
procedure may restore symmetrical erection. Penile pros-
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Symptoms, diagnosis and management: groin and male genitalia 

o 

Stretch preputial orifice 

2 Retract foreskin 
perlonnlng dorsal sli t 
(along dotted line 0 ) 

" 

3 Separate patchy 
adhesions between 
foreskin and glans with a 
probe and return foreskin 
over glans 

Dorsal v iew 

Fig. 21.12 Technique of cin;umcis ion 

thetic implants may be required if erection is inadequate 
for satisfactory sexual intercourse. 'Medical treatments, 
i.e. steroid injections or radiation, are of no benefit. 

CARCINOMA OF THE PENIS 

Carcinoma of the penis is rare in developed countries 
and almost unknown in circumcised males. Poor hygiene 

(,) 

Fig . 27 .13 Carcinoma of the penis 

Cut edge of skin 

Cut edge 01 
'mucosa' 

4 Mark line of proposed 
exCision on skin and 
excise foreskin leaving a 
3-5 mm culf of skin and 
sulcus 'mucosa' (C) 
Ensure complete 
haemostasis especially of 
largest ventral vessel (V) 

5 Suture skin and 'mucosa' 
with plain catgut 

6 Grease glans and suture 
line well with petroleum 
jelly to prevent adherence 
to clothing 

lateral view 

and accumulation of smegma are suspected aetiological 
fadors but there is growing evidence of a viral aetiology 
linked to that of ca rci noma of the uterine cervix in 
females (human papilloma virus). 

Histologically, the tumours are squamous cell carci
nomas, usually well differentiated, which arise from the 
inner surface of the foreskin or the glans penis in the 
region of the coronal sulcus. The tumour invades locally 
and tends to invade the d istal urethra (Fig. 27.13.,). 

(b) 

(a) An obVIOUS carCinoma of the penis, revea led when the foreskin IS retracted (b) Unfortunately. th is patient already had extensi~e spread to the 
368 mgulnal lymph nodes 



Metastatic spre.ld is to the inguinal lymph nodes (see 
Fig. 27.13b). Erythroplasia of Queyrat is the teml given 
to severe dysplasia and carcinoma in s itu of the glan:; 
and may represent a precursor of invasive carcinoma. 

Most cases of carcinoma of the penis are found in the 
elderly. The disease is usually weU advanced before an 
irregular lum p, bleeding or d ischarge is noticed. In un-

• 

Stage I Stage II 

Involvement of corpora 

Fig. 27.14 Stages i" t he spread of caK i"oma of t he pe"is 

Disorders o f the mate genitalia 

circu mcised males, the lesion may be hidden by the 
fores kin. Figu re 27.14 illustrates staging of the disease. 

Surgical excision usually requires at least pa rtial ampu
tation of the penis, and block d issection of the inguinal 
lymph nodes if they are involved. Radiotherapy can be 
used in stage I d isease if the urethra is not involved and 
for palliation in stage IV disease. 

Stage III 

Involvement 01 regional nodes 

Stage IV 

Fixed regional nodes 
+ distant metastases 

Ch 
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URINARY TRACT 

28 Symptoms, signs and 
investigation of urinary tract 
disorders 

Symptoms of urinary tract disease 370 
Abdominal pain 372 

Retention of urine 375 

Urinary incontinence 376 
Approach to the diagnosis of urinary 

symptoms 378 
Haematuria 373 Pneumaturia 377 

Dysuria 373 Haemospermia 378 

Disorders of micturition 373 

INTRODUCTION 

Urinary tract disorders are common and comprise a s ig
nifica nt p<,rt of the workload of family practitioners, 
general physicians, paediatricians and surgeons. Ln recent 
decades, the specialty of urology has become well estab
lished. Despite this, the general surgeon still deals with 
many urological problems, especia lly in smaller hospitals, 
where Ihey make up about 25% of the general surgical 
workload. 

Disorders of the prostate account for at least half the 
worklO<ld in urological surgery. The main conditions are 
benign prostatic hypertrophy, which affects about 10% 

Special pOints in the history 378 

Physical examination 378 

Investigation of suspected urinary tract 

disease 379 

of ageing males in Western countries, and prostatic carci
noma, which is now the second most common cancer in 
men. The remaining surgical disorders of the kidney and 
urinary tract ca n be divided into five broad groups: 
tumours, stone disease (urolithias is), infections, con
genital abnormalities and finally, local and systemic dis
orders which S(."Condarily involve the urinary tract. 

TIlis chapter deals with the symptoms, signs, approach 
to investigation and d iagnosis of urinary tract disease. 
The various disease entities are then discussed in the 
following five chapters. 

SYMPTOMS OF URINARY TRACT DISEASE 

The common symptoms of urinary tract disease fall into 
eight categories: 

• Abdomina l p<lin 
• PaS5<lge of blood in the urine (haematuria) 
• Pain associated with micturition (dysuria) 
• Disorders of micturition such as frequency or hesitancy 
• Retention of urine (acute or chronic) 
• Uri nary incontinence 
• Passage of bowel gas in the urine (p neumaturia) 
• PaS5<lgc of blood in the semen (haemospermi a) 

The pattern of symptoms usually suggests the diagnosis 
and guides appropriate investigations. This section ex
plains how the various symptoms relate to the under
lying ca uses. 

URINARY SYMPTOMS CAUSED BY DISEASE OF THE 
URINARY TRACT 

Outflow of urine from the kidney may sometimes 
become impeded by obstruction of the urinary tract, and 
this may interfere wit h renal function. If there is chronic 
obstruction to bladder outflow or bilateral upper tract 
obstruction, the patient may develop renal failure, often 
without any localisi ng symptoms. 

Benign prostatic hypertrophy is the most common 
prostatic disorder, and usua lly presents with symptoms 
of bladder outflow obstruction (i.e. disorders of mictur~ 
ition or urinary retention or both) and sometimes with 
haematuria. Prostatic obstruction predisposes to bladder 
infections or stones, and the patient may present with 
these. 
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Symptoms, signs and investigat ion of urinary tract disorders 

Carci noma of the prostate is undoubtedJy becoming 
more common. It may present with bladder outflow 
obstruction similar to benign prostatic disease or it may 
be d iscovered at an asymptomatic stage at a medical 
check-up, either by d igital rectal exa mination or blood 
test (prostate specific antigen, PSA). Ma ny cases are first 
diagnosed by the symptoms of metastases, such as bone 
p..in. 

systemic illness (or even Cram-negative septicaemia) with 
urinary symptoms and an exquisitely tender prostate. 
Occasionally, a prostatic abscess develops. 

Chronic prostatitiS may be bacterial or abacterial 
(properly ca lled prostad ynia) and usually presents with 
chronic perineal ache and often aching testes. In the 
acute form, bacterial prostatitis may present as a 

The important urinary tract tumours, stone diseases 
and infections are briefly outlined in Table 28.1. Any of 
these disorders may present with haematu ria. Some of 
the conditions cause uri nary obstruction and abdomi nal 
pa in. The severity and character of the pain are deter
mined by the s ite and degree of obstruction and, perhaps 
most importantly, the rapidity of onset. Disorders which 
cause urinary stasis also p red ispose to urinary tract 
infection . 

Tilble 28.1 Pathophysiology and clinical f eatures of urinary tract tumours, stones and infections 

Disease _____ ~P: .. : hophysiOlogy 

TUMOURS 
Renal cell carcinoma (also known as renal 
adenocarCinoma and formerly as 
'hypernephroma') 

Nephroblastoma (Wilms' tumour); 
see Chaptl<'!" 45 

Transitional cell carcinoma 

Squamous cell carcinoma 
(very uncommon) 

Adenocarcinoma of bladder (very rare) 

STONE DISEASE 

Stones may develop in pelvlCalyceal sys tem 
or bladder. Pelvlcalyceal stones can pass 
Into the ureter 

INFECTIONS 
'Common' infections due to bowel 
organisms 

Tuberculosis (uncommon) 

Urinary schistosomiasis (bllharzia---very 
common In some developing countries; 
probably the world's most common cause 
of haematuria) 

Urethritis 

Occurs in adults. Derived from renallUbular 
ce lls 

DevelopmentalOrl9ln; usually diagnosed 
before age 5 

May arise In trallSltlOlliIl epithelium anywhere 
from pelvlCalyceal S",'Stem to urethra, but most 
commonly In bladd~r 

Anses in metaplastl: squamous epithelium 
Secondary to chrol'"lC stone or schlstosomal 
Irritat ion, espe<:ially In bladder. Also anses 
de novo In squamoJS epithelium 01 distal 
urethra (very rare) 

Arises from columnar epi thelium of urachal 
remnant 

Stones in situ may cause Irntatlon of urinary 
tract epithelium 
Chronic-renal stones may cause chrOniC 
pelviureterlC or ureteric obstruction either 
direct ly or by causirg fibrotIC strictures 
Acute--renal stone; may cause ureteric 
obstruction as they pass down the tract 

InfectlOfl develops either via bloodstream 
(haematogenous) or lower Ufillilry tract 
(ascending). Any unnary tract abnormality or 
staSIS predisposes to InfectlOfl 

Kidney Involvement VIiI bloodstream from 
pulmonary or other primary disease. May 
spread VIa urine to Jreters and bladder 

Induces chronIC Infl3mmatIOn and fibrosIS In 
bladder wall leading to gross bladder distortIOn, 
stones and squamous cell carCinoma 

Caused by gonococcus or Chlamydia Sexually 
transmitted 

Cl inica l features 

Presenl5 either incidentally (e.g on CT scan) 
or With symptoms of haematuria, a mass or 
constitutional 5-Igns such as pyrexia or 
polycythaemla or is asymptomatIC 

Presents as an abnormal mass With or 
Without pain and haematuria 

Usually Pfesents With haematuna 
Predisposes to unnary trClct infectlOfls. 
May cause uretenc obstruction 

As for tranSltlOOal cell carCinoma 

As for trarl5it ional cell carcinoma 

Present as palO or haematuria or recurrent 
Infect ion 
Present With chroniC p<l1fl (due to b<lck 
pressure) or recurrent Iflfectlon 

Present as acute colicky pain often With 
renal tenderness (renal or ureteric colic). 
Infection may supeNene. destroYing the 
kidney If untre<lted 

TYPICally Pfesent With dysurid and 
frequency With or Without haematuna 

May Pfesent <IS haematuna, persIStent 
steflle pyuria, or as an Incidental finding 
In pulmonary tuberculosiS 

Presents with haemaluna and vanous 
symptoms of infectIOn and bladder 
fibrosis 

Presents w ith urethral discharge and 
dysuria 

2 
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Symptoms, diagnosis and management: urinary tract 

Many different congen ital abnormalities may involve 
the kidneys, ureters, bladder, urethra and genitalia, either 
alone or in combination, Most of the serious abnor
malities are recognised a t birth or in early childhood. 
The exceptions arc polycystic disease and medulla ry 
sponge kidney, which usua lly present in adulthood . Less 
serious congenita l abnormalilies such as duplex systems 
may predispose to urinary tTact infections because of 
abnormal flow dynamics. These abnomla lilies may be dis-
COVCTL'<i a t any age d uring the investigalion of recurrent 
urinary tr,lel infections. Congt:'nit.1 1 disorders which present 
mainly in adulthood arc discussed in Glapler 33 and those 
presenting m<linly in childhood in Chapter 45. 

URINARY SYMPTOMS CAUSED BY NON-URINARY 
DISEASE 

The urinary tract sometimes becomes secondarily in
volved in local infl<lmmatory conditions such as Crohn's 
disease or diverticular d isease. Fistulae may form, 
resulting in the passage of fla tus or faeces in the urine or 
both (pneumaturia and faecuria). Retroperitoneal fibrosis, 
diverticulitis, tumours of the prostate, cervix or rolon, 
and sometimes aortic or iliac aneurysms may second
arily involve the ureters and cause upper urinary tract 
obstruction. 

ABDOMINAL PAIN 

Most urinary tract diseases cause symptoms which are 
obviously rderilble to the urinary tract. When urinary 
symptoms arc associated with abdomi nal p.1in, the ca use 
is usually found to arise in the urinary tract. Urinary 
tract disorders may, however, cause abdominal pain 
withou t urimuy symptoms; the diagnosis is then nol so 
obvious and other characteristic clinical features must be 
sought. 

PAIN ARISING FROM THE KIDNEYS AND UPPER TRACT 

Renal inOam nmt ion o r stretching of the renal capsule 
causes pain in the rena l angle, the posterior sp.1ce 
betw(.'Cn the lowl'st rib and the iliac crest. This area may 
also be tender to p.1 lpation or percussion. 

Renal stones, tumours or polycystic disease may cause 
dull and persistent loin p.1in even without obstruction. 

In acute infections such as pyelonephritis or bladder 
infection, the p.1in is severe and is usually associated 
with systemic feil lu rcs and urinary tract symptoms. 

Acu te obstruct ion and distension of the pelvicalyceal 
system produce excnlciating loin pain which oftCtl 
radiates to Ihe hypochondrium or groin (see Fig. 28.1). 
If the ureter is obstructed, the pain is colicky (duc 10 
ureteric peristalsis) and often radiates down to the iliilc 

fOSS.1 and groin. When obstruction is low in the ureter, 
the pain may rad iate to the genitalia. This pain is known 
as renal or ureteric coli c. 

PAIN ARISING FROM THE BLADDER 

Pain originating in the bladder (e.g. in cystit is) is felt in 
the suprapubic arca. Pain may be rcferred to the penis or 
vulva if the bladder trigone is involved . In adults, dear
cut urinary symptoms such as dysuria and frequency arc 
usually also present, but children may have no localisi ng 
symptoms or complain only of pain, making the diag
nosis less obvious. Dysuria is usua lly the predominant 
sy mptom of urethral disorders, bu t pain arisi ng in the 
male urethra (e.g. in sexually transm itted infections) is 
usually refcrTL>d to the tip of the penis. Finally, the pain 
of prostatic inflammation (prostatitis) is usually felt deep 
in the perineum. The prostate is tender on rectal examin
ation in the acute but not the chronic form. 

PAIN SIMULATING URINARY TRACT DISEASE 

Pai n fro m other abdominal p.1thology may sometimes 
mimic p.l.i n ariSing from the urinary tract. Acute appen
dicitis may present with suprapubic 1'<1in and biliary 
tract pai n mily be referred to the right thoraco-lumb.1r 
region, while posterior duooenal ulcers and pancreatic 
disease may cause pain in the central lumbar region. An 
exp.1nding or leaking alxtominal aortic aneurysm may 
sometimes mimic the pain of urinary tract disease, 
particularly if a ureter is compressed. Diseases of the 
thoraco-lumbar spine, such as metastatic cancer, tu ber· 
culosis, spondylosis and disc lesions, may also simul<1te 
upper urinary tract d isorders. Suspected renal colic with 
a local rash is usually due to shi ngles (herpes zoster); the 
rash may not appear for several days after the onset of 
pilin; perineal zoster may ca use retention of urine. In 

Fig. 28.1 Rena l pa in and its referral 



women, p.1in arising from the ovaries or genital tract 
(e.g. pelvic inflammatory disease) may be confused with 
bladdt2"r pain. 

HAEMATURIA 

Patients may notice blo<xl or even clots in the urine 
(fra nk haematu ria) and this needs to be distinguis lu..'<1 
from urethral bleeding. More often, blo<xl is discovered 
on 'dipstick' testing or microscopy of a midstream urine 
sp<.'Cimcn (microscopic h;lemaluria). Haematuria is often 
episodic rather than persistent, whatever the Ciluse. 
'Dipstick' testing for hilematuriil is extremely sensitive 
and yields mill1y fill se positive results. Thus a positivC' 
dipstick result should be confirmed by urine microscopy, 
and if confirmed, freshly voided urine should be examined 
for malignant cells by exfoliative cytology. 

CAUSES OF HAEMATURIA (see Fig. 28.2) 

Tumours are a COmmon cause of fra nk and microscopic 
haematuria and must be suspected, even if another 
possible cause is found . Haematuria from tumours is 
typically painless. However, carcinoma in si tu, a dys-
plastic condition wilh a high likeliho<xl of progression to 
frank carcinoma, usually presents with irritative voiding, 
dysuria and hael1laturiil. Irritation from infection or stonl'S 
may also cause bleeding, but this is usually accompanied 
by pain or d ysuria. If the urethra is obstructed by pro-
static enlargement, straining at micturition may cause 
bleeding from dilated veins at the bladder neck. 

Triluma to il normill kidney mily cause frank haema
turia if considerable force has been applied, but micro
scopic hnemnturia is common after minor trauma in 
contact sports and rarely indicates a significant injury. 
Enlarged kidneys are more susceptible to trauma, what
ever the primary p.,thology. In hydronephrosis or poly
cystic kidneys, minor blunt trauma may cause gross 
haematuria . 

Sometimes urine becomes red with haemoglobin 
rather than blood. In you ng people th is may be induced 
by vigorous exercise such as jogging (exercise haemo
globinuria and haema turia). These patients are believed 
to have defective red cell membranes which makes them 
more vulnerable to tmuma. Exercise haemoglobinuria is 
self-li miting and requires no treatment. 

Haematuria also occurs in renal parenchymal inflam
mations such as glomerulonephritis or arteritis . Renal 
haematuria ma y also be caused by microemboli settling 
in the kidneys, as in atrial fibrillation or infective endo
carditis. Any urinary tract disorder with a potential for 
haemilturiil is more likely to be revealed when a patient is 
011 anticoagulant therapy or develops a bleeding diathesis. 

Symptom5. 5ign5 and inve5tigation of urinary tract di50rders 

DIAGNOSTIC FEATURES OF HAEMATURIA 

Cross bleed ing results in the passage of dots. The st,lge 
of micturition at which blo<xl appears is someti mes 
d iagnostically useful. Blo<xI from the kidneys, ureters or 
bladder wa ll will completely mix with the urine, and be 
present throughout the urinary stream. Urethral bleed ing 
may leak out independently of micturition, or be seen 
only at the beginning or end of the urinary stream. Blo<xI 
arising from the bladder neck or posterior urethra may 
sometimes present as terminal haematuria. 

I-Iaematuria on dipstick testing should be confirmed 
by urine microscopy, which can also check for infection 
by culture and sensi tivity. Microscopic haematuria may 
represent a significa nt lesion anywhere in the urinary 
trtlct ilnd mllst be taken seriously. However, in 5-10% of 
cases of isolatcd episodes of microscopic haemilluria , a 
cause is never found . 

DYSURIA 

Dysu ria describes pain or discomfort on micturition, 
often aocomp.,nied by difficulty in voiding. The pi1in is 
often described as 'burning' or 'scalding'. Any irrita tion 
of Ihe urethra may cause dysuria. The most common 
cause is urinary tracl infection, but ure thral instrumen
ta tion, or the presence of a catheter, also commonly 
causes dysuria. 

DISORDERS OF MICTURITION 

The normal bladder has a capacity of 350-500 1111. When 
this is reached, the detrusor muscle undergoes reflex 
contraction, inititlting the desire to void. Micturition is 
normally initiatcd by conscious sphincter relilx'ltion; il 
volunttlTy detnlsor contraction then empties the bladder 
completely. 

FREQUENCY OF MICTURtTION 

This is defined as the frequent passage of small quan
tities of urine, bUI with a normal daily urine volume. If 
severe, frequency may sometimes resu lt in incontinence. 

There arc five mai n cauSC'S of frequent micturition: 

• Bladder irritation-infection is the most common cause 
of urinary frequency and is USU.llly accompanied by 
dysuria. TIle p.1tient feels an al most constant need to 
pass urine rcgn rdlcss of the amount of urine in the 
bladder 

• Incomplete empty ing of the b ladder- this is most 
commonly caused by bladder outlet obstruction as in 
prostntic hypertrophy, but it may also be cau$(.>d by 
neurologica l disorders such as multiple sclerosis or 
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Symptoms, diagnosis and management: urinary tract 

Fairly common 

CalctJlus 
(also affects ureters) 

Less common 

GIom9fulonephnlls 

Uncommon 

HydronephrosIs 
due to pelvi·urelenc 
junction obstruction 

Rare 

Bleedmg diatheses 
(anticoagulant treatment) 

Bactenal endocardrhs 

Atnallibrillatron 

Fig. 28.2 Renal causes of haematuria 

Infection 

Renal cell carcinoma 
or nephrOblasloma 

Polycystic kidney 

EmbolISm 

Embolism 

TratISIbonaI cell carcinoma 
(also affects ureters) 

Paprllary necrosis 



spinal trauma. Voiding is incomplete so the bladder 
soon reaches fuJI capacity again. The increased volume 
of residual urine in the bladder after micturition 
predisposes to infection 

• Detrusor instability (the unstable bladder)--.-in this 
condition, the voiding reflex is activated before the 
bladder is properly filled. Small volumes of urine are 
thus p<isscd more frequently. This may be a secondary 
effect of obstruction to bladder outflow 

• Small or indistensible bladder-this is a rare cause 
of frequency and may be due to surgical resection, 
inflammatory fibrosis sllch as tuberculosis, 
schistosomiasis, idiopathic interstitial fibrosis or 
following radiotherapy 

• Psychosomatic freq uency-this characteristically 
occurs during the daytime and not at night 

Frequency must be distinguishet:1 from polyuria, in which 
the amount of urine produced is excessive and normal 
voiding volumes are passed at more frequent intervals. 
Polyuria is usually accompa nied by polydipsia (excessive 
drinking). Excess urine production is not a surgical 
problem; it most commonly results from diabetes mellitus, 
less common ly fro m rella l f,1i lure and occaSionally from 
diabetes insipidus. 

NOCTURIA 

Nocturia describes the need to pass urine at night. The 
patient may wake with the urge 10 void hourly, if not 
more frequent ly. Nocturia usually accompanies frequency 
or polyuria. Patients with cardiac failure may experience 
nocturia as peripheral oedema is returned to the general 
circulat ion in the supine position and renal perfusion is 
thereby increased. Elderly patients, in particular, claborat~ 
more urine at night due to enha nced renal blood flow 
when recumbent. Thus they may pass more urine at 
night than in the daytime. Some class II calcium channel 
antagonists are sometimes associated with nocturnal 
polyuria. 

URGENCY 

Urgency is the sudden desire to void, which, if ignored, 
may result in incontinence. Urgency results from irritation 
of the bladder neck as in cystitis, or from the abnormal 
entry of urine into the proximal urethra as in prostatic 
enlargement. If the bladder is overfilled as a resuit of 
outlet obstruction, spasms of abnornlally high detrusor 
pressure can cause urgency or even incontinence. O ther 
urinary symptoms arc usually present. 

HESITANCY 

Difficulty in initiating micturition, known as hesitancy, 
usually occurs in mak-'S. In extreme cases, the patient 

Symptoms, signs and investigation of urinary tract disorders 

may have to stand fo r several minutes before urinary 
flow begins. The usua l Cause is prostatic obstruction, 
which prevents entry of sufficient urine into the proxi
mal urethra to initiate sphincter relaxation. Hesitancy may 
occur in young males because the bladder neck will not 
relax. The symptom is common, and often intermittent 
and situational, e.g. in a urinal when other men are near
by; the problem is not organiC but rather psychosomatic. 

POOR URINARY STREAM 

Urinary streClm is often reduced when there is urethral 
narrowing. The most common cause is prostatic enlargL'
ment or bladder neck hypertrophy, which may limit the 
urine flow to a dribble despite straining. A poor stream 
may be CtllISL'(i by Cl urethral stricture, in which case other 
urinary symptoms may be minimal or absent. 

POST·MICTURITION DRIBBLING 

With this symptom, urine flow does not cease completely 
at the end of micturition. Dribbling Illay simply involve 
the leakage of a few drops of urine or be SO severe as to 
amount to incontinence. Post-micturition dribbling may 
result from abnormal sphincter function, but is usually 
due to incomplete emptying of the urethra by a weakened 
bulbospongiosus muscle. This symptom is not indicative 
of prostatic obstruction. When occurring in isolation in 
women, it may denote weakness of the pelvic floor. Urine 
trapped below a healthy sphincter and above a urethral 
stricture dribbles out after bladder emptying but more 
commonly presents with tenninal dribbling. 

'PROSTATISM' 

This term is often applied to the symptoms of hesitancy, 
poor stream, terminal dribbling and incomplete bladder 
emptying with frequency, nocturia, urgency and urge 
incontinence. Any of these may occur in prostatic 
obstruction, but the term should be used with care be
cause it implies a diagnOSis, and may prejudice proper 
evaluation of symptoms. This symptom complex is now 
sometimes termed lower urinary tract symptoms (LUTS). 

RETENTION OF URINE 

Urinary retention means the inability to void when the 
bladder is full. It occurs when the sphincter is unable to 
relax or when there is proximalurelhral obstruction. Both 
factors may OCCllr together. 

ACUTE RETENTION 

In its simplest form, acute urinary retention can occur in 
normal individuals, usually males, particularly post-
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operatively. At this time, fluid overload, drugs, pain, the 
supine posture, anxiety or emb.:1ITi\SSment are responsible. 
Simi lar factors may precipitate an episode of acute 
retention in ind ividuals with asymptomatic prostatic 
enlargement. Occasionally acute retention is caused by 
an obstructing blood clot (clot retention) or stone. 

In the female, acute retention can occur after abdo
minal surgery, perhaps as a side effect of anaesthetic or 
analgesic drugs. It may also occur in pregnancy if the 
enlarging uterus becomes ~lmmed in the pelvis at about 
14 weeks' gestation. An ovarian cyst or uterine fibroid of 
similnr dimensions may also cause obstruction of this 
type. Otherwise, multiple sclerosis should be suspected. 

CHRONIC RETENTION 

Chronic retention may occur with abnormalities of 
structure or function of the bladder muscle or sphi ncter 
mechanism. Less commonly, it is caused by persistent 
urethral obstruction. In chronic retention, voiding of 
urine is often incomplete. The problem progresses until 
the residua l volume approaches maximum bladder 
capacity. Voiding then usually occurs by 'overflow' and 
the bladder tends to become abnonnally distended. 
When obstnlction is prolonged and severe, the bladder 
muscle hypertrophies, bladder diverticula may develop, 
and b.lck pressure on the kidneys may cause uraemia and 
r{'nal failure. At any stage, complete cess.ltion of flow, i.e. 
acute-on-chronic retention, may be precipitated by over
fill ing (often alcohol-induced), urinary tract infection or 
severe constipation. The most common cause of chronic 
retention is bladder outflow obstruction caused by a 
thickened bladder neck or prostatic en largement. It may 
also be caused by lower spinal neurological problems, 
e.g. c('ntral protrusion of lumbar intervertebral discs 
damilging the 52, 3, 4 innervation of the detmsor. 

URINARY INCONTINENCE 

Involuntary passage of urine is a distressing and socially 
debilitating symptom. It may occur in a variety of dis
orders with a slnlctural or functional abnomlilli ty of the 
bladder or sphincter mechanism. The normal bladder 
has a cap.:lcity of approximately 350-500 m!. Ouring 
filling. the detmsor muscle relaxes so that the intra
vesica l pressure does not rise until bladder capacity is 
appro.,ched. Once the bladder is filled, voiding occurs by 
detnlsor contraction and sphi ncter relaxation. Both are 
mediated via a spinal reflex at the level of 52, 3, 4. Super
imposed on this system is an inhibitory mechanism 
under cortical (conscious) control, which delays voiding 
if it is socially innppropriate. Conscious control, including 
nocturnal cont rol, develops during early childhood. 
Nocturnal incontinence is known as enuresis. 

The pathophysiology of incontinence can be divided 
into three calt.'8ories based on disorders of s tructure and 
function which Me described below and summed up in 
Box 28.1. Some disease processes may produce incon
tinence by more than one mechanism. 

LOSS OF CORTICAL CONTROL 

Loss of inhibitory control over reflex voiding may occur in 
disease of the cortex, such as senile atrophy (dementia), 
or in discasc of the spina l cord above the sacral reflex 
level, such as multiple sclerosis. Traumatic paraplegia is 
<I common cause of complete loss of cortical control. The 
resulting incontinence may be described as the supra
sacral neurogenic b ladder. The bladder fill s to normal 
capacity and then empt ies sponta neously, and more or 
less completely, le<lving little residual urine. 

DISORDERS OF SACRAL REFLEX CONTROL OF 
DETRUSOR AND SPHINCTER FUNCTION 

If the sacral reflex arc is damaged on its afferent or efferent 
sides, reflex contr.lction of the detrusor and relaxation 
of the sphincter arc lost. This may occur in low spinal 
trauma or neMby d isease, such as myelomeningocoele, 
diabetic neurop.:.l hy or invasive pelvic tumours. The 
bladder consequently becomes grossly distended and 
urine passively overflows causing constant dribbling 
incontinence. This can be alleviated considerably by 
regular Illanual emptying of the bladder, achieved by 
applying abdominal pressure or more effectively by 

SUMMARY 

Box 28.1 causes of incontinence 
Loss of cortical control 
• Cortical disease 
• Spinal cord disease. i.e. supra-sacral neurogenic 

bladder 

Abnormalities of the sacral refl ex mechanism 
• Sacral neurogenic bladder 
• Detrusor instability 
• Infection producing bladder hyperactivity 
• Hypotonic bladder 

Detrusor or sphincter abnormalities 
• Stress incontinence 
• Port-prostatectomy 
• Tumor invasion 
• Urethral trauma 
• Contracted bladder 
• Rare congenital abnormalities 



intermittent sclf-catheteris.l tion (lSC). This fo rm of 
incontinence may be described as a sacral neurogeni c 
bladd er. The large residual volume of uri ne s trongly 
prcdisp<k(.'S to infection, which must be prevented . 

In some patients, typica lly middle-aged women, the 
reflex control of detrusor activity becomes hypersensitive 
so that the void ing refl ex is initiated when the bladder 
volume is well below fu ll cap..laly. The cause is unknown 
This hypersensitivity results in small volu mes of urine 
being pasS(.'(\ frC<luently, and often so precipitously as 
to produce urge incon tinence. The condition is known 
as irritable bladder syndrome or detrusor instability, a 
minor but distres:;ing form of incontinence. 

madder infection produces excessive sensory irrit.ltion 
ilnd ilctiviltion of the voiding reflex. In young children 
and the elderly, this may be responSible for incontinence 
without the usual symptoms of infection. 

Persistent bladder outflow obstruction-prostatic 
enlargement---causes progressive stretching of the blad
der and in some way dilmagL'S the voiding reflex. The 
result is a hugely distendL'rl, flaccid, hypotonic bladder. 
Dribbling overfluw incontinence may persist even when 
the obstnlction has been remuv<.'rl. 

STRUCTURAL ABNORMALITIES OF THE BLADDER OR 
SPHINCTER 

Many dborders may directly interfere with norm,ll 
detnlsor or sphi ncter function. In some cases, an ad
ditionill contributory factor is damage to the afferent or 
efferent components of the neurogenic reflex mechanism. 

Carcinoma 01 bladder invading colon 

Cotonic carcinoma invading btadder 

Fig. 28.3 Causes of vesicocolic fistulae 

Symptoms, signs and investigation of urinary tract disorders 

The most commun condition in this category is s tress 
incontinence, in which the sphincter is weak. Any sudden 
increase of pressure on the bladder (wh ile coughing, 
sneezing or laughing. for example) causes small quantities 
of urine to leak Ollt. Stress incontinence is usually seen in 
parOliS women and results from pelvic floo r damage 
during childbirth . There is often a degree of uterine 
prolapse and cystocucle. 

Prostatectomy (transurethral or open) may damage 
the sphincter, as may locally im'asivc tumours or pelvic 
fractures which involve the proximal urethra . Tuber
cu losis, radiotherilpy ilnd interstitial cystiti s in its 
severt'St form may calise severe bladder contraction and 
frl"qLl ency to the point of incontinence. 

Incontinence is a feature of several Tare congenital 
abnormillitics such as epispadias or ectopic ureter open
ing below the sphincter mech.mism. These should be 
excluded in a child who fai ls to develop continence. 

PNEUMATURIA 

Pneumaturia is the p..1SS.lgC of gas mixed with urine. It is 
caused by perforation of gut into the urinary tract, or 
rarely, vice vers.l, resulting in fistu la formation. The 
commonest ca uses are diverticular discase and Crohn's 
disease, although it sometink'S occurs in carcinoma or 
the colon or bladder (see Fig. 283). Cross urinary tract 
infection is inevitable. nle patient typically com plains of 
symptoms of urinilry infection (dysuria and frequency) 
and may also describe bubbiL'S or even faeces in the urine. 

Olverbcutar disease and pericoliC 
abscess bursting into bladder 

(most common cause) 

Crohn's disease 
inflammation fistutating into bladder 
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HAEMOSPERMIA 

Haemosperrnia describes the presence of blood in semen. 
It is usually innocent but can be caused by prostatitis or 

a slone in an e~lcula tory duct. In the older male patient it 
is a rare presenting symptom of prostatic carcinoma. 

APPROACH TO DIAGNOSIS OF URINARY SYMPTOMS 

SPECIAL POINTS IN THE HISTORY 

A detailed history of the urinary tract symptoms shou ld 
be taken, together with a general history to elucidate any 
systemic CilUSes or contributing faclors, e.g. diabetes or 
multiple sclerosis. A full history of medication, pas t illld 
prescnt, should be recorded . 

In patients with haematuria, the occupational history 
may be important. Exposure to aniline dyes and other 
industria l chemica ls that were once widely used in the 
rubber and cable industries greatly increased the risk of 
trans itional cell carcinoma of the urinary trilCt. Tob.1.cCO 
smoking has been calculated to cause 50% of bladder 
cancers. 

Haemahlria can also be caused by infestation with 
Scllistosoma, which is endemic in p.1.rts of the Middle East 
and Africa and is transmitted by water snails. A history 
of residence or travel in affected regions should therefore 
be sought. Similarly, tuberculosis is common in develop
ing countries and can casily be overlooked in immigrants. 

PHYSICAL EXAMINATION 

GENERAL EXAMINATION 

A full general exam ination should pay special attention 
to a sa llow complexion and signs of weight loss which 
may indicate uraemia, particularly if accompanied by il 
uriniferous smell ilnd ser,llch marks indicating itching. 
Blood pressure must be measured in eYery case as hyper
tension may be a feature of pyelonephritis, renal artery 
stenosis, polycystic kidneys or glomerulonephritis. 

ABDOMINAL EXAMINATION 

Abdominal inspection may reveal asymmetry due to a 
huge renal mass; this may be a nephroblastoma in a child 
or polycystic kidneys in an adult. In chronic retention, a 
la rge, lopsided bladder may be visible. The loins should 
be carefu lly inspected from behind; a subtle fullness may 
indicate a renal mass or a perinephric abscess. 

A bimanual technique is used when examining the 
ilbdomen for urinary tract disease. One hand palpates 
the subcostal region anteriorly while the other hand is 
placed in the renal <Ingle to push the kidney forward on 
to the palpating hand. The kidneys arc im palp<lble 

unless they arc enlarged or displaced, except in it very 
thin patient. A rellal mass will usually move with respir
ation and, because it is retroperitoneal with gut 
anteriorly, should also have an overlying area of 
resonilTlCC to percussion. The main causes of an enlarged 
kidney MC hydronephrosis, polycystic disease, renal cell 
carcinoma ,1nd, in children, ncphroblastoma (Wilms' 
tumour). Loin tenderness is uncommon in nOll-acu te 
ren(ll disorders except in chronic perinephric abscess. 
Tenderness is usually found in acute conditions, such as 
pyelonephritis or acute obstruction. Renal tenderness 
ca n be distinguished from vertebral tenderness by gently 
tapping the spinous proc(.>sscs. This will cause pain if the 
tenderness is vertebra l. 

The lower abdomen is palpated for the bladder. A 
distended bladder is felt as a soft mass arising from the 
pelvis, sometimes asymmetrically. It is dull to percussion 
and pressure on it may induce an urge to void; bladder 
distension is easily confirmed on ultrasound examin
ation. A suprapubic mass in the male usually indicates 
urinary retention, but occasionally it is a colonic carci
noma, a huge bladder tumour or stone. In the female, 
ovarian masses, pregnancy or uterine fibroids are more 
common causes of a suprapubic mass than urinary 
retention. 

Auscultation along tlH! '12th rib posteriorly may reveal 
the bru it of renal artery stenosis. 

RECTAL EXAMINATION 

Rect.11 examin,ltion should be performed in both sexes. 
In females, a vagina l examination may also be indicated. 
In the male, the prostate is palpated per rectum for s ize, 
shape and consistency (see Fig. 28.4). The prostate is 
about 3 em in diameter and weighs 10--15 g. When mod
erately enlarged, it is approximately the size of a golf 
ball and weighs about 30-40 g; when greatly en larged, 
the prostate may weigh as much as 800 g. When the 
prostate gland is this large, its upper edge may be out of 
reach of the examining finger. Note that most prosta
tectomy opera tions leave a capsular remnant so that the 
prostate is still palpable and may be of firmer con
sistency on pillpation. Note that it is impossible to make 
an ilccurate assessment of the volume of the prostate 
digitally (sce Fig. 28.5). 
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Symptoms, signs and investigation of urinary tract disorders 

The severity of prostatic obstructive symptoms depends 
on the extent of encro.1chmenl upon the urethra and not 
Ihe prostatic diameter, In sollle cases, an enlarged medi(ln 
lobe lying posteriorly above the bladder outlet may act 
as a nap valve, intermittently obstructing urine outnow. 

On palpation, the normal prostate has a smooth 
su rface and a firm consis tency, and is divided into two 
lateral lobes by a midline groove. In prostatic hyper
plasia, enlargement is usually symmetrical, and the mid
line gToove is maintained . Consistellcy remains norma l. 
In contrast, a prostate infil trated with carcinoma is irre
gu lar and .lsymmetrical. There are often hard nodules, 
and the median groove may be lost. In advanced cases, 
the tumour may be felt invading laterally into the pelvis 
or forward around Ihe rectuIU. Digital examination ma y 
distinguish ben ign from malignant prostatic enlarge
ment in gross caSl"S, but if carcinoma is suspected , lTans
rectal need le biopsy is performed blindly (i.e. by pal
pation) or preferably under ultrasound guidance. Note, 
however, there is a 2% risk of systemiC sepsis and the 
procedure needs to be covered with a single dose of a 
prophylactic antibiotic, e.g. gentamicin. Prostatic tender
ness is uncommon and may indicate prostatitis. 

INVESTIGATION OF SUSPECTED 
URINARY TRACT DISEASE 

[n common conditions like prostatic hyperplasia or 
urinary tract infection, the diagnosis is usually evident 
from the history and examination. Investiga tion is 
limited to confimling and refining the diagnosiS before 
treatment is initiated. Symptoms such as haematuria, 
however, suggest several diagnostic possibilities and 
other diagnoses must be excluded . 

A simple approach to investigation of urinary tra ct 
disease is to consider the following questions: 

• Are any blood tests likely to be helpful in diagnosis? 
• What urine tests are indicated? 
• Where is the lesion? 

ARE ANY BLOOD TESTS LIKELY TO BE HELPFUL IN 

DIAGNOSIS? 

The blood tests that can be useful in diagnosing urinary 
tract disease are summarised in Box 28.2. 

When prostate cancer is suspected , prosta te spec ific 
an tigen (PSA) levels shou ld be estimated and frac
tionated into free PSA, total PSA and their ra ti o. The 

Fig. 28 .4 Pa lpatio n characte ristics of the prosta te 
(a) Benign prostate. (b) Malignant pr05tate. (e) Pr05tatlC cancer TNM 
tumour grade'> on p<l lpatlon. Note that palpallon is more accurate 
when performed under general anaestheSia 37S 
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Ureter------------------

Urinary blaclder------------

Ductus delerens-------------

Prostatic urethra-----------------

Penile urethra------

Penis---

-7"-~-----------SeminaJ vesicle 

--'.-'---':,--------- ---Prostate gland 

~-----------R~um 

L---"'~-----------Bulbourelhral 
gland of Cowper 

Teslis----------'--- ---------------------Epididymis 

SCrolum-----------

Fig. 28.5 Relationship of the prostate to the rectum and peritoneal cavity 

free PSA is more likely to be raised in carcinoma and is a 
reliable indicator if the level is markedly elevated. In 
biopsy-proven proslatic cancer, persistently raised PSA 
levels abuve 20 arc likely 10 indicate metastatic disease. 
However, the \cvc\ may be normal in the pr('S('nce of a 
small-volume cancer. 

Total PSA riSL'S with age and in benign hyperplasia 
tends to rise in proportion to prostate mass. Acute reten
tion, urinary tr<lct inh . .'ction, any urethral instrument<ltion 
or biopsy of thL' prostate causes elevation of the PSA for 
up to 6 weeks; standard digital rL"Ctal examination dDt-'S 
not affect rsA level. 

WHAT URINE TESTS ARE INDICATED'? 

Any urinary symptoms should prompt collection of a 
clea n mid stream urine specimen (MSU) for microscopy 
and b..,cteriology. Microscopy will show the presence or 
absence of s ign ificilnt numbers of red blood cells (micro-
scopi c haemat uria), while cells (pyuria) and bacteria 
(bacteri uri a) (see Fig. 28.6). Howe\'er, the cells c,m lyse if 
the specimen is kept overnight at room temperature. 

B.acteriuria of more than 5 x IO~ per cubic millimetre is 
cons idered to indicate significant infection. The urine is 
cultured to identify the orgiln isms, and the organisms 
tested for antibiotic sensitivity. Culture-negative urine 
(sterile pyuria) is chilTacteristic of urinary tract tLloor
cu losis, urinary slone, bladder tumour, prostatitis or (most 
commonly) a partly treated minary tract infection. If 

preent, three early morning urine specimens shou ld be 
eXa minL'CI for acid-fast b.lcilli and cultured. Bacteriuria 
without s igni ficant pyuria usually indicates contami
nation of the urine specimen. Casts found on microscopy 
suggest a nephritic process. The presence of epithelial 
cells indicalt:''S perineal contamina tion of the specimen, a 
common problem in females and infants. 

Urine cytology is a useful screening test for urothelial 
tumours in people at high risk, particularly those who 
have beell exposed to industrial carcinogens. The test 
has a high positivity in carcinoma in situ and poorly 
differentiated tumours. Cytology must be performed on 
freshly voided urine. Some centres with an efficient local 
service usc cytology for long-term follow-up of p.1tienls 
with tre<lted bladder cancer. 

WHERE IS THE LESION'? 

Investigations fo r localising urinary Iracl pathology are 
summarised in Table 28.2, p. 383. 

Suspected upper tract lesions 

Ultrasound 
Renal ultrasound is a valuable non-invasive techniqu e 
for investigating a suspected renal mass. Ultrasound is 
particularly useful in differentiating solid from cystic 
lesions, and for demonstrating dilatation of the rena! 



KEY POINTS 

Box 28.2 Blood tests useful in diagnosing urinary 
tract disease 

Full blood count 
• Hypochromic microcytic anaemia: chronic iron 

deficiency anaemia due to haematuria (rare) 
• Normochromic normocytic anaemia: chronic renal 

failure (lack of erythropoietin), chronic inflammatory 
disorders, e.g. tuberculosis 

• Polycythaemia: renal adenocarcinoma 
• l eucocytosis: infection 

Erythrocyte sedimentation rate (ESR) 
• Raised in ch ronic and acute infections, renal 

adenocarcinoma and retroperitoneal fibrosis 

Urea, electrolytes and ceatinine 
• Impaired renal function in bilateral obstructive 

uropathy or chronic renal failure associated with 
hypertension, diabetes etc. 

Prostate specific antigen 
• Raised in metastatic carcinoma of prostate (see text). 

A normal level does not exclude prostatic carcinoma. 
Moderate elevations occur in benign disease. 
especially with acute retention of urine. urinary tract 
infection and following urethral instrumentation or 
prostatic biopsy 

Alkaline phosphatase (bone isoenzyme) 
• Raised in multiple bony metastases from any type of 

tumour 

Calcium. phosphate, uric acid and parathyroid hormone 
levels 
• Useful investigations in stone disease 

pelvis. If bladder pathology is suspected, the bladder can 
easily be examined at the 5.1 me time. The bladder is par· 
ticularly well seen if it is distended with urine; patients 
should be advised to take copious fluids before the 
investigation is performed. Ultrasound can demonstrate 
stones in the kidney or bladder e\'en if they are radio
lucent (ura te), but can rMely demons trate a stone in the 
ureter. 

Intravenous urography 
Intravenous urography (lVU) is the traditional radio
graphic technique for demonstrating the urinary tract, 
although it provides poor assessment of function. Com
parative renal function is best investigated by radio
nuclide scan ning. An IVU involves intravenous injection 
of an aqueous solution of iodinated benzoic acid which 
is rapidly filtered by the glomeruli and excreted. This 
radiopaque solution opacifies the urinary system, dem-

Symptoms. signs and investigation of urinary tract disorders 

onstrating the renal parenchyma, the rellal pelvis .llld the 
ureteric anatomy. The cortica l concentration of contrast 
(nephrogram ) gives an indication of the shape, thickness 
and bilateral symmetry of the renal cortex. 

Cysts and tumours of the kidneys are usually revealed 
by the distortion of normal anatomy they cause, 
although they are often indistinguishable from each 
other by this investig.ltion. Tumours opacify with con
trast to a variable extent and sometimes show a charac
teristic 'vascu lilr blush'. 

If the collecting system (renal pelvis, calyces and 
ureter) is dilated, this is usually easily seen, and the level 
of an obstruction can often be demonstrated. When 
obstruction is almost complete, films may have to be 
taken at long interv(lls since b(lck pressure delays cortical 
excretion. 

Congenital abnormalities of the pelvicalyceal system, 
such as duplex systems, are often found incidentally. 
Transitional cell tumours may show as filling defects in 
collecting systems or bladder. If an abnormality is seen 
in the kidney or renal pelvis, tomography can be per
formed during the same examination to reveal more 
structural detail. If rellal excretion is poor, as in chronic 
renal failure or gross obstruction, JVU examination may 
be improved by usi ng a high-close infusion of contrast. 
However, this is a dangerous technique in diabetic 
nephropathy as it may precipitate acute renal failure. 

The imaging investigation of choice in the initial 
assessment of urological sy mptoms is ultrasound though 
an JVU is a better option in stone disease or when gre.,ter 
detail of the ureters is required. 

CTscanning 
In urology, cr sca nning is lIsuaUy performed after 
injection of intravenOllS contrast. This helps distinguish 
renal malignancies from hamilrtoma or other benign 
diseases. It can also distinguish the rare angiomyolipoma 
of the kidney. Modern spi ral CT machines give more 
rapid image capture and better definition. 1n renal cell 
carcinoma, CT can demonstrate direct spread of tumour 
thrombus along the renal vein and into the inferior vena 
ca va so that surgery can be better planned. Enlarged 
lymph nodes may be diagnosed and biopsied percu
taneously and the liver examined for metastases. CT 
may demonstrate malignancy so advanced that it is 
inoperable, s.·wing the patient a fruitless operation. In 
bladder or prostatic cancer, it can demonstrate whether 
the disease is organ-confined, aiding in staging. Increas
ingly spira l cr is indicated for the investigation of stone 
disease, particu larly ureteric colic. 

Special contrast investigations 
Ascending ureterography is especially useful for defin
ing ureteric tumOllfS. Its use has considerably reduced as 
radiological experience and technology have advanced. 
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Table 28.2 Summary of investigations for localising urinary tract pathology 

Investigation 

Plain ere<:t abdominal X-ray 
("KUB' film) 

Ultrasound scanning 

Intravenous urography (With or 
Wi thout tomography) 

CT scanning (plus Intravenous contrast) 

Spe<:ial contrast examinations of upper 
tract, e.g retrograde or percutaneous 
(antegrade) ureterography 

Micturating cystography 

Radionuclide renal scans 

Radionuclide bone scans 

Cystourethroscopy (With or Without 
biopsy or bladder resect ion) 

Ureteroscopy 

Urine flow rate 

Cystometrography (usually VIdeo) 

Renal arteriography 

Indications 

Follow-up of radlopaqJe stones 

(Incidental f.nding) 

Renal masses 
Suspected upper tract o/)sttuctlOn 
Symptoms of bladder outfktw obstruction 

Rectal ultrasound prate lor assessing prostatiC 
symptoms or enlargement 
ChronIC renal disease and chroniC unnary 
obstruction 
General investigation of urinary symptoms 
Investigation of urethral str ictures 

Haematuria 

Suspected urinary traa stone 

Renal mass suspicIOUS of tumour 

Palpable loin mass; differenllatlon of a pelviC 
mass from a prostatIC or bladder tumour 
Loin pain 

Obstruction of upper urmary tract not shown 
by other means 

Recurrent unnary tract Infections or 'failure to 
thrive' in children 

Deflnillon of renal blood flow, function or 
morphology DiagnOSIs or follow-up of upper 
Iract obstruction 
Ve5!couretenc reflex 

Bone pain In prostat ic carCinoma 

Haematuria 

InvesligallOn of bladder necK obstruction and 
treatment, e.g tranSUlethral resection of 
bladder neck or prostate 
Treatment of bladder ~tones 

Lower ureteric problems, parucularty stones 

Measurement of unnary flow In bladder outlet 
obstruction. Poor flow IndICates OOstruCtlOf1 or 
poorly functlQrllng detruSOf 

InvestigatIOn of Inconunence 
Sometimes used In assessment of bladder 
outflow obstructIOn and results of treatment 

OccaSional use in renal tumours 

Findings 

Renal calCifICatIOn; stones In Kidney, ureter 
and bladder 
Abnormal renal size, shape and position 

Differentiates solid from cystIC renal lesions 
Shows dilatatJoo of renal pelvis or ureters 
Estimates bladd~r volume after micturition; 
bladder wall thICkness; complications of 
upper tract obstruction 
Useful for detecting foCI of carCinoma and 
guidance of biOpsy ru>edles 
Thic~ness of renal cortex 

Morphology of upper tracts and bladder 
Definition of str icture and periurethral fibrosis 

If tumour present, may show 
non-functioning part of cortex and/or 
distorted anatomy 
Back pressure effects of obstruction on 
upper tract; POSitto~, ... of",;(~o~,_, ____ _ 

Abnormal mass and blood supply typICal 
of renal tumour 
Size, nature of lesiOns and extent of 
InvaslOfl 
De/lnillan of cause partICularly In cakulous 
dIsease 

Sne and perhaps nature of obstructIOn 

Severity of Ve5lCouretenc reflu~ 

Rena! morphology, excretory function 
(total and differential), presence and 
sites of obstruction 
Indirect eVidence of vesicoureteflc reflux 
and less intrusive _________ _ 

Bony metastases 

Urothelial tumours of urethra or bladder 

Visual InspecllOn of bladder neck and 
prostate 

litholapaxy (stone crushing) 

Direct Vlsualisation of lower ureter and 
gUidance for instrumentation to destroy 
or retneve stones 

Assessment before and after prostatectomy 
or bladder neck InCiSlOfl 

Nature of Incontinence 
To confirm bladder outflow obstruction In 
equivocal outflow obstructIOn 
To dlff~rentlate between primary and 
secondary detrusor instability In Irntatlve 
voiding 

Demonstrating abnormal tumour blood 
supply (rar~ly used nowadays) 
Therapeutic embolisat ion for bleeding or 
pain In inoperable tumours 

2 



Section 

3 

384 

Symptoms, diagnosis and management: urinary tract 

Radionuclide scanning 
R.,dionuc\ide sca nning techniques can be used to assess 
differential renal function. They are particularly useful 
in monitoring kidney function after relief of obstruction. 
They ca n demonstrate renal scars and are a non~invasi\'e 
method of demonstrating vesicoureleric reflux in 
children. 

Suspeded lower tract lesions 

Radiography and ultrasound 
Ultrasound exami nation has largely replaced [VU as 

the standard investigation for lower tract disease. Modern 
high~resolu tion ultrasound equipment can demonstrate 
tumours, cysts and other ilbnornwlities of blCldder Clnd 
prostCltc shClpe and volume, but can seldom define lesions 
small er than 5 mm. Ultrasonography can Cllso define the 
size, shape and position of stones. In nddition, it can be 
employed to estimate the volume of residual urine where 
there is any degree of bladder outlet obstruction. Trans· 
reclal u ltrasound using colour duplex can be used to 
give high·resolution images of the prostate (to revea l si7..e 
and nodularity) and the bladder neck (for hypertrophy). 
Carcinomas of the prostate are classically hypoechoic 
nnd have a typical blood flow pnttern. U!trClsound can 
be used for accurate guidance of transreclal biopsy of 
nbnorma l areas, cspt..'Cially impa lpable lesions in the 
transitiona l zone of the gland. 

Cystourethroscopy 
Cystourethroscopy (cystoscopy), using rigid or flexible 
instruments, is iln important diagnostic and therapeutic 
tool for diseasc of the urethra, prostate and bladder. 
Flexible cystoscopy ca n usually be perfornled under loca l 
anClesthesia on an outpatient basis. 

A s imilar but longer rigid instmment, the uretero~ 
scope, ca n now be used for retrieving stones from the 
ureter and a flexible dev ice allows passage to the kidney 
and treatment of calyceal stones by laser lithotripsy. 

When a bladder tumou r or urethral pathology is sus~ 
pech..'(!, cystoscopy is the investign tion of choice. Flexible 
cystoscopy allows the same 'insta nt' availability as out· 
p<,tient fl exible s igmoidoscopy. It allows direct visual 
examination, but if biopsy and immediate treatment are 
required, cystoscopy is usually performed under general 
or regional anaesthesia which also pennits deep bimiHlual 
pnlpation. 

Other investigations 
If clinical examination suggests locClI spread of a bladder 
or prostatic tumou r, CT or MRJ scanning may be used 
10 assess the extent of i]wClsion. In carcinoma of the pro~ 

SIClt(>, r.ldionuclide scanning is the most accurate non~ 

invasive method for diagnosing bony metClstases. 
Urethrography is the best investigCltion for assessing 

suspected urClh ml rupture in perineal injuries and pelvic 
fractures and lll,1y be combined with a suprapub ic con~ 
tra st cystogram. It is Cllso used for urethral stricture 
examination. For suspected urethral obstruction, con~ 
trast urelhrography or urethra l ultrasound ca n be used to 
local ise the s ite of obstruction or stricture. If a colovesical 
fistula is suspected, barium enema may demonstrClte the 
colonic lesion responSible (bu t rarely the fistu la itselO. 

Urine flow r.1te proVides a quick assessment of degree 
of obstmction and can be used after treatment to assess 
change. It is easily measured and can be si multaneously 
plotted on a graph. The patient simply passes urine into 
a funnel leading to the machine, although it should be 
noted that urine volumes voided below 250 ml can be 
misleadi ng. When incontinence and bladder instability 
are being invcstigille, cystometrography is usually per~ 
formed as a vidco~cystogram combined with urodynamic 
mCClsurements to assess the relationship between bladder 
pressure and volume. 1\ is particularly useful in the case 
of high~pressure bladders with ou tlet obstnlction and in 
diagnosing urge and stress incontinence in women. 
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29 Disorders of the prostate 

Anatomy 385 

Benign prostatic hyperplasia 386 

Acute urinary retention and lIS management 392 

Benign hyperplasia and carcinoma arc the most common 
prostatic disorders and have an increasing importance in 
an ageing population. Inflammation and infection of the 
prostate (prostatitis), is a less common condition occur
ring in a younger age group and rather poorly defined 
clinically. 

ANATOMY 

The normal prostate gland is small, about 3 em in length 
and diameter and weighing about 10-15 g. The gland is 
SitUClted immediately below the bladder neck so that the 
first 3 em of the urethra lies within the gland (see Fig. 
28.5, p. 380). Thus, the walls of the proximal urethra are 
com posed of glandular tissue and this part is known as 
the prostatic urethra . The urethra then penetrates tl,e 
muscles of the pelvic floor that incorporates the distal 
sphincteric mechanism. Prostatic hyperplasia or carcinoma 
may cause local effccts of urethral obstruction, and carci
noma may invade and disrupt the sphi ncter mechanism. 

The posterior aspect of the gland is JJ<llpable rectally 
(see Fig. 28.4, p. 379) and a median groove can usually 
be identified. This groove is described as di viding the 
gland into two lateral lobes. The median groove tends to 
be obliterated in advanced prostatic carcinoma but is 
usually exaggerated in benign hypertrophy. 

When the prostatiC urethra is examined cystoscopically, 
an important landmark is the vern montanum (urethral 
crest), an elongated mound on the posterior waiL The 
size and prominence of the veru may vary considerably. 
At its midpoint is a small depression that may be visible 
into which the two ejacu la tory ducts open. The posterior 
part of the glnnd above the ejacula tory ducts is known as 
the median lobe. If this becomes hypertrophied it may 

Indwelling catheters and their management 393 

CarCinoma of the prostate 394 

Prostatitis 399 

form a pedunculated ma ss in the floor of the bladder 
(often described as the surgica l 'middle lobe'); this may 
occasionally act as a flap valve and obstruct the bladder 
outlet. 

As seen in Figure 29.1, the bulk of the nonnal prostate 
consists of up to 50 peripheral glandular lobules. These 
converge into about 20 sepa rate ducts that open into the 
prostatic urethra lateral to the vern montanUffi. In addition 
to this gla ndular tissue proper, there is a zone of small 
JJ<lraurcthral gla nds immediately ad~'lcent to the urethra, 
the transit ion zone. 

From middle age onwards, the tra nsition zone tends 
to enlarge to cause benign prostatic hyperplasia . At the 
same lime, the peripheral glandular tissue becomes 
com pressed to form a fibrous outer 'surgical capsule'. In 
contrast, carcinoma of the prostate arises most often in 
the peripheral glandular tissue, tending to spread out
wards into ad~'lcent structures more often than obstructing 
the centrally located urethra. Cancer occasionally arises 
in the glnnds of the remnants of the peripheral zone even 
after prostatectomy. 

The normal prostate gland is su rrounded by a filmy 
true capsule of lillie su rgical sign ificance; outside this is 
a rich venous plexus which, in turn, is invested by a 
dense fascial she,lth. Ouring open or endoscopic prosta
tectomy, it is important not to disturb this venous plexus 
as it is a common source of haemorrhage during and after 
the operation. There are direct venous connections be
tween the prostatic plexus and the vertebral extradural 
venous plexus which provide an easy route for blood
borne dissemination of prostatic cancer. Posteriorly, the 
prostatic fascial sheath is fused with the dense fascia of 
Denonvilliers. 11,is provides something of a barrier against 
direct spread of cancer from the prostate to the rectum 
and vice versa. 
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Normal prostate 

Fibrous sheath containing 
veins 01 prostatIC venous 

, - ----Fibro-muscular layer 
(,anlenor lobe') 

pIeJlUS--_c • 

Veru montanum--~----- - - -'--,---Urelhra 
----- -Centrallransitlonal zone 01 

Peripl'leral zone 01 tong para-urethral glands 
branched glands 

Median groove ______ J 
(dividing gland inlo 

--'-- --Recto-veslcallascia 01 
Denonviltiers 

'lateral lobes') 

Benign prostatic hypertrophy 

Nodular hypertrophy 01 
para-urethral glands -,,--- -----~-Tendency for partial 

• urethral obstruction 

False capsule formed by 
compressed glandular 

IIssue proper~ 
(peripheral zone) 

Carcinoma of prostate 

• 

• 

• 

'Craggy' tumour mass 
arising from penpheral 

zone invading capsule and 

-::;;:;:"0,;---Para-urelhral glands and 
urethra usually unaHecled 

venous pleJlus,---,-

. O~·"",=----- Loss 01 median groove 
Fig, 29,1 Horizontal sections 
through normal, hypertrophic and 
malignant prostate glands 

BENIGN PROSTATIC HYPERPLASIA 

Benign pros t"tic hyperplasia OWl !) affects half of all men 
aged 50 and (he proportion increases with adv.lncing age 
such that BPH is ubiquitous i'lt 70 years. Approximately 
h.llf of those affected have either no symptoms or mild 
symptoms .1cccptable to the patient and his family. In 
about 50% of men over 60, however, hyperplasia produces 
sufficient symptoms for tre"tment to be considered. 

PATHOPHYSIOLOGY OF BENIGN PROSTATIC 
HYPERPLASIA 

In pathologici'l l terms, the paraurethral transition zone 
glands lI ndergo nodu lar hyperplasia . This causes pro
gressive symmetrical enhngement of the gland up to 
several times its normal size. P,ltienis occasionally present 
with (1 gland of 150g but most are less than 5Og. The 
largest gl(lnds (of lip to 800 g) may be fibrosarcomatous. 
The prostiltic glilndular tissue proper is compressed per
ipherally to form il false or surgical c(lpsule. Occasionally. 

the process is predominantly fibrotic, resulting in (1 sm(lll 
dense gland. Similar symptoms and signs of bladder 
outflow obstruction may be caused by the apparently 
independent disorder of bladder neck hypertrophy and 
fibrosi s. B1"dder outflow obstruction ran be caused entirely 
by enlargement of the prostatic glilnd, by bladder neck 
obstruction or by a combination of the two. 

The size of the prostate is best assessed by ultrasound 
and C.1 11not be estimated reliably by digital examination. 
Moreover there is little relationship between prostatic 
volume and symptoms, and the presence of a large pros
tate without sym ptoms is no indication for treatment. 
Urine flow is determined by detrusor contractility and by 
the length and c.llibre of the prostatic urethra, not by the 
prostatic bulk. Prostatic urethroscopy provides further 
anatomical detail but no functional information. 

CLINICAL FEATURES OF BENIGN PROSTATIC 
HYPERPLASIA 

The symptoms of bladder outlet obstruction are sum
marised in Box 29.1. Symptoms usually develop gradually 



KEY POINTS 

Box 29.1 Symptoms of bladder outlet obstruction 
These may be formally assessed using the International 
Prostate Symptom Score (I-PSS) for the purposes of 
comparing the efficacies of treatment 

• Hesitancy, worse with a full bladder or at night 
• Poor stream, made worse by a full bladder or by 

straining 

• Incomplete bladder emptying 

• Frequency 

• Urgency 

• Nocturia 
• Intermittent flow and terminal dribbling 

• Post·micturition dribbling 
• Double micturition ('pis-a-deux') 

until eventually they interfere with daytime activity and 
sleep. Acute retention of urine may occur suddenly at 
any time and is com monly precipitated by bladder 
overfilling nfter excessive fluid intake. It is also a haza rd 
of mnny general surgica l, orthopaedic or ophthalm ic 
operations on older men and also of pelvic or perineal 
operations nfter adolescence. In some fh1tients, the 
severity of prost,ltic symptoms fluctuates from month to 
month (and even perhaps with the season!), mnking it 
difficu lt to decide whether an operation is ncces&"1ry. 

COMPLICATIONS OF BLADDER OUTLET OBSTRUCTION 

Prostatic obstruction can progressively interfere with the 
patient's ability to empty his bladder but only 20-30% of 
patients have progreSSive symptoms and 50% remain 
unchanged over a S-year period. In the progressive 
GISl'S, the volume of residua l urine gradually increases 
over wl;.'Cks and months (i.e. chronic retention) and the 
intravesic,11 pressure rises. The threshold fo r the voidi ng 
reflex is therefore reached more quickly and calls to void 
become more frequent. The stagnnnt residual urine is 
prone to infection and infection exacerbates the symp
toms. In chronic retention, the bladder becomes vastly 
d istended and aton ic, leading to overflow inconti nence 
(sec Fig. 29.2). In other C,lSCS, the detrusor muscle 
undergoes hypertrophy in an attempt to overcome the 
outflow obstruction. The normally smooth bladder 
lining then becomes tra!x.'CUlated. Eventually, muscle 
fibre bundles are replaced by non-contracti le fibrous 
tissue; this may explain why some patients fail to 
improve after the prostat ic obstruction is relieved. With a 
furt her rise in pressure, the depression between the 
muscle bands deepen (5.:1cculat ion) and eventually form 
bladder diverticul a. Urina ry stasis in the diverticula 
predisposes to stone forma ti on (Sl;.'(' Fig. 29.3). 

Disorders of the prostate 

- ----Large lax low-pressure 
bladder 

Overflow Incontinence 

Fig. 29.2 Atonic btadder due to outtet obstruction 

A small proportion of patients with bladder out let 
obstruction experience little in the way of local symptoms. 
In these, rising intravesical pressure can be transmitted 
h.."1ck into the ureters and kidneys causing hydronephrosis 
and progressive renal parenchymal damage. The patients 
often present wi th severe systemic illness or symptoms 
such as anorexia, apparently of non-renal origi n. The renal 
failure may be accomp.1nied by anaemia, dehydration, 
acidosis and infection. Bladder outflow obstruction in 
these patients is easily overlooked unless the bladder is 
examined for distension. 

MANAGEMENT OF BENIGN PROSTATIC HYPERPLASIA 

The principles of management of bladder outlet obstnlC
tion believed to be due to benign prostatic hyperplasia 
<Ire ou tlined in l30x 29.2, p. 389. 

Diagnosis 

A detailed his tory is first taken to assess the natme of the 
symptoms and how much they interfere with the 
patient's life. Th is, together with the patient's general 
cond ition, are the princifh"1l factors determining the need 
for treatment . The abdomen is examined for bladder size 
and the prostate fhllpated rectally. lllese clinical examin
ations, however, will reveal only gross abnonnalities. 

llle next step is to investigate the effects of outlet 
obstnlCtion on the bladder by estimating the volu me of 
residual urine using ultrasound exa mination. This is 
reliable, quick, non-invasive, safe and cheap. At the 5.:"1me 
time, the upper tracts are insonated for distension which 
indicates back pressure transmitted from the bladder. 
When urinary symptoms are severe but residual volume 
is insignificant, the alternative diagnosis of an irritabl e 
bladder shou ld be investigated. Measuring urinary flow 

, 
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Trabeculatioo Hydronephrosis 

Normal Detrusor hypertrophy Sacculation Diverticulum Diverticulum 

Progressive distension leads to Instability resulting in frequency and urgency 

Fig . 29.3 Back-pressure effects of bladder neck obstruction 

during mictu rition is simple and is recommended but 
does not always give the answer; cystometrography is 
more complex and involves measuring the filling and 
emptying pressures of the bladder but it may be 
invaluable if doubt remains about the nature of the 
problem. 

Renal function is aSsessed by esti mating serum urea. 
creatinine and electrolytes. If these are abnorma l, further 
metabolic investig<ltions may be necess.1ry and rena l 
tract ultrasound is mandatory. 

A midstre<lm specimen of urine should be examined 
by microscopy and culture as urinary infection alone mil)' 
be responsible for the presenting symptoms or may have 
precipitilted i'lll episode of urini'lry retention. In add ition, 
if surgery is intended, it is important that infection is 
erildic.1 ted because of the risk of peri-operative septicaemia 
and secondary haemorrhage. 

If the prostate f('{'ls nodular, carcinoma should be 
suspected, pMticu larly if the prostate specific antigen 
(PSA) is elev,1ted. Transrect.1l ultrasound scanning of the 
prosta te and needle biopsy of suspicious areas should be 
performed even if operiltion is pla nned because a pre
operative diagnosis of carcinoma is likely to alter the plilr 
of management. Marked elevation of serum PSA level is 
diagnostic of prostiltic ca ncer bu t a mi ldly elevated PSA 
may be due to benign disease or infection. A normal resu lt 
does not, however, exclude cancer. 

Relief of chronic retention and obstructive effects 
on the kidney 

In chronic retention associated with a large volume of 
residuill urine (750 ml or more), abnormal renal function 

or upper tr.1cl dilatation on renal tract ultrasound, the 
patient is usually catheterised for a ~riod to drain the 
bladder. Th is a llows detnlsor tone to recover over the 
course of a few days. Drainage also allows any reversible 
component of rena l fai lure to correct itself; it may take 
3 weeks of catheter d rainage to improve the biochemical 
renal function tests after which spontaneous improvement 
is un likely. Auid and electrolyte b.,lance is monitored and 
restored if nccess.1ry by infusing intravenous fluid. In 
patients with chronic outflow obstruction and obstructive 
renal f<lilurc, catheterisation mily produce a massive 
diuresis and this should be an ticipated and trc.ltOO 
approprii'ltcly. Such patients may need blood transfusion, 
intravenOliS anti biotics and other preparatory measures 
before surgery Can be contemplilh .. "CI. 

Cystoscopy 

Despite the above investigations, the anatomical nature 
of the bladder outlet obstruction can be accurately 
assessed only by direct cystoscopic examination. At the 
same time, the bladder can be examined for other 
problems such as tralx:ocu lation, diverticula, tumours and 
stones. In patients wi th complications fro m bladder 
outiet obstruction or severe symptoms nol responding to 
medical treatment, transurethral resection (TUR) of the 
obstruction is performed under the same anaesthetic (see 
'TURP' below). In elderly or unfit p<,tients, placement of a 
urethral stent may be considered. However, these devices 
are prone to problems of displilccment, haemorrhage, 
local irrila tion and blockage. Only very occasionally are 
patients too unfit for some form of intervention. It is 
now rarely necessa ry to leave il patient with a long-term 



SUMMARY 

Box 29.2 Management of chronic bladder outflow 
obstruction 

• Assess the symptoms and the likely need for 
treatment from the history, particularly how much 
the symptoms bother the patient 

• Estimate the severity of bladder outlet obstruction 
by ultrasound and by measuring urine flow rate or 
cystometrography 

• Investigate any disturbance of upper tract function 
and structure with renal function tests, ultrasound 
(and perhaps intravenous urogram) 

• Exclude urinary tract infection by urine microscopy 
and culture 

• Exclude prostatic carcinoma clinically, biochemically 
(prostate specific antigen) and by transrectal 
diagnostic ultrasound; if necessary, perform guided 
needle biopsy of abnormal areas 

• Treat renal failure and other systemic problems 
• Consider whether catheter drainage of the bladder 

is desirable 

• Cystoscope the patient to rule out other pathology 
and to define the anatomical problem 

• Discuss with the patient what can be offered and at 
what risk, i.e. drug treatment, transurethral 
rese<tion of prostate (TURP), other local treatments 
under evaluation (such as laser vaporisation or 
microwave heating), urethral stenting or, as a last 
resort, long·term catheterisation 

• Implement appropriate non-surgical treatments 

If operation becomes necessary. diagnose the cause and 
extent of obstruction by cystoscopy; then either: 
• Resect benign prostatic hyperplasia, divide bladder 

neck hypertrophy transurethrally, or obtain biopsy 
material by TURP if carcinoma seems likely and prior 
confirmation has been negative 

0' 

• Consider any other operative measures such as open 
prostatectomy or excision of diverticula where 
appropriate 

catheter; in this event a suprapubic catheter is far prefer
able to a urethral cat heler because of the much lower risk 
of infection and much greater p.:ltient comfort. 

Drug treatments 

Finasteride blocks the enzyme 5-al pha reductase from 
converting testosterone to dihydro-testosterone and thus 
reducl..'S the size of hyperplastic prostate glands. A satis
filctory n . .'sponse occu rs in 60% of men and a 6-monlh 

Disorders of the prostate 

trial of treatment is required; if successful , symptoms 
may improve to the extent that surgery can be del.lyed 
or avoided. Some herbal remedies such as Saw-Palmetto 
conta in naturally occurring 5-alpha reductase subst.lIlces. 
The place of finasteride and simi lar drugs in managing 
prostatic hyperplaSia is s till being defined but they 
can reduce the rates of surgical intervention and acute 
retention. 

Alpha-adrenergic AI r('Ceptors are present in the blad· 
dcr neck and prostate. If bladder neck hypertrophy or a 
prostilte less than 50 g is responsible for the symptoms, 
selective i1lpha-i1drenergic blocking drugs may enable 
the prostiltic urethra to open more readily, relieving 
symptoms. Newer dnlgs, e.g. tilmsulosin, terazosi n or 
alfuwsin, hilve fewer side effects than earlier drugs such 
flS prilzosin. 

Transurethra l resection of prostate (TURP) 

Tr.lnsurethral prostatectomy reduces postoperative mor
tality and morbidity compared with open retropubic 
prostatectomy and l"t."Iuires a shorter hospital stay. Whilst 
TURP remains the gold standard for prostatic surgery. 
various other physical treatments have given varying 
degrees of success. Cryo--prostatectomy (freezing the gland) 
and cold punch prost.ltectomy are obsolete procedures. 
Modern alternatives include microwave thermotherapy. 
transurethral needle ablation (TUNA), transurethral laser 
incision of the prostate (TULIP) ilnd laser ablation. Laser 
techniques can be va luable in special circumstances such 
flS a pfltient on warfarin and have shown promising 
results appro.1ching those of TURP. However, to d<lte, 
evaltmtion is incomplete and follow-up relatively short. 

The aim of prostatectomy is to remove the bulk of the 
prostate and leave the compressed but normal peripheral 
tissue. This protects the subcapsular venolls plexus which 
might otherwise blccd catastrophically. A series of 'chips' 
or s trip~ of tissue arc excised with the fI..'SCCtoscope using 
a cutting diathermy wire loop; the chips drift into the 
bladder ou l of the way. A transpilrent isotonic irrigation 
solution is used during the process and this washes away 
blood and debris to allow continuous visibility. Sterile 
glycine sol ulion is most often used for irrigation instead 
of water. Some nuid is inevitably ilbsorbed and major 
plasma ek>ctrolyte cha nges can occur, producing the TUR 
syndrome; however, unlike wilter, glycine solution does 
not cause haemolysis but if absorbed in large volumes may 
cause d ilutional hyponatraemiil and hyperammonaemia. 
Various isotonic sugil r solutions can now be 5.:1fely used 
CiS alternatives. The enlarged gland is progressively s liced 
away as shown in Figure 29.4, taking great ca re to pre
serve the sphincter m<:.'Chilnism immediately distal to the 
veru montanllm. The prostatic chips are illways examined 
histological ly and may reveilllillsuspected carcinoma. 

Ct 
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(a) Transurethral resectoscope 

loop Cutting loop wire in gUlde --==~6(,~t' 
Fibre optIC light guide -

Space for flow of irrigation fluid Telescope lor VleWlng===~~ 
Insulated sheath '-~ --" 

(b) Technique 01 transurethral resection 

Cystoscopic view 01 normal prostate and bladder neck 

-.,.dd'., oeck 
montanum 

Cystoscopic view 01 enlarged prostate 

Transurethral resectlOl"1 01 prostate 

Stage t 

-e",,,,,, 10 bladder excavated 

Fig, 29.4 Transurethral prostatectomy 
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normal prostate 
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Transverse section In benign enlargement 01 prostate 

--------Bladder 

~
'Middle lobe' of prostate lying 
largely within bladder 

r----veru montanum 

I ~ 1-Elongated prostatic urethra 

Resectoscope 

Stage 2 

1---A." 01 prostatiC hypertrophy 
progressively cut away 

(a) Transurethral resectoscope 'Divots' or chips are cut by squeezing the handle lowards the eyepiece while turning the diathermy current on 
ThiS 'Cheese-WIres' the CUlling loop through tiSSue (b) Technique of transurethral resection 
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(c) Ellik's evacuator lor bladder irrigation «,\\ 

~~~---------~;::::::::~- Resectoscope ~ shealh 
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.' . . . · · · (" 
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(d) Apparatus for bladder Irrigation In postoperative period 

(e) Arresting haemorrhage after TURP 

(i) (ii ) 

Fig. 29.4 Continued 

Rubber bulb 

SHces 01 prostate 
fall tobonom 

2-3 litre 
conlamer of 

irrigation !tuid 

'Gate' clip to _____ ~-_, 
conlrol!tow -

Irrigation inlet --------'-,-'----i 
3-way FOley~ 

catheter --
Balloon 
inflalill9 

L IITigant 
outlet 

(e) Ehk's evacuator for bladder IrrigatIOn The Instrument IS completetj filled WIth IrrigatIOn flUid and then atlaehed to the resectoscope sheath 
whICh is left In the bladder alter withdrawal of the main Instrument. Squeezing the bulb flushes flUid alternately In and out of the bladder, 
bringing the cut prostatIC slICes with It which then settle to the bottan of the glass container. (d) Apparatus for bladder Irrigation In the 
postoperative period The rate of flUid flow IS adjusted to be fast enough to prevent clotung Within the bladder In pract ice the effluent should be 
pink rather than red_ (e) Arrest ing haemorrhage after TURP excessive bleeding after transurethral resection can often be control led by inserting a 
sp9<lallarge balloon catheter and e ~e rtlng traction on the ca theter for 20 minutes (but not morel_ TenSion is maintained by (il ty ing a swab 
around the catheter, or Ii i) attaching the ca theter to the anter ior abdominal wall With adhesive tape 
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When obstruction is mused by bladder neck hyper
trophy, the blildder m.'Ck muscle is divided by making" 
longitudinal incision in the bladder neck (bladder neck 
incision, BN]) using a diilthermy point via the resecto
scope. The prostate is notusuillly resected . This is equally 
cffecti\'C where the obstruction is caused by a small 
prostate « 30 g). 

Retropubic prostatectomy 

Open prostiltcctomy is used when the glilnd is so large 
thflt trflnsurethri11 resection is not practicilble or on the 
odd QCcflsion where there are accompanying blfldder 
d iverticlila or huge s tOllt.>S. 

Complications of TURP and open prostatectomy 
Prostatectomy usually disrupts the mechanism at the 
bladder ncck which prevents semen entering the blfldder 
during e~lcula tion. Thus, patients usufll1y fail to e~lclllate 
th rough the penis after prost,1tectomy (retrograde ejacu
lation), although the sens.ltion of orgasm is unaffected. 
This offccts 60% of patients and it is essential that the 
patient is informed and accepts this possible compli
c.1t ion preoperati\'eiy. Maintaining fertj]jty is not usually 
important in this older age group, but should the need 
arise, urine c.1n be filtered to recover sperm for artificial 
insemination. Erectile impotence follows TURP in 5--1S,;{. 
a simi lar rate to other major operations in the pelvis 
perineal area; patients must be informed of this before 
consent is obtained. Urethral strictures develop in 1-10% 
of cases, reflecting the relatively large instruments used 
and the employmen t of potentially harmful urethral 
c.1theters. 

Minor haemnturia can be expected during the first few 
weeks ofter prostatectomy. Secondnry haemorrhage (due 
to infect ion or unsuspected cancer) C,1n be more profuse 
and may couse dot retention, i.e. retention of urine caused 
by obstnlcting blood clot. Recovery of complete urinary 
continence is sometimes delayed following prosta tectomy 
but there is only occasional permanent damage to the 
sphincter mechanism. 

Long-term catheterisation or stenting 

Operation great ly improv('s the quality of life in mO!:t 
patients. Even in patients over 80 years. perioper'ltive 
morbidity and mortality are acceptably low. e \'er
theless, a small proport ion of severely debilitated, immo
bile or demented patients are better managed by long
term suprapubic or urethral catheterisation, cha nged 
regularly by the family pfi1ctitioner or in the hospit.1l 
department (see catheter management, below). An alter
native is in situ urethral sten ling, although this currently 
has a high rate of failure and other complications. 

ACUTE URINARY RETENTION AND ITS 
MANAGEMENT 

Acute urinary retention may occur in p.ltients with long
standing symptoms of bladder outlet obstruction; indeed 
in the majority of men with chronic retention, acute 
retention is the first pn:-scntation. It is often precipitated 
by overfilling of the bladder, faecal lo.lding or urinary 
tract infection but infa rction of the gland substa nce may 
playa role in some cases. Acute retention is a common 
Cause of emergency surgical admission. It is also a fn."quent 
early compliciltion after any operation, especially in malL'S, 
ilnd mily occur ilt ,my age even without bladder neck 
hypertrophy or prostatic enlargement. Management of 
postoperative acute retention is described in Chnpter 47. 

DIAGNOSIS OF ACUTE RETENTION 

[n a patient with no urine output, acute retention must 
be distinguished from anuria. However, the diagnosis is 
usually not difficult-the patient in retention is acutely 
distressed with abdominal or perineal pain and an easily 
pa lp.,ble bladder. A brief history of previous simila r 
episodes, previous urological surgery or accidental injury 
shou ld be sought in case specia l treatment is required. If 
the problem is uncomplicated, a more complete history can 
be delayed until after the pain is n-l ieved by catheterisation. 

CATHETERISATION 

Acute n-tention is usually treated by urethral or supra
pubic catheteris.,tion. Suprapubic catheterisation is no 
more demanding of the trained junior doctor or patient 
than urethral cathete risation. [n either case, strict aseptic 
precmltions must be t.:lkcn to avoid intr<xlucing infection. 
Certain filctors should discourage an attempt at urethral 
catheterisation. TI1CSC include a history of previous difficult 
mtheterisation, prostatectomy or urethral stricture or the 
finding of a non-retractile foresk in; for a p.1ticnt with 
pelvic triluma and a suspt.>cted urethral fracture supra
pubic cat heteris.l tion is mandatory. Inserting a suprapubic 
catheter is quick and s.lfe provided the bladder is palpably 
distended tumour. If the problem appears com plex, an 
experienced opinion shou ld be sought ea rly on before 
risking urethral damage by unwise attempts at urethral 
c,1theteris.'tion. A surgeon with urological training may 
elect to carry out cystourethroscopy and appropriate 
surgical treatment as a single scheduled procedure if 
ca theteris.'t ion is not urgent. 

EVALUATING THE UNDERLYtNG CAUSE AND ANY 
PRECIPITATING FACTORS 

A catheter is usually left in situ for a day or two after 
n-Iieving the acu te retention until the patient has been 



fully assessed. At this point, the decision is whether to 
attempt a tria l without catheter (Le. test whether the 
patient can void urine S.1tisfilctorily when the catheter is 
removed, or clamped off in the case of a suprapubic 
ciltheter) or whether to proceed directly with surgical or 
other treatment. Any urin.uy tract infection must be 
vigorously treated before a trial without catheter or an 
operation. 

Common indications for cystourethroscopy and 
prostatectomy or bladder neck resection are: 

• A huge volume of retained urine released by 
cathcteris..ltion-indicatcs chronic retention 

• Ri1 iSt.'I:l levels of pli1sma urei1 i1nd creatinine which 
improve after catheteris.ltion-indicates chronic 
obstructive uropathy 

• Previous episodes of acute retention 
• Bladder outflow obstnlction caused by carcinoma of 

prostate 
• Failure of 'trial without catheter' 
• Pn.'SCnce of vesical (bladder) calculi 
• Acute retention in combination with a history of 

prostatism-sufficient in itself to warrant surgery 

'TRIAL WITHOUT CATHETER' 

If appropriate, the catheter should be removed either 
Mound midnight or very early in the morning so that if 
the trial is unsuccessful, a catheter Ciln be replaced before 
the p<ltient's and the surgeon's bedtime. Success is judged 
if the patient Gill pass reasonable volumes of urine with 
each voiding, i.e. more than about 100 m\. Even if passing 
good volumes, the patient must be examined at intervals 
to ensure that the bladder is not distending with retained 
urine which would indicate chronic retention with over
flow. Unsuccessful trial without catheter is an indication 
for cystourcthroscopy and probable surgical treCltment 
on the next available operating list. Approximately 50% 
will pass urine successfully, yet of these, 50% will have a 
further period of retention within 1 week and 68% within 
1 year. Men with low flow rales, large residual volumes 
and palpably large prostates are more likely to develop 
further retention. 

INDWELLING CATHETERS AND THEIR 
MANAGEMENT 

The majority of patients with permanent catheters are 
elderly men with bladder outflow obstruction in whom 
surgery either is cont raindicated or has failed. Indications 
for permanent catheteris.ltion include: 

• Patient unfit for prosta tectomy 
• Inconti nent, elderly patient who is St:'vcrcly 

debilitated, demented or immobile 

Disorders of the prostate 

• Incontinence due to externill sphincter damage ca used 
by previous prostatectomy or invading carcinoma 

• '5.:1cr,,1 neurogenic bladder'. e.g. in multiple sclerosis 

Improvements in urologic.ll care, anaesthesia and peri
operative care have meant that many more patients can 
tolerate prostatectomy safely and are no longer condemned 
to long-term cathcteris.ltion. 

For the rare p.1tient who needs long-term catheter
isation, either the urethral or the suprapub ic route may 
be used. An indwelling suprapubic catheter (inserted 
directly through the abdominal wall) may have fewer 
complications. 

For either type, the major problems are recurrent 
ca th eter blockage and in fection. Catheters readily be
come blocked by epitheliClI debris or by gradual accretion 
of calcu lus. Modern siliCone or silicone-coated 'long
term' catheters are better in this respect but must still be 
changed regularly (every 10--12 weeks) to avoid this. In 
most cases, they can be changed at home by the general 
practitioner or community nurse using full sterile pre
cau tions and intravenous antibiotic cover to prevent 
septicaemia. Once infection becomes established in the 
presence of a catheter, it is difficult to eradicate. However, 
low·grade infection is almost constantly present in elderly 
p<1tients and cause little discomfort; antibiotics should be 
prescribed only if local symptoms become troublesome, 
if systemic signs of infection develop or when the catheter 
is changed. 

CATHETERS IN PARAPLEGIC PATIENTS 

In paraplegic patients, ureteric reflux predisposes to 
recurrent upper urinary tract infections. Established 

Fig. 29.5 Foley ur inary catheter 
The most commonly used sell-retammg catheter. The maIO tube 15 
made of latex. Silicone coated latex, ~ihcOfle rubber or plastic. After 
passing the catheter Into the bladder, the distal balloon is inflated 
With water or saline according to 115 capa.Clty, usually between 5 ml 
and 20 ml, and a dramage bag attached to the distal end of the 
ca theter. 

a 
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infections lead to progressive renal failure and death at an 
early age, For these patients, special care must be taken 
to avoid introducing infection, and urine specimens 
should be regularly microscope<! and cultured and any 
infections treated promptly. Intermittent ca theteris., tiO:l 
rat her than an ind welling catheter may be a better form 
of management, provided it is performed correctly; in 
many cases, p<,tients successfully perform intermittent 
self-ca theteris.' tion themselves. 

CARCINOMA OF THE PROSTATE 

PATHOPHYSIOLOGY OF PROSTATIC CARCINOMA 

Carcinoma of the prostate is common after the age of 
65 years and is becoming increasingl y common in the 
two decades before 65. The rising incidence is partly, but 
not entirely, explained by an enormous increase in early 
cases discoven.>d on screening, particularly in the USA; it 
may also be rela ted to high meat and fat consumption. 
East Asians living on a predominantly vegetarian diet 
h.we the lowest incidence of prostate c., !leer. 

Cu cinoma usually arises in the peripheral prostatic 
glands rather than in the paraurethral tissue and thus is 
often s low to become symptomatic. For the same reason, 
malignant change may occur in the pseudocapsule of 
compressed peripheral gla ndular tissue which remains 
after prostatectomy fo r benign hyperplasia. Prostat ic 

cancers are nearly all adenocarcinomas with v.1riable 
degrees of di fferen tia tion reflected in the aggressiveness 
of loca l and metastatic spread . The exception is ca rci
noma of the prostatic ducts which is urothelial and 
behaves like bladder ca ncer. 

Most adenocarcinomas are well differentiated and 
contained within the capsule, slowly invading ad~,cent 
prostatic tissue and sometimes involving the bladder 
neck or sphincter mechanism. In many cases, the pros
tate is already enla rged by benign hyperplasia. Prostatic 
cancer metastasises to pelvic lym ph nodes and via the 
bloodstream to bone (for which it has a particular affinity) 
and other orga ns. Tumour cell dr.,in via the subcapsular 
venous plexus directly into the spinal venous system 
and this may ex pl<lin the frequent occurrence of bone 
metastasis in the pelvis and spinal column. The average 
survival time after diagnosis of metastases is about 
2 years. 

In the UK 60% of tumours present with either locally 
advanced or metastatic disease and are therefore 
incurable. The converse is true in the USA where 
approximately 70% are organ-confined and potentially 
curable. This is believed to be the T('Sult of the Food and 
Drug Admi nist ration (FDA) recommendation that men 
over 50 years undergo annual digital rectal exami nation 
and PSA estimation. 

Most prostatic ca ncers secrete a glycoprotein, prostate 
specific an tigen (PSA), which is detectable in the blood 

T 1 No tumour palpabte 
(InCldenlal carCinoma) 

T 2 Tumour confined 
within the prostate 

T 3 ExtenSion beyond the capsule T 4 Fixed to ne ghbouring structures 
Fig. 29.6 TNM sta ging system fo r 
pro sta t ic cance r 
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even when the tumour remains confined within the 
gland. More advanced tumours appear to produce 
grea ler amounts and hence detectable blO<Xi levels (If 
PSA. Other prostatic conditions (e.g. hyperplasia, 
prostatitis) may cause elevation of PSA but levels over 
10-15 nanograms/m l are likely to be caused by cancer, 
provided urinary infection can be eliminated as a cause. 

Most tumours depend on the presence of male sex 
hormones for their growth and are rendered quiescent, 
at least for a time, by su rgical or chemical castration. 
Localised tumours may be so slow-growing as to be 
effectively dormant but an unknown proportion of these 
will later mctastasisc. The main prognostic indicators are 
the presenting PSA level. the PSA velocity (i.e. the rate at 
which it rises) (lnd the histological grad ing. These Factors 
have complicated the debate about the value of screeni ng 
for prostatic cancer and the appropriateness of radical 
'curative' surgery for localised asymptomatic disease. 
Prostate cancer screening has not yet been recommended 
in the UK and Australia although there is growing 
evidence that it may be worthwhile. 

Many p.1tients have asymptomatic, localised or dor
mant disease diagnosed incidentally at TURP for pre
sumed ben ign d isease. At autopsy. one-third of men over 
50 and 90% of men over 90 dying of other causes have 
microscopic cancer in the prostate and it must be assumed 
that this is tnle for the population at large. The natural 
history of such occult ca ncers is unknown and it seems 
that many do not progress to become clinically relevant. 
Some elderly p.1tients with occult metastatic disease 
suffer troublesome non-specific symptoms, e.g. malaise 
and fatigue, which may be dismissed at first if prostatic 
cancer is not considered in the differential diagnosis. Even 
after characteristic local symptoms appear, the disease 
often pursues a prolonged course and many patients 
over 70 years die with their prostate cancer rather than 
from it. On the other hand, 50% of patients aged less 
than 70 years with moderately or poorly differentiated 
cancers will eventually die from the disease and a greater 
proportion will develop sign ificant morbidity. Patients 
who suffer other life-thre.1tening co-morbid conditions 
should be offered a 'watchful waiting' policy unless their 
metastases arc symptomatic. A carcinoma of low histo
logical grade comprising less than 5% of prostatic volume 

Table 29.1 Incide nce of positive pelvic lymph nodes 
according to T cate gory 

T category " T, (focal) 2 
T 1 (diffuse) 20 
T, 25 
T. 50 
T, 85 

Disorders of the prostate 

can be safely left untreated and followed up with PSA 
monitoring. An untreated intracapsular lesion (TI, T2) 

takes about 7 years to progress to extracapsular spread. 
Symptoms and signs of proslatic cancer depend on 

the degree of local and systemic spread. Clinical staging 
is most commonly b.1sed on the TNM system (see 
Fig. 29.6). See also Table 29.1 for the incidence of positive 
pelvic lymph nodes. The palpation characteristics of the 
malignant prostate arc illustrated in Figure 28.4 (p. 379). 

SYMPTOMS AND SIGNS OF PROSTATIC CANCER 

Patients with stage TI or T2 tumours lllay be asymp
tomatic; they may be discovered incidentally or on routine 
check-up, or present with lower urinary tract symptoms 
identical to thosc of benign hyperplasia. Provided the 
PSA is below 20, systemic disease is unlikely. TIlose with 
T3 and T~ tumours may present similarly and many 
develop other local symptoms from advancement of the 
primary, e.g. encirclemen t of the rectum or occlusion of 
ureters, and present with renal failure. Patients with 
nodal disease (N+) may have symptoms from local com
pression (swollen legs) and imp.1ired lymphatic drainage 
(penile and genital oedema) Tl and T4 lesions have 
frequently already metastasised ,lt presentation (M ' ) and 
may present with symptoms of metastases such as bone 
pain, pathological fractures or spina l cord comprL>ssion. 
Some p.1tients present with pathological fractures of spine 
or neck of femur. Thus older mcn presenting to a doctor 
with backache should always have a rectal examination 
and PSA aS5<1y. In more advanced cases, non-specific 
symptoms of ma laise, fatigue, weight loss and anaemia 
may develop (lnd escape recognition for many months. 
Respiratory problems from pulmonary carcinonw tous 
lymphangitis arc an occasional presentation. 

Rectal examination will usually reveal the primary 
diagnosis. On rectal palpation, a Tl tumour appears 
normal or smoothly en larged by benign hyperplasia; 
stage Tz presents typically with a nodular, asymmetrical 
surface, and staged T] with a large, hard, irregu lar gland 
with evidence of extension beyond the capsule or into 
the seminal vesicles. A tumour fixed to bone or adjacent 
pelvic organs is stage T4. Once cancer spreads more 
widely outside the prostatic capsule, characteristic 
symptoms and signs develop and the prognosis becomes 
substantially worse. Loca l spread may involve the 
rectum (causing change in bowel habit) or the bladder 
neck and ureters (causing incontinence, impotence or 
rarely obstrnctive renal failure). At this late stage, the 
tumour is obvious on rectal palpation. tn very advanced 
cases where cancer has invaded laterally to involved the 
pelvic Wil lis or encircle the rectum, the pelvis may 
ilppear 'frozen' solid with tumoUT. Some patients develop 
major deep venous thrombosis affecting the lower limb. 39~ 
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Modes of presenta tion of ca rci noma of the prostate 
are summarised in Box 29.3. 

APPROACH TO INVESTIGATION OF SUSPECTED 
PROSTATIC CARCINOMA 

Obstruction of the bladder outlet by the prostate is 
usua lly ca used by benign disease but may be caused by 
carcinoma. Unless the prostate fee ls malignant or there 
are obvious bony metastases, it may be impossible to 
distinguish between them clinically. Rectal ultrasono-
gra phy is used to image the prostate irrespective of the 
findings on palpation and to gu id e transrectal needle 
biopsy if necess.:.ry. Serum PSA should be measured but 
results must be interpreted with caution, taking into 
account the ris ing levels with advancing age which are 
accepted as normal. Eleva ted PSA may indicate metastatic 
d isease or aggressive localised disease but a normal 
result does not excl ude disease confined to the gland and 

SUMMARY 

Box 29.3 Modes of presentation of carcinoma of 
the prostate 

• Asymptomatic-screening by rectal examination and 
PSA 

• Asymptomatic-incidental finding of nodular 
prostate on rectal examination 

• Symptoms of bladder outflow obstruction-tumour 
suspected by finding nodular prostate on rectal 
examination or a suspiciously raised serum PSA or 
found on histology after TURP 

• Symptoms of spread to surrounding pelvic tissues, 
e.g. change in bowel habit, loss of continence, 
recent impotence, ureteric obstruction 

• Symptoms of bony metastases, e.g. bone pain, 
malaise, anaemia, pathological fractures 

is found in 25% of cases. False positive results sometimes 
occur in benign prostatic hyperplasia or inflammation 
(prostatitis). If carcinoma can be excluded, any obstruction 
may be treated in the usual way by TURP and the chips 
examined his tologically. At prostatectomy, carcinoma is 
suspected if the gland lacks the usual clear plane of 
cleavage. 

If a pa tient has ske.letal pain, X-rays and radio
nucleotide bone sca ns are ind icated. On X-ray, prostatic 
bony metastases are typically sclerotic or osteoblastic (i.e. 
dense, appeari ng white on X-rays) rather than lytic (as in 
most other bony secondaries), giving the characteristic 
patchy 'cotton-wool' appearance shown in Figure 29.7. 
Some lesions, however, are rad iolucent. An isotope bone 
scan can reveal mctastaSL"S when a plain X-ray is normal. 

MANAGEMENT OF PROSTATIC CARCINOMA 

Screening 

Prevention of the disease would be ideal but this is 
impossible while the cause remains unknown. Screening 
is being eva luated for detection of early curable disease. 
Ideally, management would avoid treating cancers un
likely to advance, would ablate cancers confmed to the 
gland (stages Tl or T z.; No< MJ but which are expected to 
advance, and wou ld provide long-term palliation for 
locally advanced tumours <stage T~ No,. MJ and metastatic 
disease (stages T1 ..... ; N ' and/or M'"). Uncertainty will 
remain, however, until it becomes possible to identify 
accurately those local cancers which will advance to be
come clinically important, and those early ca ncers which 
have al ready metas tasisecl and progrL"Ssed beyond cure. 
In thc USA the growing trend towards aggressive treat
mcnt of all opernble cancers (by total prostatectomy) may 
be leadi ng to a perception of falling mortality despite 
increased prevalence. If confirmed in the longer term, 
this suggests that surgical intervention may be genuinely 
curative. 

Fig. 29.7 Osteosclerotic bony metastases from 
prostatic carcinoma 



Fig. 29.8 carcinoma of the prostate 
(a) (T scan showing a large carCinoma of the prostate P Invading 
extensively Into the bladder anteriorly and posteriorly towards the 
rectum. ThiS was a late and aggressive form of the dl~a~ and tile 
patient lived less than 1 year (b) and (d Ultrasound guided bIOPSY 
(b) Transrectal ultrasound scan of prostate showmg a sma!! cancer ( 
wlthll'! the peripheral zone and an acoustIC shadow beyond II. The 
larger central zone 15 enlarged by benign hypertrophy_ (c) After 
trans rectal biOpsy The white line represents bubbles of air left after 
successful needle biospy of the tumour 

Early-stage disease (stages T, or Tz; No- Mo) 

Tot,11 prostatectomy or rad ical radiotherapy is potentially 
curative for organ-confined disease, i.e. disease confined 
to the prostate, 'true' stage Tl and Tl1 and there is 
enthusiasm for such radic.ll local treatment at specialisl 
centres. If ex ternal be,lm radiation therapy is chosen, it is 
deli vered so .1S to provide a high local tumour dose with
out ad versely affecting the rectum. A fan in PSA level to 
I.Oor less within 12 months of treatment is an indication 
of success without wh ich relapse can be expected. There 
is a re\'iva l in the use of radioactive iodine seed implants 
(brachythcrapy) as an alternative to external beam therapy; 
the set.ods can be placed accurately under ultrasound 
control and provide the nL"Cl'Ssm y high but localised 
dosage. 

The effectiveness and s ide effects of these treatments 
must be compared with the standard alternative of 
'walchful waiting', i.e. no treatment until disease 

Disorders of the prostate 

advances locally or metastases appear. Neither radical 
treatment has yet been shown to be clearly superior in 
terms of survival, and the risk of unacceptable compli
cations such as incontinence or impotence after radieal 
surgery is high <.l lthough better results are claimed for 
'nerve-sparing' rad ie.11 prostalectomy). For these reasons, 
much more research needs 10 be dOlle before radical 
methods can be adopted as standard tr£>atment. At 
present, centres performing rad ical treatment consider 
patients ind ividually, searching carefully for metas tases 
and taking account of patient preference, age, sexual 
activity and prep.:lrcdness to risk complications; inevitably, 
more p..l tients prove unsuitable for radical treatment than 
undergo it. 

Thus, Ihe question remains open as to whether radical 
treatment of early prostatic cancer can be justified in the 
light of uncertainty about indications, cure rate, cosl
effectiveness and quality of life. Only if early radical 

(c) 
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treatment is beneficial is it likely that screening for 
prostatic cancer will prove practic.able. 

locally advanced disease (stages T] or T4# No- Mo) 

For patients presenting with bladder outlet symptoms, 
standard transurethral resection may relieve urinary symp
toms; TURP may, however, risk permanen t incontinence 
if the tumour has invaded the sphincter mechanism or 
the nerves controlling it. Further treatment then depends 
on local pr<lctice and patient preference. Loc<lllyadvanced 
primary discase (stage T,) is usually treilted by neo
adjuvant (before the principal therapy) or adjuvant 
radiotherapy with or without hormone therilpy. 

Metastatic disease (stage N~ and/or M+) 

Many patients still present with metastatic disease. In 
these, thc aim of treatment is to control symptoms and to 
retard the progression of disease. For patients presenting 
with bladder outlet sym ptoms, s tandard transu rethral 
resection or 'channel TUR' usually restores urinary flow. 
Further treatment depends on loca l practice and patient 
preference. 

Most prostatic cancers are androgen-dependent, at least 
initially, and hormonal manipul<ltion is the mainstay of 
treatment of ad vanced disease. Local radiotherapy is 
frequently effective for treating p<linful metastases. Patho
logic<ll fractures in the sclerotic metastiltes of prost<ltic 
ca ncer are much less common than in lytic met<lstases. 
This is fortunate s ince the dense bone is more difficult to 
cut and drill th<ln normal bone if internal fixation is 
needed. Total prost<lteclomy or radical radiotherapy is a 
potentially curative treatment for organ-confined disease, 
i.e. disease confined to the prostrate, 'true' stage TI and T2, 

and there is en thusiasm for such radical local treatment 
at specialis t centres. llowever, for TI disease, 'watchful 
waiting' may be the best option, i.e. no local treatment 
until the disease advances locally or metastases appear. 
Some clinicians are usi ng finasteride fo r TI p<ltients in 
the hope that it wi ll reduce hmlour proliferation and 
spread . 

If external beam rad iation therapy is chosen, it IS 
pl<lnncd to be deli vered in such a way that it provides a 
high local tumour dose without ad versely affecting the 
rectum. As a measure of SliCcess, the PSA must fall to a 
low point of 1.0 or less by 12 months after treatment or 
relapse can be expected . There is a revival of rad ioactive 
iodine seed implants (brachytherapy) as an alternative to 
external beam therapy; the seeds can be placed accurately 
under ultrasound control and provide the necessary high 
bu t localised dos<lge. Currently, this treatment is a mOTe 
expensive option. However, the effectiveness and side 
effects of these tre,ltments mu st be compared with the 

Fig. 29.9 Loul e Hects of advanced prostatic carcinoma 
(a) Intravenous urogram from an elderly man WIth advanced prostil!JC 
carcinoma He presented WIth renal failure due to retrop!'fltoneal ~r&ld 
of tumour wtllch had caused bilateral distal ure terIC obstructIOn Note the 
gross bilateral hydronephrosis H, the distal ureters can be seen to narrow 
at U, thIS is better shawn on the original film. (b) Barium enema from a 
76-year-old man with known prostatiC carCinoma wile developed a 
change In boWf'1 habit. The tumour has compressed and invaded the 
rectal wall Clrcumferenllally causing a marked stricture S 



standard alternative of watchful w.liting. Neither radical 
treatment has been shown to be dearly superior in terms 
of survival, and the risk of unacceptable complications 
Spinal cord compression may be treated by local radio
therapy or laminectomy but the neurological prognosis 
is poor. 

Hormonal therapy 
TIlere are now three main treatment options: 

• Removal of both testes by subcapsular 
orchidectomy. This is a quick and simple scrotal 
operation and removes about 95% of the testosterone 
synthesised (the rcst is from the adrenals), producing 
an iml1ledi(lte fnll in plasma testosterone. The 
ksticulnr capsu les ar~ left in situ and these fill with 
blood dot (lnd pn.>scrve the scrot(ll contour. There are 
few side effects other than hot flushcs (lnd no serious 
long-term sequelae. Where there is intolerable pain 
from metastases, orchidectomy is the treatment of 
choice and many p<'Itients wake up from the operation 
free of pain. 
Stilboestrol is a synthetic OI..'Strogen (lnd in the early 
days W(lS the sta ndard treatment for symptomatic pros
tate cancer. Stilboestrol suppresses luteinising hormone 
releasing hormone (LH RH ) secretion from the hypo
thalamus and may also be cytotoxic to prostatic cancer 
cells in its own right. Although effective, it was found 
to h(lve a high rate of serious thromboembolic side 
effects (lnd has now largely been ab.,ndoned in favour 
of other methods of achieving similar ends. However, 
it rem(lins an (liternative to orchidL'Ctomy, either as 
primary treatment or as a s.llvage tre(llment after other 
methods have f.1iled. The dose must not exceed 3 mg 
(I day and precilutions must be t(lken to reduce the 
increased risk of thrombo:;is . 

• Monthly injections of depot lHRH agonists 
(lHRHa). LHRH or gonadorclin amiogues such as 
gosereJin are at least ns effective a:; orchidectomy but 
are expensive and h(lve to be given parenterally, at 
le,lst initially. The dnlgs need to be administered (It 
intervals ranging from 4 weeks to 12 weeks. Therapy 
causes initial stimulat ion of luteinising hormone (LH) 
release from the pituit(lry, which in tum causes 
increased testicular testosterone secretion for up to 
2 weeks. This is followed by inhibition of LH release 
by competitively blocking the receptors, resulting in 
an '<lIlOrchic' state. As with orchidectomy, hot flushes 
(lnd sexual dysfunction are the major side effects. 
M(lny p<,tients experience (I 'flare' of symptoms in the 
first 2 weeks, nggrava ting bone pain or spinal cord 
compression. For this reason, the first dose is usually 
covered by nnti-androgen therapy (e.g. cyproterone 
acet(lte or fiutamide). There is probably no (ldvantage 
in continuing combined gonadorelin ilnd anti-

Disorders of the prostate 

androgen therapy bcc(luse the anti-androgen 
contributes to the hormone resistance of the tumour 
by blocking androgen receptors. In addition, anti
androgens (Ire hepatotoxic. 

• An ti-and rogen drugs such as cyproterone acetate or 
flutamide. These block the binding of dihydro
testosterone to its receptor at cellular level (lnd, in 
contrast to LHRH (lntagonists, block both testicular 
and adren(ll testosterone. In patients with a small 
tumour load, this total androgen blockade probably 
improves survival as well as time to first recurrence . 
Flutamide may preserve the potential for sexu(ll 
arousal for longer, though with occasional side effects 
of diarrhoea (!Ild gYI1(1ccomastia, and this may be the 
preferred treatment for younger patients with 
(ldvanced disease. Cyproterone (lcetate can lead to 
depression and thromboembolic complications but is 
effective in suppressing hot flushes. 

Almost inevitably, prostatic cancer eventu(llly esc(lpe5 
its androgen dependency and becomes refr(lctory to 
hormonal treatment. The mechanism is unknown but 
occurs at a mean of 2 ye.lrs after conunencing treatment 
in M+ and 5 years in N+ disc(lse. When this occurs, 
secondary treatment with sti lboestrol m(lY be of value. 
Bone metastases can sometimes be palliated by intr(l
venous mdio,xlive strontium. Non-honnone cherna
thempy has little to offer, and often only symptomatic 
and general p.ll1i(ltiv€ measures c(ln be offered. The 
principles (lnd techniques of palli(ltive care are described 
in Chapter 7. 

The management of prostatic carcinoma is summ<lrised 
in Box 29.4. 

PROSTATITIS 

B(lcterial prostatitis is (In uncommon inflammatory 
disorder of the prostate usu(llly c(lused by coli forms, 
Chlnmydin or Nl'issl.'fin. Mycoplasma may also have a role. 
It occurs in acute and chronic forms. Urinary tract in££.>(
tion or instrumentation m(lY be predisposing factors. 
Prostatitis can present (lcutely or in a chronic form. 

ACUTE PROSTATITIS 

Acute prostatitis is characterised by perineal p(lin (lnd 
fever. Prostatic swelling may also cause bladder outflow 
obstruction and urin(l ry frequency. The prostate is ex
quisitely tender on rectal examination (lnd prostatic 
mass.,ge is inadvis.1ble (IS il may precipitilte b(lcteraemia. 

Initial treatment is with intravenous antibiotics such 
(IS gentamicin until the patient is apyrexial and then a 
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SUMMARY 

Box 29.4 Management of prostatic carcinoma 
Histological diagnosis 

• By transrectal biopsy or after TURP for symptoms of bladder outlet obstruction 

Staging 

• If radical treatment is contemplated-rectal examination (often under general anaesthetic), PSA, tramrectal 
ultrasound, CT scanning for local spread and lymph node involvement 

Treatment by stage 

• At any stage, transurethral resection ('channel TUR') for persistent bladder outlet obstruction 
• Stage T1-watch and wait with no active treatment (finasteride may be prophylactic) 
• Stage T2- a choice of 'watchful waiting' or radical local treatment, i.e. prostatectomy or radiotherapy 
• Stage Tl-radiotherapy, often with neoadjuvant or adjuvant hormonal therapy 

• Stage T. 
- anti-androgen therapies (e.g. bilateral orchidectomy) plus radiotherapy for painful bony metastases or spinal cord 

compression 

- drug treatment with gonadorelins 

- drug treatment with anti-androgen drugs, e.g . cyproterone acetate, flutamide, biclutamide 

quinolone antibiotic orally for 6 weeks. Infective prostatitis 
may be the first presentation of diabetes mellitus. 

CHRONIC PROSTATITIS 

Chron ic prostatitis presents with chronic, low-grade 
perineal <lnd suprapubic pain. Symptoms and signs are 
often vague i1nd ill defined and the diagnosis is some
times made on inadequate grounds. Around 5% of caSt'S 

are due to chronic bacterial infL'Ction most commonly by 
coli forms, whereas in 95%, no infective cause can be 
defined. Other theories of causation have been proposed, 
such as autoimmunity and intra prostatic urinary reflux. 

Tre<1tment is with appropria te antibiotics according to 
culture and sensi tivity of prostatic fluid obtained after 
prostatic maSs.lge. Anti-inflammatory drugs may be used 
in addition to or instead of antibiotics, particularly in the 
non-infective cases; alpha-adrenergic blockers may also 
be employed. 



URINARY TRACT 

30 Tumours of the kidney and 
urinary tract 

Renal cell carcinoma 401 

TranSit ional cell carcinoma 404 

INTRODUOION 

Two types of cancer arise from the renal parenchyma: 
renal cell carcinomas and ncphroblastomas. Renal cell 
carcinomas (also known as renal adenocarcinomas and 
by the old names of hypernephroma and Gr.lwirL tumour) 
are confined to adults. Ncph roblastomas (Wilms' tumoursl 
arc developmental in origin and present in infilncy or 
early childhood . These arc describl..>d in Chapter 45. 

Tumours of the transitional cell epithelium lining the 
urinary tract (urothelium) are very common. They may 
arise anywhere in the tract, including the pelvicalyceaJ 
system of the kidney, the ureters, the bladder and 
occasionally the urethra. Pe\vic.llyceaJ tumours arc un
common generally but arc common in some parts of the 
world, e.g. Balkan nephropathy. These transi ti onal ce ll 
carcinomas occur exclUSively in adults and are most 
common in the bl<1ddcr. Sq uamous cell carcinomas 
sometimes occur in the urin<1ry tract and probably arise 
from metaplastic squ<1mOUS epithelium caused by chronic 
irritation from stones or schistosomiasis. Squamous cell 
carcinomas also occ<1sionally arise in the squamous 
epithelium at the urethral me,\tus. Very rarely, an adeno
carcinoma may dewlop in the bladder from glandular 
epithelial remnants of the embryological urachus or it 

sarcoma may develop from connective tissue elements. 

RENAL CELL CARCINOMA 

PATHOLOGY OF RENAL CEl l CARCINOMA 

Renal cell carcinoma accounts for about 3% of adult 
malignancies and is twice as common in males as in 
females. It rarely develops before puberty but may occur 
at any age thereafter, with the peak incidence between .50 
and 70 years. Renal cell carcinoma, like prostate, breast 

and colon cancer, mainly occurs sporadically but there 
are rare familial forms, e.g. von Hippel-Lindau disease. 
There is no pro\'en aetio\ogical association with diet or 
smoking. 

Renal cell carcinoma originates in the renal tubuk'S. 
The tumour cells are characteristically large and poly
gonal with clear cytoplasm representing accumulation of 
glycogen and lipid. For this reason, these tumours are 
sometimes known pathologically as clear cell ca rci nomas. 
In other variants, the cells are granular and stain more 
intensely. 

Renal cell carcinomas vary in their grade of malig
nancy. Small isolah.'d tumours are often found at autopsy. 
Many pathologists regard tumours less than 2 em in 
diameter as virtually benign as they rarely display local 
invasion or distant metastases. Bilateral tumours are 
present in about 5% of cases. Large tumours invade 
surrounding tissues and may metastasise to para-aortic 
lymph nodes. Advanced renal cell carcinoma charac
teristically extends into the lumen of the renal vein and 
into the inferior vena cava ('tumour thrombus'-see Fig. 
30.1). Distant spread is typically to lung, liver and bone. 
Lung metastases arc often typical discrete 'ca nnonh.ll1 
secondaries'. Isolated mela:.tase. occasionally develop in 
the brain, bone and elsewhere. 

Occasional benign renal tumours also occur, e.g. 
oncocytoma, adenoma and iltlgiomyolipOllla (see Box 
30.11. 

STAGING OF RENAL CEll CARCINOMA 

Stage I tumours arc confined by the renal capsule; stage 
II tumours have penetrall .. >d the renal capsule but remain 
confined by Cerola's perinephric fascia; stage III tumours 
have renal vein involvement or nodal spread; stage IV 
have distant metastases. 

40· 
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Tumour e)(tending along Infenor vena cava and breaking off 
as tumour emboli (deled able by ultrasound scan) 

'---t- ; - - Tumour in 
renal vein 

L __________ Renal cell 

carcinoma 

Fig, ]0.1 Venous spread of renal cell carcinoma 

CLINICAL FEATU RES OF RENAL CELL CARCINOMA 

The dilssic presentation of renil l cell carci noma is with 
the triad of haematuria, a m.ass and flank pain; 
howe\'er, all three occu r in only about 15% of C.lses (5('(' 

Fig. 30.2). One of these fCiltuI\.'S is present in .Joe;; of 
pa tients. Commonly, d iilgnosis is made incidentally by 
d iscovery of a tumour on ultrasonography or CT 
scanning. I~cn il l cell carci nomas often reach a large size 
before d iscovery owing to thei r retroperitoneal position; 

Fig . ]0.2 Renal cell carclnomil: plain radiography and IVU 

KEY POINTS 

Box 30.1 Hist o logica l classification of adult renal 
tumours of the Union Internationale Contre Ie 
Cilnce r (UICC) 

A. Malignant 
1. Conventional clear cell carcinoma 
2. Papillary or tubulo.papillary renal carcinoma 
3. Chromophobe renal Carcinoma 
4 Collecting duct carCinoma 

B. Benign 
1. Oncocytoma 
2. Papillary or tubular adenoma 

3. Angiomyolipoma (may be neoplastic or 
hamartomatous) 

unfortu nately, tumours larger tha n Scm have an 80% 
cha nce of having ml'tastasised. Abou t half the patients 
with renal cell carci noma already ha\'e metasta tic diseaSE' 
by the time of presenta tion. 

Renal cell c.1rcinoma can also presen t in a v.1riely of 
unusual ways. Some tumou rs secrete excess erythro
poi etin which causes polycyth"emia; hypertension may 
result from excess ren in prod uction. Simila rly, ectopic 
production of a p..lra thormone-like protein may cause 
hypercal c ... emia. Renal cell carcinoma nMy cause pyre)'ia 
and "hould be con!'idercd in patients with a pyrexia of 
unknown origin. The erythrocyte sed imcntation ra te 
(ESR) is elcvalL>O in most cases. As wi th many other 

p 

(a) ThiS 5O-yeal-old man presented W1th palnl~5 Ildematuna The plaIn abdomInal fIlm shows a lalgl' sofHlSSue m<J<;S tn thE> nght 1010 wtuch 
obscur~ the psoas shadow (arrowed) (b) Tomogram taken dunng mtrawoous urography of a 58-year-old woman presenting W1th haematuria 

402 The shape of thE' pelvlCalyceal SYSTem P on the fight IS normal, but on The left It IS gros~ly dIstorted by a tumour T In the mIddle of the kidney 



malignancies, metastases may be the presenting feature: 
for example, 'cannonba ll ' secondaries discovered on a 
chest X-ray. 

Common and uncommon presenting fea tures of renal 
cell carcinoma are summa rised in Box 30.2. 

APPROACH TO INVESTIGATION OF SUSPECTED 
RENAL CELL CARCINOMA 

When 11 renal cell carcinoma is susp<'Ctcd, ultrasonography 
is the first investigation and has superseded intravenous 

(.) 

SUMMARY 

Box 30.2 Presenting features of renal cell carc::inoma 

Common presentations 

• Frank haematuria 
• Microscopic haematuria often discovered incidentally 

• l oin pain 

• Renal mass 

Uncommon presentat ions 

• Iron deficiency anaemia 

• Polycythaemia 

• Hypertension 
• Hypercalcaemia due to parathormone-like protein 

production 

• Pyrexia of unknown origin 

• Elevated erythrocyte sedimentation rate 

• Secondary lesions (e.g. 'cannonball' lesions on chest 
X-ray. pathological fractures) 

Fig. 30.3 Rena l ce ll carcinoma: CT scan and a rte r iogra phy 

Tumours of the kidney and urinary tract 

urography. Ultrasound investigation reliably distinguishes 
simple benign cysts from solid masses that are most likely 
to be tumours. cr scanni ng with IV contrast can define 
renal vein and inferior vena caval spread (see Fig. 30.3<1). 
CT scanning is also va luable for assessing invasion of 
perinephric tissues and for demonstrating regional lymph 
node or liver metastases. Inferior vena cavography is 
sometimes used if venous extension of tumour needs 
further del ineation. 

Arteriography is still occasionally employed in the 
case of solitary unilateral or bilateral tumours to assess 
the prospect of segmen tal rl'Section. Renal tumours have 
a chariJcteristic circula tory pattern distinct from normal 
kidney (sec Fig. 30.3b). Arteriography is also employed if 
therapeutic emboHsation is being considered to reduce 
the vascularity of 11 tumour a few days before surgery. 

Full blood count is performed to look for anaemia or 
polycythaemia and n chest X-ray taken to look for pul
monary metastases (see Fig. 30.4). No other preoperative 
investiga tions are usually required. 

MANAGEMENT OF RENAL CEll CARCINOMA 

In most patients, the kidney involved by tumour is 
excised (nep hrectomy). Most surgeons prefer an anterior 
transperitoneal appro.-tch. This allows clinical s taging 
of the disease, permits control of the inferior vena cava 
and provides access to the renal artery and vein during 
extensive resections. A posterola teral thoraco-abdominal 
appro<l.ch may be employed to aUow early access to the 
inferior vella caVil and renill arteries if the tumour is 
lil.fge. Wherever posSible, the resection should be radica l, 

(b) 

(a) (T scan shoWing a huge left renal tumour T in a 62-year-old man With left lOin Pdln and a palpable mass: note the vanable denSity of the 
tumour due to areas of necrosIs and haemorrhage. Note also the normal right kidney K. aorta A. pancreas P, Infenor vena cava v and stomach 
St. (b) Left renal arteriogram from a 68-year-old woman in whom a renal mass was demonstrated on Intravenous urography_ The arteriogram 
outlines the normal renal vessels and shows a large crescentIC mass of abnormal vessels In the upper pole (outline arrowed) typical of renal celi 

3 

carcinoma, Only part of the tumour vasculature is demonstrated. the p.st haVing been destroyed by necrOSis within the tumour. 403 
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Fig. 30.4 Pulmonary met astases from renal cell carcino ma 
(a) and (b) PA and lateral chest X-rays from the same patient as In Figure 3Q.3b. shoWIng multiple 'cannonball' secondary lesions S of various 
sizes. These are typICal of renal cell carcinoma 

with kidney, perinephric fat and lymph nodes taken til 

bloc. There is prob..lbly no role for radiotherapy, chemo
therapy or hormonal therapy, although immunotherapy 
with interleukins or interferon may help, despite thei r 
toxicity. 

Rena l cell carcinoma is unusual in that surgical 
removal of isolated pulmonary or cerebral metastases 
occasionally rt'Sults in cure. For palliation of multiple 
metastases, chemotherapy or immunotherapy is some
times used but treatmen t is generally ineffective. 

TRANSITIONAL CELL CARCINOMA 

EPIDEMIOLOGY AND AETIOLOGY OF TRANSITIONAL 
CELL CARCINOMA 

Tumours of u rothelium are common. HistologicaJly, they 
are ne<lrly all transitional cell carcinomas (TCC); the rest 
are squamous cell carcinomas (7%) and adenocarcinomas 
(19(). Most arise primarily in the bladder bu t they also 
occur in the pelvicalyceal system and ureters and rarely 
in the urethra. P,1n-urothelia l tra nsitional cell carcinoma 
occasiona lly develops in the renal pelvis, ureter, bladder 
and urethr,1 but not necess..lrily simultaneously. Urothelial 
tu mours are uncommon below the age of SO and the 
incidence increases with age. Men are affected three times 
more often than women. TCC is a t least four times more 
common than renal cell carcinoma; TeC of the renal 
pelvis is generally less common than parenchymal reml 
tumours. Tee occurs with a similar frequency to gastric 
cancer in men and about one-quarter the frequency of 
lung «mcer. 

Cigarette smoking is associated with a fourfold in
crease in incidence of urothelial tumours; this is probably 

mediated by urinary excretion of inhaled carcinogens. 
Urothelia l c.1ncers have been strongly associated with 
exposure to industrial carcinogens, once widely used in 
the rubber, cable, dye and printing industries. The likely 
carcinogens, benzidine, nigrosine and beta naphylamine, 
are now b.l nned in most countries but history-taking 
should lake account of possible exposure in earlier years. 
Ilairdressers wit h prolonged exposure to various aniline 
dyes may also be at risk. Prolonged exposure causes a 
20-60 times increase in risk of developing urothelial 
cancer. Tumours develop as long as 25 years after expo
sure and so a detailed occupational history should be 
taken in suspected cases. These carcinogens are excreted 
in the uri ne i'lnd the more prolonged presence of urine in 
the bladder compared \vith the rest of the tract probably 
explains why urothclial tumours most often arise in the 
bli'ldder. 

PATHOLOGY OF TRANSITIONAL CELL CARCINOMA 

Well-differentiated TeC's histologically resemble normal 
transitional epithel ium. Less well-differentialed tumours 
become incre,1singly unlike thei r tissue of origin so that 
the most anaplastic tumours can only be classified as 
urothelial because they are known to ha\'e arisen in the 
urinary tract. The degree of differentiation tends to be 
reflected in the tumour morphology as visualised at 
cystoscopy. Well-differentiated tumours fonn papillary 
frond-like lesions, whereas more aggressive tumours fonn 
plaque-like lesions which invade underlying muscle and 
surrounding tissues. 

Most aetiological factors <let on the whole urothelium, 
p redisposing it to malignant transformation. Conse-



quenlly, urothelial tumours are often mult ifoca l and 
there may already be multiple tumours at the time of 
presentation. An affected individual is at high risk of 
developing further tumours despite complete eradication 
of an earlier tumour. When the primary tumour is in the 
pelvicalyceal system or ureter, there is a high risk of 
tumour developing later in the urothelium distal to the 
primary. Aboul 30% of p<1tienls with upper tract urothelial 
tumours will ultimately develop bladder urothelia: 
tumours. This was thought to result from 'seeding' of 
tumour cells shed from the proximal lesion but is morc 
likely due in some way to the multicentric nature of the 
disease. 

A sinister form of transitional cell ca rcinoma is in situ 
carci noma. This presents with frequency and dysuria. 
aptly named 'malignant cystiti s'. In the male these 
symptoms are often misdiagnosed as bacterial prostatitis, 
These lesions desquamate easily and have a high pick
up rate on urine cytology. Untreated, they inriltrate 
rapidly. 

CLINICAL FEATURES OF TRANSITIONAL CELL 
CARCINOMA 

Tee usually presents with painless haematuria (see 
Fig. 30.5). An upper tract lesion may cause ureteric colic 
(clot colic) and long stringy clots may be seen in the 
urine. If bleeding is gross, clots may cause ureteric 
obstnlCtion. Rapid bleeding from a bladder tumour may 
cause clot reten tion, i.e. acute retention of urine due to 
clol obstnlction. Bladder tumours arising near a ureteric 
orifice commonly obstruct one ureter causing hydro
nephrosis. Rarely, bilateral obstruction causes uraem ia. 

- Hydronephrosis 
(rare) 

'Clot colic' 
(--in ureter 

~CIOI retention 
(sometimes) 

Haematurla Secondary Infection 

Fig. 10.5 Presenting features of urothetial tumours 

Tumours of the kidney and urinary tract 

Bladder tumours also predispose 10 infection, and un
explained recurrent urinary tract infections need investi
gating to exclude Tee as a cause. Tumour invasion near 
the bladder neck may cause incontinence but this is 
usually preceded by haematuria or infection. 

INVESTIGATION OF SUSPEOED TRANSITIONAL CELL 
CARCINOMA 

Confirmed hacmaturia in the absence of infection must 
be invest igated. A renal cell carcinoma which causes 
haematuria will usually be demonstrated by ultrasound. 
Intravenous urography outlines the upper tracts and a 
filling defect in the collecting system or ureter is suspicious 
of a urotheHallumour (see Fig. 30.6). 

Ultrasound and lVU is followed by cystoscopy, the 
only reliable method for examining the lining of the 
bladder and urethra. If there is an upper tract tumour, 
cystoscopy may reveal blood emanating from one of the 
ureteric orifices. When bladder tumours are found, 
diagnosis and initial ther"py go hand in hand. Where 
possible, lesions are completely excised down to muscle 
using a tr.l nsurethral resectoscope (transurethral re
section of bladder tumour, TURBn. The resected tissue 
is then sent for histological examination. This defines 
the degree of differentiation and the depth of tumour 
invasion into the bladder wall. Benign tumours do occur 
in the bladder- fo r example, 'inverted papilloma' or 
polyps with intestinal metaplasia; however, they are 
excessively rare. The term papilloma implies that a lesion 
is benign and its use should be avoided for labelling 
what is almost invariably a well-differentiated papillary 
transitional cell carcinoma. 

Unilateral Obstruction wi th 
hvdronephrosls 

Bilateral obstruction with 
uraemia (rare) 
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STAGING OF TRANSITIONAL CELL TUMOURS OF THE 
BLADDER 

Staging of bl<ldder tumours is achieved mainly by 
cystoscopic examination and palpation under anaesthesia 
combined with histologica l examination of resected 
specimens. For sma ll and superficial lesions, histology 
will show the extent of bladder wall invasion and 
whether the tumour haS been completely removed. 
Apparently superficial lesions near a ureteric orifice 
should be treated as having invaded underlying muscle. 
For larger or deeper lesions, bimanual palpation of the 
bladder between a finger in the rectum and a hand on 

Fig. 30.6 Urothe lial tumours at different sites 
(a) This woman of 64 presented with persistent mICroscopic 
haemalurla; it left renal tomogram dunng Intravenous urography 
showed a Slticture In the upper pelvicalyceal infundibulum (arrowed) 
caused by a urothelial tumour (bl Intravenous urogram of a 67-year
old man complaining of lOin pain and haematuria, on me left there is 
hydronephrosis and ureteric obstruction caused by a bladder tumour 
visib le at the veSiCa-Ureteric orifice (arrowed) (e) Plain X-ray of the 
pelvis In an 84-year-old man With recurrent unnary tract Infections; 
note the calcified lesion In the bladder (arrowed), typICal of 
ca lcifICation on the surface of a large bladder tumour_ In a woman, 
thiS appearance would more likely be due to a calcified utenne fibrOid 

the anterior abdominal wall should be perfonned before 
and after resection of the tumour. This gives an idea of 
the extent of bladder wall penetration and spread into 
the pelvis. However, the clinical 'bimanual examination' 
ca n be misleading, especially in the obese, and cr 
scanning is a more reliable indication of spread into the 
bladder wall or beyond. Note that cr scanning can be 
mislead ing if performed soon after a TURBT. 

The Union Internationale Contre Ie Cancer TNM 
clinical system used in staging bladder hlmours is 
illustrated in Figure 30.7 (the 'T' applies to the clinical 
st<lge of the tumour). In addition, some pathologists grade 



TO 

No tumour 

Invasion into 
muscle but palpable 

bimanually after 
,osectoon 

Carcinoma In situ; 
invasion restricted 

to urolhelial 
epi thelium 

InvaSion into full 
thickness 01 bIadcIef 

wall 

Fig. 30.7 System for staging bladder tumours 
Note thaI ureteric involvement usually claSSi fi es a tumour as T ... Qf T lII ' 

blndder tumours according to P (lnd Gl pathological 
criteria. The 'P' system (small p for the biopsy specimen 
and capital P for the whole specimen) classifies the 
extent of invasion on gross anatomical and histological 
grounds. The 'G' system grades the lesion according to 
the degree of differentiation (G I = well differentiated, 
G2 = moderately differentiated and C3 = poorly differ
entiated or undifferentiated). Thus, as an example, a 
pi1thologisl may report a biopsy as pT z, G3. The pillho
logicill s t.lging system is more precise than the clinical 
system alone. 

MANAGEMENT OF TRANSITIONAL CELL CARCINOMA 

Bladder tumours 

Transition.1l cell tumours of the bladder display a range 
of morphological types ranging from small, discrete, 
often multiple, frond-like It..>sions throu gh to extensive 

Invasion Into lamina 
propria 

Invasion into 
prostate gland 

Tumours of the kidney and urinary tract 

• 

Invasion mto 
muscle but not 

bimanuaJly palpable 
after resection 

Invasion into lull 
thickness of bladder 

wall and other 
pelvic Dfgaos or 

pelvic wall 
structures 

papilliferous or flat tumours. The first type is usually at a 
vel)' early invasive stage and such lesions were formerly 
known as papillomas before their malignant potential 
was fully realised. Solitilry T. or T2 tumours without 
evidence of widespread carcinoma in situ have a 50% 
chance of not recurring after treatment. Four-quadrant 
biopsy of the rest of the bladder can help in formul.1ling 
a treatment plan and prognosis. If papillary tumours 
coexist with carcinoma in situ, however, the long-term 
prognosis is ominous; these patients are usually treated 
by total cystectomy. 

The initial management of bladder tumours is usually 
aimed at complete removal of tumour tissue by cysto
scopic transurethral resection, even with large lesions. 
Further management then depends on the stage of tumour 
spread determined by exa mination under anaesthesia, 
CT scan ning and histological staging. 

As shown in Figure 30.8, bladder tumours classified 
as TI or T2 can usually be completely resected. Single- 407 
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Transurethral resection of tumour 

Transurethral resection 01 tumour 

Transurethral resectJoo oltumotJr 

T. Radiotherapy alone 

Fig. 10.8 Cystoscopic management of bladder tumours 

dose intravesical che mot herapy with mitomycin C or 
epirubicin has been shown to reduce the recurrence rate 
after the inHiill TURBT. Tl lesions are notoriously re
current and if they recur repeiltedly, a course of weekly 
intravesical chemotherapy or BCG (to stimulate local 
immuni ty) is the trciltmcnt of choice. For T3 lesions, the 
preferred trC(ltment in a fit paticnt is total cystectomy. 
The tumour can sometimes be downstaged before su rgeI)' 
by neo'ldjuvant systemic chemotherapy of the CMV (IT 

M:VAC types. Radiotherapy should be reserved for the 
unfit or older p.1tient, or for relapse after initial cystectomy 
or initial systemic chemotherapy. There is no proven role 
for radiotherapy in superficial lesions. 

When tota l cystectomy is necessary, some method of 
urinary diversion is required. The dassic operation 
involves the isolation of a segment of ileum; both ureters 
are then ilnastomoscd into one end of the ileal segment, 
creating an ilea l condu it, wh ilst the other end is opened 
onto the (lbdominill w(l1l (IS a urostomy. An earlier 
operation in which both ureters wcre diverted into the 
s igmoid colon h(ls long been ab.1ndonro because of 
electrolyte disruption and (I high risk of Cilrcinoma at 
the uretew-colic ana!>tomoSt:.'S. Nowadays, most urinal)' 
diversions are into a continent pouch (a neo-bladder) 
constnlClL>d from il segment of ileum or large bowel and 
anastomosed to the urethra. 

Fulgratioo 01 small lesions, 
i.e.dlathermy destruciioo 

Tumour resected with cuff of bladder wall 

Residual tumour stili present 

Radiotherapy 

T4 tUmours ilre USU,l[]y incurable; even tot(ll cystectomy 
rarely eliminatcs the entire lesion. Radiotherapy offers 
palliation and is valuable for controlling pilin and 
haematuri(l. 

Transitional cell tumours of the upper tract 

TCes of the pdvicalyceal system and ureter are un
common. Treatment usually requires excision of the whole 
upper tract on the affected side including kidney, ureler 
and a cuff of bladder w,l11 surrounding the distal ureter. 
However, some small, isol,11ro renal pelvic tumours can be 
dealt with endoscopic.1l1y via ,1 nephroscope passed into 
Ihe pclvicalyce.1l system percutaneously. 

Urethral tumours 

Bladder tumours occasiona lly involve the urethra by 
direct spread. Very rarely a primary lesion occurs in the 
urethra; a pre-existing urethral strictuf(' may be a 
predisposing factor. Management is by urethroscopic 
coagu lation. Mitomycin C incorporated into urethral 
lignocaine gel can a1.<;o be used. The surrounding penile 
vasculature allows early spread via the bloodstream <lnd 
thus the ultimate prognOSis is poor. 



Unusual tumours of the urinary tract 

The uncommon squamous cell carci noma of the urinary 
trad is diagnosed and treilted along simililr lines to 
Tee. As previously mentioned, many develop ilS a 
complication of schistosomiilsis. Distal urethral lesions 
<Ire managed in the s.1me wily as pt.'nile carcinoma (sec 
Ch.27). 

Adenoca rcinoma is rare but can occur anywhere in 
the bladder, most often in a ur.1chal remnant at the vault. 
Tumours of this type C.ln oHen be removed by segmenta l 
resection of the bladder. 

Follow-up and control of recurrent disease 

Pntients who have had potentially cura tive treatment for 
urothelial tumours (i.e. bladder stages Tl to T3 <lnd <1 11 
upper tract lesions) must be followed up for life. The 
go.ll is to detect recurrence of the original tumour and to 
diagnose new primary lesions al an early stage, bearing in 
mind the fact that the environmental factors that induced 
the initial lesion predispose the remaining urolhe1ium to 
malignant change. 11 is not always easy to dis tinguish 
between small recurrences and new primaries; all of them 
tend to be labelled 'Tt.'Currcnces'. 

Tumours o f the kidney and urinary tract 

Follow-up involves regu lar 'check' cystoscopies. 
Initially, these aTC performed at 3-month intervals and 
the interval is gradually exlended to once a year if no 
further tumour is discovered. Flexible cystoscopy under 
local anaesthesia is employed for surveillance if there 
is a low risk of reCllrrcnce. This is quicker and more 
convenient than the fo rmer practice of repeated rigid 
cystoscopy under genera l anaesthesia but is not yet a 
suitable method of treating recurrences. After several 
years free of tumour, cystoscopy may be replaced by 
annual urine cytology. Howcver, this is unreliable for 
patients with known wcll-differentiated papillary lesions. 
In these, dipstick testing for blood may be more usefu l. 
There is currently a vogue for using nuclear protein 
tumour markers which can pick up 50% of tumour 
recurrences; however, the reliability of the method needs 
to be improved before it can replace existing met hods. 
Urine cytology may also be used for screening norma l 
individuals with a high occupational risk. 

Recurrent lesions arc managed in the 5..1me way as the 
initial lesion, i.e. according to the stage of bladder wa ll 
invasion. The exception is when the initial treatment 
involved radiotherapy. For these p.1tients, cure of recurrent 
cancer is improb.1ble and palliative surgery ranging from 
TURBT to total cystectomy may be necessary to treat 
intractable problems such as severe haemorrhage. 

40 
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INTRODUOION 

Stone disease is second only to prostatic disease in the 
overall urological workload. Stones may occur in all parts 
of the urinary tract, including the pelvicalyceal system of 
the kidney, the ureter, the bladder and even sometimes 
the urethra. Stones most commonly provoke symptoms 
due to obstruction or by predisposing to urinary tract 
infections. 

The ",1ttem of slone disease he,S changed markedly over 
the last ISO years. Bladder stones wefC once extremely 
com mon, particularly in children, and were one of the 
few conditions sllccessfully treated by surgery before the 
advent of anaesthesia and antisepsis. 'Cutting for stone', 
or lithotomy (lithos:: stone), was often performed by 
itinerant surgcons. They used a perineal approach to the 
bladder, placing the patient in the manner still described 
as the lithotomy position. A bladder sound (i.e. a curved 
bougie) was placed via the urethra into the bladder to 
locate the stone. MeMlwhile, fascinated onlookers held 
down the wretched patient for the surgeon's theatrical 
ministrations. The operation was often completed in 
seconds! 

Nowadays, upper tract calculi are much more common 
than bladder calru li and the incidence is rising. The 
stones range from the uncommon staghorn calcu lus 
(7% of stones), wh ich fills the pelvicalyceal system, to 
small stones developing in the pelvicalyceal system that 
may migrate and obstruct the ureter. Acute ureteric 
obstruction ca uses severe pain and presents as the 
surgical emergency known as ureteric coli c. Most stone 
disci\Se is, however, asymptomatic or else presents non
urgently to the outpatient clinic. 

In developed countries stonc disease in childhood is 
now rarc. As shown in Figure 31.1, stone disease has a 

peak incidence in early adulthtXKt and declines slowly 
there,lfter. Males are affected two and a half times more 
often than females. Right and left upper tracts are equally 
affected. There is also a high incidence of recurrent stones. 

PATHOPHYSIOLOGY OF STONE 
DISEASE 

CHEMICAL COMPOSITION 

Urinary calculi consist of crystalline compounds with a 
small proportion of matrix sim ilar to ground substance. 
It is likely that most stones form around a nidus of 
org,lIl ic material, e.g. necrotic renal papilla or infective 
debris. One stone constituent often predominates but 
sometimes there is a mixture. In other cases, the central 
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Fig. 31 .1 Relative incidence of stone disease by age in 
developed countries 



nucleus of the stone and the surrounding bulk of the 
stone are each com posed of different materials. Thus, It 
is often difficult to reconcile the chemical classifications 
used in different analytical studies. Table 31.1 provides a 
simple chemical classification showing the rela tive 
frequency of the different types o f stone as well as their 
important clinical characteristics and aetiology. Calcium 
is present in at least 90% of s tones, ei ther as oxalate or 
phosphate compounds or both. 

MECHANISMS OF STONE FORMATION 

Caicium.-containing stones 

In patients with stones contain ing calcium (the majority 
of cases) no specific is discovered. Some excrete excessive 
calcium (idiopalhic h yp ercalciuria) without being hyper
calcaemic; in these, Ihere may be increased intestinal 
absorption of c,11cium leading to increased urinary 
excretion. Experimental evidence suggests that some 
patients in Ihis group are deficien t in an as yet undefined 
urinary factor w hich p revents stone formation. 

Idiopa thic s tone disease is probably caused not by a 
s ingle factor but by interaction of several factors. The 
following examples illustrate some of these. Bladder 
stones com posed of urate were once common in boys in 
England and are still common in some parts of Africa, 
Turkey a nd India. They are believed to be due to the 
combined effects of deficiency of protein, vi tamin A and 
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trMe e lements, gastroenteri tis and dehydration. All of 
these factors conspire 10 prod uce a small volu me of 
concen lr,1 ted acid urine which encourages uric acid to 
precipi tate. Another faclor is prolong ed immobilisation, 
e.g. after multiple fractures or para plegia, w hich causes 
generalised skeletal dE'C<"1lcific."1tion and increased calcium 
excret ion. If there is also poor fl u id throu g hput and 
incomplete bladder emptying, stone formatio n is likely. 
Inadequate fluid intake probably plays a parI in the 
aetiology of many uri nary tract s tones. 

Stones caused by excessive urinary excretion of a 
stone constituent 

A minority of patients are found to have a n u nderlying 
disorder responSible for excessive urinary excretion of the 
main constituent of the slone. Exa mples include hy per
parath yroidi sm (calcium), h yperoxaluria (oxalate), gout 
(uric acid), cystcinuria (cysteine s tones) and xanthinuri a 
(xanthi ne stones). 

Other predisposing factors 

A specific predisposing factor can be detected in a further 
minority of cases: 

• C h ronic infection . Infection, particularly with urea
spl itting bacteria (e.g. Protells), predisposes to 
magnesium-am mon ium-phosphate s tones 

Tabte 31 ,1 Chemical composition, ctinical features and aetiology of urinary tract stones 

Chemical composition 

Calcium oxalate 

Mixed calcium 
oxalate and 
phosphate stones 

Calcium and 
phosphate 
(hydroxyapatite) 

Magnesium 
ammonium 
phosphate 

Uric acid 

Cysteine or xanthine 

% 

40 

15 

15 

15 

8 

2 

Clinical features 

3 types of stone are de)(nbed' 
- small smooth 'hemp's~' stones 
- small irregular 'mulberry' stones 
- small spiculated 'Jack' stones 

As ilbove 

as above 

TyplCill of large 'staghorn' cillculi of 
pelvicalyceal system an.j some bladder 
stones 

Stones tend to absorb yellow and 
brown pigments_ Pure stones ilre 
radiolucent 

Excess urinary excretion of cysteme or 
xanthine. Pure stones iYe radiolucent 

Aetiology ___ --:---:_--

Most cases are idiopathic: predisposing facto rs 
include urinary staSis. infection and foreign bodies, 
Some are due to metabolic disorders: 
- hyperparathyroidism 
- hyperoxaluna (rare mherited disorder) 

--
Some are due to disorders ilssoclated With 
hypercalcilemia. e,g, s.arcoidosls, multiple metastilses. 
multiple myeloma. mllk·alkali syndrome. 
ovenreatment With vitamm 0 

----c----c--
Some of these patients exuete ilbnormally large 
amounts of cilklum (IdiopathIC hypercalciurid but 
Without hypercillcilemlil) 

Chronic InfectIOn With organisms Cilp.lble of 
prodUCing urease, typically Proteus. Urease splits 
urea. formmg ammOllla if the urine is alkaline 

Occur in primary gout and hyperuri<:aeml3 iollowmg 
chemotherapy for leuk<lemlas or myeloprohferatlve 
disorders. Childhood urate blildder stones occur in 
some developmg countries when urine pH is low 

Autosomal recessive inherited disorders 

41 
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• Urinary stasis. There may be obvious or occult 
u ri nary s tasis of the upper tract (e.g. hydronephrosis 
or rarely, horseshoe k idney) or the lower tract (e.g. 
p rostatic hypertrophy or neurogen ic bladder). Stasis 
becomes a particularly important predisposing factor 
when associated wit h recurrent or chronic in[('(tion 

• Foreign bod ies. Diseased tissue such as necrotic renal 
papillae (occu rring in diabetes or analgesic 
nephropathy) may calcify. If a papilla sloughs into the 
renal pelvis, it can act as a nidus for calnilus 
formation. Simi larly, foreign bodies in the bladder act 
as foci for calcification. These may be inserted by the 
patient (e.g. ballpoint pen caps or hair dips) or be 
accidentally left behind after instrumentation or 
surgery (e.g. sutures, ca theter fragments). 
Sch istosome ova are responsible for bladder stones in 
some developing countries 

• Dietary causes. These probably include 
overconsumption of dairy products. In areas with a 
high calciu m conten t in the water, there is a slight 
increase in stone formation 

Predisposing factors in stone formation are summa rised 
in Box 31.1. 

The clinical problem of urinary stones should not be 
confused wit h calcification of the renal parenchyma which 
is a feature of tuberculosis and medullary sponge kidney. 
These and simi lar diseases ca n usually be diagnosed on 
their characteristic X-ray appearance. 

CLINICAL FEATURES OF STONE 
DISEASE 

The nature of the adverse effects depends on the size, 
morphology and site of the stone(s). Many stones cause 
no symptoms but represent a potential problem. Other 
stones produce marked pathological effects which pre
sent with acute or chronic symptoms or are discovered 
incidentally on investigation of unrelated symptoms. The 
presentation of stones in the urinary tract is summarised 
in Box 31.2. 

Urinary tract stones produce their injurious effects in 
three main ways: 

• By obstructing urinary flow 
• By predisposing to infection 
• By causing local tissue irritation and damage 

OBSTRUCTION OF URINARY FLOW 

Pe lvicalycea l obstruction 

Obstmction of one or more renal calyces causes local 
urinMy obstruction (hydroca lyx) and typically leads to 
chronic or recurrent loin pain. Similar pain may also 

SUMMARY 

Box 31 .1 Pr@dispos ing factors in stone formation 
• Idiopathic (most common) 
• Stasis of urine, e.g. congenital abnormalities, chronic 

obstruction 

• Chronic urinary infection (urea-splitting organisms, 
e.g. Proteus, cause alkaline urine and the 
development of magnesium-ammonium-phosphate 
stones, typically the 'staghorn' calculi of the renal 
pelvis-see Fig. 31.2) 

• Excess urinary excretion of stone-forming substances, 
e.g. idiopathic hypercalciuria (calcium stones), 
hyperparathyroidism (calcium stones), hyperoxaluria 
(oxalate stones), gout (uric acid stones), cysteinuria 
(cysteine stones), xanthinuria (xanthine stones) 

• Foreign bodies, e.g. fragments of catheter tubing, 
self-inserted artefacts, parasites (schistosome ova) 

• Fragments of diseased tissue, e.g. renal papillary 
necrosis 

• Multifactorial, e.g. prolonged immobility, children in 
the developing world 

SUMMARY 

Box 31 .2 Pr@sentationofstonesinthe urinary 
tmt 
• Incidental finding on X-ray 

• loin pain 
• Ureteric colic 
• Passage of small stones in the urine 

• Cystitis 
• Pyelonephritis 
• Haematuria 
• Impaired renal function 

be C,luSed by chronic, incomplete obstmction of the 
pelvimeteric junction (rU]) or ureter. The result is 
hydronephrosis, i.e. dilatation of the renal pelvis, both 
intra renal and extrarenal. More severe obstruction may 
lead to progressive renal parenchymal damage and 
impaired renal function; if both kidneys are affected, the 
patient may develop renal failure. 

Passage of stones into the ureter 

If small renal stones pass into the ureter, there are several 
possible outcomes: 

• Stones may pass to the bladder and exit via the 
urethra causing minor symptoms. The patient may 
intermittently pass 'gravel' or 'sand' (see Fig. 31.3) 
and experience dysuria and sometimes haem.1luria 
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Fig. 31 ,2 Staghorn calculi 
Plain abdomlf\(ll X-rays showing staghorn calculi. (a) Asymptomatic bilateral 'stil9horn' calculi C, found Incidentally In a 61-year-old woman. (b) 
Huge 'st~horn' calculus C In upper middle parts of the fight kidney; an Incidentdl finding In a 69-year-old woman during barium enema 

exammation; note also the multiple radiopaque faceted gallstooes (a'rowed), also asymptomatic! 

-

(.) 

Fig . 31.3 Recurrent urinary tract stones 
ThiS man i!9E!d 40 had a 2-year hIStory of passing small stooes and 'gravel' In the unne (a) Plain abdominal X-ray shOWIng what appear to be 
several stones (arrowed) in the right ureter and in the upper pole of :he left kidney. (b) Intravenous urogram (IVU) of the same patient shOWing 
partial obstruction at the lower end of the fight ureter (arrowed); note that two of the radiopaque objects on the nght Side lie out~de the area of 
contrast and thus probably represent calcif ied mesenteric lymph nodes N rather than ureteric stones; metabolic studies showed that this patient 
has Idiopathic hypercalCiuria 41 
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• Stones may pass into the bladder and act as a nidus 
there for development of a larger bladder stone. 
Bladder stones occasionally cause bladder outlet 
obstruction and urinary retention 

• A stone may imp..,ct in the ureter causing ch ronic 
pMtial obstruction and eventually hydroureter. This 
typically presents as loin pain but, surprisingly, may 
be asymptomatic 

• A stone may impact in the ureter, causing sudden 
complete obstruction. The patient experiences 
extremely severe, unilateral colicky pain (ureteric 
colic) often with loin pain and tenderness due to renal 
distension 

PREDISPOSITION TO INFECTION 

Urinary tract stonL"S predispose to infection by causing 
urinary stasis, by preventing proper 'flushing' of the 
tract and by providing niches in which bacteria multiply. 
Pelvicalyceal or ureteric stones may cause acute pyelo
nephritis and occasiona lly perinephric abscess. Bladder 
stones predispose to cystitis and ascending infections 
(see Fig. 31.4). 

lOCAL IRRITATION AND TISSUE DAMAGE 

Stones may present because of their irritant effects on 
local tissues. Simple inflammation may cause bleeding 
and thus present as haematuria. Chronic inflammation 
may lead to fibrosis; if this occurs at a narrow part of the 
tract, typically the PUJ or ureter, a stricture may form. 
Prolonged irritation of the bladder mucosa by stone may 
calise sq uamous metap lasia and eventually sq uamous 
carcinoma. 

INVESTIGATION AND MANAGEMENT 
OF SUSPECTED URINARY TRACT STONES 

APPROACH TO INVESTIGATION 

When investigating a p.1tient with urinary tract stones, 
the objectives are: 

• To confirm a stone is present 
• To locale the stone or stones 
• To evaluate any deleterious effects of the stone(s) on 

renal function and urinary tract morphology 
• To identify any structural disorders of the urinary 

tract acting as local predisposing factors 
• To identify any metabolic predisposing factors 

METHODS OF INVESTIGATION 

In genera l, the above objectives will be met by perform
ing the following investigations. For convenience, they 
are conducted concurren tly: 

Fig. 31 .4 Bladde r stone 
Pla in X-ray shOWing massive bladder stone S in an 85-year-old man 
With benign prostatic hypertrophy and recurrent urinary tract 
Infections: such stones are rare nowadays. 

• Urine dipstick testing, microscopy, culture and 
sensitivity 

• Tests of rena l funct ion, i.e. plasma urea, electrolytes 
and creatinine estimation 

• Plain abdominal X-ray ('KUB'). Around 90% of stones 
are radiopaque because they contain calcium. Urate 
stones are radiolucent 

• In acute cases, 'emergency' intravenous urogram 
(lVU). This consists of a pre-injection plain film of the 
abdomen and pelvis (KUB) and a further film 20 
minutes after injection of radiopaque contrast and 
after micturition, with the patient prone (face down). 
Note: this is not the same as a fulllVU with prior 
preparation. Figure 3\.5 shows an IVU with the 
effects of stone obstruction. Urate stones show as 
filling defects on excretory films and look deceptively 
similar to a tumour 

• Renal ultrasonography. This demonstrates 
hydronephrosis as well as the stones themselves 

• Special contrast tL"Chniques. These are occasionally 
required, e.g. percutaneous (antegrade) pyelography 
or ascending (retrograde) ureterography 

• Biochemical analysis of any recovered stones 
• Tests for metabolic disorders (for recurrent stones), i.e. 

serum calcium, phosphate, oxalate, uric acid and 
alkaline phosphatase; 24-hour urinary excretion of 
calcium, uric acid and cysteine 

INDICATIONS FOR STONE REMOVAL 

TIle finding of a urinary tract stone is not an automatic 
indication for its removal or destruction. The exception 
is in airline or military pi lots in whom ureteric colic 
cou ld prove disastrous. The usual indications for stone 
removal are summarised in Box 31.3. Small stones in the 
pelvicalyceal system often remain unchanged and 
asymptomatic for many years and can safely be 
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, Fig. 31 .5 Emergency IVU in ureteric colic 
This 37-year-old man presented with left ureteric colic. (a) Part of the 
'control' film showing a small radiopaCity S, probably a stone, in the 
area of the left vesico-uretenc JunctlOn_ (b) IVU taken 20 minutes 
after injection of contrast showing dilated left pelvlcaiyceal system 
and contrast-filled ureter down to the area of the stone_ ThIS conflnn 
an obstruction at the vesico-uretenc Junction_ 

KEY POINTS 

Box 31 .3 Indications for removal of urinary tract 
stones 

• Obstruction of urinary flow 

• Infection 
• Persiste nt, recurrent or severe pain 
• Stones likely to cause future obstruction or infection 
• Sma ll 'metabolic' stones likely to grow rapidly in size 
• In patients where colic (Quid be disastrous, e.g, 

airline or military pilots 

monitored by annual radiography. Stonte'S of 5 mm or less 
in diameter often pass right through the tract, although 
in doing so they may produce severe but short-lived 
symptoms of ureteric colic, haematuria or dysuria. 

METHODS OF STONE REMOVAL 

Stones can be removed by endoscopic methods, open 
surgery or a variety of percutaneous and less invash-e 
techniques. The choice of technique depends on the s ize, 
nature and site of the stone, the availability of expertise 
and special equipment, and whether there is a need to 
correct congenital or acquired stnlctural abnormalities. 

Cystoscopic t echnique s 

Cystoscopic methods (Fig. 31.6) are suitable for most 
bladder stones and for impacted stones in the lower 

Stone disease of the urinary tract 

(b) 

third of the ureter. Bladder stones can be broken into 
small fragments (l itholapaxy) using a lithotrite, a 
modification of a cystoscope incorporating stone
crushing jaws, The fragments are then washed out by 
irrigation. Stones can also be fragmented by directly 
applied pulsed ultrasound, laser and other energy 
sources via a cystoscope. 

A Oo rmia basket may be used to remove low ureteric 
stones less than 0.5 cm in diameter. This involves passing 
a special catheter into the ureter under cystoscopic vision 
and fl uoroscopic radiographic guidance; the catheter 
used has a mechanism for capturing the stone, This does 
not always succeed, so the patient should be prepared 
for open surgery to follow immediately if endoscopic 
methods fail. 

A u reteroscope C.ln be used to examine the lower part 
of the ureter and assist with stone removal. The ureteric 
orifice is first dilated cystoscopically and then the slender 
rigid ureteroscope is passed (see Fig. 31.8a, p, 418). It can 
be used to help capture elusive slones with a Dormia 
basket or used to apply ultrasonic, electrohydraulic or 
lithodast probes directly to the surface of a stone in order 
to destroy it. Flexible ureteroscopes are now becoming 
available and promise improved access. 

Open surgical removal of renal or ureteric stones is 
rarely performed nowadays as renal stones can usually 
be removed by percutaneous methods or else fragmented 
by extracorporeal lithotripsy (see below). Ureteric stones 
can often be pushed b.lck into the renal pelvis and 
destroyed or removed in the same minimally invasive 
way. Ureteric calculi impacted in the ureter can often 

cI 
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Fig. 31 .6 Instruments for urinary stone removal 
(a) lithotrite, The telescope hts through the centre of the lithotrite, dlowlng a direct Vlew as the stones are crushed between the jd'NS, Note: the 
Jaws are closed before passing the Instrument Into the bladder via thi< urethra, (b) Close up of tiP of lithotrite dnd telescope. (e) Dormla basket 
and graspiOg forceps, The Dormla baski<t (left) 15 advanced beyond the stone and then opened by advanciOg the centre Wire from the prOXimal 
end When open, the whole iOstrUmi<nt IS gradually withdrawn until the stone lodges Within the Wire basket. The centre wire is then withdrawn 
further unti l the stone is firmly held within the basket and the whole nstrumenl Withdrawn complete Wi th stone, The tr ident grasper (right) 
operates in a Similar way, grasping the stone as the wire IS retracted 

be treated by lithotripsy, with or without prior sten! 
placement. A ureteric stent is usually introduced after 
repeated instrumentation of the ureter to assist dr.linage 
or to prevent any stone displaced upwards from re
impacting in the ureter. If an impacted stone is causing 
complete ureteric obstruction leadi ng to marked proxilll<l l 
dila tation, or if there is any suspicion of infection, a 
percuta neous nephrostomy should be inserted without 
delay (see Fig. 31.9, p. 419) to preserve renal function. 

Open surgical methods 

Before today's minimal access methods of removing or 
dest roying urinary tract stones, open surgery was often 
required (sec Fig. 3 1.7). For the pelvicalyceal system 
pyelolithotom y was performed; for the ureter, uretero· 
lithotomy; and for some bladder stones, cystolithotomy. 
' Invasive' surgery is employed nowadays when the 
appropriate techniques are not available, arc not indi· 

cated or have failed. Open stone removal is also indi· 
cated at the same operation as elective correction of 
an anatomical abnormality which predisposes to stone 
formation. Examples are bladder diverticula, pclviurctcric 
junction obstruction or ureteric stricture. 

Percutaneous techniques 

Direct percutaneous access to the renal pelvis can be 
obtained under local anaesthesia lIsing radiological or 
ultrasound control. This allows a track to be created 
from the skin of the loin into the pelvicalyceal system 
(nephrostomy), through which progressively larger 
ins truments can be passed. Small stones can be retrieved 
using a Dormia b.1sket or a steerable grasping tool. Lmger 
stones can be broken into fragments with electro
hydraulic or other probes, after which the fragments can 
be lifted out with specia l instruments (see Fig. 31.8b). 
Afterwards, the nephrostomy track closes spontaneously. 
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Pyelolithotomy 
Formal kidney approach 

-Via loin incision through 
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Fig. 31.7 Conventional surgical and cytoscopic approaches for removal of urinary tract stones 

Non-invasive stone removal technique 

Extracorporeal shock wave lithotripsy (ESWL) is a non
invasive method of destroying stones usi ng externally 
applied shock waves which pass into the patient to 
shatter the stonc. The ultrasound beam is usually 
transmitted via water pads and focused on the stone by 

ultrasound or X-ray. The stone fragments are passed out 
in the urine and may ca use ureteric colic or ureteric 
obstruction. For this reason, a ureteric sten! is often 
plaCt:'d before lithotripsy to prevent obstruction with 
stone fragments. The ureter dilates Mound the stent and 
stone debris is passed more easily flfter stent removal. 

• -
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(a) Ureteroscopic retrieval of lower ureteric stones under 
direct vision 

IhSo"L'---l,oog rigid ureteroscope 

1 Cystoscope passed into bladder 
2 Ureteric orifice dilated 
3 Long ureteroscope passed into 

ureter 
4 Stone retrieyed with Dormia 

basket 

'-::;lc;::2:----";b"eoP,;''';''hl cable 

(b) Percutaneous stone spiinlngfretrieval 

=-----~~~~~~~-.~~~ 

,,',,'. ",.a~ 

1c:T.'=~ 
tone-splining 

electromechanical spark 
discharge device or ultrasound 
or lithociast probe 

Guide-wire 

1 Needle passed through skin in to renal pelYis 
2 Guide-wire passed through needle into ureter 
3 Hollow dilators passed sequentially oyer guide-wire until large bore 

operat ing sheath can be generated 
4 StOlle progressively broken into fragments by mechanical shock, spark 

discharge or other energy-emitting probe applied to surface of stone 
5 Stone fragments removed with forceps under direct vision 

(e) EKt raeo rporeal shock-wave lithotripsy (ESWl ) 
The renal tract stMe IS located by blplanar ultrasound and the two shock
genera\lng heads are applied to the skin III po'Slhoo to focus the shock waves 
00 the Slone 500-2000 shocks are applied and the patient later passes 'sand' 
debris 0Yef a period of days 

Fig. 31 .8 Current methods of urinary tract s tone removal 

MANAGEMENT OF ACUTE URETERIC 
COLIC 

Ureteric colic occurs when a stone causes sudden 
obstruction of a ureter. It presents typically with a sudden 
onset of severe unilateral pain radiating from one loin to 
the groin or tip of the pen is. The pain is due to waves of 
ureteric peristals is and episodes may last from several 
minutes to half an hour. At the peak of the pain, the 

p<ltient writhes in agony. Indeed, the p.."lin of ureteric 
col ic can be so severe and incapacitating that military 
pilots known to have s tones are grounded until the 
s tones are removed. Most patients are seen urgently by 
their family practitioner or brought straight to the 
accident and emergency department. Non-steroidal anti
inflammatory drugs given as suppositories or injection 
have largely replaced intrailluscular opiate analgesia to 
settle the pain. NSA IDs are more effective, longer-lasting 
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and without risk of addiction or legal compromise. The 
drug of choice is didofenac. Morphine should be avoided 
as it tends to provoke and prolong ureteric spasm and 
pain. The patient may have become pain-free by the time 
of first examination by the su rgical staff, but the pain 
history is usually diagnostic. Occasionally, ureteric colic 
is not as severe but is morc persistent, in which case it 
may mimic other acute abdominal conditions. 

INVESTIGATION OF URETERIC COLIC 

Ureteric colic almost always C,1Uses microscopic hacma
turia, and the fi rst investigation is 'dipstick' testing of 
the urine for blood; if positive it should be confirmed on 
microscopic examination. A positive n_'Sult reinforces the 
diagnosis. An [VU should then be performed urgently to 
confirm or refute the diagnosis (see Fig. 31.5, p. 415). 

The cha racteristic radiological features of acute ureteric 
obstruction are: 

• Delay of all phases of paSS<lge of contrast through thc 
kidney and collecting system on the affected side; the 
more severe the obstruction, the longer the delay. If 
there appears to be no excretion, further films are 
taken every few hours for about 24 hours; usually 
contrast will eventually pass into the system, 
demonstrating the site of obst ruction 

• Di lata tion of the collecting system above the point of 
obstruction 

TREATMENT OF URETERIC COLIC 

Most patients with ureteric colic initially require strong 
analgesics. These are usually non-steroidal anti-inflam
matory drugs, e.g. didofenac given by suppository or 
injection. Many patients settle on a single dose but two 
or three doses may be required. In most caS<'S, the stone 
gradually passes down the ureter and into the bladder. 
Each stage of movement may be accomp.lniro by an 
attack of colic. If a stone is retrieved, it should be 
chemically analysed. If there is complete obstruction 
of the ureter or infection above an obstructing s tone, 
urgent intervention is usually required to prevent renal 
damage. Immediate treatment may involve placing a 
percutaneous nephrostomy tube to drain the renal pelvis 
(see Fig. 31.9), placing a stent beside the stone to allow 
urinary drainage or else removal of the stone endo
scopically. After nephrostomy or stent placement, the 
stone sometimes passes spontaneously but more often 
requires further treatment later. In cases with persistent 
pain that do not need immediate intervention, plain 
abdominal X-rays will usually record changes in the 
position of the stone. If the stone is very large, it may 
have to be surgically removed. If the stone appears to be 
small enough to pass spontaneously, yet fails to progress, 

Stone disease of the urinary tract 

Fig. 31 .9 Percutaneously placed nephrostomy dra inage 
tube 
A ureteric stone caused complete ureteric obstruction and the patient 
suffered continuing pain and de~eloped a fe~er. Urgent dramage was 
reqUired to pre~ent renal damage from a combmation of obstruction 
and mfe<tlon. 

the patient C<ln 5<lfely be allowed home if the criteria for 
urgent surgery mentioned above are not fulfilled. The 
IVU can be repeated after a week or two and a decision 
taken about the need for operation then. 

LONG-TERM MANAGEMENT OF 
UROLOGICAL STONE DISEASE 

MANAGEMENT OF METABOLIC ABNORMALITIES 

Hyperp.uathyroidism is the only stone-forming meta
bolic abnormality that can be corrected by surgical 
treatment (pa rathyroidectomy). It is diagnosed by an 
elevated plasma calcium, lowered plasma phosphate .1l1d 
an eleva ted plasma paralhormone level. Most patients 
arc also hypercalciuric. 

Dietary hypcrca lci uria should be treated by reducing 
the intake of milk, cheese, butler, bread and pastry. Local 
tap wa ter and bottled water drunk by the patient should 
have its calcium level checked. Idiopathic hypercalciu ria 
can be treated with thia7ides. Allopurinol C,lIl be used 
in hyperuricaemia (sec below) bu t may also prevent 
nidus formation in urine around which calcium cryst<lls 
deposit during stone formation. Urate stones dissolve in 
alkaline urine and treatment may involve alk,l1inising 41~ 
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the urine with sodium bicarbonate. Primary oxaluria is 
very rare; secondary oxaluria only occurs with huge in
takes of tea, coffee, chocolate, strawberries and rhubarb. 

The dnlg all opu ri nol may be given fo r hyper
uricaemia (gout) and is routinely given during chemo
therapy for leukaemia. Allopurinol inhibits xanthine 
oxidase, an enzyme involved in synthesis of uric acid. 

LONG-TERM FOLLOW-UP OF PATIENTS WITH 
URINARY TRACT STONES 

For m<lny p<ltients, 01 symptomatic urinary tract stone 
m<lnifests <lS an isolated episode with no apparent pre
disposing ca LIse. Long-term follow-up for these patients 

is not usu<llly required. P<lticnts with stones that do not 
need removing or with recu rrent stones require long
term fo llow-up wi th regular plain abdominal X-rays. 
Stones Ih<lt enla rge during follow-up, that ca use 
symptoms or obstruct need removing. Any patient with 
stone disease shou ld probably be advised to increase 
fluid intake but apparently logica lly based diet changes 
are pointless or even harmful. Drinking excessive fluids 
during a bout of ureteric colic is misguided and likely to 
cause an increase in pain. For patients with recurrent 
stones or obsessive patients in search of help, a simple 
machine is available to measure relative urine concen
trations at home to ensure adequate fluid intake. How
ever, proof of benefit for any long-term therapy is 
difficult to obtain. 
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INTRODUCTION 

Urinary tract infections are a common problem in 
surgery. They may be responsible for abdominal pain or 
urinary tract symptoms tha t present to the clinician for 
diagnosis. More often. urinary tract infection is a second
ary problem. It may occur after operation, particularly 
if a urinary catheter has been employed, or it may 
complicate surgical disorders of the urinary tract such as 
turnouTS or s tones. Infections are usually caused by 
common b..lctcria of faecal origin. 

Urinary tract infections may also be caused by special 
organisms, in p.lrticular Mycobacterium tuberculosis. 
Urinary tract infection with the tubercle bacillus in its 
early stages may produce the same symptoms and signs 
as ordinary b.lcterial infection. Tuberculosis is easily 
ovcrlook<..'<i unless specifica lly sought. 

On a world-wide basis, other organisms are more 
important causes of urinary tract infection, most notably 
the trematode Schisfosoma. One manifestation of this 
causes severe bladder disease in developing countries. 

Infections of the urethra are usually transmitted by 
sexual intcrcourse. Gonococci and Chlamydia are the 
organisms most commonly involved. A late result of 
gonorrhoea in males or its inappropriate treatment may 
be fibrous urethral s tricture. 

The most common cause of urethral stricture is trauma. 
This may follow prolonged catheterisa tion, instrumen
tation of the urethra or pelvic fractures with urethral 
involvement. Although most are not infective in origin, 
urethral strictures arc covered in this chapter. 

Schistosomiasis 426 

Urethral mfectlons and str ictures 427 

COMMON BACTERIAL INFECTIONS OF 
THE LOWER URINARY TRACT 

PATHOPHYSIOLOGY OF LOWER URINARY TRACT 
INFECTIONS 

TI1C common infections of the urinary tract, i.e. those 
caused by faec,11 organ isms, involve either the bladder or 
the upper tract (kidney, pelvica lyceal system and ureter) 
or both together. 

The bladder is infected most often, with females being 
particularly susceptible; probably half of all females arc 
affected at one time or another. Infection rate rises with 
pregnancy and wit h increasing age. In females, the 
infecting orgi'l nisms probably enter via the urethra which 
is only 3 cm long. Orga nisms easily spread from the 
perinea l ski n, particu larly during sexual intercourse. 

Norma lly, the bl(ldder is flushed dean by the frequent 
passage of newly produced urine, preventing the multi
plica tion of bacteria in the urinary tract. Stasis of urine 
for any reason, such as incom plete bladder emptying, 
dehydri'ltion or immobility, interferes with this mech(lnism 
and predisposes to infection. Urethral instrumentation 
greatly predisposes to infection in either sex. 

CLINICAL FEATURES OF LOWER URtNARY TRACT 
INFECTIONS 

Typica l symptoms of bladder infection are dysuria, 
freque ncy, urgency and a sensa tion of incomplete 
bladder emptying. The term 'cysti tis' is often used by 
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patients to mean sym ptoms included on this list; how
ever, infection is not always the cause of sym ptoms and 
10 prevcnl confusion, the term is probably best avoided. 
Evcn whcn infection is present, symptoms may be trivial 
or absent, and this may make diagnosis difficult. 
Abdominal p<,in may be the only symptom; consequently, 
most patients with abdominal pain should have their 
urine tested as a mattcr of COUTSe. 

In the elderly or the very young, there are often no 
localising symptoms, and th(' pati('nt is just non
specifically unwell. Recurr('nt fever in a child can result 
from urine infection. In any ill patient in these age 
groups, the urine must be sent for examination before 
antibiotics arc given. A sudden onset of enuresis or 
urinary incontinence in children or the elderly should 
also suggest bladder infection. 

The different presentations of bladder infection are 
summarised in Box 32.1. 

BACTERIOLOGICAL DIAGNOSIS OF LOWER URINARY 
TRACT INFECTIONS 

Urinary tract infection is con firmed by examining a 
'midstream' specimen of urine (M5U). If the specimen 
cannot be exam ined quickly, it should be refrigerated 
or it will become of no diagnostic va lue in a few hours 
(see Fig. 32.1). The specimen is centrifuged and the un
stained sediment is then examined microscopically for 
white blood cells ('pus cells') and oocteria. The specimen 
is also cultured to identify the GIUS.ltive organism and 
determine antibiotic sensitivity. Bacterial contamination 
of urine specimens is common; a 'significant' infection 
is therefore defined as one in which pus cells are 
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SUMMARY 

Box 32.1 Presentations of bladder infection 

• Dysuria with frequency and urgency of micturition 
(very common) 

• Lower abdominal pain (common- usually children 

or young adults) 

• Une)(pected development of incontinence (common 

in the elderly) 

• Development of enuresis in a previously 'dry' child 

• Non-specific ill-health in previously well infants or 
the elderly (including pyrexia of unknown origin 

and septicaemia) 

abundnnt and there nre more Ihan l00 {)(X) (10~) 

organisms per millilitre of urine. Enteric organisms arc 
almost alw"ys responsible, the usual culprits being 
Escherichin coli, ProlClls spp., EnlerOCOCClIS /aecalis and 
Pselldomonas (the last particularly in debilitated and 
c,ltheterised patients). 

Significant numbers of pus cells in the urine without 
bacterial growt h most com monly result from patients 
taking antibiotics. If this is not the case, a slone, tumour, 
prostatitis or tuberculosis must be suspected and investi
gated. Infection often causes frank or occult haematuria; 
this only warrants furt her investigation if it persists after 
the infection is treated. 

Some fema le patients experience typical symptoms 
of urinary infection but despite multiple laboratory 
examinntions, no evidence of bacterial infection of urine 
is found. Non-specific urethral inflammation from the 
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" --- BACT . Fig. 32.1 Typical MSU report of 
urinary tract infection 



trauma of intercourse may be responsible; this is probably 
the cause of 'honeymoon cystitis'. 

MANAGEMENT OF BLADDER INFECTIONS 

Antibiotic therapy is the principal treatment for bladder 
infection, initially chosen on a 'best-guess' basis. An MSU 
specimen should be collected for microscopy, culture 
and sensitivities (M, C & 5) before therapy is commenced. 
If the initial antibiotic choice is inappropriate or un
successfu l, then the results of urine culture may suggest 
a more suitable alternative. An MSU should be repeated 
about 6 weeks tlfter treatment, even if the infection 
tlppetlrs to cleM quickly. If there is doubt whether the 
infection has been eliminated, the MSU should be 
repeated severa l days after completion of the cou rse of 
antibiotics. 

Pa tients who htlve had urinary tract infections should 
be encouraged to increase their nuid intake. Indeed, this 
is often effective in dea ling with eMly or mild symptoms 
and will probably cause many infections to resolve with
out drugs. 

In pregnancy, the ureters and rena l pelvis diitlte 
under the effect of circulating progestogens and become 
more susceptible to infection. Where there is tl risk of 
infection tlscending from the bladder into the upper 
tracts, the urine should be tested routinely; evidence of 
s ignificant b.xterial growt h must be treated actively with 
appropriate antibiotics, whether or not the p<ltient is 
symptomatic. The antibiotic used must be known to be 
s.l fe for use in pregnancy and non-teratogenic, e.g. a 
cephalosJXlrin. Trimethoprim is also s.lfe but may deplete 
folate. St.lIldard texts such as the British National FOnlllllary 
give specific information on prescribing in pregnancy 
and shou ld be consulted. 

RECURRENT BLADDER INFECTIONS 

Patients who suffer recurrent infections tend to fall into 
three groups: 

• The elderly, debilitated and infirm 
• Young and middle-aged women 
• Patients with unexpected urinary tract infections 

Those in the first two groups can usually be managed 
without surgery. 

The elderly, debi lit at ed and infirm 

These p<ltients often ha ve a multiplicity of simple pre
disposing factors such as constipation, incontinence, an 
indwelling cathete r, poor fluid intake and diminished 
resistance. Correction of these problems and good nursing 
care (e.g. regu lar changes of indwelling catheter) may 
break the pattern. 

Urinary t ract infect ions 

Young and middle-aged women 

Many of these p<lticnts can be helped by s imple hygiene 
meaSures. These include 'wiping from front to back' after 
micturi tion or defecation, frequent and complete empty
ing of the bladder, increasing urine flow by raising fluid 
intake, and emptyi ng the bladder soon after intercourse. 

Patients with unexpected urinary tract infections 

This group incl udes children or young men with a single 
episode of urinary infection, particularly if they fail 10 
respond to simple meaSures, and anyone with recurrent 
urinary infections. These patients require investigation 
(e.g. ultrasonography, intravenous urography) and are 
often found to have a stnlctural abnormality or patho
logical condition which encourages bacterial proliferation. 
Bladder stone or prostatic hypertrophy is commonly 
responsible. These predisposing conditions can often be 
corrected surgically. In the rest, however, no predisposing 
factor can be found. 

As with isolated episodes of infection, recurrent 
infections are treated with antibiotics, but bacteriological 
investig.ltion assumes a greater importance. Some patients 
lose their immunity against E. coli and need 1 0ng~lerm, 

low-dose antibiotics to prevent recurrence. 

The 'urethral syndrome' 

This syndrome is on ly found in women and is 
characterised by episodic or persistent dysuria, frequency 
or urgency. Urinary symptoms occur without demon
strable infection or local anatomical abnormality such as 
uterine prolapse. The cause is not known, and the con
dit ion may be indistinguishable from recurrent urethral 
trauma due to sexual intercourse. Urethral dilatation 
under general anaesthesia may be successful in relieving 
symptoms, although the mechanism is obscure. If it fails, 
urethroscopy should be performed seeking a urethral 
diverticulum. Dysuria may also be a symptom associated 
with alrophic vagi nitis in perimenopausal and post
menopausal women; this may be relieved by topical 
application of oestrogens to the vagina and introitus. 

Some p.ltients, p<lrticularly women and girls, experience 
persistent or recurrent low-gr.1de symptoms, notably fre
quency and urgency. No cause is found, although some 
cases C.1n be attributed to habit or to psychogenic or 
psychosexua l factors. 

UPPER URINARY TRACT INFECTIONS 

PATHOPHYSIOLOGY OF UPPER URINARY TRACT 
INFECTIONS 

Infections of the pelvicalyccal system and renal paren
chyma (acute pyelonephritis) arise either by upward 
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extension of a lower tract infection or via the blood
stream (hacmatogenous). 

Ascending infections occur most commonly when 
there is an abnormality causing ureteric reflux or s tasis. 
Such conditions include ureteric obstruction, abnormal 
JX'ristalsis (as in megaureter) and congenital inromJX'tcncc 
of the cysto-urelcric antireflux mechanism. During preg
nancy, the ureter becomes unusually dilated because 
of hormonnl influences and this may contribute to the 
increased incidence of urinary infections during this time. 

Haema togcnous infection is often responsible when 
there is urinary stasis in the upper tract. Common causes 
<lre stones in the renal pelvis or obstruction of the 
pelviufCteric junction (PUJ). In such cases, lower tract 
infection is a secondary phenomenon. 

The facto rs initiating a renal infection are often unclear 
but pre-existing fCnal damage is a strong predisposing 
factor. 

P.1thological examin<ltion of an acutely infected kidney 
shows extensive neutrophilic infil tration of the renal 
parenChyma, often wi th small abscesses. Usu<llly only 
one kidney is involved and the caus.1tive organisms arc 
enter<ll, as in other urinary tract infections. 

CLINICAL FEATURES OF UPPER URINARY TRACT 
INFECTIONS 

The cl<lssic clinical features of acute pyelonephritis <lre 
unil<lteral loi n p.1in and tenderness (see Box 32.2). The 
patient is generally unwell with systemic features of 
infection, i.e. pyrexia and t<lchyc<lrdia. The urine is usuaUy 
cloudy, and microscopy and culture con finn the presence 
of pus cells and b.1cteria. There may also be typiml 
sym ptoms of bl<ldder infection. Often, the symptoms 
and s igns nre less specific <lnd the patient presents with 
unilnteril l abdominill pOlin or discomfort. This may be 
mistaken fo r early acute appendicitis unless the urine is 
examined. Pyelonephritis mOly present without localising 
signs, especia lly in infants <lnd the elderly, but patients 
are more unwell than in bladder infection and may even 
develop systemiC signs of sepsis. 

MANAGEMENT OF UPPER URINARY TRACT INFECTIONS 

Diagnosis is made on the b.1sis of clinical symptoms, 
signs and uri ne examination. Blooci is also taken for 
culture when there <lre systemic signs of infection. 

Treatment is with <lntibiotics, initially on a 'best-guess' 
basis, b.1scd on local microbiological advice. Dosage <lnd 
route of admi nistration depend on the severity of the ill
ness; severe CilSCS are tre<lted with intravenous antibiotics. 

Once the acute illness has oc>('n successfully treated, 
further investigation, usually ultrasonography and intra
venous urography, may be indicated in the search for 
predisposing factors. In children, investigation should 
include a contras t micturating cystogram or equivalent 

SUMMARY 

Box 32.2 Presenting features of acute 
pyelonephritis 

• Unilateral loin pain and tenderness 
• less specific abdominal pain and discomfort 
• Dysuria and cloudy, strong-smelling urine 

• Haematuria 
• Pyrexia and tachycardia 
• Septicaemia (especially young children and the elderly) 

radionuclide scintigram to identify ureteric reflux (see 
eh.45). 

COMPLICATIONS OF ACUTE PYELONEPHRITIS 
(sec Figs 32.2 and 32.3, p. 425) 

Pyonephrosis 

Severe infections may be complicated by obstruction of 
the JX'lviureteric outlet, resulting in the accumu lation of 
pus in the renal pelvis (pyonephrosis). Lf untreated, this 
will d(.'stroy the renal parenchyma. Treatment involves 
surgica l or JX'rcutaneous drainage followed by correction 
of the obstruction. 

Perinephric abscess 

If infection develops when a la rge 'staghorn' calculus is 
present, the accumulating pus may discharge through 
the renal c<lpsu le into the surrounding fat, resulting in 
01 perinephric abscess (Fig. 32.3). This presents as a 
slowly expanding mass in the loin, often with only low
grade local and systemic symptoms. Urine investigation 
will reveal pyuria, whi lst ultrasound and radiology will 
show a non-functioning renal mass containing fluid 
filled <lrens. A l<lrge renal calculus may also be seen. A 
perineph ric abscl..-'SS sometimes develops as a result of 
haematogenous infection of a traumatic JX'rinephric 
IMematoma. The treatment of JX' rinephric abscess is 
drainage, often fo llowed later by nephrectomy of the 
end-stage kidney. The d iagnosis should be considered in 
elderly p.1tients wit h septicaemia from an unknown 
source. If a JX'rinephric inflammatory mass partially 
resolves, it ca n result in xa nthomatous pyelonephritis, a 
solid mass often suspected of malignancy and removed 
surgica lly. 

GENITOURINARY TUBERCULOSIS 

PATHOPHYSIOLOGY OF GENITOURINARY 
TUBERCULOSIS 

About 4% of p<lticnts with tuberculosis have involvement 
of the genitourinmy system. In developed countries, 



Urinary tract infections .c: 

Normal 
kidney 

Acute 
pyelonephritis 

Pyonephrosis Perinephric abscess 
From obstruction of 

the pelviureteric 
junction or stone Surgical drainage 

Thinned cortex--j ,,,,fI:l 

Pitted extemal 
surface--

End-stage kidney 

Fig. 32.3 Perinephric abscess 
ThIS 'NOman of 55 presented with a 3-week history of left loin pain and 
48 hours 01 rigors. The photograph shO'NS a large abscess surrounding 
the left kidney, pointing in the posterior lOin. A plain abdominal film 
showed a staghorn calculus In the kidney and isotope studies showed 
no funct ion In that kidney The abscess was dr(llned percu taneously 
and she was treated w ith antibiotics. The kidney was later removed 
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dimension 
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Fig. 32.2 Consequences of 
untreated renal infection 

incidence is highest in debilitated elderly p..1tients, often 
with a his tory of treated tuberculosis. The other vu lner
able group is immigrants from developing countries 
where tuberculosis is endemic. 

Mycobacteria reach the kidney or epididymis via the 
bloodstream c"using typic"l centrally caseating granu
lomatous lesions which may later calcify (sec Fig. 32.4). 
From the kid ney, direct spre.ld may occur to the ureter 
(causing a fibrous stricture) or to the bladder. Tuber
cu losis of the bladder usually begins around a ureteric 
opening and spreads more widely to cause patchy ulcer
at ion of the bladder wall and later fibrotic contraction. 
Young adul ts are most commonly affected and there 
is a seriously increased incidence among patients with 
acquired immunod eficiency syndrome (AIDS). These and 
other patients 'living rough' are poorly compliant with 
treatment and provide a reservoir of infection for others. 

CLINICAL FEATURES AND INVESTIGATION OF 
GENITOURINARY TUBERCULOSIS 

Urinary tract tuberculosis is often asymptomatic and 
is diagnosed during investigation of 'sterile pyuria'. If 
there are sy mptoms, the usual ones are painless urinary 
fft:.,<\uency, nocturia and sometimes haematuria. There 
may also be systemic fe"turcs such as weight loss and 
night sWe<lts, find respiratory symptoms if the lungs are 
aHected. 

When urinnry tuberculosis is suspected, at least three 
cnrly morning urine (EMU) specimens must be sent to 
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Fig. 12.4 Spre"d of tuben::ulosis to the ge nitourirla ry trilct 

the laboratory to be stained and cultured for tubel"Lie 
b."Icilli (acid-fast baci lli, AFB). The entire volume of the 
first urine passed in Ihe morning is collected and centri
fuged to concentrate the small number of orga nisms. 
Culture usually takes 6-8 weeks but a negative result does 
not exclude urinary tuberculosis. Any acid-fast bacilli 
cultured need to be tyJX!d to exclude non-tuberculous 
varieties. If at cystoscopy there is a red patch around a 
ureteric orifice, this ca n be biopsied and exami ned histo
logica lly for case<lting granulomas and stained for tuber
culosis org<lnisms, thus <lcccler<lting the diagnostic process. 
Blood is tcsted for <lnaemia , lymphocytosis and elevation 
of the erythrocyte sedimentation rate (ESR), and for bio
chemirn l indicators of fCna l function. A chest X-ray is 
taken to search fo r pulmonary disease. Renal calcification 
may be seen on plain abdominal X-ray (such as the 
control film of an intravenous urogram), while urography 
may show renal abnormalities or ureteric s trictures. 

MANAGEMENT OF GENITOURINARY TUBERCULOSIS 

Chemotherapy is the mainstay of treatment, as for 
pulmonary tubercu losis, with the choice of agents made 
according to the local prcv<llence of particular str<lins of 
the orga nism and the results of culture and sensitivi tie;. 
Surgery may be tcqui l\."(i la ter to treat ureteric strictures 
or a contracted bladder, or to excise damaged kid ney 
tissue (partia l or total nephrectomy). For ureteric tube!-
cu losis, corticosteroids nrc usually given along wilh 

antituberculous chemotherapy to reduce the risk of 
strictuI"C formation. Plasma urea and creatinine should be 
monitored during the usual 6 months of therapy and 
s Igns of upper tract dila tation sought with periodic 
ultrasl)und exam inations. 

SCHISTOSOMIASIS 

Schistosomiasis (bilhilr)'ia) is the most importilnt parasitic 
disease of the urinary trilct. It causes chronic inflam· 
malory lesions in the bladder which lead to severe fibrotic 
damage. Schistosomiasis also predisposes to stone for
mation and squamous carcinoma. 

Three sch is tosome species, S. IUll'lIIalO/lilllll, S. lIIallSOII; 

and S. ja/IOIlicllIIl , ha\,(' a wide tropical distribution and 
are important human pathog('llS. The most destructive 
bladder disease, however, is caused by S. hal'lIIalobilllll. 

This species is endemic to tropical and North Africa 
(p.lrticu larly the ile va lley), and is also found in some 
Middle E.lstern and sou thern European countries. More 
effective treatment with praziquatel has dramatically 
rccIuced the reservoir of infection and consequently the 
incidence of case!; in Egypt, but treatment is relatively 
expensive and has made littl£' imp<lct in Sudan. Increas ing 
world-wide travel makes it likely that the d isease will be 
seen more fl"L'CJuently in travell£'TS from Western countries. 

The schistosome has a sophisticated life cycle which 
is dependen t on poor sa nitation. Ilumans (the main 
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definitive host) arc infected by working or bathing in 
contaminated water. The free-swimming adult forms 
(cerca ria) ~nctratc the skin, usually of the feet, and pass 
through the venous circulation and lungs to the systemic 
arterial circulation, which disseminates them throughout 
the body. In the hepatic portal veins, male and female 
worms mate. The females, crammed with ferti lised ova, 
then find their way via the mesenteric veins to the venous 
plexuses of the pelvic viscera, notably the bladder, where 
the ova are released. AidL'Ci by lytic enzymes, the OV,\ 

then pass through the bladder wall into the urine and 
thence to the external environment. 

On reaching wateT, the ova release mature ciliil ted 
forms (miracid ia) which enter the intermediate host, il 

species of freshwiller snail. The miracidia mature in the 
snai l's liver before they nrc released as a new generation 
of adult cercaria I worms. At th is point, they are ready to 
enter human hosts, thus completing the life cycle. 

CLINICAL PRESENTATIONS OF SCHISTOSOMIASIS 

Initial skin penetration may cause mild local inflamm"tion. 
Subsequently, the phase of haematogenous spread may 
cause general malaise, low-grade pyrexia and eosinophilia. 
About 2 months later, ova invading the bladder mUCOs.l 
cause local inflammation, and manifest as frequency and 
haematuria at the end of micturition. The early symptoms 
may be trivial and may P.1SS unnoticed in low-grade 
infestiltions. 

The milin blildder damage caused by schistosomiasis 
is due to an intense chronic inflammatory reaction to 
dead ova which hnve not pasS<'d out in the urine and 
are sequestered in the mUC05<.I. Small granulomatous 
'pseudotubcrcles' develop around each ovum and these 
late r become fibrotic and cnlcificd. Heavy or recurrent 
infestntions result in a variety of destnlctive lesions 
including ulcers, papillomata, cysts, giant granu lomata 
"nd severe b ladder contracture. All predispose to 
secondary bacterin I infection and formation of bladder 
stones. Squamous metaplasia is common and strongly 
predisposes to carcinoma, two-thirds squamous and 
one-third transitional cell. 

The clinical features of schistosomiasis are summarised 
in Box 32.3. 

MANAGEMENT OF SCHISTOSOMIASIS 

Bladder or ureteric calcification is almost diagnostic of 
schistosomiasis. Diagnosis is confirmed either by micro
scopic examination of urine for ova (theS<' are best found 
in the last few millilitres of a mid-morning specimen of 
urine) or more reliably by cystoscopic biopsy of bladder 
lesions. 

Treatment is much si mplified nowadays using the drug 
praziquatcl. This is given in two doses on 1 day, 6 hours 

Urinary tract infections 

SUMMARY 

Box 32.3 Clinical features of schistosomiasis 
• Skin rash at site of cercarial penetration 
• low-grade systemic illness with eosinophilia 
• Urinary frequency and terminal haematuria 
• Chronic inflammation of the bladder 
• Bladder fibrosis and contracture 
• Bladder stones 
• Squamous cell carcinoma (two-thirds) or transitional 

cell carcinoma (one-third) of the bladder 

apart, in a dose of 20mg/kg body weight. Metrifonate 
is an alternative treatment if praziquatel is unavailable. 
Surgery is occasionnlly necess.lry later to correct or p.llliate 
residual deformities of the lower urinary tract. 

About 5% of the world's population is affected by 
various forms of sch istosomiasis and prevention must be 
the cornerstone of disease control. Improved sanitation 
and clean water supplies are essential. Ironically, the rapid 
expansion of water conservation and irriga tion schemes 
has tended to spread the disease to previously unaffected 
populations. Effective treatment of affected individuals 
can substantially reduce the pool of infection and the 
number of new cases. 

URETHRAL INFECTIONS AND 
STRICTURES 

URETHRAL INFECTIONS 

The only clinically Significant infections of the urethra 
nre scxun lly trnnsmilted diseases. The most common are 
gonorrhoea and 'non-specific urethritis', the latter usually 
C,1uSed by chlamyd ial infection. The acute condition 
usually presents with a urethral discharge and dysuria. 
The surgical importance of urethri tis, particularly gono
roec"l urethritiS, is that it may lead, months or years later, 
to a fibrous stricture in the posterior urethra. Fortunately, 
the condit ion is becoming uncommon as primary anti
biotic therapy is more readily available and effective. 

Serological tests for gonorrhoea are relatively un
reliable, but serologic"l tests for Chlllmydia can demon
strate PilSt infection. For current chlamydial infection, 
posterior urethral swabs examined on special slides are 
the only reliable test. 

URETHRAL STRICTURES 

Urethral strictures are now most commonly caused by 
inflammation resulting from iatrogen ic trauma . Trans
urethral resection for prostatic surgery is the most 
common cause. Ca theterisatiol1 with latex catheters in 
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p.1 ticnts with poor tissue perfusion is another common 
cause, p.1rticu larly C<ltheteris.1tion during cardiopulmonary 
byp.1ss for cardiac surgery, These iatrogenic strictures 
involve the dista l urethra or the meatus but strictures 
may also Ix! a complication of trau matic instrumentation, 
in wh ich case the membra nous urethra is most vulner-
able (see Fig. 32.5) A slllall proportion of strictures result 
from urethra l tearing or rupture following displaaxl 
pelvic fractures. These usua lly require open su rgica l 
reconstruction. 

The characteristic symptom of urethral stricture is a 
progressive diminution in urinary stream. If thcre is 
any associated chronic urina ry rt:'lcntioll, th is may be 
accompanied by symptoms of bladder outlet obstruction, 
i.e. frequency nnd urgency. Diagnosis is made by direct 
inspL'Ction using a cystourethroscope. 

Strictures may be short, elongated or multiple. An 
effective treatment involves stretching the scar tissue by 
rcpe.lted self-dilatation. This technique, performL>d oncc 
a week for 2 years, keeps the urethra open long enough 
for fibrob lasts to remodel around it. An alternative with 
light strictures is to cut the s tricture longitudinally wit h 
a urethrotome under direct urethroscopic vision, and 
follow this by repeated d ilntation. RL>CUITt'nCe after tre.lt
ment is not only frequent, but almost to be expected; 
skilled urologicnl follow-up is therefore desirable. More 
complicated strictures may require open surgical treat
ment: for example. excision of a short stricture and end
t<rend anastomosis of the urethra. For some, inlays of 
bladder or oral mUCO::;'1 may prove successfu l. 

Urethral strictures may cnuS(' lifelong dis.1bility, and 
most can Ix! avoided by extreme care of the urethra during 
cathetcrisation and urethral instrumentation. 'Routine' 
ca theteris.lt ion appea rs to be nn irresistible temptation to 

Membranous stricture 
(trauma or instrumentation 
± false passage format ion) 

Bulbar stricture (post infective) 

Meatal stricture (catheter, balanitis or instrumentation) 

Fig. 32.5 Common sites of urethral strictures 

all but urologists. As a general rule, the urethra should 
not Ix! catheteriscd or interfe red with unless absolutely 
essential. Sick p.lt icnts should be catheterised only with 
a silicone urethral catheter or a suprapubic catheter to 
mi nimise local trauma. Any catheter or other urological 
instrument should Ix! placed gently with minimal force 
or else under direct vision. If it proves difficult, an 
aitewntive means should be found or the procedure 
ab.lndoned rather than risk urethral damage by fo rceful 
instrumentation. 
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CONGENITAL URINARY TRACT DISORDERS 
INTRODUCTION 

Serious congenilal disorders of the kidneys and urinal) 
tract nearly all prescnt a t birth o r in early childhood and 
these arc described in Chapter 45. The exception is 
polycyst ic kidney which may present in juveniles but 
more commonly presents in adulthood. There are also a 
number of lesser abnormalities of the upper tract which 
interfere with normal flow dynamics and predispose 
to infection, e.g. duplex systems or medullary sponge 
kidney. These are usunlly discovered during investigation 
of recurrent infections. Finally, asymptomatic abnor
malities like unilatcrnl renal agenesis, renal cysts or 
horseshoe kidney may be discovered incidentally during 
investigations (e.g. for hypertension) or surgery. With 
advancing age, a large proportion of the population 
develop benign renal cysts of varyi ng size, usually of no 
clinical consequence. 

A systematic summary of the important congenital 
disorders is presented in Table 33.1, with the conditions 
that present in adulthood signallL-d by an asterisk. 

POLYCYSTIC KIDNEYS 

The adult polycystic kidney syndrome is an autosomal 
dominant disorder characterised by multiple bilateral 
cysts of the rena l p.1renchyma (see Fig. 33.1). The cysts 
slowly expand, compressing the renal parenchyma, and 
may Ie"d to dis ruption of local control of blood pressure 
and eventually deteriorating renal function. Polycystic 
kidneys have three main variants: a juvenile form and 

two ad ult forms. In one of the latter, the condition 
manifests in midd le age with hypertens ion or progressive 
rena l failure. In this fo rm, the kidneys ca n be normal on 
ultrasound scanning in the first two decades of life. The 
second adult fo rm is usually found incidentally in later 
life with almost normal renal function. 

Thus, adult polycystic kidney may present with hyper
tension or progresSive chronic renal failure. The enlarged 
cystic kidneys may cause loin pain or may be discovered 

Fig. 33.1 Potycystic kidneys 
IVU tomogram from a 52-year-old woman WIth hypertension and 
mICroscopiC haematuria; both kidneys exhibit mult iple lucent areas in 
the nephrogram represent ing cysts (arrowed), and the pelvicalyceal 
systems are slightly compressed. 42S 
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Table 11.1 Congenital abnormalities of the urinary system 

Nature of abnormality 

KIDNEY 
Bilateral agenesis (Potter's syndrome) 

Unilateral agenesis, aplasia or hypoplasia 

Multicystic kidney 
Usually unilateral dysplasia of kidney with multiple cysts 
Infantile polycystic disease 
Bilateral inhemed disorder in which multiple small cysts replace renal 
parenchyma li'o'er and pancreatic cysts often present also 
' Medullary sponge kidney 
Cystic dilatation of collecting ducts of one or more medullary 
pyramids In one or both kidneys 

' Adult polycystic kidney 
Autosomal dominant disorder With multiple cysts throughout 
the parenchyma 
• Solitary cysts 
Usually develop at one pole 
• Horseshoe kidney 
Fusion 01 lower poles of kidneys pre\lentlng normal de--.relopmental 
ascent 
• Ectopic kidneys and abnormalities of rotation 
Due to failure of de-.'elopmental ascent 

PElVICAlYCEAl SYSTEM AND URETERS 
Pelvic hydronephrosis 
Dllatallon of pelvlcaly<eal system due to congenital stenOSIS at 
pel'o'lureterlC Junction 
Megaureter 
Abnormality of periStalsis of lower ureter resulting in gross 
prOXimal dilatatIOn 
' Ureterocoele 
CystIC dilatation of Intra'o'eslCal part of ureter due to stenosis of 
ureteriC orifICe 
Vesicoureteric reflux 
Unilateral or bilateral abnormal ity 01 uretenc insertion into bladder 

' Ouplex systems 
Part ial or complete duplication of a ureter 
Ectopic ureter 
Ureter does not open into the bladder but Into some other part 
of the genital tract, e.g. vagina 

BLADDER AND URETHRA 
Bladder hypoplasia 
Associated With some cases of hypospadias In boys or ectopic 
ureters in girls 
Urachal abnormalities 
Ie Cyst. SinUS, patent urachus; due to persistence of urachal 
remnants 

Bladder diverticulum 
Forms by herniation of mLICOSiI through defect In muscular wall. 
In adult5, usually due to bladder outlet obstruction; in children, 
due to congeOilal urethral val'o'E'S 
Bladder exstrophy 
lrJ(omplete closure of lower abdominal wall in midline 
Urethral valves 
Usually occur in posterIOr urethra causing varying degrees of 
obstruction. More distal 'o'alves cause less obstruct ion 

Presentation 

Ollgohydrammos in pregnancy, stillborn infant With chilracleflStlC 
appearance of face and ears 
USually an Incidental flndlll9 at any age Oiten some abl'lOfmallty on 
other Side 

Usually presents In the neonate as abdominal mass_ Fatal If bilateral 

Usually presents as gross abdominal distenSion in the neonate due 
to huge non-functIOning kidneys. Invariably fatal 

May be found Incidentally or dUring Investigations for urinary 
infection Cysts tend to become calCif ied and ha'o'e characteristic 
X-ray appearance 

Usually presents after age 30 with chronIC renal failure, 
hypertenSion, haematuria or recurrent urinary tract infections 

Often incidental finding. May present with loin swelling or pain 

Often found inCidentally but may cause hydronephrosis due to 
pelviureteflc obstruction 
Found mCidentally or during m'o'E'Stlgatlon of complications SLlCh as 
pelvlureteric obstrLlCtlon 

Usually presents In childhood or adolescence With 10m PiIln or mass 

Presents In young children as recurrent urinary tract infections 

Incidental flndmg or may cause infection or symptoms of 
obstruction 

Presents In children as recurrent pyelonephritis which can cause 
severe damage to developing kidney 

Often incidental finding or cause of recurrent infection 

In females presents as dribbl ing incontinence and in males as 
recurrent urinary tract infections 

Bladder distends once ureters Of hypospadlds is corrected 

Patent urachus usually presents in childhood with urine dribbling 
from umbllicus_ Cysts and smuses may present 10 adulthood_ 
AdenocarCinoma sometimes develops in the urachal remnant 

Usually presents as recurrent unnary tract InfectIOn 

Gross abnormality of genitOUrinary system obVIOUS at birth 

Severe cases present in the neonate with gross obstructive effects 
(palpable bladder alter mictUrition), rena l failure and InfeeMn 
Milder cases present later w ith rKUrren! infection 
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Table 33.1 Continued 

Nature of abnormality 

BLADDER AND URETHRA 
Ep ispad ias 
Urethral meatus located In abnormal position somewhere on 
dorsum of penis. Often associa ted with majOr abnormality of penis 
Hypospadias 
Urethra opens In abnormal posit ion on ventral aspect of penis due 
to defe<tlVe urethral fold The prepuce IS ·hooded· and Incomplete 
ven tra lly. DIStal urethra is hypoplastic and shortened 

' Condl tions presenting In adulthood 

incidentn lly on nbdomina l exnm inntion. These kidneys 
are pnrticularly vulncr<lble to even minor trnumn imd 
haematuria is a common presentation. 

Some of Ihose affected wilh polycystic disease also 
have multiple cysts in the liver and somelimes in the 
pancre<lS. They present with massive abdominal swelling 
due to gross liver en largement. There is no specific Ire.ll
ment fo r polycystiC kidney disease and despite good 
conservati ve management, m.lny patients will e\'entu
ally require dia lysis or renal transpla ntation. Surgical 
'deroofi ng' of cysts, as may be appropriate in the 
ma nagement of solita ry rena l cysts (see below)' is not 
appropriate here and oft en makes matters worse. 

MEDULLARY SPONGE KIDNEY 

This is caused by cyst-like d ilatntiOll (ectas ia) of the 
collecting du cts of the renal medulla and may affect one 
or both kidneys. The cysts tend to become calcified. 
giving a chnraclcristic radiogr<1phic appeamnce of stre<1ky 
linenr calcificntion in the ren<11 papillae (see Fig. 33.2). On 
excretion pyclogr<1phy, the tubular ectasia can be demon· 
stmted as a 'flare' in the renal papill<l. M<lrked degrees 
of medullary sponge kid ney predispose to recurrent 
infection and stone fo rm<1t ion because of inlrarenal stasis 
of urine, bul p.llients rarely pIL'SI.'nl before adulthood . 
Minor degrees of change are often seen on intravenow; 
urography (lVU) without symptoms. 

DUPLEX SYSTEMS 

The urinary collecti ng system may be duplicated to a 
grea ter or lesser extent. The duplication usually affects 
the renal end of the system and extends distally. 

Complete duplex ureter is relatively common nnd may 
result in renal dMnage (sec Fig. 33.3). The ureter draining 
the upper pole (upper moiety) of the kidney joins the 
bladd er below the orifice of the lower pole ureter; this 

Presentation 

ObVIOUS at birth With the urethra incomplete dorsally 

Major cases obvious at birth. Millor cases have downward deviatIOn 
of Urinary stream. Some!ln1es a degree of chordee (downward 
bend of the penIS) 

ureter may have <1 defective nntireflux mechanism al its 
junction wilh the bladder, thus predisposing to infection 
nnd renal parenchymal dnmnge. In a child, the upper 
moie ty may not show up on nn excretion pyelogram 
(iVU) bec<1u se an <lssociated ectopic ureterocoele (region 
of abnorm <1 1 ureteric dilat,ltion) may have damaged Ihe 
function of thai p.l rt of the kidney. The dingnoslic picture 
is of the c.llyces in the lower moiety looking like a 
'drooping daffod il'. Lesser d egrees of duplication are 
usually d iscovered by chance on lVU. 

SOLITARY RENAL CYSTS 

Isolated cysts of the renal p.uenchyma (see Fig. 33.4) 
are a common developmental abnormality and though 
rarely symptom<ltic, Can be found in a large proportion 

p 

I 

\ 
p 

Fig. 33.2 M edullary sponge kid ney 
Bilateral medullary sponge kidney on an IVU from a 55· year·old 
woman With recurrent urinary tract lnfe<t ions; the renal papillae P 
have a typICal ' flared' appearance and retain contrast because of the 
dilated collecting ducts. No radiopaCity was VISible on the control film 
although it can be seen in a considerable proportion of cases due to 
ca lCifICation In the ectatic duct5 of ttle papillae. 431 
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Partial 
duplication Total duplex syslems 

Q (J Q 

(b) _ =--''''-' (d, 

Fig. ]].] Duplex systems 
(a) Partial and 10lal duplicatIOn In a total duplex system. the ureter f'om the upper renal motety may open Infenorly In the bladder, or may open 
IOtO the vagllla (I.e IS ectOPIC). If vesicoureteri< reflux occurs 10 the fermer case, It IS via the upper uretenc onflCe IOtO the lower renal mOiety. If a 
ureterocoele (dilated lower end of ureter) develops. it involves the lower ureterIC orifICe draIning the upper moiety. An ectopIC ureter causes 
continUOUS mcontmence. (b) DupllCahoo of the ureters on the fight ~ide; only one ureter can be seen passing as far as the bladder The 
vesKouretenc Junction IS assoCiated With a srMlI, elongated ureterocoele (arrowed) (c) Complete left duplex system with both ureters visible all 
the way down to lhe bladder. (d) Partial duplication on the left SIde. the upper moiety of which exhibits the medullary sponge abnormality; thiS 
25·year-old man presented With multiple ureleric stones. and the other abnorrMhtle5 were Incidental findings 
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Fig, 33,4 Solitary renal cyst 
(a) (T scan showing right renal cyst C This wa-; a chance finding in a 
woman of 45 under investigation for pancreat IC pain_ No treatment 
was necessary (b) ArlOther solitary renal cyst found by chance, this 
time on an aortogram. In this film, contrast has been injected into d'e 
aorta ('flush aonogram') rather than selectively; the typICal animal-like 
'claw sign' CS of a Simple cyst (arrowed) is demonstrated_ 

of the population in la ter li fe, usually incidentally during 
renal ultrasound or IVU investigation. Their importance 
lies in dis tinguishing them from solid tumours and 
hydatid cysts, which is usually easily achieved with ultra
sonography. Mal ignancy in associa tion with a solitary 
cyst is very rare; if it does occu r, it may show up as 
calcifica tion in the cyst wa ll. Occasionally simple cysts 
C<luse p<li n o r s welling. For these, aspiration alone is of 

no value as the cysts rapidly refill. [f intervention is 01 
required, cysts shou ld be deroofed laparoscopic.1 l1y (in !3 
contrast to polycystic d isease). Hydatid disease of the 
kid ney should always be excluded before undertaking 
any surgical procedure on a ' renal cyst' to treat loin pain 
or ureteric obstruction, as inadvertenl puncturing of 
cysts can lead to peritoneal spread . 

HORSESHOE KIDNEY 

This abnormality is c<lused by cmbryologic.11 fusion of 
the two developi ng kidneys at their lower poles. Norm<ll 
rena l ascent in the fetus is prevented by the inferior 
mesente ric nrtcry so that the isthmus of the kidney 
comes to lie across the aorta a t the level of the third or 
fourth lumbnr vertebra. The condition is usually a chance 
finding on IVU investigation (where the diagnostic 
feature is of medially din.'CIed ca lyces-see Fig. 33.5), or 
at abdominal aortic surgery, when it may cause serious 
opera tive difficulties. Horseshoe kidney is sometimes 
associated with pelviureteric junction obstruction, which 
may lead to the diagnosis. Occasionally, a horseshoe 
kidney causes problems during pregnancy. 

RENAL ECTOPIA AND OTHER RENAL 
ABNORMALITIES 

A variety of other rena l abnormalities (including ectopic 
kidneys (see Fig. 33.6, p. 435) rotational abnormalities, 
unilate ral agenesis, aplasia or hyperplasia) may be found 
unexpected ly on investiga tion or at surgery. These ab
norma lities may confuse diagnosis and sometimes result 
in surgical mishap, e.g. excision of a pelvic kidney mis
taken for an ovarian tumour. Note that transplanted 
kidneys are usually deliberately sited in the iliac fossa! 

URACHAL ABNORMALITIES ("" Fig. 33.7, 
p. 436) 

During fetal development, the urogenital sinus communi
cates with the alla ntois via the urachus . Occasionally, 
th is tract persis ts as a fis tula between bladder and 
umbilicus, Sometimes the fi stu la does not open until 
adulthood. Similarly, a remnant may form a blind urachal 
sinus opening at the umbilicus or result in a uracha l cyst 
in the midline of the lower abdomen. These structural 
abnormalities may then become infectt.>d.. Very rarely, an 
adenocarcinoma develops in a urachal remnant in the 
bladder vault or in o ther urachal remnants. 
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~FUSion of lower renal poles 

I" 1/ lorml"" I,thm" 

Level of umbilicus 

.'C=":=----Inferior mesenleric artery 
restricting ascent of fused 
kidney during embryological 
life 

Fig. ]],5 Horseshoe kidney 
Horseshoe kidney shown on IVU from iI 51-year-old woman with 
r('(urrent unnary tract stones; the pelvlcalyceal systems are oriented 
obliquely and converge mferiorly because the isthmus is stretched 
over the vertebral column. Each pelvis and ureter is more medially 
placed than normal and the whole renal mass lies much lower than 
would normal kidneys; the Isthmus of a horseshoe kidney can rarely 
be demonstrated by IVU or ultrasound but can easily be Imagmed in 
thiS Image 

Pt(']'i·t';JiSjI:L!l·]Wi~[C11I:ili];ji~tJ;VJI;!;t,_ 
INTRODUCTION 

A va riety of abdominal disorders such as tumours, innam
malory bowel d iseat;e, aneurysms and retroperitoneal 
fibrosis may secondarily involve the urinary Iract, as 
may iatrogenic (surgical) damage. These conditions affect 
the urinary tracl by obstructing one or both urelers or 
occasion<llly by c<lusing a fistu la bchveen bowel and 
urinary tract. Ob!,truct ion of one ureter <llone may not 
be symplomatic although it may cause loin p<lin or 
pred ispose to infection; bi[,lteral involvement usually 
presents with acute or chronic renal failure. 

Of tumours outside the urinary tract, advanced 
carcinoma of Ihe uterine cervix most commonly pro
duces bililterill ureteric obstruction because of the dose 

an,l tomical relationship of the ureters to the cervix. This 
c.lnccr may also ulcerate forwards into the bladder 
ca usi ng a ves ico-vaginal fi stula . This anatomical dose
ness makes the ureters vulnerable 10 trauma even a t 
slraightforwa rd hyslel"fflomy. Abdomina l hystel"fftomy 
in particular ca n be associated with damage to the ureter 
c<lusing stenosis ilnd hydronephrosis or a uretero-v,lginal 
fis tula. An iatrogenic vesico-vaginal fistula can also occur. 
Carcinoma of the ascending or rectosigmoid colon may 
obstruct the right or left ureter fL'Spcctiveiy, although this 
is su rprisingly rarc. Mosl ulX'teric damage in relation to 
large bowel cancer results from colectomy operations. 

In nilmma tory disease which involves the bowel 
SCroS.l mily ex tend to involve nearby structures such as 

(b) 
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the ureters and bladder, and this may lead to fis tuk, 
fo rmation. This is important in Crohn's d isease and 
diverticular disease. A fistula between bowel and urinary 
tract presents as scvere urinary infection, often wilh 
pneumaturia or faecuri<l. 

An expanding abdomin<ll m<lSS may compress one or 
both ureters and causc symptoms from partial obstruction; 

(bJ 

Fig. 33.6 Ectopic kidneys 
(a) A 48-year-old woman w ith recurrent urinary tract infectIOns; IVU 
shows abnormal pelvlCatyceal systems P of bilateral pelvIC k.idneys 
(b) Right pel~ic k.idney discovered inCidentally during arteriography for 
seYE'fe claudicatIOn. Its blood supply can be seen to arise from the 
distal aorta and Ihac artery She needed an aorto-femoral bypass but 
when faced With the technICal dlHlCultll?S. agreed to conservative 
management of her claudICatIOn. (c) Another middle-aged woman 
With recur rent urll\ary tract infectiOns; the left k.idney l IS ectopICally 
located on the apposite Side and IS fused to the right kidney R 
('crossed renal ectopia'). 

sometimes aorto-i1iac aneurysms are responsible. An 
'innammatory' aneurysm near a ureter is likely to causc 
obstruction. This vari<lnt occurs in about 10% of aortic 
aneurysms. The cause is unknown but the effect is to 
produce retroperitoneal fibrosi s across the anterior 
surface of the aneurysm. A much more common cause of 
ureteric dilatation is pregnancy, which tends to cause 

<h. 
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- - -
Urachal cyst Urachal sinus Urachailistuia 

Fig, 33.7 Urachal abnormalities 

bilateral mega ureter due to the effects of progestogens. 
The main cli nical sign ificance of bilateral mcgaureter of 
pregnancy is that it prediSposes to upper tract infection. 
Thus, sign ificant b,'cteriu ria in pregnancy, symptomatic 
or not, should be treated with antibiotics. Retention of 
urine can be caused by a pelvic mass such as a pregnancy 
of around 14 weeks or an ovarian lesion of similar s ize. 

RETROPERITONEAL FIBROSIS 

Th is relatively fMC and obscure condition is charac· 
terised by progressive, intense fibros is of the connective 
tissue lying posterior to the peritoneal cavity. About 50% 
of cases turn oul to be caused by retroperitoneal spread 
of malignant disease. In the rest, the cause is unknown in 
many O.e. idiopathic), but some drugs such as 
methyscrgide ca n induce the condition or it may be 
associaled with an inflammatory aortic aneurysm 
Retroperitoneal fibrosis sometimes causes hypertension 
via its effect on the kidneys. 

Retroperitoneal fibrosis (RPF) compresses both ureters. 
causing bilateral hydronephrosis and eventually renal 
failure. Sometimes it is associated with inferio r vena 
cava l obstruction. Diagnosis is usually made on IVU, 
which shows bilateral hydronephrosis (see Fig. 33.8). 11,(, 
fibrotic process also draws the ureters closer together in 
the midline. The ESR is chamclerislically elevated. 

Treatment usually involves a preliminary tria l of 
high·dose steroids and insertion of double·] stents 10 
maintain upper tract function whilst awaiting improve
ment. Surprisingly, ureters compressed by retroperitoneal 
fibrosis can usually be calhctl'rised with ease. If med ic.11 
treatment fa ils, the next step is usually dissection from 
the retroperitoneal tissue of the ureters (ureterolysis), 
which afe then l\."'Sitcd wi th in the peritoneal cavity in an 

attempt to prevent recurrent obstruction. A biopsy of the 
retroperitoneal tissue should be taken to exclude malig· 
nancy and to confirm the diagnosis. If obstruction recurs, 
corticosteroid therapy may suppnc'SS the condition. Aortic 
grafti ng is indicated if an aneurysm is present. 

Fig. 33.8 Retroperitoneal fibrosis 
ThiS man of 62 presented With back pain. The IVU shows bilateral 
hydronephrosis due to ureteric compresSion; note how the ureters are 
tapered and characteristically drawn medially by the fibrotic process. 
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CARDIOVASCULAR DISORDERS 

34 Vascular disorders of the 
lower limb - pathophysiology 
and clinical features 

Peripheral arter ial disease 437 Skin cha nges 441 

Vascular insuffiCiency of the lower 11mb 438 

Pain 438 

Changes in skin cabur and temperature 441 

Ulceration 445 

Swelling of the lower limb 447 

INTRODUOION 

The term 'vascu lar disease' is usually taken to meall 
disease of the arterial system, but it a lso includes 
diseases of veins and lymphatics. This chapter covers the 
presentation of vascular disorders of the lower limb, 
their clinical features and p..lthophysiology. 

The active management of arterial d isease only began 
in the 1950s and the sub-specialty of pe ripheral vascular 
surgery has evolved since then. Vascular surgery involves 
disorders of any nrteries outside the heart and thoracic 
aorta as well as venous and lymphatic disorders and 
diabelic fool problems; it employs special techniques un
common in gener<ll surgery. All clinicians should under
stand the principles of diagnosis and the scope and timing 
of treatment because complications of arterial diseases 
are seen across the whole field of medicine, e.g. acute 
ischaemia of a limb. 

Arterial problems of the lower limb are covered in 
Cha pter 35 and other a rterial problems in Chapter 36. 

Venous disorders are covered in Chapter 37 and en
comp.'lss thromboembolic disease and its consequences, 
w hich are common, and varicose veins, which make up 
the largest si ngle group of vascula r problems. 

Lower limb ulcers 

Chronic lower limb ulcers are usually managed by general 
practitioners and com munity nurses with the more diffi
cult cases referred to a dermatologist or su rgeon. Many 
of these ulcers represent a complication of varicose veins 
or a late complication of deep venous thrombosis. The 
majority of the rcst are caused by arterial insufficiency or 
diabetes and a few by vasculi tis or ulcerating tumours. 
In developed countries, infection rarely plays a primary 

role. In intract,1ble cases, persistent ulceration may be 
the result of a combi nation of factors, e.g. local trauma, 
diabetic neuropathy and obliterative atherosclerosis. 
Lower limb ulceration is covered later in this chapter. 

PERIPHERAL ARTERIAL DISEASE 

The bu lk of arterial surgery is concerned with lower limb 
ischae mia and ca rotid artery disease (caused mainly by 
atherosclerotic obstruction) and degenerative aneurys ms. 
Arterial trauma is <In additional component, the volume 
of which depends on the local circumstances; for example, 
in wMtime or civil i(ln conflict, limbs are vulnerable to 
land mines and gunshot wounds and trauma to limbs is 
common in road tr<lffk accidents. 

LOWER LI MB ISCI;tAEMIA 

Most lower limb ischaemia is chronic and ranges in 
severity from minimal to critic,11. The condition is often 
referred to as chronic arte ria l in sufficiency or simply as 
periphera l vascular disease (PVD). Acute lower limb 
ischa emia occurs suddenly and often threatens the 
viability of the limb. The symptoms and signs of arterial 
insufficiency depend on the degree of ischaemia. 

There are three mai n clinical presentations of lower 
limb ischaemia: 

• Inte rmittent cl audi ca tion~re latively mild ischaemia 
producing muscu lar pain only on exercise that is 
relieved by rcst 

• Rest pai n-scvere ischaemia presenting wi th pain in 
the affected foot, the pain becoming intolerable over a 
few days or weeks but without tissue loss. Many of 
these limbs are critically ischaemic 43 
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• Criti cal ischa cmia-scverc ischaemia with actual or 
potential tissue loss. Dry or wet g,lngrene or 
ulceration of p..lrt of the foot or leg may be present or 
likely to occur in the foreseeable future. By definition, 
the viability of the whole limb is threatened. The 
acutely ischaemic limb may be cauSt.'<I. by embolism or 
acute thrombosis superimposed upon chronic 
atherosclerosis. [n this situa tion, cri tical ischaemia 
may develop and progress very rapidly, with the leg 
becoming painful, cold and numb in a matter of 
hours. Emergency surgery or thrombolysis is required 
if the limb is to be saved. 

OTHER CAUSES OF LOWER LIMB PAIN 

Most arterial ilnd venous disorders of the lower limbs 
can be recognised easily but in the acutely painful limb. 
differentiating between .1rterial insufficiency and deep 
venous thrombosis may require some clinical acumen; 
d istinguish ing the two is, however, highly important. 
Whatever the cause of the acutely p..li nfullimb, assessing 
the arterial clement is an essential preliminary. In chronic 
cases, non-vascular Causes of pain on walking such as 
cauda equina compression may be misdiagnosed as 
being arterial in origin. 

ANEURYSMS 

Aneurysms arc an important degenerative disorder in 
older patients and most commonly affect the abdominal 
aorta, the ilio-femoral arteries and the popliteal arteries. 
Any ilneury~m may rupture or leak and poplile<11 
aneurysms in particular may thrombose or embolise and 
cause distal ischaemia. Although some aneurysms pre
sent acu tely in one of these ways, the majority present <1S 
<1 painless pulsiltile mass or are detected incidcntillly on 
ultrasound scilnning, abdominill X-my or CT. In addition, 
there is an increilsing interest in popul<1tion screening 
of older men for abdom inal aortic aneurysms by ultra
sonography. The way illl aneurysm is managed depends 
on its site and its potential for serious compliciltiolls. 

VASCULAR INSUFFICIENCY OF THE 
LOWER LIMB 

PATHOPHYSIOLOGY 

Vasculnr disorders of the lower limb are caused mainly 
by atherosclerosis, ilTterial thromboembolism, <1neurysms, 
complications of diilbetes mellitus, and thromboembolic 
ilnd varicose disorders of the venous system. In some 
piltients, especially the elderly, several causes m<1y inter
ilCt. Accurilte initi<11 diagnosis of vascular disorders 

depends largely on ski lled clinical evaluation rather than 
special invcstigations. Symptoms and signs are best inter
preted in the light of the underlying pilthophysiological 
processes outlined in Table 34.1. 

SYMPTOMS AND SIGNS IN THE LOWER LIMB 

The princip.l1 symptoms and signs of lower limb vascular 
dise<1sc are p..lin, changes in skin texture, changes in skin 
colour il nd temper<1ture, ukeriltioll and swelling. The 
di<1gnostic importance of eilch of these is outlined in the 
following sect ions and summa rised in Tilble 34.1. 

PAIN 

Most lower limb p..lin is due to trauma or musculoskeletill 
disorders rather thiln vascul<1r disease. Where symptoms 
are c.1used by vascular d isease, piltients have minor pain 
and discomfort associil ted with varicose veins, have 
exercise-related pain, or have more severe pain caused 
by obliterative arteria l disease or acute ischaemia. 

INTERMITTENT CLAUDICATION 

Chronic arterial insufficiency presents most commonly 
ilS muscular p..lin brought on by exercise which increases 
if walking conti nues. Symptoms uSllillly predominate in 
one limb and the piltient commonly limps with the pain, 
which accounts for the descriptive term 'intermittent 
cliludication' (Lltin c/nllriicnre: to limp). The patient is forced 
to stop walking, whereupon the pain subsides, usually 
within a minute or two. If exercise is then resumed, the 
pain recurs ilt <1bout the s.1 me willking distance. 

The pilin of intermittent claudication is illmost alw<1ys 
in the calf whatever the level of the caus.1tive arterial 
obstnlction. The pain m<1y extend into the thigh or even 
buttock if willking is continued ilnd this indicates ilTterial 
obstruction above the inguinal ligament. Absen t foot 
pulses or foot pulses which become impil lp.lble after 
exercise may be the on ly physical signs. 

There is only one other condition which might 
reasonably be mistaken for arteriill claudication after il 
thorough history h<1s been tilken; this is cauda equ in a 
claudication, cilused by compression of the caudil equina 
within the spinill cana l by centrill d isc protrusion or 
spinal stenosis. In this condition, lower li mb pain is also 
brought on by exercise but there are important differences; 
the claudication distance is very vilriable ilnd is often 
absent on w<1lking uphill or when cycling. The p<lin tilkes 
30 minutes or so to subside ilnd there is often il history of 
low bilCk p<1in. On examiniltion, there is usually evidence 
of a lower motor neurone lesion such as diminished or 
<1bsent lower limb tendon reflexes. CT scanning of the 
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Vascular diseases of the lower limb-pathophysiology and clinical features -< 

Table 34.1 Pathophysiology and clinical consequences of vascular diseases affecting the lower limb CI 

Basic d isease Pathophysiologica l process 

OBLITERATIVE ATHEROSClEROSIS AND ITS COMPLICATIONS 

Gradual luminal narrowing by 
atherosclerotic plaques, CclUSlng chronIC 
ischaemia May undergo sudden OCclUSIOn 
by superimposed thrombus. Affects aorta 
and large distributing ~s More 
common In diabetICS, partICularly type II 

Embolism arising from atherosclerotic 
lesions (obliteratIVe or ulceratlll9) 

ANEURYSM S 

Mainly affect aorta, lillo-femoral and 
popli teal arteries, Aetiology uncertaln
perhaps degeneration of elastin and/or 
collagen. AtherosclerOSIS may also be 
present 

Anerial supply adequate at rest but 
Inadequate to sUPrIy metabolic demands 
of lower "mb muscles (especially In calf) 
dUring eJ\erc~ 

Arterial supply Inadequate even at rest, 
resulting In ischaemia of all tissues, but Just 
sufficient to sustair viability of the 11mb, 
although e~treme penphenes may undergo 
patchy necrosis. Sk n becomes atrophic, often 
w ith react ive dilatation of peripheral 
microvasculature c~us i ng redness, Heal ing 
severely impaired With risk of spreading 
infection if pressure or trauma (accidental or 
surgICal) causes ulceration 

Acute severe ischaemia due to thrombotIC 
obstruction of sten::>Sed ~seL Leads to 
necrosis within ~ hours if untreated 

AtherosclerotIC debris Of mural platelet 
thrombi (usually small) detach and pass 
to eJ\treme peripheries. Showers 01 emboli 
may recur intermittently 

ProgressIVe aneurysmal dilatation 
May be self-l imiting If hypertenSion and 
smoking controlle<J 

Sudden rupture of aneurysm 

Leakage of ilneurysm into retrepentoneill 
tlssues-usually leads to rupture Within hours 

Sudden thrombotIC occlUSion of aneurysmal 
popliteal artery 

Sudden distal ischaemia affecting lower limb 
due to embolism of thrombus from WIthin 
aneurysm 

Clinical manifest ations 

Intermittent claudication-paln In 10Wff 
limb muscles on walking, qUickly relieved by 

"'" Popliteal and foot pulses not usually 
palpable Femoral pulses present in 70% 

Severe ischaemia (critical ischaemia if 

v iability threatened)--pain in foot at rest 
(worse at night) rel ieved by hanging leg 
down. Symptoms develop over days or 
weeks. Skin of peripher ies red/purple and 
dusky. Skin shiny and taut due to dependent 
oedema (pat ients often sleep with feet 
hanging down to gain relief) 
Foot becomes pale on elevat ion and red on 
dependency (Buerger's test), May be patchy 
dry or wet gangrene or ischaemlC ulceriltlon 

Acute-on-<hronic ischaemia----sudden 
onset 01 pain and pallor with gradual 
paralysis and numbness of leg. Later, skin 
becomes blue and blistered as necrosis 
supervenes. Symptoms and signs IdentICal to 
acute embolic occlusion (see beiOllV) 

Carotid atherosclerOSIS is a common cause of 
tranSient ischaemic attacks mAs). 
Aorto-iho-femoral disease can cause lower 
hmb embolism 

Asymptomatic--discovered Incidentally as 
pulsat ile mass in abdomen, grOin or popliteal 
fossa, on abdominal X-ray, CT or ultrawund 
scan, or on ult rasound screening 
Symptomatic~abdomina l or back pain wi th 

tender aneurysm, Needs urgent surgery 

Sudden death-acute, usually fatal, 
card iovascular collapse . Often misdiagnosed 
as myocardiill inlarct ion 

l eaking/ ruptured aneurysm---ill-de fine<J 
back or abdominal pain often simulating 
ureteric colic or other abdominal emergency 
DiagnostIC If accomp.lOled by tranSient 
collapse. Sometimes a history of recent 
Similar ePIsodes. Pulsatile abdominal mass 
palpable In SO% 

Symptoms and signs of acute sev ere leg 
ischaemia, often pulsatile poplite<ll 
aneurysm on contralateral side 

If severe, as In thrombolK OCciUSlOfl of 
popliteal artery aoove. If 1eS5 severe, localised 
pain and reddish-blue areas of skin necrosis 
which do not blanch on pressure 

--
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Table 34.1 Continued 

Basic disease 

AORTIC DISSECTION 

Pathophysiological process 

Blood passes out Into a dl!l}eflerated media 
and tracks distally and sometimes proximally; 
begins in thoracic aorta Dissection may 
obstrud major aoni~ branches-mesenterlc, 
renal and Iliac arterIeS. May disrupt aortiC 
valve or rupture Into pericardium 

CARDIAC DISEASE CAUSING PERIPHERAL ARTERIAL SYMPTOMS 

Arterial thromboembolism 
secondary to myocardial tn farction, mitral 
valve disease {especially rheumatIC}, atr ial 
fibrilla tion, ventricular aneurysm (see also 
atherosclerosis above) 

Poor cardiac output, e,g acute 
myocardlallnfarChon, severe cardiac 
failure 

Embolism-usually large masses of mural 
thrombus become detached and impact 
at bi furcations of diWibutlng arter ial 
system causing acute cntical Ischaemia. May 
affect blood supply :)f upper or lower limb, 
brain or intestine 

Inadequate perfUSion of all peripheral 
tiSSUes. e)((lcerbates pre-eXISltng artenal 
insufficlerKY 

DIABETES MELLITUS-THE 'DIABETIC FOOT' 

May be 'pure' diabetIC neuropathy but 
diabetes IS often assoCiated With 
accelerated atherosclerOSIS, and 
precllspositlon to Infection 

VENOUS DISORDERS 

Deep venous thrombosis predisposed by 
pregnancy, oestrogen therapy, majOr 
surgery, trauma, Obesity, abdomtnal 
Of pelvic malignancy, Immobility. May be 
complicated by pulmonary embolism 

Pre-exlSllng diabetIC sensory neuropathy 
predisposes to traunatlC tnJury and ukerallon. 
Process e)(clCerbated by abnormal IOtermedlary 
metabolism and often complICated by 
pyogenic infection 

Arterial supply may be compromised by 
atherosc lerosis 

Spontaneous thromboSIS In deep venous 
system of calf; may propagate pro~lmaHy tnto 
lilio-femoral veins. Obstruds venous return In 
short and long term Spontaneous 
recanalisation may (.lUSt' deep vetn valvular 
irKompetence, ie (hronic venous 
insufficiency, and kx:al veoous hypertenSion, 
thiS obstflXt5 capillary flow and Inhibits 
metabolic e~change; leakage of red cells 
causes sutx:utaneous deposl\lon of 
haemosiderin. Combtned effects cause 
atrophy of sklO and subcutaneous fat. fibrOSIS, 
poor healing and predlSPOSlttOn to ulceration 

Clinical manifestations 

CharactenstlCally present5 With shock and 
severe chest palO radiating to back, Renal 
artery Involvement causes anuna. May 
present With acute bilateral lower limb 
Ischaemia. Retrograde dissection to aortic 
valve causes acute left ventricular failure 
Often fatal but some cases without aortIC 
valve involvement rE'(over With 
antihypertensIVe therapy; in others, thoracic 
aortic surgery may be successful 

Sudden onset of symptoms and signs of 
acute severe limb ischaemia, stroke or 
mesenteric Ischaemia. Often atnal 
fibr illat ion or recent history of myocardial 
infarction 

Progressive signs of severe ischaemia 
With uiceratton of It'9s, usually bilateral. 
Pattent usually eldefly With severe (of teo 
terminal) cardiac disease. AortIC thrombosrs 
may be a tt'fminal event 

TypICal presentation of neuropathic foot IS 
a deep, patnless. Infected ulcer With a 
characteristic 'punched our appearance 
Surrounding tiSSueS well perfused (pink and 
warm). Peripheral pulses often palpable but 
there IS generalised sensory impairment 
Ulceration often recent, over a bony 
prominence and preceded by minor trauma 
InfE'(t ion may spread deeply and rapidl y, 
causing limb-threatening necrosis and 
septicaemia 

Atherosclerosis may cause or complica te 
diabetIC foot problems. Presentation Similar 
to arterial disease in non-diabetIC patients 

ClaSSIC acute presentation is pain and 
swelling of calf and ankle Wi th calf 
tenderllt'Ss. Dorsifle~ion may cause palO 
(Homan's sign). Lt'9 usually warm and 
normal (olour but pulses may be impalpable 
due to oedema. If ilio-femoral veinS involved, 
thigh also swollen. Llte complication is 
post-thrombotic limb with chronic brawny 
oedema and narrow ankle due to hpo
dermatosclerosis. Skin atrophiC, scaly and 
plgmef1ted (varicose/venous euema). 
Skin above medial malleolus most vulnerable 
to chroniC ulceration after minor trauma 
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Table 34.1 Conti nued ct 

Basic disease Pathophysio logiul process Cl inical manifestations 

Superfld al venous thrombosis (Le. 
thrombophlebit is) Usually occurs 
In tortuous d,lated varicose veinS; 

Spontaneous throrrbosis in superficial veinS; 
excites an Inflammatory response In the 
vessel wall and sUHJUndlng tiSSUes 

Rapid onset of acute, highly localised 
pain and tenderness. associated WIth 
varicose velnS_ OverlyIng skin red and 
oedematous; underlying vems hard and 
nodular 

more common In Pf~nancy. OccaSIOnally 
affect!. normal vems as thrombophlebitis 
migrans In patients with underlying 
malignancy elsewere 

Varicose veins incompet(mt fundlon 
01 valves In veins connecting deep and 
superficial venous systems; often beginS w ith 
sapheno-femoral valve. Basic abnormality 
may be in vessel wall 

8100d IS forced from deep venous system to 
superficial system through Incompetent ~alves 
causing slowly prO<Jressi~e tortuous dilatation 
of superficial veins. Venous hypertenSion may 
cause chronic skin changes and sometimes 
ulceration. Dilated vesse ls are vulnerable to 
trauma and may bleed profusely 

Slowly progres5lve development of prominent 
purple. dilated, tortuous superfiCial veinS 
Pat ient often complains of aching, especially 
after long period of standing_ Patients may 
be upset by cosmetic appearance or, if there 
IS a family history, fear of progression or 
ulceration . Pain relieved by ele~at i on_ Women 
more often affe<ted than men; varICOSities 
often first appear during pregnancy 

spi nal ca nal is diagnostic, demons trating a narrow spina l 
cana l or disc protrusions impacting on the cauda equina. 

REST PAIN 

With more severe arterial obstruction, ischaemic p<1.in 
may occur when the patient rests in bed. Termed rest 
pain for obvious reasons, th is usua lly occurs in the skin 
of the foot and is burning in character. It probably occurs 
at night because of several factors working togelher: loss 
of gravity assist;mce to arterial supply, physiological 
reduction in cardiac ou tput a t rest, and reactive di la
tiltion of skin vessels to warmth. The p<1.in is often 
relieved by hilnging the leg over the side of the bed or 
even wa lking around. 

In acute crit ica l ischaemiil, blood flow to the periphery 
is virtually absent and there may be no pain in the most 

SKIN CHANGES 

Changes in skin texture, colour, pigmentation or 
temperature (a nd the distribut ion of these changes) help 
to disti nguish between the different types of lower limb 
vascu lar d isorder. In the chronic disorder, the epidermis 
may be thin and atrophic because of deficient oxygenation 
and nut rit ion; th is expla ins the use of the descriptive 
term trophic cha nges. 

In arterial insufficiency, whatever the level of obstruc
tion, the effects are most evident at the extreme periphery, 
i.e. the foot and toes. In contrast, the skin changes caused 
by chronic venous insufficiency are most severe around 
the medial side of the ankle above the malleolus, and are 
almost never seen on the foot. Furthermore, in venous 

severely affected ilreil, presumably due to peripheral nervc 
ischaemia. Severe p<1.in is usually present more proximally 
where the tissue is less ischaemic. 

The p<1.in of deep venous thrombosis is nearly .lhv.1YS 
less severe than that of severe ischaemia. Physical 
examina tion will d istinguish between the two con
ditions. In deep vein thrombosis, the limb is warm not 
cold, pulses are detectable (by palpation or Doppler flow 
meter) and there is no colou r change (except in very 
severe cases). Swelling is often a feature of deep venous 
thrombosis but is not found in acute arterial ischaemia. It 
is vital to recognise acute arterial insufficiency as it rapidly 
progresses to irreversible necrosis. Beware of the trap in 
diilbelic patien ts wi th neuropathy-severe ischaemia may 
be painless and disruption of small vessel control may 
mean the severely ischilemic foo t is warm. 

disease, the cutaneous fat around the ankle may become 
thinned by a trophy and hardened by fi brosis (termed 
lipo-dermatosclerosis or, less accura tely, fat necros is). 
The leg above Ihe ankle is oedematous. In extreme cases, 
there may be marked constriction at the ankle giving rise 
to a champagne-bottle leg. 

CHANGES IN SKIN COLOUR AND 
TEMPERATURE 

Colour cha nge may suggest the underlying disease pro
cess, partieu larly if temperil ture change is also considered. 

• • -
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Many people, particularly the elderly, suffer from cold 
feet in cold wcather. If both feet are pale when cold but 
have normal pulses, this is normal arteriolar constriction 
fo r temperature conserva tion. 

THE ACUTELY COLD FOOT 

The main pathological reason for a foot becoming acutely 
cold and wh ite is a sudden complete arterial occlusion. 
This event is usually slxmtaneous but external precipitating 
events such as traum<l or frostbite (see Fig. 34.1) will be 
evident from the history. Ischaemia is usually unilateral 
unless the abdominal <lort,l or both iliac arteries become 
obstnlcted. There <Ire ischa emic changes in the foo t 
extending a vari<lb1c amount up the leg. 

The ca rdinal clinical features of acute critical ischaemia 
are: 

• Pain . This is varia ble in intensi ty and affects the dist<ll 
pMt of the limb 

• Pa llor of the ext remity. The ischaemic area is initially 
white but m,ly be bluish though blanching on 
pressu re with s low capillary refi ll. L..ter it becomes 
blue without bl;lllch ing (fi xed pigmentation) when 
necrosis occurs 

• Pu lselessness of the extremity. Foot pulses are absent 
and popli tea l and femo ral pulses may be lost, 
accordi ng to the level of occlusion 

• Pa raes thes ia or anaesthesia of the periphery (i.e. 
altered or absent ski n sens..lion). This only occurs if 
ischaemia is severe 

• Para lysis of cillf muscles. The patient is unable to flex 
or extend the toes or ankle. This only occurs if 
ischaemia is extreme. Pain may dis..ppear at this stage 

(As an aidc-mcmoire, the features of acute limb isch<lemia 
nre known as the five Ps: P<lin, Pallor, Pulselessnes~, 

Paraesthesia and Paralysis. Not all of these <Ire present <Ill 
of the time; anaesthesia and paralysis are dire fmtures.) 

Once anaesthesia and paralysis occur, the vi<lbility of 
the limb is at immediate risk and urgent steps need to be 
taken to r{'vasculariS<' it. Even if these are successful, 
ischaemic changes may already be irreversible and there 
is a serious risk of muscle necrosis due to reperfusion 
injury. If the foot becomes dusky purple and fails to 
blanch on pressure, irreversible necrosis has occu rred . 
These changes alw,lys involve the foot but may extend 
proxima lly (though rarely above the knee). The upper 
limit of the necrot ic area is usually well demarcated from 
the proximal viable tissue. Blistering of the skin begins 
24-48 hours after necrosis. 

Colour cha nge in venous thrombos is 

Colour change is lmusual in deep venous thrombosis but 
massive pelvic vein thrombosis may cause colour ch.lngl"S 

Fig. 34.1 Frost-bite 
IschaemlC necrOSIS of the foot in an elderly man caused by sleeping 
outSide In a very low temperature in Winter Below knee amputation 
was later performed 

sometimes mistaken for arterial occlus ion. Such extensivc 
thromboses are now unusual and occur mainly in high
risk p..tients. Massive thrombosis was once more common, 
especia lly during la tc pregna ncy or the early puerperium. 
The condition was known as while leg of pregnan cy or 
phlegmasia alba do lcns. The whole of the lower limb is 
painful, £,<.le and massively swollen. In contrast to the 
findings in arterial occlusion, the limb is wann and pulses 
are detectable despite the oedema. A rare but more S<'rious 
variant is blue leg or phl egmasia caerul ea dolens which 
represents incipient venous infarction. 

THE CHRONICALLY COLD FOOT 

In chronic arterial insu fficiency with symptoms of scvere 
claudication or rest pain, the onsct of a dusky skin colour 
in the toes or foot suggests incipient tissue necrosis (pre
ga ngrene). If finger pressure is applied to the ischaemic 
ski n, the rate of colour return gives an indic.1tion of skin 
perfusion. Ilowever, many elderly people wi th a slow 
refill time have cool, bluish feet with few symptoms and 
no skin breakdown. These patients rarely have arterial 
disease and this can easily be excluded by Doppler ankle 
pressure measurement. 

ecrosis in chron ic isch,lemia may be patchy and 
local ised if there is a developed colla tera l circu lation. 
Such necrosis is usually confined to a toe or a limited 
part of the forefoot. The necrotic area slowly becomes 
hard, black and mummified (dry gangrene) and may 
eventu ally separa te spontaneously from the viable tissue 
(see Fig. 34.2). However, there is always a danger that 
the necrotic area may become infected . The tissue then 
becomes boggy and ulcerated and the infection and 
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Fig. 34.2 Necrosis from severe ischaemia 
(a) Acute ischaeml( necrosis of big toe due to sudden, acute-on·chronic thrombosis of superficial femoral artery. (b) Acute Ischaeml( ulcer of 
dorsum of foot due to femora l artery embolism 24 hours before. (e) Left foot sh0'W5 signs of severe chronIC ischaemia with dry gangrene. Right 
foot has healed fol lowing successful femoro-pop liteal bypass grafting and local amputatIOn (d) ChrOniC severe ischaemia w ith necrosis of toes as 
a result of obliteratlye aorto'll iac atherosclerosis_ 

gangrene spread proximally (wet gangrene). Wet gangrene 
requires urgent treatment, often with a combination of 
revascu laris.:1tion and ampu tation. 

Redness of the skin indica tes that oxygenated blood is 
present in the capillaries. This implies there is no venous 
congestion or obstruction. Wit h ischaemia, there is 
reactive di lat,11 ion of the microvasculature to hypoxia, a 
physiologic,11 attempt to extract the maximu m oxygen 
from wha tever blood is reaching the area. Thus severely 
ischaemic skin may fee l cool, bu t paradoxicaUy be red. 

Buerge r's test fo r severe ischaemia (see Fig. 34.3) 
involves high eleva tion of the leg for a minu te or two. If 
the peri pheral arterial prt."SSure is inadequate to over
come the effects of gravity, the entire foot becomes whitt'. 
When the leg is hung down, it gradually becomes 
bl uish-red as blood flow returns. nlis test is easily 
misin tcrpreted----cven in healthy people, the foo t will 
blanch somewha t with elevation. 

THE WARM FOOT 

Infla mmatory dilatation of the microcircula tion also 
ca uses ski n rt.>d ness, but the skin is warm and slightly 
swollen because of en hanced blood flow. An example is 
low-grade b.1cterial celluliti s which may be seen in 
diabetes or chronic venous insufficiency, or may arise 
unexpectedly. Note that if infection develops in a 
severely ischaemic limb, the usual signs of inflam mation 
may not develop and the extent of infection may be 
underesti mated. If the blood supply is la ter restored 
surgic,11ly, signs of inflammation then develop. 

ABNORMAL PIGMENTATION 

In a post-thrombotic limb, valves in the deep veins 
have been disrllpted by in flamma tion, organis.1tion and 
recanal isation following det'p venous thrombosis. The 
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va lves thus become incompetent and allow deep venous 
reflux . This prevents the leg muscles from acting as a 
venous return pump and leads to chronic venous 
insufficiency. Sta nd ing erect causes venous stagnation, 
increased venous pressure in the leg (venous hyper-

Fig. 34.3 Buerger's test in severe iKhaemia of the lower limb 

tension) and chronic leg swelli ng. Red cells exlr aVas.lte 
into the tissues a nd form hae mosiderin deposits which 
cause brown skin pigmentation. 111is, accompa nied by 
d ry, scaly, atrophic skin, is described as varicose or venous 
eczema (see Fig. 34.5). 

(b) 

Fig. 34.4 This 78-year-old man had critical ischaemia of both legs. (3) Shows both feet elevated. The left big toe IS seen to be necrotIC distally. 
Both feel go pale but the fight is dead white. (b) With dependency, both feet go blueish red, most marked th is time on the right Both feet would 

444 be Buerger's positive. 
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ULCERATION 

Chronic ulceration of the lower limb is a common problem, 
particularly in the elderly. The causes are summarised in 
Box 34.1. 

Effective treatment depends on clinical evaluation of 
the following fac tors, discussed in detail below: 

• I [istory of lhe origin and evolution of the ulcer 
• The site of the ulcer 
• The cha racteristics of the ulcer 
• The na ture of the surrounding tissues 
• Relevant regional findings 
• The patient's general condition 

HISTORY OF THE ULCER 

Details of the initial skin lesion and the circumstances in 
w hich it occurred may provide d iagnostic clues. Minor 
trauma may be the initiati ng incident but failure to heal 
can usua lly be attributed to abnormal skin nutrition. The 
common causes include chronic venous insufficiency, 
arterial ischaemia and diabetic neuropathy. The ulcer 
often begins insid iously with minor breakdown in a 
patch of atrophic skin. [n venous insufficiency, the skin 
often 'weeps' plasma. 

[n the elderly or in patients on long-term steroid 
the rapy, minor trauma to the tibia may produce a 
V-shaped fl ap laceration (see Fig. 34.6). This invariably 
fails to heal because of poor blood supply both to tre 
nap and the underlying tissue. Suturing a nap laceration 
increases tension and compounds the local ischaemia 
and must no t be done; the result is even greater tissue 
loss and ulceration. The most effective management is 
often early excision of the flap nnd immediate split skin 
g rafting. 

In tropical countries, traumatic inju ries and burns 
readily become infected. If they are not medically treated, 
these injuries develop into large chronic tropica l ul cers. 
The infecting organis ms are usually a mixture of 
s pirochaetes and fus iform bacteria. 

The duration of the ulce r, its healing, and subsequent 
recu rrence or other changes g ive further clues to the 
diagnosis. Ischaemic ulcers presen t early because pain 
soon becomes intolerable and the ulcer refuses to he,ll 
(except in diabetics with cQCxisting ischaemia and 
neuropathy). [n contrast, post-thrombotic and varicose 
ulcers are rarely pain ful and usua lly fluctuate betweEn 
healing and breakdown. Rarely, squamous ca rci noma 
de velops in a longstanding ulcer and is recognised by 
proliferative change at the ulcer margin (see Fig. 34.7). 
These lesions are known as M arjoli n's u lcers and were 
first described following bu rns which failed to heal. 
Primary skin malignancies on the leg may ulcerate, but 
these usually begin as a skin lump. 

[f a patient with a leg ulcer has claudication or rest 
pain, this suggests an ischaemic cause (see Fig. 34.8). 
Neuropathic o r mixed d iabetic ulcers tend to be painless 

KEY POINTS 

Box 34.1 causes of chronic leg ulcers 
• Chronic venous insuffic.iency 

- Previous deep venous thrombosis (post
thrombotic limb) 

- Varicose veins (superficial venous insufficiency) 
- Congenital reflux-defective deep vein valves 

• Chronic arterial insufficiency 
• Diabetic neuropathy and other sensory 

neuropathies, e.g. leprosy 

• Pressure sores 
• Vasculitis, e.g. in rheumatoid disease and other 

collagen diseases 
• Traumatic flap lacerations over the pretibial area 
• Tropical u1cen: invotving bacteria or fungus 

infections 
• Tuberculous utcen: 
• Malignant tumours 

s 

" 
Fig. 34.5 Skin changes of chronic venous insufficie ncy 
This 53-year-old WOffidn suffered a deep vem thrombosis dUring her 
second pregnancy many year5 earlier The leg is pigmented around the 
ankle and this tissue IS woody on palpation (lipodermatosclerosls). The 
scar of a healed vancose ulcer 5 is seen above the medial malleolus 
(arrowed) 44 
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(b) 1.._-=:====:"_ .. 
Fig. 34.6 Flap laceratio n 
(a) This wound was caused by a fall In which the patlenn shin was 
scraped on a stone step. It is tempting to suture such a wound but If 
this IS done. the flap Will invariably undergo necrOSIS as In (b) Most of 
these types of wound reqUife split skin grafting 

Fig. 34.7 Marjolins ulcer 
SQuamous carcinoma de~eloplng In a chronIC ~enous ulcer This ~ery 
rale transfom'\ation followed 34 years of continuous venous uiceratlOl" 
The leg was amputated below knee and the patient cured. 

bec,lUS(' of a sensory neurop.lthy (which may be the main 
predisposing cause). A history of previous deep venoUi 

446 thrombosis makes venous insufficiency the likely cause. 

Fig . 34.8 Chronic ischaemic ulcers 
ThiS elderly man had intolerable Pilln in his foot. worSE' at night for 
7 weeks. Note the foot is red and there are multiple ulcers o~er the 
Idteral malleolus. 

SITE OF THE ULCER 

The site of the ulcer on the lower limb may point to its 
cause. Post-thrombotic and varicose ulcers arise typic'111y 
just above the medial malleolus (the 'gaiter' area) and may 
extend circumferentially around the leg (see Fig. 34,9). 
They rarely occur in other sites. Diabetic (neuropathic) 
ulcers always occur on the foot either as p<>rforating 
ulcers on the sole beneath the metatars..ll heads or at 
other bony prominences; these include the toes, the b.ll1 
of the great toe and the malleoli, 

Ulcers due to arterial insufficiency may occur any
where below the mid-calf, including the usual sites of 
venous or diabetic ulcers. Pressure ulcers occur mainly 
in debilitated, elderly or unconscious patients, especially 
at the back of the heel (sec Fig. 47,9, p. 648). Even a few 
minutes in one position on a hard casualty trolley or 
operating theatre table may initiate skin necrosis in an 
alre,ldy ischaemic limb. Pressure ulcers usually begin as 
a well-circumscribed p<ltch of skin discoloration, which 
becomes necrotic and later ulcerates. The heels of vulner
able p,ltients should be nursed carefully and regularly 
inspected to avoid this complication. 

CHARAOERISTICS OF THE ULCER 

Most ulcers are sha llow, involving only the skin and 
subcutaneous fat. Diahctic ulcers, however, tend to 
penetrate deeply into the foot, where there is underlying 
necrotic and infected tissue. The base of any ulcer 
usually contains slough and fib rin but granulation tissue 
may be visible beneath. The slough should not be 
removed unless arterial insufficiency can be excluded, as 
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Fig. 34.9 Venous (varico se) ulcer 
This longstanding ulcer IS typICal of venous ulceration by Its site, the 
medial gaiter area of the ankle. Its relative palnlt'Ssness and the 
presence of venous eczema surroundmg It The visible corrugations Ir 
the skm above the ulcer are caused by four-layer bandaging 

this could ilggrilvate ischaemia. If there is proliferilting 
tissue in the ulcer, this should be biopsied. 

The edge of most chronic lower limb ulcers slopes 
towards the base with no specific diagnostic features, 
although epi theli ill proliferation growing inwards from 
the edge suggests healing. Diabetic ulcers have a charac
teristic 'punched-out' edge wi th abrupt transition from 
normal skin to the necrotic cra ter. On the sole, diabetic 
ulcers have a hypcrkeratinised edge in response to excess 
local pressure during walking caused by distortion of the 
foot. Malignant ulcers may have a raised margin. 

NATURE OF THE SURROUNDING TISSUES 

The characteris tics of the surrounding tissues indicate 
the b.lckground on which the ulcer has formed. These 
characteris tics include colou r, texture and perfusion 
(shown by temperature, blanching response, venous 
filling and Buerger's test) as well as swelling and 
pigmentation. 

REGIONAL FEATURES 

Regionill CXilmination shou ld search for diagnostic clues, 
e.g. peripherill pulses, inguinal lymphadenopathy (infec
tion or malignancy), vilricost' veins or deep or superficial 
venous thrombosis. 

GENERAL STATE OF THE PATIENT'S HEALTH 

General history and cxamination may give useful 
diagnostic dues but are casily overlooked . Smoking is 
an important facto r in atherosclerosis, and cardiac failure 
or arrhythmias may contribute to arterial insufficiency 
and cause chronic lower limb oedema. Paresis following 
a stroke milkes a limb vulnerable to pressure ulcers. 
Maturity-onsct diabetes may have developed insidiously, 
SO the urine and blood sugar should always be tested. A 
diagnosis of diabetic neuropathy does not necess.1.rily 
mean this is the cause of the ulceration as diabetics 
often have accelerated atherosclerosis and present with 
ischaemic ulcers or a mixed picture. Neuropathic com
plications and secondary infection are also common. 
A his tory of Raynaud's syndrome, rheumatoid disease, 
sclerodermil or other collagen disorder may point to an 
arlcritic cause. 

SWELLING OF THE LOWER LIMB 

Swelling of the lower limb (see Fig. 34 .10 overleaf) may 
be bilaterill or unilaterill. The causes arc summarised in 
Box 34.2. Systemic ca uses, and conditions listed under 
'sluggish venous return' in the box cause bil il tera l 
swelling. The other causes tend to produce swelling of 
only one limb. Most causes of unilateral swelling are 
chronic and painless, except for acute deep venous 
thrombosis and cellulitis. 

Ch, 
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Fig. 34.10 Swollen limbs due to venous obstruction 
lower 11mb swelhng due to pelvic compresSion caused by a m.:lssive 
ovanan tumour. Alter exciSIOn of the tumour, the limbs gradually 
returned to near normal over a penod of 6 months. 

KEY POINTS 

Box 34.2 causes o f swell ing of the lower limbs 

Local causes 

• 'Sluggish venous return', e.g. immobility. pregnancy, 
prolonged Sitting in a chair, inefficient calf muscle 
pump (paralysis due to polio or hemiplegia) 

• Acute obstruction of venous return, e.g. deep 
venous thrombosis 

• Destruction of valves in deep venous s)'5tem 
following previous deep venous thrombosis 

• Congenital lymphatic aplasia or hypoplasia, e.g. 
Milroy's disease 

• Cellulitis (usually streptococcal) 
• lymphatic obstruction by filariasis (in tropical Africa 

and Asia) 

Regional causes 

• Venous obstruction by pelvic mass, e.g. advanced 
pregnancy, ovarian cyst, pelvic malignancy 

• lymphatic obstruction by malignant involvement of 
inguinal or more proKimal nodes, or after block 
dissection or radiotherapy 

• Inferior venal caval obstruction 

Systemic causes 

• Congestive or right-sided cardiac failure 
• Hypoalbuminaemia, e.g. malnutrition, nephrotic 

syndrome 

• Fluid overload 
• Side effects of drug therapy e.g. ACE inhibitors 
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INTRODUOION 

Chronic arterial insuffiCiency of the lower limb presents 
at any point along a sca le of severi ty ranging from mild 
intermittent claudication brought on by severe exercise 
to gangrene of a large part of a limb. Between these two 
extremes arc increasing severities of claudication, rest 
pain and trophic changes (i ncludi ng ulceration), or any 
combination of these. 

Symptoms often develop suddenly, presumably sig
nalling the "cute event, or they may evolve over days or 
weeks or even arise so gradually as to be hardly noticed. 
Once present, sym ptoms and signs may remain stable or 
else progress; the latter is more likely if ischaemia i5 
extreme and particularly if infection is present. [n the 
advanced st,lges, the critically isehaemic limb is one 
which will undoubtedly be lost unless the blood supply 
is restored. 

INTERMITTENT CLAUDICATION 

SYMPTOMS OF INTERMITIENT CLAUDICATION 

[ntermitlenl claudication is Ihe characteristic symptom 
of chronic lower limb ischaemia and the typical p.""Iill 
p.""Ittern is nearly always present. The p.""Itient experiences 
cramping pain in the lower limb musdl..'"S on walking and 
the p.""Iin is quickly relieved by rest. The calf is almost 
always involved first and is usually the only part involved. 
In some cases where there is more proximal arteria l 
disease, the pain ascends into the thigh or even the 
buttock if walking con tinucs. In nearly all caSte'S, resting 
allows the pain to rt.'Solvc within a minute or two, after 

which the patient can walk a s imilar dislance before the 
pain recurs. An individual's claudication d istance may 
range from 30 to several hundred metres; once established, 
the distance remains remarkably constant under similar 
conditions, e.g. on f1al ground and at the same speed. Pain 
is worse on walking uphill and may be absent downhill. 

The first sym ptoms appear unexpectedly and arc 
often attributed to muscu loskeletal causes. TIle patient 
usually only secks medical advice when symptoms have 
persisted for several weeks or more. Two-thirds of patients 
arc male and mostly aged 50--70 years; females are on 
average 10 yeilTS older. There is often a history of myo
card ia! ischaemia in the form of angina or myocardial 
infarction or il history of coronary artery surgery or 
angioplasty. Nearly a ll are cigarette smokers or ex-smokers 
and most are hypertenSive. [n a few cases, claudication 
may be exacerbattc'd by polycythaemia or by beta-adrenergic 
blocking drugs prescribed to control hypertension. 

PHYSICAL SIGNS OF INTERMITIENT CLAUDICATION 

Peripheral pulses are usually absent on the affected side 
but local examination is othenvise unremarkable. The 
dors.""Ilis pedis, posterior tibial and poplileal pulses are 
almost invariably absent, ilnd the femoral pulse is absent 
in about 30% of patients. Trophic skin changes are unusual 
except in patients towards the 'severe isehaemia' end of 
the scale. In these, there may be evidence of nail thickening 
and peripheral skin atrophy and Buerger's test may be 
positive (sec p. 444); hair loss is probably of no significance. 
General systema tic examination should seek other signs 
of atherosclerosis as summ;trised in Box 35.1; these may 
have an important bearing on management and prognosis. 

44~ 
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NATURAL HISTORY OF INTERMITIENT CLAUDICATION 

About one-third of p<l tients experience spontaneous re
mission of all or most of their symptoms over a year or 
two without any tre,l hnent. It is well established that 
stopping cigarette smoking greatly improves the outcome. 
Another third remain stable in the long term with tolerable 
sym ptoms. The remaining third are eith('f severely d is· 
ab[ed by wa lking restriction or else progress to more 
severe ischaemic sym ptoms like rest pain. Indeed, about 
10% of the total would progress to necrosis and ampu· 
lation if untreiltcd. 

Epidemio[ogical studies show that patients with inter· 
mitten! claudication have only half the life expectancy of 
unaffected peop[e of the Same age. Most die of other 
manifes!iltions of a therosclerosis such ilS ischaemic heart 
disease and stroke. 

SEVERE ISCHAEMIA 

Severe lower limb ischaemia most commonly presenls 
without a history of claudication but it may sometimes 
develop after a period of deteriorating claudication. In 
general, these patients are older and less physica lly 
active tha n typica l claudicants. If untreated, a very small 
proportion improve and lose their pain, but the majority 
smoulder on with intolerable p<lin or progress to extensive 
necrosis. Once the deeper tissues of the foot become 
necrot ic, local defences are oven"helmed and, infection 
spreads widely in the vulnerable ischaemic tissue. ThIS 
resu lts in wet gangrene and, ultimately, death from seps:s 
syndrome and multi·org'lll dysfunction. This sequence 
of events is rilrely permitted to run its full course sincc 

KEY POtNTS 

Box 3S.1 General exa mination of the arteriopath 
• Observe whether the patient can lie flat during 

examination (7 orthopnoea) 
• Inspect skin and mucous membranes for signs of 

polycythaemia, anaemia or cyanosis 
• Examine for signs of cardiac failure-jugular venous 

pressure and lung bases 
• Auscultate for cardiac murmurs 
• Auscultate for arterial bruits in carotids, subclavians 

(in supraclavicular fossa). renals (in epigastrium or 
posteriorly in loins), mesenterics (in epigastrium) 
and femora ls 

• Measure blood pressure in both arms 
• Palpate the abdomen for aortic aneurysm 
• Inspect skin of legs (including pressure areas and 

between the toes) and toenails for ischaemic 
changes and signs of arterial embolism 

rest pain is so severe and signs of systemic inflammatory 
response syndrome become so obvious that vascula r re
oonstruchon or amputation becomes essential. Extremely 
elderly debi litated p<ltients may be managed with opiate 
analgesia as for other terminally ill patients, since any 
form of su rgery wou ld prob..1bly be fatal. 

The first manifestations of severe ischaemia develop 
in the foot ilnd include: 

• [nto[erable rest pain initiilily at night, later becoming 
continuous 

• Trophic skin chilnges-atrophic shiny red skin of the 
leg; ischilcmic ulcers bctwL-'Cn the toes, in pressure 
areas of the foot or on the leg 

• Piltchy necrosis of the toes or skin of the foot 
• Positive Buerger's test 
• Failure of triviill injuries to heal 
• Extreme vulnerability of ischilcmic feet to pressure sores 

CRITICAL ISCHAEMIA 

Critical ischaemia occurs when arterial insufficiency is so 
severe as to threaten the viability of the foot or leg. This 
has been defined formally by a European consensus 
document as follows: persistently recurring rest p<lin 
requ iring regula r analgesia for more than 2 weeks, or 
ulceration or gangrene affecting the foot, plus an ankle 
systolic pressureof less than SOmmHg (in diabetics, absent 
ankle pu lses on palpation replace pressure measurement 
as calcification may render pressures ilrtificially elevated). 

In acute ischaemia, limb viabil ity may be critically 
compromised from the outset but in chronic arterial 
insufficiency, critical ischilemia usually develops gradually 
over days or wceks. The underlying cause is blood flow 
restriction caused by progressive obliterative atherosclerosis 
exacerbated by secondary thrombusis. 

INVESTIGATION OF CHRONIC LOWER 
LIMB ARTERIAL INSUFFICIENCY 

The extent to which invest igation is pursued in a patient 
presenting with symptoms of lower limb ischaemia 
depends on whether the clinical picture suggests inter· 
ventionaltrcatment is likely to be necessary. As a minimum, 
most patients with claudication have resting ankle systolic 
pressures measured in the clinic and a full blcxxl count 
to excl ude polycythaemia or thrombocythaemia. Resting 
ankle systolic blood pressure can be measured using a 
Dopp ler ultrasound blood flow dctedor. Normal pn..'SSUTC 
is slightly aboVe brachial systolic whilst patients with 
claudication usually range from 50 to 120 mmHg. Results 
arc sometimes expressed as a ratio, the ankle/brach ia[ 
index, with normal values from 0.8 to 1.2. Also in the 
clinic, it is simple to w,11k the patient along a corridor to 
measure claudication distance. Note, however, thilt Doppler 
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(a) Normal (b) Moderate 
c laudication 

(c) Severe 
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Fig . 35.1 Ankle pressure responses to 
exercise in intermittent claudication 
X = systolic pressure at resl (A == ankle 
pressure, B = brachial pressure), Y represents 
pressure Immediately after treadmill exercise 
(duratlOfllndlCi.lted by the brei.ldth of the 
shi.lded zones) and Z = the pressure 10 mm 
later. (a) Norl'T\i.ll ankle pressure response 10 

exercISe. (b) Response in moderate 
claudication. I.e. reduced resting ankle 
pressure, reduced exerCise tolerance, ankle 
pressure fall and recovery wlthm 10 min. 

rest after rest after (c) Response in severe claudicat ion or more 
severe i~haem i a e.ercise 

pressure mea~urcmcnts can be misleading. Considerable 
experience is needed in taking and interpreting the 
measurements and radical treatment should not be based 
solely on a r,l11dom ankle pressure measurement. 

THE VASCULAR LABORATORY 

If available, more severe claudicants are often investigated 
in a vascular laboratory, which can provide useful 
objective information abou t blood flow under exercise 
cond itions. Vascu lar laboratory assessment provides a 
useful baseline ag,linst wh ich to measure improvement 
or deterioration (sec below). Tests vary in type and 
complexity but the b..lsic test is usually to measure the 
ankle systolic pressure before and after the patient has 
exercised on a treadmill (see Fig. 35.1). A fall in ankle 
pressure after exercise gives an indication of the severity 
of arterial disease and the recovery rate provides an 
indication of collatera l compensation. In some hospitals, 
al! claudicants are initially investigated in this way. This 
allows objective assessment of the disease and the re
sponse to conservative or operative treatment. 

Other vascular laboratory tests include duplex Doppler 
sca nning for OTterial stenoses and occlusions. More 
experimentaltcsts include plethysmographic measurement 
of blood flow and r,ldionuclide scans fo r differential 
tissue blood flow. 

ARTERIOGRAPHY 

Arteriography should be reserved for patients thought to 
require intervention in the form of angioplasty or re
constructive surgery. It provides a map of the arterial 
system (sec Fig. 35.2), showing sites and severity of vessel 
stenoses and occlusions, including the inflow (arteries 
feeding the area of concern) ,md the runoff (more distal 
arteries supplying the lower part of the limb). Arteri
ography is sometimes used wrongly by non-specialists to 
assess chronic arteri;11 insufficiency. Arteriography docs 

e.erClse 

not measure the rate of blood flow 10 the tissues nor the 
dynamic circulatory responses to exercise; it helps only 
with the mechanics of revascularisalion. 

A development in the field of angiography known as 
digital subtraction angiography (DSA) has now become 
standa rd. It involves electronic processing of the radio
logical image to 'subtract' non-contrast images including 
bone and gas to enhance the arteriographic profile. Much 
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Fig. 35.2 Typical patterns of arterial disease 
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Fig. 35.3 Typical patterns of atherosclerosis affecting the lower limbs 
(a) Normal aorta.liac segment. (b) 'Craggy' atherosclerosis of the distal aorta (e) Right external iliac occlusiOfl. A large collateral is seen between the 
internal iliac and the common femoral. (d) Normal femoral segment. (e) localised occlusioo of righ t common femoral artery. easily treated by 
endartere<tomy (f) AtherosclerotIC stenoses of left superficial femoral artery (SFA) (nght arrow), This was successfully treated by angioplasty Note 
the patent right fern-pop bypass (left arrow). (9) Normal infragenicuta:e (t ibial) arteries. (h) Occlusion of the left popli teal artery (probably embolic) 
With no ~ is i ble tibial arteries j,e. poor runoff. (i) Popliteal artery occlusion in another patient. With preserved tib ial vessels being filled Ilia collaterals. 

smaller doses of contrast are required and contrast can 
be given intravenously (usually via a central venous line) 
or intra-arterially. This technique has several advantagES 
over the older techniques. It is relatively non-invasive 
and 5.1.fer than conventional arteriography because of 
reduced contrast load. It can also be used repeatedly for 
disease follow-up or for morphological screening of arteriES 
where conventional arteriography might not be jus tified. 

MAGNETIC RESONANCE ANGIOGRAPHY (MRA) 

Magnetic resonance imaging (MRI) provides an alternative 
to non-invasive angiography. With MRI, there is a natural 
contrast between flowing blood within a vessel and the 
stationary soft tissues. This allows the characteristics of 
the vessel to be demonstrated without the need for intra
vascular contrast medium. Multiple contiguous imagES 
of s lices of tissue can be put together to produce an MR 
angiogram by volume acqu isition. Historically, data 
acquisition has been slow and the use of MRA has bLocn 
restricted to relatively immobile areas of the body, i.e. 

carotid arteries and the intracranial circulation. This 
limitation has now been overcome by the development 
of faster scanners and by enhancing the contrast between 
blood vessels and st,llionary tissue using special intra
venous conlr,l st media. Successful angiography can now 
be performed in all regions of the body, apart from the 
coronary arteries, wi th scan times of no more than 30 
seconds. 

MRA is a quick outpatient procedure that requires no 
more preparation than an intravenous injection. It carries 
none of the risks of ionisi ng radiation and is therefore 
ideally suited to repeated follow-up examinations. In 
situations where regular vascuJar surveillance is needed 
and cannot be performed by duplex ultrasound, MRA is 
a reliable though more expensive alternative. Over the next 
few years, contrast-enhanced MRA is likely to replace 
conventional diagnostic angiography in units with ready 
access to MR. Traditional angiography will be reserved 
for patients needing percutaneous intervention (angioplasty 
or stenling). Patients requiring open su rgery will have 
this planned by virtually non-invasive imaging. 
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APPROACH TO MANAGEMENT OF 
CHRONIC LOWER LIMB ISCHAEMIA 

The trc,lIment options for ch ronic lower limb ischaemia 
range from conservative or 'expectant' treatment (e.g. 
advice about smoking. encouragement of walking exercise) 
to extensive reconstructive operations. These are sum
marised in Box 35.2. Severe and critical ischaemia are clear 
indic,1tions for revascularis,1tion (or amputation) since 
the conditions are not tolerable in the long term. F()f 
claudicat ion, the degree of handicap is assessed clinically 
by careful history-taking and perhaps by walking with 
the p.lticnt. n,C treatment depends on the degree of handi
cap, thc pCltient's willingness to give up smoking, the 
potential (or IreClting the pClltern of atherosclerosis and 
finally the palient's overall preference. Further investl
gation is then planned accordingly. 

MILD TO MODERATE ClAUDICATION 

Most patients with mi ld or moderate claudication do not 
require rcvascularis.ltion. TIle sym ptoms often improve 
spontaneously over 6-18 months, especially if the patient 
stops smoking, exercises regu larly and loses excess weight. 
Simple advice to walk more slowly and use a walking 
s tick will often grea tly extend the claudication distance. 
Care of the feet and appropriate footwmr should be 
strongly emphasised. 

Numerous oral 'vasodilator ' drugs are prescribed for 
claudication bu t none has wi thstood critical eVCll ua tion 
and they are not recommended. 

SUMMARY 
Box 35.2 Treatment options for chronic lower limb 
ischaemia 
Mild to moderate claudication 
• No active treatment e)(cept advice to stop smoking, 

exercise regularly, take statin, lose weight 
• Balloon angioplasty 

Disabli ng claudicat ion 
• Balloon angioplasty 
• Reconstructive arterial surgery 

Crit icat ischaemia 
• Intravenous drug therapies such as prostacycline, 

vasodilators (e.g. naftidrofuryl oxalate) 
• Lumbar sympathectomy (surgical or by phenol 

injection) 
• Balloon angioplasty 
• Reconstructive arterial surgery 
• Amputation (below, through or above knee) 
• Terminal pain relief 

Investigation of this group of patients is usually un
necess.,.)' apart from baseline ankle pressure measurements 
and a full blood count to exclude iXl'ycythaemia and 
thrombocythaemia. In polycythaemia rubra vera, soft 
thrombi can develop in the lower limb and cause arterial 
insufficiency. Systemic manifestations of at herosclerosis 
such as hypertension, angina or arrhythmias should be 
investigated and treated if appropriate. 

DISABLING CLAUDICATION 

The main indications for further investigation of claudi
ca tion are symptoms judged severe enough to warrant 
radiological or su rgical intervention. Disabling clCludi
ca tion is usually fin indication for trea tment unless the 
patient is too unfit even for angiography. Symptoms 
which usually indic.1 te the need for investigation are 
marked exercise restriction in younger patients or markedly 
worsening symptoms, especially if they are associated 
with proximal arterial obstruction (as shown by absent 
femoral pu lses). Treatment is by percutaneous transluminal 
angioplasty or reconstructive surgery. 

TREATMENT METHODS FOR CHRONIC 
ARTERIAL INSUFFICIENCY 

All p.1tients should be advised to stop smoking and if 
necess.:lry to lose weight. Cigarette smoking is bot h a 
primary risk factor in the aetiology of atherosclerosis and 
a secondary risk factor in ca using deterioration or graft 
occlusion after reconstruction. Symptoms of claudication 
are more likely to resolve without treatment if the patient 
ceases smoking. However, the overall success rate of 
persuading patients to give up smoking is depressingly 
low, probably less than 30%. Others in the household 
should I1lso be encouraged to give up smoking to help 
motivate the patient. 

PERCUTANEOUS TRANSLUMINAL ANGIOPLASTY (PTA) 

In the 19505, Dotter experimented with techniques for 
dilating local arterial stenoses with graded metal bougies. 
For technical reasons, the methods were not widely 
adopted. More recently. Cruntzig developed a dilatation 
technique in which a b.:111oon, distensible 10 a fixed 
diameter and incorporated in the end of a catheter, is 
inlroduced percutaneously inlo the femoral artery (sec 
Fig. 35.4). A gu ide-wire is first placed across the stenosis, 
then the b.ll1oon ca theter manreuvrro into position under 
arteriagraphic control. The balloon is finally inflated to a 
high pressure (5-15 atmospheres), crushing the atheroma 
into the arterial wall and relieving the obstruction. Success 
is particularly operator-dependent and is most effective 
(or isoll1led short stenoses. With increasing experience, 
longer stenoses and occlusions in smaller vessels can be 
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Fig . 35.4 Percutaneous transluminal angloplasty 
(a) Balloon angioplasty equipment This catheter IS used for bolloor dlialatlOO of artenal stenosis. First, an artery some distance from the stenosiS 
(usually the femoral) IS punctured WIth a needle. A IlelUble gUIde-wire G IS passed through fhe needle, along the artery and manipulated across the 
stenosis. The catheter IS then threaded OYer the guide-wire until the distal balloon 8 (whICh can be Inflated only to a pre-determlned diameter) hes 
WIthin the sterlOSlS The balloon IS then Infl.:tted to high pressure uSing a special Sytlnge attached to the balloon channel Be Note the radlo-opaque 
markers (arrowed) at each end of the balloon to allow" it to be sited radographlCally. (b) ArterIOgram showlng a tight steno'>lS <It the dIStal end of the 
left common Ihac artery Catheter access proved Impossible via the left 'emoral artery. so a gUide Wife was passed from the nght femoral, over the 
blfurcatlOfl and across the stenosis. (c) An anglOplasty balloon catheter was guided across the steflOSlS As It was mflated the 'waist' caused by the 
arterlill stenosiS became clearly VISIble With further inflallon to 4 atmospheres pressure, the waISt disappeared (d) Appearance of the arteries post
angloplasty ThIS procedure was completed In under an hour on a day-<o3S(' basis under local anaesthesia and proved durable over several years 

tackled successfully, aVOiding the need for major surgery. 
Unfortunately, the method is less useful for distal calf 
arteries <llthough results in this area continue to improve. 

A simi lar technique is increasingly used for treating 
localised coronary artery stenoses as an alternative to 
coronary artery bypass surgery. 
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ARTERIAL RECONSTRUCTIVE SURGERY 

Arterial reconstructive surgery began in the 1950s with 
the open removal of a theromatous plaques and associated 
thrombus from Ihe aorta and iliac arteries. This technique, 
known as thrombo-endartcrcctomy, is technically difficuit 
and ti mc-consuming. It has largely been replaced by 
byp<1ss grafting, although endarterectomy remains the 
sta nda rd operation for carotid artery stenosis (see below) 
and for isola ted common femora l artery occlusions. 

Arterial bypass gra ft ing was first developed during 
the Korea n war to treat arterial trauma using homografls 
from human cadavers. The initial results were excellent 
but within a few years, the grafts suffered from aneurysmal 
dilatation and rupture. This led to the use of synthetic 
graft mnterials for la rge arteries, and these are now 
available in a wide variety of shapes, sizes and cloths. 
Knitted polyester (Dacron) is the most popu lar and is the 
standard graft material for treating aorta-iliac obstruction. 
Many of these gra fts are now sea led with gelatin or other 
proteins 10 minimise porosity. For smaller arteries, the 
long s..l phenous vein from the leg provides an excellent 
bypass conduit provided it is of suitable diameter and is 
not damaged by thrombosis. 

With the availability and success of angioplasty, 
coupled with the recognition that conservative treatment 

(,J 

Fig . 35.5 Trouser or ' Y ' graft for ao rto-iliac disease 

may be as good as intervention for claudication, the 
volume of bypass grafting for arterial occlusive disease 
has fa llen in most units. The majority of such su rgery is 
now reserved for severely ischaemic limbs, either chronic 
or acute, and often when less invasive methods have 
proved unsu itable or unsuccessful . The most common 
byp<lss procedures are synthetic 'trouser' grafting for 
aorta-iliac (supra-inguina l) disease and femora-popliteal 
bypass grafting, preferably us ing sa phenous vein for 
infra-inguinal disease. However, a range of other bypass 
procedures and endarterectomy techniques sometimes 
have to be employ(.>d or used in add ition to standard 
oper.ltions to cope with non-standard disease. 

Aorto-iliac disease 

The most common operation for aorta-iliac obstruction is 
the insertion of a trouser graft or 'Y' graft (see Fig. 35.5) 
between the aorta and the common femoral arteries just 
below Ihe inguinal ligament. Each 'trouser leg' is sewn to 
a femor.ll artery, and the diseased vessels are left in situ 
posteriorly. 

(b) Ao rto-bifemoral bypass 
g raftIng 

/"\ 

~,/ 2 
Proximal anastomosis--end 01 
graM to side 01 aorta 
(occasionaJly aorta transsected 
and end·to-end anastomosis 
pef1ormed) 

2 Distal anastOfTlOSlS---end of graft 
to side of common 
femoraLlprofunda femoris 
junction, opening the profunda 
orifice to minimise future 
stenosis 

(b) 

A Dacron birfurcallOn graft (a) or prosthesIs is used to bypass the aorto·ilia<: segment when It is occluded or stenosed, or to replace it when aorta 
and Il iacs are aneurysmal. Note the gUlde·l ine down each limb which is to ensure they are not twisted during anastomosIs. 
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(a) Femora-popliteal grafting 

Femoral arteries exposed in groin 
and dissected to con trol all 

H - ----branches 

2 Popliteal artery exposed either 
above knee AK or below knee BK 
according to ~ of altlerosclerotic 
obstruction 

AK~ 
3 Long (great) saphenous vein 

'IJf.r----- exposed over length required and 
• all tributaries ligated 

.K~ 4 For more usual 'reversed' graft, 
saphenous vein Is ligated at both 
ends and removed. It is then 
reversed so that the valves do not 
obstruct flow and ends are sutured 
to side of common femoral artery 
above and popliteal below. 

For 'in situ ' grafts (most commonly 
used where distal anastomosis 
must be to ooe of tibial 
arteries},saphenous vein is not 
removed bU: valves are destroyed 
by passing a valvulotome through 
~. Ends are anastomosed as above 

--" 

Fig. 35.6 Techniques of arterial bypass grafting 
(a) Technique of femoro-pop ll tea l graftmg _ (b} long saphenous vem ;>xposed in the thigh where It w ill be left in si l u after destroy ing the va lves 
With a valvulotome The below knee popliteal arIe l)' is held in the white sl ing (e) The vein graft anastomosed end-to-slde to the common femoral 
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Fig. 35.6 Continued 
(d) Head of Hall's valvulotome used to destroy valves for In-situ 
grafting. (e) CompoSIte arterIOgram showing patent fern-pop bypass 

Femoro-poplit ea l disease 

The supcrficiill femoral artery is the other common site 
of obstruction in the lower limb. This can be relieved by 
a bypass graft lIsing the p<ltient's long saphenous vein to 
link the common femoral artery and the popliteal artery; 
Ihis is known <IS autogenous femoro-pop li teal bypass 

grafting (sec Fig. 35.6). The usual technique is first to 
dissect ou l Ihe long 5.:1phenous vein from gToin to knee 
and ligale its tributaries. The vein gTaft is reversed 
proximal to distal so the valves do not obstruct flow, and 
then anastomosed at each end. If there is no suitable leg 
win for grafting, arm veins can be used. Synthetic 
materials are a less 5.:1tisfaciory alternative (e.g. PTFE or 
Dacron); these have a lower long-term survival rate 
particularly when they cross the knee joint. A vein graft 
is therefore nearly always the first choice. 

An alternative method of vein bypass grafting has 
been developed leaving the long S<lphenous vein in situ 
and destroying the valves with a wire device known as a 
va lvu lo tome (see Fig. 35.6d). This technique has a 
particular advantilge for more distal bypasses in that the 
natural tilpcr of the vein from proximal to distal r<'mains. 
By this method, bypilsses down to the tibial or even 
dOTs.llis pedis arteries can be performed for distal diseilse 
that was previously inoperable. These are known as 
infra popliteal or femorodistal byp.lss grafts and are only 
used for severe ischaemia. 

The complic,\l ions of arterial surgery are summarised 
in Box 35.3. 

INTRAVENOUS AND INTRA-ARTERIAL DRUG 
THERAPIES 

There are no drugs which have any sllbstantial effect in 
relieving claudication or severe ischaemia, nor have any 
yet been discoven.>d that can reverse atherosclerosis. The 
usc of stiltins to lower blood cholesterol has not yet 
shown any proven benefit in peripheral arterial disease. 

There has been extensive research into drug treatment 
for critically ischaemic limbs, aiming to improve peripheral 
perfusion or tissue viability where reconstruction is 
difficult or impossible. The goal is to allow time for the 
natural development of a collateral circulation. Intravenous 

SUMMARY 

Bo)( 35.3 Complications of arterial surgery 

• Complications of generalised arteriopathy: acute 
myocardial ischaemia, cerebrovascular accidents, 
renal failure, intestinal ischaemia-early or late 

• Haemorrhage: arterial or venous-early 
• Thrombosis of re<onstructed vessels or graft leading 

to profound distal ischaemia (usually a technical 
fault)-early 

• Embolism into limb vessels or renal vesse ls 
(particularly aneurysm surgery)-early 

• Graft infection-late 
• False aneurysm formation-late 
• Progressive atherosclerotic lower limb ischaemia-late 
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Fig. 35.7 Lymphoc:oele in groin following graft to 
femoral artery 
Any operation In the region of the rnguinal lymph nodes can interfere 
with lymphatiC drarnage and cause an accumu lation of lymph known 
as a Iymph<xoel~ In this case, the Iymphocoele was aspirated 
periodically and finally stopped refilling about 4 months aft~r the 
original operation. In fact. aspiration probably does not hasten the 
natural process of resolution 

prostaglandin analogues (e.g. lIoprost) and naftidrofuryl 
oxalate have shown some encouraging results but their 
serious side effects and the need for several days' intra
venous infusion have limited their usefulness. Several 
research programmes are looking into stimulating new 

ACUTE LOWER LIMB ISCHAEMIA 
PATHOPHYSIOLOGY OF ACUTE LOWER LIMB 
ISCHAEMIA 

The lower limb may become acutely ischaemic as iI 

result of embolism or thrombosis. If a large embolus 
impacts in a major distributing artery, the distal blood 
supply is abruptly cut off. If the distal arteries arc not 
atherosclerotic, an alternative collateral network will not 
have developed and the ischaemia is therefore all the 
more severe. Most large emboli originate in the heart, as 
a result of atrial fibrillation or Illitral stenosis or both (left 
atrial thrombus), or of myocardial infarction (mural 
thrombus). Emboli usually impact at points where the 
arterial lumen narrows abruptly at branching JXlints, in 
particu lar the aortic bifurcation (sad dle embolus), the 
common femoral bifurcation and the JXlpliteal trifurcation. 

Sudden acute ischaemia Illay also develop if an essential 
distributing artery, a lready narrowed by atherosclerosis, 
becomes completely obstructL'd by secondary thrombosis 
of its lumen (acute-on-chronic occlusion). Another cause 
is thrombosis of a popliteal aneurysm or embolism from 
accumulated thrombus within an aortic or popliteal 
aneurysm. Occasionally, widespread thrombosis occurs 
in normal arteries c,lusing acute ischaemia. This W,1S 

vcssel formation in unreconstntctable limbs using locally 
applied intra-arterial growth factors but these are still 3 
some distance from everyday clinical practice. 

SYMPATHECTOMY 

Blood flow in the skin (but not muscle) is controlled by 
the sympathetic nervous system. Thus, even if the over
,111 arterial supply is inadequate, rest pain in the skin 
may sometimes be relieved by sympathetic blockade. 
This can be performed by surgical excision of part of the 
lumb.,r sympathetic chain via an extraperitoneal approach 
or, less invasively and much more commonly, by trans
lumbar injection of 6% aqueous phenol. This is known 
as chemical sympathectomy and is done under local 
anaesthesia and usually with radiographic control. 

Unfortunately, only about 15% of patients with severe 
ischaem ia obtain sufficient relief of symptoms to avoid ,1 

reconstructive operation or amputation and there appears 
to be no reliable way of selecting in advance those who 
will benefit. Symp.lthectomy is of no value in intermittent 
claudic,ltion as it does not influence muscle blood flow. 
It is most likely to succeed in e,uly rest pain but is certain 
to fail where tissue loss (gangrene) has occurred. It may 
also be helpful in healing ulcers where moderate ischaemia 
is present in combination with some other factor such as 
chronic venous insufficiency. 

well recognised as a complication of the high-oestrogen 
contraceptive pill when it was in common use, but 
similar widespread thrombosis is sometimes seen as a 
complic,ltion of JXllycythaemia rubra vera, thrombo
cythaemiil or leukaemias. 

Acute thrombotic OC('lusion causes the most catastrophic 
TCSults when il occurs in the popliteal artery (which h,lS 
few useful collaterals), the external iliac/common femoral 
,uterial trunk (the axial blood supply of the lower limb) 
or the profunda femoris (if the superficial femoral artery 
is already occluded). 

CLINICAL FEATURES OF ACUTE LOWER LIMB 
ISCHAEMIA 

Acute lower limb ischaemia presents clinically as a 
sudden onsct of a p.1inful, cold, white foot extending for 
a variable distance up the leg. After an hour or two of 
complete ischaemia, nerve ischaemia causes loss of 
sens..1tion (although pain may be severe at the margin of 
the ischaemic area) and eventually muscle paralysis. 
Complete numbness indicatcs virtual cessation of blood 
flow (the five Ps-sce p. 442). 4S~ 
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(b) «, 
Fig . 35.8 Em bolic occlus ion o f poplitea l arteries 
(a) Digital sublfactlOl'l angIOgram In a woman of 70 who presented ...... th rest pain for 48 hours and necrosis of the dorsum of her fool and black 
toe tiPS for 24 hours. The right Sided artefies are nofmal With flO sign of atherosclerOSIS wfliist the left popliteal IS occluded with a ~arp cut-off 
tyPICal of embolism. The patient was In atnal fibrillation and the like!). source of the embolus was the left atrium. She underwent a successful 
emboieclOmy. but because of the delay, a below·knee lasciotomy was performed to prevent compartment syndrome (b) The loot uker 3 weeks 
altef revasculansallOn. The ulcef gradually healed completely. (e) ArtEriogram of another patient With chromc severe ischaemia of the loot. This 
strongly suggests embolism to be the cause. This patient has a rnodefate collateral supply consistent With the more chronic symptoms. 

It is crucial that the diagnosis of acute complete arterial 
occlusion is recog nised quickly because the resulting 
ischaemia is usually so profound that necrosis occurs 
within hours unless urgent treatment is undertaken. 
Unfortunately, because pain is often not a dominant 
feature, the urgency of the situation may not be appreci.1ted 
by the palient, nursing siaff or inexperienced doctors. Later, 

necrosis becomes obvious as the affected area becomes 
mottled, dusky blue and discoloured. After about 24 hours, 
the skin becomes completely blue and blistered; tissue 
death is now irreversible. 

The clinical features of acute severe lower limb 
ischaemia are listed in Box 35.4. 
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PRINCIPLES OF MANAGEMENT OF THE ACUTELY 

ISCHAEMIC LIMB 

It is important to plan the general scheme of management 
of a pi'ltient with i'lcute lower limb ischaemia i'lt the 
ou tset. 'Time is likely to be limited before necrosis occurs 
and any deli'ly or procmstination is likely to lead to excess 
morbidity or morti'llity. Cooper<ltive vi'lscul<lr surgical 
and mdiological expertise is usually required so that 
the full range of appropri<l te and timely treatment can 
be offered. As a first step, the patient should be anti
co.:1gu lated with a bolus dose of 10 ()(X) U intravenous 

KEY POINTS 
Box 35.4 Clinical features of acute severe lower 
limb ischaemia 
Symptoms and signs suggesting a predisposing cause 
for acute ischaemia (embolism or thrombosis) 
• Re<.ent chest pain or other evidence of myocardial 

infarction 
• History of rheumatic heart disease 
• History or finding of atrial fibrillation 
• Previous arterial embolism 
• History of intermittent claudication or other 

symptoms of peripheral arterial disease (thrombosis) 
• Polycythaemia rubra vera (prone to intravascular 

thrombosis) 
• Popliteal aneurysm in contralateral limb (possible 

thrombosis or embolism in affected limb) 
• Aortic aneurysm (possible source of embolism) 

Symptoms suggesting acute lower limb ischaemia 
• Sudden onset of continuous pain, usually in one 

periphery 
• Sudden and persistent coldness, usually in one 

periphery 
• Sudden numbness or paraesthesia, usually in one 

periphery 

Signs of acute lower limb ischaemia 
• Unexpected coldness of the peripheral part of one 

or (less commonly) both legs 
• Pallor or blueness of the periphery; in late cases, the 

fixed pigmentation of necrosis or skin blistering 
• Poor peripheral capillary return after pressure 

blanching 
• Strongly positive Buerger's test (pallor on elevation, 

slow return of redness on dependency) 
• Progressive paralysis and foot drop (late sign) 
• Absent lower limb pulses (particularly if known to 

have been present before) 
• Ankle pulses undete<.table by Doppler or very low 

ankle systolic pressure 

heparin as soon as possible to prevent prop.1gation of 
thrombus both proxima l and distal to Ihe occlusion. If 
the diagnosis is confirmed as embolism, then oral 
antico<l.gulation will usu<llly be continued later. 

The history may provide clues to the diagnosis. 
Evidence of mitral stenosis, an arrhythmia or recent 
myocardial infarction suggests embolism, whereas a 
history of claudication or a prothrombotic blood 
disorder points to thrombosis. Examining the affected 
limb does not help to distinguish embolism from 
thrombosis but the other limb provides evidence of the 
general condition of the peripheral arteries. If the other 
limb is well perfused with good peripheral pulses and 
normal ankle systolic pressure, then embolus is more 
likely. If a saddle embol us has lodged at the aortic 
bifurcation then both limbs may be ischaemic, although 
one side is usually affected more than the other. The 
popliteal fossa must always be palpa ted to exclude a 
thrombosed popliteal aneurysm. 

Full blood count should be perfonned 10 exclude 
predisjX>Sing blood disorders and several units cross
matched if surgery is contemplated. 

If clinical signs are strongly in favour of embolism, 
immediate surgical embolectomy may be undertaken, 
performing on-table arteriography if nL"Cessary. In most 
cases, the first intervention is not surgery but arterio
graphy which will demonstrate whether embol ism or 
thrombosis is the diagnOSiS or whether there is an 
occluded popliteal aneurysm; it will also show which 
distal vessels are p.ltenl. Unfortunately, exped iency is often 
the excuse for omitting arteriography but its omission 
places the patient al greater risk and removes the 
jX>Ssibility of minimal access treatment with thrombolysis 
and angioplasly. 

If acute-a n-ch ronic thrombosis is the problem and the 
limb is likely to remain viable for 12 hours, thrombol ys is 
may be undertaken, followed by angioplasty of any 
revea led underlying stenoses (see below). If the limb 
appears unlikely to remain viable that long, urgent re
constructive su rgery should be performed if technically 
possible. Most patients needing arterial reconstruction 
for acu te ischaemia require a femoro-popli teal or femoro
tibial bypass (see Fig. 35.6, p. 457). 

Thrombolysis and angioplasty for acute 
thrombotic ischaemia 

If arteriography reveals Ihe C<luse of acute ischaemi<l to 
be thrombotic, the acute thrombus may be lysed using 
streptokinase. urokinase or recombinant tissue plasmin
ogen activator (rIPa). Systemic treatment with throm
bolytic agents is dangerous and not recommended, but 
direcl instilla tion of one of these agents into the clot is 
often successful. This is usually performed via an arterial 
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catheter manccuvred into place under radiologic.1l control 
from the other femoral artery, Dissolving the dot by this 
method usu.llly I.lkes 4-24 hou rs, which expl.lins why it 
is unsuitable if Ihe limb will not survive the duration of 
treatment. After 'iuccessfull ysis, the underlying s tenosis 
can often be treated by transluminal angioplasty via the 
50lme femoral access punctuI'C. 

Embolectomy 

Embolectomy is usually performed under local an.lesthesia 
but the patient and theatre should be prcpan.."'{! for 
general anaeslhesia in case it becomes necess.lry; full 
mon itoring shou ld be undertaken . The patient is usua lly 
already anticoagulated with intravenous hep.lrin. A 
groin incis ion provides access to the arterial system. The 

fe moral artery bifu rcation is exposed, a ll the vessels are 
temporarily dam~"'{! and an incis ion (arte riotomy) is 
milde in the common femoral artery (see Fig. 35.9). This 
may revcal the obstructing d ot. A Foga rty ba lloon 
ca the te r is then P.1SSL'ti gently into each main vcsscl in 
tum, both proximally and dis tally. When catheter has 
been p.lsscd into the arte ry fo r 10 Clll or so, the balloon is 
innated gently and the catheter d rawn b.lck to sweep out 
any o~trucling d ot. This process is repeated at IO cm 
inten 'als until the distal limit is reached . The op€ration is 
successful if clot is retrieved and blood flows back ('back 
bleeding') from eilch vessel as it is undamped . If embo
lectomy is not possibll', th is usunlly indicates acute-on
chronic thrombosis. Immediil le arteriography and 
1I'C.lt ment a rc l'CC{uired as dclily carries a high r.l lc of 
limb loss and death . 

..... -~---....:.~-----I (') 

Fig. 35.9 Femoral artery embolectomy 
la) SurgICal exposure of the femClfal artel)' btfurcatlOn. performed 
undef local Inf,ltratlOfl anaesthesia The common feffiOfal artel)' (fA. 
the profunda femoriS PfA and the superfiCial feffiOfal artery Sf A are 
d .... sected cleanly alld rubber slings placed around each artery A 
trans ... erse arteriotomy IS made Just pfOKJmal to the blfurcatlOfl 
(j)OSItlOtl arrO'M?d) Ib) A fogarty balloon catheter is pdSsed distally. 
the balloon IS gently Inll<lIed and the catheter WIthdrawn to extract 
embolIC and thrombotIC materlill ThIS IS performed In stages untl the 
cathe ter can be passed to ankle level and back. bleedmg occurs 
Ie) Embol iC mateflal removed at operation from the superfiCial 
femoral artery and beyond uSing a Fogarty catheter. Note the paler 
embolIC material (arrowed) and the darker thrombus propagated 
behind It 
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Management of arterial insufficiency of the lower limb and the diabetic foot 

THE DIABETIC FOOT 
PATHOPHYSIOLOGY OF THE DIABETIC FOOT 

Di<1betic p<ltients arc pMticul<1rly prone to serious 
ulceration <1 nd infection of the feet. The underlying 
disorder is believed to lie within the microcirculation 
(microangiopathy) but obliter<1tive atherosclerosis also 
plays a pMt in some p<1tients. 

Several factors nl..ly contribute to diabetic foot problems: 

• Neuropathy. Micro..,ngiopathy is believed to cause 
peripheral neurop<1thics which affect motor, sensory 
and autonomic nerves. The affected motor nerves 
supply the small musc\($ of the foot and the 
consequent unmodified traction of ca lf muscles 
produces d istortion of the morphology and weight
beMing characteristics of the foot. Sensory 
neuropathy decreases pain senS<ltion and hence 
awareness of injury from footwear and foreign bodies 
within shoes. Damaged autonomic nerves disrupt 
\'ascu lar control and cause loss of sweating. 
Neuropathic foot problems are painless and hence 
tend to be neglected by the patient 

• Arteriovenous communication s. These open beneath 
the skin, perh<1ps diverti ng nutrient flow away from it. 
Damaged tissue thus heills poorly ilnd is vulnerable 
to infection, even if the inju ry or pressure damage is 
only minor 

• Arterioles. These probably become narrowed and 
restrict capillary perfuSio n in a few cases 

• Impaired intermed iary tissue metabolism and a 
glucose-rich tissue environment. Both of these favour 
bacterial growth 

• Obliterative atheroscleros is. Diabetics have an 
increased predisposition and are at greater risk of 
<1rterial insufficiency. Atherosclerotic disease fo llows 
the usual pattern (although often more distal) but 
tends to develop at a younger age 

Most diabetic foot problems can be identified as bei ng 
either primarily neuropathic or primari ly atherosclerotic 
but some patients have clements of both. This make; 
diagnosis and mall<1gement more difficult. Typically, the 
neuropathi c foot is painless, red and warm with strong 
pulses, whereas the ath erosclerotic foot is pale, painful, 
cold and pulseless. However, when both cond itions occur 
together, the limb can be seriollsly ischaemic yet p<1in
less, warm and pink. If the foo t is neuropathic and pulse
less, only arteriogr<lphy will demonstrate the arteri,,1 
insufficiency. 

Patients most at risk of neuropathic foot complications 
are elderly, poorly controlled, maturity-onset (type II) 
diabetics and younger patients with longstanding type I 
diabetes. Similarly, patients with diabetic renal or retinnl 
complications appear to have an increased risk of foo t 

problems. Recognising the 'at-risk' foot , i.e. neuropathic 
foot, before trouble strikes is fundamenta l as virtually all 
neuropa thic foot complications can be prevented with 
proper patient tc'<lucation and regul<1r inspection ilnd 
Chiropody (podiatry) (see Box 35.5). 

Management of atherosclerotic ischaemia is similar 
in diabetics and non-d iabetics. For mixed d isease, the 
arterial insufficiency should usually be treated first if 
there is to be any hope of heal ing. 

CLINICAL PRESENTATIONS OF DIABETIC FOOT 

COMPLICATIONS 

Foot complications of diabetic neuropathy present in 
four m<1in ways (see Fig. 35.10): 

• Painless, deeply penetrating ulcers. These usually 
develop beneath the first or fifth metatarsal head. The 
infecting orga nism is usually Slilphylococcl/s i1l/rel/s. 

The infection and necrosis tend to spread through the 
plantar spaces and along the tendon sheaths. Infection 
and local venous thrombosis appear to be the 
predominant factors in causing tissue destnlction 

• Chronic ulceration of pressure poi nts and sites of 
minor injury. Skin perfusion is otherwise adequate 

KEY POINTS 

Box 35.5 The problem of the diabetic foot 
• 'Diabetic gangrene is not heaven-sent but earth

born' (Joslin 1934) 
• There is no such thing as 'mild' diabetes; all 

diabetics are potentially at risk 
• Four out of five patients with diabetic foot 

problems have type II diabetes 
• Foot problems are responsible for 47 % of days 

spent in hospital by diabetics 
• Diabetic foot problems are responsible for 12% of 

all hospital admissions in (internal) medicine 
• In diabetics with new foot ulcers, 90 % have 

peripheral neuropathy (compared with 20 % in a 
diabetic control group), whereas only 14% have 
peripheral arterial disease compared with 10% in 
controls (Miami 1983-4) 

• Patients with diabetic foot problems are 
incapacitated for an average of 16 weeks 

• Diabetic foot problems are largely preventable 
• Care and prevention of diabetic foot problems 

require specialist surveillance and management by a 
dedicated team; foot ulceration in diabetics 
represents a failure of medical management 
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Fig. 35.10 Foot c.omplic.ations of diabetes (facing page) 
la) Penetrating ulcer of the great toe in a farmer of 35 WIth diabetIC roeuropathy and hallux ngldus_ The ulcer was painless and contained necrotIC 
sIough_ It healed after excision of the necrotIC material and provision 01 speCial footwear to prevent undue pressure on the toe (b) ChronIC 
penetrating ulcers In a 60-year-old woman with maturity-onset dlilbetes_ She had no evidence of major vessel disease but had signs of 
neuropathy_ The deep ulcer beneath the head of the fir<;t metatarsal is characteristICally surrounded With a thICk keratin margin. and the ulcer on 
the medial Side of the foot has an exposed tendon in I~ base_ Ie) Two penetrating ulcer<; In the sole of the foot. One ulcer is being Pfobed and 
the probe passes fight through the foot to the skin of the dor<;um demonstrallng extensIVe tiSsue destruction by Infection. (d) ThiS patient had 
already lost all hl5 toes from neuropathIC complications but presented laler WIth thl5 painful ulcer whICh proved to be due to arteflallnsufficiency 
The ulcer healed after a successful superficial femoral anglOplasly_ Ie) ThiS patient has a combination of neuropathy and arteriallnsufflClertCy, ThiS 
loot was painless despite spreading necrosis and a collection of pU5 in the sole of the foot. He undefWent femoro-popliteal bypass and local 
exciSIOn of dead tissue and healing was eventually complete (f) ThiS man 01 34 presented With a neglected inlechon in his loot He had severe 
neuropathy but no arterial disease, The entire dorsum of his fOOl was necrotIC and he had to undergo a primary below krlee amputation. This 
complication would have been entirely aVOidable had he sought and received treatment earher 

• Extens ive s preadin g skin necrosis originating in an 
ulcer and associated with superficial or deep 
infection, This develops very rapidly and spreads 
proximally, threatening both limb and life 

• Pa inless necrosis of indi vidual toes. These first turn 
blue then later become black and mummified, and 
may eventually be shed spon taneously. This usually 
occurs in mixed neurop.1thy and atherosclerosis and 
ma nagement hinges on whet her local amputations 
will heal or whet her arterial reconstruction is needed 

MANAGEMENT OF NEUROPATHIC fOOT 
COMPLICATIONS 

Control of infedion 

As a general nile, control of infection is the first priority 
in the management of di<lbctic foot problems. Minor foot 

Excision of all necrotiC tissue 
from ulcer, which is !ell to 
granulate 

2 Digrt amputation using racquet
shaped incision; toe is 
removed with both phalallQ9at 
bones and cartilage is nibbled 
from metatarsal (shaded) 

Fig. 35.11 Operations on the diabetic foot 
(a) Types of local amputation. 

lesions in the diabetic should always be taken seriously 
and treated early with oral antibiotics and frequent local 
cleansing and dressing. 

If there is any sign of spreading infection or systemic 
involvement (i.e. pyrexia, tachycardia or loss of diabetic 
cont rol), the patient should be admitted to hospital for 
more intensive treatment. lllis includes parenteral anti
biotics, elevation, excision of any necrotic tissue and 
attention to blood glucose control. 

Removal of necrotic tissue 

Surgery may involve anyt hing from simple des loughing 
of an ulcer to major amputation (see Fig. 35. 10. If 
performed correctly, these surgical procedures result in 
complete and rapid healing. If good foot care is available. 
it is rare that amputation of more than single toes is 
required . 

3 'FilletlllQ' of digit and metatarsal 
if infectIon has spread more 
deeply. A 'cake-slice' is taken 
out 01 the toot and the wound 
left unsutured 10 heal by 
granula1ion 

4 Transmelatarsal amputation 
lor Symes amputation 
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Fig, 35,11 Continued 
(b) ThIs IS the same patIent shown m Figure 35. 1 Dc The second and thIrd metatarsals have been ewsed, together wi th all the necrotic tissue in a 
'cake slice' procedure The wound was left open to heal by secondar/lntention, eventually giving a remarkably good functional result. (e) ThIs 
elderly man suffered from a combInatIOn of n.eurOp<l thy and obhteraHve atherosclerOSIS. He was bhnd as a result of diabetic comphcatlons_ The 
right 1E.'9 was eventually amputated below knee because of spreadmg InfectIOn, but the left was saved by angioplasty of stenosis in the Iliac and 
superficial femoral artenes together wi th local surgery to remove necrotIC tIssue Note the tYPKal 'clawed foot ' and distorted sole of motor 
neurop<lthy and that the great toe has alreody been amputated 

Prevention 

All clinicians dealing with di.lbetics should place the 
highest priority on prevention. All diabetics should be 
screened for peripheral neuropathy and, for those at risk, 
detililcd advice on self-care should be given and high
qUillity chiropody services provided. Careful attention 

AMPUTATION 

Where practimble, strenuous efforts to preserve limbs by 
reconstructive <;urgery or interventional radiological tech
niques ~hould be made, as the functional result and the 
success of rchilbilililtion arc potentially far better than 
even the best major amputation. Mobility with artificial 
limbs is disappointing especi.l11y in the elderly or infirm, 
However, amputation cannot be avoided if revascular
is..ltion is technically impossible (particularly in diffuse 
distal arterial disease), if there is substantial tissue ne
crosis and il functionally uscless foot, or deep spreading 
infection. 

LEVEL OF AMPUTATION 

Two principles guide the level of amputation (see Fig. 
35,'2): 

should be given to footwear to correct abnormal pressure 
patterns , Special insoles or even special shoes may need 
to be made by an orthotist or surgical fitter. Careful 
follow-up and regular monitoring by a diabetic specialist 
nurse or clinic C<1l1 successfully anticipate trouble. 

• The amputation must be m.lde through healthy tissue. 
If not, there is a high risk of wound breakdown and 
chronic ulceration , requiring further amputation at a 
higher level. When amputation is for (uncorrected) 
peripheral ischaemia, it is almost always ncccss...ry to 
amputate at mid-tibiallevcl or above to ensure he.lling 

• The choice of amputation level must t.lke into account 
the fitting of a prosthetic limb. For this purpose, the mid
tibia (below-knee) and lower femorallevcls (above
knee) are preferred. If the knee joint can be s.wed, the 
functional success of a prosthesis is much better. With 
improved prostheses, through-knee amputation is 
possible but heating rates are poor; most surgeons 
and prosthelists prefer above-knee to through-kncc 
amputation, which has a better healing rate and easier 
prosthetics 
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Management o f arterial insufficiency of the lower limb and the diabetic foot 

Ide81"
OmpC lengths 

22- 25 em 
below greater 

trochanter -Above knee-
equal anterior and posterior 
skin flaps 

1 0-12 em Below knee-
below tibial I long posterior muscle nap 

tUberosity L. ____ ~,- ... (Burgess type or skew /lap) 

., 

Syme's (heel flap)-
malleoli eUllevel with inferior 

", .... surface 01 tibia 

Mid-tarsal amputation 

1lle' traditional 'guillotine' amputation of the b.lttleficJd 
simply s liced off the limb, lea ving the wound to he,ll by 
secondary intention. This reduced the risk of fatal gas 
gangrene or tetanus but the result for fitting limb pros
thesis was poor. 

Fig . 35.12 Lower limb amputation s 
(a) Sites of ele<tion for lower limb amputations. (b) A well-healed 
below-knee stump at 6 weeks. The operation used a long postenor 
muscle flap and equal length 'skew' skin flaps_ (el The same patlef1t 
fltled With a modular below knee prosthesiS retallle<! by a close littlllg 
socket and a small strap above the knee. Note the unnary catheter 
(d) Breakdown of below-knee stump because of inadequate arterial 
blood supply_ (e ) Above-knee stump III a diabetic pat ient 
Unfortunately the anginal above-knee wound broke down and 
ne<rotic muscle had to be e~cised The wound was left open and has 
nearly healed by secondary Intention two month5 later (e) 

There have been considerable developments in ampu
tation techniques in recent decades in pa rticular 
myoplasli c tech niques. For below-knee amputations, a 
long posterior flap of muscle and skin is now wrapped 
forward over the amputillcd bone and su tured in pl<lce. 467 
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This resu lts in more reliable healing and a suitably 
shaped and cushioned stump. A more recent variation, 
the 'skew flap' technique, uses a long posterior muscle 
flap but equal skin flaps. The healing rate is no better but 
the s tump is better shaped for early prosthetic fitting. 
With these techniques and in experienced hands, about 
70% of amputations for ischaemia will eventually heal, 
thus preserving the knee joint. Modern below-knee 

prostheses are modular in construction and bear weight 
mainly on the p<ltellar tendon (PTB). 

For above-knee amputations, myoplastic flaps are 
used in which the bony am putation level is proximal to 
the musculo-cutaneous amputation level. This allows the 
muscles to be sutured over the exposed bone end. The 
short anterior and posterior skin flaps are then dosed 
over the muscle. 
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ANEURYSMS 

PATHOLOGY 

In some patients with aneurysmal disease, all the major 
arteries are large in diameter (arteriomegaly) but an 
aneurysm is defined as a localised area of pathologically 
excessive arterial di latation. Aneurysms of the abdominal 
aorta and the ili<tc, femora l and popliteal arteries are often 
labelled as complications of atherosclerosis but it is more 
likely that the primary disorder lies in degeneration of the 
elastin and /or collagen of the arterial wall. Atherosclerosis 
within aneurysms may be a less important secondary 
factor. Aneurysms are relatively uncommon; they are 
found mainly in males over 70 years of age and even less 
commonly in women an average of 10 years later. At least 
a quarter of these patients have more than one aneurysm. 

Degenerative aneurysms are usually fusiform in shape. 
slowly expanding in diameter. As the aneurysm becomes 
larger, expa nsion accelerates and the risk of rupture 
increases. The majori ty of abdominal aortic aneurysms 
involve only the infra renal aorta; some extend distally to 
involve one or both of the common iliac arteries and some
times the intemal iliac arteries (see Fig. 36.1). A few extend 
proximally to become thoraeo-abdominal aneurysms. 

CLINICAL PRESENTATION OF 
ANEURYSMS 

Aorta-i liac aneurysms are often found incidentally as a 
pulsatile mass on abdom iml examination, as calcification 
on plain abdominal X-ray, an obvious aneurysm all 

computed tomography (CT) or, most commonly, on ultra
sound scanning for obstructive urinary symptoms (see 
Fig. 36.2). OccaSionally the patient is the first to notice 
the abdomina l puls., tion. Despi te this, nearly ha lf of 
cases reaching the surgL'On present because of symptoms 
of leakage into the retroperitoneal tissues. Elective surgery 
can have a morta lity rate of less than 5%, whereas 
community il nd hospital mortali ty after rupture is in 
excess of 80%. There is a growing interest in ultrasound 
screening for aneurysms in elderly men in an attempt to 
d etect and trea t aneurysms before they rupture. 

Pain is the most common symptom of a leaking 
aneurysm. The clinica l picture ranges from an 'acute 
abdomen' to abdomi na-lumbar pain of up to 1 week's 
duration. The d iagnosis is usually suggested by finding 
a puls.,tile abdominal mass. The pat ient often exhibits 
transient or morc persistent cardiovascular collapse 
which should alert the cli nician to the diagnosis. 

Intraperitoneal rupture and often extra peritoneal 
rupture are rilpidly falal and are frequen tly the un
recognised ca use of sudd en death in the elderly. Cause 
of death is often wrongly attributed to 'myocardia l 
infarction' . 

Femoral and popliteal aneurysms are uncommon and 
usually present as a pu lsatile mass. Femoral aneurysms 
occasionally rupture and popliteal aneurysms are liable 
to undergo thrombosis or cause embolism, in which case 
the patient presents with an acutely ischaemic leg. It is 
vi tal to exclude this d iilgnosis in a patient with an acu tely 
ischaemic leg as successfu l treatment often requires 
thrombolysis in addition to surgery. 

469 
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Abdominal aorta only 
(commonest) 

t~_::'l1A,nal 
arteries 

Inferior mesenteric artery 

Aorta and common lIiacs 

Fig. 36.1 Patterns of aneurysm formation 

Aorta and internal iliacs 
(otten unilateral) 

Common iliac artery 

Femoral and popliteal 

~ Common lemoral 
artery 

Popliteal artery 

About 25% have more than one aneurysm either in continuity (cOlTmOn Iliac, Internal Iliac) or not (femoral 10%; popliteal 10%). Abdominal 
aortIC aneurysms rarely e)(tend above the renal arteries. 

PRINCIPLES OF MANAGEMENT OF 
ANEURYSMS 

INDICATIONS FOR OPERATION (see Box 36.0 

A leaking or ruptured abdominal aortic aneurysm is a 
surgic,ll emergency. Less th,m half the patients reach 
hospital alive, and only about half of these survive. The 

SUMMARY 
Box 36,1 Indications for operating on abdominal 
aortic aneurysms 
leaking or ruptured aneurysms 

• If patient'S state and general fitness permit 

Symptomatic aneurysms 

• Aneurysms causing pain (particularly if tender), 
ureteric obstruction or embolism 

Expanding aneurysms 

• Aneurysms which enlarge more than 0.5 cm in 1 year 

Size 

• Most arterial surgeons now recommend operation on 
aneurysms of 5.5 cm diameter or greater, or any 
saccular aneurysm 

majority of p<ltients die of shock before reaching the 
operating the,llre or else of myocardial infarction or 
acute re lla l failure nfter operation . 

On the olher hnnd , the mortality after elective oper
ation for aneurysm cnll be less thnn 5%. Thus, the decision 
to operate electively depends 011 the likelihood of leak
age or rupture. If there are symptoms which can be 
attributed to the aneurysm, imminent rupture must be 
assumed and urgent operation performed. For asympto
matic aneurysms, the risk of rupture increaSt.'S exponen
tially as the aneurysm dilall'S. Most vascular surgeons 
would consider operation for alxlomina! aortic aneurysms 
of Scm or more in diameter; 6 cm is generally cons idered 
to be critical since 40% of such aneurysms can be expected 
to rupture over the next 2 years. The indications for 
operation are summarised in Box 36.1. 

INVESTIGATION OF ANEURYSM 

If an aneurysm is obviously leaking, there is barely time 
to cross- mntch blood, let alone perform specific invC'Sti
g,ltions on the way to theatre. For doubtful or non-acute 
cases, ultrasou nd or cr sca nning is a rapid mcthcxl of 
C'S tnblishing the presence and size of an aneurysm. How
ever, it should be cmphnsised that diagnosis of a leak or 
nlpture must be mad e on clinical grounds; no tl'Sl can 
reliably diagnose rupture until it is gross. 
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Fig. 36.2 Abdominal aortic aneu~sm 
This very obese 64-year-Old man complained of cont inuous aching 
back pain for 2 weeks_ (a) Plam abdomHHI X-ray showing huge 
abdominal aneurysm (outl ined by arrows). Note ca lcification C along 
Its left-hand aspect. (b) Abdominal ultrasound scan of the same 
patient ThiS shows the aneurysm IS 11.5 em in maximum antero
posterior diameter, as measured between the markers M, M 
(e) and (dl Abdominal ultrasound scan In longitudinal and transverse 
se<tIOns showing size and posItJOn 01 a normal aorta A The infenor 
vena CdVa V IS also shown on the transverse scan (note thallI is larger 
than the aorta). A lumbar vertebral body is labelled LV (e) (T scan of 
a dlffefent p<I\lent With a 6 em AAA The thrombus hnlng the wall can 
clearly be seen (arrovved) Caklficatlon IS VISible In the anterior wall 
where the third part of the duodenum IS closely applied to It Rarely, 
a pr imary aorta-duodenal fistula develops at thiS point. 
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Fig. 36.3 A 70-year-old asymptomatic man in whom a pulsotlle i.lbdomlni.ll mass was i.ln incidental fmdmg. (a) Plain antero-postenor i.lbdomlnal 
X-ray showing a mildly radiopaque mass in the midline with a hne 01 eal(lheatlOn down Its flghl-hi.lnd margm (arrowed). (b) Arteriogram from the 
same patJeflt shOWing fUSIform dilatation of the aorta beglnnmg 2.5 em below the originS of the renal artefle5 R Note the Ci.lklflCatlOn (arrowed) 
In the ooter wall eorrespondm9 to that in (a); the '>P<Ke between this and the lumen of the aneurysm eoosists of old lamellated thrombus. (e) This 
cast of thrombus was removed from WIthin the aortic aneurysm at operatlOll; note the false lumen and concentric lamellae of thrombus 
progresSIVely laid down as the aneurysm ei<pi.lnded 0V('f many monlhs. (d) This shows the aneurysm sac: opened at operation on a patient who 
hi.ld eomp\a'ned of ehrorlle back pam The posteflOf wall of the i.lorta IS completely deflClent m part and the anterior longitudinal ligament is 
VISible milS base 

Ultrasonography is also U5(c'CI for periodic monitoring 
of asymptoma tic aneurysms considered too small to 
warrant opera tion. Neither ultrasound nor cr scanning 
is completely reliable for showing the relationship of the 
aneurysm to the renal arteries and arteriography may be 

necessary for this. The 5% of cases where the aneurysm 
extends above the renal arteries require a thoraco
abdominal operative appmach and the operation carries 
a greater risk. Magnetic resonance angiography which 
docs not employ conlTas! material is developing rapidly. 



It will prob.,bly supersede other investigations as further 
improvements in speed and convenience appear. 

Arteriography is usually nectc'SSary if aneurysm 
patients requiring surgery also have evidence of lower 
limb ischaemia , in which case combined reconstruction 
may be required. 

PRINCIPLES OF ANEURYSM SURGERY 

The aneurysmal segment is surgically corrected by means 
of a graft. Tube grafts or bifurcation grafts of synthetic 
material (usually Dacron) are used for aorto-iliac and 
femoml aneurysms, while autogenous saphenous vein 
is preferred for popliteal aneurysms. 

For abdominal aneurysms, the standard approach is a 
long midline abdominal incision. The aorta is usually 
reached via the peritoneal cavity or sometimes via an 
extraperitoneal approach. The patient is usually anti
coagu lated with intravenous heparin to prevent distal 
thrombosis and the iliac arteries and the infra renal aorta 
are damped (sec Fig. 36.5). The aneurysm is incised 
longitudinally and any dot within it removed. Bleeding 
lumbar arteries opening into the posterior aortic wall are 
oversewn. 

The graft is sutured within the aneurysmal sac at each 
end and the S'lC is left in situ and later dosed around 
the graft. This is known as an inlay graft and allows 

Aneul)'5ms and other peripheral arterial disorders 

scp<,ration of the graft from the intestine, reducing the 
risk of an <lorto-intestinal fistula from the graft anasto
moses. The graft is sutured proximally just above the 

Fig . 36.4 Chest X-ray of thoracIC aneurysm. ThIS huge aneurysm of 
the aortIC arch was discovered dUTIng workup priof to surgery for a 
large AAA Unfoounate/y the thoracic aneurysm proved inoperable 

-

1 After antlCOa~Ia\JOn WIth intravenous 
heparin, clamps are applied to iliac 
arteries, then 10 aona and inferior 
mesenteric Mery 

2 Aneurysm opened and thrombus 
removed. Back-bleeding lumbar 
vessels uoderrun wilh stitches; 
inferior mesenteric artery retained 
for reimpianlatioo later if necessary 

3 Dacron prosthetic graft sutured inside 
aorta to healthy tissue, proximal 
anastomosis first. 
This is tested by dampi~ graft and 
releasing aortic clamp. Distal 
anastomosis is then performed 
ensuring there are no proximal or 
distal clots before final closure. If 
iliacs are aneurysmal, a bifurcation 
graft may be required 

Fig. 36.5 Technique of abdomina l aortic a ne urysm surgery 
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Fig. 36.6 Arteriography after aneurysm surgery 
This artenogram w.rs performed for claudication 10 years after a 
trouser or 'V' graft IOf abdominal aortic aneurysm (arrowed). A IlE'W 

aneurysm has appeared In the lelt common iliac artfff and a small 
aneurysm is also seen In the nght common femoral. Neither was large 
enough to reqUire surgery but periodiC follow up W<lS continued uSIf19 
ultrasound 

upper limit of the aneurysm to (relatively) nonnal aortic 
wall. Placemen t of the distal end depends on the extent 
of the aneurysm. II may be located in the aorta near its 
bifurcation, in which case a straight tube graft is used 
(most common ly), or more distally to iliac vessels when 
a bifurcation graft ('trouser graft') is necessary. 

COMPLICATIONS OF ARTERIAL SURGERY (see Box 35.3) 

Patients undergoing arterial surgery are subject to all 
the usual complica tions of major surgery. In addition, 
they invariably have generalised arteriopathy rendering 
them vulnerable to serious or fatal cardiovascular com
plications during the perioperative period. Common 
complications include myocardial infarction, cardiac 
failure, acute arrhythmias, strokes, renal failure and 
intestinal ischaemia. Therefore, preparation for elective 
arterial surgery must include meticulous preoperative 
assessment and preparation. Any p~xisting medical 
conditions like cardiac failure or hypertension should be 
stabilised under expert advice. 

For aortic and other major arterial operations, pro
longed general anat.."Sthcsia, aortic clamping and heavy 
operative blood loss place extra stress on a compromised 
cardiovascular system. Thus patients require intensive 

monitoring both during and after operation. This usually 
means central venous and peripheral arterial catheter
isation for accurate pressure measurements. For p.1tients 
with severe myoca rdial disease, a Swann--Ganz catheter 
is often placed to monitor the pulmonary artery wedge 
pressure (equivalent to left atrial pressure) as well as the 
cardiac output. These and other high-risk p.1tients should 
be closely monitored in the early postoperative period 
in an intensive care or high-dependency unit so that 
complications can be recognised and treated early. 

The local complications of arterial surgery include 
haemorrhage, embolism, thrombosis, graft infection and 
false aneurysm formation. n,e complications of arterial 
surgery are summarised in Box 35.3 (p. 458) and discussed 
in detail below. 

Haemorrhage 

During surgical access to the affected arteries, nearby 
veins are vulnerable to tearing even when great care is 
t,lken in dissection. For example, the iliac veins cross deep 
to the iliac arteries and are often adherent to them. Venous 
tears are often inaccessible and thus difficult to identify 
and repa ir; they usually result in massive blood loss. 

Making an arterial anastomosis is demanding under 
the best conditions, but made even more difficult by 
friable vessels and calci fied atherosclerotic plaques. In 
the high-pressure arterial system any defect is quickly 
revealed and blood sprays everywhere! Fortunately the 
vascular system can be remarkably forgiving and small 
leaks are quickly plugged by platelets. If blood loss is 
massive 00-25 units), platelets and coagulation factors 
are consumed and hacmostasis is progressively impaired 
(consumption coagulopathy). Standard blood trans
fusions are unfortunately of little help since stored blood 
is deficient in functioning platelets and clotting factors. 
In this deteriorating situation (and preferably in anti
cipation of it), infusing platelet concentrates and fresh
frozen plasma provides the only answer. 

Patients are usually heparinised before arteries are 
clamped to prevent distal thrombosis. This does not 
usually cause a problem with haemostasis later, but 
if necessmy the effect can be reversed by injecting 
protamine. 

Emly postoperative haemorrhage is uncommon 
provided adequate haemostasis is achieved before 
completing the operation and closing the wound. When 
bleeding does occur, it usually results from a pin-hole 
leak at the anastomosis or a s lipped ligature. Haemor
rhage is manifest by generalised signs of hypovolaemia, 
by progressive abdominal distension or, in the lower 
limb, by swelling beneath the wound. Postoperative 
haemorrhage will sometimes stop spontaneously follow
ing transfusion of blood and clotting factors, but if blood 



r 

loss continues or there is major haemorrhage, further 
operation is urgently required. 

Embolism 

In aneurysm surgery, embol ism is usually caused by dis
lodging fresh or organised thrombus from the aneurysmal 
sac. It is largely prevent,lble if Ihe outflow vessels are 
clamped before the aneurysm is manipulated . L..uge 
emboli that lodge in femoral vessels can be retrieved 
with a Fogarty balloon catheter, but the more common 
fragmented distal embolism may cause infarction of 
digits or even the whole foot ('trash (oon. Infarction due 
to distal embolism is irreversible and usually necessitates 
amputation later. 

Thrombosis 

Thrombosis of the reconstructed vessels is a major 
problem in arterial surgery. It rapidly leads to profound 
distal ischaemia and results in loss of the limb unless 
u rgently corrected. 

Sluggish flow leads to thrombosis and may arise for a 
variety of technical reasons: 

• Unrecognised stenosis proximal or distal to the 
reconstruction ca using poor inflow or ru noff 

• Poor anastomotic technique with p.lrtialluminal 
obstruction 

• Dissection of the layers of the distal vessel wall 
resulting in a flap of tunica intima and media which 
acts as a ' flap valve' occluding Ihe lumen 

• Twisting or kinking of a graft 
• In situ thrombosis during arterial clamping 

Thrombosis usually occurs in the first few hours after 
operation and becomes manifest by deterioration in the 
colour, temperature and pulses of the affected limb from 
the satisfactory state initially achieved at operation. Urgent 
reoperation is usually required. 

Graft infection 

Infection of a synthetic graft is uncommon but can be a 
devClstClting complic,llion. It ma y occur in the early post
operative period or at any time months or years later. 
The infecting organisms are usually from the patient's 
own intestine. Infection is minimised by avoiding opening 
bowel, meticulous asepsis and haemostasis, and peri
operative antibiotic cover. Antibiotics are normally given 
intravenously al anaesthetic induction and over Ihe first 
24 hours postoperalively. A cephalosporin (e.g. cefotaxime 
or cefufOxime), or a combination of gentamicin and fluc1ox
acillin is suitable. In addition, gelatin-coatcd grafts can be 
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SD...ked in an antistaphylococcal antibiotic e.g. rifampicin 
before placement. 

Graft infection should be suspected if there is re
current pyrexia and malaise or a persistently discharging 
wound sinus; occasionally, the wound breaks down, 
exposing the in fected grafL Major graft infection has a 
bleak prognosis even when treated, the eventual out
come often being death from septicaemia or an,lstomotic 
breakdown with c,1 tas trophic bleeding. Standard treat
ment is to remove the infected graft and restore Ihe dis tal 
circulation wi lh an extra-anatomic graft (e.g. axillo
bHemoral), which bypasses the infected area. 

False aneurysm formation 

A false aneurysm is the resull of a slow anastomotic leak 
confined by surrounding tissues. A slowly exp..nding 
blood-filled cavity resuits, which eventually mptures or 
undergoes thrombosis. A false aneurysm usually presents 
as a p.llp.lble pulsatile mass. Occasionally a false aneurysm 
at an upper anastomosis with the abdominal aorla leaks 
inlo the overlyi ng duodenum. This produces an aorto
duodenal fistula and presents with severe haematemesis. 
Aorto-duodenal fi stulae may also result from gra ft 
infection. False aneurysms were formerly much more 
common because of the gradual breakdown of silk suture 

Fig. 36.7 Complicat ion of a rte ria l surge ry 
ThIS patient was admitted to hospItat With a ruptured aneurysm He 
suffered arterial thrombosiS of the lower limb during operatlOll and a 
thrombectomy left him With an ISChaemlc foot Poor attentIOn to heel 
pressure relief durmg the earty postoperative period ted to this heel 
necrosis. whICh toolo:; several months to heal 47~ 
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materials but suture durability has greatly improved with 
the introduction of polyester and polypropylene sutures. 

LONG-TERM FOLLOW-UP AFTER ARTERIAL SURGERY 

All patients with obl iterative atherosclerotic disease are 
liable to progression of the disease and new ischaemic 
events, Thus, most patients are followed up long-term 

UPPER LIMB ISCHAEMIA 

Ischaemia of the upper limb is rare. This is because 
atherosclerosis is very uncommon in the arteries supply
ing the upper limb. Furthermore, there is a rich collaterill 
blood supply via the scapular anastomoses which can 
bY)J<lss occlusive disease of the subclavian artery. Upper 
limb ischaemia usually occurs when the subclavian artery 
is compressed at the thoracic outlet or when emooli 
obstruct the brachial or more dista l arteries. Occasionally, 
vasospastic disorders like severe Raynaud's disease cause 
digital ischaemia. 

THORACIC OUTLET COMPRESSION 

TIle subclavian artery and vein and the brachial plexus 
pass through the narrow S)J<,ce between the first rib and 
the clavicle. If this space becomes narrow, neurological 
or arterial symptoms may appear; both of these are 
part of the thoracic outlet syndrome. The gap may be 
encroached upon by a healed fracture, by excess muscle 
development or some other unknown means. Upward 
pressure may also be exerted by a congenital cervical ri b 
or fibrous band. 

Symptoms of arterial compression include upper limb 
'claudication' in people who habitually work with their 

Fig. 36.8 Cervical rib causing subclavian artery compression. 

after surgery or angioplasty to monitor deterioration, to 
detect new disease and to enable timely intervention. 
Femoro-poplitea l vein grafts can be examined at intervals 
using duplex Doppler SC<lnning. Such graft surveillance 
can detect early graft stenoses, enabling them to be treated 
and the graft preserved. Aneurysm patients, on the other 
hand, can be discharged from follow-up 3 months after 
operation if there are no complications. 

arms above their head s, as the artery becomes further 
compressed in this position. [n longstanding cases of 
subclavian artery compression, the artery beyond the 
stenosis often becomes dilated into an aneurysm (post
stenotic dilalation) which may collect thrombus. This 
may later embolise into the brachial artery causing acute 
ischaemia. 

Neurological symptoms of thoracic outlet syndrome 
usually cause deficits in the T1 nerve root distribution. 

Diagnosis of thoracic outlet syndromes is difficult and 
best performed in Specia list centres with appropriate input 
from neurologists, surgeons, radiologists and physio
therapists. Operative intervention is becoming less com
mon as conservative management improves. Occasionally 
the diagnosis is made by finding a lower blood pressure 
in the affected arm wh ich varies with arm posture and 
obstruction can be confirmed by arteriography. Most 
cases are not, however, so straightforward. 

Treatment is by excision of a cervical rib if present or 
else excision of the first rib. A subclavian aneurysm 
shou ld be resected and replaced with a graft. 

__ -=;:....~ (b) 

(a) ThiS 65·year-old butcher complained of a sudden onset of eweme pal lor. coldness, weakness and paraesthesia in his right hand and forearm 
when handling meat in the cold room. (b) Plil in X·ray of thoracic outlet showing bitaterat cervICal ribs. 
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Fig. 36.8 Continued 
Ie) and (d) Shov-i arch arteriography Ie) Wi th the shoulder adducted, there is normal blood flow through the subclavian artery Sc. Note the 
Pfesence of a cefVical rib R and dila tation of the subclavian artery Just distal to I' ThIS was a post-stenOhC aneurysm An containing thrombus, 
whICh gave nse \0 distal embollSlTl_ The aorta IS labelled AO. (d) With the shouldef abducted and externally rotated ('the army saluting position'), 
subclavian blood flow IS completely obstructed by the cervical rib; notl' the 'p!9tail' arteriogram catheter In the aorta Ao 

EXTRACRANIAL CEREBRAL ARTERIAL INSUFFICIENCY 

ExtracTan;a] atherosclerosis is common and is probably 
responsible for about one-third of all strokes. The 
common carotid bifurcation is the area most affected by 
atherosclerosis although obstructive disease may ,,(fect 
the distal internal carotid in the carotid siphon. The 
vertebral arteries arc next most commonly affected. Less 
com monly, the orifices of the great vessels become 
obstructed where they leave the aortic arch. 

CAROTID ARTERY STENOSIS 

PATHOPHYSIOLOGY OF CAROTID ARTERY STENOSIS 

Carotid artery atheroma often results in stenosis, with 
cerebral blood Oow becoming critically impaired when 
lumina l narrowing exceeds about 70% (Fig. 36.9). Rough 
atherosclerotic plaques without gross narrowing may 
also be the source of platelet emboli. Small emboli may 
cause transient ischaemic attacks (including transient 
blindness, known as amaurosis fugax), whereas large 
emboli or embol i in to critical areas cause major strokes. 
Asymptomntic stenoses may be discovered on investi-

gation of carotid bruits or as part of the genern] in vesti
gation before major arterial surgery elsewhere in the 
body. 

INVESTIGATION OF SUSPECTED EXTRACRANIAL 
VASCULAR DISEASE 

A minority of pi,tients suffering transient ischaemic 
attacks or stroke are found to ha ve a bruit on auscultation 
of the carotid arteries. However, this finding docs not 
indicate the degn.'C of narrowing. Indeed, a significant 
stenosis may be silent, as of course is complete occlusion. 

Patients with strokes, asymptomatic carotid bruits and 
transient ischaemic attacks should initially be investigated 
by non-invas ive means. The preferred method is duplex 
Doppler scan ning. an ultrasound technique which allows 
simultaneous imaging of the carotid arteries and measure
ment of blood now velocity. The rise in velocity allows 
the degree of stenosis to be derived. If there is a high
grade s tenosis (i.e. over 70%) in symptomatic discase, 
surgica l intervention is the treatment of choice. With 
skil led duplex examination, many surgeons feel that 
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(b) 

Fig. 36.9 carotid artery disease 

(a) This 71·year-old man suffered two tranSll'flt episodes of left hempareslS In one week ('lIAs') Carotid angIOgraphy shovvs a localISed 50% 
stenOSIS of the internal carotid artery Just distal to the common carat d bdurcatJOfl; this degree of stenosis alone would not explain the symptoms 
Note the typical post·stenotlC dIlatation Immediately beyond the ster'OSlS_ The rest of the cerebral artenal system appears normal. At operatIOn, an 
ulcerated atheromatous plaque was found. which was undoubtedly the source of emboli which caused the tranSient Ischaemic attacks_ 
Endarterectomy was performed and the patient has ~n entirely well since. Studies In the USA and Europe have shown surgery IS definitely 
better than medical management In patients with a 70% or greater stenosis. (b) SubtractlOfl film from a carotid angiogram In a different pat~nt 
This shows a 90% stenosis In the Internal carotid artery which IS haemodynamlCally Significant, causing cerebral ischaemia on Its own account 

carotid angiograp hy is no longer necessary; this invasive 
technique carrics a risk of stroke and is being replaced 
by duplex Doppler alone in uncomplicated cases. 

TREATMENT OF EXTRACRANIAL ARTERIAL DISEASE 

The role of surgery in man'lging extracrania! vascular 
disease has become much dearer since publication of 
major randomiscd studies in the USA and Europe. The 
choice of treatment for symptomatic carotid artery 
stenosis is between medical anti platelet therapy with 
aspi rin 75-150 mg or clopidogrel 7S mg daily and 
surgkal endarterectomy. Carotid endarterectomy enjoyed 
an enormous vogue in the 1970s and 1980s for treating 
transient ischaemic attacks, completed stroke and 
asymptomatic carotid stenosis, particularly in the USA. 
Scientific com parative studies have shown that in 
patients with carotid s tenosis of greater than 70%, 
surgery reduces the annual stroke rate from about 6% in 
the medically treah .. >d group to abou t 1.5%. For lesser 
degrees of stenosis, surgery has not proved advan
tageous, alt hough studies a re continuing. Even in higl,-

grade stenosis, surgery docs not reduce long-term 
mortality from ca rotid artery diSt'asc. The mortality rate 
of about 5% per annum over 5 years is compamble in 
medically and surgica lly treated patients, taking the 
operative mortality of 2-3% into account. 

Currently about 2000 carotid endarterectomies are 
performed annually in the UK, but this is rising now the 
indications for surgical treatment of severe stenoses arc 
clea r. At present, seven males are treated for carotid 
artery stenosis fo r every three fema les. 

The usual operil tion for carotid artery stenosis is 
endarterectomy. The carotid bifurcation is opened 
longitudinally after clamping the carotid arteries and 
anticoagulating the patient. A shu nt is commonly used 
to maintain cerebral perfusion; this involves placing a 
tube in the com mon carotid below the stenosis and into 
the internal carotid above the stenosis, bypassing the 
opcril tion si te. The stenotic plaque is then removed and 
the carotid sutured directly or repaired with a vein patch 
sutured into the wall to maintain the diameter. Carotid 
surgery cilrries an appreciable risk of mortality o r cerebral 
complicat ions such as stroke which need to be taken into 
account when assessing individual departmental results 
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and when comparing grou ps of patients treated medically 
and surgically. 

SUBCLAVIAN STEAL SYNDROME 

111is unusual sy ndrome is caused by obstruction of the 
subclavian artery proximal to the origin of the vertebral 

Fig. 36.10 Subclavian steat syndrome 
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artery. In consequence the subclavian is fed by retro
grade now from the vertebral artery via the carotids 
and circle of Willis. This s ituation remains tenable until 
there is excessive d emand by the upper limb. AI 
that point, blood becomes diverted ('stolen') from the 
cerebral circula tion caus ing trans ient cerebral ischaemia. 
Figure 36.10 illustrates a classic example. Treatment is to 
bypass the obstruction with a graft. 

Subtraction anglograms from a S5-year·o ld house· painter who complained of dizziness when painting walls and celhngs. (a) Aortic arch (With 
'pigtail' arteriogram catheter viSible) showing normal right Innominate artery With Its subclaVian and common carotid branches. On the left. the 
artenal anatomy is anomalous, With the common carotid CC arising from an innominate artery IA rather than dlrC(t from the aorta The left 
subclaVian artery 5c appears to be occluded beyond a short stump. (b) X-ray exposure taken 4 seconds later; the aortic arch and its branches are 
now clear but contrast has appeared In the left vertebral artery V. fl owing downwards from the circle of Wil lis. This has flowed onwards to fill the 
lelt subclaVian artery Sc re trogradely Thus there is complete obstructiJn of a segment of the left subclavian artery proXimal to the origin of the 
vertebral artery. and the vertebral artery supplies the left upper limb at the expense of the cerebral CIrculation, The results in episodes of tranSient 
cerebral ischaemia at times of high vascular demand from the left upper limb. 

ARTERIAL INSUFFICIENCY IN OTHER ORGANS 

MESENTERIC ISCHAEMIA 

Blood supply to portions of the bowel may be com
promised in four main ways: 

• Strangu la tion. This is a mechanical problem 
presenting as bowel obstruction. It is described in 
detail in Chapter 13. It may be the result of a hernia 
(see Ch. 26)' volvulu s (see Ch. 22) or fibrous bands 
resulting from previous surgery (see Ch. 47) 

• Acute thrombotic or embolic obstruction (Fig. 36.11). 
This is analogous to acute thrombosis or embolism of 

the lower limb, as described in Chapter 35. The cause 
is usually superior mesenteric artery occlusion and the 
condition presents as an 'acute abdomen' (see eh. 13) 

• Transient ischaemia. This presents as inflammation of 
the bowel characterised by abdominal pain and rectal 
bleeding. The condition is known as ischaemic colitis 
and is discussed a t the end of Chapter 21 

• Chronic mesenteric artery insufficiency. This 
condition presents with gross weight loss and 
abdominal pain following eating; it is analogous to 
intermittent claudication due to arterial insufficiency 
in the lower limb and is d escribed in the next section 
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Fig. 36.11 This woman of 77 presented with moderate abdominal 
pain and Circula tory col lapse requiring vigorous resuscitat ion . She was 
In atrial fibr illation and was aCidotIC. Mesenteric embolism was 
suspected and was confirmed at operation. Unfortunately. as often 
happens, the entire mid-gut temtory, bet~n 20 cm along the 
jejunum to the mid-transverse colon was necrotiC and no beneficial 
procedure was possible 

RENAL ISCHAEMIA 

RENAL ARTERY STENOSIS 

PATHOPHYSIOLOGY Of RENAL ARTERY STENOSIS 

This uncommon condi tion arises in two main ways. In 
children and you ng adults, the cause is fibromuscular 
hyperplasia . In older patients, atherosclerosis is the usual 
cause. I~enal artery s tenosis may present with hyper
tension (ischaemia of one or both kidneys causes poor 
perfusion, thus activating thc renin-angiotensin system) 
or functional renal impairment. It is sometimes discovcre..i 
incidentally on urography as a non-functioning or poorly 
functioni ng kidney. 

Fibromuscular hyperplasia responds well to balloon 
dilatation, which often results in the blO<Xl. pressure 

CHRONIC MESENTERIC ISCHAEMIA 

The rMe condition of chronic mesenteric ischaemia or 
'gut daudicalion' occurs when the visceral blO<Xl. supply 
is restricted to a point where it is adequate a t rest but 
inadequate during active digestion. This occurs when 
there is gross atherosclerotic narrowing of the three main 
mesenteric vessels (coeliac, superior mesenteric and 
inferior mesenteric arteries). These patients present with 
severe epigastric pain on ea ting which causes 'fear of 
food'. There is always gross weight loss and sometimes 
an epigastric bruit can be hea rd on auscultation. 

Diagnosis is by arteriography with a lateral projection 
allowing the origins of the three main vessels to be seen. 
Treatment is by surgical reconstruction of the origins of 
one or more of the mesen teric arteries. 

returni ng to normal. Atherosclerosis may be treatable by 
b.,lIoon angioplasty or reconstructive su rgery but the 
effect on hypertens ion is unpredictable; renal function, 
however, may improve, pa rticularly in patients wit h a 
short history of hypertension or if the renal artery 
stenosis is bilateral. 

It is important that renal artery stenosis is nxogn ised 
in pat ients needing aortic reconstructive surgery, whcther 
this is for occlusive or aneurysmal disease. l1lis is because 
hypotension during the operation may initiate thrombotic 
occlusion of narrowt.'CI renal arteries. This cauSL"S post
opera ti ve renal failure. l~enal artery stenosis should be 
treated before operation by balloon dilatation, or by 
reconst ruction at the s.,mc time as the aortic operation. 
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VENOUS THROMBOSIS AND THE 
POST·THROMBOTIC LIMB 

ANATOMY OF THE LOWER LIMB VENOUS SYSTEM 

mood is drained from the lower limb via two separate 
systems. The deep venous system drains the deep tissues 
of the foot and muscles of the lower leg and th igh. These 
deep veins lie within the mass of lower limb muscles, 
and include the large soleal venou s s inuses. Muscle 
contraction during w<llki ng and other exercise provides 
an essential mechan ism for pumping blood b.:lck towa rds 
the heart against gravity. Reverse flow is prevented by 
numerous valves in the system. 

The skin and tissues superficial to the deep fascia 
drain mainly in to the superficial venous system which 
compriSl'S two m(liil vessels, the long (great> saphenous 
vein and the short (small ) saphenous vein . The long 
saphenous vein receives tributaries from the antero
med ial aspect of the limb (and lower anterior abdom ina l 
wall), and penet rates the deep fascia in the groin to drain 
into the femoral vein. The short saphenous vein dmins 
the posterior part of the leg and passes through the deep 
fascia of the calf to flow into the popliteal vein, part of 
the deep venous system. There are numerous other 
interconnecti ng superficial veins tha t will drain venous 
blood from the limb if refluxing long or short saphenous 
veins are removed. The superficia l system has no muscular 
pump to aid venous return but valves norma lly gua rd 
against retrograde flow, particularly at the sapheno
fe moral junction and the sapheno-popliteal junction. A 
number of perforati ng veins drain blood from the 
superficia l system into the deep system; valves normally 
ensure one-way flow. Most of the perforators are on the 
medial part of the leg above the ankle but there is a fairly 
constant 'Hunteri an perforator' in the medial mid-thigh. 

PRESENTATION AND CONS EQUENCES OF DEEP 
VENOUS THROMBOSIS 

Deep venous thrombosis (DVT) in the lower li mb most 
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commonly occurs as a complication of a major operation, 
lower limb fractures, myocardial infarction or other 
severe illness. In the past, OVTs were commonplace after 
childbirth but early mobilis.1tion has considerably reduced 
the incidence. About one-third of DVTs present with no 
apparent cause and these are usually managed by 
physicians. Many of these patients have a detectable 
prothrombotic state. TIle risk factors, clinical presentations 
and management of aUlte OVT and pulmonary embolism 
are discus5el..i in Chapter 47. 

Deep venous thrombosis in the lower limb is an acute 
local problem with the added risk of a potentially fatal 
pu lmonary embolism; however, it may also lead to major 
long-term complications in the lower limb. The severity 
of post-thrombotic problems generally reflects the extent 
of the initial DVT. The affected extremity is known as a 
pos t-thrombotic limb or, less aCUlrately, a post-phlebiti c 
limb. 

A high proportion of patients undergoing major oper
ations who have risk frlctors for deep venous thrombosis 
can be shown (using sensitive radionuclide techniques) 
to develop asymptomatic thrombi in ca lf veins despite 
lack of cli nicill evidence of thrombosis. Such 'silent' 
thromboses may explain the occurrence of typical post
thrombotic changes in patients where there is no history 
of an acute thrombotic episode. 

PATHOPHYS IOLOGY OF POST-THROMBOTIC PROBLEMS 

Provided fatil l pulmonary embolism has not occurred, 
deep venous thromboses gradually undergo organis..1tion 
and recanalisation. In the process, valves in the deep 
veins can be damagL'Cf and become incompetent allowing 
rcnux, thus leading to chronic venous insufficiency. The 
syndrome usually takes years to develop; the prolonged 
interva l makes it easy to forge t this important reason for 
trying to prevent deep venous thrombosis in hospital 
patients! In patients where the proximal veins have been 
completely occluded by thrombus, recanalisation may 
not occur at all or else is incomplete. This leaves venous 
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outflow obstnlct ion and the consequences are more 
marked and appear sooner. 

In the norma l adult limb, venous pressure at the 
ankle while standing is about 125 cm of water. This falls 
markedly during """Iki ng as a result of the ca lf pump. In 
contrast, in the post-thrombotic limb, where deep venous 
valves allow reflux or, worse still, veins are occluded, 
ankle venous pressure remains high during calf muscle 
activity, This leads to incompetf'nce of valves in the 
perforating veins. Blood is forcL>d into the superficial 
system, ca usi ng venous hypertension and disrupting the 
normal vascular dynamics of the skin and subcu taneous 
tissues. This mily result in impaired skin vita lity and 
healing i'lbi!ity. 

The fo llowing fi'l ctol'S probably contribute to the cl inica l 
outcome: 

• Venous stagnation rest ricts Mterial replenishment of 
capi llary blood 

• Arteriovenous sh unts beneath the affected skin divert 
blood away from the dermal capillaries 

• Venous hypertension causes dila tation of the local 
venu les and c.lpi llary network, allowing plas ma 
proteins to leak into the interstitial spaces. Fibrin 
polymerises forming pericapillary cuffs but these 
probably do not interfere with metabolic excha nge 
between blood i'lnd tissues 

Characteristic locil l s igns of a gross post-thrombotic limb 
are lis ted in Box 37.1. 

TIle post-thrombotic syndrome should also be suspected 
when a p<1tient presents with lesser degrees of skin change. 
The mi'ljority, however, will prow to have only superficial 
venous insufficiency. 

INVESTIGATION OF VENOUS INSUFFtCIENCY 

When <l p"ticnt presents wilh ankle ulceration, a 
chronic<llly swollen limb or typic<ll skin ch,mge of venOU3 
insufficiency Mound the <lllkle, s uspicion may be raised 
of chronic venous insufficiency due to superficial venou" 
reflux or post-thrombotic changes or bot h. TIle diagnostic 
pilthway develops in response to the following questions: 

I. Is the condition venous in origin? This is suggesled by 
it history of DVT, prolonged bed rest. lower limb 
fractures o r a finding of varicose veins or a 
'cha mp<1gne-bottle' leg (Fig. 37.1). If the condition is 
not venous, another CilUse of ulcer<ltion and swelling 
should be sough t 

2. Is there superficial venous insufficiency (Fig. 37.2 later), 
deep venous insufficiency, or a combination of both? 

3. How much of a con tri bution is made by superficial 
venous insufficiency? (This is likely to respond to 
surgery, unlike deep venous reflux) 

When there are small Meas of skin change or ulcer"tion 
which correlale with the degree of superficial venous 

KEY POINTS 

Box 37.1 Signs of a gross post-thrombotic limb 

• Chronic lower leg swelling with brawny oedema 
• Varicose veins with incompetent perforating veins 
• Inflammation and haemosiderin pigmentation in 

the area above the medial malleolus (the 'gaiter' 
area) and other parts of the lower hatf of the leg 
known as varicose eczema. This may be 

complicated by low-grade cellulitis 
• Active or healed venous ulceration above the 

medial malleolus 
• Lipo-dermatosclerosis around the ankle 

(replacement of soft subcutaneous fat with firm 
collagen). This causes the 'champagne-bottle leg' with 
oedema above and a narrow atrophic ankle below 

incompetence, these C.1I1 be treated surgically as uncom
plicated vMicose veins. [f there are marked skin changes, 
the anatomy of the deep venous system and the com
petence of vil lves in the deep veins need investigation. 
Venogr.1phy used to be the 'gold slandard ' but latterly, 
skilled assessment with duplex colour-flow Doppler 
ultrasound is proving more informative and less in vasive 
than venogr,lphy. 

Ambulatory venous pressure can be measured at the 
ankle duri ng repeated calf muscle contraction, using 
direct can nulotion. As described eariier, high venous 
pressure duri ng calf exercise is a feature of the posl
thrombotic limb; however, it may also be caused by 
excessive pressure in the su perficial venous system due 
to incompetencc of the valve ilt the silpheno-femorill 
junction or other thigh perfora tors. If ambulatory venous 
pressure is high, the measurement is repeated with an 
abovt..>-knee tourniquet in place. Any f"ll in the ambulatory 
venous pressure is then attributable to superficial venous 
incompetence, which ca n be treated by surgery. Deep 
venous incompetence is not generally amenable to 
surgery, ond trea tment is nc<:essarily conservative. 

MANAGEMENT OF POST-THROMBOTIC PROBLEMS 

The main post-thrombotic problems requiring active treat
ment are chronic ulcers and cell ulitis. 

Venous ulcers 

Ulcers may develop spon tanoously but are more COIll

monly initiated by minor trauma which f" ils to hea l, 
often complicated by secondary inJection. 

The miljority of venous ulcers can bf' healed by simple 
non-operative methods, provided treatment is applied 
effectively and assiduously. Even if operative treatment 
is required, conservative mcaSUrL>S should be used to 
prepare the limb. These include rtc'CI ucing swell ing by 
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Fig. 17.1 Post -thrombotic limbs and venous eczema 
(a) He.11ed venous ulcer showlI'19 local loss of subcutaneous fat and surrounding pigmentation (b) Man of 66 WIth no hrstOfY of DVf showing 
marked swelling of the left II!g WIth pigmentation in the lateral gaiter area replesentlO9 venous eczema The right leg has modefate vafKose 
verns; the blue dlscoiouratlOf1 around both ankles ts an age change dJe to dilated Yeflules arid IS of no cJimcal importance. On colour duple)!. 
ultrasound e.lamlnallOO, there was ('VIdence of deep venous thrombotIC damage In the left leg Ie) Bilateral post-thrombotK limbs m a woman of 
57 WIth gross venous eaema, fal atrophy, signs of healed venous ukerallOf1 and varICose veins 

bandaging, removing necrotic tissue from the ulcer base 
and controlling cellulitis. Support and compression of 
the skin and superficial tissues is the mainstay of 
treatment. This may be provided by elastic b.:lIldages or 
correctly sLwd gr<lded comprcssion stockings. In either 
case, the aim is for pressure to bC' greatest at the ankle 
(about 20 mmllg), reducing progressively up the limb. 
Greilt care mu!>t be taken to ensure that pressure does 
not cause ischaemia or abrasiOlls over tendons or bony 
prominences. The main con traindication to the use of 
compression is severe chronic ischaemia, where pressure 
could fu rther reduC(' arterial input. Most venous ulcers 
can be rapidly hea led while keeping the patient ambu
la tory by competent multi-layer bandaging (the Charing 
Cross technique uses four lilyers), avoiding the need for 
hospi tal care except for com plications or skin grafting. 

Spreadi ng cellu litis should be treated with systemiC 
antibiotics. Inf'->etion confi ned to the ulcer is treated by 
excision of dead tissue if necessary and simple dressings 
such as &1 line soaks; usc of antiseptics may retard granu
lation tissue and epithelial is.1tion. Local applications of 
antibiotics have no place in the management of ulcers. 

Surgical treatment may be ind icated, particularly if 
there is superficial vellous incompetence. Varicose veins 
should be liga ted or removed. More controversial is 
su rgica l di~ruption or ligation of incompetent perforating 

veins, even if performed by subfascial endoscopic surgery 
(SEPS). Intractable or large ulcers may re<juire skin 
gra fting once the ulcer base is clean. 

Long-term care and prevention 

The uncomplic.1 ted post-thrombotic limb is debilitating 
enough to the 1'<1liellt, who is often elderly, without the 
added com plication of chronic venous ulceration. 

As soon as the condition is recognised, the pa tient 
should be encouraged to uSt' appropria te graduated 
compression stockings and 10 take great care to avoid 
even minor trauma to the limb, especially to the area 
above the medial malleolus. 

For minor venous insufficiency, well-fitting class I 
graduated compression clastic stockings or !"ights 
provide adequate support but care should be t.lken that 
there is no proximal constricting band to impair venous 
return. In more severe venous insufficiency, class II or III 
graded compression stockings are extremely valuable 
and may reverse the tissue damage or a t least arresl its 
progress. In addition, they provide protection from 
minor trauma. Ideally they shou ld be worn .11 all times 
except in bed. The importance of correctly fitted 
stockings should be emphnsised; ideally, they should be 
supplied by nn expcrienct.'CI smgical fitter. 

(t -• -
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Fig . 37.2 Venous ulcer ation 
(al Post·thrombotlC limb with marked ~enous pigmentat ion and a 
chrOniC ulcer WhiCh heals and breaks down periodically (b) Chromc 
~enous ulcer in a post·thrombotic limb. The uic!"r IS ~irtui:llty 
CIrcumferential and represents a ser~us management problem. 
(e) ChroniC ulcer that healed several years before, following i:I 
Cock:ett'~ operation, an open procedure for subfasoal ligation of 
perlOfatOf5. the scar 01 whICh IS ~Islble, This operatK>n can now be 
perlormed endoscopICally In the SEPS procedure (see p 483). 

In m,my patients, effecl ive elastic support will be 
require~.:l for life. Even so, subsequent epiS<XIes of cellulitis 
or ulceration are likely 10 occur. 

AXILLARY VEIN THROMBOSIS 

Axillary vein thrombosis is an uncommon condition 
representing the upper limb equivalent of DVT; it is 
tlslInlly managed by intcrnnl physicians, but may some-

times reach the surgeon. It usually presents with a sudden 
onset of !>welling and aching pain in the whole arm. On 
examination, the hand, forearm and arm are swollen with 
a bluish tinge. Sensation is preserved. In most patients, 
no cause is found, but the condition can occur as a 
manifestation of visceral malignancy (thromboph lebitis 
migrans), or a blood disorder with raised viscosity, such 
as polycythaemia rubra vera. It is likely that most cases 
rl'Sult from external compression of the subclavian Vein 
betwccn the first rib or a cervica l rib and davide. The 
space may be congenitally reduced or excess physical 
activity such as weight lifting may causc local trauma. 
The usunl treatment is nnticoagulation to prevcnt propa
gn\ion of thrombus and to encournge spontaneous dot 
lysis. Predbposing disorders should be sought. A few 
patients ix'l1efit from surgical excision of the fi rst rib. 

VARICOSE VEINS 

Varicose veins are dilated, tortuous and prominent 
superficial veins in the lower limb (5('(' Fig. 37.4). Varicose 
veins arc very common, being pfL"Sent in about 20% of 
people aged 20 ,1nd increasing to 80% at 60 years. Never
theless, only about 12'X of those affected have symptoms 
or develop complications. VaricOS(' v!'ins are ont" of the 
most common reasons for surgica l referral in devclofX'd 
countries, p.uticularly when improved mooical services 
arc able to cope with the volume of more serious disease 
and where expectations for treatment are higher. The 
condition appears to be a product of an upright posture. 

Pubic tubercle 
uperficlal e)(temal pudendal vein 

uperficlal epigastric vein 

Superficial circumflex 
Iliac vein 

~ ~--
~Femornl artery 

Deep external pudendal vein 
Saphena-remoral valve 

Femoral ~ein 

long saphenous vein 

Fig. 37.3 Sapheno-f emora l junction 
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PATHOPHYSIOLOGY OF VARICOSE VEINS 

Abnormal communication between the deep and super
ficial venous systems appears to be the essen tial factor in 
the development of vAricose veins. In most patients the 
process probably begins with failure of the valve At the 
saphena-femoral junction. When this happens, an un· 
intcrmpted column of blood from the heart progressively 
dilates the veins down the leg (see Fig. 37.4a). Va ricose 
veins usually develop slowly over 10-20 years, so that in 
most cases, surgical treatment is not urgent. The long 

s.:lphenous system is involved in about 90'7<- of cases .1nd 
the short saphenous system in 25% (some have both 
systems involved). 

KEY POINTS 

Box 37.2 Examination technique for vari<:ose veins 

• Severity--Examine the extent and severity of varicose 

veins with the patient standing. Many patients attend 

with unsightly 'spider veins' which are not varicose. 

Others attend for advice because they are worried 

their leg will break down with ulcers 

• Skin changes-Examine the leg for swelling, ulcers 
and varicose eczema. Could this be a post· 

thrombotic limb? 

\ 

Ib) 

Fig. 37.4 Var icose veins 
• l o ng or short saphenous- Examine distribution of 

varicose veins. Are their varicosities above knee 

indicating probable sapheno-femoral incompetence? 

Could these be short saphenous system varicosities? 

I.e. postero-Iateral calf feeding from popliteal fossa 

(a) Typical varicosities in the long saphenous territory evident both 
above and below knee and most prominent on the medial Side of the 
11mb. The black markings were made Immediately pnor to surgery by 
the operating surgeon. (b) Typical shen saphenous vanc()5jtles. whICh 
do I10t extend above the knee. These veins could not be controlled 
With an above knee tourniquet and there was gross reflux evident on 
hand held Doppler examlllallOn, confirmed on colour duplex Doppler 

_____ Absence of valves in iliac vell1s may predispose to varicose 
"'":" veins 

C 
F,;Iure of valve at sapheno-femo,,' junction is of len first 

~
. abnormality. ThiS exposes succeeding valves ( 1~2-+3) to 

pressure of column of blood from heart and they beCome 
1 incompetent in tum as vein dilates 

t ' l..", Incompeteo;e of mid-thigh perforating vein may sometimes be 
.2 Il1ItlatlnganatomlCal abnormality even II sapheno-Iemoral 

junction IS intael 

3 

l~----- Medial knee perforator 

-~:>---- Thin-walled tributaries gradually become dilated and tortuous 
when exposed to unaccustomed hydrostatic pressure 

~*=::Ji-perfOrallng veins on postenor tributary probably play litlle part D in uncomplicated vanc0S6 veins 

Fig. 37.5 Pathophysiology of va ricose veins 

( 
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Women are affected about six times more often than 
men, with the majority of varicose veins developing during 
or soon after the second or third pI't."'gnancy. An important 
fOlctor is probOlbly the high level of progcsterone which 
causes changes in the structure of coHagen (which mlly 
not IOlter rt.'Cover), as well as smooth muscle relaxOltion. 
Pressure on the pelvic veins by the enlarging uterus mlly 
contribute by restricting venous return. 

In some p<1.tients, hereditary factors appea r to playa 
pMt, especially in men, p.1.rticula rly those who develop 
varicose veins in their teens, Predisposing anatom ical 
factors may includ e congen it.11 lack of valves in the iliac 
veins or abnormal vein wall elasticity. Deep venous 
thrombosis plays little part in causing simple v,1Ticosc 
veins. Rarely, multiple congenital arteriovenous fi stulae 
(Klippel- Trynlawnay syndrome) cause gross varicosc 
veins, In these patients, there is gigantism of the lower 
limb and often venous ulcerat ion (see eh. 40, p. 543). 

A technique of exam ining varicose veins is shown in 
Figure 37.6. 

SYMPTOMS AND SIGNS OF VARICOSE VEINS 

n'e most common complOl ints rclOltcd to varicose veins are: 

• Aching legs, USUOllly Olfter s tOlnding all day 
• Poor cosmetic appearance, L'Specially in summer 

when the legs are exposed 
• Fear of fu tu re leg ulcers ('like my mother had') 
• Fear of varicosities progressing 
• Worry about varicosities bleeding, p.1.rticula rly if 

t ra u rna lised 
• Varicose eczema or ulcers 
• Ankle oedema 
• Recurrent superficial thrombophlebitis 

MANAGEMENT OF VARICOSE VEINS 

Many p..1.tients who consult il surgeon because of unsightly 
vascula r markings on their legs do not have varicose 
veins. Instead, th('5(' are often 'spider veins' or dilatoo 
superficial venuk.os. Cosmetic treatment includes coveri ng 
cosmetics and superficial laser or microsclerotherapy 
using injected sderosil nts. Many patients have long~ 
standing varicose veins with no complications, and merely 
seck reassurance that they will not ulcerate in the future. 
Surgical trcatment is not usuilily nec(>S$..1.ry for these 
patien ts but advice can be given to elevate the legs when 
sitting ilnd to wear supporting elilstic stockings whcn 
sta nding for long periods. 

Indications for surgical treatment of varicose veins 

Surgica l treatment for v.1Ticose veins is to a large extel1t 
cosmetic or to prevent future complications, and oper.1tion 

) (/' 
A ; 

B 

c ~ 

( I 

I 

.~ 
o 

-p' . 
Fig, 37.6 Technique of examining varicose veins 
Elevate 11mb and ensure veins are emptied by mas.-.aging distal to 
prOXimaL Apply tourniquet tightly around upper thigh A and stand 
patient up. Does tourniquet prevent veins fill ing and removing It cause 
rapid filling from above? If so, mam communication IS a sapheno
feffiOfai Junction If vems fill rapidly despite tourniquet, repeat the test 
With tourniquet above knee B If thIS controls fdling, then main 
COmmunKatlOO IS mid-thigh perforator If thrs tournIquet falls to 
controllllhng, repeat below knee C If thiS control's filling, 
communKatlon IS likely to be short saphenous-popliteal incompetence 
or medial knee perforator incompetence_ If no touflllquet controls 
fil ling, communi(allOn IS probably by one or more distal perforatmg 
veins often post thrombotiC 0 Note that 90% of vancose ve ins 
involve the long saphenous system 

can be planned at leisure. The main medical indications 
for treating varicose veins are aching legs after stOlnding, 
relieved by eleva tion or in bed at night (p.1.rticularly with 
unilateral ankle oedema), haemorrhage from a varicose 
vein, superficial thrombophlebitis and varicose skin 
changes due to superficial venous insufficiency, All of 
these can be treated with support b.1ndages or stockings, 
but surgery is often preferable. 

In jection sclerotherapy (e.g. Fegan technique) is used 
for treating small cosmetically unattractive varicose veins 
below the knee but is unsuitable for major varicosities, 
particul.1rly in the thigh. 

The techniques of in}ection sclerotherapy and surgery 
for varicose veins are shown in Figure 37.7. 



(8) Injection sclerotherapy for minor varicose veins (after Fegan) 

Leg hung down 

i-o-------, 

,-----3 

4 

5 

6 

Dilated veins marked with skin mar1<.er 

Syringes prepared containing 1-2 mL mitdly 
irritant solution (e.g. 1 % sodium tetradecyl 
sulphate -'STD') 

Needle placed in each vein (position checked 
by asplrabon). Syinges taped to skin 

Leg elevated With needles and syringes in Situ 

0·5-1 mL Injected into each vein 

Venous disorders of the lower limb 

7 Foam pad placed over each Injecllon site -------'-----~ 

8 Elastic bandage applied from toes upwards over- - --'--------;-----' 
loam pads 

9 Bandages reapplied after 1 weeK, left in situ for 
2--6 weeks then clscarded 

10 Patients are instructed to walk 1-2 miles per 
day and to elevate leg when not walking 

(b) Operations for varicose veins 

(I) HIGH SAPHENOUS LIGATION 

: ' . : 

, , , , 
:' : 
, : 

Incision at or just below 
groin crease medial to 
femoral artery, 2·5 em 
below and lateral 10 pubic 
tubercle 

Long saphenous vein 

2 Tributaries entering 
proximal part of 10IlQ 
saphenous vein ligated 
and diVided 

Fig. 31.1 Treatment of varicose veins 

Saphenous opening 
In fascia lata 

I 

Femoral vein 

3 Saphena·femoral 
junctioo exposed 
identifying femoral vein 
below saphenous 
opening in fascia lata 

4 Long saphenous vein 
ligated close to femoral 
vein and divided. 
Saphenous opening 
closed with sutures 
and patch 
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(b) Operations for varicose veins 

(ii) LONG SAPHENOUS STRIP 

) 
( 
\ 

) 
o 

(iii) AVULSION OF VARICOSITIES 

2 

-
I 

I , 
I 

I 

I 

The stnpper is a long flexIble wire WIth a 
bullet-shaped knob on the 'busIness' end. 
The entry vetn (proximal or distal, aCCOfdlng 
10 choice) is prepared as shOwn and the 
narrow end 0' the stripper passed down or 
up the long saphenous vem until II can be 
brought oullo the surface 

2 Strlppmg is usually downward, The vein is 
ligated to the wire at the bullet end and the 
narrow end is pulled smoothly and firmly, 
tearing off trioutaries and any perforators on 
the way, emerging with the complete vein 
bunched up on the stripper 

3 The wounds are closed and the limb firmly 
bandaged to minimise subcutaneous 
bleeding. Patents ~ be warned to exped 
postoperative bruIsing 

1 Before operation. all vartCOSltJes are marked 
by the surgeon with the patient standmg, 
using an indelible spirit based 'ibre-tipped 
poo 

2 Very small incisions are made over the marks 
and as much vein as possible is pulled out 
('n ick and pick') as follows: 

(a) Vein grasped with artery forceps or special 
vein hook 

(b) Second forceps applied and vein divided 

(c) One end is drawn out of wound gently and 
further traction applied by means 01 another 
forceps 

3 The vein Will eventually break and bleeding 
is controlled by linger pressure. The process 
IS repeated for the other end of vQln 

4 

5 

Forceps can be passed subcutaneously to 
retrieve nearby vances thus reducmg the 
number of ir.:::isiOns required 

Each wound is left open or closed neatly WIth 
'steristrips', a fine suture or slaple and non
adherent gauze applied to each one. The 
limb is bandaged firmly from toes proximally 
using an elastic bandage 

Fig. 37.7 Surgical treatment of varicose veins (Continued) 

(.)~ 



Perioperative management of the patient having 
varicose vein surgery 

Varicose veins must be marked oul on the legs before 
operation. This should be done by the surgeon who will 
actually do the operation. All indelible marker must be 
used so that marks are not washed off by the patient or 
by skin preparation in the operating theatre. The patient 
must stand, often for some minutes, to allow the vei ns 10 

fill, and marking should be performed in this posi tion. 
Most surgeons mark all the prominent veins Ih.l l arc 
vis ible or palpable. Extra marks are often added for 
reas needing special SUrgiC.l1 attention like suspected 
perforating veins. 

Any patient with a history of venous thrombosi!;, 
whether deep or superficial , should be prescribed low
dose subcutaneous heparin . Patients with other risk 
(actors for deep venous thrombosis, especially obese 
patients, should have the same prophylactic treatment. 
The first dose of hep..'lrin should be given 1 hour before 
operation. 

Venous disorders of the lower limb 

I mm~iately after operation, non-adherent dressings 
are apphed to all the incisions, and the whole leg is 
bandaged firmly with an el.lstic bandage. The patient 
should then be mobilised and encouraged to walk about. 
Twenty-four hours later, all dressings can be removed 
and the bandage exchanged for a graduated elast ic 
stocking. On return home, patients should keep as active 
as possible, walking on a treadmill or outside the house 
for a few hundred metres or cycling a kilometre or two, 
several times .1 day for the first 2 weeks. When the 
patient is sitting, the legs should be eleva ted, and the 
p..ltient should get up and walk around <lbout every half
hour. All these measures are designed to discomage 
venous stagnation and venous thrombosis. Most patients 
can return to work after 1 week and can drive a car 24 
hours after operation. The patient should be warned that 
the legs are likely to be bruised when the bandages arc 
removed. 

• 
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This chapler is intended to give 11 flavour of the range 
and scope of work performed by cardiac sw-geons and to 
provide an introduction to larger reference texts for those 
seeking greater detail. Heart and lung transplantation is 
discussed in Chapter 4. 

INTRODUCTION 

Surgery of the heart fascinated surgl..'Ons for many years. 
However, until the 1950s, only a very limited range of 
cardiac procedures was possible. These included closed 
mitral valvotomy for mitra l stenosis and several ingenious 
methods of closing atrial septa l defects in the beating 
heart. More extensive cardiac surgery became a reality 
when an effective mechanical device to circulate and 
oxygenate the blood during open heart surgery appeared 
in 1953. For the first time, a patient could be supported 
artificially with the heart and lungs bypassed whilst 
surgery took place in a motionless, blood-free field. Since 
then, the specialty of cardiac surgery has expanded and 
developed rapidly. Now very few cardiac operations are 
performed without byp..ss, and these are mostly palli
ative procedures for congenital heart disease. As a result 
of the availabi li ty of cardiopulmonary bypass, the earl), 
emphasis on ullcomplicated surgery for congenital heart 
disease has shifted markedly towards more ambitious 
techniques for treating acquired heart disease. More 
recently, in keeping with the move towards minimal 
access in other areas, attempts are being made to per· 
form coronary artery surgery via small incisions without 
bypass. Ilowcver, further development is needed before 
this can become generally available. 

For coronary artery surgery, a bloodless field is created 
by damping the aorta at a poillt between the origins of 
the coronary arteriL"'S and the insertion point of the aortic 

cannula site through which the arterial blood returns 
from the bypass mach ine (sec Fig. 38.1). Without coronary 
blood supply, however, the myocardium becomes anoxic 
and is at risk of infarction. Potential ischaemic damage is 
minimised by cold cardioplegia which reduces the 
mct,'bolic demands of Ihe heart as follows (see Table 38.1 
below): 

• The myocardium is cooled to between 4-12°C by 
infus ing electrolyte solution at 4°C (see Table 38.1) 

• The mechanical action of the heart is arrested by the 
high potassium content of the solution (16 mmol/L 
Ke l) 

Several actual and potential problems arise when blood 
is exposed to an extracorporeal circuit: 

• The clotting cascade is activa ted , ca using 
intravascu lar co.1gulation of blood. Preventing this by 
us ing heparin as an anticoagulant has been crucial in 
allowing cardiopulmonary bypass. High-dose 
heparin (300 IV/kg) is given systemically before the 
heart is cannulated. After the operation, the patient is 
weaned off card iopulmonary bypass, the 
extraoorporeal circuit removed and the heparin 
reversed with protamine sulphate 

Table 38.1 Constituents of a typical infusate for cold 
cardioplegia (St Thomas's solution) 

C.,nstituent 

Sodium chlonde 
Polasslum chloflde 
Magnesium chlOride 
CalCium chlOride 
Sodium bICarbona1e 
Procame 

Quantity 

110.0 mmolll 
16.0 mmolll 
16.0 mmolll 

1 2 mrnolll 
10.0 mmolll 
16.0 mmoVL 



Cardiac surgery 

Arterial cannula 

-
Venous cannula 

Ventricular vent Filter 

Ol(}'genator • 

Cardiotomy 
reser\'olr 

Roller pump 

t 

t 
Heat exchanger 

• 

Fig. 38.1 The st a ndard circuit for cardiopulmonary bypass 
1 SystemiC venou~ blood is ~iphoned in to a reservoir by gravity 
2 Collec ted blood IS exposed to oxygen 

• 

). Blood IS pas~ through a heat exchanger al lOWing for body cooling or rewarmmg 
4 Oxygenated and temperaturHontrolied blood is pumped under pressure into the systemic ar\(mal circulat ion 

Snares are placed around both 5uperior and inferior vena cava to prevent aIr entenng the nghHided cardIac chambers whICh would 
lock the graVIty siphon. tn thiS way any of the four cardiac chamber> can be entered fOf surgical acCe55 . 

• Clotti ng factors and platelets are consu med within the 
cxtracorporea l circu it (mai nly within the oxygenator) 
leading to n bleeding diathesis. Blood products may 
be needed to reverse this 

• The complement cascade and other factors involved 
in inflnmmation nre activated to a va riable extent 

ASSESSING RISK IN CARDIAC SURGERY 

Si nce the range of proo .. >dUT<.>S in cardiac surgery is limited, 
the discipline is relatively easy to audit and nearly all 
cardiac units now undertilke detailed audit. Comparison 

of resu lts betwL'e1l units allows suit.lble standards to be 
developed and maintained. ApMt from surgical and 
anat.'sthetic ski ll, there arc m,lIlY patient-related f,lctOrs 
likely to affect the final outcome of, for example, aortic 
valve replacement. Several scoring systems have been 
devised to attempl 10 predict relative risk in such C,lSCS. 
None is completely reliable but the Parsonnel scoring 
system is perhaps the most widely used. Most systl'ms 
predict thc risk of periopt'Tiltive death by totalling up a 
series of individual risk scores which t,lke account of the 
surgica l procL>dure find its urgency, and patient filctors 
including pre-ex isting cardiac disease and generill co
morbidity. 

Ch 
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CONGENITAL CARDIAC DISEASE 

TYPES OF CONGENITAL HEART DISEASE 

Congenital heart disease is found in about 2 per 1000 live 
births and falls into two main groups: those with and 
those without cyanosis. 

CYANOTIC HEART DISEASE 

Cyanotic heart disease occurs when there is mixing 
of systemic arterial and venous blood through a pre
dominantly right-ta-left cardiac shunt. The most common 
examples arc: 

• Tetralogy of Fa llol-there is ventricular septal defect 
(VSD) with pulmonary artery stenosis, right 
ventricular hypertrophy and an aorta which overrides 
the ventricular septum, thus taking blood from both 
ventricles 

• Transpos ition of th e great arteries-the pulmonary 
artery arises from the left ventricle and the aorta from 
the right ventricle 

• Tricuspid at res i .. -there is absence of a functional 
tricuspid valve 

• Tru ncus arteriosus-pulmonary artery and aorta fail 
to develop scp.:lratcly 

• Tolal anoma lous pulmo nary venous drai nage
pulmonary venous blood drains into the right side of 
the heart 

• Eisenmenger's syndrome-increased pulmonary 
blood flow due to a pre-existing left-to-right shunt 
(see next section) C;"lUses severe pulmonary 
hypertension resulting in sponti"llleOUS reversal of the 
shunt so that flow becomes right-to-left 

ACYANOTIC HEART DISEASE 

Acyanotic congenital heart disease may involve: 

• A shunt from left to right sides of the heart (e.g. via an 
atrial or ventricular septal defect) or a ductus arteriosus 
which remains in its patent antenatal state (PDA) 

• Failed or incomplete embryological development of 
pariS of the heart or great vessels without shunting. 
e.g. coarctation of the aorta 

MANAGEMENT OF CONGENITAL 
HEART DISEASE 

Surgical m;"lnagement of congenital heart dise;"lse aims to 
palliate its effects or to correct the ddect or defects 
mech;"lnic;"llly, or else both in sequence. 

Early in the history of cardiac surgery, palliation was 
often allth;"lt could be offered. Later, initial palliation was 

sometimes followed by a second-stage corrective oper
ation carried out when the chi ld was larger. Nowadays, 
corrective procedures are usually offered at the outset, as 
operations ha ve become more customary, myocardial 
protection is more predictable and oper;"ltive risks arc 
lower. 

PALLIATING CONGENITAL CARDIAC DISORDERS 

When pulmonMY blocx:t flow is reduced (as in tricuspid 
atresia, tetralogy of Fallot or pulmonary artery stenosis), 
palliation aims to increase pulmonary flow by creating a 
shunt between the systemic arterial circulation and the 
pulmonary artery (see Fig. 38.2). 

When pulmonary blood flow is too great (e.g. VSD 
or tnmCllS arteriosus), the aim is to reduce the flow by 
artificially narrowing the main pulmonary artery using 
external banding. 

CORRECTING CONGENITAL CAROIAC DISORDERS 

Surgical correction of congenital heart disease is based 
on accurately identifying the lesion or lesions and per
forming procedures which restore the normal flow and 
functioning of the heart. Correction may be mechanically 
straightforwa rd as in the following procedures: 

• Closing a persisting ductus arteriosus cPDA) 
• Rcs(.'Cting the narrowro !>£'Sment of descending aorta 

in co.lrcta tion of the aorta 
• Closing an atrial or ventricular septal defect 

In other cases, correction may be complex: for example: 
total correction of F"llot's or of anomalous pulmonary 
venous drainage. PT"OCt"Xiures such as these should only be 
performed in specialist paediatric cardiac surgical units. 

r 

Fig. 38.2 Pa llia t ion of te tra logy of Fa llot 
Modified Blalock.-Tausslg shunt. 
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ACQUIRED HEART DISEASE 

The different types of acquired heart disease are listed in 
Table 38.2. 

through a vessel is related 10 the fourth power of the 
radius (Poiseuille's Law), only small changes in cross
sectional are .. , in small arteries are needed to cause a 
d ramatic reduction in coronary artery blood flow. When 

coronary artery disease is being assessed on angiography, 
50% reduction in cfOSS-sectional area is regarded as 
significan t. 

CORONARY ARTERY DISEASE 

PATHOPHYSIOLOGY 

Coronary heart disease (ischaemic heart disease) is 
nearly always atherosclerotic in origin, with subintimal 
thickening du e to deposition of cllolesterol-containing 
lipid together with hyperplasia of smooth muscle cells in 
the med ia which migrate into the subintimal area. TIlese 
changes all reduce the luminal diameter. As blood flow 

Acute coronary ischaemia is usually brought on by 
thrombosis of al ready narrowed coronary arteries, in 
some cases precipitated by haemorrhage into athero
sclerotic plnques. 

The world-wide distribution of coronary atherosclerosis 
is patchy. II is predominantly a disease of developed 

Tabte 38.2 Types of acquired heart disease 

Type 

Ischaemic heart disease 

Valvular heart disease. 
affectlllg aortiC, mitral. 
tricU5J)ld or pulmonary 

".., 

Disease affecting the 
great arteries 

Ao'" 

Pulmonary artery 

Pericardial disease 

Pathophysiology 

Usually C<lUsed by corooary atheroma and rarely by 
Spa5m, embolism Of trauma 

Congenital valve disordef'i (e.g bicuspid aortIC 
valve) predl~lrtg the valve to Idter malfuncttOfl, 
degeneratIOn Of dl~ase 

2 Rheumatic valvular heart drsea~ltral valve 
most common; also affects aortic valve 
(occasIOnally follows rheumatiC fever, causing 
thKkenlng and tethering of leaflel5. shortening 
of mitral valve chordae and ~alve calcifICation) 

3 Se<:ondary Involvement of vaMi$ caused by 
disruption of nearby structures: 
- aortic dissection i nvol~mg the aortic val~e 
- myocardial infarction involVing the papillary 

muscles 
- myocardial Ischaemia leading to scarring and 

contraction of the papil lary muscles 
- autoimmune disorders, e.g. libman-Sacks 

endocarditis 
- 'metabolic' defects. e_g. Mzr1an's syndrome 

4 Infective endocarditis, usually on dl~ased valves 

AortK dlSSectlOO within the media resuiling from 
atheroma or cystK medlill necrosiS 

2_ Aneurysm (connective tJssue dfgeneratlon. 
syphilIS, trauma, mfectlOn) 

3 TraumatIC tran5eCllon 
Peripheral deep venous thrombosl~ detaches aild 
passes through the heart to impact In the 
pullT"lOflary arterlCS 

1 PerKardla! constriction (scarring Of tumour) 

2. Perlcardlal effUSion 

Clinical presentation 

1 RCV{'fSlble ischaemia presenting as angina 
2 Painless or silent ischaemia discovered 

u"lCtdentally 
3 Myocardial InfarctlOO 

a. DiSOfdered valve fu-""-~----

- valve stenosis restflCI5 blood flow 
- valvular incompetence causes reflux of blood 

b AccumuldtJon of 'vegetaoons' Of thrombus 
whICh may emboilSC into the peripheral arteflill 

""" c. Infection of vegetatIOns or thrombus 
(bacterial endocarditiS) 
- systemic symptoms (fever, anorexia. 

weight loss) 
- deteriorating va lve functJon 
- IIlfected systemic embolism to brain, 

kidneys etc. 

a Acute severe chest pain 
b Acute severe hYPOVOIaemK shock With collapse 

or sudden death 

a Acute occlUSIOn by pulmonary embolism----may 
be slleot, symptomatic or 'massive' and fatal 

b Recurrent embolism may cause pulmonary 
hypertension 

Signs of constrictIVe pericarditiS: systemic venous 
congesllon With hepatomC9aly and <lSCltes; olten 
atrial fibrillation 
Retrosternal pressure; muffled heart sounds: 
cardiac tamponade if acute and se~ere 

Ch. 
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countries, affecting both locally born people and certain 
immigrants with a genetic predisposition. Men are at 
greater risk than women, with 45% of men over 65 having 
some manifestation of the disease. Areas of particu larly 
high incidence include Scotland and Finland. The rates 
in some countries, notably the USA, have been falling in 
recent years, perhaps as a result of reduced cigarette 
smoking and cha nges in other habits such as diet and 
exercise. 

Risk factors for coronary atheroma (and atherosclerosis 
elsewhere) include unfavourable hereditary cholesterol 
and lipid profiles, cigarette smoking, diabetes, hyper
tension, obesity and a sedentary lifestyle (and perhaps a 
life of severe unrelieved stress). 

The pn..>sentation of coronary heart disease is outlined 
in Table 38.3. 

CONTROL OF PREDISPOSING FACTORS 

The first step in treatment is usually to attempt to 
persuade the patient to modify risk factors known to 
contribute to disease progression. There are two motives 
here: firstly, if progression ca n be arrested, physiological 
development of collateral blood supply can proceed, and 
this means that intervention may become unnecessary. 
Secondly, the risk of occluding any form of arterial 
reconstruction is increased if risk factors, particu larly 

Table 38.3 Presentation of coronary artery disease 

Presentation Secondary effects 

cigarette smoking, con tinue to act. Indeed, it has been 
shown that, on average, patients who continue to smoke 
after surgery gain no benefit from coronary artery bYP.1SS 
grafting. Smokers who fail to improve have thus suffered 
the risk and discomfort of su rgery and at the s.lme time 
squandered limited hospital resources. Nothing can yet 
be done about hereditary factors, but smoking, obesity 
and inactivity can be tackled. The benefits of modifying 
blood cholesterol levels are controversial. but it seems 
sensible a t least to reduce the overall proportion of fat in 
the diet. 

MANAGEMENT OF CORONARY ARTERY DISEASE 

Coronary artery disease may be managed conservatively 
('medical management') or by intervention, employing 
percutaneous techniques or surgical bypass grafting of 
coronary arteries. The anatomy of the coronary arteries is 
shown in Figure 38.3. 

Percutaneous angioplasty techniques 

A range of percutaneous minimal access techniques have 
been developed since the early 19805 to widen stenoses 
or recanalise occluded coronary arteries; these are usually 
performed by cardiologists. The mainstay of lTeatment is 
percutaneous lrans luminal coronary (balloon) angio-

Clinical effects 

lschaemic damage 
discovered incident ally 
in an asymptomatic 
patient 

Potential risk of further Mis; deve opmg 
complications of ischaemic heart :Jlsease; 
increased fisk when ~rformmg an unrelated 
operallOn 

found inCidentally, e.g on EeG 

A past history of 
myocardial infarction (Mil 

Angina pectoris 

Complications of 
myocardial infarction 

Risk of further Mis; complications of Ischaemic 
heart disease (IHD); nsk during urrelated operation 

Mortality/morbidity risks of unreliled operations 
Increased 

1 Rupture of part of the heart 

2 Fibrosis or scarring follOWIng myocardial 
infarction 

History of typical pain (but note that 25% of Mis 
are painless) 

TYPKal pain brought on by exerCise. anxiety or 
eXCitement 

Rupture of e~ternal wall of left ventricle 
Septal rupture causing a ventricular septal defe<:t 
Papillary muscle rupture causing mitral or lficuspid 
regurgl\atlOfl 
Generalised fibrOSIS may cause cardiac failure 
through ~ of contractile myocardium 
localised fibrOSIS of an Infarcted ventricular wall 
may cause a ventricular aneurysm 
DISCrete fibrOSIS near a valve may cause tethering 
of a mitral leaflet resulting In mitral regurgitation 
Mural scars may disrupt the conducting system 
caUSing ventricular arrhythmias 

3 Mural thrombus may accumu~te on a 
subendocardiallnfaret as an early response 
to injury 

Thrombus may detach and cause systemic artenal 
embolism, e.g to brain, lower 11mb or superior 
mesenteriC artery; usually an early complICation of 
myocardial Infarction (1--6 weeks) 
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Fig 38.3 Anatomy of the coronary 
arteries 
(a) Anterior VIeW of coronary arteries. 
(b) Postenor View of coronary arteries 

--"----Left main stem 

(el Selective coronary angiography {A-P views as 
In (a»' 
(il Normal right coronary artery 

(ii) Normal left coronary artery. JI .... r-- --{ ircumlle)( artery 

RighI coronary artery/------,~ 
"~t---- Oiagonal artery 

Acute marginal artery/--l~;;;;;jl.,~~ 
'It-+- -i.AD (Left anterior descending) 

Main circumftex artery.---"'i 

Obtuse marginal branch 
of circumflex, ---J Posterior descending 

- ---artery 

plasty (JYfCA). Intra-coronary artery stents are being 
used in the ballooned segments in certain cases and a 
reduction in restenosis rate has been claimed. These 
stents are very expensive and their indications need to be 
more dC<1rly defined by appropri<1tely randomised tria ls. 

...... _ _________ ..... ;a"j .. ~ ..... J (ell) 

When performed expertly, these techniques cause 
little disruption to the patient's life and recovery is rapid. 
However, set against this, there is a high early failure 
r.lle and a high medium-term r('Stenosis rate (25% at 
3 months). In addition, the patient and a surgical team 495 
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have to be prep.1red to ca rry out an emergency operation 
on cardiopulmonary byp.1ss at the time of angioplasly 
if things go wrong. This means tyi ng up resources which 
are rarely required. Thus, the indications for percutaneous 
techniques currently depend as much on the avai lability 
of local expertise (and perhaps any loca l shortfall III 

surgical facili ties for byp.1ss su rgery) as on strict medical 
indications. With improving medium-ternl results, the 
main indication for PTCA is for first-time intervention 
for relieving sym ptomatic single or double coronary 
artery stenoses. 

Coronary artery bypass grafting (CABG) 

Coronary artery bypass grafti ng is usually indicated It1 

two categories of patient: 

• Symptollliltic patients with angina (including 
crescendo ilngina) who are not relieved by medical 
therapy or who ilre intolerant of it. This is by far the 
largest group 

• Patients in categories believed to have a better 
prognosis after surgery than with medica l therapy. 
Stud ies in the USA and Europe suggest improved 
survival after surgery is likely in p.1tients with the 
following morphological cha racteristics: 

Stenosis of the left main stem coronary artery 
(before it bifurcates into anterior descending and 
circumflex arteries) 
Triple-vessel disease in conjunction with impaired 
left ventricular contractility (i.e. disease of the 
right coronary, the left anterior descending and 
the circumflex arterial systems) 
Two-vessel disease which includes a proximal 
stenosis in the left anterior descending coronary 
artery 

Saphenous vein bypass 
'rom aor1a 10 right coronary 

ar1ery 

Fig. 38.4 Methods of c.oronary artery bypass grafting 

The results of CABG are encouraging, with between 85% 
and 90% of p.1tients relieved of angina without the need 
for medication. A further 5% are substantially improved 
but require anti-angi nal drug therapy. 

Surgical technique 
Coronary occlusive atherosclerosis is usually regarded as 
significant if there is a 50% reduction of cross-sectional 
area on angiography. 

The aim of CABG is to bypass occlusive disease and 
provide a new source of inflow for the remaining patent 
coronary arteries using a s.1phenous vein graft as a con
du it from the ascending aorta or by mobilising a nearby 
artery. Occlusive coronary artery disease is usually situated 
in the proximill third of the epicardial coronary arteries. 
This fortu nate morphology enables the distal end of by
pass grafts to be joined to patent recipient arteries beyond 
the main disease . 

E.1rly conduits consisted almost exclusively of reversed 
autologous long (great) saphenous vein. However, 10ng
term patency is poor, with 50-70% of vein bypass grafts 
occluding within 10 years of surgery. Long-term patency 
is beller when the left internal mammary artery is grafted 
on to the left anterior descending coronary artery (see 
Fig. 38.4). This graft seems to be particularly resistant to 
occlusion (90% patency at 10 years) and is the current 
choice for grafting to this site. Other nearby arteries have 
been used for CABG including the right gastro-epiploic 
artery and the inferior epigastric artery. Prosthetic 
materials give poor results for CABG but arterial grafts 
transplanted from other parts of the patient's body are 
becoming more popular, e.g. radial arteryi long-term 
patency results are awaitL>d. Thus, a combi nation of left 
internal mfllnmary grafting to left anterior descending 
coronary artery and saphenous vein grafts to the other 
vessels remains the current surgical favourite. 

'"'\r---Left subclaVian ar1ery 

/1--- Left inlernal mammary ar1ery 
to left anterior descending 

496 Note thai an c)(pianled autogenous radial artery may be used as a b-,pass graft instead of saphenous vein 



Coronary artery surgery is perfonned under cardio
pulmonary bypass, usually with cold cardioplegia_ In 
elective patients, the mortality risk is about 1 %; in 
addition there is a 2% chance of stroke (especially after a 
previous stroke)_ Mortality rates for CABC are higher in 
p.1tients with pre-existing heart failure as well as those 
requiring emergency operations. The rate also rises with 
increasing age. 

In order to minimise the potentially damaging 
problems of cardiopulmonary bypass notL'<i earlier, there 
is increasing interest in techniques of revascularising the 
ischaemic heart without bypass. However, operating 
conditions are more demanding and this may affect the 
accuracy of anastomoses and increase the occlusion ra te 
of grafts and thus prejudice the SUCCL>SS rate of the bypass 
procedure in abolishing ischaemia. These programmes 
are evolving and will no doubt oc>come more widely 
employed as difficulties are ironed out. 

Other types of surgery for ischaemic heart disease 

In addition to CABG, other forms of surgery may be 
required for complications of myocardial infarction. These 
carry a higher risk than isolated CABC surg!'ry. Types of 
surgery include: 

• Excision of a left ventricula r aneurysm- mortality 
about 5% 

• Replacement or repair of a mitral valve leaking as a 
result of ischaemia-mortality about 15% 

• Surgical identification and ablation of a ventricular 
arrhythmic focus-mortality about 15% 

• Emergency repair of a post-myocardial infarction (M!) 
ventricular sept.11 rupture-mortality about 30% 

• Post-CABG heart fnilme necessitating ventricular 
support (intra'norlic bi11100n pump) or cardinc 
transplantnlion- mortnlity nbout 15% at 1 year 

VALVULAR HEART DISEASE 

In surgery for valvu lar heart disease, there has been a 
trend towards preserving the native v.llve where possible 
by rep.1ir. This has been particularly successful for 
myxomatous or d<''gencrate regurgitation of the mitral 
v.llve. Mitral s tenosis following rheumatic fever can also 
be successfull y treated by valvotomy (separation of 
fused valve len nets) provided surgery is performed 
before calcifica l"ion hi1s rendered the lea nets immobile. 

The essence of conservative treatment for vnlw 
stenos is is to dilate the valve orifice mechanically. In 
the early days of cardiac surgery, Cutler and Levine 
(1925) introduced semi-dosed, blind mitral valvotomy, 
performed via the left auricular appendage. With the 
heart still beilting, the nuricle was opened, a finger or 
one of a vi1Tiety of mechanical devices inserted and the 

Cardiac: surgery 

valve rapidly di lated. Symptomatic relief was usually 
s.1tisfactory, but the valvotomy was often incomplete or 
else splits occurred in the lea nets rather than between 
them. The procedure often had to be repeated at intervals 
of a few years. L.1 ter, direct open valvotomy under 
cardiopulmonary bypass became popular. More precise 
and long-las ting results could be achieved by this 
method . More recently, there has been a return to dosed 
va lvotomy, with percutaneous trans-septal balloon dila
tation of the stenosed valve. This can achieve satisfactory 
functiona l resu lts with minimal upset to the patient. 

Recons tructing the regurgitant mitral valve is be
coming popula r. Compared with valve replacement, this 
conserv(ltive tl'Chnique has (l lower perioperative risk 
and preserves left ventricular function. Thus, the overall 
functionn l result may be better than valve repli1cemen!. 
Repnir techniques m(ly also be employed for the diseased 
tricuspid or aortic valve. However, where regurgitant or 
stenosed Valves are unsuitable for conservative trei1t
ment, va lve replacement is the alternative. 

VALVE PROSTHESES 

There are two types of prosthesis for replacing heart 
va lves: man-made or tissue grafts. 

Many types of man-made mechanical valves have 
been tried, ra nging from the original 1>..1 11 in cage' type, 
through tilting discs to bi-Ieanet prostheses (see Fig. 38.5). 
The mechanical demands on replacement heart valves 
are extreme. They must cnuse minimal restriction to 
blood flow when open, yet prevent reflux when closed; 
they mLlst be biocompatible, non-thrombogenic, resistant 
to infection i1nd, most demn nding of all, cnpable of 
opening i1nd closing 70 times a minu te for many years 
without mech(lnical failure. Modem mech(lnical valves 
are durnble but thrombogenic and generally require 
lifelong anticongulalion. Anticoagulation carries its own 
risk with a mortality of nbout 2% over 5 years. Even with 
effective antico(lgulalion, there is n small risk of arterial 
embolism. 

Replacement tissue valves may be either homografts 
(human) or xenografts (animal origin). Xenografls are 
(llmost exclusively harvested from pigs. In general, tissue 
va lves are more resistant to thrombosis (anticoagulation 
is not necessary) but more prone to failu re through de
generation as time goes by. Tissue va lves can be expected 
to last between 8 and 12 years. Homograft (human) 
valves arc believed to be resista nt to early degeneration 
and are preferred fo r young patients to avoid exposure 
to the potential tcci1togenic effects of warfnrin. 

Infection of valve prostheses is devastating but 
forhmiltely rMe. The risk is least for homograft valves. 
Prosthetic valve endocnrditis cnTries i1 very high mor
tality nnd needs protracted 1n:-'i1tment, often requiring the 
explanting (removal) of the infected prosthesis. 
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INDICATIONS FOR VALVE SURGERY 

The key to successful valvular heart surgery is to carry it 
out at the most appropriate moment in the natural 
history of the disease, when risks of su.rgery are least and 
potential benefits grea test, I.e. before irreversible ventri
cular dysfunction has occurred. 

AORTIC DISEASE 
AORTIC DISSECTION 

Aortic dissection is classified according to the part 
affected: the most widely used method is the Stanford 
system. Type A indicates that the ascending aorta is 

Fig. 38.S Mechanical prosthe tic valves 
The lwo main Iypes of artlflCal valve are shown here. (a) A 1IIIIng disc 
type valve (SI Jude) Postoperative antICoagulation IS often unnecessary 
with Ihls type of valve. (b) A laleral chest X-ray showing a tilltlng disc 
mitral valve prosthesis In Situ, (c) A ball and cage type of valve (Starr 
Edwards) These valves variously have metal or plastic balls. In most 
cases, lifetime anticoagulation IS necessary 

[n aortic stenosis or regurgitation and mitral stenosis 
or regurgitation, indications include most patients with 
symptoms att ributable to the valvular dysfunction. In 
addition, asymptomatic aortic stenosis should usually 
be treated if there is a pressure drop of 50 mm l lg across 
the valve (this has a high risk of sudden death), and in 
aortic regurgitation when there is evidence of left ven
tricular dilatation. 

involved while type B describes the situation when any 
other part of the thoracic aorta is affected. An alternative 
c1assificiltion method is De Bakey (see Fig. 38.6). 



Without surgery, type A dissection carries an 80% 
mortality in the first month; with surgical management 
this falls to less than 2OCX. 111e operation involves resecting 
the ascending aorta and replacing it with a synthetic 
tube graft. If the d issection reaches the aortic valve, it i5 
likely to be disrupted, causi ng acute severe regurgitation 
and perhaps occlud ing the coronary artery origins. In 
this case, the valve wi ll need resuspending or replacing. 

Uncomplicated type B dissections have a similar ou t
come (i.e. 20% mortality at 30 days after operation), 
whether managed surgically or medically (by control of 
hypertension). Surgery is required in type B dissection if 
there is aortic rupture, occlusion of vital branches, pro
gressive dissection or subsequent aneurysm (ormation. 
Note that abdominal aortic aneurysms occur years la ter 
in up to 50% of patients with previous thoracic aortic 
dissection. 

THORACtC ANEURYSMS 

Aneurysma l dilatation of the thoracic aorta may occur in 
the ascending ",1rt, the arch or the descending part. There 
is a risk of rupture simila r to that found in abdominal 
aortic aneurysms and surgical intervention is usually 
recommended when the aneurysm reaches a diameter of 
6 on. Replacing the descending aorta, particu larly when 
there is thoracD-abdominal disease, threatens the main 
blood supply of the spina l cord (the artery of Adamkiewicz 
at about TlO) so that ",1raplegia complicates 1()""30% of 
these operations. 

TRAUMA TO THE THORACIC AORTA 

This may result from blunt or sharp injury. BlL1nt aortic 
tr,1uma is usuillly ilssociated with severe deceleration as 

Stanford type A (aortic valve may be involved) 

Cardiac surgery 

occurs in head-on collisions in road traffic accidents. The 
common injury is p..1rtial or complete transection of the 
aorta at the junction behveen the relatively tethered arch 
and the relatively mobile descending aorta close to the 
ligamentum arteriosum. Complete transection is rapidly 
fatal; partial transection with an intact adventitia is liable 
to rupture and must be diagnosed to enable early treat
ment. L1te aneurysm formation may also occur. 

PULMONARY EMBOLISM 

Emergency surgical removal of a massive pulmonary 
embolism has become increasingly rare with the intro
d uction of effective thrombolytic agents. In pre-bypass 
days, an occ,1sional Trendelenburg operation was per
formed, though r.1rcly successfully. This involved a rapid 

Fig. 38.7 CT scan of chest shOWing 5 em aneurysm of descending 
thoracic aort ic A 

Stanford type B 

De Bakey type I De Bakay type 11 De Bakey type III 

Proximal tear but dissection involves 
both ascending and descending aorta 

Fig. 38.6 Thoracic aortic dissect ion 

ProXimal tear affects 
ascending aorta only 

Tear beyond subclavian artery: 
dissection affects descending aorta only 
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thoracotomy, opening of the pulmonary artery, removing 
the thrombus and rapid arterial closure. Nowadays, there 
are a few indications fo r a similar operation to be carried 
out under cardiopulmonary byp.lss--for example, after 
recent surgery or duri ng pregnancy when thrombolytic 
therapy might carry unacceptable risks. 

Surgical thrombectomy has recently found a place in 
managing chronic proximal obstruction of the pulmonary 
artery c,lused by «-'CUrrent embolism. This developi ng 
technique has avoided the need for heart and lung trans
pla ntation in a small number of patients. 

PERICARDIAL DISEASE 

Pericardia! inflammation may result in constriction of 
the pericardiu m. World-wide, this occurs most commonly 
in tuberculosis. Constrictive pericarditis may also occur 
in certain autoimmune conditions such as rheumatoid 
arthrit is or following pericardial trauma or mediastinal 
radiotherapy. Pericardia! constriction imp.lirs filling of 
the cardiac chambers and typically there is an equalis
ation of diastolic pressures in all four chambers of the 
heart. Clinica! signs are of pulmonary and systemic venous 
congestion and a low card iac output. Surgical trea tment 
involves excision of the entire pericardium. 
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BREAST DISEASE IN GENERAL 
INTRODUCTION 

Patients with breast problems make up 15-20% of new 
referrals to genera l surgical ou tpatient clinics. Virtually 
every woman with a breast lump, breast pain or dis
cha rge from the nipple fears that she has cancer. The 
anxiety that results is made up of three components: the 
unknown course of the disease, the threat of mutilation 
and the fear of dying. Previously, this often prevented 
women from seeking early medical advice but in recent 
years public awareness and media publicity about self
examination and screening and the possible advantages 
of early treatment have encouraged earlier presentation. 

Many patients have friends or relatives with breast 
cancer and their understanding of the disease wililUlder
standably be coloured by that experience. The possible 
effects of breast surgery on sexual attractiveness and 
femininity are often uppermost in a woman's mind, so 
consideration of this and other psychological aspects of 
breast disease should accompany every s tage in the 
management process. 

Despite their fears, fewer than 15% of patients 
presenting with breast problems to surgical outpatients 
dep.:1rtments in the UK have cancer. However, in Western 
societies about I woman in 10 will develop the disease 
and I in 18 will die from it E.1rly recognition of cancer 
offers the best hope of CUTe, so priority shou ld be given 
to prompt diagnosis. [n the UK, a government white 
paper insists that all breast referrals be seen within 
2 weeks. Ideally, referrals should be seen in a 'one-stop' 
triple assessment clinic (clinical, imaging and cytology) 

within 2-3 weeks for adequate counselling and, if 
appropriate, prep..ration for surgery. 

EPIDEMIOLOGY OF BREAST DISEASE 

The types of breast disease which are of su rgical 
importance are described in Box 39.1. 

BREAST CANCER 

Breast ca rlcer is predominantly a disease of Western 
civilisation and differences in incidence (the exceptionally 
low level in Japan, for exa mple) are more likely due to 
environmenta l than racial differences. It used to be the 
most common cancer in women (having just been over
taken by lung cancer) and is the most common cause of 
death in women between the ages of 35 and 55. In the 
UK each yea r, about 24 000 new cases are diagnosed and 
over 13000 women die of the condition. The incidence of 
bre,lst cancer is rising but mortality has not risen, probably 
as a result of earlier detection and improved treatments. 
Bre,lst ca ncer is not, however, a new disease; it was 
recognised by the ancient Egyptians and mastectomy 
was certa inly performed in Roman times. 

Breast cancer is extremely rare before the age of 25. It 
reaches a high incidence in the dL.ocade from 40 to 50 and 
con tinu es to increase in frequency into old age. Breast 
cancer in the male accounts for less than 1% of new cases. 
Genetic factors arc important in certain families with 11 50 
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SUMMARY 

80x 39.1 Types of bre.st disease of surgical 
importance 

Malignant neoplasms 

• Ductal or lobular adenocarcinoma by far the most 
common 

• Rarely, a sarcoma or metastasis from elsewhere 
occurs in the breast 

Benign tumour·like lesions 

• This category comprises the common condition 
known as fibroadenoma and the less common 
conditions of intraduct papilloma and lipoma 

Disordered physiological responses of breast tissue 
• Fibroadenosis (also known as fibrocystic disease, 

benign mammary dysplasia and chronic mastitis) 
encompasses a variety of proliferative and other 
changes of the breast tIssues 

• All probably have an underlying hormonal aetiology 
and are regarded as aberrations of normal 

development or involution (AND/) 

Mammary duct ectasia 

• Believed to be due to a chronic periductal 
inflammatory reaction to retained duct secretions 

Infections 

• Cellulitis and breast abscess are the main types of 
infection and usually occur during lactation 

• Subareolar abscesses also occur in mammary duct 
ectasia 

history of premcnop.1u5.11 breast cancer, p.uticularly if 
several close rclntivcs have been affected before the age 
of SO. 11le risk to fe mnle rela tives is high and calls for 
genetic counselling nnd close surveillance. Genetic factors 
responsible hnvc been identified as two genes (BRCAI 
and 2) which also have a link to cert.1in ovarian cancers. 
When a womnn has a grandmother, mother or sister who 
has had breast cancer postmenopausally, the patient has 
only a modestly increased susceptibility. 

Childless women or those having their first pregnancy 
over the age of 30 have double the breast cancer risk of 
women who hnve their first chi ld before the age of 25. 
Nuns appear to be at ext remely high risk. Protective 
factors include a short time between menarche and first 
pregnancy, early menop.1Use and ovarian ablation below 
the age of 35. Breast fceding may be associated wilh a 
lower incidence of breast cancer. Although still contro
versial, present evidence suggests that prolonged use of 
the oral contraceptive pill has only a small adverse effect 
on risk and on ly if t.lkcn when the patient was young, 
seemingly delaying prcscntntion. Hormone replacement 
therapy (HRT) probilbly plilys little part in causing breast 

c.lncer but s..wcs H\'es by substantially reducing the rate 
of myocardial ischaemia. 

The only environmental factor known to promote the 
de"elopment of breast c.lncer is ionising radiation. Women 
exposed to large numbers of chest X·rays for monitoring 
tuberculosis (which occurred in the days before modern 
chemotherapy) have a moderately increased risk of breast 
cancer, and the women of Hiroshima and Nagasaki have 
a high risk of developing breast cancer even now. 

NON·MALIGNANT BREAST DISEASE 

Fibroadenosis and fibroadenoma nccount for most of the 
non-malignant breast disease which reaches the surgeon. 
Both occur almost exclusively in the reproductive years 
and Ihey arc prob...lbty both controlled. by honnona! f.1ctOrs. 
FibnMdenoma is more common in young women, while 
fibroadenosis usuatly occurs in women between 3S and 
4S (~Fig. 39.1). 

Breast infections most commonly occur during 
pregnancy and lactation. Most are successfully treilted 
ea rly wilh antibiotics and do not rench the surgeon. If 
resolution is slow or incomplete or if an acute absC"es!o 
develops (see Fig. 39.2), surgical intervention is required. 
Peri.ueolar abscesses may occur in mammary duct ectasia 
but respond to antibiotic treatment and perhaps aspir
ation and should not be drained surgically. 

Fat necrosis is rare and occurs in older age groups. 
The lump often appears long after the tTaumatic episode 
has been forgotten. 

SYMPTOMS AND SIGNS OF BREAST 
DISEASE 

The p<lt ient not only experiences the symptoms but is 
often the first to notice the physical signs. Both are 

I 

FibroaclenoslS 
(WIthout maJOf 

cysllC component) 
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Cystic 
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Fig. ]9.1 Age Incidence of common breast disorders 
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outlined in Table 39.1 along with their diagnostic Ch 

importance. 3 

Fig. 39.2 Breast abscess 

SPECIAL POINTS IN HISTORY·TAKING 

The d uration of symptoms should be established, bearing 
in mind that a lump may ha ve been present much longer 
than the woman is aware or will admit. Periodici ty of 
pa in or lumpiness in relation to the menstrual cycle 
suggests a hormone--related condition rather than malig· 
nan! d isease. 

A history of previous breast problems such as cysts, 
abscess or trauma ma y provide a clue to the current 
diagnosis. Parity and age at first pregnancy might alter 
the statistica l li kelihood of a lesion being ma lignant. 

Th!s woman of 40 presented with a neglected left breast abscess a 
few weeks after ceaSIng breast feeding The abscess was drained at 
0pe1l operation but had destroyed much of the breast tISSue The 
organlSlTl was Staph aureus as IS commonly the Cilse 

Drug history should be recorded, including present or 
past use of hormone prepara tions. These include the 
contracept ive pill and hormone replacement therapy 
(HRT) for menopausal symptoms. A causal link between 
the use of these hormones and the development of breast 
cancer is unproven but cannot be discounted . 

Table 39.1 Symptoms and signs of breast disease (see al$o figs. 39 3, 4 arid 5) 

Symptom or sign 

1. Pain 
Varying With menstrual cycle 

Clinical signifi(ance 

Suggests a phYSIOlogICal cause such as premenstrual syndrome or fibroadenostS. Both are 
responsive to treatment 

Independent of menstrual cyd,_ , ______ NC'C'_"'.::.::'p-'fulln d agnosis but may occur In caronoma, flbroad-enOS!s or Infection 

2. lump in the b reast 
Hard lump 

Firm. poorly defined lump or lumpiness 

The surface Ch.,·'KtenstlCs prOVide the most useful diagnostic Information a discrete 
mobile lump wl'h a smooth surface IS most likely to be., fibroadenoma if it IS solid, 
or a fibroadenotic cyst If It is f luctuant. An ii i-defined margin and any suggestion of 
tethering to su ~erficial or deep 5tructures strongly suggest carcinoma but are sometimes 
due to non-infe:tive inflammation 
This suggests f ibroadenOSIS, especially If the out line IS di ff icult to distinguish from normal 
breast tissue or if the breast IS generally lumpy 

Soft lump ______ CUc'"c'ccllya lipoma or occasionally a lax cyst 

3. Skin changes in the breast 
Skin dimpling 
Visible lump 
Peau d'orange 
(appearance of orange peel) 

Redness 

Sometimes a subtle Sign but highly suggestIVe of carcinoma 
Cyst. carCinoma or phyllOides tumour Cysts can appear With alarming ~ 
Ova a lump. this IS Virtually pathognomOfliC of carCinoma. It 15 due to tumour Invasion of 
dermallymphatlC5 causing dermal oedema. However, It may occur ()II('f an infective lesion 

Ukeratlon 
Usually infectIOn, especially If skin IS hot Sometimes a feature of mammary duct ectasia 
Neglected carcinoma In the eldefly (often slow-grOWIng) 

- -----"--
4. Nipple disorders 

Recent Inversion 
'Eczema' (rash involving nipple or areola, 
or both) 
Nipple discharge 

M ilky 
Clear 
Green 
Blood-stained 

Suggests a flbrosmg underlYIng le5IOn such as carclr"loma Of mammary duct ectaSIa 
If unilateral, thiS is the clasSIC Sign of Paget's disease of the nipple, a presentatlOfl of 
breilst calKer 

Pregnancy or h\'perprolactlnaemia 
Physiological 
Per imenopausal, duct ectaSia, flbroadenotic cyst 
Possible carcmClT1a or inlfaduct papilloma 50 
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Fig. 39.3 Technique of breast elCamination 
Inspection the breasts should be Inspected fOf asymmetry. skin 
telheong and dimpling, and changes in colour This should be 
periOfmed With the p<ltleflt SIlting comfonably, pressing han&.. on hips 
(al, hftmg arms In the air (b), and presSIng hands on top of the head 
(e) Palpation: the patleflt should SlI on an e~mlnatJOn (ouch as shO'M1 
In (d), with the backrest at about 45° and rolled slightly to the 
contralateral side The arm on the Side to be examined should be 
elevated and the head rested on the pillow. The effect 01 these 
manoeuvres IS to spread the breast over a greater area of the chest wall 
With the smaller breast, the flat of the right hand is used to palp<lte the 
breast circumferentially by quadrants (e)(g) The centrClI p<lrt of the 
breast and the axillary tall must also be palpated. If there is a history of 
nipple discharge, the areola IS pressed 10 different areas (h) to Iderltlfy 
the duct from which rt emanates and thefefOfe the segmentlrwoived 
Finally the axillary lymph nodes are palpated CIS shO'M1 In (i), ij) and 
(k) The left alOUa is palpated With the rtght hilnd (k) and the nght axilla 
IS palpated with the left hand (j) It IS Important to relax the axillary 
muscles by supporung the wetght of the patlE'llt's arm as shown. The 
fingers of the examining hand are firmly held in a curve (i) , pressed high 
Into the apex of the a~llIa agamst the chest wall and drawn downwards 
The hand Will then 'fide over' any enlarged ax illary nodes 

3 

50~ 



Symptoms, diagnosis and management: breast 

Section 

3 

Skin dimpling Visible lump 

Surface ulceralion Recent nipple inversion 

(,) 

506 (b, ... _ _ 

Peau d'orange 

Bloodstained nipple 
discharge 

Surface erythema 

'Eczema' around nipple 
(Pager s) 

Fig. 39,5 Carcinoma of the breast 

Fig. 39.4 Characteristic 
signs of breast cancer 

(a) and (b) CharactenstK skin dimpling 0 over breast carcinomas. This 
may be a subtle Sign and only be VISIble In langentJallight. (e) Nipple 
retractIOn and Widespread 'peau d'orange' resulting from a large central 
breast carCinoma Peau d'orange IS caused by a combinatIOn of 
cutaneous infiltratIOn by tumour and skin oedema (and occasionally by 
infectIOn), Locally advanced breast cancer may cause dlstOl1lOn of the 
breast. The colour change and ulceration are uncommonly seen and 
only occur In negle<:ted cases, Note also the punaure wound of a core 
biOpsy (arrDlNed) There was no obVIOUS aKlllary node enlargement 
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History·taking provides an opportunity for establish
ing a rapport with the patient, who usually fears cancer 
and its implications. A sympathetic approach and dear 
explanations lay the foundation for a trusting and c0-

operative relationship if malignancy is later diagnosed. 

EXAMINATION OF THE BREASTS 

The basic examination technique is shown in Fig. 39.3 
and can be simplified for patient self-examination. Most 
women shou ld be laught to examine their own breasts, 
although the value of self-examination remains un
proven in detecting early breast cancer. During examina
tion, Ihe palient should be asked to identify any lump she 
has found herself so the surgeon can be sure of what 
she is worried about. Often no lump is found and it 
turns Qut she has palpated a part of a generalised breast 
lumpiness or the edge of the breast disc. 

Breast examination involves six distinct manreuvres: 

• Observation with the patient sitting up 
• Observation with the patient raising and lowering her 

arms 
• Examina tion of the nipples 
• Systematic palp.ltion of each breast 
• Palp<ltion of the axillae and supraclavicuJar fossae 
• General examination for signs of distant metastases 

The technique of p.llpating the breast may need to be 
modified according to the type of breast being examined. 
Palpation with the nat of one hand is usual, but it may 
be more appropriate to examine large pendulous breasts 
between two hands. The normal breast has a wide range 
of textures, ranging from soft, through nodular, to hard. 
This underlines the difficulties of clinical evaluation of a 
lump or lumpim_>ss; what the patient or her doctor has 
felt may be physiological nodularity. Suspicious physical 
signs should be compared with the breast on the opposite 
side because physiological and other honnonally induced 
changes tend to be symmetrical. If a lump is found, 
the overlying skin must be examined for mobility and 
tethering. Fixation of the lump to the chest wall can be 
assessed by having the patient tense pectoralis major by 
pressing her hand on to her hip. 

A history of nipple discharge can often be confirmed 
by applying pressure over the appropriate quadrant of 
the breast near the areola. The position of the duct on the 
summit of the nipple from where Ihe discharge emerges 
can then be noted. Discharges that are nol obviously 
blood-stained should be tested for blood using urinalysis 
dipsticks and should be smeared on slides and sent for 
cytology. Scrapings from suspected Paget's disease of the 
nipple can be sent for cytological analysis. 

The experienced clinician can probably detect 85% 
of carcinomas bigger than 1 cm in diameter. None the 

Disorders of the breast 

less, a third of all carcinomas in asymptomatic women 
attending will be missed on clinical examination. Even 
among experts, there is at least a 25% error in detecting 
axillary node involvement by palpation. Because of the 
high rate of false negative examinations, clinical suspicion 
alone is enough to justify further investigations. 

INVESTIGATION OF BREAST 
DISORDERS 

There is no single test or combination of tests which can 
reliably detect all cancers. A definite lump on palpation 
should be 5.1mplcd by fine needle aspiration cytology 
(FNA); if the lump is indistinct on palpation but a 
suspicious area is revealed on imaging (ultrasound or 
mammography), a guided FNA or needle biopsy can be 
performed . FNA has now largely replaced open biopsy 
for diagnosis but a negative result does not exclude 
carcinoma. Core needle biopsies give the architecture of 
a ca ncer but may miss the relevant pari of the breast. The 
multiple 'passes' of the FNA needle should confirm if a 
cancer is present. In the presence of a palpable lump, 
mammography gives up to 95% diagnostic accuracy on 
its own and this is increased by aspiration cytology or 
core (e.g. Trucut) biopsy. Unfortunately, the accuracy falls 
when mammography is used as a screening procedure 
for asymptomatic women \vlthout lumps. Mammography 
is also unreliable in women under 40 years because of 
dense breast tissue but may give useful information if a 
lump is palpable. The radiological features of carcinoma 
include a characteristic fine calcification (see Fig. 39.6) 
and puckering and distortion of breast tissue. These may 
be quite subtle Signs, however, and the definitive inter· 
pretation should be left to an experienced radiologist. 
Two radiologists often 'double report' films for increased 
accuracy. 

In the case of an apparcntly solid but discrete lump, 
ultrasonography can readily distinguish between a solid 
mass and a cyst and can often reveal characteristic 
changes of malignancy. However, a negative result does 
not exclude carcinoma. 

If a cyst is suspected, aspiration should usually be 
attempted. Many clinicians prefer to arrange mammo
graphy and ultrasonography and aspirate under ultra
sound control. The reason fo r this is that aspiration 
can distort the findings on imaging and reduce their 
discriminatory power. A simple cyst contains yellow or 
green fluid and the lump will disappear. The nuid is 
often sent for cytological analysis but this is not essential 
unless the aspirate is cellular or bloody. U the lump does 
not dis.:lppear or if the nuid is blood·stained, then a 
carcinoma should be suspected and the lump should be 
excised if cytology is unhelpful (see Fig. 39.20, p. 518). If 
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Fig. 39.6 Mammograms contrasting breast cancer 
fibroadenosis and fibroadenoma 
(a) Two Infiliratmg spiculated (spiky) radiopaque masses are 
suggestive of malignancy but the nearby fine calcification (arrowed) 
clinches the diagnosis. Malignant mlCro-calciflCalJon lS a subtle sign 
reqUiring careful examination of the films with magnification; It does 
not reproduce well In photographs. Coarser caloficallOn IS fouod In 

benIgn breast diseases. (b) ThiS mammogram sho'NS a fibroadenotlC 
mass Incorporating two weli-cllcumscflbed cysts C (e) Shows the 
typICal mammographIC appearance of a fibroadeooma (d) An 
f?IIlarged View of the fibroadenoma, showlIlg the much coarsE'r 
(aklficallOn generally found In be(lIgn breast lesiOns 

mammogrilphy and ultr,lsound are reported as benign 
and Ihe cyst refills within about 6 weeks, one more 
aspiration is performed. If it reappears again with in a 
similar period. excision biopsy should be performed. 

It is imporlilnt to remember that no test ca n exclude 
ca rci noma. If cli nical suspicion remains. excision biopsy 
should be performed if appropriate. or the patient 
followed up and re-examined at intervals. 

(d) 
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CANCER OF THE BREAST 
PATHOLOGY 

Virtually all cancers of the breast are adenocarcinomas; 
the exceptions are the occas ional s.ucoma or metastasis 
from elsewhere. In vasive carcinomas are predominantly 
ductal carcinomas (75%); 5-10% are described as 
infi ltrating lobu lar ca rcinomas and may arise in the 
glands of the breast lobules; and 10-15% are part of a 
miscellnneous group, all of which have a better prognosis 
thnn the others. These indude tubular, colloid and 
ducta l ca rcinoma in si tu . Most breast cancers show dear 
evidence of invasiveness at the time of presentation (see 
Fig. 39.7). In piltients with breast carcinoma, other areas 
of the bre<1st often conto in atypica l cells more than three 
layers thick, but still confint.>d within the epithelial base· 
ment rncmbrnne of duct or lobule; this ' in situ' stage 
probnbly precedes the development of infiltrating carcin· 
oma. A his tologic.ll diagnosis of intraduct or intralobular 
earcinomn in situ must be interpreted with caution 
becnuse this mny mean that an invasive carcinoma has 
been inndequntcly s.lmpled . In situ carcinoma is common 
in screened pntienlS nnd complete excision offers cure. 

11\e distinction between ductal and lobular carcinoma 
is not merely of acndemic interest. Lobular carcinomas 
tend to arise multicentrienlly, so that bilateral tumours 
occur in a s ignificant proportion of cases. Further, lobular 
cnrci nomns nre more likely to bear oestrogen receptors 
and may be more responsive to anti-oestrogen therapy. 

If b lood vessel or lymphatic invdsion is found in a 
histological specimen, this heralds a poor prognosis even 
if lymph nod es nre negative. 

Some pntients with breast carcinoma (usually of 
ducta l origin) present wi th reddening and thickening of 

N 
Fig. 39.7 Breast adenocarcinoma-histopathology 
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the skin of the nipple and someti mes areola, often 
followed by fissuring and ulceration. This condit ion is 
most common in the elderly and is known as Paget's 
disease of th e nipple. The epidermis of the nipple first 
and the areola later become infiltrated by neoplastic cells 
from the underlying carcinoma. These ceUs are believed 
to reach the surfnce by intra·epithelial spread along the 
mammary ducts (see Fig. 39.9). 

NATURAL HISTORY OF BREAST CANCER 

Before there is any clinical evidence of its presence, the 
breast tumour has usually reached at least 1 cm in 
diameter. Malignant cells may, however, have been 
proliferating during a long latent interval of about 8 
years, and an in situ form may have been present for 
even longer. By invading locally, the tumour usually 
evokes a fibrous response in adjacent breast tissue which 
is largely responsible fo r the mass becoming palpable. 

At some s tage, tumour cells enter the lymphatics and 
spread to the regional lymph nodes of the axillary and 
sometimes internal mammary groups (see Fig. 39.10). 
Noda l metns tas is is rare with tumours smaller than 
O.5em diameter. In tumour.; of 1 em diameter, axillary 
metastases are found in 25% and the incidence rises 
sequentially with tumour size up to 65% involvement 
with tumours larger than 5 cm. The nodes closest to the 
lesion are involved first, usually followed successively 
by other nodes in the chain, although 'skip metas tases' 
can rarely occur. Recent research suggests that the 
sampling of a 'sentinel node' identified using a radio· 
isotope or injected dye may provide an accurate 

IS 

(a) Ducts to the left of the pICture contain highly atypICal epithelium, ""Ith central necrosi~ N, .I type of In·situ ductal carcinoma also known a~ 
comedocarCinoma On the rrght of thiS mICrograph is Invasive ductal carCinoma composed of many smal l glandular structures diffusely invading 
breast ti ssue (b) In Situ IS and invaSive [arrowed) lobular carCinoma. Malignant ce lls tend to be less atYPical than In ductal carcinoma and do not 
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form glands, but often Invade in 'Single- f ile' Intracellular mucin i~ also character istiC of this var iant of breast carCinoma . sm 
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Fig, 39.8 Paget's disease of the nipple-histopathology 
(a) Nipple epidermis contain ing numerous malignant Paget's cells P which have spread from an underlying In Si tu ductal carcinoma. The epidermiS 
and keratin layer K show associated changes (b) High-power view of Paget's cells showing intracellular mUCin and mitotic adMty (arrowed) 

Fig. 39.9 Paget's disease of the nipple 

indication of nodal involvement. Micrometastases are 
present in the nodle's long before they are palpable; thus 
detecting nodal involvement requires histological proof. 
Laler, tumour cells may breach the lymph node capsules 
to invade the surrounding tissues. In this way, the nodes 
become fixed and matted together. Systemic spread via 
the bloodstream may occur very early so that even 11 
small localised lesion may have already melastasised 
widely. Nevertheless, systemic spread is more likely to 
have occurred on~ regional lymph nodes are involved. 

There is great variation in the behaviour of breast 
cancer between individuals and there is a tendency for 
the disease to progress more slowly with advancing age. 
Indeed, 10% of untreated patients su rvive 10 years or 
more. In a minority of patients, usually the young, the 
disease follows a much more aggressive course. Histo
logical grade is also a useful prognostic indicator: the 

poorer the differentiation, the more likely is recurrence 
or early death. [n some tumours, the cells possess 
oestrogen and other hormone receptors which can be 
demonstrated by immunologica l techniques. The cli nical 
usefulness of this characteristic is not yet a subject of 
common agreement. Contrary to popular belief, pregnancy 
probably does not accelerate tumour growth when other 
factors such as youth are taken into account. 

LIFE EXPECTANCY 

Life expectancy for women with breast cancer (irres
pective of the type of treatment) is shown in Figure 39.11 , 
compared with unaffected women of equivalent ages. 
Metastasis can occur as late as 35 years after diagnosis 
but 60% of tumours that present wi th metastases will do 
so within the fi rst 2 years. Two important facts emerge 
from this: firstly, women often survive many years after 
treatment for breast cancer but very few are completely 
cured of the disease. 

That is, the majority of affected women will eventually 
die of breast cancer unless they die of some other disease 
in the meantime. Secondly, patients with a disease-free 
interval of 5 years after treatment dearly cannot be 
described as 'cured', as might be the case with ot her 
malignancies. Nevertheless, the survival after 5 and 10 
years is improving. 

SCREENING FOR BREAST CANCER 

See Chapter 7, p. 101. 

STAGING OF BREAST CANCER 

The purpose of staging is to define the extent of tumour 
spread so that prognOSiS can be estimated and the most 
appropriate treatment pll1nned. There are several systems 
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Regional lymphatic spread 

1 Axillary 2 • 
2 Supraclavicular ( r;" • • 
3 Internal mammary ,. J 

(may be bilateral) '. • .-

Fig. 39.10 Common sites of spread of breast carcinoma 
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Disseminated disease 

Brain Headache, epilepsy. ataxia, paresis, pamslhesaa 

L,"9 Usually asymptomatic 

Pleura EffuSion (breathlessness) 

Liver Mass, jaundlce,ascites 

Long bones-skull. vertebrae, ribs, pelvis 
Pain, pathological fracture, spinal cord 
compression 

80 
Stages I and II 'earty breast cancer' 

All stages 
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of staging in common use; the simplest is based on 
dinic.1l evidence of 10m! and systemic spread. The more 
sophisticiltcd use various add itional methods such as 
grading of tltmour histology, lymph node biopsy, chest 
X-ray or bone SC<1l\5. Unfortunately. st.lging is still a crude 
tool si nce micrometastatic spread cannot be reliably 
detected by these methods. However, in the absence of 
detectable distant metast,lsis, axillary metastasis is the 
single most useful guide to expected survival. 

The internationally accepled TNM system (see Fig. 
39.13) uses cli nical and investigation results to grade 
local tumour s i7e and extent, regional spread to lymph 
nodes, and the presence or abs£'nce of metastases. This 
allows more accurille recording of the extent of diseilse at 
any given time but it is s till relativcly imprecise. All 
breast cancer treatment trials now insist on recording 
pathological nodal status and histological tumour grade 

35 

Fig. 39.11 Life expectancy after diagnosis of 
breas t cancer (after Brinkley and Haybittlel 
Note that 5- and lO·year survival has improved in recent 
years with better diagnOSIs and treatment but It IS too 
early to be sure that long·term survwal will also Improve 

to make comparison of responses to different treatments 
more scientific. Using the TNM system, breast cancer can 
be groupt..>d into stages O-IV and these stages are useful 
in plann ing treatment. An outline is given in Table 39.2. 

PRINCIPLES OF MANAGEMENT OF 
BREAST CANCER 

INTRODUCTION 

The prognosis for patients with treated breast cancer has 
not changed substantially over the past 60 years despite 
extensive research into improved methods of treatment. 
However, disease-free intervals from treatment to first 
recurrence are grad ually being extended. There are many 
variables in breast ca ncer--e.g. age of patient, aggrt.'SSive
ness of tUIllOllT, st,lgC, response to therapy-and no 
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Fig. 39.12 Skeletal metastases fTom caKinoma of the breast 
(a) Anteflor View of radIOISOtope bone scan of a 48·yedr-old woman .:ompiainlng of pain In the neck and fight hip She had had a mastectomy 
for carcinoma 8 yea~ prev.ousty The S(an shows Large metastatic deposits In the lower ceMCal and lumbar ~Ine, right pelvls, right femur and left 
humerus as well as several smaller deposits in the ribs and elsewhere In the skeletoo, (b) X·ray of the lower femur In d 79·yedr-old woman 
presenting With a fungating breast carcinoma and pain In the left knEe The X-ray shows radIOlucencies (arrowed) In the dIStal femur dnd 
elevatIOn of the penOliteum P medially. Indicating bony metastilSl'i. R;;dlotherapy was arranged to allevia te the symptoms. (e) Some weeks la ter, 
despite trea tment, the patient returned With this pathological f racture of the femur 

TO 

NO tumour 

• • 

MobUe nodes 

• 

• .' 

Rxed nodes 

• 

2- 5 em 

Ipsilateral inlernal 
mammary nodes 

involved 

> 5 om Extension to skin or chest wall , or both 

Mo No distant metastases 

M 1 Metastases demonstrable 

M x Metastases suspected 
but not confirmed 

512 Fig. 39.13 TNM classification system for breast cancer 
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Table 39.2 Staging system for breast cancer using 
TNM classification 

Stage 

o 

" '" IV 

Description 
----

Cancer In Situ 

T I WIthout nodes or metaslas.es 
Tq +N, orT} +No 
T ,_.< N2_J 

Distant metast<tses (M ,) 

s ingle treatment is yet clearly su perior for every patient. 
Clinicians generally agree on what is too little treatment 
or excess treatment, but opinions vary about the best 
trcil tmcnts between these extremes (see Box 39.2). In 
practice, only S01<1l1 differences in disease-free interval or 
ultimate survival can be expected between cu rrently 
accepted methods of treatment. nus, and the long natural 
history of the disease, explains why specific details of 
management vary from one centre to another. 

The standardis.1 tion of treatment is being encouraged 
with the help of government-backed 'evidence-based' 
guidelines. As factual infonnation and reproducible 
results emerge from controlled. trials, treatment methods 
will gradually evolve towards a series of consensus views 
which will be widely adopted. There is a strong trend 
towards patients with breast diSC'ase and especially cancer 
to be managed in specialist breast units. These can provide 
comprehensive and up-to-date care and monitoring but 
this may represent a counsel of perfection. Meanwhile, 
there are (our univers..11 principles of management which 
are summarised in Box 39.3. TIlere is a reasonable prospect 
of long-term survival, if not curc, in early breast ca ncer 

SUMMARY 

Box 39.2 Major treatment options in breast cancer 

• Excision biopsy alone (not recommended) 
• Needle biopsy or aspiration cytology plus radiotherapy 
• Wide local excision (Iumpectomy) plus axillary node 

biopsy plus radiotherapy 

• Simple mastectomy plus axillary node biopsy or 
clearance 

• Modified (Patey) radical mastectomy 
• Standard (Halsted) radical mastectomy (not 

recommended) 

• Supra-radical (Urban) mastectomy (not recommended) 

Note: The list starts with what is now generally 
regarded as inadequate treatment and progresses 
towards eKcessive treatment. Treatments near the 
centre of the list are the most commonly used. Axillary 
radiotherapy can be added to any type of mastectomy. 
Adjuvant chemotherapy or anti-oestrogen therapy can 

be combined with any treatment on the list. 

Disorders of the breast 

but in advanced breast cancer palliation is the only 
realistic objective to improve the quality of life and only 
seconda rily to extend life. 

ESTABLISHING THE DIAGNOSIS 

If there is clinical suspicion that a breast lump is malig
nant, the priority in most cases is to perform ultrasound 
sca nning and mammography. This gives information 
about the lump in question but also surveys the rest of 
the breast tissue on both sides. The next priority is to 
obtain tissue for microscopic examination. This is best 
achieved by fine needle asp iration cytology (FNA) or 
core need le b iopsy, if neces~..1Ty guided by ultrasound 
or mammographic imaging. If this is negative or equi
vocal, a discrete lump shou ld be completely excised with 
[I wide m..1Tgin of apparently normal breast tissue and 
the specimen examined his tologically. This procedure, 
excision biopsy, can also form the first step in con
trolling local disease. 

CONTROL OF DISEASE IN THE AFFECTED BREAST 
AND CHEST WALL 

Removal of a discrete tumour mass along with a wide 
margin of normal tissue (I umpeclomy) might be thought 
to effect a CUte. Bitler experience, however, has shown 
that 40% of these tumours recur later wi thin the same 
breast. Furt hermore, distant metastatic spread may have 
already occu rred or may occur later. Local recurrence 
takes place eit her beca use malignant celis had already 
penetrated beyond the margin of excision or because the 
remaining breast tissue is more susceptible to malignant 
change. The laller is pa rticularly tme for lobular 
carcinomas. Therefore, rational treatment must aim to 
eliminate tumour cells anywhere else in the affected 
breast. This ca n be achieved by surgical removal of the 
whole breast (mastectomy) or by radiotherapy. 

Mastectomy 

The traditional appro.1ch W.1S to remove the entire breast 
once the diagnosis was confirmed. Patients were often 
prepared for possible masiL'Ctomy at the S'lme operation 

SUMMARY 

Box 39.3 Prin(:ipkls of management of breast cancer 

• Establish the diagnosis 
• Control disease in the affected breast and chest wall 
• Prevent and treat local and regional disease in early 

breast cancer 

• Control advanced and disseminated disease 
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as excision biopsy, if a frozen section biopsy (fX'rformed 
while the palient remained on Ihe operating table) 
showed C.lncer. However, this approach is no longer 
acceptable. Before such a mutilating operation, patients 
need the opportunity to discuss the diagnosis and the 
possible oplions for treatment; modest delays while this 
is accomplished do not adversely affect the outcome. 
Nowadays, most p..,tients have a cytological or needle 
biopsy diagnOSiS before operation is planned and know 
what to expect as a result. There is a trend towards 
immediate reconstruction of the breast mastectomy 
(p.517). 

Breast-conserving surgery 

There has been n gradual trend towards breast con
servation in managing breast cancer, encouraged by 
improvements in radiotherapy and adjuvant treatment. 
In developed countries, only 25-30% of cancers are now 
treated by mastectomy. If technically possible (i.e. with 
non-centml, s ingle sma ll tumours, particularly in the 
upper outer quadrant), wide local excision of the tumour 
mass is performed .1nd the remaining breast tissue 
is irradiated. Ilowever, it is also important to obtain 
information on the axillary node status in addition, to 
guide therapy and provide prognostic information. The 
effectiveness of this conservative npproach in preventing 
local recurrence is similar to that of mastectomy. Ap..ut 
from its potentinl cosmetic nnd psychological advantages, 
wide local excision allows the option of later mastectomy 
if there is a local recurrence. Breast irrad iation following 
local excision may form part of radical radiotherapy, 
designed to prevent lOCi'll and regional recurrence. 

Occ.lsionally a patient presents with extensive local 
disease or wic1e~pread metastases. Surgery in these 
circumstances may be inappropriate and palliative 
measures such <IS r<ldiotherapy may be ust:.'CI <lIang with 
tamoxifen. Sometimes, such treatment 'downstages' the 
cancer, allowing subsequent mastectomy. 

PREVENTION AND TREATMENT OF REGIONAL 
DISEASE IN EARLY BREAST CANCER 

Even with a small primary tumour, micrometastatic 
disease may have already spread to local skin, chest wall 
or regional lymph nodL'S. Larger primary lesions may 
show loca l or regional secondary deposits at the time of 
initial presentation. Diagnosis in apparently early dise.1S(' 
shou ld include biopsy of axillary nodes, which is likely 
to determine whether <ldjuvant chemotherapy or hormonal 
therapy is used. 

The options for ll1<lnaging axillary lymph nodes are; 

• An expectant policy may be adopted. This involves 
treating regional mctasti'lses by surgery or 

rad iotherapy only if they become clinically app..,renl. 
This is rarely employed nowadays 

• Radica l radiotherapy may be given to all patients 
with breast cancer. TIlis involves radiotherapy to the 
breast (if conserved) and the chest wall, as well as to 
lymph nodes in the axilla, and perhaps 
supr.lclavicular and internal mammary groups 

• Selective radiotherapy may be given, based 011 the 
results of axillary node biopsy performed at the initial 
operation or at a second operation once cancer has 
been diagnosed. The nodes are subjected to 
radiothernpy only if they are histologically involved 

• Surgical removal of axillary lymph nodes is 
employed in proven breast cancer as an alternative to 
r<ldiotherapy by some surgeons, whether the nodes 
appear clinically involved or not. Prognosis is 
inversely related to the number of nodes involved. It 
is important diagnostically to remove 6-10 lymph 
nodes to avoid missing 'skip' metastases in higher 
nodes. Current practice is to perform a leve l II 
dissection, removing nod es up to the axillary vein 
and beneath pectoralis minor. In addition to the 
diagnostic benefits, some enthusiasts claim that 
complete surgical axillary node removal gives beller 
shou lder mobility than radiotherapy. Complete 
axillary lymph node removal may be performed as an 
adjunct to breast-conscrving surgery or as part of a 
simple mastectomy or a modified radical 
mas tectomy. The Inlier preserves the pectoralis major 
muscle formerly removed in Halsted radical 
mastectomies. Radiotherapy should not be given to 
patients flfter radical lymph node clearance flS this 
gives an unacceptable incidence of lymphoedema of 
the firm. Effective sentinel lymph node biopsy should 
help n:."'<iuce the number of unnecessary complete 
axil1nry lymph node dissections. 

Fig. 39.14 Advanced breast cancer 
ThiS 5O·year·old woman had been aware of a lump In her right breast 
for over a year before she could be persuaded to seek treatment The 
whole breast IS Involved and malignancy has spread through the skin 

Widely across the chest wal l. The cancer was treated palliatIVely With 
tamo~lfen and radiotherapy 
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Fig. 39.15 Chest manifestations of metastatic breast carcinoma 
(a) Thi~ 38-year-old woman had undergone a right maste<tomy for ductal caronoma 7 years before and presented with increasing shortness of 
breath. This chest X-ray shows a large left pleural effUSion coofirmed on cytology to be malignant. It was palliated by drainage and pleurodeslS 
(b) A different patient who had been treated 5 years before for lobular carcillOma of the breast. She presented WIth a chronic rl()(1-productr<e 
cough and was found to have a mass of lymph nodes dt the fight hllisn (arrowed) and a right recurrent laryngeal nerve palsy due to invasIOn In 

the region of the carilla 

Adjuvant chemotherapy 

The unexpectedly low cure rale for app..lr<'ntly early 
breast cancer is due to occull metastatic spread. Surgery 
cannot adequately deal with metastases to mediastinal 
and supraclavicular nodes or elsewhere, but several 
pulses of systemic adjuvant chemotherapy have been 
shown to improve survival in certain groups of patients. 
This may be by d estroying early metastases or malignant 
cells capable of metastasising or by the effects of chemo
ther<lpy causing oVMian ablation. Various combinations 
of cytotoxic drugs have been tested but the current 
consensu s employs one of two main combinations, both 
of which contain cyclop hosphamide and 5-fluorouracil. 
In addition, the CMF regimen includes methotrexate and 
the FAC regimen includ es adriamydn (doxorubidn). 
Adjuvant chemother,lpy is currently employed for most 
premenopauSo:ll women shown to have high-grade 
tumours and axillary spread but without evident distant 
metastases. l1le5e regimens give an average 3O'h- increaSt"' 
in survival in premenopausal women with more than 
four positive axillary lymph nodes on histology. 

Systemic treatment with adjuvant chemotherapy is 
also sometimes used in some groups of node-negative 
patients and in some postmenopausal women but the 
benefits are not as clear-cut. 

Adjuvant hormonal therapy 

Tamox ife n, an oestrogen receptor blocker taken orally, is 
widely uscd as an adjuv"nt treatment. The drug has long 

proved beneficial for postmenopausal patients with 
breast C,lncer and, when taken for 2~5 years, conclusively 
prolongs the disease-free interval in this group O.e. time 
to first local recurrence or metastasis). More recently, 
similar results have been demonstrated in premenop.1Us.ll 
patients despite its disadvantage of causing symptoms 
of an early menopause. Oophorectomy gives survival 
equivalent to adjuvant chemotherapy and may prove to 
be an acceptable option. There is unconfirmed evidence 
that tamoxifen may safely reduce the risk of developing 
breast cancer if taken prophylactically. 

CONTROL OF ADVANCED AND DISSEMINATED 
DISEASE 

All the treatments so far described attempt to achieve a 
complete cure. In reality, about 65% of patients pre
senting with early breas t cancer will eventually succumb 
to the disease despite the best treatments, though this 
may be as long as 35 years later. There is continued 
improvement, however, of 5- and 10-year survival rates. 
With current treatment modalities, the control of advanced 
and disseminated disease at any stage can only be 
palliative but worthwhile prolongation of life can often 
be achieved in addition to improving the quality of life. 

Locally, tumour may spread within the breast, into the 
overlying skin or into the chest wall. Pleural effus ions 
may appear <lnd <Ire usually the result of pulmonary 
metastaSl.."S. Systemic spread commonly causes osteolytic 
bone lesions which are painful and may result in 
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pat hological fracture (see Fig. 39.12, p. 5 12). Secondary 
deposits are common in the liver but less common in the 
lungs and brain (see p. 510); these metastases tend to 
become troublesome only at a tenninal stage of the 
disease. Lobular carcinoma ca n metastasise to unusual 
sites such as skin (see Fig. 39.16) and bowel. Some 
metas tatic sites, particularly bone, respond to local 
radiotherapy, while ot hers may respond to systemic 
hormona l therapy or chemotherapy. 

Local palliation 

Loca lly advanced (stage Ill) disease in breast and axil!'l 
may appear to be inoperable at firs t sight. Cu rrent trends 
for stage III disease, however, are towards more inter
ventiona l trea tment using several modalities which 
have been shown to prolong su rvival substantially. For 
example, after di<lgnostic cytology or biopsy, three cycles 
of neoadjuvant (Le. before surgery) chemotherapy will 
oft en convert the cancer into an operable prospect. 
Mastectomy and node biopsy are then performed, 
fo llowed by radical radiotherapy and later by adjuvant 
chemotherapy or tamoxifen. In patients in whom this 
level of intervention is inappropria te, radiotherapy can 
be employed for palliation of advanced skin, breast, chest 
wall and lymph node disease or tumour recurrences, as 
well as for isola ted bone metastases; all of these usua lly 
respond well. Pleural effusions can be aspirated or tile 
pleural cavity obliterated by pleurroomy or instillation of 
tetracycli ne or various cytotoxic agents. Discrete lesions, 
for exa mple in skin, can sometim(.>s be removed surgically. 

Hormonal manipulation 

Ilormona l palliative treatment of breast cancer is 
essen tia lly empirical: 

• Tamoxifen has been shown to extend survival in 
pa tients wi th metastases and is aJso worth giving in 
patients unfi t for surgery. TIle drug has the side effect 
of c<lusing menopausal symptoms in most women. 
Concern is now being expressed that Ions-term use 
may predispose to endometrial cancer. If tamoxifen 
fails, mcgcs trol or other progestogens may prove 
beneficia l. Specific aromatase inhibitors also show 
promise but are still being evaluated 

• Su rgica l oophorectomy gives a good but temporary 
response in about a third of patients with intractable 
bone p.li n but it does bring about an immediate 
menopause wi th consequent side e{ft"'Cts 

• Corticosteroids may be used to suppress adrenal sex 
hormone production and may induce a sense of well~ 
being 

• Adrenalectomy and hypophysectomy are now 
seldom performed because of low response rate and 

unple,ls.lnt side effects . Ocmsionally, the drug 
mni nogl ute thimide is used to perform a 'medical' 
adrenalectomy. Goserelin can also be employed as a 
luteinising hormone releasing hormone (LHRI-l) 
antagonist 

• Other agents, e.g. the taxoids, are being evaluated 

Systemic chemotherapy 

Chemot her<'lpy, using combinations of drugs, is some-
times employed for palliation of extensive metastatic 
disease and can give remissions in more than 70% of 
patients for up to 3 years. Gradual improvements in 
chemotherapeutic drugs and anti-nausea agents make 
this option worthwhile for certain patients, for example, 
young women or those with hepatic involvement. 

LONG· TERM FOLLOW·UP 

Women who have had one breast cancer have a 15% 
lifetime risk of developing a second tumou r in the other 

B 

, 
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Fig. 39.16 5kin secondaries following simple mastectomy 
and radiotherapy 
ThiS patient presented WIth pamless, slightly elevated nodules In the 
skm below the dJulia 3 years after treatment for lobular carcinoma of 
the breast. In thiS photograph, the arm is elevated and one skin 
secondary can just be made out (arrowed); the site of e~cision bIOpsy 
of another is seen at B 
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Fig. 39.17 Ultrasound scan of breast cyst 
Showing Ihe characlenSllC well defined dark area represen\lng clear 
flUid, With a distinct acOUstiC shadow beyond II. 

breOlst. The risk is higher if the original lesion was a 
lobular carcinoma. The breast tissue in these women 
may have an increased susceptibility to cancer, or breast 
cancer may arise at the s.1me time in multiple foci. Thus 
women with breast cil ncer should be regularly followed 
up clinically and by mammography for many years after 
initial treatment. Patients should be instructed how to 
eXilmine themselves ilnd to return if they notice any new 
symptoms or signs. 

PROSTHESES AND PREOPERATIVE PREPARATION FOR 
MASTECTOMY 

The cosmetic effects of mastectomy are of gre.lt psycho
logical importance to women and their families. Careful 
attention to this can alleviate distress and improve 
acceptance of disfigurement. Preoperative counselling by 
medical or specially trained nursing staff should prepme 
the patient for treatment. 

BENIGN BREAST DISORDERS 

The COlllmon benign breast disorders include fibro
adenosis (including cystic disease), fibroadenoma, duct 

Disorders of the breast 

After mastectomy, it is important that lifelike prostheses 
are provided. Wherever possible, this should start with 
temporary prostheses in the immediate postoperative 
period . These may even be inserted before the patient 
leaves the operating theatre. I~econstructive surgery 
using myocutaneous naps (transverse rectus abdominis 
(TRAM) or latissimus dorsi) and silicone implants 
(which cause continuing deb.1te about safety) may be 
appropriate either at the initial operation or later in some 
patients. Self-help societies, like the British Mastectomy 
Association, can play a valuable part in helping Ihe 
patient to return to normal life. 

BREAST CANCER IN MALES 

Up to 1% of all breast cancers occur in males. Presen
tation is often delayed because the diagnosis is nol 
considered and it should be noted that unilateral breast 
en largement in males deserves serious diagnostic effort . 
Management is similar to that in females. Chest wall and 
lymph node involvement may occur earlier because 
there is so little breast tissue and prognosis may be 
worse than for females. 

Single lump or 
nodule 

Cyclical breast pain 

Multiple lumps 

Generalised 
nodulaflty 

Cystic lump 

Nipple discharge 

Clear to green, 
,," bloody 

Fig.39.18 Clinical presentation of fibroadenosis 

papilloma, fat necrosis, breast infections and mammary 
duct ectasia. 
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FIBROADENOSIS 

PATHOLOGY 

Fibroadcnosis is a disorder of the breast in women of 
reproductive age, its peak incidence occurring between 
the ages of 35 and 45. It prob<lbly results from mildly 
disordered physiological responses to circu lating hor
mones. Fibro'ldenosis is one of the 'aberrations of normal 
development or involution' (AND!). In brief, the changes 
result from dis tortion and overgrowth of one or more 
of the various components of the breast, namely the 
duels, the lobules and the supporting fibrous tissue. The 
fibrous tissue element becomes exaggerated, i.e. fibros is, 
and the epithelial components undergo hyperplasia, i.e. 
cpit he lios is and adenosis; hence the name fibroadenosis. 

Alt hough this book uses the gener.11 term of fibro
adenosis, many other descriptive terms have also been 
applied, including benign change, mastitis, fibrocystic 
disease of the breast and cystic mammary dysplasia. 
Most of these terms are confuSing, and some erroneously 
suggest thai the condi tion is more than a simple pm
life rative disorder of breast tissue. 

There is no evidence tha t fibroadenosis is a precursor 
of carcinoma. Fibro.ldenosis is common, however, and 
carcinoma will sometimes develop in a woman with 
fibroadenosis. 

CLINICAL PRESENTATION AND M ANAGEMENT 

Fibroadenosis usually presents as a single lump or 
multiple lumps in the breast, which are painful and 
tender premens trually (i.e. cyclical). Often pain is the 

Fig. ]9.19 Fib rocystic disease (fibroad e nosis}-histopathology 

presenting complaint rather than a lump. Lumpiness and 
tenderness arc a cyclical featu re of the normal bre.lst; 
thus, diffuse fibroadcnosis may jus t represent all extreme 
variation of the normal. Isolated lesions, however, may 
be difficu lt to distinguish clinically from ca rcinoma. 

Breas t cysts are a common form of fibroadenosis. The 
cysts are usually s ingle, occasionally multiple, ,1Ild they 
are most common in peri menopausal women. They 
sometimes develop with startling rapidity. On palpation, 
they can usually be recognised by thei r smooth rounded 
outline and characteristic tense fluctuation , similar to the 
texture of a table tennis ball. The diagnosis can be made 
by simple aspira tion, preferably after mammography 
and u ltrilsonography. Carcinoma can be excluded if the 
critcriil shown in Figu re 39.20 ,1re Siltisfied. The diagnosis 
of fibroadenosis thus depends on excluding cancer. This 
is done clinically, by ultT.1sound and/or mammography, 
aspiration cytology if appropriate or by excision biopsy 
if doubt remains. Note that cyst fluid only needs to be 
sent for cytological examination if cellular or bloody. 

Once cancer has been excluded and the patient re
assured, further treatment is often unnecessary. Isolated 
fibro.ldenotic lesions may have been surgically excised 
(and thus treated) in the process. When pain is severe 
and loca lised to a ptlrticu lar area, excision of the area 
may occ.lsionally be justified, but if pa in is more diffuse, 
oil of evening primrose or its pu rer form gammal inolenic 
acid may be tried . If the pain is severe and cyclical, drugs 
such as danazol and bromocri ptine are sometimes used . 
Dana zol inhibits pituitary gonadotrophin secretion but 
may have serious androgenic and other side effects 
which often limit its usefulness. Bromocriptine inhibits 
pi tuitary proladin release and has fewer side effects. 

FlbrocystK disease IS Imown by a number 01 names, Including flbroadenosls. reflecting the variety of changes seen_ A number of the-se features 
are often present wnhln a slIlgle leSion, Of In different iireas of the same or contralateral breast The main components are C}'5t formation, 
eplthehosls, fibrosis and proliferation of lobular aCini, known as adenOS/S_ FibrOSIS may occur Within areas of adeoosls. splitting aCini. known as 
sclerOSing adenosis, (a) Dilated ducts form cysts C of various sizes, from mICroscopIC to large palpable lesions measuring several centimetres 
Oiten a cyst is lilled by flattened ductal epithelium. however, thiS may also show 5ecretory features, known as apocrine metaplasia (b) Ducts 
show epithelial proliferatIOn (arrowed), known as epitheliosis. which may give rise to single or mult iple papillomas. The degree of hyperplasia 
Within eplthel i05ls vanes and may be associated With cytological atypia, which can indicate an Increa5ed fisk of developing breast 
adenocarcinoma, AI the extreme end of the spectrum, ductal prol ifera t ion may amount to ductal carCinoma In Si tu 



Fluid should not be 
bloodstained 

2 Lump should disappear 

3 Cyst should not recur 

Fig. 39.20 Cyst aspiration a nd criteria for exclusion of 
cancer associated with a cyst 

FIBROADENOMA 

PATHOLOGY 

Fibroadenoma commonly pn..>sents in younger women as 
a soli tary breas t lump. It is considered to be a benign 
neoplasm, but may represent a nodular form of fibro
adenosis. The lesions are composed of epithelial and 
fibrous components; the epithelium forms glandular 
structu res lined by mammary ductal cells and the 
connective tissue forms a 100S(' CC'lIular stroma (see Fig. 
39.21). The lesions are well circumscribed by a condensed 
connective tissue capsule. As with fibroadenosis, there 
appears to be no association with breast canct':' r. 

CLINICAL PRESENTATION AND MANAGEMENT OF 
FIBROADENOMA 

Unlike fibro.ldenosis, fibro.ldcnomas arc usually found 
in women below the age of 30. The lesion usually 
presents as a discrete, nO/Hender, highly mobile lump. It 
may be found incidentally or during self-examination. 
Small lesions are sometimes described as breast mice 

\ I 
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Fig.39.21 Fibroadenoma-histopathotogy 
This benign lesion shows proli fera tion of both glands (arrowed) and 
stroma S In the variant illustrated, gland lumina are compressed by 
stroma. Fibroadenoma typically has a histologICally well-defined edge. 

Disorders of the breast 

since they s lip away from beneath the palpating hand. 
Giant fibroadenoma-like lesions may occur in older 
women. lll€Se phyllodes tumours are usually benign 
but 25% are malignant and metastasise. Like fibro
adenosis, the main dinical importance of fi broadenoma 
is to dis tinguish it from breast cancer. In patients under 
25 years FNA can be relied upon; over 25, or if doubt 
remains. excision biopsy confirms the diagnosis and 
provides treatment. 

DUCT PAPILLOMA 

Duct papillomas are localised areas of epithelial prolifer
ation wit hin large mammary or lactiferous ducts (see 
Fig. 39.22). They are therefore benign hyperplastic lesions 
rather than neoplasms and are not premalignant, although 
they have lx>en confused with in situ carcinoma. 

Duct papillomas present with nipple bleeding or a 
blood-stained discharge. The differential diagnosis thus 
includes intraduct c.1rcinoma and infiltrating carcinoma 
which must be excluded. The breas t is carefully p.llpated 
fo r lumps and a mammogr.1m is usually perfonned to 
search for frank carcinoma. Ductography may confirm 
the presence of a duct papilloma (Fig. 39.23). Duct 
papillomas are usually treated by surgical excision of the 
affected segment of breas t (microdochectomy). The 
affected segment is identified during operation by passing 
a probe into the duct from where blood. can be expressed. 

TRAUMATIC FAT NECROSIS 

Trauma to the breast, sometimes trivial or even unnoticed, 
may cause necrosis of adipose tissue. Initially, there is an 
acu te inflammatory n:sponse but if necrotic fat remains, 

Fig. 39.22 Duct papilloma-histopathology 
ThiS IS essentially a localised form 01 eplthel loslS. Papilloma In a larger 
duct must be distillguished from papillary carcinoma, which lacb 
well-def ined stromal cores S Both lesions can present With blood
stained nipple discharge. 
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Fig. 39.23 Cont rast ma m mogram (ductogram) out lining duct pa pillom a 
This patient presented with bleeding from the nipple but no breast lump was palpable The affe<:ted duct was Injected w ith contrast material 
whICh out lines the duct system, revealing a small defect (arrowed) which represents a duct papilloma 

the inflammatory picture becomes more chronic. Plasma 
cells appear in large numbers and macrophages take up 
lipid material. A fibrotic response at the margins of the 
damaged area produces a hard, often irregu lar breast 
lump, which may cause skin dimpling if it is close to the 
surface. Thus the clinica l picture may be ind istinguish
able from carci noma. Tr.1umatic fat necrosis is very rare 
and the diagnosis ca n only be made by excision biopsy. 

INFECTIONS OF THE BREAST 

Infections of the breast lobules present ei ther as a diffuse 
cellu litis or as an abscess (Fig. 39.2). The latter is often 
the result of inadequa tely treated cellulitis. Less com
monly, infections arise in the sebacrous (Montgomery's) 
glands of the arcola, where they resemble common skin 
boils. Deep infections occur most commonly during late 
pregnancy and lactn tion. The organism is almost 
invariably StllphylococCIiS III/reus. It gains access to the 
breast eit her through cracked nipple skin, through 
inverted nipples or via the bloodstream. Retention of 
breast secretions (engorgement) may be a predisposing 
factor. Abscesses can also occur in non-lactating p.1tients 
with nipple inversion. 

Diagnosis of an abscess is usually obvious, with local 
and systemic signs of acute inflammation. The patient is 
generally unwell with a tachycardia and fever. The 
affected segment of the breast is painful and tender, red. 
and warm. If the infection is inadequately treated, a 
considerable amou nt of breast tissue is destroyed and a 
large amount of pus fo rms. The lesion then becomes 
fluctuant and eventually 'points' to the surface and 
discharges. 

The early cellulitic phase is reversible if treated with 
appropriate antibiotics. Fludoxacillin is the nntibiotic of 
choice on a 'best-guess' basis. If antibiotics are started 

too late or the wrong antibiotic is chosen, tissue damage 
and accumulation of polymorphs cause multiple loculi 
of pus to form which can only be effectively treated by 
surgica l drainage. The need fo r surgical drainage has 
declined in recent years becn use of prompt and appro
priate antibiotic tre.1tment, sometimes aided by aspiration. 

At operation, a skin incision is made over the most 
fluctuant area and the loculi are explored and broken 
down with a finger. If there is extensive damage, a d rain 
may be inserted in the wound and if there is significant 
resid ual cellulitis, antibiotics should be prescribed after 
operation. 

MAMMARY DUCT ECTASIA 

Mammary duct ectasia means dilatation of the larger 
breast ducts. These usually contain green fluid and some
times sterile pus. If an ectatic duct ruptures, a chronic 
inflammatory response develops in the surrounding 
breast tissue. Plasma cells are a characteristic feature of 
the histology, which is described as plasma cell mastitis. 
A few ducts may be involved or the whole duct system. 

Mammnry duct ectasia is most common in the decade 
around the menopause. Patients typica lly present with a 
green nipple discharge and tender lumpiness beneath or 
dose to the areola and nipple inversion is a common 
accompanying feature. Occasionally mammary duct 
ectasia may produce abscess-like signs with localised 
reddening and tenderness in the breast but without overt 
signs of infection. The condition represents an inflam
matory reaction to retai ned duct secretions with low
grade infection and usually settles with antibiotics. 
Infection associated with mammary duct ectasia should 
not be drained surgically as a ductal fistula will result. 

Mammography sometimes shows typical diagnostic 
features (see Fig. 39.24). Management involves excluding 



Fig. 39.24 Mammary duct ectasia 
RadiOpaque mass of dilated ducts with no features of malignancy. 
large duct caklhcatlon C is also seen. Note the skin indenti:ltJon caused 
by fibrOSIs. ClinKally, thl!. condition can be mIStaken for carCinoma 

MALE BREAST DISORDERS 

Any condition which occurs in the female breast can 
occur in the male. Only two conditions are clinically 
important: ca rcinoma (described earlier) and gynae
comastia. Any suspicious lumps should be removed. 
Carci noma of the male breast is similar to that seen in 
women and is managed in the smne way. 

Gynaccomastia is ben ign hypertrophy of the breast 
disc and may ha ve a hormonal basis. Clinically, one or 
both breasts become abnomlally enlarged. Gynaecomastia 

Disorders of the breast <I( 

carcinoma and sometimes surgical excision of the affected 
tissue. If mammary duct ectasia is extensive or if sub
areolar pyogenic abscesses develop, sub-areolar excision of 
all the ma jor ducts usually cures the condition (Hadfield's 
or Adair's operation). 

Note that the term plasma cell mastitis describes a 
histopathological appearance rather than a clinical entity 
and is seen in different cond itions such as fat necrosis 
or ruptun.>d ectatic duct. These evoke an inflammatory 
response in which plasma cells predominate. Like any 
intense inflammatory response, thjs produces a finn 
irregular mass. 

may be present at birth in n.>sponse to maternal 
oestrogens crossing the placenta; the condition resolves 
spontaneously over several weeks. Likewise, in pubertal 
males, the cha nging hormonal environment may cause 
temporary but distressing, commonly unilateral, breast 
enlargement which may require surgery. In older males, 
bilatera l synaecomaslia may f('5uJt from excess circulating 
oestrogens due to liver disease, certain testicular tumours 
or drugs such as cimctidine or spironolactone. 
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INTRODUCTION 

On ly a smo ll proportion of the enormous variety of skin 
disorders are surgically important Unsightly lumps and 
possible malignant lesions fa ll into this ca tegory. Ulcers 
of the lower limb are common and usually of vascular or 
diabetic origin. Some venous ulcers are managed by 
derm<l tologists, bu t most of the rema inder are ma naged 
by surgeons; these are d iscussed in Chapter 34. Ulceration 
also cha racterises many importa nt, often malignant skin 
lesions. 

Ski n disorders comprise about 15% of new outpatient 
general surgical referra ls. Ma ny on ly require excision bi
opsy under local anacsthesi<l. A smal l proportion of ski n 
lesions have a potentia lly sinister course, p.1rticularly 
malignant melanoma. These must be accurately d iag
nQSt..'CI and treated. SUSpt..'Ctl>d malignant skin lesions <lrt' 
often manilge<:] jointly by dermatologists or surgeons 
(induding plastic surgeons) <lnd radiotherapists. In 

generil\, the ini tial di<lgnostic referral should be made to 
the dermatologist, who sees many more skin condiilons 
than the general surgeon. Some patients are referred after 
a skin lesion h<ls bt.. ... Em excised by a family practiiloner 
and found to be ma lignant on histology. 

Malignant melan omas comprise only 2% of 0111 skin 
cancers in Northern Europe but, like bas.1l cell and 
squamous cell carci nomas, their incidence closely correlates 
with sun exposure and fa ir skin. The incidence of a ll skin 
cancers is rising with the increase in foreign travel. Skin 
malignancies and their premaligna nt stages are much 
more com mon in sunny countries like Austr<llia where 
they are reaching epidemic proportions. 

Fina lly, the nails, which are specialised skin appendages, 
pose surgical problems in the form of infected ingrowing 
toenails nnd onychogryphosis. The rare subungual mela
noma is an important diagnusis which should not be 
missed. 



STRUCTURE OF NORMAL SKIN 

The ski n is made up of lhl'CC' main layers, the epidermis, 
the dermis and the hypodermis: 

• The epidermis consists of four main layers-the b.1.S<.1.1 
layer, the prickie-celilayer, the granular layer and the 
keratin layer. Cell division normally occurs only in 
the basal layer 

• TIle underlying dermis consists of dense, tough 
interlacing collagen fibres; their orientation determines 
the lines of tension in the skin known as Langer's 
lines. These arc surgically important because 
incisions parallel to them heal with minimal scarring 

Stratum granUlosum~ 
(granular layer) 

Stratum 5pll"losuml 
(prickle cell layer) 

Stratum basale
(germinal layer; also 

contains melanocyles) ~ ~ 
~ .. 

1111 

Stratum corneuml 
(keratin) 

Disorders of the skin 

• The deepest layer of the ski n is the hypodermis, 
which consis ts of loose fibro--fatty tissue. The 
hypodennis contains the skin appendages-sweat 
glands, hair follicles and their associated seb.1.ceous 
glands. The hypodermis is only loosely connected to 
the superficial fascia , which makes the skin mobile 
over the deeper structures. The exceptions are the 
palms of the hands, the soles of the feet and the scalp, 
where the skin is tigh tly bound to the fascial layer 

A working classification of su rgica lly important skin 
It..'Sions based 011 site of origin is given in Figure 40.1. 

Lesioos derived Irom 
epidermis 

Melanotic: lesions 

Benign 
Skin tags (papillomas) 
W.rts 
Seborrhoeic (senile) keratosis 
Kerate-acanthoma 

Premalignant 
Solar keratosis 
Bowen's disease 
Erythroplasia of Ouerat 

Malignant 
Squamous cell carcinoma 
Basal cell carcinoma 

Benign pigmented naevi 
Malignant melanoma 

Lesions denved from the ~ic granuloma 
dennis Histiocytoma 

Lesions derived from 
skin appendages 

Lesions derived from the 
hypodermis and deeper 
tissues 

Lesions of vascular 
origin 

Keloid 
Secondary carcinomas 
Kaposi's sarcoma 

Epidermal (sebaceous) cyst 
Dermoid cysts 

(external angular and implantation) 
Pilonidal sinus 
Benign appendage tumours 

Lipoma alld liposarcoma 
Neurofibroma and sarcoma 
Neurofibromatosis 
Schwannoma 
Deeper lesions. e.g. 'gallQlion' 

Campbell de Morgan spots 
Spider naevi 
Angiomas 
Glomus tumours of the digrts 

Fig. 40.1 Structure of the skin and lesions of surgical importance 

SYMPTOMS AND SIGNS OF SKIN DISORDERS 

The most common surgical skin complaint is a lump. 
This may be tender or painful, and it may have begun to 
bleed, discharge or ulcerate. TIle lesion may be pigmented 

or have chnnged colour. It may have appeared suddenly 
or enlarged rnpidly, or there may have been some change 
in ,1 longstanding lesion. 

a 
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Anyone of these symptoms may prompt the p.ltienl 
to seek medical advice, but the most frequent seem to be 
the ugliness or inconvenience of a lesion to the patient 
(e.g. getting in the way of a strap). Elderly p.ltients may 
on ly come reluctantly and a t the insis tence of younger 
relatives. Some patients do not present until a lesion i5 
huge, wh ile others pn..>sent with triviallesiol1s. Both type,; 
of p.ltient may be worried by the thought of malignancy. 

In practice (and in clin ical exams) the diagnosis of 
ski n lesions rarely fo llows the conventional pattern of 
history taking, physica l exam ination and invcstigation~. 
Rather, the lesion is thrust before the doctor 's eyes and 11 

'spot' diagnosis or differential diagnosis is made. History 
and examination are then used 10 SL"C whether they con
firm the di;lgnosis or narrow the differential possibilities. 
Table 40.1 SllOlm;lrises the important clinical features of 
ski n lesions and their d iagnostic significa nce. 

HISTORY TAKING AND EXAMINATION 

As the p.l tienl describes Ihe problem, Ihe lesion is usually 
offered for exam ination. The clinician then has Ihe 
questionable advantage of having seen the lesion; this 
may then guide the direction and emphasis of history 
taking. The p.lt ient should be questioned about other 

Table 40.1 Symptoms and signs of skin disorders 

similar lesions or any regiona l lumps. Detailed inspection 
and palp.llion follow and by this time, a definite diag
nosis or narrow differential diagnosis should have been 
established. 

A gener.}1 his tory must be taken at some point 10 
establish whether there are any relevant systemic symp
toms <e.g. weight loss suggesting malignant cachexia), 
concurrent disorders <e.g. diabetes predisposes to infection 
and may inn ucncc su rgica l management), any history of 
previous similar lesions, surgical treatment or trauma to 
the affected arca. For example, a history of previous 
rodent ulccrs Cb.l5<ll cell ca rci noma) makes this diagnosis 
more likely another lime. Previous surgery or trauma can 
ca use implantat ion dennoids or a chronic innammatory 
response to a foreign bod y. 

Fami ly history is occasiona lly valuable in rare genetic 
disorders such as neurofibromatosis. Social history 
should include occupalional details as these may be 
relevant. For example, natal cleft pilonidal sinus is more 
common in truck drivers. Exposure to carcinogens such 
as lubricat ing oi ls persistently spilt on the same area of 
clothing may result in squamous carcinoma. Outdoor 
workers, especially those from the tropics, are pn.uisposcd 
to all types of skin cancer. Chronic ulcers may be contracted 
during foreign travel, e.g. tropical ulcers, Madura fOOl, 
tuberculous or atypical mycobacterial ulcers. Occasionally, 
p<ltients deliberately injure themselves, producing mys-

Symptoms and signs Diagnostic significance 

1. Lump in or on the skin 
Size, shape and surface featur~ 
Re~ealed by inspection 
- is the leSion smooth·surfaced, IrrC9ular, e~ophyt i c 

(I.e prOjecting out of the surface)? 

Dep(h within (he skin 
SuperfiCial and deep attachments. WhICh tissue IS the 
swelling derived from? 

Choracrer of (he margm 
Discreteness, tethering 10 surrounding tJssues, 
three-dimenSIonal mape 

Consistency 
Soh, firm, hard, 'Illdurated'. rubbefy 

Pulsatllsty 

Emptying and reflllmg 

Transliluminability 

Temperature 

Epidermal lesIOns such as warts usually have a surface abnormilhty but deeper 
leSions a'e usually covered by normal epidermiS, A punctum suggests the 
abnorm"hty arises from an epidermal appendage e.g. epidermal (sebaceous) cyst 

Tends to re flect the layer from which lesion IS defl~d (I.e epidermis, dermis, 
hypodermis or deeper) 

A regula' shaped, discrete lesion IS most lik.ely cystIC or encapsulated (e,g benign 
tumour). Deep tetherlrl9 Implies Ortgln from deeper strudures (e.g. ganglion), 
Immobility of overlYing epidermis suggests a lesion derived from sk.1n appendage 
(e g, epIdermal cyst) 

Soh lesioos are usually lipomas or flUld·fllted cysts. Most cysts are fluctuant unless 
filled by seml--sotid material (e g, ePIdermal cysts). or the cyst IS tense (e.g. small 
ganglion). Malignant lesiOns tend to be hard and Irregular ("indurated') WIth an 
ill-defined margin due to IOViISIOfI of surrounding tiSSue. Bony·hard lesIOns are 
either mineralised (e,g. gouty tophi) or conSist of bone (e,g. e~ostoses) 

Pukatlhty is Lr.iualty transml\ted 'rom an uflderlying artery which may simply be 
tortuous Of it may be abnormal (e.g aneurysm or arteriCM"nous fistula) 

Vascular lesions (e,g venous malformatIOns or haemanglomas) empty or blanch on 
pressure and then refill 

Lesions l:Ited with clear fluid such as cysts 'light up' when transilluminated 

Excessive warmth implies acute Inflammation e.g pilonidal abscess 



Table 40.1 Continued 

Symptoms and signs 

2. Pain, tenderness and discomfort 

3. Ulceration (Ie loss of epidermallntegflty with the 
inflamed base formed by dermiS or deeper tissues) 

Character of the ulcer margin 

Behaviour of the ulcer 

Disorders of the skin 

Diagnostic significance 

These mcst often Indicate acute Inflammation. Pain also develops If a non
inflammatOlY lestOn be<omes Inflamed Of infected (e.g. inflamed epidermal cyst), 

Malignant leslOl1S are usually painless 

Tumou~ ilnd kerato-acanthomas tend to ukerate as a result of central necrOSIS. 
Surface breakdown also occurs in artenal or venous insufficiency (e.g, ischaemic leg 
ukers). chronic Infection (e,g TB or tropical ulcers) or trauma 

In benign ulcers. the margin IS only slightly raised by Inflammatory oedema, The 
base lies below the le~el of normal skm, Malignant ulcers begm as a solid mass of 
prohferat ng epidermal cells. the centre of which eventually becomes necrotic. The 
margin IS typICally elevated 'rolled' and indurated by tumour growth and In~asion 

Malignant ulcers expand Inexorably (though often slowly). but may go through 
___ C"'"-I,,, __ o_f breakdown and healing (often with blee_d_i_",I _______ _ 

4. COLOUR AND PIGMENTATION 
Normal colour 

Red or purple 

Deeply Plf}menred 

5. Rapidly developing lesion 

6. Multiple, recurrent and spreading lesions 

II a leslor is covered by normal coloured skin then the lesion must lie deeply in the 
skin (e,g, epidermal cyst) or deep to the skin (e,g. ganglion) 

Redness mplies Increased artenal ~asculanty, which is most common in 
inflammatory conditIOns like furuncles, Vascular abnormalities which contain a 
high proportion of arteflal blood such as Campbell de Morgan spots or strawberry 
naevi are also red. whereas venous dlsorde~ such as port-wine stain are darker 
Vascular {'Sions blanch on pressure and must be distinguished from purpura which 
doe;oot 

Bemgn naevi (moles) and t!'lelr malignant counterpart, malignant melanomas. are 
nearly always pigmented, Other lesions such as warts, papillomas or seborrhoeic 
keratoses, may become pigmented secOndarily, Hairy pigmented moles are almost 
fleVer maltgnant Rarely, malignant melanomas may be non-pIgmented 
(arnelanctlC), Darkening of a pigmented lesion should be Viewed WIth suspiCion as 
It may indICated malignant change 

Kerato-a(anthoma, warts and pyogenIC granuloma may all develop rapidly and 
eventual¥ regr{'Ss spontaneously. When fully developed, these conditions may be 
difficult to diStinguish from malignancy. Spontaneou5 regression marks the lesion 
as benign 

In certalr rare syndromes. multiple Similar lesions develop o~er a period, Exampl{'S 
Include neurofibromatOSIs and recurrent lipomata in Dercum'<; disease, Heavy sun 
e~posure prediSposes a large area of skin to malignant change Viral warts may 
appear in crops. Malignant melanoma may spread diffusely (superficial spreading 

_____________ mc''''lanomal, or produce satellite l{'Sions via dermal lymph,' ct,c" '-____ ~ _ _ 

7. Site of the lesion Some sKn l{'Slons arise much more commonly In certain areas of the body. The 
reason fray be anatomical (e,g, pilonidal sinus, external angular dermOid or 
multiple Dilar cysts of the scalp) or be<ause of exposure to sun (e .g. solar keratoses 
or basal (ell carcinomas of hands and face) ____ --':c::==-c. 

8. Age when lesion noticed Congenital vascular abnormalities such as strawberry naevus or port-wine stain 
may be present at birth, Benign pigmented naeVi (moles) may be detectable at 
birth, but only be91n to enlarge and darken alter the age of two 

terious chronic lesions; a psychiatric history is valuable 
here, though rarely forthcomi ng. 

Drug history is rarely relevant to 'surgica l' skin 
lesions, apart from agents applied topically. Silver nitrate 
stick, caustic agents and mechanical interference with 
wounds or lesions can distort the clinical pictu re. 

The lesion is exa mined in detail, looking for the 
points described in Table 40.1. In addition, general clinical 

examination should search for other similar lesions, 
regional lymphadenopathy or a primary malignancy 
arisi ng elsewhere and metastasising to skin. For example, 
if inguinal lymph nodes are enlarged, rectal and genital 
examination should be carried out to exclude concealed 
carcinoma. The lower limbs, including the soles of the 
feet, shou ld also be eXCImined, looking t'Specially for 
malignant melanoma. 

th. 
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PRINCIPLES OF MANAGEMENT 
OF SKIN LESIONS 

Many skin lesions can be diagnosed from the history and 
clinical examination, but wherever there is doubt, some 
form of biopsy is needed. This is particularly true if there 

KEY POINTS 

is any risk of malignancy. Biopsy is usually performed as 
p.:lrt of the treatment process. Incis ion and excision 
biopsy techniques arc illustra ted in Chapter 6 and Box 
40.1 summarises the options in the surgical management 
of skin conditions. 

Box 40.1 Principles of management of 'surgical' skin disorders 

Simple excision or other physical methods, e.g. electrocautery, laser therapy or cryotherapy for small, obviously 
innocent lesions 

Excision biopsy- if there is any risk of malignancy or the clinical diagnosis is doubtful (only for small lesions) 
Biopsy- for large lesions. Definitive therapy is then planned according to the histology 
Wide local excision with or without skin grafting-for malignant melanomas and sometimes for other large malignant 
lesions 

Radiotherapy-an alternative to excision for basal cell C<lrcinoma and primary squamous cell lesions. Also sometimes 
used in squamous cell carcinoma if regional lymph nodes are involved 

Lymph node clearance-if nodes are involved by malig'lant melanoma or squamous carcinoma 

BENIGN LESIONS DERIVED FROM THE EPIDERMIS 

SKIN TAGS (SQUAMOUS CELL 
PAPILLOMAS) 

Skin tags are small benign polypoid lesions up to about 
5 mm in diameter. They consis t of a loose connective 
tissue core covered by normal, often excessively pigmented, 
keratinised epithelium. They are common in adults and 
may occur on any part of the body, particularly the 
trunk, neck, axillae and groins. In these locations, they 
may be irritated by clothing and bleed. Unsightly or 
inconvenient lesions may be easily removed by cautery 
or excision (under local anaesthesia), or by tying a fine 
thread around the stalk (also under local anaesthesia) 
which leads to ischaemic atrophy. 

WARTS 

Warts arc small, vinls-i nduced epidermal tumours. They 
are characterised pathologically by irregular thickening 
of the epidermis with grossly excessive keratinis.ltion 
and exaggerated dermal papillae. The morphology of the 
lesion depends on its location on the skin. 

The common wart (verruca vulgaris), a papilliferous 
lesion up to I em in diameter, is most common on the 
fingers and back of the hands. In children, warts arc 
often multiple, and commonly occur on the face. Facial 
lesions are often less keratotic with a smoother, more 
dome-like shape. They are often calJed juvenile warts 
(verruca plana juvenilis). Lesions 011 the sole of the foot, 

plantar warts (verruca plantaris), become extremely 
keratotic and nattened as a result of pressure. They may 
extend deeply into the foot, causing considerable pain. 
Warts may also occur on the genitalia, perineum and 
perianal area, usually spread by sexual contact. Genital 
warts sometimes grow to a large size; these are then 
known as condylomata accum inata. 

Warts grow and regress spontaneously over several 
months, but they often require treatment to relieve pain, 
irritation or inCOllvenience. Many are treated for aes
thetic reasons. Keratolytic applications (salicylic acid or 
podophyllin resin preparations) or cryosurgery (liquid 
nitrogen application) are often the first choice of treatment. 
[f unsuccessful, electrocautery (with or without curettage) 
can be used. 

SEBORRHOEIC KERATOSIS 

Seborrhoeic keratoses (seborrhoeic warts) are extremely 
common skin lesions in elderly patients but occasionally 
appear in younger people (Fig. 40.2). The lesions arc 
most often seen on the chest, face, neck and arms. There 
are often many lesions of different sizes with different 
intensities of pigmentation. They may be up to several 
centimetres in diameter. TIle k>sions are slightly raised, 
sharply demarcated and plaque-like; they look and feel 
irregular and waxy. Sometimes they are so darkly pig
mented that Ihey cannot be distinguished clinically from 
superficial spreading malignant melanomas. 



Histologically, a seborrhoeic keratosis is a IOC.ll iscd 
proliferation of the bas.ll layer of the epidermis. There is 

often hyperkeratosis in the surface crypts, resulting in 
round keratin nests. Seborrhoeic keratoses are sometimes 

Fig . 40.2 Seborrhoeic keratoses 

Fig. 40.3 Keratin horn a nd Keratoacanthoma 
(a) Keratin horn on the pinna of an elderly mono If left, these can 
grow large (b) This alarming Iook.lng 1e5IOf1IS a benign 
k.eraloa<anlhoma The central keratin plug IS characteristIC. Resolullcn 
IS spontoneous ofter a few weeks (e) Similar lesion on the back of t~e 
hand SqUomous and basal cell carcinoma need to be excluded. 

Disorder5 of the skin 

C.ll1ed basal cell papillomas because of their origi n, but 
they arc not true neoplasms and are unrelated to bas.,1 
cell carcinoma. 

Treatment is only required for unsightly or easily 
traumatiscd les ions. As they are so superficial, they call 
be 'scraped off' with a curette or scalpel under local 
anaesthesia. 

KERATOACANTHOMA 

A keratoacanthoma is a nodular, usually s ingle ski ll 
lesion, up to 2cm in diameter (Fig. 40.3). It has an ir
regular central crater contain ing keratotic debris. As its 
name implies, the histological lesion consists of lOCalised 
tumour-like epidermal proliferation, with a thick prickle 
cell layer (acanthosis) and marked keratinisation. Some 
epithelial cells are large and have a typical nuclei; the 
underlying dermis exhibits marked chronic inflammatory 
cell infiltr,ltion. 

The importance of this benign lesion is that it c.~n be 
difficult to distinguish clinica lly or even histologically 
from squamous carcinoma. Keratoacanthomas, however, 
tend to have a short lifecycle, appearing rapid ly and 

..... _________ -' Ibl 

......... ________ --'"~_..:.I i" 
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regressing spontaneously over 2-3 months, where,1S 
squamous cel l carcinomas continue to enlarge. Keratin 
horns may also look s imilar bu t rarely regress. Thl' cauS(' 
of keralO<"lcanthoma is unknown but its behaviour 
suggests a vir,ll origin. 

Diagnosis and treatment is by local excision unless 
the lesion is obviously regressing. If there is still diag
nostic doubt, the patient should be followed up as for 
squamous ca rcinoma. 

PREMALIGNANT EPIDERMAL CONDITIONS 

SOLAR (SENILE) KERATOSIS AND 
INTRA-EPIDERMAL CARCINOMA 

PATHOLOGY AND CLINICA L FEATURES 

Solar keratoses arc n<lt, well demarcated, brown, scaly O~ 
crusty lesions with <Ill e rythematous base (Fig. 40.4). They 
bleed easily if traumatised or scratched. SoIo1r keratoses 
are often multiple alld are most common in middle-aged 
or elderly pat ients on sun-exposed po1rts of the body 
such as face, neck, arlllS and hands. The incidence is 
higher in farm workers, fishermen o1nd other ou tdoor 
workers. Sola r keratoses are especially common in fair
skinned people living in tropical or subtropica l regions 
such as Australia or the southem USA. 

o 

Fig . 40.4 Solar keratosis-histopathology 
()(cumng in sun-('xposed areas, thiS lesion typically shows thickening 
of the keratm layer K Epidermal cells can show a range of atypia. 
which may amount to squamous cell carcmoma In situ. The dermis 0 
shows severe solar damage 

MALIGNANT EPIDERMAL LESIONS 

SQUAMOUS CELL CARCINOMA 

PATHOLOGY 

Squamous cell carcinomas (Fig. 40.5) may occur any· 
where on the skin or on stratified S'l uamous epithelium 
of the mouth, tongue, Ot..'Sophagus, anal canal, glans pen is 
or uterine cerv ix. Squamolls cell carcinoma also occurs in 

TIle characteristic histological features are marked 
thickening of the keratin layer (hyperkeratosis) and the 
prickle cell layer (acanthosis). Deep in the epidermis, 
there is a varinblc degn..'C of dysplastic change and abnorm,11 
mitotic nctivity. Th<:'se features suggest mnlignnnt trans
formntion but most importantly, the bilsill layer remains 
intact. 

The epidemiology and pnthology of solar keratosis 
sUSSCSI thnt it is a premalignant condition which pre
disposes to squamous carcinoma. Any lesions in which 
the dysplastic changL'S extend from the basal layers to 
the surface are considered to be malignant. They are 
termed ca rci noma-i n-situ or intra-epidennal carcinoma. 
C1inic,l l1y, these are more erythematous than the pre
malignnnt type and are sometimes described as Bowen's 
disease. Bowen's disease occurring on the glans penis is 
known as erythrop lasia of Queyrat. 

Management 

Management of solar keratoses depends on the number, 
size and distribution of the k.osions, the age of the patient, 
and whether or not the skin type predisposes to cancer. 
Isolnted lesions are lx'St excised. For multiple keratoses, 
excision biopsy of representative lesions should be 
performed initially to confirm the diagnosis. This is 
followed by excision biopsy, curettage or cryocau tery of 
suspicious lesions. Patients should be advised repeatedly 
10 minimise exposure to ultraviolet rays by wearing 
protective clothing and hats nnd applying total sunscreen 
creams. These patients shou ld also be regularly examined 
for squamous cdl carcinomas, basal cell carcinomas and 
melanomns, which are all more common in patients wi th 
marked sunshine exposure. 

metaplnstic squamous epithelium in the bronchus or 
bladder. 

Squamous cell carcinoma usually occurs in older age 
groups, in "TeaS of skin expoSL-'d repeatedly to ultraviolet 
light. Oftl'n, carcinoma dl'velops from a pre-existing 
so lar (se nil e) keratosis. 

Much less commonly, squamous carcinoma develops 
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Fig.40.S Squam ous carcinoma 
(a) This 70-year-old farmer had worked In the fields exposed to the sun all hIS life He presented with this obviously malignant lesion on the upper 
part of the pmna. It was conflffned on biopsy to be a well differentiated squamous cell carcinoma (b) after local resection. 

in skin areas chronically exposed to industrial carcinogens 
such as ionising radiation, arsenic or chromium com
pounds, soot, tar, pitch or mineral oils. For example, 
carcinoma of the scrotum was common in chimney 
sweeps in the nineteenth century; the recognition of soot 
as the predbposing factor was a milestone in under
standing carcinogenesis. 

Chronic infl amma tion also predisposes to squamous 
carcinoma which may develop at the margins of 
ostoomyciitic sinuscs or iongst,1nding ulcers. These are 
common in developing countries where burns are poorly 
treated. An ulcer in which carcinoma arises is known as 
iI Marjol in's ulcer. 

Histologically, squamous cel l carcinomas of the skin 
are usually well d ifferentiated, and the nllllOur cells 
resemble normal prickle cells. Keratin pearls and indi
vidual cell kcratinis.,tion are common feattlres. 

CLINICAL PRESENTATION 

Squamous cell carcinoma usually presents as an enlarging 
painless ulcer with a rolled, indurated margin. Other 
lesions have an exophytic (outward growing. prulifcrativei 
cauliflower·like appearance with areas of ulceration. 
bleeding or serous exudat ion. Squamous cell cnrcinomas 
invade the dermi" and deeper tissues such as bone or 
cartilage; furthe r spread is usually to regional lymph 
nodes. Distant mcta:;ta:;cs <'Ire uncommon. 

MANAGEMENT OF SQUAMOUS CElL CARCINOMAS 

Management involves first confirming the diagnosis by 
biopsy. This is followed by loca l radiotherapy or some
times by excision of the carcinoma with a margin of 
nOTlnal tissue. Infiltrated lymph nodes are treated with 
rad iotherapy or sometimes b lock dissection (i.e. removing 
all the regional lymph nodes in a single block of tissue). 
In general, these tumours respond favourably to radio· 
ther<lpy and recu rrence is Ullusuill. Patients are usually 
reviewed anllll<llly for about 5 years after successful 
treatment. 

BASAL CELL CARCINOMA 

PATHOLOGY AND CLINICAL FEATURES 

BaS<ll cell carcinomas are common, and nearly always 
resu lt from exposure to exa-ss ultraviolet sunlight. 
White-skinned people in tropical and sub-tropical regions 
have an extremely high incidence. Up to 50% of this group 
are affected at some time, often with multiple lesions. As 
with squamous cell carcinomas, b.,sal cell car"{"i nomas 
usually develop from middle age onwards, out their 
incidence is rising in younger 'su n-worshippers'. Males 
are affl'Cted at least twice as often as females, reflecting 
their greater occupa tional and recreational exposure 10 
the sun. 

4 
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Most 00s.11 cell carcinomas .uise on the upper part of 
the f.lee as shown in Figure -W.6, although any P.lrt of the 
!okin can be involved. M(bt p.ltients present early rather 
than late because the Ie-ions are so visible. 

Basal cell carci nomas begin as small pearly~white 

nodules with visible telangiectatic blood vessels. Ea rly 

Fig. 40.6 Highest r isk .. rea fOf' basal ce ll c.. rd nomas 
shown in pink 

MELANOTIC LESIONS 

BENIGN NAEVI 

The deeper layc~ of the epidermis cont.,in scattered 
mclanocytes which synthesise melanin. This pigment is 
then transfcrn.>d to nCilrby epidermal cells where it is 
responsible for skin colou r. The concentration of melano
cyh.'S in the skin is sim il.lr in all races but the degree of 
skin pigm(·nt.ltion depends on the amount of melanin 
produced. Although !>kin colour is mainly determined 
by genetic f"ctoTh, it is enhanced by eXJX)Sure to the 
ultraviolet ray!> of sunlight (tanning). 

MelanocytC!> Originate (rom the neural crest and migrate 
to the ectoderm during embryologica l development. 
Ilamartomiltous acculllulations of melanocytes may 
appear in the epidermis or dermis or both to form raised, 
variably pigmented Ie-.ions known as naevi or moles. 

u...'Sions range in diameter from about 3-30 mm. The 
surfac€.: may be smoolh or irregular and may contain 
h.lirs. According to clinical and histological fealun. .... , 
naevi can be 5ubdi\'ided into five types: junctional, 
intraderma l, compou nd, b lue and juvenile naevi . The 
first three are closely related pathologically. (St.>e Fig. 40.8 
for hi..,topa thology.) 

lesions may ulcerate, bleed and then heal again, but as 
they grow larger Ihey form irregular ulcers (rodent 
ulcers) with a pearly rolled margin. Although b..ls..l1 cell 
carcinomas .1Imos! never l1le tast.lsise they are definitely 
malignant, invading underlying bone and ca rtilage. 
Neglected lesions on the sca lp or neck may even invade 
the brain or !opi nal cord. 

Ilistologically, the tumour cells have strongly b.lsophilic 
nuclei and little cytoplasm. The cells at the periphery are 
arranged in a palis.lde pattern reminiscent of normal 
bas.l l ('(' lis. 

MANAGEMENT OF BASAL CELL CARCINOMAS 

Small lesions are usually treated by radiotherapy, cryo
therapy or curettage, although excision biopsy may be 
,'ppropriate for isclatcd or suspicious lesions. Radio
therapy should be avoided on the nose or ear where 
carti lage is susceptible to radiotherapy and may undergo 
necrosis. Luger destnlctive lesions may requi re recon~ 
stnlct ive plastic surgery and skin grafting. 

MALIGNANT MELANOMA 

This is discussed below under mel.motic lesions. 

JUNCTIONAL. INTRADERMAL AND COMPOUND 
NAEVI 

Junctional and intra de rma l naevi 

Junctional naevi develop at or before puberty by accumu· 
lalion of small clumps of mclnnocytes deep in the epi
dermis. These appear as !omaU P.lpUJes, slightly rai~ 
above the surface. but deeply pigmented because the 
melanocytes .1rc close to the skin surface. After puberty 
intrademlal naevi predominate in these; the junctional 
naevus cells arc thought to proliferate and migrate into 
the dermis to form a mass of cells. which present a!> 
raised papules. They are larger than junctional naevi and 
paler. as the melanin is masked by the thickness of 
overlying !>kin. 

Some intradermal naevi continue to cnl..1rge; pilo
seb.1C\.'OUS clements become exaggerated to produce fleshy, 
dome-shaped or polypoid skin nodules often with 
protnlding hairs. ThC!te slightly pigmented naevi arc 
prob.lbly the most common skin lumps occurring on the 
facc and are p.lrticularly seen in the elderly and in 
women (:;{'C Fig. 40.7. the lilterallel;ion). 
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Fig. 40.1 Basal cell carcinom a (Bee) 
(a) The larger nodu lar lesion on the chE!(>k of this woman aged 77 isa typical8CC Note the pearly appearance of the lesion which is beginning 
to ulcerate. In thiS posItIOn, treatment with radiotherapy avoids distortion of the na~lablal fold The smaller lesion lateral to the Bee is a benign 
naevus. (b) Large Bee on the scalp of an elderly farm work.er. Again, the typical pear ly edge can be seen. After confirming the diagnosis on an 
Incision b~psy of the edge, thiS was trea ted with radiotherapy_ 

Compound naevi 

These uncommon lesions contain junctional and intra
dermal components and look like something between 
the two, Le. slightly raised, moderately pigmented 
p.lpu les. Compound naevi are probably a latc transition 
from junctional to intradermal naevi occurring in early 
adulthood (see juvenile naevi below). Compound naevi 
are believed to be susceptible to transformation into 
aggressive ma lignant melanomas. 

BLUE NAEVI 

Blue naevi arc dark, blue-black, flat nodules formed by 
clumps of heavily pigmented melanocytes located deep 
in the dermis. The blue colour is an optical effect caused 
by the thick la yer of overlying skin. Blue naevi occur at 
any age but are more common in the young; because of 
their dark colour they may be mistaken for malignant 
melanomas. 

JUVENILE NAEVI 

Juvenile naevi are most com mon in the young but may 
occur at any age. Histologically, they are comlxmnd naevi. 
The cells are large and pleomorphic which in adults 
wou ld suggest malignancy. Despite this, the lesions are 
benign. 

LENTIGO 

Lcntigenes (the plural of lentigo) are benign pigmented 
lesions which may need to be considered in the differen
tial diagnosis of potentially malignant melanotic lesions. 
They arc large, heavily pigmented plaques, which develop 

on the face and hands of the elderly. Melanocytes arc 
more numerous, and melmlin production is excessive 
but there is no accumulation of naevus cells. Lentigencs 
are benign but prediSpose to the sUJX'rficial spreading 
variety of malignant melanoma. 

MANAGEMENT OF PIGMENTED 
LESIONS 

It is not p<1 rt icularly easy to distinguish clinically between 
the different typ..."S of benign naevi. Nor is it always easy 
to be sure that a pigmented lesion is not malignant. 
Excision biopsy is mandatory if there has been any 
recent change in a pigmented lesion or if there is any 
doubt tlbout its ntlture. People are becoming increasingly 
aware that pigmented lesions call be maligntlllt and so 
large Ilumbers now seek medical advice. Fortunately, 
on ly a sma ll proportion have malignant melanomas_ If 
there is My suspicion of malignancy, spt.>cialist opinion 
should be sought. A dermatologist will usutllly be the 
first choice, but a surgeon will be involved if more than 
simple excision or biopsy is necessary. 

In practice, if the patient or doctor is worried about a 
pigmented lesion, no matter how benign it looks, it is 
usually removed. Lesions subject to chronic irritation 
(e.g. at the waist, neck or palm) or in a s ite that is 
difficult to observe (e.g. sole of foot or genitalia) should 
certainly be removed. A fusiform incision removes the 
lesion together with a narrow margin of normal tissue 
(2-3 mm), enabling the skin edges to be readily opposed. 
All excised pigmented lesions should be examined 
histologically because a few benign-looking lesions will 
turn out to be malign<1llt. 

(b) 
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MALIGNANT MELANOMA 

INTRODUCTION AND PATHOLOGY 

Malignant melanoma (Fig. 40.9) arises by malignant trans-
formation of melanocytes originating from the neural 
crest. Most malignant melanomas are poorly differen
tiated with numerous mitotic fi gures. The his tological 
presence of melanin is diagnostic but amelanotic (non
pigmented) lesions need to be diagnosed by immuno-
histochemica l tests. 

The tumour is the eighth most common malignancy 
and the world incidence is rising dmmatically. The peak 
incidence is in the fourth dt."C<lde. There has been <In 
improvement in 5-ye<lr surviv<ll from about 40% in the 
19405 to about 80% now. This may be due to greater 
public awareness, ea rlier detection and better treahncnt. 

RISK FACTORS 

The epidemiology of millignant melanoma is f.1scin<lting. 
About 8O'l{ occur in white-skinned people and the 
disease is extremely common in albinos of all races. Until 

(,) a.;.; ____ .;..;_...;;;;.;.;.. ... _ ..... _ ....... ~ ... 
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recent limes, malignant melanoma was quite rare in 
northern Europe but the incidence has risen dramatically 
over the last three decades. Overall, about 1 in 100 
Americans will be affected at some time in their lives. 
The highest incidence in the world is in northern and 
western Australia and it is believed that ultraviolet 
radiation is the essential aetiological factor. Whilst a 
cumulative sun effect is the main factor for other skin 
malignancies, short periods of intense sun exposure 
causing blistering sunburn, for example on <I 2-week 
holida y, "PPCM to be more important for malignant 
mclanoma. There is evidence that unaccustomed exposure 
to strong sunlight can suppress general immunological 
responses and , by implication, immunological tumour 
surveillance. This might explain malignant melanomas 
on parts of the skin not generally exposed to the sun, for 
example the soles of the feet . 

Other risk factors include a family history of malignant 
melanoma, freckling of the upper back, red or blond hair, 
blue or green or grey eyes and the presence of solar 
(aclinic) keratoses. Each of these factors incrt:'.lses risk by 
about 3.5 times. 

--

Fig. 40.8 M e lanocytie n aevl-hist opathology 
Increase numbers of melanocytes (naevus cells) may occur at varIOUs 
levels Within the skin (a) Nests of naevus cells (arrowed) at the 
denno-epidermal JunctIOn. kncrwn a'.I a junctional naevus 
(b) Intradermal naevus showing naevus cells (arrowed) within the 
upper and mld·dermIS. A compound naevus IS made up 01 both 
JunctIOnal and Intradermal components (el Naevus cells having a 
spindle cell appearance (arrowed). rather than forming nests. This 
entity. known as blue naevus. may extend into deeper dermiS. 
Sometimes a blue naevus component may be seen in associa tion With 
tile other types of naevi. a so-called combined naevus 



MELANOMA SUBTYPES 

Melanomas may be classified as growing radia lly 
(superficial spread ing type) or vertically (nodu lar type). 
About 80% arc the ~uperficia l spreading type. Thest' 
grow slowly and u~ually arise in pre-existing pigmented 
naevi. The lesions arc flat with a variega ted border and 
often have p.'lches of regression. Nodula r melanomas 
are morc common in men and demonstrate an ea rly 

Fig. 40.9 Malignant melanoma 
Pigmented lesion of til£> for&lrrn !n a 33-year-old 'WOman. A small 
black lesIOn had been present for many years before starting to spread 
to reach Its present diameter of 2.5 em Histologicitlly, thiS proved to 
be a ml~ed type of malignant melaJ)()ma Wlth both 'superfiClal 
spreading' and nodular elements 

Increase In pigmentation Increase In size 

Spread of pigmentation Red halo around lesion 

Disorders of the skin 

vertical growth phase. They develop more rapidly and 
behave more aggressively than superficial spreading 
melanomas and tend to arise de novo in normal skin . 
Five per cen t of nooular melanomas are ame lanotic. 

lentigo ma ligna melanoma is uncommon and presents 
as large (> 3 em) lesions on the face or neck of elderly 
women. These have a low metastatic potential but are 
locally invasive; they are distinct from lentigo maligna, 
a benign bul precancerous melanosis. 

Acral melanoma occurs on the palms or soles or 
under the nails. This is the only type that occu rs in dark
skinned individuals and has a low incidence in white 
people. Most are larger than 3 cm at presentation and 
occur at a mea n age of 60 yenrs (see Fig. 40.25 below). 

Mucosal me lanoma occurs on any mucosal surface 
from mouth to anus, pharynx or paranasal sinuses or in 
the vagina. They tend to behave particularly aggressively. 
Ocu lar melanoma <Irises from uve .. l melanocytes and is 
the most common ocular malignancy. It is unique in 
mctastasising to the liver, often years after treatment of 
the primary lesion. 

CLINICAL FEATURES OF MALIGNANT 
MELANOMA 

Most malignant melanomas are black or dark brown, flat 
or nooular lesions which may bleed or ulcerate. If a pre
exist ing or new mole enlarges, darkens, bleeds, becomes 
inflamC\.i, ulcerated or itchy, it should be regarded with 
great suspicion. Superficial spreading melanoma can 

Bleeding UlcemtJon or Crusting 

5alelille lesions Pain or itching 

Fig. 40.10 Clinica l features in a pigmented lesion suggestive of malignant melanoma 

(h. 
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easily be mistaken for seborrhoeic keratosis. In general, 
spread to rcgional lymph nodes occurs early. Lateral spread 
in dermal lymphatics may produce satellite lesions 
around the primary nodule and 'in transit' lesions may 
appear along the course of the lymph node dra inage. 

Haematogenous spread occurs later, involving lung. 
liver, bone, brain and other tissues. 111e behaviour of 
malignant melanoma is unpredictable, although lesions 
arising before puberty or in the elderly tend to be less 
aggressive. Rarely, disseminated lesions undergo complete 
spontaneous regresSion, suggesting that immunological 
factors a rc involved. Melanomas that exhibit ma rked 
lymphocytic infiltration on histology have a better 
prognosis. 

PROGNOSTIC FACTORS 

Tumour thickncss on histological examination (Breslow) 
is the most useful guide to prognosis and has proved 
more accurate than the level of invasion (Clark's levels). 
Tu mour thickness corre lates well wi th the likelihood of 
regional and distant metastases as shown in Table 402. 
Other factors affecti ng prognosis include: 

• Pathological stage-nodal or distant involvement. If 
lymph node metaslast.'S are present, lO-year surviva l 
falls to about 30%. and if distant metastases are 
present, 2-year survival is only about 25% 

• The presence of 'satellite lesions' arou nd the primary 
or 'in transit' lesions bctwl..'Cn the primary and its 
lymph node field makes the prognosis worse 

• The pn.'Sence of ulceration of the primary lesion 
increases the risk of metastases and reduces survival 

• Site of the primary- lesions of the scalp tend to recu r 
loc,1lly. Lesions of the head, nL'Ck and trunk carry a 
worse prognosis than those of the extremities 

• Number and size of lymph node metastases. A single 
positive node is associa ted with a lO-year survival of 
40"' , falling to 13% with two nooesor more 

• Scx- femak'S with thick lesions fare better than males 

MANAGEMENT OF MALIGNANT 
MELANOMA 

The first objective in managing a pigmented lesion is to 
establish whether it is malignant. Un less malignancy is 
cl inically obvious. small lesions should be removed by 
excision biopsy and more extensive lesions sampled by 
incision biopsy. There have been two major cha nges in 
definitive management in recent years as a result of 
controlled trials. Firstly. il is no longer believed ne<:css.1ry 
to excise the lesion with a 5 elll margin all around and 
second ly, split skin grafti ng is no longer regarded as 
essent ial to achieve ski n cover and provide early warning 
of loca l recu rrence. For thin mela nomas, le~s than 1 mm, 
a clear margin of' em all around is su fficient. For thicker 
melanomas (1-4 mm) wider excision with 2011 clearance 
is necessary to achieve optimum survival. For lesions 
thicker than 4 mill, a 3 cm clearance is believed desir,lble. 
In most cases, primary closure or local rotational flaps 
can s.1fely achieve skin cover. 

Debate continues about whether e lecti ve lymph node 
dissecti on improves survival for thicker lesions in the 
absence of involved nodes. Many specialised ullits carry 
out elect ive node dissection if practicable when the 
primary lesion is 1-4 mm thick, sometimes using lymphatic 
dye to locate 'sentinel' nodes, performing frozen section 
biopsy and proceeding to node dissection if positive. Other 
adverse prognostic factors a lso influence the decision to 
perform node excision (see earlier). Where regional lymph 
node involvement is clinically apparent, these nooes a re 
excised. 

Adjuvant radiotherapy is under trial and may reduce 
local recurrence Tates and im prove survival. Melanoma 
cells arc sensitive to higher dose fractions than are nom1ally 
given (600 rad as opposed to 180 rad). Cytotoxic chemo
therapy has given disappointing resul ts so far. Where 
there is locally advanced limb melanoma with 'in-transit' 
lesions and regional spread which is not amenable to 
su rgical excision. hyperthermic local pcrfu~ioll techniques 
may provide effective control (but not cure). 

LESIONS DERIVED FROM THE DERMIS 

MISCELLANEOUS LESIONS 

PYOG EN IC GRANULOMA 

Pyogenic gr.lnuloma (Fig. 40.11) is a common inflam
matory lesion of the skin which arises in response to 
minor pcnetmting foreign bodies such as splinters or 
thorns. Lesions are most common OIl the hands and feet 
but m<ly <1150 occur on the lips and gums. Pathologically, 

a pyogenic granuloma consists of a mass of exuberant 
granulation tissue containing numerous polymorphs. It 
usually develops over a period of about I week bu t docs 
not often regress spontaneously. 

Clinically, pyogenic granulomas are solililTY, reddish
blue fleshy nodules which may be polypoid. The surface 
may be ulccmted, in which case the lesion may be 
clinically indistinguishable from amelanotie malignant 
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Ta ble 40.2 Risk of regional and dist ant metastas is in malignant melanoma according to Breslow thick less 

Tumour thickness Risk of regional metastases 

lesi than 1 mm 3-5% 
1 to4mm 25--60% 
More than 4 mm >60% 

melanoma. Pyogenic granulomas should be excised and 
the base curetted or cauterised to prevent recurrence. 

Fig. 40.11 Pyogenic granuloma 
This man of 29 suffered a minor penetrallng injUry to hiS forearm 
from a piece of sharp metal The wound did not heal as normal but 
produced this friable proliferative leSion. The appearance is typical of a 
pyogenIC granuloma, composed largely of granulation tissue . It was 
removed by curettage under local anaesthesia and healing was 
uninterrupted 

KELOID SCARS 

Keloids are formed by excessive deposition of collagen 
in the dermis during wound healing. The result is an 
elevated nodular I~ion covered by normal epidermis. 
The chest and neck are p.1rticularly susceptible. The 
problem is much more common in black people. 

Keloid formation may cause poor cosmetic results 
after injury, minor surgery, or even ear-piercing. Simply 
excising the lesion often makes scarring worse. Treatment 
is gl'nerillly unsatisfactory; silicone gel under an occl usion 
dressing usually causes some regression. In extreme cases, 
excision of the scar followL"Ci by a low dose of local 
radiotherapy tnily suppress further keloid formiltion. 

Risk of distant metastases 10-year survival without 
nodal o r distant metastases 

3-5% 95% 
10-20% 60-75% 
70% 45% 

HISTIOCYTOMA 

Histiocytomas, (also known as dermatofibromas), are 
common painless ski n lesions occurring mainly on the 
limbs. They are firm nodules, usually about 5 mm in 
diilmctcr and deep reddish-brown in colour. They are 
clinicillly importilnt because they may be mistaken for 
malignant mclanomil. Histologica lly, they contain numer
ous lipid-filled milcrophages (his tiocytes). One histological 
vnriant contains prominent vascular elements, and has 
given rise to the confusing term sclerosi ng angioma. 

SECONDARY (METASTATIC) CARCINOMA 

Metastatic tumour deposits may present as small hard 
painless nodules in the skin. They are usually loca ted in 
the dermis ilnd covered by normal epidermis. Visceral 
malignancy e.g. p.1ncreiltic or colon cancer may present 
with a metastasis at the umbilicus (Sister Joseph's 
nodule).Thert' is usually a history of a treated malignancy 
elsewhere. Lobular breast carcinomas are the most com
mon cause, but cilrclnolllilS of stomach, uterus, lungs, 
large bowel and kidneys can also melastasisc to skin. 
Occilsionally, biopsy of a mysterious skin lesion leads to 
the diagnosis. 

Manilgcmcnt of skin secondaries depends Oil the 
primary diagnosis but the prognosis is usually poor. 
Tre,1tment is by locill excision, radiotherapy or chemo
therapy, depending on the severity of symptoms and the 
size, number and lociltion of Sl'condaries. 

True skin Illctasla5('S ilre a different entity from local 
spread of tumour or local implantation of cells during 
surgery, which are a pmticular feature of carcinoma of the 
breast. L.1P.lrQSCOpic surgery for malignancy has acquired 
a b.ld reputation, partly because of local recurrences at 
port sites. 

KAPOSI' S SARCOMA 

Th is once rare condition has leapt to promin('nc(' as one 
of the most fn.'qucnt presentations of acquired immune 
deficiency syndrome (AIDS). The condition appears as 
multiple blucish-n.."Ci to brown noduli.'s or plilqm_'S, all of 
which arc primary tumours (Fig. 40.12). They most com
monly occur on the limbs. The tumollfs are dlaractcrised 
by proliferating dysplastic fibroblasts, accomp.1nicd by 
chronic inflammation, endothelial proliferation ilnd 53~ 
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haemorrhage. Treatment of individual lesions is by 
excision biopsy. 

FURUNCLE (BOil) AND CARBUNCLE 

A funmcle is a staphylococca l abscess which develops in 
a hair follicle in the dermis. Diabetes mellitus can be a 
predisposi ng factor. The lesion rapidly enlarges and 

Fig. 40.12 Kaposi's sarcoma in various sites 

eventually 'points' at the surface, spontaneously dis
cha rging pus. 11,e centre often contains a core of necrotic 
tissue. Once the pus has discharged and the necrotic tissue 
has been shed, the lesion heals spontaneously; however, 
the necrotic core may need excision to speed the healing 
process. Drainage may be encouraged with poultices or 
dressings, such as magnesium sulphate paste, which are 
s..1. id to draw the pus to the surface by osmosis. Antibiotics 
should be avoided if pus is present, as they inhibit 
spontanoolls drainage and may lead to the formation of 
a chronic abscL'SS. 

Furuncles are most common in young men with acne, 
L->specially on the back of the trunk and lower limbs. 
Axi llary furuncles arc common in middle-aged females, 
ilnd tend to recur. Surgical drainage is necessary if a 
chronic abscess develops. 

A furuncle may be 1hz source of systemic sepsis, 
especia lly in uncontrolled diabetes. Cavernous si nus 
thrombosis is a rarc but very serious (and often fatal) 
complication of a furuncle 011 the lateral aspect of the nose 
or infra-orbital area. n,is area drains into the cavernous 
s inus via the facial vein and inferior ophthalmic veins 
(5('C Fig. 40.17, p. 540). 

A carbuncle, also staphylococcal in origin, is larger than 
a funmde and consists of a honeycomb of abscesses, often 
draining (inadequately) via multiple sinuses. TIle back of 
the neck is the usual site (Fig. 40.13); here the skin is 
tightly bound by interlacing bundles of fibrous tissue. 

Fig. 40.13 Carbuncle on back of neck 
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Treatment is with ani i-staphylococcal antibiotics such as 
fludoxacillin as early as possible. The aim is to minimi~ 
pus formation and necrosis that would lead to skin loss 
and delay he'lling. If pus has fonned , thorough dt'Sloughing 
and drainage of the abscesses is required. Carbuncles are 
more com mon in diabetic patients, and may bring the 
diabetes to light. 

CYSTS 

Cysts are common skin lesions and by definition consist 
of an epithelium-lined cavity; this is filled with viscous 
or semi-solid epithelial degradation products. Most skin 
cysts probably arise from elements of hair follicles, 
possibly secondilfY to obstruction (epidermal cysts and 
pilar cysts). Occasionally, cysts also arise from develop-

Fig. 40.14 Epide rma l cysts 
(a) This large epidermal (pilar) cyst of the scollp WolS cleolrly visible but 
severoll more were ollso pol lpolble In the SC<Ilp hair of thiS 55·year-old 
man (b) Non·inflamed epidermal cyst in the skin of the buttock. 
(e) Inflamed epidermal cyst of buttock 

Disorders of the skin 

mental epitheliill remnants (dennoid cysts) or by tr.lUmatic 
implantation of epithelia l fragments (implantation 
dermoids). 

EPIDERMAL CYSTS 

These arc by far the most common skin cysts, and are 
often incorrectly described as 'sebaceous cysts'. They are 
usually solitary and may be found anywhere on the 
body (except the palms or soles), most commonly on the 
sca lp, trunk, face and neck. They range up to several 
centimetres in diameter. Epidermal cysts are smooth and 
rounded, <lnd covered by normal epidermis in which a 
blocked duct (pun ct um) may be visible (Fig. 40.14b). On 
palpiltioll, they have a doughy, flllchtant consistency and 
Me usually not tender. They originate in the skin and are 
nUilchcd to it but arc mobile over deeper tissues. Multiple 

(b) 

Ct 
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small epidermal cysts sometimes develop on the scrota l 
skin or areola and C.1 Use cons iderable emba rrassment. 

Histologically. an epidermal cyst has a stratified 
squamous lining epi thelium and is filled with kerati n; 
this is consistent with its deriva tion from a hair foUicle. 
The cyst contenlS are thick and waxy. and were originally 
thought to be sebaceous material. This gave rise to the 
erroneous name of sebaceous cyst. 

Surgical removal (see Ch. 6, p. 93) 

Epidermal cysts (Fig. 40.14) are mainly removed for 
cosmetic reilSOllS, but sometimes beca use they interfere 
with clothing or combing the hilir. An incision is made 
over the cyst beside the punctum, taking care not to 
puncture the cil vity. The cyst is then enucleated by blunt 
dissection ilnd delivered from the wound in its entirety. 
This ensures all the epi thelium is removed and prevents 
recurrence. 

Inflam ed epidermal cysts 

Trauma to epidermal cysts (often unnoticed), may cause 
some of the contenlS to escape into the surrounding 
tissues, exciting an intense fore ign-body inflammatory 
response. The palient mily complain of pain, swelli ng. 
redness and even spontaneous discharge of liquefied 
cyst contents; th is looks like pus but is in fact sterile. 
These inflamed epidermal cysts are often described as 
'i nfected ' bu t th is is rarely the case. 

It is unwise to a ttempt remova l of an acu tely inflamed 
epidermal cyst beciluse the tissue planes cannot lx> 
recognised and some of the epithelial lin ing is likely to 
be left. If pain is severe, liquefied cyst contents should 
just be drained as this provides rilpid relief of symptoms. 
Cu lture of this tIlilterial rarely yield s any growth and so 
antibiotics nre usually unhelpful. The residual cyst 
should be excised lilter in the usual way as it is illmost 
certilin to flare up repeatedly if left. 

Pila r cysts 

Some individua ls develop multiple cysts on the scalp or 
less commonly on the face or neck. These range fro m a 
few millimetrcs to many centi metres in diameter, but 
grow very s lowly. They ca n easi ly be excised under local 
il naesthesia. 

DERMOIO CYSTS 

Dermoid cysts ilre pathologica lly s imilar to epidermal 
cysts in that they arc lined by s tratified squamous 
epithelium. As well as keratin, however, they contain 
hair, sebaceous glilnds and other ectodermal structu res. 
Dermoids arise (rom cystic change in epi thelial remnants 
left behind at lines of embryological fusion. They ilre 

usually found in the midline of the scalp. neck and lower 
jaw and ;It the outer angle of the eyebrow (external 
angular dermoid). Treatment is by excision. 

IMPLANTATION DERMOIDS 

These sma ll kerati n-fi lled cysts arise from epidermal 
fragments implanted in the dermis by minor penetra ting 
injuries. ll\Ough not derived from epidermal appendages. 
they are p<1tho!ogica lly similar to epidermal cysts. but may 
con tain small fore ign bodies. Implantation dermoids are 
most often seen on the fingers, often under the scar of a 
previous laceration. 

PILONIDAL SINUS AND ABSCESS 

As the name implies, pilonidal sinuses, cysts and abscesses 
conta in 'a nest of hairs'. They are common in young 
adu lts, p<1rticu larly hirsute men, and are found a t the 
upper end of the nat.11 cleft. Here, between the buttocks, 
there is often a congenita l dimple or pi t. Fragments of 
hair falli ng from the back or the head accumulate in this 
nidus. The hairs s lowly work their way in to the dermis, 
with the cuticula r sca les on the hairs acting like the b..1rbs 
of an arrow. The process is encou raged by the massaging 
effect of s itting fo r long periods, for example when 
driving. Pilonidal sinus is thus common in truck and 
tractor drivers. They also occur between the fingers of 
hairdressers from implantation of their clients' hair (see 
below). 

PILONIDAL ABSCESS 

The mass of hairs and ot her skin debris in a pilonidal 
sinus exci tes il foreign-body inflammatory reaction, often 
merely resulting in a mildly or intermittently discharging 
sinus. If, however, the cavity becomes secondarily infected, 
an abscess develops and causes marked pain and swelling. 
Pilonida l abscesses are often multilocular. They some
times drain spontaneously but rarely heal completely. 
Many require surgica l d rainage because of pain. 

Pi lonidal s inuses tend to ru n a long indolent course 
with chronic or intermittent purulent discharge via one 
or more sinuses to the skin surface. Periodic acute 
exacerbat ions Illay develop into abscesses which require 
urgent hospital admission for drai nage. 

TREAr.o1ENT OF PILONIDAL SINUS (Figs 40.15 and 14.16) 

Definitive treatment aims to eliminate the nidus of hairs 
and associ.1ted cystic cilvities, chronic abscesses and sinuses. 
At operation, obvious plugs of hair are first removed ilnd 
then the si nus network is explored with probes, often 
aided by injecting blue dye into the sinuses. An ell iptical 
wedge of tissue, incorpom ting the Illass of sinuses, cysts 
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Fig.40.15 Pilonidal sinus and abscess 
(iI) Recurrent pilonidal Sinuses. The scar from a preVIOUS Opefiltlon lor thiS condition IS vIsible There afe severeJ tufts of haIr emerging from 
Sinuses In the midline and it typICal 5lnUi opI"mng 5 to one side. (b) At operation, there was an exterlSN(> network of Sinuses lined with 
granulauon tissue and (OOlalnlng loose hairs. The ffl i lfe network was eXCised and the wound 'Saucensed' to prevent the caVIty healing 0Vff No 
attempt was made to close the defect as thiS IS usually uno;attsfactory because of breakdcmn 01 InfectlOfl. A Slhcone foam (F) dresSing was made 
by milling the two components and pounng II Into the wound (e) Pilonidal abscess In it d,ffe.ent patient of 24 ThiS is it common presentation 
and usually requires formal surgICal dralna~ imd curettage of the SInuses 

and overlying skin is then excised. The incision may 
have to extend down to the sacral fascia. The resulting 
large defect bound ed by healthy tissue is then packed 
and allowed to granulate from the base upwards. Healing 
takes several weeks but the patient can return home after 
11 few days. 

A less ('xten!>ivc surgical mcthod known as de-roofing, 
shown in Figure 40.1 6, m.1Y be preferred. Another al
ternative treatment is phenolisation . In this, the sinus 
network is thoroughly curetted under general anaesthesia, 
and then filled with liquefied phenol for a minute or 
two. Phenol encourages fi brosis and may eliminate the 
cavity. 

iA>-spite surgery, pilonidall~ioru. commonly recur but 
this may OC' n.'<iUCl.>d by c.lreful a ttention to hygiene. Daily 
baths and regular :,;ha ving of the area are recommended. 

OCCUPATIONAL PILONIDAL SINUSES 

Pilonidal sinuses occa:sional1y develop in the web spaces 
betwl..>en Ihe fingers in hairdressers, caused by implanted 
hCli TS from customers. A :similar condition occurs in 
fMmers, with hilirs implanted from fMm animals. 

o 

(a) Radical excision 01 a 
wedge of tissue Including 
all sinuses 

(b) 'De-roofing' of sinuses and 
cureHage of granulation 
tissue 

Fig. 40.16 Surgical treatment for pilonidal sinus 

4 
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SEBACEOUS HYPERPLASIA 

Loca lised hyperplasia of sebaceous glands on the nose 
and in nearby skin creases is common in both men and 
women. Seb.'\ceQus g la nds are plentifu l in this area. The 
cond ition prob.,bly renects a mildly abno rmal respon5e 
to sex hormones. 

BENIGN APPENDAGE TUMOURS 

A variety of ben ign tumours arise from skin appendages. 
The most common is the cylindroma, which is derived 
from sweat glands. Diagnosis is usually made Ull 

expectedly on histological examina tion of an excised 
nondescript ski n lump. 

LESIONS IN THE HYPODERMIS 
AND DEEPER TISSUES 

CElLULITIS 

Cellulitis is a diffuse spreading infection of the sub
cu taneous tissues and deeper layers of the skin. It may 
be acute or chronic, Beta-haemolytic streptococci, usually 
Lancefield group A (5. pyogellcs). are commonly respon
sible, These b.1.cte ria produce fibri nolysins and hyaluro
nidase which break down the protective intercellular 
barriers and promote spread of in fection throu gh the 
tissue planes, Although an intense neutroph il inflam
mCltory response develops, pus rarely accumulates. 
Ra ther, the tissues become red and oedematous. If the 
skin surface is broken, a serous exuda te is released. 

Any part o f the ski n may develop cell ulitis (Fig. 
40.1n, the organisms usua lly gain ing entry via a trau
ma tic or su rgical wound, although a wound is not 
always found. Clinicall y, the skin is greatly thickened, 
tense, hot, red and pa infu l; the ma rgins are fairly dearly 
demarcated from ad~1.Cent norma l skin. Lymphatics 
draining the affected area become inflamed and lymph
angitis develops. The infla med lymphatics are vis ible as 
red s treaks passing towards the regiona l lymph nodes 
which are also swollen and tender (lymphaden itis), 
Systemic featu res such as fever and tachycardia indicate 
bacteraem ia or even septicaemia. 

Acute cellul itis was a serious infection in earlier times, 
not least as a complication of surgery. It is now readily 
treated with antibiotics. 

CELLULITIS OF THE LOWER LIMB 

Low-grad e cellulitis may occur in the lower limb 
without evidence of any wound. Th is form of cellulitis is 

Ap.1.rt from their unsightly appearance, these small 
nodular lesions may on occasion be clinically indis
tinguishable from basal cell carcinomas; the diagnosis is 
made on his tology after excision biopsy. 

In rh inophyma, an ext~me manifestation of sebaceous 
hyperplasia. the nose becomes enlarged and lumpy. It is 
mainly seen in older men, and is (unreliably) said to 
occur in heavy drinkers. 

Fig. 40.17 Cellul itis o f upper lip 
This 18·year·old presented wi th 4 days of increasing swell ing and pain 
affe<:tlng the upper lip foliowmg 'pICking' of an acne SPOt . ThIS 
InfectIOn lies In the 'danger triangle' mvolving the nose and upper lip 
where serIOUS Infection can be complicated by cavernous smus 
thrombosis. This patient responded rapidly to mtenSlVe anllblOt lC 
therapy. The organISm proved to be Srrep. pyogenes. 

usually found in older women, and presents as a localised, 
but not clearly demarcated, br,nvny inflammation of the 
leg, usually without regional lymph node involvement 
or systemic features of infL>ction. Prroisposing factors are 
lymphatic obstruction or cx>Ciema fro m any cause. These 
infections oft en recur and are difficult to document b.1.C
teriologically because there is no wound and no infected 
exudate, Nevertheless, they usua lly respond to antibiotics 
(such as tetracycline), rest, cievation of the limb and 
compression stockings when the inflammation has settled. 
Recurrence is common at intervals of months or years. 
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A similar low-grade cellulitis may occur in the upper 
limb or chest wall as a result of lymphatic obstmction 
following radiotherapy for breast cancer. 

ERYSIPELAS 

Erysipelas is an uncommon skin infection also u"lused by 
group A Streptococci. In this condition, the infection is 
more superficial, involving only the demlis . The spreading 
inflamed area is very well demarcated, with the margin 
r.lised above the normal skin . 

LIPOMA AND LIPOSARCOMA 

Lipomas arc benign tumours of fa\. They may occur 
anywhere th"t fat is nornwlly present, most often in the 
hypodermis of the trunk and limbs and the aetiology is 
unknown, although mild trauma may be a factor 
Typically, they present on the forearms (often multiple), 
in the supraclavicula r fossa (Fig. 40.18), over the deltoid 
muscle or over the scapula. Lipomas can also be found 
within the peritoneal cavity, including the bowel sub
mucosa, and within muscles or joints. They may also 
someti mes arise beneat h the periosteu m. 

Pa thologically, lipomas cons ist of a multilobular mass 
of fatty tissue with thin fibrous septa. A tenuous fi brous 
c..1~ule usually defines the lesion dearly from the sur· 
rounding tissue. Lipoma cells .1re histologically indis· 
tinguishable from norma l adipocytes. Lipomas vary in 
size from about 2-20cm and are shaped like a flattened 
dome. The overlying skin is normal. Their consistency is 
soft and almost fluctuant. Lipomas are removed if they 
are inconvenient or unsightly. If the margin is poorly 
defined, recurrence is likely. 

Liposarcoma is a rare mCllignClnt vClrian\. It tend s 10 

occur in thc retroperitoneal a reCl and mediastinum rillher 
than in the skin. 

Fig. 40.18 Lipomas 
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NEUROFIBROMA, NEUROFIBROMATOSIS AND 
SCHWANNOMA 

Neu rofib romas are benign tumours arising from the 
supporting fi broblaSIS of peripheral nerves. 111e tumour 
cells are loosely arra nged in a gelatinous (myxomil tous) 
intercellular material which often makes the lesion soft 
and pulpy to p..lpation. In the ski n, neurofibromas Illay 
present as solitary sessile or pedunculated lesions in the 
vicinity of peripheral nerves. They are sometimes very 
tender to palpation. 

The Clutosoma l dominant inherited syndrome called 
neurofibromatos is (von Recklinghausen's disease) is 
characterised by multiple neurofibromCls Clnd cClfe-au-lait 
spots; Ihe latter are coffee-coloured skin patches. Some
times, the nCllTofibromas Clre extremely numerous, and 
occasionally there is gross hypertrophy of subcut.lneous 
tissues and skill folds. This extreme variation was 
immortalised by the famous 'elephant man' a t Si r 
Frederick Trevcs. A small proportion of neurofibromas 
undergo malignant change into sarcomas. 

Schw3nnomas are benign rumours arising from the 
Schwann cells supporting peripheral nerves. They present 
as firm, nodular lesions tethered to a nerve, and pressure 
on the tumour may cause ",lin in the area of distribution 
of the nerve. Treatment is by careful excision, attempting 
to preserve the affected nerve. This usually requires an 
operating microscope and microsurgical manipulation. 

GANGLION 

This extremely common and inClppropriillely-na mcd 
condi tion is a cyst-like lesion derived from the lining of a 
synoviClI joint, tendon sheath or embryological remnants 
of synov ial tissue. The 'cystic' space docs not usuall y 
communica te with the associa ted joint or tendon sheath, 
and like synoviil l joint mvities, is not lined by epithelium. 

(a) large soft lipoma overlYing the supra claVICular fosS<! In a 46·year·old woman. ThiS 15 a common slle for lipomas It had been present for many 
years but had recent ly started to enlarge (b) The surgICal specimen. Note that It 15 larger than Its clin ical appearance would suggest 541 
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It contains a colourless, gelatinous fluid. Ganglia present 
as superficial lumps, usually about 1-2cm in diameter, 
though somet imes larger. They are most common on the 
dorsum of the forearm and hand (Fig. 40.19) and around 
the ankle. They are rarely painful but sometimes cause 
mechanical problems or interference with footwear. Ganglia 
are easily recognised by their smooth, hemispherical sur
face, and finn but s lightly fluctuant 'cyst-like' consistency. 
The overlying skin is nonnal and mobile and the ganglion 
weakly tra ns illuminable. 

The age-old treatment for a ganglion was a sharp blow 
with a family bible, which dissipated the cyst contents 
into the tissues. Recurrence almost inevitably followed. 
Surgical excision is the accepted method of treatment 
now, but recurrence is sti ll common. 

Fig. 40.19 Ga nglion 
This ganglion IS III a common Site, the dorsum of the hand. 

LESIONS DERIVED FROM SKIN APPENDAGES 

LESIONS OF VASCULAR ORIGIN 

CAMPBELL DE MORGAN SPOTS 

Campbell de Morgan spots ilre sma ll, bright-red spots 
which appear on the trunk, usually in older p.ltients. 
They represent highly localised capillary proliferation 
and have no cli nical significance except for the titillation 
of bored examiners! Like other vascular lesions they 
blilnch when compressed and then refill when pressure 
is removed. 

SPIDER NAEVI 

Spider naevi or telangiectases are small red lesions 
consisti ng of a centml arteriole from which radiilte 
dilated capil laries. This appearance cxplilins their ni'lmc. 
lsolatt>d spider naevi lIlay be found in normal individuills 
on the trunk, neck and face. Their numbers markedly 
incrca~ in chronic liver disease, especially cirrhosis, and 
occasionally in pregnancy. Treatment is rarely required. 

ANGIOMAS 

Despite their name, angiomas arc not Inle neoplasms but 
rather congenital hamartomas. They arise from localised 
excessive development of thin-walled blood vesscls which 
may be of smilll diameter (capi llary haemangiomas) or 
hugely dilated (cavernous haemangiomas). The histo
logical appeamnce is often ambiguous, with most 
angiomas contilining cilpillary and cavernous elements, 
as well as flTteriovenous or even lymphatic componen ts. 

'PORT-WINE STAINS' 

The most common haemilngiomas are port-wine stains. 

These can occur anywhere on the body, but especially 
the face, neck and sca lp, and cause considerable cosmetic 
distress. They are present from birth and remain un
ch.lIlgcd throughout life. Lesions are flat or slightly 
elevated and reddish-blue. They have an asymmetrical 
outline and range up to many centimetres in diameter. 
Trauma may cause bleeding or ulceration. 

Surgical treatment, often urged by anguished patients, 
is rarely successfu l except for small lesions. Sclerosing 
agents can be injected to promote thrombosis, organis.ltion 
and progressive devascularis.ltion, but results are dis.,p-
pointing. Argon lasers tuned to the colour frequency of 
haemoglobin and other high energy light sources aT(' an 
encourilging innoviltion and give promising results in 
some patients. Regrettably, the use of covering cosmetic 
prepilmtions remains the best advice for most. 

STRAWBERRY NAEVI 

The strawberry llilevus (Fig. 40.20) is a distinct type of 
angioma. These occur in early childhood as bright-red 
fleshy lesions and grow for a few years before involuting 
spontaneously. Although they dis.,ppear and leave no 
SCM, parents often insist on excision for cosmetic re.1sons. 
In the long term, surgical excision is not good milnage
ment ilS it leaves an unnecess.,ry scar. 

CYSTIC HYGROMA 

Cystic hygroma is " lymphangioma thilt presents ilS il 
lump in the neck usually during childhood; it is described 
in more detail on p. 558. Characteristically, the lesion is 
highly transilluminable. 



Fig. 40.20 Strawbe rry naevus 
Strawberry naevus on the back of the neck in a 4·month--old infant 
This was present at birth and can be expected to grow with the child 
fOf up to two years, then atrophy spontaneously, leaVing no scar 

CONGENITAL SYNDROMES 

Gross vascular malformations form part of a number of 
rare congenita l syndromes, These include Sturge-Weber 
syndrome (angiomas of the face and intracranial contents) 
and Klippel- Trynawnay syndrome (Fig. 40.21). The latter 
syndrome usually affects one lower limb and the primary 
abnormality is multiple arteriovenous fistulae. These lead 
to hy~rtrophy of the limb (gig.1ntism), gross varicose veins 
with venous ulceration, and cutaneous capillary naevi. 

GLOMUS TUMOUR 

This is a benign tumour derived from the glomus body, a 
small arteriovenous communication normally found in 

DISORDERS OF THE NAILS 

INGROWING TOENAIL 

PATHOPHYSIOLOGY 

Ingrowing toenail (Fig. 40.22) occurs when the distal 
edge of the nail persistently cuts into the ad~lcent nail 
fold. The problem almost exclusively affects the great toe 
and usually affects tccnagers and young adults. In effect 
there is a laceration which cannot heal because of the 
presence of a foreign body (the toenail). Superimposed 
infl.'etion by a mixture of local bacterial and fungal flora 
complicates the picture. The combination of arute in flam· 

Disorders of the skin 

Fig.40.21 Klippel- Trynawna y syndrome 
Klippei--Trynawnay syndrome affecting the right leg In a male aged 
19 The three characteosllC features are glgantrsm due to multiple 
congenital arterio-vef"lOtls fistulae. gross vancose veinS (outlined In 
marking pen on the skin) and cutaneous capillary naevI. In add Ilion. 
thiS pallefll had a varicose ulcer, seen below Ihe medial malleolus 

the peripheries. The glomus bodies are thought to playa 
part in controlling local blood flow. Glomus tumOllrs 
occur singly, usually in the fingers and often beneath the 
nail. They are tiny (]-3 mm) red flat lesions which are 
exquisitely tender to the touch. Treatment is by surgical 
excision. 

mation and a ttempts at tissue repair result in the forma
tion of exuberant granulation tissue around the laceration 
and surrounding inflammatory swelling. Swelling aggra
vates trauma caused by the nail edge. 

Ingrowing toenail is mainly confined to teenagers and 
young adults, particularly males. It probably results from 
a combination of factors, induding inadequate hygiene, 
unsuitable footwear, cutting the nails too short a t the 
corners and the macerat ing effect of swea t on the skin. 
High levels of circulating Il"stosterone, as found in 
adolescence may be an important aetiological factor. 

Ch. 
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(b) 

(0) (,) 

Fig. 40.2 2 Ingrowing toenail 
(a) Infected ingrOWing toenail CH1 the lateral side of the toe. ThIS patrent had iuffered rNurrent attacks over many year<; whICh prevented him 
playrng football, Note the swelling of the Lateral Side of the toe, the overgrowth of granulation tiSSue caused by chronIC Irritation and the purulent 
discharge, Surgl(al treatment was emplo~ once the acute Inflammation had settled with saline soaks and antibiOtICS, (b) Inflamed Ingrowing 
toenail affNtlng medial and Lateral Sides. There is a great amount of hypertrophy, making SUitable footwear hard to find. (e) Congenitally Wlde 
toenails. ThiS man of 32 had suffered many bouts of Inflammation mer the years (d) and (e ) The same patient undergoing wedge rf!Se(tlon and 
phenohsatlon of both Sides of the nai l. Note the use of a tourniquet 
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MANAGEMENT 

The main objective of treatment is to prevent persistent 
tril uma by the nail ooge. Surgical operations result in a 
week or more of discomfo rt ilnd immobili ty, so con· 
serviltive treiltment shou ld be tried firs t. 

For an infla med ingrowi ng toenail, foot soaks in 
warm s,l line should be carried ou t twice daiJy for at le,lst 
10 mi nutes. Surgical spirit applied twice daily may also 
help. 

Conservative t reatme nt 

In all cases, simple conservative measures include regu lar 
b.:,thing, freque nt changes of socks (which should be 
made of cotton), avoidi ng light or narrow shoc'S and 
avoiding tr,luma to the toe when inflamed, for example 
from kicking ,1 football. 

A useful fur ther mmsure, once inflamma tion is settling, 
is to pack a small pledget of cotton wool ht'neilth the 
corner of the nail to lift the nail out of the iaceriltion. At 
the same time, the nilil fo ld can be pushed aWilY by 
packi ng a sma ll clongilted pledget between the nilil fold 
and the nail edge. TIlCSC tiny p.1.cks can be left in place 
for days but need 10 be increased in size as the corner of 
the nail rises away from its bed. 

These conscrvil tive measures, all undertaken by the 
patient, arc often successfu l in even severe cases but 

Removal of nail alone 

\ 
II badly inlected and unresponsive to conservative 
treatment. 'first aid' is to remove the whole nail without 
disturbing the nail bed. under a local anaesthetic ring b_ 
The na~ can be lifted ouI by lilTTlly graSPIng With artery 
forceps 
Removal 01 the "foreign body' allows inllammation to 
settle 

Wedge resectlon/phenoilsation lor permanent narrowing 01 nail (II nalliniecled, give prophylactic anllbiotlcs e.g. tetracyc line) 

c~~ ~~ 
B 

1 Ring block 

2 Exsanguination 01 too With 
'mini-Esmark' bandage B 
(i.e. rubber bandage spirally 
applied) 

3 Application 01 tourniquet 
C (e.g. thin rubber tube) 
around toe base belore 
removing Esmark 

T 

4 Removal of a quarter Width of nail 
uSinl pointed sc ssors to cut from 
dista to proximal (between arrows) 
and lifting out fragmen t 

5 ExciSion of a wedge of 
hypertrophlclinflamed tissue T 

Zadik's operation for permanent abatation of nail and nail bed 

~ ~ 

Nail and granulations 
removed and skin 
inCised as shown 
(dolled lines) 

2 Flap raised and 3 Flaps sutured back as 
gelTTllnal matrix treated shown 
by phenolisation as in 
6 above 

6 Destruction 01 wedQe 01 nait matrix M using liquid 
60'%. phenol. Underside of the skin lIaps are protected 
with paraffin jelly and a cOllon pledget moistened 
with phenol placed on nai l bed lor 2 minutes 

7 Skin closure With absorbable sutures il necessary 

8 Pressure dressing. Paraffin gauze and crepe 
bandage; then refease tomlquet 

9 Redress at 24 hours 

Fig. 40.23 Operat ion s for in growing toen ail 

4 
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require perseverance. Systemic an tibiotics should only be 
used if infection is spreading, and topical antibiotics arc 
of little use. 

Surgical treatment 

Urgent surgica l treatment involves avu lsion of the whole 
nail, or one side of the nai l. This immediately removes 
the 'foreign body' and permits rapid r'L"SOlu tion. For 
recurrent ingrowing toenails, particularly if abnormal 
nail morphology is a contributory factor, part of the nail 

Fig. 40.24 Onychogryphosis 
(a) Moderate degree 01 nail thickening and 'heaping up' (b) More 
adval"lCed and neglected case Both of these were treated by 
chiropody, with careful and regular gnndmg down 01 the nails. 

bed is best removed. The more popular procedures are 
illustrated in Figure 40.23. The opera tions are usually 
performed under local anaesthesia using a ring block 
and tourniquet. Local anaesthetic incorporating a vaso
const rictor such as adrena line must /lever be used in the 
digits because of the risk of ischaemic necrosis. 

ONYCHOGRYPHOSIS 

Onychogryphosis ('ram's hom nail') (Fig. 40.24) is a gross 
abnormality of nail growth. It most commonly affects the 
gre,l t toenail, which becomes greatly thickened and dis
torted. Nail cutting with ordinary nail scissors then 
becomes impossible. Onychogryphosis is usually seen 
only in elderly patients, and probably results from previous 
trauma to the nail bed. This cond ition usually presents 
when it interferes wit h wearing shoes. A chiropod ist 
(podiatrist) can treat onychogryphosis by using grinding 
instruments at regula r in tervals. Surgical removal of the 
nail and ablation of the bed is sometimes performed. 

SUBUNGUAL MELANOMA 

Malignant melanomas sometimes develop beneath finger
or toenails (Fig. 40.25). Because of their location, they are 
difficult to d iagnose. Pigmented melanomas are easily 
mistaken for old subungual haematomas, and amelanotic 
melanoma.s appear even more innocuous. Any lesion 
under the na il should therefore be biopsicd to avoid 
the d is.1slcr of missing a potentially curable malignant 
melanoma. 

Fig.40.25 5ubunguat malignant melanoma. 
AggrBSIYe malignant melanoma ariSing from beneath the nail of the 
hrst toe Note the large main lesion and the '><Iteliite lesions nearby. 
ThIS patient died of melanomatOSIs 1 year after thIS pICture was taken 
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INTRODUCTION 

The majori ty of head and neck disorders that reach thc 
general surgeon are lumps of one sort or another. The 
mai n reasons (or referral are either the need to exclude 
malignancy or for consideration of su rgical treatment in 
the case of a metabolic d isorder such as thyrotoxicosis or 
hyperparathyroid ism. There is a large overlap with other 
specialities, parlicu[<l rly ENT, dental and oral surgery, 
plastic and reconstructive su rgery and derma tology. 

Swelli ngs of the thyroid gla nd may be confused with 
other swell ings in the front of the neck. Thus, a complete 
eX<lmina tion of the head and neck should include the 
thyroid area, as described in Chapter 43. 

Although problems in the mou th are usuall y managed 
by den tal or oral su rgeons, pa tients will often seek advice 
from another clinician. For this reason, most doctors shoukl 
understa nd the essentia ls of ora l and dental d isease and 
their ma nagement, particularly those working in an 
accident depa rtmen t. 

HISTORY AND EXAMINATION IN THE HEAD AND NECK 

The concentra tion of so ma ny different tissues in and 
around the head and neck is responsible for the profus ion 
of cond itions causi ng lumps in this area. Box 41.1 provides 
a simple classification. 

SPECIAL POINTS IN THE HISTORY AND EXAMINATION 

As <llw<lys, the history provides important clues to the 
di<lgnosis. Additional poi nts such <lS the patient's age, the 
T<l tc of growt h of the lum p and any <lssocia ted symptoms 

such as pain, discharge or swelling related to eating may 
lead quickly to the di<lgnosis. 

Most lumps in the head and neck are best exa mined 
with the p.:1tient sitting in a chair. This allows the examiner 
to p<11 pale the Jump from in front and behind . The 

KEY POINTS 

Box 41.1 Ca uses of a lump in the head or neck 
1. Thyroid disorders (classified in Table 43.1) 
2. lymph node enlargement: 

- l ymphomas 
- Secondary tumour deposits 
- l ocal inflammatory lymphadenopathy from acute 

infections of the head and neck 
- local infl ammatory lymphadenopathy from 

chronic infections, e.g. tuberculosis 
- Inflammatory lymphadenopathy as part of a 

generalised lymphadenopathy, e.g. glandular 
fever or AIDS·related lymphadenopathy 

3. Congenital cysts- thyroglossal, branchial and 
preauricular cysts, cystic hygroma and external 
angular dermoids 

4. Salivary gland disorders-tumours, stones. rare 
autoimmune disorders such as Sjogren's syndrome 

S. lumps in the skin-any skin lesion may occur in 
the head and neck but the main problem is one of 
differential diagnosis. e.g. lipomas and epidermal 
cysts 

6. Rare tumours-carotid body tumours, carcinoma of 
the maxillary sinus, tumours and cysts of the jaw 

7. Actinomycosis (very rare) 
54 
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examiner shou ld establish the characteristics of the lump 
as summarised in Box 41.2. At the same time, he or she 
should try to visualise the relationship of the lump to 
overlying or underlying an.:otomical structures. For example, 
a lump in the cheek may lie in the skin, the sUpt'rfici.1l 
part of the parotid, the buccinator muscle, the oral 
mucosa or the parotid duel. In clinical examinations, it is 
often useful to try to describe the characteristics of the 
lesion as if to someone who cannot see the patient. 

The whole of the sca lp, the b.:,ck of the neck and the 
skin behind and in the ears should be examined carefully. 
It is important to exclude primary tumours or infected 
lesions that may be producing lymph-node enlargement. 
The lymph nodes of the head and neck must also be 
palpated. A simple method is to think of them as lying in 
two planes, the hori7ontal and the vertical, as shown in 
Figure 41 .1. The nodes in each plane can then be examined 
with two or thn.."'C sim ple manoeuvres. For any lump in 
the lower half of the face or submandibular region, the 
oral cavity should be examined to exclude salivary gland 
lesions, ora l malignancies or sources of infection such as 
a dental abscess. For ,my lump in the parotid region, the 
integrity of the facial nerve should be formally tested . 

Examination of the oral cavity 

For many doctors, asking the patient to open his mouth 
represents the enti re ora l examination. The following 
simple technique, illustrated in Figure 41.2a-d, will en.,ble 
most significant lesions to be seen without any special 
instnllnents or lighting. 

First, the patient should remove his or her dentures; 
the lips ond their mucosal lining, and the lining of the 
checks and gu ms are then inspectt:.'CI. To do this, the lips 
are retracted by the examiner's gloved fingers or a wooden 
spatula and the mouth illuminated with a pen torch. At 
the same time, the tccth are inspected for gross decay and 
gingival inflammotion. Painhll inflammation is commonly 
related to a flop of gum over a partially erupted lower 
wisdom tooth. 

If there is any suspicion of parotid discoS(', then the 
orifice of the p.,rotid duct should be identified and 
palpated. This lies opposite the upper second molar 
tooth. The pa late is examined easi ly if the patient tilts his 
head b.1ckwards. Finally, the tongue and floor of the 

KEY POINTS 

Box 41.2 Characteristics of a lump 

• Site 

• Size 

• Shape 

• Surface characteristics 

• FiJICation (superficial and deep) 

• Anatomicat origin 

• Consistency 

• Fluctuance 

• Pulsatitity 

• Temperature 

• Tra nsillumi nability 

• Bruit 
• locallymphadenopathy 

• 'Vertical' (inlernaJ 
jugular) nOdes 

• 'Horizontat' group 
of nodes 

• 
• . . ' 

• • 
• 

.-
~ 

.' 

,-

Fig. 41 .1 Simple techniques for palpating head and neck 
lymph nodes 

mouth arc inspected for mucosal lesions. To assist the 
examination, the patient first protrudes, then elevates, 
the tongue inside the mouth. 

Lumps in the floor of the mouth, submandibu lar area 
and cheeks should be p.,lpated bimanuaUy as shown in 
Figure 41.2f. Lumps in these areas are usua lly mobile 
and tend to move away from an exa mining finger. 

DISORDERS OF THE SALIVARY GLANDS 

There are three pairs of major sal ivary glands, the parotid, 
submand ibu lar and sub lingual glands. The parotid pro
duces serous s<,liva, the submandibular produces a mixed 
scm-mucous St,liva and the sublingual produces a mucous 
secretion. The parotid and submandibular glands each 

drain into the mouth via a single long duct, whereas the 
sublingua l glands drain via many small ducts. 

The surgical disorders of the major salivary glands are 
benign and malignant tumours, stones, b.:lCteri,l! infections 
and rare autoimmu ne disorders, all of which present as 



'" 

Fig. 41 .2 Technique of oral ellamination 
Teeth, gums and buccal sulci can be In~ed by retracting the lips 
WIth wooden spatulae or fingers (a) and (b). Tile palate is in~ed 
by tlltll19 the patient's head back and retracting the lips (e). and the 
floor of the mouth and movements of the tongue examined as shown 
In (d) The parotid papilla 15 demonstrated in (e) Finally, bimanual 
palpatIOn of the submandibular area, including the course of the 
submandibular duct, IS performed with a gloved finger Inside the 
mouth, as shown In (f) 

lumps in the head and neck including salivary calculi 
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salivary gland lumps. TIle oral mucosa also contains 
numerous small 'minor' S<llivary glands, any of which 
can undergo neoplastic change. Their main disorders are 
tumours and retention cysts. 

SALIVARY GLAND TUMOURS 

PLEOMORPHIC AOENOMA 

Pleomorphic adenoma is by far the most common neoplasm 
of sa livary gland neoplasms. It is also the most common 
cause of a lump in the parotid or submandibular gland. 
Most pleomorphic adenomas present in middle age or 
later, and both sexes arc equa lly affected. 

Pleomorphic adenomas are derived from salivary 
gland epit helium and are regarded as benign. DL>spite 
this, they show varying degrees of differentiation. TIle 
name pleomorphic adenoma was acquired from the 
varied histological appearance. Columns and islands of 
neoplastic epithelial cells are separated by a myxomatous 
con nective tissue stroma which may contain areas 
resembling immature cartilage. This led early pathologists 
to believe that the tumour contained neoplastic tissue of 
both epithelial and colmeetiv€' tissue origin, thus generating 
the mislead ing name of mixed sal ivary turnouT. Some 
tumours have no myxomatous tissue, and are described 
as monomorphic variants. 

Although they do not metastasise, pleomorphic 
adenomas are often poorly demarcated from the sur
rounding tissue. There is usually a well-defined thin 

(,) L_~ ___________ ..... 

Fig. 41 .3 Pleomorphic adenomas of the parotid 
(a) Small lesion in the typical posjtlon below the ear lobe. between 
the posterior border of the ramus of the mandible and the upper ena 
of the sternomastoid. (b) large-r lesion In an older miln This had bee, 
pre~nt at least 4 years before the patlenl pre~nted . 

capsule, but the surface is usuaUy nodula r rather than 
smooth, an important point when attempti ng removal. 
True malignant transformation occ.lsionally takes place, 
usually to squamous cell carcinoma, with metas tasis 
occurring to cervical nodes and sometimes the lungs. 

Clinically, the tumour presents as a very slowly growing, 
painless lu mp (see Fig. 41.3). Most are in the parotid, 
some in the submandibular gland, and a few in minor 
salivary glands. 

Most parotid gland tumours occur in the superficial 
part of the gland, external to the plane of the facial nerve 
branches. Occasionally, they occur in the deep part of the 
gland in more intimate association with the facial nerve. 
In either case, the tumour can extend between the branches 
of the facial nerve. As the tumour is benign, it does not 
invade the nerve to cause a facial pa lsy. Facial nerve 
damage is, however, a risk during surgical excision, 
especially of deeper lesions. Patients should be warned 
of this possibility before operation. 

If an older patient has a slowly growing solid parotid 
lump withou t a (,1cial palsy, it is best to assume it is a 
pleomorphic adenoma . Defini tive diagnOSis can only be 
made histologica lly after excision. 

Investigations may include ultrasonography and needle 
biopsy and CT sca nning if malignancy is suspected . 

Treatment 

Treatment of pleomorphic adenoma is by excision. For 
superficial lesions, this is usually by the operation of 

~----..I (bl 



superficial parotidectomy, which involves excising all 
glandula r tissue superficia l to the plane of the facial nerve. 
An alternative is meticulous enucleation, which has been 
shown to be as effective in curing the problem and to 
carry a lower rate of side effects. Recurrence is uncommon. 
For deeper lesions, an attempt shou ld be made to excise 
the entire lesion, carefully identifying and preserving the 
branches of the facial nerve. Again, enucleation may be 
the s.lfer option. If there is doubt about whether excision 
has been complete, postoperative radiotherapy may be 
advis.lblc. 

The main complication of parotidectomy is damage to 
branches of the facial nerve. Damage to the temporal or 
upper zygomatic branches may prevent complete closure 
of the eye, leading to come<ll drying and damage. Division 
of the mandibular branch causes drooping of the angle 
of the mouth and embarrassing sali vary dribbling. Similar 
damage may also complicate submandibular gland 
excision if the incision is incorrectly sited . 

Salivary fistula is an occasional complication following 
parotid surgery, causing saliva to leak onto the face at 
meal times. The fistula usually resolves spontaneously 
after several weeks. 

Frey's syndrome is a late complication of fo rmal 
parotidectomy in 25% or more cases. It probably results 
from divided p<lrasympa thetic secretomotor fibres, orig· 
inally innervating the gland, which then regenerate in the 
skin where they assume control of sweat gland activity. 
Facial sweating then occurs in response to salivatory 
stimuli, and is known as guslatory sweating and can be 
emb.lrrassing. 

ADENOLYMPHOMA (WARTHIN'S TUMOUR) 

This unusual benign lesion constitu tes less than 10% of 
sa livary neoplasms, a nd occurs almost excl usively in the 
parotid glands. These tumours usually arise after middle 
age and there is a strong male predominance. They are 
sometimes occur bi laterally, either at the same time or at 
different times. 

Histologically, the tumour is composed of large 
glandula r acini. The epithelium, simila r to large salivary 
ducts, is embedded in dense lymphoid tissue in which 
lymphoid follicles may be seen. The his togenesis is not 
understood, but the glandular part may be hamartomatous 
salivary duct tissue within a norma l p<1fotid lymph node. 
A strong association with cigarette smoking has been 
demonstrated. 

Adenolymphomas are invariably benign. TIley present 
as a parotid lump, indistinguishable from pleomorphic 
adenoma. The diagnOSiS can sometimes be made by 
fine needle aspiration cytology, in which case simple 
enucleation can be performed to remove the tumour or it 
can be left alone. Adenolymphomas do not recur, but a 
5.1tcllite lesion may enlarge and present as another turnOUT. 

lumps In the head and neck including salivary calculi ... 

MALIGNANT PRIMARY SALIVARY TUMOURS 

Malignant tumours comprise on ly a small proportion of 
neoplasms of major salivary glands but form the major 
proportion of tumours of the minor (accessory) s. ... livary 
glands scattered throughout the ora l mucosa. With p<lrotid 
lumps, facial nerve wea kness is diagnostic of malignancy. 
TIle majority of malignant tumours are adenocyslic 
carcinomas (a lso known as adenoid cystic carcinomas, and 
less accurately as cylindromas). The remainder include 
rare epi thelial tumours such as aci nic cell carcinoma 
and squamous cell ca rcinom a. In Australia, the most 
common parotid tumour is a malignant melanoma. 

Adenocystic carci nomas have a cha racteristic cribriform 
(sieve-like) microscopic appearance due to numerous small 
spaces in the tightly-packed tumour cell mass. These 
tumours are highly invasive with early regional and 
systemic metastasis. Treatment involves wide mutilating 
surgery which usually destroys the facial nerve. Recurrence 
is unfortunately very common, and may occur as long as 
5 years after apparently successful eradication. The tumours 
are unres?::lIlsive to radiotherapy and prognosis is almost 
un iformly poor. 

SECONDARY TUMOURS IN SALIVARY GLANDS 

The superficial p<lrt of the parotid gland contains lymph 
nodes which may become involved by secondary deposits 
from tumours of the face or scalp. In the same way, 
lymph node secondaries from the mouth may develop in 
the subma ndibular gland. The finding of a parotid or 
submandibula r lump should therefore prompt a search 
for a primary tumour locally. 

SALIVARY GLAND STONE DISEASE 
(SIALOLITHIASIS) 

PATHOPHYSIOLOGY 

The submandibular gland and duct are prone to fonnation 
of calcified stones (c<lleuli), which obstmct salivary out· 
now and prediSpose to infection. Calculi may occur in 
the parot id duct but this is much less common. The 
aetiology of s.1liv,lry calculi is not known, but the sub-
mandibular gland may be vulnerable because of its more 
viscid secretion and elongated duct. 

Stones are not the only cause of salivary gland sweUing 
and damage. For both the parotid and subma nd ibular 
gland, trauma to the duct orifice may result in stenosis 
and s. ... livary stasis. 

Submandibular stones may be found anywhere along 
Wha rton's d uct (Fig. 41.4), including its course within the 
gland. Stones vary from several millimetres to a centimetre 
in diameter. Those in the distal part of the duct tend to 
have an elongated 'date stone' shape. (See Fig. 41.5.) 55 
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Fig. 41 .4 Submandibular duct stone 
(a) ThIS photograph shows a stone vIsible In the anterlOf pan of 
Wharton's duct; It was removed under local anaesthesia Via a 
log,tudlnallnclslOn In the duct. (b) Submandibular stones removed 
from it Similar case 

(,) 

Fig. 41 .5 Submandibular gland and duct calculi 

CLINICAL FEATURES 

5.:1livary calculi rarely cause complete obstruction but the 
p<,tient usually experiences intennittent swelling or p<,in 
a t me.,l limes when salivary flow is high. The swelling 
subsides over the next hour. Acidic foods such as lemon 
juice stimulate r,'pid salivary now, and can be used as ., 
test in clinic. Pain is not a prominent feature; rather, 
patients describe a sensation of fullness. 5.,livary ca lculi 
occasionally present with acute or drronic ba.cten..1.1 infection 
(sialadenilis). Secondary infection in the obstructed system 
leilds to rapidly worsening symptoms and even spreading 
cellulitis of the noor of the mouth (Ludwig's angina 
(Fig. 41.6». 

Most of the submilndibu lar gland lies deep to the 
mandible and so there is little to see on externill exam· 
ination. Palpation of the submandibular area confirms 
that the gland is mod erately enlarged and firm. On intra· 
oral examination, the tip of a stone impacted at the orifice 
of Wharton's duct may be visible. Bimanual palp.,tion is 
the only way to assess the si.ze of the gland and will also 
confi rm the presence of a stone in the duct. Palpation of 
the duct is performed from the back toward s the front of 
the mouth to avoid displacing a mobile stone into the 
gland. 

MANAGEMENT OF SALIVARY CALCULI 

Pla in X·r.,ys (oceltl5.1.1 and lateral--oblique views) will 
demons trate most calcul i. Contrast radiography of the 
duct system (sialography) is sometimes indicated if the 
history suggests stone disease yet no stone is palpilble 
or visible on plain X·ray. Sialography (Fig. 41.9 and to) 

(a) Lateral oblique plain X-ray. and (b) occlusal X·ray shawing large 'date stone' calculus in the right submandibular duct. thiS was eaSi ly palpable 
blmanually In the floor of the mouth and removed via the oral route. 



Fig. 41 .6 Ludwig's angina 
SPfeadlng cel!ulltls of the S1Jbmand,bular region. ThIS man of 70 had 
large obstrUdlng stones of the left submandibular dud and this had 
led to Infection in the duct and gland thIS spread to the surrounding 
tiSSues He was beginning to develop resplratOfY embarrassment as a 
result of laryngeal oedema but settled rapidly WIth antibiotics and 
removal of the stones from within the mouth. 

requires cannulation of the s.1livary duct which may revc<ll 
a stcnosis of the du ct orifice. Stenosis <llone may produce 
symptoms similar to obstruction by a salivary calculus. 

Calculi i.n the anterior two-thirds of the duct in the 
floor of the mouth are removed via an oral (Fig. 41 .5) 
appro.:1ch. Immed iately before operation, the continued 
presence of the stone should be confi rmed by palp..1tioll 
or X-r.1Y. At operation, if the stone is palp.1ble, a longi· 
tud inal incision is then made in the duct over the stone 
and the stone lifted out. If the stone is not palpable, the 
duct is incised from the orifice backwards and the stone 
can usually be removed with forceps. The incision is not 
usually sutun.'Cl but left open to improve salivary drainage. 

Less commonly, calculi lie within the gland where 
they are often multiple. TIle only way to remove the 
obstruction is to excise the entire submandibular gland 
through an incision below the ma nd ible, carefully placed 
to avoid damaging the mandibular branch of the facial 
nerve (Fig. 41.1 0) . 

INFLAMMATORY DISORDERS OF THE 
SALIVARY GLANDS 

The salivary glands are subject to infection both by viruses 
(such as mumps) and bacteria. The glands may also be 
affccted by rare, apparently autoimmune phenomena 
such as MikuIicz's and Sjogren's syndromes. Mumps is 
rare outside childhood and young adulth<X>d , is usually 
bilateral, and resulvL>S spontaneously. It is rarely a surgical 
problem unless secondary bacterinl infection supervenes. 

lumps in the head and neck including salivary calculi 

Fig.41.7 Parotid sialography showing stones 
thiS man of 58 complained of intermittent swelling in the region of 
the left parotid gland. relieved on occasions by discharge of pus IOto 
mouth. Contrast was Injected Into the OrifICe of the left parotid gland 
to outlme the duct structure The main duct IS dilated and contains 
fllhng defects diagnosed as stones. ThiS is an unUSlJal fmdlng as 
stones are much more common In the S1Jbmandlbular gland 

{ 

--Mandible 

- -----_-Tongue 

Duet 

A J, B. ! C Mylo/1yoid diaphragm 

~
Deep part 01 

o submandibular gland 

Superficial part of 
submandibular gland 

Note how the submandibular duct slopes downwardS as it passes 
posteliol1y. Thus the more posterior stones are increasingly difficult 
to remove from inside the mouth (A-.B). C and D within the gland 
can only be removed by removing the gland from the skin surface. 
Note also how the gland is in two parts. superfICial and deep, wrapped 
around the posterior border of myohyoid 

Fig. 41.8 Submandibular gland and dud showing 
common sites for stones 553 
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Fig. 41 .9 Parotid sialography 

(a) Normal sIalogram shOWIng regular duct diameter and branching. (b) Duct stflctures and Slale<:tasls. This 50-year-old man had recurrent bouts 
of paroud swelling complICated by infection. The SIalogram shows several duct stflctures With dilated ducts behind them. The dIlatation is called 
sialectaSls. 

ACUTE BACTERIAL SIALADENITIS 

TIlis condition is now uncommon because of better mouth 
care in hospital; it almost always occurs in elderly or 
dcbilitiltt.'CI patients with poor oral hygiene but occasionally 
in children, in which case the underlying lesion is usually 
a suppurating lymph node within the parotid capsu le. 
Dchydriltion and reduced sa li va ry flow encourage as
cending ink>ction with orill flo ra, usually Slrcp. viridllllS 
or pneumococci. 

The parotid gland is usually involved. The result is a 
pilinful, unilaterill swelling accompanied by trismu'1, 
pyrexiil and tilchycardia. On examina tion, the parotid 
gland is tender il nd diffusely enlarged and a purulent 
dischMge can be seen oozing (or can be 'milked') from 
the parotid duct orifice. 

i3."lcterial s ialadenitis shou ld be treated promptly with 
parenteral antibiotics. If a parotid abscess h,lS already 
formed, external surgica l drainage should be performed. 
Acu te parotit is was once common in postoperative 
su rgica l patients because of dehydration and poor oral 
hygiene. Intra venous fluids ilnd dose nursing attention 
to mouth ca re have now made the condition rare. 

CHRONIC SIALADENITIS 

Prolonged obstruction of a major salivary gland by a 
ductal calculus causes chronic inflammation of the gland. 
The glandular secretory dements progressively <1trophy 
and arc replaced by fibrous and adipose tissue. The duct 

system becomes dilated, fibrotic and infiltrated by chronic 
inflammatory cells. Chronic sia ladenitis and salivary 
cilleuli usually involve the submandibular gland. The 
submandibular g land is swollen and there may be 
purulent discharge from the duct. The swelling is made 
worse by taking food. 

Treillment is by removing the duct obstruction. [n 
addition, <lntibiotics may be m.'CL'Ss.lry. Glandular function 
m<1 y ~ irreversibly damaged if the process has been 
prolonged. 

RECURRENT SIALADENITIS 

This uncommon condition may occur at any age and 
usually affects the parotid gland. One gland or both glands 
are subject to recurrent attacks of painful swelling. This 
is caused by low-grade bacteriaJ infection, although duct 
obstruction cannot usually be demonstrated. Recurrent 
attacks cause chronic swelling of the affected gland. 
Sia lography shows dilatation of the duct system with 
terminal saccu lation; this is described as sialectasis. The 
muse is most often a duct orificial stenosis, often caused 
by trauma from poorly fitting dentures or displaced teeth. 

Immediate treatment indud!.'!> antibiotics as jndic,lled 
by cu ltmc of pMotid duct discharge, as well as careful 
attention 10 oral hygiene. Ouctoplasty to open the duct 
orifice is often successful. If sialography shows more 
remote duel stenoses, these can sometimes be dilated 
using b"lloons simil<1r to angiopl<1sty devices. 
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Fig. 41 .10 Submandibular gland with stones 
Thli 43-year-old man !.Uffered chromc swelling and Intermittent mfec:ion of the fight submandibular gland (a) lateral plain X-ray showtng calculi 
C WIthin the gland (b) Sialogram shoWIng a normal 'Nhartoos duct (nole how rapidly It descends 110m the floor of the mouth). The slolleS 
within the gland are represented by filling defects In the contrast materaal Ie) The only means of deahng WIth the problem was I:'XCISIOn of the 
gland via an extraoral (submandibular) approach. The gland contained SI)( cakull. 

AUTOIMMUNE SALIVARY GLAND DISORDERS 

The S<1livary glands occasionally become involved in a 
chronic innammalory process characterised by diffuse 
lymphoid infiltration and fibrosis. This is part of poorly 
understood autoimmune disorders which also involve 
lacrymal glands and mucous glands of the mouth and 
upper respi ratory tract. The parotid and submandibular 
glands become diffusely and symmetrically enlarged, and 
s.1livary production is curtailed. The resulting dry mouth 
(xerostomia) not only ca uses distress and dysphagia, 
but predisposes to rampant dental ca ries. Diminished 
lacrymal secretion resu lts in kerato-conj unctivitis sieea. 

In isolation, the condition is known as M ikulicz's 
syndrome, bu t it may also occur in rheumatoid arthritis 
and other connective tissue disorders. In these cases, it is 
known as Sjogren's synd rome. 

SALIVARY RETENTION CYSTS 

L1rge retention cysts sometimes develop in the floor of 
the mouth. A cyst can reach several centimetres in diameter 
imd is known as a ranula (frog mouth). The ranula typically 
appears as a blue-grey dome-like sWf'lling beneath the 
tongue. It may burst sp:mtaneollsly. discharging its contents 
and collapsing but it almost invariably recurs. nle condition 
is p.1inless but occupies space in the mouth and treatment 
is often requested for this reason. Excision is difficult 
bec..1Use of the tenuous lining and because of the proximity 
to vital structu res in the floor of the mouth; incomplete 
removal leads to recurrence. The usual treatment, therefore, 
is marsupialisalion, i.e. de-roofing Ihecys!. so that it opens 
inlo the floor of the mouth (see Fig. 41 .11 ). 

LYMPH NODE DISORDERS OF THE HEAD AND NECK 

Patients are often referred to a surgeon for biopsy of <In 
enlarged lymph node in the cervical region. Often there 
afe no other symptoms or signs. Isolated lymph node 

enla rgemen t may be caused by loc<ll dise,lse within its 
field of drainage. Examples include tonsillitis or dentClI 
infection, tonsi llar tuberculosis or a nwlignant oro-
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Fig. 41 .11 Marsupialisation of a ranula 
(a) Large salivary retention cyst In the floor of the mouth dISplaCIng t"le tongue towards the OPPOSite SIde. (b) Operative photograph showing the 
'de·roofed' cyst and the edges being sutured to the oral mucosa. ThE cavity rapidly 'filled In' from the base, obliterating the defect 

pharyngeal tumour. odes d raining a bacterial infection 
may themselves suppurate, sometimes after the primary 
disorder has disappeared (see Fig. 41.12). 

Alternati vely, .m enlarged cervical lymph node may 
be part of a systemi c lymphadenopathy caused by 
glandular fever, lymphoma or HIY. Thus, any p.1.tient 
presenting with an en larged lymph node requires careful 
general examination as well as examination of the head, 
neck and mouth. The latter often includes thorough 
end oscopy of the whole pharyngeal area, usually by a 
specialis t ENT surgeon (otorhino-laryngologist). General 
examination should pay particular attention to axillary 
and inguinal lymph nodes, liver and spleen. A chest x
ray should be taken to look for en larged thoracic lymph 
nod es. If cervical lymph node biopsy is necessary, 
improved histological techniqu es mean it can now be 
performed using a fine needle or core needle, usually 
under ultrasound control. If surgical removal of a gland 
is required, this should always be performed under 
general anaesthesia if practicable since the operation is 
often unexpectedly difficult. This is because lymph nodes 
are intimately related to so many vital structures and, 
hlrthem\ore, preoperative p..1.lpation tends to underestim.,te 
the sil,;e and extent of lymph node involvement. 

CERVICAL TUBERCULOSIS 

Tuberculosis involvi ng the cervical glands (scrofula) was 
once common with the infection acquired by drinking 
milk from cattle infected with bovine tuberculosis. Cervical 
tuberculosis is now extremely rare in developed countries 

Fig. 41 .12 Suppurating lymph node in the neck 
ThiS patient presented With a SUppufiltmg node in the necK whICh 
required e)(tefnal drainage. The primary site of sepsis was a dental 
abscess on a lower molar tooth 

but Illay be seen in recent immigrants from developing 
countries. The primary infection occurs in the tonsils but 
the condition presents wi th secondary involvement of 
the cervica l nodes which become progressively en larged 
and matted together. In advanced cases, liquefaction of 
the caseous material forms cold abscesses. If untreated , 
these eventualty drain spontaneously onto the neck and 
leave disfigu ring scars. 

[n the past, surgery was often required to drain and 
remove the affected glands. With modern chemotherapy 
this is now rarely necessary and surgery is mostly confined 
to excision biopsy for diagnosis. 



LYMPHOMAS 

An enlm-goo cervical lymph node is a common presentation 
of non-Ilodgkin's lymphoma or Hodgkin's disease. The 
disease is of len at an early stage and there may be no 
other symptoms or clinical s igns. The diagnosis is then 
made by histological examination of a biopsy specimen. 

SECONDARY (METASTATIC) TUMOURS 

Cervical lymph nodI! metastases may originate from 
primary malignant tumours in the head and neck, chest 
or abdomen. An enlarged lymph node may be the first 
indication of a tumour or a rt.'CUrrence following treatment. 

Tumours of the head and neck usually metastasise to 
nodes in the submandibular region and upper part of the 
anterior triangle. In contrast, tumours from the chest and 
abdomen usually metastasise to the lower part of the 
posterior triangle, particularly to Virchow's node (Fig. 
41.13) which lies dL't'ply in the angle between the 
sternocleidomastoid and the clavicle on the left side. 

The following head and neck tumours common ly 
metastilsise to cervical lymph nodes: 

• Squamous CMci noma and melanoma of the skin of the 
neck, face, scalp and ear 

• Squamous carcinoma of the mouth and tongue 
• Squamous carci noma of the nasopharynx, 

lumps in the head and neck including sativary calculi 

oropharynx, larynx and p.uanasal sinuses; the 
primary tumour may be exceedingly small 

• Adenocystic carcinoma of the major or accessory 
salivary glands 

• Papillary (and occasionally medullary) carcinomas of 
the thyroid 

Fig. 41 .13 Virchow's node 
This 48·year-old woman notICed a painless lump in the left Side of her 
ne<k She had also lost a substantial amount of weight and had a poof 

appetite. Node biopsy revealed mallQnant adenocarcinoma cells and 
endoscopy sho<.ved an advanced cafCInoma of stomach was the cause 
PalpatlOll of a malignant node In thIS Site IS k.nown as TfOISi£'f's Stgn, 
after the french phYSlCliln who diagnosed gastric cancer In himself. 

MISCELLANEOUS CAUSES OF A LUMP IN THE NECK 

CONGENITAL CYSTS AND SINUSES 

A variety of cystic lesions of congenital origin occur in 
the head and neck and some of them may be associated 
with an external sinus opening. All are uncommon except 
in clinic,1l 'short-casc' examinations! They can be sub
divided into thyrogloss.1l cysts, branchial cysts, fusion
line dermoid cysts, preauricular cysts and sinuses, and 
cystic hygromas. All except for cystic hygroma are true 
epi thelial cysts; cystic hygroma is a hamartoma tous 
lymphatic malformation. 

BRANCHIAL CYSTS, SINUSES AND FISTULAE 

The precise embryologic..l1 origin of these cysts is disputed 
but they prob.lbly arise from remnants of the second 
pharyngeal pouch or branchial deft. Branchial cysts usuaUy 
present in late adolescence or early adulthood but 
sometimes even later (Fig. 41.14). This late presentation is 
unusual for congenital lesions generally. The patient 
typically complains of a painless swelling in the side of 
the neck which may vary in size from time to time. Some 

patients presenl with a painful red swelling due to 
inflammation of a previously unnoticed cyst. 

The lump lies decp to the sternocleidomastoid, at the 
junction of its upper third and lower two-thi rds. It 
protrudes forwards into the anterior triangle of the neck. 
The lump is soft and fluctuant on palpation. Provided it 
is not inflamed, the cyst uSllally transilluminates. Treatment 
is by percutaneous drainage or, if this is unsuccessful, by 
surgical excision. Inflamed cysts may require urgent 
drainage. 

Branchial sinus and fistula presents as a discharging 
sinus nea r the lower end of the anterior border of the 
sternomastoid muscle. A s inus ends blindly on the 
lateral pharyngeal wall whereas a fis tula commu nicates 
with the oropharynx near the tonsillar fossa. Surgical 
excision may be required. 

FUSION-LINE DERMOID CYSTS 

Dermoid cysts of congenital origin arise from epithelial 
remnants along lines of embryological fusion in the head 
and neck. 55; 
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The most common are external angular dermoids, 
(Fig. 41 .15), which are cystic swelli ngs a t the ou ter aspect 
of the supraorbital ridge. They are usually noticed soon 
after birth . On p.llpation these cysts are tense and firm 
and do not transillumina te because of their thick keratinous 
contents. They are d eeply fi xed and therefore immobile. 
Externa l angular dcrmoids are usually removed surgically 
for cosmetic reasons duri ng childhoc:x:l. 

Midline dermoid cysts arc described as teratoid cysts 
because they contain a mixture of ectodermal. mesodermal 
and cndOOcrmal clements (e.g. nails and teeth, glands, 
blood vessels). As a rare phenomenon, dermoid cysts 
arise in the midline of the head or neck, usually during 
the first y t,)a r of life. They should be removed surgically. 

PREAURICULAR CYSTS AND SINUSES 

Small cysts flnd sinuses may arise from developmental 
abnormalities of the fi rst and second branchial arch~ 
(Fig. 41.1 5) which are involvt..>d in forming the exterml 
ear. The lesions become apparent in early childhoc:x:l. 
They lie a nterior to the tr.lgus of the ear and present 
either as a sma ll lump or a tiny d ischarging sinus which 
occasionally beco mes infected. . There may be an obvious 
associa ted abnormality of the auricle. Treatment is usually 
by surgical excision. 

CYSTIC HYGROMAS 

Cystic hygromas (Fig. 41.16) arc not tru e cysts but lym
phatic hamartomas which fonn multilocu lar cyst-like 
spaces. Cystic hygromas may be huge and disfiguring 
lesions present at birth. Smaller k'Sions may presen t in 
older children or adolescents as a pain less lump in the 
neck just below the angle of the mandible. Cystic hygromas 
are soft and flu ctuant and highly tnmsilluminable. 

Surgical excision may be difficult as these lesions 
often extend d eeply into cervical and oro-facial tissues. 

ACTINOMYCOSIS 

Actinomycosis is a rare infection of the cervice-facial 
region. 11 is caused by Actillomyces israeli, an anaerobic 
Gram-positive b.1cterium with an unusual filamentous 
growth pattern s imilar to fungal mycelia . Actinomycosis 
is a chronic granulomatous infection which eventua lly 
forms multilocu lar abscesses which drain to the overlying 
skin via multiplc sinuses. The pus exuding from the sinuses 
contains characteristic yellow clumps of organisms known 
as 'sulphur gril nulcs'. The infection stimulates much 
fibrosis. 

TI1C organism is (I n oropharyngeal commensal but ga ins 
access to the tissues viA carious teeth, tooth extraction 
sockets or traumatic wound s. Initially, there is a painful 

Fig. 41 . '4 Branchial cyst 
This 30-year-old woman reported the sudden appearance of this large 
swelhng In her neck associated With moderate pain over the preVlOlfS 
week. The swelling was non-tendef and fluctuant. Uttr~und 
confirmed It contained fluid It W05 a!ij)lrated severat times but failed 
to resolve and was eventuatly exCised It IS oot known why branchiat 
cyslS often corne 10 attention Y) suddenly. 

Fig. 4' _' 5 External angular dermoid 
ThiS 4-month-otd baby W05 notICed to have a swelling al the outer 
part of hiS left eyebrow It was firm to p<llpatlon aoo W05 confidently 
diagnosed as a fUSion line dermoid 

intraori11 swelling. Infla mmation then spreads slowly into 
the tissues, caus ing finn swell ing of the cheek, mAndible 
and submandibular region (' lumpy jaw'). The infection 
eventually erOOL'S in to the sali vary glands, jaws and 
ad~lcent structtm:.'S. Suppurative foci drai n onto the surface 
of the face forming chronic discha rging sinuses. 
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Actinomycosis is treated with a prolonged course 
(4-6 weeks) of high-dose penicill in. If necesSc,ry, the 
abscess network is surgically explored and drained. 

Cervico-facia l actinomycosis was once common and 
its decline in developed cou ntries is probably the resuh 

Fig.41.16 Cystic hygroma 

Lumps in the head and neck including salivary caieuli 

of better or,,1 hygiene and denta l care. Actinomycosis 
also occurs in the ilco-caecal area, gaining access from an 
appendiceal perfor.1t ion. Actinomycosis is now most often 
encountered in the pel vis as a complication of an intra
uterine contraceptive device, although this remains rare. 

(a) ThIS man of 23 had been born with a swelling under hIS left Jaw Ifo.I!1lCh had not changed over recent years. The scar of a partl(ll eX(ISIOfl IS 
VISIble. (b) Oral VIe'N of tile same patient showlllg tile haemanglo-Iymphangloma extends Into tile base of the tongue. 1t bleeds from time to time 
With minor trauma and this may have led him to neglect his teeth 0Yef the years. 
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DISORDERS OF THE ORAL CAVITY (EXCLUDING SALIVARY CALCULI) 

The main disorders of the oral cavity are dental caries 
(decay) and its sequelae, inflammations of the gums and 
supporting bone (periodontal disease), tumours and 
premalignant conditions of the oral mucosa (leukoplakia 
and squamous C"T"Cinoma) and disorders of the accessory 
saliva ry glands such as retention cysts. Disorders of the 
main 5<11i v<lry glands are covered in Chapter 41. 111C main 
symptoms and signs of oral disease arc summarised in 
Box 42.1. 

DENTAL CARIES 

PATHOPHYSIOLOGY AND CLINICAL FEATURES 

Dental caries (dental d ecay) is one of the most common 
b.1.cterial disorders in developed countries. The process 
begins \vhen the protective enamel surface of the tooth is 
breached by the dcmineralising action of lactic acid. This 
is generated by commensal oral bacteria as a by-product 
of carbohydr.,te metabolism, particularly of refined 
sugar products. The most vu lnerable sites for decay arc 
the areas just below the contact points of adjacent tooth 
crowns and the deep pits and fissures on the biting 
(ocd uS.:1.l) su rface of molars and premolars. These sites 
are inaccessible to the natural oral cleansing mechanisms 
and to tooth brushing. 

Once the enamel is breached, proteolytic bacteria gain 
entry to the less densely ca lcified dentine beneath and 
cause its progressive destruction. The enamel remains 
intact until the supporting dentine is grossly undermined 
and the c[wmcJ fractures. Thus, dental caries may be well 

advanced before it is viSible, even wi th a dent,11 mirror 
and probe, and may only be detectable on X-ray. In the 
meantime, the decay process is asymptomatic until close 
enough to the dental pulp to cause chemical inflammation 
and, eventually, b.1cteri<l1 invasion. The usual pathological 
process and corrt'Sponding symptoms are outlined in 
Figure 42.1. 

KEY POINTS 

Box 42.1 Symptoms and signs of oral disease and 
their main causes 
Pain-dental caries and its sequelae, acute gingival 
inflammation such as pericoronitis and Vincent's 
infection (acute ulcerative gingivitis) 
Bleeding--<hronic gingival inflammation 
Halitosis-dental caries and chronic periodontal disease 
White lesions--epithelial dysplasia (leukoplakia), lichen 
planus and candidal infection 
Oral ulceration-aphthous ulcers, squamous carcinoma, 
retained tooth roots, chronic tooth or denture trauma, 
and rare epidermal disorders (e.g. Ikhen planus or 
Beh~et's syndrome) 
Discharging sinuses-periapical tooth abscess ('gum 
boil') 

Bony lumps in the jaws-fibrous dysplasia, tumours, 
cysts, ectopic teeth 
Salivary glands and duct-related lumps-retention cysts, 
submandibular duct stones, tumours 
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Disorders of the mouth -c: 

PATHOPHYSIOLOGY 

1 Localised destruction 01 
enamel by acid produced 
by bacterial metabolism of 
(refined) carbohydrates 

2 Progressive baelerial 
invasion and destruelion 
01 underlying dentine 

:1 Mild inflammation 01 the 
underlying dental pulp In 
response to toxic procluels 
diffusing Irom carious 
dentine, Le, pulpit is 

4 Saeleriat invasion of 
dental pulp causing 
severe pulpills 

5 Necrosis 01 denIal pulp 
(otten sudden) 

6 Inflammation 01 penaptcal 
area and formation 01 a 
periapical (dental) 
abscess 

7 A Spontaneous drainage 
of abscess into mouth 
through supporling 
alveolar bone or through 
pulp canal 

" 
7 B Chronic periapical 

abscess formation with 
Increasing bone resorption 

Lower molar teeth In saggital 
"""ion 

~ 

• 1: 

... 

A 

A 

, 
B 

Molar tooth in coronal section 

SYMPTOMS 

Asymptomatic 

AsymptomatIC 

Tooth abnormally sensitive 
\0 temperature changes, 
especially cdd, and sweet 
Iood, 

Constant dull aching pain 

Increased sensillvlty to 
heat 

Pulpitlc pain resolves 

Dull aching pain: tooth 
sensitjve to pressure and 
percussion; increasing 
pain and localised swelling 

Pain and swelling resolve: 
'gum·boil' may appear and 
discharge Intermittently 

Occasional bouts 01 aching 
pain in jaw 

Fig. 42.1 Pathophysiology and 
symptoms of dental (aries and its 
sequelae. 

Once the pulp is exposed inflammation and b.lctcrial 
invasion usua lly destroy the dental pulp and then spread 
to the periapical region where an abscess develops. This 
causes painful oral and facial swelli ng, and if untreated, 
eventually drains into the mouth or occasionally onto 
the (,lce (Fig. 42.2). However, si nce the initiating cause 
remains, a chronic abscess will develop find flare up from 
time to time or con tinue with a persistent discharge. 

before rarer diagn()S(.'S arc ilccepted. OveraU, however, a 
su rprising amount of dental ca ries, even with periapical 
infection, is asymptomatic. 

The pain of denta l caries is usually well localised and 
recognised as a 'toothache' by the patient. Dental pain 
may, however, be poorly loc<1lised and cause non-specific 
facial pilin. Dentill ca ries should illways be considered 

MANAGEMENT OF DENTAL CARIES 

Provided the dentill pulp has not been invaded by 
infection (i.e. become 'exposed'), a dentist can usually 
remove the C<1fious enamel and dentine and restor(' it 
(Fig. 42.3) with a lining of si lver amalgam, synthetic resin 
or gold. This is usually plilced over il sedative and insu
lating lining. Once bilcteria hilve invaded the pulp, this 
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necrotic tissue must be removed by endodontic treat
menl, and thc pulp cavity fiUed; this is known as 'root 
filling'. In this way, the tooth can often be 5.1Veci. 

MANAGEMENT OF DENTAL ABSCESSES 

A periapical abscess is the most common presentation of 
caries seen by the general medical practitioner or casualty 
officer. Primary treatment, as for other abscesses, is drainage 
of pus. Extracti ng the offending tooth is the most 

Fig . 42.2 Denta l abscess point ing on the face 
ThiS young man presented to his doctor with an obVIOUS abscess on 
the face; he was unaware that It arose from a tooth affected by 
dental caries. The abscess had to be drained externally and the tooth 
removed The swel lrng then rapidly sett led 

Fig.42 .3 Denta l restora tions and root fillings 

effective method, but if there is a chance of preserving 
the tooth, the abscess can be drained via the root canal 
after drilling into the tooth. Wherever possible, patients 
with periapical abscesses shou ld be referred to a dentist 
for treatment. 

L.1rge acute abscesses which are 'pointing' can be 
drained by incising the oral mucosa at the site of greatest 
fluctuation. Oral or intramuscu lar penicillin should be 
prescribed if there is spreading infection. Without 
swelling and other signs of an acu te abscess, antibiotics 
have no part in the management of toothache. A denta l 
abscess occaSionally presents on the face (Fig. 42.3) but 
will usually settle with extraction of the offending 
tooth. Dental abscesses are very rarely complicated by 
osteomyelitis. 

TOOTH EXTRACTION AND POST-EXTRACTION 
PROBLEMS 

Medical practitioners are rarely required to extract teeth 
except in geographically isolated places. Caries prevention 
and modern restorative and endodontic techniques have 
made the need for extraction much less common. Patients, 
however, often attend family practitioners or accident 
and emergency dep.1rtments fo llowing tooth extraction 
or surgical tooth removal, with problems of bleeding. 
",lin and swelling. These problems are described below. 

Bleeding tooth socke t 

A small amount of blood mixed with saliva may appear 
to be a severe haemorrhage. The extraction site should 
be inspected for evidence of arterial bleeding, which 
produces blood clots in the mouth. The normal extraction 
socket should be filled with firm clot but there may be an 

ThiS oral pantomograph (OPG) film shows silver amalgam restorations for car ies in posterior teeth (shown as white radiopacities) and synthetl( 
resrn restorations in fron t teeth (shown as re lative radiolucenCies In the upper Incisors) In addition, the upper left f irst molar and the lower rrght 
first molar (arrowed) have radiopaque root canal f il lings, necessitated by dental canes rnvadrng the pulp 
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ooze from the gingival margin. This is made worse if the 
anxioliS patient continually disturbs the clot by rinsing 
the mouth or 'exploring' the socket with the tongue. Aspirin 
as an analgesic may also promote bleeding by interfering 
with platelet activity. 

Oozing or minor bleeding is easily controlled by the 
patient biting on a small dry pack such as a fo lded gauze 
swab. Pressure shou ld be maintained for 10--15 minutes. 
More persistent bleeding is usually controlled by inserting 
several sutures through the gingival margins across the 
socket, partiCllly closing the defect. This is illustrated in 
Figure 42.4. Afterwards, the patient should bite upon a 
small dry gauze pad. Suturing is performed under local 
anaesthesia, a sffi(lll amount of which is infiltrated into 
the gingiva 011 each side of the socket. Absorbable poly~ 
glactin or catgut sutures are preferred as they do not 
leave irritating sharp ends. Absorbable sutures dissolve 
in 5-10 days. 

If bleeding continues after these simple measures, the 
patient should be invcstigated for a coagulation or platelet 
abnormality. 

Pain after tooth extraction 

Forceps extraction or surgical tooth removal may lead 10 
a great deal of pain soon afterwards. Removal of lower 
molM teeth may cause trismus (masseteric spasm) making 
~"lW movemenls painful and restricted. If there is no s ign 
of infection, trealment is with analgesia, not antibiotics. 
Pain appearing several days after extraction is usually 
due to a superficial osteitis of exposed bone within the 
socket caused by failure of the socket to fill with organised 
clot. This condition, known as dry socket, is intensely 
painful ilnd requirL'S dental treatment. Antibiotic ther,lpy 
is not helpful. 

Swe lling after tooth extraction 

Soft tissue swelling is not common after tooth extraction 
with the exception of surgically removed lower third 

Fig. 42.4 Suture t echnique for bleeding tooth socket. 
·Flgure of eight' suture occludes bleeding gum edge on alveolar bone 
Patient should bite for at least 10 minutes on a folded swab after 
suture to ern:ourage clotting 

Disorders of the mouth 

molars ('wisdom teeth'). Extraction of these teeth often 
causes marked swelling arou nd the angle of the mandible, 
with trismus ilnd p.lin. This swelling represents a normal 
inflammatory response and some interstitial haemor
rhage rather thiln infection. The swelling subsides within 
a week or so posloperatively and again does not warrant 
antibiotic therapy. 

INFLAMMATION OF THE PERIODONTAL 
TISSUES 

GINGIVITIS AND PERIODONTITIS 

Teeth are embedded in bony alveolar ridges in both upper 
<lnd lower jaws. A thin layer of cementum (a bone-like 
material) on the root surface is jOined to the bone of the 
socket by a tough collagenous tissue known as periodonlal 
membrane or ligament. The oral mucosa is bound to the 
alveolar bone (the gingiva or gums) and normally forms 
a tight cuff Mound the tooth neck, protecting alveolar 
bone from bacteria and foreign material. A potential 
space between the gingival cuff and the enamel of the 
crown, known as the gingival crevice extends down to 
the cemento-enamel junction. At the free margin of the 
gingiva, the tough stratified oral epithelium becomes a 
thin vulnerable layer lining Ihe gingival crevice. 

If oral hygiene is inildequate, commensal bacteria 
colonise the gingival margin and form a white gelatinous 
plaque on the enamel (Fig. 42.5). If allowed to persist, 
plaque becomes adherent to the tooth surface and becomes 
mineralised. This is known as ca lculus, and cannot be 
removt.'<I by tooth bmshing. Bacterial toxins then cause 
inOammation of the gingiva, known as marginal 
ging ivitis. This appears as swelling and redness of the 
gums and slight bleeding during tooth brushing. 

As seen in Figure 42.6, gingivitis causes eversion of the 
gingival margin. This encourages more bacterial plaque 
ilnd calculus to form in the gingival crevice and also 
rt.'Sults in greater gingival trauma from food. These both 
lead to more extensive gingival inOammation. 

If untreated, inflammation gradually extends to involve 
the deeper supporting tissues. This causes progressive 
resorption of alveolar bone and destmction of the 
periodontal membrane, known as periodontitis. By this 
stage, the gingiva is thickcnL'CI and inflamed with a 
pumlen! discharge from the gums. This explains the old 
term 'pyorrhoea'. Despite this, the patient is remilrkilbly 
pain free, although halitosis is obvious to others! 

As pcriodont'll inflammation progresses, more alveolar 
bone is dL'Stroycd and the gums recede. The root-surface 
becomes exposed to view, giving rise to the expression 
'long in the tooth', once thought to be inevitable with 
advancing age. Teeth become increasingly mobile until 
they fallout or C,l n be extracted with the fingers! 
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(8) Normal gingiva (b) Marginal gingivitis 

(e) Moderate gingivitis (d) Periodontitis 

Fig. 42.S Pathogenesis of periodontal disease 
(a) Healthy Pink. gingIVa forming tight cull around base of crown 
(b) Plaque accumulates around glllgtval margms_ TOXins are produced 
by bacteria causing marginal mflammation; marginal gingIVa becomes 
red, slightly swollen and bleeds eaSIly. (c) More severe gingIVal 
mflammatlOn: loss of light prOtective (uff of glllglVa allows 
accumulation of bactellal plaque and cakulus in gingIVal crevlCe_ 
(d) The inflammation Involves the supporting atveolar borl(' which is 
progressIVely resorbed so that adequate tooth support is eventuolly lost 

An ncutc periodontal abscess may develop at some 
point. On the whole, however, periodontal disease is an 
insidious process commencing in early adulthood, but it 
is almost cntirely preventable. In adults, periodontitis 
(not dentnl decay, as is commonly supposed) is responsible 
fo r most lost teeth. The dL'Stnlction of alveolar bone makes 
il difficult to constru ct satis factory dentures for many of 
these patients, for lack of n retaining Cllveolar ridge. 

Management of gingivitis and periodontitis 

Gingivitis i1nd periodontitis is almost entirely preventable 
by thorough and regular tooth brushing and use of dental 
noss, plus periodic dental scaling to remove inaccessible 
plaque and calculus. 

Initial dent.ll scaling, and careful oral hygiene instmctlon 
and supervis ion will cure gingivitis, which is a reversible 
condition. During the early stages of improved oral hygiene, 
bleeding will increase through brushing innamed tissues. 
This soon subsides unless further periodontal treatment 
is need ed. 

Periodontit is nlso rcquiJ'L>S meticulous oral hygiene 
once the leeth ha ve lx'Cn thoroughly cleaned of plaque 
and calculus. Lost bone is never replaced, however, and 
the gingival contour rern"ins "bnorm,,!, making effedi\"(' 

Fig. 42 .6 Gingivitis and periodontitis 
(a) Normal healthy gmgl' .. ae. (b) Chronic ginglvrt~ shoWing 
accumulated plaque and calculus around the gingival margins. AI thiS 
stage, there has been no alveolar bone destruction and the 
Inflammatory process is potentially reversible, M any of these teeth 
had to be e~tracled because of ramp:ant canes 

ora1 hygiene difficult. Surgical recontouring of the gingiva 
and und erlying bone (gingivoplasty) may sometimtc'S be 
appropriate. It must be emphaSised that antibiotics play no 
pmt in the treatment of chronic gingivitis and periodontitis. 
Antibiotics may, however, be useful for acute gingival 
conditions such as pericoronitis and Vincent's infection 
(acute ulcerilti ve gingivitis), described below. 

PERICORONITIS 

This cond ition occurs when a lower third molar (wisdom 
tooth) is impilcted ag.lins t the second molar or the ramus 
of the mandible so that its nonnal eruption into the 
mouth is prevented (see Fig. 42.7). A flap of gingival 
tissue pi1rtly overlies the impacted tooth, creating a 
spilce around the buried tooth crown. Food and bacteriill 
plaque collect here and lead to acute infection, which 
may extend into surrounding tissues, and even into the 
p<lr<lph<lrynge<ll area. 

(, ) 
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Fig. 42.7 Impacted lowe r third mola rs and pericoronitis 
ThIS OPG radiograph of a 16-year-old girl shows the whole Iower;aw 
'opened out' Both lower third molars M are seen to be angled 
towarck the second molars and Impacted against them The rool$ iI'e 
nol fully formed and there IS I,ule chance of these teeth erupting 
normally These were an IrKidental finding, the X-r<lYS having been 
taken to demonstrate a fracture of the ned. of the leI! mandibular 
condyle C 

The patient complains of severe, poorly locali~d pain 
ncar the angle of the mandible. Pain is aggravated by 
dosing the ~lW bcciluse the opposing tooth bites on the 
swollen gingivtll flnp. On examination, the pericorol1<11 
tissues of the affected tooth are red and swollen with a 
purulent discharge exuding frOIll beneath the gingival 
flap. Oml examin.ltiol1 may be difficult be<ausc of trismus. 
Externally, the submandibular lymph nodes <Ire enlarged 
and tender. 

Mana gem ent of pe ricoronitis 

Pericoronitis is a cellulitis with incipient abscess formation. 
It is caused by a mixture of organisms which are usually 
~nsitive to penicillin. It is treated locally by irrigating 
beneath the flap with hydrogen peroxide and the patient 
is advised to rinse the mouth several times daily with 
waml salty water. R.1pid ~lid can be obtained by removing 
the upper wisdom tooth which impinges on the f11P 
over the lower wisdom tooth. Oral penicillin is required 
if the patient is systemica lly unwell. Once the acute 
infection is over, the lower wisdom tooth may need to be 
removed surgically, C'SJX>cin lly if attncks are recurrent. 

Disorders of the mouth 

ACUTE ULCERATIVE GINGIVtTIS (VINCENT'S INFECTION) c 

This is an acute inflammatory condition with necrolising ~ 
ulceration of the gingi".11 margin. It is caused by a mixture 
of Gram-neg.1tive organisms, which are normal oral 
commensals. The most prominent baden.1 are FllsobacfL'riulII 
fusiformis, Borrt'lin l'illcellti and Bacteroides me/allillogen;CIIs. 
Acute ulccraJive gingivitis most commonly occurs in young 
adults who 'burn the candle at both ends' and become 
generally run down. Poor oral hygiene, pericoronitis and 
smoking may contribute. Acute ulcerative gingivitis is now 
uncommon, but was widespread among soldiers in the 
First World War when it gained the name 'trench mouth'. 

There is nn nbrupt onset of gingival pain and bleeding, 
accompanied by a foul, often metallic taste ilnd marked 
halitosis. Cervical lymph nodes are L'nlarged and tender, 
and there may be fever, 11lniaiSl:' nnd anorexia. Oral 
examina tion reveals characteristic ragged, punched-out 
ulceration of the gingiv.ll margin, t.'Specially between the 
teeth (see Fig. 42.8). Ulceration elsewhere in the mouth is 
rare, except in severe cases where the pharyngeal mucos.1 
Ix'Comcs inflamed and ulcerated (Vincent's angina). Acute 
ulcerath'e gingivitis is easily distinguished from herpetic 
gingivostomatitis, the other acute ulcerative condition 
with systemic symptoms, as the former is confined to the 
gingival margin, whereas herpetic ulcers are scattered all 
over the oral mucosa. 

Ma na gement of acute ulcerative gingivitis 

Vincent's infection rapidly responds to metronidazole 
tablets, usually with full recovery of gingival morphology; 
penicillin is nlso effective. Tooth brushing is extremely 
painful during an attack and the mouth should be 
frequently rinsed with warm water or weak hydrogen 

Fig. 42.8 Acute ulce rative g ingivi tis 
ThiS Sh0W5 the typical appearance of olcute uicerolllVe gingIVItis 
(Vlntent's infection); there IS ukeratlon of the whote gingival margin 
Wi th destruction of the Interdental Pdpiliole, giving ol ragged but 
almost straight gum margin comPdre thiS with Fig 426(b). s' 
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peroxide to keep it clean. Afterwards, careful attention to 
oral hygiene will usually prevent recurrence. 

EPULIS 

An epulis is a benign, localisro gingival swelling. Two 
types <Ire recognised: fibrous epulis and giant celt epulis. 

The fibrous epulis is si mply <I benign fibrous tissue 
tumour <lrising from the periodontal membrane or nearby 
periosteum. It forms a smooth, firm, slowly growing lump, 

Fig . 42.9 Lumps and bumps around the mouth 

covered with normal gingiva. A fibrous epulis usually 
emerges between h"o teeth, which may be slightly pushed 
<lpart by pressure. Treatment is by local excision with 
curettage of the origin. Otherwise, the lesion may !\'CUr. 

The giant cell epu lis arises in a similar location but 
grows much faster. It fo rms an irregular red neshy m.1SS 
which ulcerates and bleeds. The lesion consists of numerous 
gi,l nt cells in a high ly vascular stroma, which may invade 
local bone. Treatment involves extracting associated teeth 
and excising and curetting bone. This is the only way to 
avoid recu rrence. 

(oj 

(a) Fibrous epulis. Thr.; can be ~n to be moving the nearby tooth out of alignment (b) Giant cell epulis. Both of Ihese are In typical Interdental 
location The fibrous epulis IS Ihe same colour as the gum, while the glilnt cell epulis IS a deeper red (e) Fibroepithehal polyp Inside cheel::: These 
lesfOns are common and are probably illl\ldted by mmOl bltmg trauma to the cheel::: or hp They are often Inadvertently chewed upon and 
gradually become larger. EXCISion is usually straightforward (d) PyogenIC granuloma of the longue. These are probably init iated by injUry and 

566 mamtamed by an e~cesslVe heal1l1g response_ They can occur on the gum or anywhere else in the mouth 

(dJ 



I>yogc ni c granulomas may occur on the gums or oral 
mUC<>S.1 of the lips. They have a similar appearance to 
pyogenic granulomas of the skin (see Ch. 40). 

TUMOURS OF THE ORAL MUCOSA 

PATHOPHYSIOLOGY AND AETIOLOGY 

The whole oral cavity includi ng the tongue is invested by 
stratified squamous epithelium. Squamous cell carcinom.1S 
of the mou th account fo r about 3% of all ffi.1lignancies. 
Like their counterparts on the skin, squamous carcinom,ls 
in the mouth usua lly occur in older patients. Men Me 

affected twice as often as women. 
Smoking is the usua l cause in developed coun tries. 

Pipe and cigar smokers appear to be at greatest risk. The 
tongue and lower lip arc the common si tes of oral cancer, 

Disorders of the mouth 

each accounting for about 25% of cases. Chronic irritation 
by ill-filling dentun..>s, ~1gged tooth restorations or alcohol 
abuse may contribute to the aetiology. 

In India, Sri L1 nk...1 and Papua New Guinea and other 
countries the habit of chewing a smaU pack.:"Ige of betel 
leaf, tobacco and li me causes a very high incidence of 
carci noma of Ihe buccal mUC<>S.1. 

Leukoplakia is a premalignant dysplastic condition 
found in 50% of p..1tients with oral carcinoma. 

CLINICAL FEATURES OF ORAL CANCER 

Ora l cancer usually presents as a chronic indurated ulcer, 
which slowly enlarges and fails to heal (Fig. 42.lOb 
and C). An ea rly lesion may present as a non-ulcerated 
mucos."I1 swelling. Lesions are usually painless, unless 
they become secondarily infL>cled, although ad vanced 

........... Ibl 

Fig. 42.10 Premalignant and malignant conditions of the mouth 
(a) leukoplilkia under longue (b) Ulcerating SQUilffiOUS cell carclnOO1a (SeC) of the cheek (e) Ulcerating SCC 01 the tongue_ (d) Squamous cell 
carClnorna of the lip ThiS man of 60 had smoked a pipe most of hl5life. He tended \0 keep the pipe constantly in his mouth whilst he worked He 
presented w l\h a non-healing ulcer of the lip. proven to be a well d flerent iated SCC on blop~y. A wedge resection of the lip was performed and 
produced a cure 

c 
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lesions may cause pain as Ihey invade deeply. Carcinoma 
of the tongue, (or exa mple, may cause pain referred to 
the car or pharynx. 

Oral squamous carcinomas are generally well differ
entiated. TIley invade locally but metastasise to sub-
mandibular and ccrvica llymph nodes only at a late stage. 
Spreadi ng tumours of the posterior noor of mouth and 
tongue interfere with speech, mastic.'tion and swallowing. 
These are particularly distressing symptoms. 

MANAGEMENT OF ORAL CANCER 

A chronic oral ulcer which fails to heal after possible 
.lggravating factors have 1x'C1l removed (such as ill-fitting 
dentures), shou ld undergo incision biopsy to exclude 
cancer. 

Oral ca ncel'S are excised with a margin of nomlal tissue. 
This may not be poSSible anatomic.,lly or cosmetica lly 
and often nL'Cessit,lIes a ma;or reconstructive surgical 
operation. Involved region.,1 lymph nodes are removed 
by block diSSe<'lion. 

If excision b. impractical. most of these tumours respond 
to radiotherilpy. l1lis may employ extemaJ beam treatment 
or radioactive implants. A di ... ,dvantage of radiotherapy, 
however, is Ihilt it damages s"livary glands resulting in 

xerostomia (dry mouth). Apart from the discomfort, this 
predisposes to s,llivary gland inft.'Ction. 

Carcinoma of the lip has the best prognosis. The 5-year 
SUrviV.ll rate is over 6Oc:t- , but for tumours of the tongue 
and noor of the mouth, this falls to only about 25~. 

LEUKOPLAKIA 

Leukoplakia means 'white plaque', and the term is used 
to describe white patches on the oral mucos.l which 
cannot readily be scr.lped off (SL"'C Fig. -\2.10a). This 
distinguishes them from candidal infections. White 
p!ilqUCS may be ca u~cd by or.,! lichen planus or lupus 
erythematosus, but the ma in importance of leukoplakia 
is that it may reprt'SCnt epithelial dysplasia or even 
ca rcinoma-i n-situ. 

TIle cheeks and tongue are most often affected, although 
dy~plastic piltcht.>s mny develop anywhere in the oral 
mUCDS.l. An innocent white line is often seen along the 
inside of the cheek; this corresponds to the line of biting 
SUrfil«."S of the tccth and is caused by frictional hyperplasia. 

5('vere or extensive leukoplakia should be refern...>d for 
specialist ora l surgicill opinion and biopsy. Areas of 
severe dysplasia n..'quire SUrgiC.l l removal, which may 
necessitate grafting. 

MISCELLANEOUS DISORDERS CAUSING INTRAORAL SWELLING 

RETENTION CYSTS OF THE ACCESSORY 
SALIVARY GLANDS 

The oral mUCQS.l contains numerous accessory mucous 
and SCrollS sn1ivilfY gla nds. Small retention cysts probably 
develop as il resu lt of minor !riluma to the duct. Most 
retention cysts are smaller than 1 em in diameter. They 
commonly occur in the lower lip mucosa where they 
Ciluse annoyana' ilnd nre readily traumatised during speech 
or chewing. Retention cysts arc blue--grey and arc extremely 
soft to palpation. They often rupture spontalU.'Ously but 
usually reform. Small retention cysts can usually be 
completely enucleated under local anaestht.'Sia; larger 
ones may need marsupialis.'1tion. 

TUMOURS OF ACCESSORY SALIVARY 
GLANDS 

Tumours occasionally arise in the accessory s,llivary 
glands. These arc often malign.,nt adenocystic carcinomas. 
They prt'Sent as small, firm lumps in the oral mucosa or 
posterior palilte, and are oflt:!n noticed before invading 
deeply or metastasising. Treatment is by wide excision. 

BONY EXOSTOSES 

LOC,ll outgrowths of Ihe ~lW bones are common and may 
produce an intrilorililump. To the uninitiated doctor, this 
may Ix! suspicious of nooplasia. The most com mon site is 
the centre of the hard p<,late, where it is known as a 
lorus palatinus. A simila r exostosis, usually bilateral, 
occurs inside the mandible, opposite the premolar teeth 
(torus mandibularis). 

These lesions arc extremely hard and covered by 
norm"l oral mUCos,l. Excision is rarely needed unless 
there arc problems in wearing a removable denture. 

CYSTS AND TUMOURS OF THE JAWS 

V,lrious cystic lcsion~ and tumours arise in the ~lWS. 
Many are abnorm,,\itil.'S of looth-forming epithelium, 
either developmental or acquired. Most are rare and can 
usually be diagnosed radiologically. The jaws are 
occasionally the sill.' of benign or malignant bone tumours, 
as found elsewhere. Examples are osteosarcomas and 
ostcoclastomas. 

Growth disorders of bone such iilS fibrous dysplasi" 
and Paget's disease of bone may also affect the ~,\V. 
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Fig. 42.1' Dental cyst and dentigerous cyst 
(a) large dental cyst In the mandible. This arose from tooth-forming epithel ial remnants In the apICal area of the lower left second premolar tooth 
which was extracted several months beforehand due to chronIC penapical mfe<;tlon (b) Dentigerous cyst associa ted With the nown of an 
unerupted lower third molar These cysts Originate from epithelial remnants of the tooth bud 

(b) 

( 
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INTRODUCTION 

Patients with disorders of the thyroid gland usually pre
sent to the surgeon with a nl<1SS in the neck. Occ.lsiona lly 
p..llicnts Me referred with hyperthyroidism where medical 
trcillmcnl has faikxt or radiOisotopic treatment is un
suitilblc. If there is a thyroid milSS, ma ligna ncy may be 
s lIspt.'Clcd or the mass may be musing pressure symptoms 
or cosmetic deformity. There may be a discrete thyroid 
lump or the whole gland may be enlarged (goitre). In 
m~t cases, the patient is clinically euthyroid (i.e. with 
normal thyroid hormone activity) and biochemical tests 

DISORDERS OF THE THYROID 

Diseases of the thyroid ca n be divided into four broad 
p.lthological ca tl'goril'''; 

• Developmental abnormalities 
• Inflammatory and au toimmune disorders 
• Ilyperplas tic and met .. bolic disorders 
• Neoplasms 

The main p.lthophy::.iologic'll and clinical features are 
summa ri '>Cd in T,lblc 41.1, excepl for thyroid m.ll ignancy 
which is summari!>Cd in T.lble 43.2 later. 

MAIN CLINICAL PRESENTATIONS OF THYROID 

DISEASE IN SURGICAL PRAOICE 

Diffuse or gene ralised enlargement o f t he thyroid 

The term goi tre i .. often ul:>C(l to describe any genera lised 

of thyroid function arc normal. In contrast, the second 
group of p.1bents have usu.llly been investigated and 
found to be hyperthyroid . They are then referred for 
thyroidectomy after uns.l tis factory 'medical' treatment. 

POlrathyroid disorders usually reach the surgeon be
cause of hyperca lcaemi a ca used by excess parathormone 
secretion. This ca n only be suOC('SSfully treated by surgica l 
removal of the cause which is usually parathyroid aden
oma or, less common ly, hyperplasia and, very rarely, 
carcinoma. 

enlargement of the thyroid but it is descripuvely and 
p.lthologic,llly imprecise. Most la rge generalised thyroid 
swellings <;een in developed countries are caused by 
simple, non-toxic colloid go ilre, i.e. idiopathic diffuse 
hyperplasia or multinodular hyperplasia. Multinodular 
goitn'S uo;ually develop from smooth d iffuse goitres over 
a period of years. 

Where the condition is l'IIdf'mic (often in isaiah. xl, 
mountai nous ,1I1d underdeveloped regions such ,1S 
Nepal), iodine deficiency is the usual cause, though this 
is less common now that iodine is added to the diet. 
These goiln'S arc often asymmetrical and soft to p.ll
pation. They arc compost.'C1 of many large hyperplastic 
poduk-s and can reach enormous si£cs (S(:.'(' Fig. 43. 1.1). 
Although unsightly, endemic goitres causc surprisi ngly 
few symptoms and the patient is u::.ually euthyroid. 
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Table 43.1 Benign diseues of the thyroid ( 

Condition Pathophysiology Clinical features • 
(rel.1/111e frequency In 

developed counmes) 

,. Developmental abnormalities 

• Thyroglossal cyst Cyst formation anywhere along the midline Smooth. rounded swelling 111 mldhne of 
(uncommon) thyroglossal tract. This marl:s the lille of neck anywhere between the submental 

, embryological descent of the thyrOid from area and ISthmus of thyroid Uwally fouJld 

r 
the forameo caecum via the hYOid bone to In children aJld young adults 
the normal position in the neel: 

b Thyroglossal fistula InCl~!On II1tO or II1complete removal of a FIStulous (or sinus) opening near midline 
(rare) thyroglossal cyst car cause a fistula of necl:. IntNmlttently dischar~ clear 

flUid or become-; Infected and discharge-; 
po. 

(. Ectopic thyrOid Part or all of the thyrOid lying anywhere Usually symptomless but may present as 
(common) along the thyroglos!alltact an unusual swelling near foramen caecum 

al Junction of anterior two-thirds and 
posterIOr third of tongue 

2. Inflammatory and 
autoimmune disorders 

• Hashlmoto'5 thyrOiditiS Diffuse lymphocytIC InfiltratlOf1 of thyroid Presents In adulthood With mild, diffuse, 
(common) gland With progresslX' destruction of sometimes tender thyrOid enlargement 

thyroid follicles. Over a perIOd of years, Often the thyroid IS not enlarged. Pa\lef1t 
leads to progresSIve atrophy and flblosis lISUally euthyroid or hyperthyrOId at outset. 
Various antithyroid antibodies usually but \ateC" becomes hypothyrOld Affects 
present In plasma in high tltres PolygenIC females mlKh more frequently than males 
Inherited disorder Wlkh may be associated 
with other autolmroone d~rders e.g 
pernlClOU~ an<lemlil. Focal lymphocytIC 
thyfOlditis is probably a milder varlilnt of 
the same condition 

b Graves' disease Diffuse thyroid h~rpl3Sla due to the Diffuse thyroid enlargement, sometimes 
(fairly common) actIOn of a Clrcula tmg Immunoglobulin With a bruit, but main feature is marked 

'long·actll1g thyrOid stimulator" (LATS) hyperthyroidism (thyrotoxICOSIS) causll1g 
This bll1ds to thyroid aCinar cells mlmld,lng weight loss, heat II1tolerance, tachycardia, 
the effects of T5H a'ld producing excess hyper'reflexla, tremor and sometimes 
thyroid hormone exophthalmos 

, De Quervatn's acute thyroiditis Diffuse inflammation of thyrOid gland, Very tender, diffuse moderate thyroid 
(uncommon) probably Viral In origin. Neutrophilic and enlargement, w ith or without systemIC 

later lymphocytIC ard hi!>liocyt ic Infiltration symptoms, Episodes last WE"eks to months 
of gland oc(urs and are often recurrenl. Patient usually 

euthyrOid but may be hyperthyroid in 
acute phase 

d Rtedl'51hyroidltls Dense fibrOSIS of thyrOid gland Possibly an Extremely hard ('woody goitre') often 
(lief)" rare) autoimmune proce<...s asymmetncal thyroid mass SUSPICIOUS of 

tumour Sometimes prodlKes symptoms 
of compressIOn 

,. Hyperplastic and metabolic 
disorders 

• Simple non· toxIC collOid goitre Benign, diffuse Of multloodular hyperplasia Diffuse or sporadIC mullirlodular thyroid 
(~(ommon) of thyrOtd follicles. Cause IS unknown but enlargement or Single 'adenomatous' 

possibly mmor abnormality of thyrOid nodule or cyst. Patient clll1kally euthyroid 
hormooe synthesis and aillhyroid function tests normal 

Affects females mlKh more than males 

b EndemIC gOitre Diffuse hyperplasia of thyroid follICles Di ffuse, often masswe thyroid enlargement 
(very rafe In UK) due to dietary Iodine defiCiency or whICh may later become nodular T4 IS low 

gOItrogenic fooc!s. Endemic In Inland, or normal and T5H tends to be elevated 
developll1g countries, especially In 
mountamous areas 5 
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Table 43.1 Continued 

Condition 
(relative frequency in 
devPIoped cOtJntfles) 

c. Drug Induced gOItre 
(uncommon) 

d Dyshormonogenests 
(I'I?ry uncommon) 

e PhYSiological 
(common) 

Pathophysiology 

Diffuse thyroid hYp€'rpiasla secondary to 
interference WIth thyfOd Ilormone synthesis 
Drugs causing this <Ire antithyroid drugs 
used in ther<lPY (e.g CirblrTldZole) or others 
like lithium and amlnoqlutethlmlde 

Diffuse thyroid hyp€'rpla!oia caused by a 
variety of uncommon genet/( (recessIVe) 
defects affecting thyroid hormone synthesis 

Diffuse thyroid hyperplasia oll(>n assoCiated 
With pregnancy and p!.berty 

Table 43.2 Malignant diseases of the thyroid 

MALIGNANT DISEASES OF THE THYROID 

Condition 
(reJafrve frequency In 

developed countnes) 

Adenocarcinomas 
a Papillary carcmoma 

(f(*t~ common - two thIrds of 
al/ thyroKi carclnOfflds and 90% 
In children) 

b FolliCular carcmoma 
(relatively uncommon) 

(. Anaplast ic carcmoma 
(relatively uncommon) 

d Medullary carcinoma 
(very uncommon) 

e, lymphoma 
(rare) 

Pathophysiology 

Papillary adenocarcinoma f()(ms a complex 
brarKhing structure WIth a fibrous stroma 
(papillary pattern) and pSdmmoma bodies. 
Variable degree of e¥~aSIa Commonly 
metilst.lSises to cervical nodes but dlstilnt 
metastases rare 

Tumour forms a well-developed follicular 
pattern reminiscent of normallhyrold 
Generally well different ated but metastasis 
is usually distant e.g IU1gs and bone 

Aggressive tumour rap idly spreading 
beyond the confines of the gland 

Well differentiated tumour derwed from 
parafollicular caicltonm·seCfetlng cells 
(C --cells). Tumour conl<,lI1S depoSits of 
amyloid 

Diffuse lymphoid Infiltration of thyrOid gland 

Cl inical features 

Dlffu!.e thyroid enl<lrgemenL Pattent usually 
euthyroid. Can be prevented by uSing 
replacement dose of T4 coocurrt'ntly WIth 
blocking drugs ('block and repl<lce') 

Presents at birth or In childhood WIth 
thyrOid enlilrgement <lnd severt' 
hypothyroidism (cretinism). In developed 
countries, these defects ilfe usuilily 
dlagr'losed at birth by neonatal screening 
tests before any goitre has developed 

M ild diffuse thyroid enlargemel'lt 
Patient euthyrOid 

Clinical features 

Slowly growing fum thylOld lump or 
cffi'lCallymph nodes or both, Occurs in 
adults and someumes children, 3F 1 M, 
Excellent prognosis even With local 
metastases - 90% survrval at 10 ye<lrs 

Similar presentation to papillilry carCinoma 
but does not Involve cervical nodes. Affects 
slightly older age group than papillary 
carcinoma, 3f 1 M 

Oilfuse, hard thyroid enlargement. often 
With symptoms 01 tracheal or recurrent 
laryngeal nerve Invol~ement Affects elderly 
patients Very poor prognOSIS 

Stony hard thyrOid lump. possibly With 
secondaries in cefVT(al nodes Often 
assoCiated WIth MEN It Poor prognosis 
Calcitonin in blood IS a tumour ffiilrker 

Diffuse thyrOid enlargement. Patient 
euthyroid Uwally occurs In H3Shimoto's 
d"",,,, 

Anapl aslic ca rci nomas may also cause fairly large 
thyroid swell ings in eldcrly P'Jtients (see Fig. 43.1b). There 
are usually sy mptoms of invas ion inlo nearby structures. 
These include hoarseness if there is recurrenl laryngeal 
Ilerve involvemcnt and s lridor, particularly at night, if 
there is trilcheat displilCetnClli or compression. The glilnd 
is hard on pillpation. The uncommon lymphomas of the 
thyroid also prescnt wilh diffuse thyroid enlargement. 

tn Craves' disease (primary hyperthyroidism) ther(' is 
usually il degree of smooth thyroid enlargement (see 
Fig. 43.1c), often increased by drug treatment. This is 
almost never the main pTL'Scllting feature, however. 
Simi larly, in Hashimoto's thyroidit is, the thyroid may be 
modcTillcly enlarged but firmer and finely nodular on 
palpat ion. 



'Solitary' thyroid nodule 

A common presentation of thyroid disease is a solitary 
thyroid nodule, (see Fig. 43.1d) an isolated lump within 
the thyroid, althoug h SO'll turn out to be p.:lrt of a multi
nodular goitre. These lumps ar<' not usually obvious and 
arc found incidentally by the p.:lti£'llt or the doctor. They 
may fi rst be noticed when the patient swallows. Only 
about 10'7. of true solitilry nodules are malignant hunours 
although this rises to about 40'7.- in patients who have 
undergone previous neck irradiation. Almost all nodules 

(0) 

Fig. 43.1 Examples of thyroid swellings 
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developing in the thyroid in childhood arc malignant. 
Fallout from the nuclear meltdown at Chcrnobyl produced 
a huge crop of thyroid ca ncers in irradiated children. 
Malignancy must be excluded by investigation, and fine 
needle aspiration cytology or needle COr<' biopsy is the 
most effecti ve method for doing so. 

An isolated k>sion is most commonly a nodule of 
idiop.:lthic hyperplasia which may be so discrete as to be 
dl..>scribed as a thyroid adenoma. Thyroid cysts are fairly 
common and fall within the spectrum of the pathological 
entity 'simplc or multinodular colloid goitrc' . 

'-~~~ ________ ..J (b) 

L_ ..... __________ (dl 

(a) EndemiC goitre. This coodltiOO, caused by IOdine defICIency. is e}tremely common In Isolated mountain regions. The thyroid can reach an 
enormo~ Size, yet the patient suffers only minimal ~ymploms and i'; u'>Ually euthyroid ThiS typical e~ample In a Nepalese man is only of moderate 
size by local standards! (b) Anaplastic carcinoma Rapidly enlarging hard thyrOId mass III an elderly woman; the mass was firm~ tethered 10 strap 
muscles and deeper structures_ (t) Solilary thyroid nodule. This asymptomatic nodule had been present lor several years It proved histologIcally to 
be a thyroid adenoma (d) longstanding mul tinodular goitre III a w::>man of 40 With a strong family history of thyrOid disorders. The thyroid is 
multinodular on palpation and on ul trasound. there are multiple mxlules of vaflous SIZes plus some small cysts_ Any change In a multmodular 
,,,'co m,y h,,,'d m,",,,",y 5: 
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As mcntioned earlier, an apparent solitary nodule may 
prove to be a focal accentua tion of a generalised thyroid 
enlargcmc nt s uch as s imple multinodula r hyperplasia 
(colloid goi tre) o r less o rten, Ilashimoto's thyroiditis. 

Other features associated with thyroid 
enlargement 

A new a rea of e nlargement in an exis ting goitre may 
be caused by hacmorrh,'ge into a cyst or nodule, a n 
enlarging hyperplastic nodule or a developing carcinoma . 
If the thyroid exte nds behind the sternum (sec Fig. 43.4 
below) into the onterior mediastinum, the trachea may 
be compJ\.'Sscd or displClced and cause s trido r. Strido r 
may only bt.."Come obvious w hen the neck is in certain 
positions, for example, sleeping on one side at night. 
I loa rscncss o r strido r may also result from invas ion by 
an al"'plastic carcinoma . 

Pain and tc ndenu.'SS arc uncommon presenting features 
in thyroid discase, but cha racterise the rMe infecti ve 
de Q uerva in's thyroiditis . Sometimes in Ilashimoto's 
thyro idi tis, the thyroid is p.linful and tende r. 

Hyperthyroidism 

Thl' clinical manifesta tions of hyperthyroidism are 
summa rised in Box 43. 1. Excessive thyroid ho rmone 
production is a feature of Cra ves' d isease, when it is 
often described as thyrotoxicosis. Mild hyperthyroidis m 
may a lso occur in the ea rly stages of Hashimoto's 
thyroidit is. A solitary hyperplastic (adenoma tous) nodule 
moy produce so much thyroid hormone that it ca uses 
hyperthyroidis m. This is known as a toxic or hot nodule. 
More often, the p.ltic nt is euthyroid but blood tests show 
the thyroid stimulating hormone is low, suppressed by 
the autonomous production of thyroid hormones by the 
nodule. 

Fig . 4).) Examination of the thyroid gland 

In g~nera l, thyroid adenoca rcinom..ls an' non-sccreting 
but very occasionally, a well-diffcrentiated carcinoma may 
C,lUse hyperthyroid ism. 

Fig. 41 .2 Hyperthyroidism 
ExophthalmIC eye Signs of hyperthyrOidism In 43-year-old man Wllh 6· 
month hlSIOIY of hypt>rthyroldlsm HIS family had noticed his 
IncreaSingly staflng eyes. He had Pl'optOSlS and lid Ictg 

KEY POINTS 

Box 43 .1 Clinical manifestations of thyrotoxicosis 

Metabolic-heat intolerance, increased appetite with 
weight loss, diarrhoea, menorrhagia 

Cardiovascular- palpitations, tachycardia even white 
asleep, atrial fibril1ation 

Neuropsychiatric-hyperkinesis, insomnia, emotional 
instability, tremor, proximal myopathy 

Ocular-exophthalmos induding proptosis. lid retraction 
and eventually ophthalmoplegia 

Cutaneous-pretibial myxoedema 

The pallent should be Silting upnghlln a chim Wi th room for the exarriner to approach from behind (a) Gentle palpation from the fmnt With 
shght sideways pressure from the left hand whilst palpating With the right. ThiS IS repeated for the fight Side of the gland (b) General palpalion 
of the gland from behind Is there enlargement? Is II a single nodule or mul tinodular? How big is It? (c) PalpallOn of the gland while the patient 

574 swallows D~ the gland fiSC With swallOWing? ts there rel rOSternal ex:enslon7 



Hypothyroidism 

Hypothyroidism is usually the result of either late 
Hashimoto's thyroiditis or primary thyroid atrophy or 
else c;ulier treatment for hyperthyroidism. In either case, 
the gland is small and fibrous and as such does not 
present to the surgeon. Ilypothyroidism is a late com
plication in up to 25% of patients after subtotal 
thyroidectomy for thyrotoxicosis, and is inevitable after 
tot.,l thyroidL'Ctomy for carcinoma. Hypothyroidi5m 
should be con!>idered in surgical patients presenting 
with constipation and has also been implicated in 
abdominal aortic thrombosis in middle-aged women. 

SPECIAL POINTS IN EXAMINING A THYROID SWELLING 

Examining for a suspected thyroid swelling should 
begin by seating the pa tient in a chair (Fig. 43.3) with 
space to examine the patient (rom behind and ensuring 
there is a glass of water for the patient to swallow. First, 
the front of the neck should be observed while the piltient 
swallows. TIle characteristic rise and fan of the lump results 
from the thyroid gland's investment of pretracheai 
fascia which is attached to the larynx above. A normal 
thyroid is not visible, even on swallowing, and is not 
normally palpable. 

The thyroid area is next (J<,lpated from behind with 
the (J<lticnt sca ted . This position is oc'St for examin ing the 
size, shape and consistency of the gland. It also allows 
the lower edge of the swelling 10 be (J<llpaled to identify 
any retrosternal extens ion. The lobes of the thyroid lie 
decp to the !>ternoma stoids and the strap muscles, and 
these tend to conce(ll thyroid enlargement and make it 
difficult to examine the whole gland. 

The jugular chain of lymph nodes should be palpated 
for evidence of lymph node metastases, since this Ill.'y 
be Ihe sole presenting feature of papillary carcinollla. In 
thyrotoxicosis, auscuit,lt ion of the thyroid Illay reveal a 
bruit because of the increased vascularity. 

Jf there is any suspicion of recurrent laryngeal nerve 
palsy because of hoarseness, tests of vocal cord function 
shou ld be performed. The patient is asked to cough and 
to pronounce the sound 'ee', roth of which are likdy 
to be abnomlal if there is nerve damage. In this case, or 
if surgery is contemplated, formal assessment of cord 
function should be performed by indirect laryngoscopy, 
usually in an ENT dep.lrtmenl. 

General examination should look for s igns of hyper
thyroidism (tachyca rdia, atrial fibrillation, fine tremor and 
hyper-renexia) and for signs specific to Graves' disease 
(exophthalmos and ophthalmoplegia). 

APPROACH TO INVESTIGATION OF A THYROID MASS 

The qUL'Stions to be answered in investigating a thyroid 
mass arc summa rised in Box 43.2 and described in detail 

Diso rders of the thyroid Cl nd parathyroid glands 

Fig. 43.4 Retrost ernal goitre 
This 38·year·old woman had suffered stridor at flight for several 
months. On palpat ion, the thyroid was not partICularly large but the 
trachea was markedly deviated (Fig. 43.5) and the thyroid did not rise 
on swallowlllg, both providing eVidence of substantial retrosternal 
extension. (a) (T scan at the level of the claVICles showing enlargement 
of the left Side of the thyrOid gland With moderate deViation but no 
compression of the trachea (b) AI operation, thiS huge retrosternal 
e~lenslOO was drawn up out of the antenor medlas!lnum. As thiS was 
a multinodular goitre, a total thyrOidectomy was performed 
Histopathology confirmed a benign multillodular 901tre 

below. Patients who have undergone previous radio
Iher<lpy to the neck shou ld be considered at high risk of 
thyroid carcinoma. 

General thyroid status 

It shou ld be established whether the patient is euthyroid, 
hyperthyroid or hypothyroid. Estimations of serum thy
roxine (T4) or better, free thyroxine (ff4) as well as thyroid 
stimu lating hormone (T511) are usually performed in all 
C(lSt.'S. In pregnancy or puberty, thyroid-binding globulin 

c , 
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Symptoms, diagnosis and management: head and neck 

KEY POINTS 

Box 43.2 Principles of investigation of a thyroid 
mass 
General thyroid st atus-thyroid function tern and 
thyroid autoantibodies 

Morphology of the gland, i.e. size, shape and physical 
consistency, effects upon surrounding structures-
ultrasound, plain X·rays of thoracic outlet, CT scanning 

Tissue diagnosis-fine needle aspirat ion cytology or 
needle biopsy, incision or excision biopsy 

is cicv(l ted (lnd knowledge of the free thyroxine level 
(lvoids difficulty in interpreting results. Tri-iodothyronine 
(T3) levels (Ire occ(lsion<llly measured if the patient is 
clinically hyperthyroid but the serum thyroxine is nomla1. 
TSH level is usually low in hyperthyroidism and elevated 
in hypothyrOidism. Some laboratories prefer to measuft'" 
just the 1'51-1 level initially, and perform moft'" detailed 
tests if this is abnormal. 

T hyroid autoa nt ibod ies arc assayed if autoimmune 
disease is a possibility. Although not usua lly measured 
clinically, the presence of long-acting thyroid stimulating 
factor (LATS) is diagnostic of Graves' disease. Hashimoto's 
thyroiditis is cha racterised by elevation of other anti
thyroid antibodies such tiS anti-thyroglobulin or anti
mitochondrial antibodies (anti-thyroid M). 

Morphology of the gland 

Ultrasound scan ning is a useful method of establishing 
retrosternal extensions or suspected cysts. However, 
net.>dle aspiration (described bcluw) can easily diagnuse 
a cyst or obtain specimens for cytologic(ll examination so 
the usc of ultmsound is declining. Plain X-rays or CT 
sca ns of the thomeic outiet are taken if theft'" is suspicion 
of tracheal displacement or compression (Fig. 43.5). 

Tissue diagnosis 

Tissue diagnosis \.ising fine needle aspiration cytology 
(FNA) is usually performed for solitary nodules or 
recently changed nodules in multinodular goitres. 
Nowadays, prior ultrasound or radionuclide scans are 
not generally regarded as helpful. Given a well-trained 
and interested thyroid cytologist. up to 90% of thyroid 
nodules c(ln be successfully categorised by this method . 
An altern(ltive method is to use needle COft'" biopsy under 
ultrasound guidance. This gives a larger specimen and a 
higher rate of diagnostic specimens. If a colloi d nod ule 
is diagnosed, operative excision is nut necessary unless 
the nodule causes compressive symptoms or cosmetic 
deformity. Lesions which fire obviously malignant require 

Fig. 43.5 Tracheal displacement by a goitre 
This chest X-ray shows gross displacement of the trachea T to the 
nght by a large retrosternal gOitre. The patrent presented With 
nocturnal stridor wtren !.he lay on her left side. 

operation. These include papillary, medullary and early 
anaplastic carcinomas. Most lymp homas are inad
equately sampk>d by FNA. Follicu lar carci nomas can nol 
be distinguished cytologica lly from ben ign fo llicu lar 
i1denomas; both display sheets of follicular celis. Lesions 
with this appmrancc must all be removed, although most 
will be benign. 

Incision biopsy at open operation is occasionally 
used for diagnosing generalised thyroid en largement 
where the chances of malignancy are low or lymphoma 
is suspected. 

Functional activity of gla ndular tissue 

Injected radionuclides of iodine are taken up by 
functioning thyroid tissue and were formerly used widely 
for thyroid scanning. However, III I has been found to 
deliver a high dose of radioactivity to the gland and has 
been replaced by 'HmTechnetium or 12.11 \<\!hich deliver 
much lower doses. The inct'C'asing use of needle cytology 
and the knowledge that only 10% of cold nodules are 
malignant have greatly reduced the use of thyroid r.ldio
nuclide scan ning. llowever, when scanning is employed, 
the gla nd is imaged after isotope injection to identify the 
distribution of isotope activity. This may fall into one uf 
four patterns: 

• Diffuse, homoge neo us up take--this is found in the 
normal gland or where there is diffuse hyperactivity, 
e.g. Graves' disease 
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• Genera lised b ut patchy uptake-this occurs in 
multinodul.lr goitre where the hyperplastic nodules 
are less active than the su rrounding normal tissue 

• The cold nodul e-.1n isolated area devoid of isotope 
uptake indicates non-secreting tissue, i.e. hlOlOur, 
inactive adenomatous nodule or cyst. This requires 
tissue diagnosis, usually using fine needle aspi ration 
cytology 

• T he hot nodule-this represents an autonomous 
focus of excess T4 secretion. The secretory activity of 
the surrounding normal thyroid tissue is suppressed. 

Disorders of the thyroid and parathyroid gtands 

The patient is usually euthyroid but sometimes 
thyrotoxic ('toxic nodule') 

Very occasionally, thyroid malignancies secrete thyroid 
hormone and show up as Wilrm or hot nodules on isotope 
sca nning. Isotope scanning can also identify and localise 
eCiopic thyroid tissue (in the tongue or along the CO UI'SC 

of the thyroglossal duc!), ret rosternal extens ion of a 
thyroid swelling and metastases of functioning thyroid 
cilrcinomas, provided the thyroid has been removed or 
ablated . 

SPECIFIC CLINICAL PROBLEMS OF THE THYROID AND THEIR 
MANAGEMENT 

THYROTOXICOSIS 

Thyrotoxicosis most commonly results from Gr,wes' 
disease. Hashimoto's thyroidit is is a much rarer cause 
and is self limiting. Occasionally, thyrotoxicosis is caused 
by a multinodular goitre which has become 'toxic' or an 
autonomous adenomatous 'hot' nodule. 

There are three main treatment options in thyro
toxicosis: anti-th yroid d rugs, rad io isotope destru ctio n 
of functioning thyroid tissue and subtotal thyroidectomy. 

Ca rcinoma, a very rare cause of thyrotoxicosis, is 
occasionally diagnosed unexpectedly when a hot nodule 
is examined histologically. 

ANTITHYROID DRUGS 

Most cases of thyrotoxicosis arc initinlly managed with 
antithyroid drugs which block synthesis of thyroid 
hormone. Carbimazole is the Jllost popular, and restores 
serum hormone levels to norma l over 4-8 weeks. A lower 
maintenance dose is then pf\.'Scribcd for about 1 yea r. 
After this, more than half the p.1tients remain euthyroid 
withou t further treatment. The remainder relapse in 
the sllcceeding months, necessit.lling further courses of 
carbimazole or a different form of therapy. In some 
patients, stable control can not be achieved, and hypo
thyroidism alternates with hyperthyroidism. In thesc 
cases, a block and rep lace regimen may succeed, giving 
a higher dose of carbima zole to block thyroid hormone 
production altogether, together with a standard replace
ment dose of thyrox ine. 

Carbimazole occasionally C.1 Uses a potentially f,ltal but 
reversible neutropenia. The whilc blood coun t should 
therefore be monitored abou t once every 3 months 
during treatment. A sore throat or other infection in a 
patient on c.1rbimazolc should alert the patient and the 
doctor. Rashes, nausea, headache illld arthralgia are also 

common side effects of carbimazole and , if they occur, an 
alternative antithyroid drug such as propylth iouraci l 
may be substituted . Poor control, frequent relapse, side 
effects and non-compliance lead to eventual su rgical 
referral in up to 40% of p.1tients. 

Beta-adrenergic blocking dmgs such as p ropranolol 
rapidly control the distressing and dangerous effects of 
thyrotoxicosis . These drugs may be used initially in 
extremely toxic patients until anti-thyroid drugs t"ke 
effect, or if a patient urgently needs to be stabilised 
before thyroidectomy. 

RADIOACTIVE IODIDE THERAPY 

Radio.lctive iodide (111 1 or 12.~ I), administered orally in 
doses 100 times higher than uS(.>d for diagnostic sca nning, 
(see Fig. 43.6) may be lIscd to Irea l thyrotOXicosis. This is 
espt-'Ci<llly appropriate for middle-aged or elderly patients. 
Iodide is avidly taken up by the gland, after which 
emission of radiation destroys the most active thyroid 
tissue. The treatment is simple but the results are slow to 
t.lke effect and unpredictable. La te hypothyroidism often 
occurs, requiring replacement therapy. There is also a 
sma ll theoretical risk of inducing malignancy, and so the 
treatment is not advisable in the you ng. Radioactive 
iodide therapy is absolutely contraindicated in pregnancy 
beca use of the risk of genetic damage to the fetus. 

SURGICAL MANAGEMENT 

INDICATIONS FOR SURGERY 

Su rgery for thyrotoxicosis may be indicated as follows: 

• When a qujck and effL'Ctive cure is d esired which 
avoids long-term drug therapy and its drawbacks. 11 
is often the best trea tment for Craves' disease, 
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p..uticularly in younger patients, where the disease is 
not expected to burn itself out for many years 

• When anti-thyroid drugs have proved unsatisfactory 
and radioiodide treatment is unsuitable 

• Surgery is usually the most appropriate treatment for 

• 

(,) 

/ 
(d 
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Fig. 43.6 Radioisotope thyroid scans 

toxic multinodular goitre, Response to drug treatment 
in this cond ition is unreliable and surgery also deals 
with the cosmetic deformity 

• Toxic soli tary nodules ('hot nodules') are best excised 
to allow the suppressed nonnal thyroid to recover 

H 

... ~,~.~~ - ". --, .. 

(d) 

(a) This enlarged thyrOid shows homogeneous tra<:er uptake typlca~ of a Simple colloid goitre (b) Heterogeneous tra<:ef upt<lke In <I mul\lnodul<lr 
collOid gOitre The dark areas H are 'hot nodules'; to maintain the euthyrOid stilte, the rest of the gland e)l;.hIblts diminished uptake. The + Signs 
Indicate the positions of the thyroid cartll<lge and the suprasternal notch (e) Solitary 'cold' thyroid nodule. The area of low uptake (outline 
arrowed) at the lower left pole of the thyrOid cOfresponds with a pdlpable nodule In the case of a solid I~ion (as confirmed by ultrasound). a cold 
nodule may Indicate malignancy. (d) Solitary 'hot' thyrOid nodule The area Of high uptake in the lower part of the fight lobe corresponds to a 
palpable mass. This patient was hyperthyroid and the lesion could be descnbed as a 'to~ ic nodule' ActiV ity of the rest of the gland IS suppressed 
by pitul tary·mediated negati ve feedback from the high serum thyrOXine level. The rectangle marked BG measures the background radiation In 
order to quantify the thyroid uptake. 

(b) 



PREOPERATIVE ASSESSMENT AND MANAGEMENT 
OF THYROTOXICOSIS 

For all thyroid operations, preoperative assessment often 
includes indirect or direct laryngoscopy to demonstrate 
vocnl cord function . This (!vn luates recurrent laryngeal 
nerve funct ion should there later be a question of 
operatiw damage. Even without demonstrable cord 
damage, there is often a subtle cha nge in voict' quality 
after thyroidectomy, often due to external laryngeal 
nerve damage. Patients s hould be warned of this before 
opera tion, especially if they are singers or politicians! 

Wherever possible, thyroid fu nction should be brought 
into the normal range before operation. The thyrotoxic 
sta te carries significa nt <lnacsthetic risks, especially of 
cardi<lC arrhythm ias. Furthermore, manipulation of thc 
g land may provoke massive rcle<lse of thyroid hormone, 
pfL'Cipitating a potcn ti<llly letlml thyrotoxic crisis or 
'thyroid storm'. Control of thyroid function is usually 
<lchieved with antithyroid drugs in the w~ks preceding 
operat ion. If this fail s, or if operation is very urgent, then 
beta-adrenergic blocking drugs such as propranolol can 
be used . 

Antithyroid drugs cause increased vascularity of the 
gl<lnd which may add to surgica l difficulty in toxic 
enlargement. It is stand<lrd p ractice to ndminister Lugol's 
iodine solution omlly for 10 dnys before operation while 
continuing anti-thyroid thcr."lpy. This is believed to reduce 
vasculari ty and increase the firml\('ss of the gland, making 
the operation easier. 

Disorders of the thyroid and parathyroid glands 

SUBTOTAL THYROIDECTOMY 

Surgery (Fig. 43.7) for hyperthyroidism aims to remove 
enough thyroid tissue 10 render the patient euthyroid 
whilst preserving enough of the gland to prevent hypo
thyroidism. For GraV(."s' disease or toxic multinodular 
goi tre, <lbout 5--8 g of the gland is left intact. The tech
nique of subtotal th yroidectomy leaves the fX>Sterior rim 
of each lobe in s itu, thus minimising the risk of para
thyroid or recurrent laryngeal damage. A low tran~vcrsc 
collar incision along a skin crease gives the best cosmetic 
result. Meticulous care is required in ligating the inferior 
thyroid artery (after the l\.'Current laryngeal nerve has 
been identified) and the upper pole vessds. Primary 
or reactionary haemorrhoge is a serious complication 
causing major blood loss <lnd l<lryngeal compression. To 
avoid suffoca tion from a postoperative b l~'CI, instru
ments for emergency reopening of the wound should be 
kept at the patient's bedside after operation. The poten
tial complications of thyroidectomy are summa rised in 
Box 43.3. 

THYROID MALIGNANCIES 

Thyroid malignoncics ore uncommon, comprising les~ 

than 1 % of all molignont tumours. Nearly all originate 
from thyroid follicular cells and form three distinct 
p.1thological entities: papi ll ary, follicular, and a naplasti c 
carcinomas. E.1ch has a characteristic p..1ttem of behaviour 
and prognosis. With rare exceptions, these tumours do 
no t secrete thyroid hormones. 

Inferior thyroid 

o 
C ~ThyrOid dissector 

parathyrold- -----'--='-"-';-,I 

Middle thyroid vein-------); i,r-Ib..;--- artery 
w>= Common carotid 

1 'Collar' incision in lines 2 Flaps mobilised beneath 
of skin lens ion 2 cm plalysma down 10 
above suprastemal suprasternal notch and 
notch. Platysma divided up to the thyroid cartilage 
in same line 

3 InciSion made vertically 
in midline between strap 
muscles which are 
retracted laterally on side 
olillterest 

Fig. 43.7 Subtotal thyroidectomy 

Recurrent laryngeal ____ -c:---;~(~~---artery 
neNe-

4 

5 
6 
7 

8 

ParathyrOld------

Dissection continued deep to strap muscles. Middle thyroid vein ligated 
a~d divided 
Upper pole vessels identified and ligated close to gland 
Lower pole vessels ligated 
Lateral Iot>e displaced anteriorly; Inferior thyroid artery located and recurrent 
laryngeal rnlNe identified close to Interior thyroid artery. Inferior thyroid 
a1ary ligated tateral to neNe. Parathyroids identified 
II partial thyroidectomy. approx 4 g gland leh in SItu each side and remainder 
dssected OUI, arrestmg bleed!l1g !rom many small vessels entenng gland 
0'1 tracheal suflace. Process repeated with other side 

0' 
If lobectomy or lotailhyroideclomy, Yt110Ie Iobe(s) excised, carefuUy preserving 
Tl!Current laryngeal neNe and parathyroids 
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SUMMARY 
Box 43.3 Complications of thyroidectomy 
Complications during operation 
• Uncontrollable haemorrhage-uncommon, usually results from a slipped ligature on the upper pole vessels which 

then retract 
• Unilateral or bilateral recurrent laryngeal nerve damage-bilateral nerve damage presents as laryngeal obstruction 

after tracheal extubation and necessitates immediate tracheostomy 
• Inadvertent damage to other structures-tracheal or oesophageal perforation or damage to laryngeal muscles or nerves 

Early postoperative complications (within the first 12 hoors) 
• Major haemorrhage-presents as rapid swelling of the neck or a large volume of blood loss via the wound drain. This 

requires emergency surgical exploration of the wound to release the clot and then achieve haemostasis 
• Mediastinal haemorrhage-presents with hypovolaemic shock 
• Laryngeal oedema-presents as stridor, rapidly progressing to respiratory obstruction. This requires endotracheal 

intubation 
• Thyrotoxic crisis-presents with abrupt onset of extreme agitation and confusion, hyperpyrexia, profuse sweating and 

rapid tachycardia or other arrhythmia. This requires emergency beta·adrenergic blockade, intravenous hydrocortisone 
and potassium iodide therapy. The mortality of thyrotoxic crisis is 10% from coma, pulmonary oedema or circulatory 
collapse. The condition is very rare if the patient has been rendered euthyroid before operation by drug treatment. 

• Tracheomalacia-removal of a longstanding lesion compressing the trachea may lead to tracheal collapse and stridor 

Later postoperative complications 
• Hypoparathyroidism due to inadvertent parathyroid damage-presents with muscle cramps, paraesthesiae and tetany 

within 36 hours of operation. Treatment is with calcium and vitamin 0 analogues 
• Unilateral recurrent laryngeal nerve damage-presents with hoarseness of voice and defective cough 
• EKtema/laryngeal nerve damage----<hanges the quality of the voice 

Long·term complications 
• Hypothyroidism-often overlooked because it develops insidiously. Features are loss of energy, weight gain, 

depression and intellectual deterioration and intolerClnce of cold weather 
• Recurrent thyrotoxicosis-insufficient gland removed 

About 70/,. of thyroid carcinomas arise from APUD C· 
cells which secrete calcitonin. These tumours are known 
as medullary carcinomas of the thyroid. Lymphomas 
occasiol1<llly involve the thyroid gland, usually in p..1tients 
with pre-existing Hashimoto's disease. 

Expo~ure to ionising radiation during childhood pre
disposes to thyroid carcinoma. This includC'S radiotherapy 
(once popular for treating '~ tah.ls thymolymphaticus' 
and other benign disorders) ,md radioactive fallout. 
Many people exposed at the Hiroshima and Nagasaki 
bombings and the Bi kini a toll nuclear tests developed 
thyroid tumours and more recently, ch ildren exposed to 
the fallout from Chemobyl. In most cases of thyroid 
cancer, however, no aetiological factor can be identified. 

PAPILLARY CARCINOMA 

Pilpillary carcinomas constitute about two-thirds of 
thyrOid malignanciL'S in adults and nearly all thyroid 
malignanci~ in children. Females are affected at least 
thrcc times as often as mak'S and the peak incidence is 

between 30-45 yeilTs. Histologically, the turnOUT forms a 
complex branching papillary structure with a fibro· 
vascular stroma, often containing characteristic calcified 
'psammoma bodies'. Tumours vary over a wide range 
of epi thelial dyspl<lsia between apparently benign to 
obviously malignant. Whatever the dysplasia, the tumours 
g row slow ly. Papillary carcinomas are microscopically 
multicentric in about 80% of cases and about one-third 
"ffcct both lobes; this is important in planning trea tment. 
The tumour occaSiona lly invades locally into tr,lchea or 
oesophagus. Metastasis is to central cervical and later 
l<1teral cervical lymph nodes and only rarely to distant 
s iles s uch as lung or bone. By the time of presentation, 
lymph noelL'S arc involved in about 40% of patients (90% 
in ch ildren). LymplHloelc enlargement is often the sole 
presenting feature and the histology of involved lymph 
nodes is SO close to normal thyroid tissue that at olle 
time this condition was known as ' lateral aberrant 
thyroid '. The prognOSiS of pil pillary ca rcinoma is the 
best of all thyroid ca rcino m<1s with only about 10% of 
p<1tients dying of the tumour after 10 years (of remote 



Fig. 43.9 Papillary carcinoma of the thyroid
histopathology 
Tumour shows well defrned paprllae P with many c~lls having large. 
clear nuclei De-iplte Its fldme, the dlagnosl~ ~ b<tsed on these nuclear 
features. not on the presenc~ of papr"lae. Normal thyrOid tiSSue IS also 
Pfe5ent. 

Disorde rs of the thyroid and parathyroid glands 

Fig, 43.8 Thyroid and parathyro id operations 
(a) Standard approach to thyrOid and parathyroid operations, in thiS 
case, ne<;k exploration for hyperparathyrOidism. A collar Incision has 
been made and upper and ~ flaps are held apan with the specially 
designed Joil's retraClor (b) Subtotalthyroide<:tomy o;pecimen aiter 
operation for hypenhyrOld!Sl1l. (e) Total thyroidectomy specimen alter 
opel'atlon lor nght sided medullary carCinoma Involved lymph nodes 
were 'cherry picked' and are also shown 

mcttlstases); it is rcl11ilfkable th<lt surviv<ll is 11<Irdly 
prejudiced by the prl'~enct' of lymph node metastilSL"". 
The prognosis il; even better for 'minimal papillary 
carcinoma', defined as a tum(lur less than 1 cm in 
di<lmeler in a young p.llicnt with no local itwasiveness 
or Illctast"SL'S. 

Symptoms and signs 

Ciinic<llly, p.1pillary carcinoma presents as a slow-growing 
solitary thyroid nodule or else an enlarged cervic,,1 
lymph node close to the gl.lIld. The palient is euthyroid. 
If isotope scanning is performed. it usually shows no 
uptake in the palp'lhle nodule. Sometimes, other tumour 
foci in the gland arc large enough to also appear as 'cold 
nodules'. 1111..' diagnosis is usually made nowCldClYS by 
fine net.'CIle aspi ration cytology of a solitary thyroid 
nodule. A jJ<-.tient presenting with just an en larged 
ccrvic,,1 lymph node may be diagnosed unexpectedly as 
papillary cardnom,l after exci.,ion biopsy and hbtologic,ll 
examiniltion of the node, 

Chap 

43 

,<, 

581 



Se<tion 

3 

582 

Sympto ms, diagnosi~ and ma nageme nt: head a nd neck 

M a n a g e m e nt 

The sta ndilrd management of papillary carcinoma is 
total thyroidl...'Ctomy because of the high risk of other foci 
within the gi<md . Palpable cervical nodes are removed a t 
the So.lme operation. Technically. the operation is no more 
difficult than subtotal thyroidectomy but carries a higher 
risk of po~toperatiV(' hypoparathyroidism. Total thyroid
ectomy has the added advantage that recurrent local 
disca:.<'. lym ph node or distant metastases can then 
effect ively be treated with radioiodine ( 1Jl1). This requires 
a very high TSII level which only occurs if no nonnal 
thyroid tissue remains. A further advalltage is that thyro
globulin ca n then be used as a tumour marker to detect 
recurrent disease. After treatment, hormone replilcement 
with ofal thyroxine is nlways necessary at levels 
nccess.1. ry to kccp TSH close to zero to minimise the risk 
of stimu lating any residual malignant cells. This treat
ment rarely C.1 USL'S problems. Tumour recurrence in 
cervical I1Ixk>s is treated by excision and of itself haS 
little effect on prognosis. External radiotherapy may be 
employed for local rL'Cum.'ncc or chemotherapy with 
doxorubicin for remote metastases. 

Si nce papillary carcinomas progress so slowly and 
only about 15% develop contrala teral lobe l"L""'CUrrence. 
some surgeons prefer to retain one thyroid lobe pro\ridcd 
the primary tumour is small and there are no palp.lble 
or isotope-d etectable nodules. Their reasoning is that 
further tumou rs can be removed later without rcduclllg 
life expectancy. 

FOLLICULAR CARCINOMA 

Foll iculnr carcinOnln is another well-differentiated thyroid 
malignancy. l listologi ca lly, the neoplastic cells form a 
well-devclopcd fo llicul ar pattern which is impossible to 
distinguish from benign ndenomatous hyperplasia on 
fine needle aspirntion cytology; it may also be difficult to 
distinguish on histology of the surgic<ll specimen unless 
there is evident ca psular or vascular invasion. Unlike 
papillary carci noma, multicentricity is far less common. 
The peak incidence of follicular ca rcinoma is between 40 
and 50 years of age, older than for p.lpillary carcinoma, 
but it is still th ree times more com mon in women. 
Generally. follicular carcinoma grows slowly and meta
stasiscs at a late stage. In contrast to papillary carcinoma. 
mctast.lsis tends to occur vin the bloodstream to the 
lungs. bone and ot her remote si tes rather than to local 
lymph nock'S. 

Follicular carcinoma is rarely multicentric and manage
ment depends on the exten t of local invas ion (Fig. 43.10). 
A tumour with only microinvasion of the capsule has a 
very good prognosis " nd requires remova l of only the 
thyroid lobe cont'lining the tumour. If, however. there is 
gross cilpsular invnsion or vascu lar invasion (or known 

Fig. 43.10 Follicular carcinoma of the thyroid
histopa thology 
The tumour IS made up of numerous small follicles F that are 
cytologICally bland DlagOOSlS of malignancy reqUires the demonstrallon 
of capsular and/or vascular Invasion In thiS higher power View. 
tumour can clearly be seen extending through the capsule C 

remote metastases). total thyroidectomy is performed . 
The purpose of this is not to treat the local tumour but to 
enhance radioiodine uptake by metastatic lesions should 
this be required later for diagnOSis. and any consequent 
trc,l tment with high-dose radioiodine. 

PrognOSis depends on the degree of capsular and 
vascular invasion by the primary lesion and can be 
predicted from the his tology. If there is no invasion, 10-
year survival is close to 100% but this falls to about 3O~)f 
if there is extensive local illV.l sion . 

ANAPLASTIC CARCINOMA 

Anaplastic carcinomas are extremely aggressive tumours 
wi th an appalling prognosis. Most patients die within 
1 year of diagnosis. The tumours are found almost 
excl usively in the elderly. Most other cancers are less 
aggresSive in this age group but for rensons unknown. 
thyroid carcinomas are more aggressive. 

Anaplastic carcinoma cons is ts of sheets of very poorly 
differentiated cells which proliferate rapidly. The rcsult 
is a diffuse. hard thyroid enlargement. TIle tumour 
soon in vades surrounding s tructures causing symptoms 
of tracheal and oesophageal obstruction and recurrent 
loryngcnlnerve damage. There is also early dissemination 
to regional lymph nodes and haematogenous spread to 
the lungs, skeleton and brain. 
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Anaplastic ca rcinomas respond poorly to both mdio
therapy and chemotherapy. The distressing symptoms of 
tracheal obstruction can be re lieved by placing a luminal 
metill thyroid stent. This avoids the need for surgery 
but does noth ing to slow the tumour growth. Su rgical 
p<11liation of obstructive symptoms can be undertaken by 
removing tumour ncar trachea or by placing an internal 
stcnl in the trachea. 

MEDULLARY CARCINOMA 

This uncommon malignancy arises from parafollicular or 
C",cJls. The tumour often secretes abnormal quantities 
of ca lcitonin, which can be used as a marker of tumour 
recurrence after excision. Tumours may also secrete other 
pcptides and amines such as serotonin and ACTH-like 
peptide. Medullary carcinoma usually arises sporadically 
but may be transmitted genetically as p<1rt of the multip le 
endocrine neoplasia syndrome type II (MEN II) . This is 
an autosomal dominant tra it with 50% penetrancc and is 
associaled with other APUO cell tumours, particularly 
phaeochromocytoma and parathyroid adenomas. Thus 
patients with medullary carcinoma of thyroid shou ld 
be examined for these conditions before surgery as 
phaeodlromocytoma would take operative precedence. 

The tumour is of particular pathological interesl 
because the stroma contains extensive deposits of 

GOITRES AND THYROID NODULES 

As indicated earlier in Table 43.1, several hyperplastic 
and metabolic disorders cauS(! diffuse or nodular thyroid 
enlargement. 

IDIOPATHIC NON-TOXIC THYROID 
HYPERPLASIA 

Most goit res referred to surgeons in developed countries 
are c.lused by simple, idiopathic hyperplasia of thyroid 
follick'S. The condition prob..1bly begins with diffusc 
micronodu lar enlargement, and the nodules later become 
heterogeneously enlarged to form a multinodular colloid 
goitre. Within the same spectrum of disease arc so litary 
hyperp lastic nodules (which mny nctually be benign 
thyroid adenomas) and thyroid cysts, which arc simply 
huge colloid-filled folliclL'S. 

The aetiology of simple thyroid hyperplasia is un
known, but is probably related to disordered sensitivity 
to TSH. In this sense, the condition may be analogous 
to fibroadenosis of the breast. The patient is usually 
cliniCc1lly eu thyroid and thyroid funchon tests arc normal. 
Sometimes, thyroid hormone secretion escafX'S from 
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amyloid. These make the tumour mass stony hard to 
palpation. 

Medullary carcinoma grows rela tively slowly, meta
stasising first to rcgionallymph nodes and later to lungs, 
bone, liver and elsewhere. The tumour does not take up 
radioiodine and is resistant to radiotherapy; hence an 
aggressive surgical approach is required. The standard 
treatment is total thyroidL"Ctomy and cle<1Tance of involved 
anterior cervica l and superior mediasti nal lymph nodes. 
Without metastases, oper.llion is often cur.ltive but when 
nodes are involvL-'d, IO-year su rvival falls to about 50%. 
Duri ng follow-up, calcitonin levels are monitored and 
raised levels indicate tumour recurrence. Surgic.ll re
exploration of the neck may be undertaken 10 remove 
involved lymph nodes. 

THYROID LYMPHOMA 

Lymphomas of the thyroid arc rare and usually arise in 
pn."-eXisting autoimmune (llilshimoto's) thyroiditis. Most 
arc non-Hodgkin'S lymphomas. Diagnosis can only be 
made on histology, either core needle biopsy or open 
biopsy, as FNA is not usually adequate. Treatment is 
with radiotherapy and survival depends on whether 
spread has occurred beyond the thyroid capsule. For 
lesions confined within the capsu le, 5-year survival is 
85%, falling to 40% when local spreild has occurred. 

hypothalamic control so the p.ltient becomes hyper
thyroid and occasionally thyrotoxic. 

Within the gland, secretory activity is heterogeneous, 
explaining the patdlY distribution of r.ldio-iodine uptake 
if thyroid scanning is performed. Focal hormone secretion 
from 'hot' adenomatous nodules may be so great CIS to 
completely suppress the ft.>::.t of the gland. The overall 
hormone secretion may still be within the euthyroid 
range; this may be considered the most extreme fo rm of 
secretory heterogeneity. 

Diffuse or multinodular idiop.lthic goitres develop 
slowly and cause lillie trouble until they have been 
present for many years. 

The reasons patients present to surgeons with thyroid 
enlargement are: 

• A goitre has become so large as to be cosmetically 
unacceptable 

• A localisc.."CIlump has appeared in the thyroid region. 
This may be a soli tary adcnomatous nodule, a solitary 
cyst or, in 1O~ of cases, thyroid c.1Ilcer. Alternatively, 
the apparent sol itary lump may be part of an 
asymmetrical multinodulilr or Illulticyslic enlargement 
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• A pre-exbting multinodular goitre has undergone 
r.lpid a~ymmetric change. There are several possible 
C.1U.'>('S, i.e. haemorrlMge into a cyst or a degenerate 
area of hypcrpl.lsi.l, or malign.lnt change 

• The patient hilS become hyperthyroid 
• The patient has de\'e!oped stridor from tracheal 

compression caused by enlargement of a relroslcmal 
extens ion of the thyroid 

SURGICAL MANAGEMENT Of GOITRE 

The indications for surgery in idiopathic goitre Me: 

• Lump suspicious of malignancy 
• A compressive retrosternal thyroid 
• A solitilry toxic nOt."lulc 
• Toxic multinodular goitre 
• Cosmetic deformity 

• •• • • • • • 
EMBRYOLOGY 

llle thyroid originates as a diverticulum in the midline 
betw£.>en the fi~t two branchial pouches. Its origin is 
repn.'SCl1tcd in the adult by the foramen caecum, visible 
at the junction of the anterior two-thirds and the 
posterior third of the tongue. The thyroid di\'erticulum 
forms the thyroglossal duct which extends caudillly 
through the dt:'vd()pin~ tongue musculature. It passes 
down in rdation to the hyoid bone (in front of, through 
or behind it) to re<lch its norm<ll position below the 
larynx. By this time, it h<ls become a bilobed structure 
with the lobes COntlL'Cted by a narrow centr.l1 isthmus. 
The thyroglossal duct later degener<ltes. The calcitonin
secreting C-cclls origin<lte from the ultimobranch ial 
body of the fifth pouch. 

THYROGLOSSAL CYST AND 'FISTULA' 

P.lrt of the thyrogloss,ll duct may persist and become 
cystic. A thyroglosS,ll cyst presents in children C! nd 
occasionally adolescents as a smooth, rounded, anterior 
midline swelling in the neck. Most thyroglo5S<.1 cysts 
occur below the hyoid, although rarely they Me found in 
the submental region. A diagnostic feature is that the cyst 
rises when the p.ll"icnt SW.lI10WS or protrudes the tongue. 
Most thyroglossal cysts are asymptomatic but they are 
prone to inflammation which causes pain and increilsed 
swelling. If an inflaml'd cyst is surgically drained, it may 
become an intermittently discharging sinus, often in
correct ly descri1x.>d as a thyroglossa l fis tula (Fig. 43.11). 

In principle, only enough thyroid tissue is removed to 
achie\"(~ the objective, but in multinodular goitre, re
currence is likely in the long term and a better mode of 
treatment io; total thyroideclomy, with lifetime thyroxine 
replacement. 

Patients prcscnting for cosmetic reasons, with only 
moderate thyroid enlargement, have often been treated 
with thyroxine. The theory is that by suppressing TSII 
the gland may shrink to an acceptable size. Unfortunately, 
clinical trials have not shown this appro.lch to be 
effective. Hyperthyroidism caused by idiopathic thyroid 
hyperpla,>ia is unresponsiw to anti-thyroid dnlgs and 
ilwffl.'Ctivcly treated with radioiodine; hence surgery is 
required for treatment. 

Thyroid cysts art:' diagnost.'<I as fluid-filled lesions by 
aspiration. CytolORY shOllkl be performed to exclude 
malignancy. L.lrge or recurrent cysts are best treated 
surgically. 

lllyrogiossal cysts are usually excised along with the 
thyroglosS.ll trdct up to the b.15(' of Ihe tongue. This 
T"C<]uin."S removing the middle third of the hyoid bone 
(S is trunk's ope rdtio n). A persistent sinus or a recurrent 
cyst is likely to complicate incomplete excision. 

ECTOPIC THYROID GLAND 

An ectopic thyroid gl<lnd is <l rare congenital abnormality 
which results from internzption of normal descent. II 

F 

Fig.43.11 Thyroglossal 'fi stula' 
ThiS photograph shows the front 01 the neck In a 14·year·old boy. An 
attempt had been made to remove a thyroglossal cyst several years 
previously. The ineVitable result of Incomplete surgICal removal was an 
intermittently discharging f istula F in the midline of the neck 
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may present in the same way as a thyroglossal cyst or as 
a lump in the tongue. As this may be the patient's only 
thyroid tissue, isotope scanning should be performed to 
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check if there is thyroid tissue in the normal position 
before proceeding to excision. 

DISORDERS OF PARATHYROID GLANDS 

HYPERPARATHYROIDISM 

SYMPTOMS AND SIGNS 

Hyperparathyroidism is the most common clinical dis
order of the p.:lrathyroid glands. Patients are usually 
referred to a surgeoTl after investigation of recurrent 
urinary Iract ca lculi or hyperca lcae mia. 

Hypercalcaemia is often found incidentally on bio
chemical screening. Many of these 'asymptomatic' patients 
tum oul to have suffered non-spt'Cific symptoms of fatigue 
and malaise for years or have s igns of hypertension or 
renal failure. Symptomatic hyperc.llcaemia presents with 
fatigue, polyuria and polydipsia and constipation, and 
more specifically bone pain (with or without radiologic.,1 
changes), urinary tract stones and abdomina l pain 
(c.'lused by peptic ulcer or p.lncreatitis)....--as an aide 
memoire 'bones, stones and abdominal groans'. Mental 
changes include conhlsion, depression or even psychosis. 
Secondary hyperparathyroidism wit h hypero1lcaemia 
also occu rs as a rt."'Sponse to chronic renal failure. After 
renal transplantation, hyperparathyroidism mny persist 
and is described as tertiary hyperparathyroidism. Note 
that hyperparathyroidism is only one cause of hyper
calcaemia; the other main cause is a variety of malignant 
diseases which either secrete p<lrathyroid-related protein 
(PTH-rP) or cause widespread lytic bone metastases. 

Rilised plasm;] calcium levels cannot be toler<lted 
for long without causing scrious systemic problems or 
damage to bone. From Figure 43.12, it might seem pt1T<l
doxical that urinary tract calculi are a common present
ing feature of hyperparathyroidism, since parathormone 
reduces urinary calcium excretion. The probable reason 
for stone formation is the excess phosphate excretion. 
This is associa ted with excessive uril1ClrY alkaliJlity, which 
predisposes to the formation of calcium salts. 

CONTROL OF PLASMA CALCIUM (Fig. 43.12) 

Plasma calcium level is normally maintained within a very 
narrow range by the combim.>d effect of par;]thormone 
and vitamin D. 

Parathormone raises plasma calcium levels in the 
following ways: 

• Increases osteoclastic activity and release of calcium 
from the bone matrix; this liberates calcium into the 
circulation 

• Enhances renal tubular reabsorption of calcium and 
diminishes reabsorption of phosphate 

• Promotes calcium absorption from the small intestine 
in the presence of vitamin 0 

Parathormone also decreases plasma phol;phate by 
increasing renal clearance of phosphate. Vitamin 0 (as 
cholecalciferol) is produced by the action of sunlight on 
cholesterol derivatives in the skin. Cholecalciferol is 
then converted to 25-hydroxycholecalciferol in the liver, 
and fu rther hydroxylated by the renal parenchyma to 
the active compound 1,2S-dihydroxycholecalciferol. 
This active compound is required for c.,lcium absorption 
from the intestine. Calci tonin , produced by the C-cclls of 
the thyroid gland, probably plays little part in normal 
calcium homeostasis. 

Calcium homeostasis is thus dependent on normal 
functioning of parathyroids, liver and kidney, together 
with an adequate diet.lry intake of calcimn and suitable 
quantities of vitamin 0 from diet or exposure to sunlight. 

TYPES OF HYPERPARATHYROIDISM 

Hyperparathyroidism is classified as follows: 

Primary hyperparathyroidism 

a. Single parathyrOid adenoma 
This is the most common cause of primary hyper
parathyroidism. One of the four parathyroid glands 
becomes replaced by a benign neoplasm which secretl's 
parathormone in excessive ilmounts. Secretion by the 
other parathyroids is suppressed. 

b. Diffuse parathyroid hyperplasia 
This is an uncommon cause of prima ry hypcrpMa
thyroid ism. The secretory cells of Iwo or more of the 
glands undergo idiopathic hyperplaSia, resulting in excess 
hormone production. 

c. Parathyroid carcinoma 
TIlis is extremely rare (I 'k of primary hyperp.uathyroid 
patients) and involves only one of the pMathyroid 
glands. These tlllnours are often palpable and C.1Use 
gross elevation of plasma calcium. 585 
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Fig , 43.12 Main c.ontTol m ec.hanism s for plasma calcium 

Secondary hyperparathyroidism 

Secondary hyperparathyroidism occurs in response to 
hypocalcaemia or calcium malabsorption. It is mainly 
seen in chronic renal failure when there is defective 
absorption of calcium from the gut. This is probably due 
1'0 a fai lure of conversion of 25-hydroxycholecalciferol 
to 1,25-dihydroxycholecalciferol in the diseased renal 
parenchyma. These patients are usually undergoing 
reguli1f renal dialysis. The pa rathyroid glands undergo 
d iffuse hyperplasia in response to the reduced plasma 
c.11cium, The output of paralhormonc increases, thereby 
mobilising bone calcium and reducing urinary excretion, 
in ,1n attempt 10 maintain norm.ll plasma calcium levels. 
Hyperparathyroidism is usually associated with raised 
plasma calcium level (and reduced plasma phosph'lte 
levels) but in secondary hyperparathyroidism, plasma 
calcium is normal or even depressed. 

Te rtiary hyperparathyroidism 

Tertiary hyperparathyroidism is a complication of pro
longed S<.'Condary hyperparathyroidism. If the underlying 
cause of secondary hyperparathyroidism is corrected by 
TCllal tnmsplantalion, plilsrna calcium increases to normal 
levels yet pnrathyroid secretion remains abnorma lly high. 

The p.1rathyroid glands remain hyperplastic, having 
become insensitive to the normal negative feedback from 
rising plasma calcium levels. 

Ectopic parathormone-like protein production 

Malignanl tumours may cause hypercalcaemia . [n 70%, 
this is due to secretion of para thormone-relaled protein 
(PTH-rP) and in the rest to widespread bone destruction. 
The most common tumours to secrete PTH-rP are 
squamous cell carcinoma of the lung, renal cell carcinoma 
and bladder cancer. Tumours causing hypercalcaemia by 
bone destruction include breast cancer, leukaemias and 
multiple myeloma. 

MANAGEMENT OF HYPERPARATHYROIDISM 

Correctt.'<i plasma calcium levels are eleva ted in primary 
hyperparathyroidism but precise d iagnosis was difficult 
before the advent of immunoaS5.1Y for paralhormone. 
Modem two-site non-<ompelitive immUno.1ss.1Y recognises 
different regions of the PTH molecule, producing a 
robust signal antibody which can be marked by radio
active, luminescent or enzyme labels. Elevated plasma 
calcium and PTH levels confi rm the diagnosis of 
hyperpar"thyroidism in virtually all patients, without 
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n'nal failure or metastatic disease. In primary hyper
parathyroidism, d istinction between adenoma, diffuse 
hyperplasia and adenocarcinoma may be best under
taken by surgical exploration of the neck and examin
ation of all four p.1r.1thyroid gla nds. Preoperative 
localis.:'ltion tech niques other than ultrasound are prob
ably appropriate only prior to re--exploratory operations 
for recurrent hypercalcaemia . 

Surgical management 

Surgery is the only treatment for primary and tertiary 
hyperp;lr<1Ihyroidism. Secondary hyperparathyroidism is 
managed by giving oral vitamin 0 or calcium, although 
parathyroidectomy may be necessary if there is severc 
bone resorption. Il ypercalcaemia due to ectopic para
thormone production is numllged medically as it is rarely 
possible to resect a paralhormone-like protein secreting 
nltnour. 

There arc normally two pairs of parathyroid glands, 
superior and inferior, lying cloSt" to the posterolateral 
aspect of the lateral lobes of the thyroid. The superior 
pair usually lie above the inferior thyroid artery at the 
middle of the gla nd. The inferior p.'lir an' usually loca ted 
near the lower poles of the thyroid or sometimes within 
the thymus gland or e1St"where. 

Parathyroid su rgery is exacting and time-consuming, 
usua lly interrupted by his tological examination of 
several frozen section biopsies during the course of the 
operation. The surgical access is the s.:1 me as for thyroid
cctomy. The likely anatomical position of ellch para
thyroid is then meticu lously explored in the search 
for pllrathyroid tissue. Although the parathyroid s have 
a characteristic yellow-brown colour, they are often 
difficult to d istinguish from thyroid tissue, especially if 
the tissues have been traumatised. 

If one of thc parathyroid glands is enlarged and the 
others arc normal, the diagnosis is parathyroid adenoma, 
or rarely, adenocarcinoma. [n either case, the abnormal 
gla nd is completely removed and the other glands left in 
situ . If no individUlll gland is disproportionately enlarged, 
a diagnosis of diffuSt" hyperplasia can be made. In this 
caSt", there is a trend towards total parathyroidectomy 
rather than incomplete removal, now that plasma ca lcium 
can be coni rolled better medically. The problem is thai 
some parathyroid lissue may remain unidentified, how· 
ever meticulous Ihe surgery. Surgica l practice varies in 
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managing pllrathyroid hyperplasia. Some surgeons 
remove all the parathyroid tissue they can find, others 
remove throe and a ha lf glands, wh ile still others remove 
all the p.1 rathyroid tissue and reimplant a small mass of 
tissue in 11 forearm muscle pouch. The advantage of this 
is perceived to be that if hyperparathyroidism persists, 
then pa rathyroid tissue is more readily removed from 
the forearm than from the thyroid area. [n fact, it is very 
difficult to remove. 

Complica tions of p.,rathyroidectomy are similar to 
thoSt" of thyrOid surgery (see Box 43.3 earlier). Hypo
parathyroidism is more likely, however, and plasma 
ca lcium levels must be carefully monitored in the early 
postopcmtive period. 

HYPOPARATHYROIDISM 

The most common cause of hypopa rathyroidism is 
surgicill removal or devascularis.:1tion of the parathyroid 
glands during thyroid or parathyroid surgery. It may 
also be a Imnsient occurrence after excision of a para
thyroid adenoma or subtotal parathyroidectomy, las ting 
unlil the rema ining suppressed p.,rathyroid tissue re
covers nomla l funct-ion. Au toimmWle hypoparathyroidism 
may also occur occasionally. 

Hypopara thyroidism presents clinically with the 
effecls of hypocalcaem ia . A fall in the plasma calcium 
level increases neuromuscular excitability causing cramps 
or even teta ny in scvere cases. An early symptom of 
hypocalcaemia is paracsthesia, especially around the 
lips. After thyroid or para thyroid operations patients 
should be askt.>d if they have experienced any tingling 
around the mouth , and plasma calcium estimations 
should be performed the morning after operation, then 
'12-hourly for 48 hours. 

Clinica l tests for hypocalcaemia include tapping over 
the parotid gland which provokes transient contraction 
of the facial muscles (Chvostek's s ign). A further test 
involves inOating a sphygmomanometer cuff on the 
upper arm to above systolic pressure. TIlis induces carp..'ll 
spasm with in about 3 minutes ('main d'accouchcllr' or 
obstelricilln's hand). 

E.1 r1y postoperative hypocalcaemia is treated with 
inlravenous calcium gluconate. Persistent hypocalc.1emia 
is controlled by oral administration of high doses of 
calcium and vitamin D. 
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INTRODUCTION 

A large number of s u rgical cond itions in chi ldren are 
treated by general surgeons with a special interest in 
paediatric surgery. bu t surgical problems in infants under 
1 year, major congenital abnormalities a t any age and 
maligna nt ttlmours arc usually managed in regional centres 
by paed iatric surgical specia lists and urologists. Not on ly 
does the range of conditions seen in ch ildren differ from 
that seen in adu lts but the cond itions themselves vary 
withi n d ifferen t age grou ps. This is particu larly true for 

cond itions wh ich present as acute emergencies. Reflecti ng 
this, paed iatric emergencies may be considered under 
the headings of the newborn (the first few days of life, 
includ ing premature b.lbies), infants and young children 
(up to about 2 years) and older children (u p to puberty). 
Ouring puberty, the conditions merge with those of adult
hood. The non-€mergency and urogenital disorders tend 
to be less age specific and are discusSt.'CI separately later 
in the chapter. 

ABDOMINAL EMERGENCIES IN THE NEWBORN 

The more common abdomi nal emergencies in neonates 
arc sum marised in Box 44.1. All arc congenita l disorders 
wit h the exception of necrotis ing enterocolitis. Successful 
surgical ma nagement requires an understanding of the 
physiological pa rameters in sma ll infants; some of tht.>se 
differ substa ntia lly from those in ad ults. For example 
Ihe b..lsal metabolic ra te is particularly high in the 
newborn, with on oxygen demand of 5-8 ml/ kg/min. In 
older children and ad ults this fa lls to 2-4 mllkg / min. 

TempcrotuTC! regulation in in fants is also more critical 
than in older pa tients for sevcwl reasons: they have a 
relatively large su rface area, poor vasomotor control of 
skin blood vessels and an inability to genera te heat by 
shi vering. A con trolled, heil ted environment is therefore 
necessary for nursing newborn infants. For those under 

KEY POINTS 

Box 44.1 Main non-urological abdominal 
emergencies occurring in the newborn 

• Gastrointest inal atresias and stenoses 

• Malrotation of the gut 
• Anorectal abnormalities 
• Meconium ileus and other problems with meconium 

• Hirschsprung's disease 
• Diaphragmatic hernia 
• Deficiencies in the abdominal wall (gastroschisis and 

exomphalos) 

• Necrotising enterocolitis 
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1 kg, for example, the temperature is set between 34.5-
35SC and for those over 3 kg, between 31.5-34SC. For 
operations, a specially heated operating theatre is essentia:, 
with the infant placed on a heated blanket and aU parts 
of the body except those immediately adjacent to the 
operating site kept insulated. Intravenous fluids are 
warmed and anaesthetic gases humidified and warmed. 

Auid requirements are relatively greater in the newborn 
and in young children than in adults. This is because the 
kidneys have a lower concentrating power and the 
obligatory urine output is necessarily higher. Faecal fluid 
losses are also higher, particularly in children under 
about 2 years of age, and this has important implications 
for fluid balance where there is severe diarrhoea in 
conditions such as gastroenteritis. 

The blood volume in young children is approximately 
85 ml/kg. Thus, a 20 ml blood loss in a 2.5 kg infant with 
a blood volume of 212 ml represents 10% of the total 
blood volume. Even small blood losses are therefore 
important and need to be accurately measured and f(."

placed during surgery. 
Liver function is immature during the newborn period. 

The common occurrence of physiological jaundice is tht" 
result of a high level of unconjugated bilirubin resulting 
from immaturity of the liver enzyme glucoronyl trans
ferase . 111erc is also a reduced ability to detoxify analgesic 
drugs and these must be used in greatly reduced dOSt'S 
compared with adults. Another reason for reducing drug 
doses in young infants is the facility with which thl' 
drugs cross the blood-brain barrier. Other conS<."'luenccs 
of liver immaturity include a reduced production of pro
thrombin (which can be overcome by administration of 
vitamin K in the pcriopcrativc period) and the risk of 
hypoglycaernia because of relatively low glycogen stort.'$. 

In surnmmy, perioperative care of small children 
demands meticulous attention to fluid and blood balance. 
Poor temperature control and liver immaturity in the 
infant can result in problems with metabolism and blood 
clotting. A specialised knowledge of fluid and electrolyte 
balance, drug cffects and nutritional needs is necessary 
for s.1fc pre- and postoperative care of these small p..1ticnts. 

INTESTINAL OBSTRUCTION 

Intestinal obstruction is the underlying phenomenon in 
the majority of neonatal abdom inal emergencies and 
occurs approximately once in every 2(J(X) live births. 
Complete obstmction, p..1rticularly of the proximal portion 
of the intestinal tract, prevents the fetus from swallowing 
amniotic fluid and this results in matemal polyhydramnios. 
Just as in adults, intestina l obstruction presents with 
vomiting, constipation and abdominal distension. Bile
stai ned vomiting is a particularly uS('ful sign in this age 
group as it docs not occur in normal hill-term infants; it 
is thus always suspicious of a functional or a mechanical 

The acute abdomen in chitdren -0( 

obstruction beyond the pylorus. The severity of abdominal 
distension varies from gastric fullness to generalised 
abdominal distcnsion, depending on the length of bowel 
affected. 

Antenatal ultrasonography is now used as a routine 
investigation in obstetric departments. In pregnant women 
with polyhydramnios, 18% of fetuses are found to have 
congenital abnorma lities of the gastrointestinal tract. 
Surgical abnormalities dct£'Ctable by antenatal ultra
sonography include duodenal atresia, diaphmgmatic 
hernia, meconium peritonitis, and abdominal wall defects 
such as gastroschisis and exomphalos. 

Confirmation of a diagnosis of intestinal obstruction 
after birth is usually possible with plain abdominal X
rays. The level of occlusion can often be deduced from the 
position of air and fluid levels. Barium enema examination 
is particularly useful for identification of distal lesions 
and for excluding malrot.ltions of the bowel. 

If transfer 10 a specialist centre is necessary, the newborn 
infant must be placed in a port.lble incubator which 
maintains body temper.lturc. Oxygen and suction must 
be aV.lilable during the jouTney, and frequent gastric 
aspira tion via a nasogastric tube reduces the risk of 
inhalation pneumonitis. Endotracheal intubation is 
essential for infants with respiratory insufficiency. 

GASTROINTESTINAL ATRESIAS AND 
STENOSES 

Atresia is defined as complete obliteration of a segment 
of the gastrointestinal tract which is thus completely 
obstructed, whereas a s tenosis is an indistensible 
narrowing causing partial obstmction. These problems 
are most common in the oesophagus and small intestine. 
Many of these are probably caused by mechanic.11 problems 
affecting the blood supply in utero of the affected segment. 

Oesophageal and duodenal atresias are true embryo
logical abnormalities and often associated with other 
abnormalities. For example major cardiac, vertebral or 
renal abnormalities arc found in 40% of cases of 
oesophageal atresia, and 20% of infants with duodenal 
atresia have Down's syndrome. In contrast, small bowel 
.1tresias are largely the result of intra-uterine mesenteric 
vascular accidents and are rarely associated with other 
congenital abnormalities. 

OESOPHAGEAL ABNORMALITIES 

Potentially lethal oesophageal abnOTn1.1lities occur in 1 in 
3000 live births and there is an associated polyhydramnios 
in nearly 30%. Oesophageal atresia may occur alone but 
in 85% of cases it is associated with a fistulous com
munication betwl>en the trachea and the distal oesophageal 
segment <trachea-oesophageal fistula or TOF), as shown 
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in Fig. 44.1. Fistulae between the trachea and the upper 
pouch ilre very rare (J %). A wide variety of oesophageal 
abnorrn...litics account for the remaining 15% of oesophageal 
atresia. 

The diagnosis is suspected in il newborn infant with 
excessive amounts of frothy saliva in the mouth. Attempted 
fceding causes choking or cyanotic ilttilcks and fluid may 
enter the lungs by aspiration from the blind upper pouch 
or by regurgitiltion of gilStriC acid from the s tomach via 
the fistulil. Aspiration pneumonia is a serious complication. 
Diagnosis of TOF is confirmed by passing a nasogilstric 
tube (10 French g.lUgC) through the mouth. This will be 
arrested by the distal limit of the blind-ending upper 
pouch which can be outlined on X-ray by pilssing a very 
snwll quantity of contrast material down the tube. 
Following the X-rilY, the contrast material is aspirated 
from the pouch to prevent any spill-over into the lungs. 
If the oesophagus is obstnlCted and there is gilS present 
in the stomach, this indicates there must be a fistub 
between the distal oesophagus and the trachea. 

Surgic,'l correction is performed soon after diagnosis 
and ilfter a search for any other congenitill abnormalities. 
The miljority ilre corrected by ligation and division of the 
fistu la ilnd primary oesophageal anastomosis. Orill feeding 
is started 1 week after su rgery in uncomplic.lted C.l5eS. 

ANNULAR PANCREAS AND DUODENAL ATRESIA 

These two conditions present in an identicill manner. 
Annu la,r panCTCas is ca used by an embryological ilnomilly 
in which il port ion of the pancreils remains wrilpped 
nround the duodenum. The pilncreilS is normnlly form.s:! 
from two separate ventral ilnd dorS<ll outgrowths of the 
duodenum nnd the ven tral portion rotates around the 
bowel to fuse with the dOTSil l outgrowth. An abnormillity 
in rotation results in annular pancreas. [t is important to 

Blind·ending proXImal oesophagus ----

Tracheo-oesophageallistula ------" 

Fig. 44.1 Tracheo-oesophageai fi stula 
The most common variant of oesophageal atresIa Air enters the GI 
tract VIa the fistula and may be seen on plain X-ray. Gastr ic secret ions 
may enter the bronchial tree caUSing 'frothy' breathtng 

note thilt duodenal atresia is associated with Down's 
syndrome but annular pilncreas is not. 

The obstruction of duodenal atresia is usually below 
the entry of the common bile duct, resulting in bile-stained 
vomiting. Plilin erect ilbdominal X-ray sho\\'s gas in the 
stomach and proximill duodenum; a gas bubble and 
fluid level ilre St.'l'n on eilch s ide of the upper ilbdomen 
('double bubble'-sce Fig. 44.2). Urgent surgery is needed 
to bypilss the defect by creilting il side-to-side anilstomosis 
between proximal ilnd distal duodenill segments. 

JEJUNO-ILEAL ATRESIAS 

These atresias ilre believed to result from damage to the 
vascular supply of the bowel and are occasionally found 
in associiltion with intra-uterine occurrence of hernia or 
volvulus. They occur at any level and are sometimes 
multiple. Bile-stained vomiting and abdominal distension 
are often associated with vis ible peristalsis and hyper
trophied proximal bowel. The diagnosis is usuillly evident 
from the plain abdominill X-ray. Treatment consists of 
resection (Fig. 44.3) of the affected segment, including 
the most hypertrophied segment of proximal boweL and 
end-to-cnd anilstomosis. 

MALROTATION OF THE GUT 

During early embryological development, the midgut 
develops outside the abdominal cavity. By the end of the 
third month, the midgut has returned to the abdominal 
cavity having rot,lte<! 2700 anti-clockwise in the process. 
Incomplete rotation may leave the caecum in front of 
the duodenum and the two organs are then bound together 
by peritoneill bilnds (ladd's bands). nlese ca use duodenul 
obstruction and bile-stuined vomiting. The most serious 
problem with malrotiltion is associated with mal fixation 
of the smilll ilnd large bowel to the posterior abdominal 
wall. A miljor portion of the bowel may be suspended by 
il very narrow mesentery which can twist on its axis and 
occlude the superior mesenteric vessels, cutting off the 
blood supply to the whole of the small bowel ilS well as 
the proximal half of the large bowel. A sudden onset of 
duodenal obstruction and peritonitis in a previously well 
child should suggest a diagnosis of volvulus of this type. 
Urgent lilpo,rotomy is imperiltive to de-rotate the bowel 
and ilny gilngrenous bowel must be resected. If less thiln 
SOcm of small bowel can be conserved , a 'short bowel' 
syndrome is likely, with inildequate absorption of nutrients. 

ANORECTAL ABNORMALITIES 

The primitive hindgut forms the cloaca in the early 
embryo and il septum then divides it into an anterior 
compartment, from which the urinary tract ilnd pilrt of 
the gcnitill trilct are formed, and a posterior compartll1 ('nt 
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Fig. 44.2 Duoden a l atres ia 
(a) Suptne plain abdormnal film In a neonate With duodenal 
obSlruCllon, This 111m shows the typICal 'double bubble' appearance 01 
gas In the stomach G 'lnd the first part of the duodenum 0 flUid 
levels would be seen In an erect film. (b) A small amount of bctrium 
has been passed down the nasogastnc tube and confirms that tl'w? 
obstrudlOn in the SKond part of the duodenum is Virtually complete 

from which the rectum Clnd upper part of the anal canal 
are formed . The lower portion of the anal canal is deve
loped from an invagini'ltion of ectoderm. There are many 
tyJX'S of anOH."Cta l anOIll<llics but a simple classification is 
based all their rcliltionship to the puborecta!is portion of 
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Fig. 44.3 Jejunal atresia 
Findings at laparotomy on a neonate presenting with Intest inal 
obstruction. The prOKlmal jejunum P IS greatly dilated whilst the distal 
Jejunum 1$ collapsed 0 In between IS an <ltreti( S(>(Jment Without a 
lumen (arrowed) This was resected and the bowel ends JOIned The 
Infant thrived soon aftefWards. 

the levator ani muscle. In anal agenesis the virtually 
blind-ending rectum passes th rough the puborectalis 
muscle and ends as a fistula to the perineum- usually to 
the urethra in the male and to the lower vagina in the 
fema le. Anorectal agenesis implies tha t the bowel 
terminates above the puborectalis. A fis tula communicates 
with the ureth ra in the male and the upper half of the 
vilgina in the female. Anomalies of the urinary tract arc 
associilted with th ese disorders in 50% of infants with 
anorectal "genesis and 20% of those with an"l agenesis. 
Scver<ll individual congenital abnormalities are often 
associated with each other: in particular, the VAT ER 
association of Vertcbr,,1, Anorectal, Trachea-Oesophageal 
and Renal abnormalities. Finding one of theseabnomlalities 
shou ld lead to a search for others in the group. 

In suspected anorectal abnonnaJilies, a combination 
of c,lrefu\ examination of the perineum, urinalysis for 
meconium, and lateral X-ray of the pelvis with the infant 
held upside down allows accurate diagnosis. Water
sol uble contrast injectL>d through the perineum into the 
distal bowel may give more accurate information. 

Treatment depends on the level of the distal pouch. In 
the low lesions (a nal agenesis), the main pelvic muscle of 
continence (puborectalis) is well formed and operations 
vi<l the perineum arc often sufficient. High lesions require 
a preliminary colostomy and complic<ltL'Ci reconstructions 
later. The currently favoured m<ljor reconstruction is 
perform(..'({ through a posterior s..lgiU<l1 incision extending 
from the sacrum 10 the ana! dimple. Any fistul<l is 
divided and the rectum mobilised. The essenti<l/ p<lrt of 
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the operation is the "ccumle apposition and repair of the 
levator muscles and the muscles of the external anal 
sphincter. Long-term faecal continence is achieved in most 
children with low anomalies but in a lesser proportion 
with high anomalies. 

CAUSES OF FAILURE TO PASS 
MECONIUM 

MECONIUM ILEUS 

Meconium ileus is an obstruction of the distal ileum by 
thick, viscid meconium and it occurs in 5-10% of ne ..... -
born infants with cystic fibrosis. These children have an 
abnormali ty of mucus-secreting glands which causes 
secondary changes in the lungs, liver, pancreas and small 
bowel. Pancreatic enzymes which normally liquefy mec
onium are deficient and the thick meconium causes 
severe intestinal obstruction. Clinical examination may 
reveal thickenL>d loops of hypertrophied bowel and X
rays may show a mottled appearance with a few fluid 
levels. X·rays are often difficult to interpret. An enerTh1 
examination with Gastrografin may demonstrate the 
inspi5S<1ted meconium in the dista l ileum and may also 
break up the material by a detergent-like action, thereby 
relieving the obstTUction. 

Lap.1rotomy is required for unrelieved obstruction 
and the maximally dilated loop of ileum containing the 
inspissated meconium is resected. A temporary ileostomy 
is usually f<ls hioned and closed after 1 month. Pancreatic 
enzyme supplements tire given, as well as antibiotics to 
prevent pulmonary complications. 

OTHER TYPES OF MECONIUM OBSTRUCTION 

Occasionally, normal meconium may become inspissated 
and obstruct either the distal ileum or the large bowel. 
Th is complication has been related to early feeding with 
reconstituted milk feeds and is more frequently en
countered in the premature and low birth-weight infant. 
The obstructing plug of meconium may be evacuated 
after a rectal examination but occ.1sionally laparotomy 
and removal of the meconium plug is TC<:juired; ileostomy 
is not necessary. Spontaneous ilea l perforation is an 
occasional complictltion. 

HIRSCH SPRUNG'S DISEASE 
(CONGENITAL AGANGLIONOSIS) 

Hirschsprung's disease Olarald I-lirschsprung 1830-1916) 
is a congenittll abnormality of part of the bowel which 
affects all of the intra-mural autonomic nerves. Ganglion 
cells (neurones) arc absent from the inter-myenteric and 

submucosal plexuses, and the parasympathetic and 
sympathetic nerves are scattered in a disorderly way 
throughout the layers of the bowel wall. In 75% of cases 
the abnomlality is restricted to the rectosigmoid area 
(Fig. 44.4b) but in 8% the whole of the large bowel is 
involved. Very rarely the condition affects the whole of 
the intestinal tract. Peristalsis is absent in affected seg
ments and the internal anal sphincter does nol relax. TIle 
patient therefore has a functional obstruction of the bowel 
that presents either as nronatal intestinal obstruction or 
as severe constipation in an older child. Ninety-eight 
percent of normal infants pass meconium within the firs t 
24 hours of life whereas 94% of infants with aganglio
nosis do not. 

Rectal examination may allow an explosive release of 
air and meconium. Diagnosis is made from the observation 
on contrast enema of a non-<iilated rectum but a dilated 
proximal colon and is confirmed with mucosal suction 
biopsies. Histochemical staining of the latter shows absent 
neurones and an increase in the numbers of cholinesterase
positive (parasympa thetic) nerves. 

A severe form of enterocolitis may occur in infants 
where the diagnosis of congenital aganglionosis has been 
delayed, and death may result from hypovolaemia. 

DIAPHRAGMATIC HERNIA 

111e diaphragm is developed from a complex of embryo
logical structuTCS which include the mesoderm of the 
septum transveTSum, the lateral pleuroperitoneal folds 
and the dorsal mesentery of the embryo. The phrenic nerve 
arises from the area of origin of the septum tr<lnsversum 
in the c~rviC<l1 region. Fusion of the various segments of 
the diaphragm ttlkes pltlce round about the eighth week 
of gestation. A failure of closure of the pleuroperitonea I 
folds results in the most common type of congenital 
d iaphragmatic hernia (Fig. 44.5) which is postern-lateral 
in position. Bowel occupies part of the thoracic cavity 
and inhibits development of the lungs. TIle incidence of 
this type of hernia is I in 3500 live births and 80% are on 
the left side. 

Diagnosis is now f«'<)uently made before birth on 
antenatal ultrasound screening. The infants develop 
signs of respiratory distress soon after birth and survival 
depends on the lung volume and its function. Cyanosis, 
mediastinal shift and an 'empty' (scaphoid) abdomen are 
the classic signs and the diagnosis is easily confirmed 
on a chest X·ray. Preoperative nasogastric aspiration <lnd 
endotracheal intubation are instituted and the hernia is 
repaired through a subcostal abdonunal incision. In m.lIlY 
cases a complete diaphragm can be fashioned by suturing 
diaphragmatic remnants together after Lifting the viscera 
out of the thoracic cavity. Large defects, however, may 
require a patch of prosthetic material or a flap of alxlominal 
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Fig, 44,4 Hirschsprung's disease 
(a) 3-year-old chIld demonstrallng failure to thrlvt' and iI dilated abdomen. (b) Banum enema In the same chIld showing gr05S1y dIlated coIOfI C 
pro~lfnal to the recto sigmoid JUnctIOn The bowel dIStal to that POint was affected by HIf5Chsprung's d~ase 

........... (b) 

Fig. 44.5 Congenital diaphragmatic hernia 
(a) Plain chest radiograph of iI neonate Wi th respiratory distress ThIS film shows a large opacity In the fight lung field con taining obVIOUS loops of 
bowel caused by a congenital diaphragmatic herma , ThiS case IS unusual as It IS on the figh t ~ i de (b) Postoperative chest X-ray of the same Infant 

4 

shOWing complete lung expansion after repair of the diaphragmatIC defect. 593 
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wall muscle to achieve sa tisfactory closure. The overall 
mortali ty is still approximalely 50% from inadequate lung 
hlnction. Extra-corporeal membrane oxygenation (ECMO), 
derived from card iopulmonary bypass techniques, has 
recently bt.>en introduced to support the infant whi le the 
lungs are developing. and initial results have been 
encouraging. A report of 1000 infants with diaphragmatic 
hernias treated with ECMO support showed a survival 
rate of 60%. 

OTHER SURGICAL CONDITIONS 
CAUSING RESPIRATORY PROBLEMS 
IN THE NEWBORN 

VASCULAR RING 

This abnormality is cauS(.>d by the persistence of a posterior 
aortic arch or by abnormal configurations of the vessels 
that arise from the aortic Mch. Either abnorm'llity results 
in compression of the trachea and Of'SOphagus. In 
children with severe symptoms, treatment is essential 
and consists of division of the smalJest moiety of a 
double aortic arch or by correction of the anatomy of any 
abnorma l vessel. Children with only mild symptoms 
may improve spontaneously with growth. 

CONGENITAL CYSTIC DISEASE OF THE LUNG 

The abnormality usually affects one PaJ, )f the lung
most frequently one or other of the lower lotx'S. The cysts 
result from abnormal development of lung parenchyma. 
Lmge lesions ca n GlUSe acute respiratory symptoms 
from com pression of the normal lung. Resection of the 
affcctedlobe is cura tive. 

CONGENITAL LOBAR EMPHYSEMA 

This condition usually affects an upper lobe of either the 
right or the left lung. A developmental weakness in a 
lobar bronchus allows air into the lobe, but bronchi.ill 
collapse during expi ration prevents deflation. Lncreasing 
lobar e)(p'-Ulsion compresses normal lung tissue which 
leads to deteriorating respiratory function. Surgical excision 
of the emphysematou.s lobe is relatively straightforward 
and curativc. 

DEFICIENCIES IN THE ABDOMINAL 
WALL 

Major dcficiencit'S in the anterior abdominal wall are an 
uncommon congenita l abnormality and are dramatically 
obvious a t birth (Fig. 44.6). They originate from a mid
line defect in the abdom inal wall so that much of the 

bowel lies outside the abdominal cavity, with or without 
11 membranous covering. In gastroschisis, coils of bare 
gut are exposed, whereas in exomphalos, the gut is 
invested with a thin layer of peritoneum. Ectopia vesicae 
(extrophy of the urina.ry bladder) is the rarest of the major 
abdom inal wall defects and is more common in boys. It 
presents as 11 defect between the rectus muscles and the 
pubic bones and a failure of development of the entire 
front of the bladder, bladder neck and urethra. 

GASTROSCHISIS 

This abdominal wall defect is characterised by herniation 
of bowel through a defect to the right of the umbilicus. 
The defect usually measures about 3cm in length and 
there is no peritoneal covering. Exposure to amniotic fluid 
before birth can rcsult in widespread adhesions and 
shortened oedematous bowel loops. Gastroschisis may 
be associated wi th small bowel atrcsias. Treatment by 
primary abdominal wall closure is frequently possible 
but if Ihe abdominal cavity is too small then a temporary 
covering is fashioned with a Silas tic pouch. The bowel is 
reduced into the abdomen over the next few days and 

Fig. 44.6 Newborn with gastroschisis 
ThiS neonate was born With bowel and stomach protruding as shown 
The bowel was covered With a specl.ill plastic bag sutured 10 the 
wound edges and the bag gradually foiled up day by day unti l all the 
bowel h.ild been returned to the abdomen The abdomm.ill wall was 
then repaired 
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the abdominal wall then n'paired. The current mortality 
rate is approximately 15%. In many cases intravenous 
nutrition is required for at leasl 3 weeks before normal 
bowel activity returns. Gastroschisis is rarely associated 
with other anomalies. 

EXOMPHAlOS 

Exomphalos major is a defect in the midline of the 
abdomen and may affecl most of the abdominal wall and 
have (I diameter of up to 20 em. It is often associa ted 
with other congenital anomalies such as heart disease, 
diaphragmntic herniil, abnormalities of the bladder and 
chromosomnl anomalies. 

AI birth the bowel is covered with a thin s.ac of 
amnion and peritoneum which may ruptu re and allow 
evisceration of the bowel, infection and septicaemia. 

Primary skin cover is the ideal treatment but this may 
not be possible bt..>causc the abdominal cavity is too small 
and causes diaphragmatic splinting and compression of 
the inferior vena cava. Th is type of defect may be 
temporarily closed with a Silastic sac which is rolled up 
a little each day, returni ng bowel to the abdominal cavity 
little by little. A forma l repair of the abdomen is then 
performed. As with gastroschiSis, intravenous feeding is 
usually m_>eded until normal bowel activity returns. The 
mortality rate for large lesions is approximately 30%. 

Exomphalos mi nor, or herniation of the umbilical 
cord, does not exceed 4 COl in diameter. The bowel can be 
reduced with case and the abdominal wall repaired as a 
primary procedure. 

The acute abdomen in children 

ECTOPIA VESICAE 

Ectopia vesicae is a complex abnormality which presents 
at birth with exposed bladder mucosa and penile 
epispadias. The pubic bones may be widely 5eJh,ralcd 
with resulting posterior rotation of the hip joints. 
Closure of the defect, repair of the episJh,dias and the 
achievement of urinary continence must be accomplished 
without producing back-pressure on the kidneys. Urinary 
d iversion may be necessary when continence fails to 
become established. 

NECROTISING ENTEROCOLITIS 

Th is often fatal disorder occurs in newborn babies, who 
are almost invariably the premature or seriously ill in 
special care baby units. The pathophysiology is poorly 
understood but probably involves ischaemia of the large 
bowel wall which then becomes invaded by gas-producing 
bacteria. Initially, there is adynamic bowel obstruction, 
presenting with abdominal distension, vomiting and 
diarrhoea with blood and mucus. If unrecognised, 
nccrotising enterocolitis soon progresses to large bowel 
necrosis, perforation and generalised peritonitis. 

Plain abdominal X-ray initially shows generalised 
bowel dilatation with multiple nuid levels. Later, gas 
shadows may be seen in the bowel wall indicating bowel 
wall necrosis. Treatment includes vigorous resuscitative 
measures, broad-spectrum antibiotics and surgical re
section if incipient gangrene is suspected. Mortality 
remains high. 

ABDOMINAL EMERGENCIES IN INFANTS AND YOUNG CHILDREN 

In children below the age of about 2 years, there are four 
main abdominal causes for acute surgical admission; 
these are listed in Box 44.2. 

STRANGULATED INGUINAL HERNIA 

PATHOPHYSIOLOGY 

Strangulated inguinal hernia is the most common cause 
of acute surgic.,t admission in boys below the age of 2 
years. Strangulation follows incarceration of an indirect 
inguinal hernia. TIlere is invariably a congenital patent 
processus vagina lis, although an actual hemi,l may not 
have been evident beforehand. Strangulated inguinal 
hernia may occur at any time from birth onwards and is 
most common during the first 2 years of life. The high 
incidence of strangulation in young children is a strong 
argument in favour of rep<liring any hernia in this age 
group soon <lftcr it has been discovered. There is a 

KEY POINTS 

Box 44.2 Main abdominal emergencies occurring 
in infants and young children 

• Strangulated inguinal hernia 
• Hypertrophic pyloric stenosis 
• tntussusception 
• Swallowed foreign body 

pMticularly high incidence of strangulation in premature 
h..,bies. 

CLINICAL FEATURES 

Classically, a mother discovers a firm lump in the groin 
of her crying (usually male) child. He may have vomited 
once or twice but the diagnosis is usually made before 
obstruction becomes established. On examination, the child 
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is usually well. There is <'In obvious, irreducible lump In 

the groin (Fig. 44.7) which may extend into the scrotum 

MANAGEMENT 

In a typical child presenting early, the hernia is not 
tender or red , and there is no risk that the s trangulated 
bowel has yet become infarcted . Simple sedation and rest 
in a hospitill bed allows most hernias to reduce spon
tilneously after il few hours. If reduction is successful, 
the ch ild is kept in hospital and elective hernia repilir 
performed ot the earliest scheduled opportunity. If con
servative monogement fails to reduce the hernia with'n 
about 6 hou rs or if there is any clinical evidence of bowel 
infarction, then operation must be performed as ,\11 

emergency procedure. 

Fig. 44.7 Irreducible inguinal hernia 
This 14·moolhopld boy was k.nown 10 h<tve a redu(lble ingUinal ~rva 
but after a bout of crying It be<:ame IrredUCible. With sedallOn and 
rC$t, the hernia reduced spontaneously but Wa5 repaired 00 the next 
a .... allable opefatlng list 

HYPERTROPHIC PYLORIC STENOSIS 

PATHOPHYSIOLOGY 

This common condition of unknown aetiology nearly 
a lways presents between 3 and 8 weeks of age. It presents 
with a sudden onsct of complete pyloric obstruction. The 
underlying cauSt! is marked hypertrophy of the circular 

muscle in the pyloric region of the s lom,lch. The disorder 
occurs in about 1 in 400 normal babies and there is a 
male predominance of 4:1. Firstborn children are most 
commonly affected. Ileredilary factors playa part since 
it is relatively com mon for s iblings of affected children to 
develop the cond ition. It is also common for a parent or 
other dose relative of an affected child to h,we had 
infantile pyloric stenosis. 

CLINICAL FEATURES 

Typically, the infant thrives for the first 3 or 4 weeks and 
then begins to \'omit after every feed. The vomiting 
characteristically becomes pro ject ile, i.e. large amounts 
of vomitus arc hurled from the mouth, rather thim nmning 
down lhe baby's front. The vom itus is never bile-stained 
and this read ily dist inguishes pyloric stenosis from duo
denal stenosis. Apart from the vomiting, the child appears 
well and is eager for further milk. With sustained vomiting, 
however, the child becomes progressively dehydratt.>d 
and electrolyte depleted ,lnd loses vigour. Examin,ltion 
often reveals no abdominal abnormality. 

DIAGNOSIS 

The persistent vomiting leads to hospital admission, 
where the child's response to feeding is observed. At the 
same time, the abdomen is palpated. U pyloric stenosis is 
present, a mass about 2 on in diameter is usually p.llp..lblc 
deeply below the liver during the test feed. If gastric 
peris ta ltic waves are also visible through the abdomin,11 
wall, the diagnosis CMl be made with confidence (visible 
peristalsis). If the diagnosis remains in doubt, an ultra
sound scan or b.1riurn meal examination will reveal typical 
complete pyloric obstruction. 

Treatment is by RammSlerl t's pyloromyotomy (sec 
Fig. 44.8). Before operation, it is essential lhat any fluid 
and electrolyte abnormali ties are corrected- the operation 
shou ld only be performed on a well baby. In addition, 
the stomach is emptied by nasogastric aspiration ,1I1d 
washed out with normal saline. At operatioll, the muscle 
of the pylorus is split longitudinally down to but not 
including the mucosa; the mucosa bulges into the incision 
when the correct level is reached. 

Postoperative recovery is rapid, and graded feeds are 
reintroduced over 1-2 days, beginning with a standard 
e lectrolyte solution. 

INTUSSUSCEPTION 

PATHOPHYSIOLOGY 

Intussusccption (Fig. 44.9) is an acquired disorder most 
common betwe~n the ages of 3 months and 2 years. A 
segmcnt of bowel becomes invaginated into the bowel 
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Fig. 44.8 Hypertrophic pyloric stenosis and Rammstedt's 
operation 
(a) Barium meal snowing dilated stomach and narrow pylorIC channel 
With apparent shouldenng due to pylorIC muscle thickening_ (b) A !>mall 
transverse abdomlOal incISIon has been made and the stomach 5 and 
p~lonc 'tumour' P delivered (e) The serosa over the tumour has been 
inCised and the hypertrophiC muscle split Wi th forceps. The mucosa IS 
seen bulging through the muscle split (arrowed) 

immediately dist<1l to it. The inv<lgin<lted segment pro
gressively elongates <1S it is propelled distally by peristalsis. 
lIeocaecal intussusception is the most common v<lfiety. 
It is probably initi<1l'ed by peristaltic action upon an 
enlarged Peyer 's patch caused by a viral infection. The 
intussusception commonly extend s well into the !r<lns
verse colon and may even present at the anus. 

Intussusception presents wi th oowel obstruction, but 
if left untreated for more than about 10 hours, the affected 
segment undergoes venous infarction. 

Intussusception sometimes occurs in adults, when the 
initiating factor is a oowel wall tumour or polyp. 

CLINICAL FEATURES 

The classic presentation of intussusception is bouts of 
severe colicky abdominal pain during which the child is 
doubled -up ilnd screaming. These episodes are sep<lr<lted 
by periods of <lbout I hour when the child <lppears 
entirely well . Within the first few hours, the child often 

The acute abdomen in children 

passes a sma ll amount of jelly-like blood described <lS 
red currant jelly stool which is almost pathognomonic of 
intussusception. Vomiting begins later, consistent with 
the diagnosis of dist<ll bowel obstruction. 

On examination, a sausage-sh<lped mass is usually 
p<llpable, lying across the upper abdomen. The rectum is 
empty but ma y contain a little blood. 

MANAGEMENT 

If intussusception is suspected, barium enema examination 
should be performed urgently. Diagnosis is confirmed by 
the typical appearance shown in Figure 44.10. If gentle 
hydrostatic pressure is applied by elevating the bag con
taining b,;1rium, the intussusception often slowly reduces. 

If th is fai ls or infarction is suspected, laparotomy is 
performed urgently. The intussusception is reduced by 
gentle manipulation and the appendix is usually removed. 
If Ihe viabi lity of the segment is in doubt, it must be 
resech.><I . 597 
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Possible foci for 
intussusception: 

,----Enlarged Peyer's patch, often in 
gellElralised viral adenopathy 

..:::=------Inflamed appendix 

SWALLOWED FOREIGN BODY 

Young children exa mine their environment with their 
mouths and frequently swallov foreign bodies such as 
coins, safety pins, buttons or small plastic objects. One of 
the most d angerous swallowed foreign body is a small 
button-shaped mercury battery (Fig. 44.11 ), because it is 
likely to disintegrate, releasing toxic mercury salts. 

111e narrowest p.1rt of the gastrointestinal tract is the 
cricoph<lryngeus sling at the upper end of the oesophagus. 
Foreign bodies (other than mercury batteries) that pass 
beyond this level arc likely to pass all the way through 
the tract without incident. Only rarely does an object 

,-"-----Intussusclpiens 

L-----Intussusceplum 

--------Oedematous mass, often palpable 
abdominally, causing intestinal 
obstruction and colIC as peristalsis 
acts upon il 

---Dilaled proxima! ileum 

Fig. 44.9 Intussusception 
(a) Mechanism of Intussusception (b) tn lhis case neither preoperative 
barium enema nor manual attempts at reduction were successful so 
lhe terminal Ileum t and ascending colon C were resected Note the 
appendiX A 

Fig. 44.10 Ileocolic intussusception-barium enema 
ThiS 2-year-old child presented as an emergency with spasms of 
abdominal palM, havlMg passed 'redcurrant lelly' rectaHy. ThiS barium 
enema shows the typical appearance of large bowel ohstru<l.lOn by an 
intussusception of ileum which in thiS case has progressed to the 
transverse colon. The barium infUSion pressure was increased. resUlting 
in hydraulIC reductIOn of the intussusceptIOn whICh did r.ot recur 
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Fig. 44.11 Inge sted mercury battery 
Young children often put small heanng {lId-type batteries into their 
mouth~, They are at risk from inhalation and bronchiol obstruction, 
and also from merwry poisoning if the battery disintegra tes. ThiS 
battery was removed endoscopically from the stomach of a toddler 
dnd had already disintegrated, 

The acute abdomen in children 

become arrested, usually in the terminal ileum or some
times at the pylorus. Occasionally a sharp foreign body 
penetrates the bowel wall causing peritonitis. 

Provided the child is well. management involves plain 
radiography which will show any metal-containing object 
and confirm that it is not in the bronchial tree. X-rays 
on ly need to be repeated if the foreign body has not 
passed spontaneously after 5 days. If the child develops 
abdom inal pain, vomiting or bleed.in& the object must 
be retrieved. If it is proximal to the pylorus, this may be 
by fl exible endoscopy, but if more distal, laparotomy is 
required. Swa llowed mercury batteries are extremely 
dangerous and must be removed as soon as possible. 

ABDOMINAL EMERGENCIES IN OLDER CHILDREN 

THE ACUTE ABDOMEN 

DIFFERENTIAL DIAGNOSIS 

From childhood to adolescence, acute abdominal pain 
is a common cause of surgical admission. Usually, 
append icil is is suspected and this condition is described 
in detail in Cha pter 12. The major differential diagnosis 
is cons tipation, closely fo llowed by mesenteric adenitis 
(Box 44.3). The chi ld with constipation is afebrile and 
system icillly well. Mesenteric adenitis causes a higher 
fever than appendicitis and the s igns and symptoms 
settle quickly, usually within 24 hours. There is often a 
recent history of viral upper respi ratory tract infection 
imd enlarged cervical lymph nodes may be palpable. 

Less commonly, acute abdominal pain in this age 
group is caused by a lower urinary tract in fection, or 
occasionally a right lower lobe pneumoni a. Both these 
diagnoses shou ld be consid ered and the urine tested . 
Testicul ar torsion (Ch. 27) sometimes presents solely with 
abdominal p<,in; the genitalia must always, therefore, be 
examined in boys with abdominal pain, although It 

should be noted that testicular torsion is uncommon 
before adolescence. 

KEY POINTS 

Box 44.3 Differential diagnosis of acute 
abdominal pain in pre-adolescent children 

• Acute appendicitis 
• Constipation 
• Mesenteric adenitis 
• lowe r urinary tract infection 
• Right lower lobe pne umonia 

PRINCIPLES OF MANAGEMENT 

If acute appendicitis is d iagnosed when the child is first 
seen, opera tion should be performed without delay. More 
commonly, the diagnosis of appendicitis is uncertain. In 
these children, urinary tract infection should be excluded 
by urine microscopy. The ch ild should be kept under close 
review and re-exa mined at intervals of several hou rs. 
Soon, a worsen ing or improving trend will become ap
p<lrent. This approach may be used both in family practice 
and after surgical admission. It reduces the psychological 
trauma and the rate of unnecessary operations to a 
minimum and also ensures that appendicitis is not missed 
until peritonilis has become all 100 obvious. 

<t 
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INTRODUCTION 

The most common non-acute reasons fo r surgical referral 
in ch ildren are hernias and associated problems, abnor
malities of testicular descent and foreskin problems, mainly 
phimosis. Less often, surgeons are asked to manage chronic 
or recurrent abdomina l pa in, chronic constipation, rectal 
bleeding, an abdominal mass or rectal prolapse. Many of 

these children present first to a paediatrician. Finally, there 
is a range of urological problems that occur in infancy 
and childhood, most of them unique to young patients. 
These are discussed later in this chapter. 

Unlike most of the acute conditions described earlier, 
non-acute conditions may present across the whole age 
spectrum of childhood. 

PROBLEMS WITH GROIN AND MALE GENITALIA 

HERNIAS AND ASSOCIATED PROBLEMS 

Persistence of the peritonea l sac that is associated with 
testicular descent (,lUSes three very common problems in 
boys: inguinal hernia, patent processus vaginalis (PPV) 
and hydrocoele. These conditions all present as inguinal 
or scrotal swellings, usually in babies and preschool 
children. They arc illustrated in Figure 45.1. 

INGUINAL HERNIA 

Inguinal hernias in children arise because the processus 
vaginalis fails to close after testicu lar descent. They are 
therefore true congen ital abnormalities. Anatomically, they 
are identical to indirect inguinal hernias in adults (see 
eh. 27). Inguinal hernias are very common in premature 
infants and may become obstructed or stra ngulated. 

In childhood, an inguinal hernia usually presents as i\ 
lump at the external inguinal ring. The lump ap]X'ars 
when the child crks but reduces spontaneously between 
times, SO that when the child is seen by the surgeon, no 

abnormality may be detectable. Most surgeons would 
accept a mother's clear history of hernia even if no 
abnormality is found, and arrange surgical repair. Where 
the defect is larger, the lump is always present and 
simply exp.lnds during bouts of crying. Childhood ingui
nal hernias are prone to strangulation when they present 
with pain and obstructive symptoms, Thus, inguinal 
hernias in children should be electively repaired without 
long delay. 

In adult inguinal hernias, a repair or inlay patch 
(herniorrhaphy) is necessary because an anatomical 
abdominal wall defect is important in the pathogenesis. 
In babies and child ren, there is rarely a permanent 
abdominal \V,lll defect and usually the- peritoneal sac 
only needs to be removed (i nguinal hern iotomy) (Fig. 
45,0, 

PATENT PROCESSUS VAGINALIS 

The term patent processus vaginalis should be reserved 
to describe a hydrocoele which communicates with the 
peritoneal cavity via a remnant too narrow to admit 
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bowel. Children with these com municating hydrocoelei 
present with a history of scrotal swelling which increases 
during the day (as peritonea l Ouid accumul.lles) and 
subsides during the night when the child lies £Iat (Fig. 
45.2). The cond ition is usually seen in toddlers up to the 
age of about 3 years. 

Treatment is SUrgic'l l excision of the peritoneal remnant 
as in herniotomy. 

Fig. 45.1 Inguinal hernia 
At operation, the peritoneal sac P IS being held up before It IS eXCISed 
No other procedure is necessary in this 4-year-old child Unusually. the 
patient was female 

INFANTILE HYDROCOElE 

Non-communicating hydrocoeles surrounding the testis 
arc mostly seen in neonates and young babies. The 
hydrocoelc (Fig. 45.3) results from incomplete reabsorp
tion of nuid from within the tunica vagina lis after closure 
of the proct.'SSus. The nuid will usually resorb slowly if 
untreated. Alternatively, it can be removed by needle 
aspiration, after which it does not usually recur. 

UMBILICAL HERNIA 

Many newhom b.1bies have umbilical hemias, p.1rticuiarly 
if premature. Most will spontaneously shrink and dis
appear over the first 2 years of life. Those that remain 
substa ntial after that age should be repaired as there is 
little chance of furthe r spon taneous improvement (see 
Fig. 45.4). A small subumbilical incision allows emptying 
and ligation of the peritoneal S01C and placement of a few 
non-ahsorb.1ble repair sutures. The umbilicus is usually 
sutured to the repair to restore its normal recessed 
cosmetic appearance. 

TESTICULAR MALDESCENT 

In up to 4% of normal full-term newborn males, one or 
both testes has fai led to reach the scrotum. This percent
age is greatly increased with prematurity. By the age of 1 
year, full descent wi ll have occurred in most boys, 
leaving about 0.3% with ma ldescended testcs. 

Maldesccnt is associated with up to 30 times the 
normal risk of later testicular malignancy (although the 
risk is still small); surgica l corrf'ction probably does not 
reduce this risk. In <lddition, maldescendcd testes tend to 
be subfertil e and have an increased risk of traumatic 
injury or torsion. There is histological evidence that mal-

I 
I 

I 
(a) Normal (b) Hydrocele (e) Communicating 

hydrocele 
(d) Inguinal hernia (d) Hydrocele 01 cord 

Fig. 45.2 Abnormalities associated with the processus vaginalis 601 
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Fig. 45,] Hydroc:oeles 
This ll -month-old boy had an enlarged scrotum confirmed by 
transillumination to be the result of hydroc::oeles 

descent may be a result of structural abnormalities of the 
testis rather tha n vice vet'S<l. 

To minimise the risk of complications, boys are 
exa mined regula rly from birth through school age 10 

identify problems of maldescent and allow timely 
surgical correction (orchidopexy). It is now known that 
previously descended testes can later ascend and doctors 
shou ld be alert to this possibility. Although orchidopexy 
has little innllcncc on the predisposition to malignancy, a 
testicul<l r tumour is more likely to be discovered e<lrly if 
the test is is in the scrotum. The innuence of orchidopexy 
on fertility is prob<lbly marginal except for any benefit 
ga ined from the cooler environment of the scrotum. 

The maldescended lestis may be arrested at any point 
on its pnth of descent from the posterior abdom inal wall 
to the scrotum. NeMly all lie in the groin area, outside the 
ex ternnl inguin<l1 ring in the superficial inguinal pouch. 
In addition, the testis may be deflected from its normal 

Superficial inguinal 

Fig. 45.4 Umbilical hernia in a 14-month-old boy 
This was repaired surgically. 

path into the scrotum and come to lie in <In ectopic 
position. The main sites of incomplete descent or ectopia 
are shown in Figure 45.5. 

In most boys in whom the testis does not appea r to be 
fully descended, the testis Ciln be palpated in the scrotal 
neck and gently man ipulated into its correct position. 
This is described as a re tractile testis and requires no 
treatment provided the testis become less retractile as the 
boy grows. Indeed, if the child is examined by the parents 
after a warlll bath, the testis is usually fully descended. 

In other boys, the h:.'stis can only be manipulated into 
the upper part of the scrotum. Although a small pro
port ion of these will even tually descend completely (the 
'high ret ractile' testis), the majority are truly incompletely 
descended and require surgical correction . 

The optimum age for orchidopexy is debated, but the 
procedure is probably best performed between the ages 
of 2 and 3 years. The usual technique of orchidopexy 

po"", (~m""l~ 

i~~--- Pen neal (rare) ~ · · · 
. . 
:---une of IlOflTIaI testicular descent 

-'~--Abdomll'lal testis (uncommon) 

Ectopic testis 

_.~.:' ~'~"=' ====lngUinal canal (fairly common) 
• At extemal ring (most common) 

· · ~~------~'High retraclJle' (very common) 
: 
'--------~Norma! 

Incompletely descended testis 

602 Fig. 45.5 Testicular maldescent 



involves mobilising the spermatic cord and placing the 
testis in a subcu taneous scrotal pouch outside the dartos 
muscle. 

FORESKIN PROBLEMS 

The foreskin is normally adherent to the glans until 
about the age of 2 years. For this reason, parents shou ld 
be lldvised not to llttcmpt to retract the foreskin before 
this llge llS this mlly excite II fibrotic response. Some young 
boys develop stenosis of the preputial orifice (ph imosis), 
probably the result of a combination of recurrent low
grade b.,ltlnoposthitis, chronic ammoniacal inflammtltion 
and ill-judged tlttcmpts tlt retraction by the parents. 

Phimosis presents with chronic fo reskin irritation 
or 'spraying' on micturition, often accompanied by 

ABDOMINAL PROBLEMS 

CHRONIC AND RECURRENT 
ABDOMINAL PAIN 

Chronic or recurrent aWominal pain is a common 
problem in ch ildren of school age but in most, no cause 
is discovered and the problem gradually resolves; these 
children are often managed by paed.iatricians. The main 
orga nic causes are summarised in Box 45.1, but psycho
logical factors are fairly common and should not be 
overlooked (periodic syndrome). 

CHRONIC CONSTIPATION 

Chronic cons tipation is among the most common ab
dominal problems in children; it may present as faecal 
soi li ng. i.e. faecal overnow incontinence. in most children, 
the aetiology is unknO\"\'n, but the condition usually 
responds to simple measures like a high-fibre diet, regular 
attempts at defaecation and, if necessary, a smalJ daily 
dose of a laxative (lactulose or senna derivative). The 

KEY POINTS 

Bo x 45.1 Organic causes of chronic or recurrent 
abdomina l pain in children 
• Chronic constipation-<ommon 
• Hydronephrosis-uncommon 
• Recurrent appendicit is_are 
• Crohn's disease-rare 
• Gallstones-rare. sometimes associated with 

haemolytic anaemia 
• Peptic ulceration- rare 

Non-acute abdominal problems in children 

'ballooning' of the foreskin. There is often a recent 
history suggestive of tleu!e balanoposthitis. 

Most boys with phimosis do not require circumcision. 
In cases followed up for several years, nearly all revert to 
normal retractile foreskins without operation. In cases 
where the orifice is very tight or meatal stenosis is 
suspected operation is often required. A lesser operation 
than circumcision is preputiop lasty which involves 
dividing the tight band longitudinally and suturing it 
transversely. Attempts to simply dilate the phimosis 
under anaesthesitl tire usually unsuccessful as this causes 
further sca rring and rapid relapse. 

raraphimosis (see eh. 27) sometimes occurs in children, 
especially if there is a degree of phimosis. This causes the 
foreskin to become trapped in the coronal sulcus after it 
has been retracted. This leads to swelling and pain and 
requires urgent red uction. 

problem should not be neglected as it may otherwise 
lead to lifelong problems. A tiny proportion of children 
with severe constipation have ultra-short segment 
Hirsc::hsprnng's disease, described earlier (p. 592). 

RECTAL BLEEDING 

Rectal bleeding is a common problem in chi ldhood , but 
is rarely caused by tumour or haemorrhoids; the usual 
causes are shown in Box 45.2. 

KEY POINTS 
Box 45.2 Ma in causes of recta l bleeding in 
childhood 
Conditions marked with a bullet point are discussed in 
this section of the book 

Painful 
• Anal fissure 

Intussusception (discussed earlier, see p. 596) 
• Meckel's diverticulum 

Gastroenteritis-Campylobacter more common than 
Shigelfa or Salmonella 
Henoch-5chOnlein purpura-rash on lower limbs 
Inflammatory bowel disease-Crohn's disease or 
ulcerative colitis 
Trauma-<onsider seKual abuse 

Painless 
• Polyps-usually solitary hamartomas, sometimes 

familial adenomatous polyposis 
Arteriovenous malformations 

" 
" 
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ANAL FISSURE 

Anal fissure occurs at any age during infancy and child
hood and is prob..'\bly initiated by straining to pass a 
large hard stool. The condition is readily diagnosed when 
digital rectal examination is found to be impossible be
cause of extreme tenderness; the posterior end of the 
fissure may sometimes be seen by parting the buttocks. 
Treatment involves gentle anal dilatation under general 
anaesthesia, followed by measures to prevent constipation. 

MECKEL'S DIVERTICULUM 

Meckel's diverticulum is present in less than 2% of the 
population. It represents the embryological remnant of 
Ihe vitello· int CSlina[ duel which joined the fetal midgut 
and yolk 5<1C. The diverticulum is situated on the anti
mesenteric border of the distal ileum about 60 cm from 
the i1eo-c.1ccal junction. Meckel's diverticula are usually 
asymptomatic but may cause rectal bleeding or become 
inflamed and perforate. 

Meckel's diverticula often contain a variety of gut
related tissues. These include ectopic acid-se<:reting gastric 
mucosa, which may cause peptic ulceration. In children 
below 2 years, this is an important cause of rectal bleeding 
which may require transfusion. In older children, the 
ectopic gastric mucosa more often causes chronic occult 
bleeding, leading to iron deficiency anaemia. Much less 
commonly, peptic ulceration in a Meckel's diverticulum 
results in perforation . 

If a Meckel's diverticulum is suspected as the cause 
of rectal bleeding, an attempt is made to confirm the 
diagnosis by radionuclide Meckel's scanning. An isotope 
is chosen which is concentrated in gastric mucosa. A 
negative scem dOL'S not, however, exclude the diagnOSiS 
and laparotomy may have to be performed to examine 
the bowel directly. 

If the neck is narrow, a Meckel's diverticulum may 
become inflamed in a manner identical to appendicitis 
and C,lUse similar symptoms and signs (see Fig. 19.4, 
p. 270). The diagnosis is only made at operation. As with 
appendicitis, the complications of gangrenous inflam
mation arc perforation and peritonitis. Unlike the com· 
plications of peptic ulceration and bleeding, Meckel's 
diverticulitis is uncommon in chi ldren under 10 years of 
age and occurs in older children, adolescents and young 
adults. 

POLYPS 

Hamartomatous polyps arc a cOlllmon cause of rectal 
bleeding in children. They are nearly always single and 
usually occur in the fL"Ctum or Sigmoid colon. They may 
occur elsewhere in the colon and occasionally in the small 

intestine. Polyps in children are almost never malignant. 
Fami lia l adenomatous pol yposis may present in child
hood with rectal bleeding. As described in Chapter 20, 
polyps of this type inevitably turn malignant from about 
the age of 16 onwards. There may be a family history. 

Rectal bleeding is investigated as for aduJts with 
digitill examination followed by proctoscopy and sigmoid
oscopy. If a polyp is seen, it is removed by diathenny 
snare. If no polyp is visible, colonoscopy is performed 
and any identified polyps removed by snare. 

RECTAL PROLAPSE 

Transient rectal prolapse is a common and al<lrming 
childhood problem, usually occurring during the first 
2 ye<lrs of life. The most common cause is excessive 
straining during defecation but it may be a presenting 
feature of cystic fibrosis. The majority of prolapses can be 
gently manipulated b.1ck into position without causing 
p.1in and will not recur if the stool is kept soft. If the 
problem is persistent or recurrent, proctoscopy and 
sigmoidoscopy are indic,1ted. A rectal polyp is occasionally 
resIXlnsible, and can be removed by diathermy snare. 
If simple stool-softening measures fail to prevent re
currence, submUCOSc11 injections of phenol in oil are used 
to induce fibrosis. In the rare event of this failing, a 
perianal subcutaneous suture may be inserted. 

ABDOMINAL MASS 

An abdominal m<lSS is an uncommon reason for surgical 
referral in children. It Illay be caused by a m<llignant 
embryonal tumour, most often a nephroblastoma (Wilms' 
tumour). Other C<luses of a mass include hydronephros is 
and post-traumatic pancreatic pseudocyst. 

NEPHROBLASTOMA 

Nephroblastoma presents in early child hood, usually 
before the age of 3 years. The tumour arises in the 
kidney from embryonal renal tissue, hence the term 
nephroblastoma. The tumours are locaUy invasive and 
metastasise to the regional nodes, liver, lungs and bone. 
Often, a large abdominal mass is noticed by the mother 
as the child is bathed (see Fig. 45.6). The mass is SOI11£'
times so large as to obscure its site of origin. Less common 
presenting features include haematuria, anorexia, weight 
loss, pyrexia and hypertension. 

When surgery WilS the only treatment available, the 
cure rate was only about 10%. The modern combination 
of surgica l resection, radiotherapy and chemotherapy 
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Fig. 45.6 Nephroblastom a 
This 9-year-old gIrl presented with a large unilateral mass (arrowed), which was later conf irmed to be arisIng from the left kidney (Wilms' tumour 
or nephroblastoma), 

givl.'S an excellent chance of complete cure even when 
distant metastases are prC$('nt. 

NEUROBLASTOMA 

Another embryonall"umour occurring in early childhood 
is the neuroblastoma. This is a highly malignant tumour 

ansmg from embryonal sympathetic nervous tissue in 
the adrenal gland or sympClthetic chClin. A less aggressive 
variant is the ganglioblastoma. This tumour sometimes 
presents as an abdominal mass but Ihe usual presen
lalion is failure to Ihrive. The sla ndard treatment is a 
combination of surgical resection, chemotherapy and 
rildiotherapy, but the prognosis is poor. 

UROLOGICAL DISORDERS IN CHILDREN 

All of the important urological disorders in children haw 
a congenital origin, although not all congenita l disorders 
of the urinary system present in childhood. The congenit'll 
urinary Iract d isorders and their cl inica l presentations 
are illuslrilted in Table 45.1 C1tld the important remediable 
disorden, are described below. 

VESICOURETERIC REFLUX 

As described in detail in Chapter 33 and elsewhere, 
anatomical ilnd functionill ilbnorma lities of the urinary 
tract strongly predispose to urinary tTact infections. This 
is particularly true in child ren, where the com monest 
abnormality is vesicoureteric refl ux. For this reason, a 
single bacteriologically proven uri nary tract infection in 
a boy, and two or more in a girl, are indications for radio
logical or radionuclide investigation. Indeed, behv('('1l 30 
and 5O~ of chi ldren so investigated are found to haw 
vesicoureteric reflux. 

PATHOPHYSIOLOGY 

In the normal individual, the distal u reter takes ,m 
oblique course through the muscular bladder Willi so that 
detrusor con traction during voiding acts as a sphincter, 
preven ting urine from reflux ing from the bladder into 

the ureters (the anti-reflux mechanism). Vesicoureteric 
reflux most common ly results from a minor congenital 
(often familial) ilbnormal ity of ureteric insertion, but may 
also be ca used by other morphological abnormalities 
such as ectopic or duplex ureters, congenital megaureter 
(a peristaltic abnormality), bladder outlet obstruction, 
neuropathic bladder or previous surgical procedures to 
the lower end of the ureter. 

Reflux of steri le urine into the pelvicalyceal system 
during early childhood probably causes impai rment 
of normal renill development and function. This is 
exacerbated by rises in back-pressure and is greatly 
enhilnced by bacterial infection, possibly even a single 
episode. Vcsicoureteric reflux of grade I and II (see 
Box 45.3) appears to cause little damage but gTades III 
and IV are associated with radiological 'clubbing' and 
distortion of calyces and patchy loss of renal cortical 
substance; this is known as reflux nephropathy. Untreated 
reflux nephropathy may cause progressive irreversible 
renal damage and, if bi la teral, may eventually result in 
renal failure. 

CLINICAL PRESENTATION AND INVESTIGATION 

Children of any age may present with isolated or re
current upper urinary tract infections. Girls are more 

" 
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Table 45.1 Congenital urinary tract disorders and their presentation (conditions presenting at birth or in childhood 
are marked with an asterisk) 

Nature of abnormality 

a. Kidney 
'Bilateral agenesis (Polter>S syndrome) 

Unilateral agenesis. apliJw Of hypoplasia 

'Multll:ystlC kidney usually unilateral dysplasia of ~idney With 
multiple cysts 

'Infantile polycystIC diSease' bila teral inherited disorder In which 
multiple small cysts replace renal parenchyma LJ~er and pancreatic 
cysts often present also 

Medullary sponge kidney cystIC dilatation of collectrng ducts of 
one or more medullary pyramids In one or both kidneys 

Adult polycystiC kidney autosomal dommant disorder With 
multiple cysts throughout the parenchyma 

Solitary cysts: usually develop at one pole 

Horseshoe kidney fusion of lower poles of kidneys preventlll9 
IlCIfmal developmental ascent 

Ectopic kidneys and abnormalities of rotation due 10 failure of 
developmental ascent 

b. Pelvicalyceal system and ureters 
"Pelvic hydronephrosis: dilatation of pelvH::aly<:eal system due to 
congenital stenosis at pelvrurelenc JunctIOn 

'Megaureter. abflOfmallty of pensta!sis of Iowel" ureter resulting In 
gross prOXimal dilatation 

Ureterocoele: cystrc dilatation of Intravesical part of ureter due to 
stenosis of ureterrc onfrce 

*VeSlcoureterlc ref/we: unilateral or bilateral abnormality of ureterIC 
insert ion Into bladder 

Duplex systems: part ial or complete duplicalion of a ureter 

Ectopic ureter ureter does not open Into the bladder but into 
some other part of the genital tract e,g vagina 

c. Bladder and urethra 
*Agenesis of bladder associated With other major abnrn-malities 
of genltounnary system 

'Bladder hypopJaw associated With some cases of hypospadias 
in boys or ectOPIC ureters In girls 

'Urachal abnormalllleS I.e. cyst, SInus, patent urachus: due to 
persisterrc:e of urachal remnan~ 

B/iJdder drverllCu/um, forms by hernlatiOll of mucosa through 
delect in muscular wall In adul~, usually due to bladder outlet 
obstruction; In children, due to congenital urethral valves 

'Bladder exstrophy Incomplete closure 01 lower abdominal wall 
In midline 

'Urethral valves: usually occur in postenor urethra causing varying 
degrees of obstructIOn More distal valves cause less obstruction 

Presentation 

OlIgOhydramnios In pregnancy, stillborn Infant WIth characterIStic 
appearance of face and ears 

Usually an Incidental finding at any age. Of teo some abnormality 
on the other SIde 

Usually presents in the neonate as abdominal mass. Fatal If bilateral 

Usually presents as gross abdominal distension in the neonate due 
to huge non.functlonlng kidneys. Invarrably fatal 

May be found inCidentally or during investigations for unnary 
infedon. Cysts tend to be<:ome calcif leO and have character istic 
X-ray appearance 

Usually presents after age 30 With chronic renal failure, 
hypertenSion, haematuria or recurrent urinary tract infections 

Often Incidental finding. May present With lorn swelling Of pam 

Often found InCidentally but may cause hydronephrosis due to 
pelvrureteric obstructJon 

Found Incidentally Of dunng In\li!Stlga\lon of complications such as 
pelvluretenc obstructlOfl 

usually presents In childhood or adolescence wrth 101rl pain or mass 

Presents In young children as recurrent unfldry tract infections 

Incidental finding or may cause rnfectlon or symptoms of obstrllCtK>n 

Presents In children as recurrent pyelonephritis which can cause 
severe damage to developrng kidney 

Oiten InCidental frndlng or cause of recurrent infect ion 

In females presents as dribbl ing incontrnence and In males as 
recurrent urinary tract Infecuons 

Present al birth and often fatal; vel)' rare 

Bladder dIStends once ureters or hypospadias i5 corrected 

Patent urachus usually presents In childhood With urine 
dnbbling from umbilICUS, Cysts and Sinuses may present In 
adulthood. AdenocarCinoma sometimes develops In the urachal 
remnant 

Usually presents as recUHeflt urrnary tract rnfection 

GrOSs abnormality of genitourrnary system obvious at birth 

Severe cases present In the neonate With gross obstructive effects, 
renal failure and infect ion Milder ca<;es present later With 
recurrenllnfection 
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Table 45.1 Continued 

Nature of abnormality 

"Ep/spadkJj: urethral meatus located In abl'lOfmal po5ltlOrl 

somewhere 00 dorsum of peniS. Often as.soclClted WIth m<lJor 
abrl()(mahty of peniS 

"HypospiKlias urethra opens In abnormal positIOn 00 ventral 
aspect of peflis due to defective urethral fold The prepuce ~ 
'hooded' and Incomplete ventrally, Distal urethra hypoplastIC and 
shortened The abnormally placed external urethral opening may 
be on the COfona of the glans or further b.lck, even as far as the 
penOSCfolal Junction. In thiS posltlOn, the possibllrty of Intersex 
should be conSidered 

prone to infection thnn boys because of short urethra and 
its proximity to the anus. Infants or you ng dlildren with 
urinary tract infections may not exhibit symptoms and 
signs specific to the urinary tract and the diagnosis hi 
often made on investigation of vomiting, fever or f,liiure 
to thrive. Older child ren more typically suffer incontinence, 
frequency or dysuria or abdominal pain and tendemess. 

Clinic,ll examination seeks evidence of abnormal 
external genitalia, spina bifida and impair<.xI. perineal 
innervation (perineal sensation and anal sphincter tone). 

To demonstrate reflux, two methods can be used: 
micturating cystography or radionudide cystography. 
Micturating cystography (Fig. 45.7) has been the standard 
investigation and involves injecting contrast medium 
into the bladder via a urinary catheter. The catheter is 
then removed and X·rays arc taken while the child voids 
urine. The radiological grades of reflux severi ty are shown 
in Box 45.3 and provide a useful guide to the likelihood 
of future renill dilmage. More recently, static and dynamic 
isotope studies have been introduced, particularly for 
investigilting ch ildren suspected of reflux and for long
term follow-up of chi ldren known to have rellux. Isotope 
studies illso provide additional infomlation. OMSA, bound 
to renill tubules, demonstrates cortical scarring, while 
DTPA estimates glomenllar filt ration rate in each kidney 

KEY POINTS 

Box 45.3 Grades of vesicoureteric reflux on 
micturating cystography 

Grade t- reflux into lower ureter only on micturition 

Grade II- reflux into renal pelvis on micturition but no 

ureteric dilatation 

Grade III-constant reflux into renal pelvis but no 

ureteric dilatation 

Grade IV-constant reflux into renal pelvis with ureteric 
dilatation 

Non-acute abdominal problems in children 

Presentation 

Major cases obvious al birth. Minor cases have downward deviation 
of urinary stream Sometlm~ a ~ree of chordee (downward bend 
of the penIS) 

(differential function) and revea ls si tes of urinary tract 
obstnlction. Other isotopes are also employed (see ell. 2). 

MANAGEMENT OF VESICOURETERIC REFLUX 

If there are no other anatomical abnormalities and the 
ureter is not dila ted (i.e. grades' and 11), then there is an 
85% chance of spontaneous resolution of vesicoureteric 
reflux as the chi ld grows. In the meantime, the urinary 
tract must be kept free of infection. This is done by 
encouraging regular voiding and a high fluid intake, 

Fig. 45.7 Vesicoureteric reflux 
Mlcturatmg cyslo-urethrogram (MCU) in a child With recurrent urinary 
tract Infections. On VOiding, the fight ureter and pelvlCaly<eal system 
filled With contrast. ThiS IS defined as grade IV reflux. 

Ch 
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avoiding constipation and maintaining perineal hygiene. 
AI the s..lme lime, the child is maintained on continuous 
anti-bacterial chemotherapy (such as cotrimoxazole) until 
the danger of reflux is P.1St. The child is followed up 
regularly, charting the progress of growth and develop
ment, blood pressure and sentm cre.ltinine. R.ldiography 
or radionudide investig.llion of the urinary tract is 
repeated annually. 

Surgical correction is required for more severe reflux 
with dilated ureters (i.e. grades III and IV) and for other 
obvious anatomical abnormalities. Surgery is also indi
cated for children who fail to progress on conservative 
manClsemcnL The operations for simple reflux aim to 
reim plant the ureter in the bladder wall so that a length 
of it lies deep to the blndder mucosa; this is Onttened by 
intTilluminnl pressure during voiding, thug restoring an 
anti-reflux mechanism. 

After operation, if there is no renal scarring, the child 
can be discharged from follow-up. If there is unilateral 
scarring, the blood pressure should be monitored long
term because of the risk of hypertension. If both kidneys 
are damaged, renal function must be moniton..'t1 as well 
because of the rbk of deterioration. 

PELVIURETERIC JUNCTION 
OBSTRUCTION 

PATHOPHYSIOLOGY 

Obstmction at the pdviureterk junction (PUj) may 
appear at any age from birth through to the end of 
the fourth decade. It presents with dilatation of the 
renal pelvis ilnd calyces (hydronephrosis). The cause of 
obslruction may not be physical narrowing but instead a 
functional abnormality of the 'sphincter' mechanism. 
This normally prevents reflux of ureteric urine into the 
kidney when the ureters contract. 

Obstruction at the rUJ increases the pressure in the 
collecting system and c"uses deterioration in renal 
function. 5tl1sb pTL'XIisposes to infection. 

CLINICAL PRESENTATION AND DIAGNOSIS 

Mimy patients with rUJ obstruction go undctech:d. 
Many others arc discovered by chance on urography 
during investigation of an unrelated condition. Even in 
symptomatic patients, the condition may be inlenniltenl. 
Some patients compl,lin of aching p<lin in Ihe renal area; 
others suffer bouts of severe abdominal or loin p<1in, 
sometimes with haematuria. The precipitating faclor is 
often not identifiable, but symptoms are sometimes 
exacerbaled by drinking large volumes of fluid or by 
changes in posture. 

In many patients, the diagnosis can be made on a 
slilndard IVU. The typical ch,mgl'S on the affected side 

are a prolonged nephrogram and a negative pyelogram 
(i.e. contrast persists in the rellal cortex without opacifying 
the pelvis), delayed drainage of contrast from an often 
dilated rcn,11 pelvis, or a combination of these features. 
The only rcliilble Sign, however, is spontaneous extra
vasation of contrast into parenchymal lymphatics. This 
is seen as 'contrast streaking' in the renal cortex. 

A dilated renal pelvis on a standard urogram may 
just represent harmless stasis without obstruction, and 
diagnostic features of PUJ obstruction may become 
apparent only if a diuretic is given at the same time. 
A rad ionuc1ide diuretic renogra m is a better way of 
distinguishing between simple stasis and stasis with 
obstruction: a charilcteristic isotope excretion curve is 
seen in abullt SOt,'{ of rUJ obstructions. The remainder 
arc difficult to diilgnose, requiring percutaneous intubntion 
of the TCnal pelvis and sophisticated pressure and Oow 
measurements (Ihe Whi laker lest). 

MANAGEMENT 

If PUJ obstmction is proved in symptomatic patients, 
particulilrly if renal function is impaired, operative treat
ment is required . The aim is to enlarge the pelviureteric 
junction; this is known as pyeloplasty. Results are 
generally favourable but TL"Covery of renal function may 
be incomplete. 

HYPOSPADIAS AND EPISPADIAS 

Hypospadias i!'. il common congenital abnormality of the 
penis ilnd urethra. It occurs in abou t 1 in 400 male births. 
The distal urethra filils to develop normally, so that the 
urcthraimeatus lies somewhere along the ventral surface 
of the penis from the glans to the perineum (see 
Fig. 45.8). The rcmnilnt of urethral tissue distal to the 
meatus is fibrotic, causing the penis to bend downwards 
on erection. This is known as chordee. The more proximal 
the urethral meatus, the worse the chordee. In addition, 
the ventral pari of the foreskin is absent giving rise to a 
hooded appearance. 

Rep<lir is a highly sIX-"Cialised procedure and utilises 
the hood of the foreskin; thus circumcision should never 
be carried out without specialist advice. 

Epispadias is much less common and may be asso
ciated with other m,1jor genitourinary abnormalities. In 
episp.ldias. the urethral meatus is on the dorsal aspect of 
Ihe penis. 

URETHRAL VALVES 

Urelhrill vl1lves arc congl'nitill muco$.ll folds which may 
occur in the posterior ma1l' urethra. They impede or 
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--------Hooded dorsal foreskin deficient ventrally 

- -';- ------8IiOO meatus 

~ ------~'V'. ~---~:~~::~:~-- Fibrous rermantol distal uretlTa caUSlrIQ °chofdee' 
and downward bend 01 pems on erection 

-'---------Urethral opening anywhere on ventral surface 
from coronal sulcus to penn~um . The more 
proximal the opening. the worse the chordee 

Fig . 45.8 Hypospad ias 
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111 ~;;:; .. 
Penile 

L-------Penoscrotal 

L----------Perineal 

completely obstruct urinary flow. Complete obstruction 
becomes apparent soon after birth but partial obstruction 
may easily be overlooked . In either case, the back-

pressure effects on th e urini'lry tract soon lead to ren;!! 
failure. Treatment is by endoscopic division of the valves 
as soon as possible. 
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46 Medical problems in surgical 
patients 
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INTRODUCTION 

'Medical' disorders appear in surgiu'll practice in four 
main ways: 

• A pre-existing medical condition may cause a surgical 
admission because of progression, exacerbation or 
complications: for example, fool problems in patients 
with diabetes 

• A surgical condition may be complicated by an 
unrelated medical disorder. For example, a patient with 
rheumatoid arthritis on steroid thcrnpy is vulnerable 
to impaired healing and recurrent infection 

• A prc-existing medical condition may be exacerbated 
by operation. In chronic bronchitis (chronic 
obstructive pulmonary dise,1se), for example, general 
anaesthesia and postoperative sputum retention may 
precipitate a life-threatening pneumonia. 

• An occult condition can become manifest under the 
stress of anaesthesia and operation. For example, 
postoperative myocardial infarction can be caused by 
occult ischaemic heart disease 

CARDIAC AND CEREBROVASCULAR 

Many surgical patients are elderly and thus have an 
increased risk of cardiovascu lar disease. Together with 
respiratory disorders, card iovascular disorders account 
for most postoperative medic,11 complications. Athero
sclerosis is the most common cause of cardiovascu lar 
disease complicating surgery. 

[n this context, there are six main categories of cardio
vascu lar disorder (although more than one may occur in 
the 5<1me patient): 

1. lschaemic heart disease 
2. Cardiac failure 
3. Arrhythmias 

4. Hypertension 
5. Cerebrovascu lar disease 
6. Valvular heart disease 

Emergency surgery in p.1tients with cardiac disease is 
about four times more likely to result in death comp.1red 
with the same operation done electively. Thus, pre
operativeassessmcnt is particularly important in emergency 
patients so that any cardiac condition can be stabilised, 
electrolyte imbalance com.'CI.ed and appropriate anaesthesia, 
surgical technique, monitoring and aftercare employed 
to minimise risk. 

1 . ISCHAEMIC HEART DISEASE 

The most common clinical manifestations of ischaemic 
heart disease are: 

• Angina and previous myocMdial infarction 
• Cardiac failure 
• Arrhythmias such as atria l fibrillation 

Asymptomatic myocardial ischaemia may progress to 
infarction under the various stresses of anaesthesia and 
operation. These stresses include laryngoscopy and 
endotracheal intubation, pain, hypoxia, rapid blood loss, 
anaemia, hypotension, hypocarbia and fluid overload. 
For major operations, general anaesthesia and spinal 
anaesthesia carry similM risks; for minor procedures, 
local anal'Sthesia is far sa fer. 

Clinica l problems 

a. Unstable coronary syndromes 
Stable angina poses little increased risk during operation 
but uns table or severe angi na or a myocardial infarction 
within the previous 30 days is a major risk factor and 
indicates the need for intensive management and delay
ing the operation, if practicable. Nitrates, which dilate 613 
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the coronary arteries and reduce preload and left ventri
cular work, protect the heart during general anaesthesia 
and should not be stopped in the perioperative period. 
A transdcrmal p<,tch is a uS<'ful alternative to tablets. 
Beta-adrenergic blockers, which reduce card iac work 
and oxygen demand, should be continued unless non
ischaemic cardiac failure develops. 

b. Myocardial infarction 
Myocardial infarction associa ted with surgery usually 
occurs during the first few days after operation, nat 
during the operation. Typical chest pain is not always a 
feature--postopcrative infarction may present 'silcn tly' 
with acute hypotension, ca rdiac fa ilure, arrhythmias or 
cardiac arrest, particu larl y in diabetics. Diagnosis can 
usua lly be made by typical electrocardiograph (ECG) 
changes, especially if a preoperative ECG is available. 
Creatine kinase (CK) and lactate dehydrogenasc (LDH) 
are released from surgically damaged skeletal muscle, but 
measurement of the cardiospecific isoenzyme CK-M B is 
helpful in maki ng .1 diagnosis of myocardial inf.1rclion, 
particularly when its value is expressed as a percentage 
of lotal creatine kinase. 

Preoperative assessment of ischae mic hea rt d isease 

The cardiac history should include questions about 
previous myocardial in farction, angina and particularly 
exercise tolerance--for example, on stairs. 

An ECC shou ld be performed before operation on atl 
p<ltients over 60 years of age and on any patient with 
cardiac symptoms or signs. Preoperative ECGs may show 
arrhythmias, isclwcmic changes or evidence of previous 
infarction. They are a lso worth their weight in gold 
during the 3a.m. assessment of a postoperative patient 
with chest pain! 

In patients undergoing major surgery, particularly 
vascular surgery, a preoperative exercise test with ECG 
may give useful information about the patient's ability to 
exercise and about exercise-i nduced ischaemic changes. 
However, ECG changes and symptoms of angina come 
relatively late in Ihe evolu tion of myocardial ischaemia. 
If there is concern from the history or the resting or 
exercise ECG that there may be a major risk of card io
vascular disease, then angiography with appropria te 
revascularisation (if possible) is the best course of action 

2 . CARDIAC FAILURE 

Card iac fa ilure needs to be stabil ised before opera tion, 
but even if it is, it is important 10 be aware that there 
is still a significantly higher mortality rate after major 
surgery of up to 5%. Causes, symptoms and signs of 
ca rdiac fa ilure are shown in Box 46.1. 

KEY POINTS 

Box 46.1 cardiac failure 
Causes 
• Ischaemic heart disease" 

• Hypertension" 
• Valvular disease 

• Arrhythmias 
• Thyrotoxicosis 

• Severe anaemia 

Symptoms 

• Dyspnoea 

• Lethargy 
• Loss of appetite 

Signs 

• Dependent oedema 

• Raised jugular venous pressure 

• Tachycardia 
• Peripheral cyanosis 

"Common 

Clin i cal problems 

a. Treated cardiac failure 
Treat ment may be inadequate and, if so, must be cor
rected before operation. Plasma urea, electrolytes and 
creati nine should be measured before operation because 
patients taking diuretics and angiotensin-converting 
enzyme (ACE) inhibitors may have abnormalities of 
fluid and electrolytes, such as chronic dehydration or 
hypokalaemia. 

Over-treat ment with diuretics may cause: 

• Thirst 
• Postural hypotenSion 
• Low serum sod ium concentration 
• Raised serum urea and creatinine 
• Low serum potassium (usually due to potassium

losing diuretics prescribed without potassium 
supplements) 

b. Cardiac failure discovered before operation 
Operation shou ld be postponed until cardiac fa ilu re is 
treated and stabilised. Hasty preoperative diuretic therapy 
is da ngerous becauS<' it may provoke dehydration and 
electrolyte abnormalities. VascKfila tation caused by general 
anaesthesia lowers the blood pressure and may precipitate 
acute myoca rd ial infarction or a cerebrovascular accident. 

c. Cardiac failure developing during or after operation 
This problem most often resul ts from poor tolerance of 
intravenous fluids or unaccustomed supine posture. 
Prompt and vigorous diuretic therapy with intravenous 
fruscmide is required to prevent worsening cardiac failure, 
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hypoxia, renal failure or other potentially lethal compli
cations. Postoperative cardiac failure is best managed in 
an intensive care unit, using a central venous pressure 
(CVP) line to guide nuid replacement. In severe cases, 
a pu lmonary notation catheter (Swann- Ganz catheter) 
shou ld be used to monitor left atrial pressure. Peri
operative cardiac fai lure may also be precipitated by 
myocardial infarction, severe angina or arrhythmias such 
as atrial fibrillation. 

Preoperative assessme nt of cardiac failure 

Chest X-ray will demonstrate cardiomegaly and may 
show signs of pulmonary oedema. These include upper 
lobe diversion, hilnr congestion, septal Kerley B lines and 
pleural effusions. ECC may show an arrhythmia, myo
cardial ischaemia, ventricular hypertrophy, left bundle 
branch block or loss of R waves. If there is any doubt 
about the fitness of a patient for operation, a cardiologicat 
opinion should be sought. 

3 _ CARDIAC ARRHYTHMIAS 

Clinical problems 

a. Atrial fibriflation 
This is usually secondary to ischaemic heart disease but 
may be caused by mitra l valve disease or thyrotoxicosis. 
Atrial fibrillation with a con trolled ventricular rate (i.e. a 

Fig. 46.1 Hea rt failure 
This plain PA chest X-ray In a patient WIth heart failure shO'N'i 
cardiomegaly, upper lobe diversion and hllar congestion. Kerley B 
septal hnes were present In the or iginal fi lm but are not vis ible In this 
reproduced image 

Medical problems in surgical patients -( 

pulse rate of less than 90 be.ltS per minute at rest) causes 
minimal ext ra risk. Uncontrolled fibrillation may cause 
perioperative card iac failure. Even controlled atrial fibril
lation increases the risk of arterial embolism from any 
thrombus present in the left a trium. Adequate control of 
ventricula r rate should be achieved before operation 
with digoxin, occasionally supplemented with verapamil, 
amiodarone or beta-adrenergic blockade. Digoxin can 
be given intravenously if rapid control is necessary. 
The question of anticoagulation should be considered, 
particularly if the patient has experienced any arterial 
embolic even ts. In such caSL-'S, stabilising the patient on 
long-term warfarin prior to operation and maintaining it 
over the perioperative period and afterwards may be the 
best option. The use of perioperative heparin is favoured 
by some, but the anticoagulation is more brittle, with 
greater risk of over-anticoagulation. 

The therapeutic range of digoxin is narrow. Toxicity 
occurs if the dose is excessive or if renal excretion is 
impaired. The elderly and those with hypokalaemia are 
particularly prone to toxicity. Symptoms include anorexia, 
nausea and vomiting, which may be wrongly attributed 
to the operation. The chief concern, however, is the risk 
of potentially falal ventricular arrhythmia. Assessment 
of p.1tienls on digoxin should include tests of renal 
function (plasma urea, electrolytes and creatinine) and, if 
toxicity is suspected, plasma digoxin levels taken 6 hours 
after the last dose. 

b. Tachycardia 
Postoperative sinus tachycardia is usually associated 
with hypotenSion, sepsis, cardiac failure, fluid overlo.1d, 
anx iety or, occaSionally, thyrotoxicosis. Tachycardia may 
be the first sign of any of these problems. Primary 
cardiac abnormalities or phaeochromocytoma must be 
considered if the C.1Use of tachycardia during operation 
is not apparent. 

c. Bradycardia 
Bradycardia may be caused by complete heart block and 
can be diagnosed on electrocardiography. This requires 
urgent transvenous paci ng except in patients in whom it 
results from an acute myoca rdial infarction without 
haemodynamic compromise. If the onset of sinus bmdy
card ia or another atrial arrhythmia (particularly .ltrial 
fibrillation) is associated with right bundle branch block, 
this suggests a diagnosis of pulmonary embolism. 

Excessive digoxin or beta blockade may cause brady
ca rdia. If the apex rate is below 60 beats per minute, that 
day's dose should be omitted and the regular dose 
reviewed. 

A temporary or permanent cardiac pacemaker is not 
a p.1rticular problem for general anaesthesia. However, a 
surgical diathermy machine used too close to the control 
box may cause inhibition of a permanent system. [n this 

eM 

4 

615 



Se<:tion 

4 

616 

Management problems of surgical in·patients 

case, a bipolar diathermy machine may be safely used 
instead. 

d. Other arrhythmias 
Bifascicu lar b lock, in which conduction is impaired 
down two of the three main fascicles (right bundle plus 
anterior or posterior divisions of the left bund le), may 
progress to complete heart block (and low cardiac output) 
under anaesthesia. For these patients, a prophylactic 
temporary transvenous pacemaker should be considered 
before operation. 

e. Arrhythmias developing during general anaesthesia 
Arrhythmias developing under general anaesthesia may 
be precipitaled by hypoxia, hypercapnia and hypo- or 
hypcrkalaemia. Inadequately treated cardiac failure also 
prcclisposes to atrial arrhythmias. Preoperative investi
gil tions include ECG, full blood count, plasma electrolytes 
and digoxin level if appropriate. 

4. HYPERTENSION 

About one in four patients coming to surgery is either 
hypertensive or receiving antihypertensive therapy. Most 
have essential hypertension, but other causes include 
oral contracept ives, renal parenchymal d isease, renal 
artery stenosis and pha(xx:hromocytoma. 

Clinical problems 

a. Mild-to-moderate essential hypertension 
Patients wilh a systol ic pressure of less than 180 mmHg 
and a diastolic less than IIOmmHg are at minimal risk of 
cardiac complications unless there is some other cardio
vascular disease. Sometimes, anxiety about the operation 
contributes to the hypertension and the blood pressure 
falls with preoperative bed rest. A labile blood pressure 
may, however, indicate widespread atherosclerosis. 

b. Treated hypertension 
Diuretic therapy may cause nuid and electrolyte abnor
malities. These shou ld be corrected before operation. Mcst 
common antihypertensive drugs are cardioprotective and 
should not usually be stopped prior to general anaesthesia. 
These drugs include beta-adrenergic blockers, calcium 
antagonists, ACE inhibitors, vascxli lators and methyldoJXl.. 
Postu ral hypotension may occu r after operation, especially 
if there is dehydra tion. 

Despite the patient bei ng 'n il by mouth' in the imme
diate preoperative period, the normal dose of oral an li
hypertensive drugs should usua lly be given with a small 
amount of water. Sudden withdrawal of hYJXltensive dnlgs 
may ca use rebound hypertension. Withdrawal of beta 

blockers may trigger autonomic hyperactivity and lability 
of blood pressure. 

c. Severe or poorly controlled hypertension 
These p<ltients are at high risk of perioperativc cardiac 
fai lure or s troke, particu larly if there are swings of blood 
pressure. Unrecogn ised phaeochromocytoma may also 
cause uncontrollable cardiovascular abnonnalities during 
anaesthesia and has a high mortality rate. Severely 
hypertensive or poorly controlled hypertensive patients 
should not undergo general anaesthesia and surgery 
until adequately treated. 

Preoperative assessment of hypertensive patients 

Chest X-ray may ident ify cardiomegaly or cardiac failure. 
An ECC may reveal signs of ventricular hypertrophy 
and ischaemia. Serum urea and electrolytes should be 
measured in all patients on diuretics and in any patient 
with suspected ch ron ic renal failure. Most hypertensive 
p<ltients can be stabilised on an outp.ltient basis but 
occasiona lly, a severely hypertensive patient may nN'd 
to be admitted to hospital a few days before operation 
for st.lbilisation. 

S. CEREBROVASCULAR OISEASE 

Cerebral atherosclerosis may render the blood now to 
the brain precarious. These patients have a high risk of 
stroke during the periopcrative period from hypoxia, 
hYJX>tension or increased blood viscosity secondary to 
dehydration. Cerebrovascular d isease should be suspected 
if there is a history of stroke or transient ischaemic atttlcks 
(fIAs). Patients with ischaemic heart disease or peri pheral 
vascu lar disease should also be assumed to have cerebro
vascular disease and, at the least, the carotid arteries 
should be auscultated fo r bruits. Ideally, a duplex Doppler 
examination of the carotids should be performed in 
high-risk patients. 

The main surgical problems relate to patients who 
have had a previous stroke or who give a history of 
transient ischaemic attacks. In these, the carotid arteries 
shou ld be assessed by duplex Doppler scanning. Patients 
wit h a stenosis greater than 70% should be considered 
for carotid endarten..o.ctomy if conditions permit. An 
asymptomatic carotid bruit discovered on preoperative 
exam ination is a separa te problem. About 12% of people 
over 60 will have a bruit but neither the presence of a 
bruit nor its quality correlates wi th the degree of internal 
carot id stenosis. Indeed, about 30% of p<1tients with 
high-grade (70-90%) stenosis have no bruit. In general. 
management is conservati ve, particularly if the stenosis 
is less than 60%. However, a large trial comparing pro
phylactic surgery against conservative management in 
patients with > 60% stenosis showed surgery reduced 
risk of ipsilateral stroke from 11 % in the medically 
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treated group to 5'k, even after taking surgical deaths 
into account. 

If possible, operation should be avoided for ,11 least 
2 months after a stroke. Other than that, there nrc very 
few specific measures which will reduce cerebrovascular 
complications, although there are good reasons for 
prescribing low-dose aspirin (75-150 Illg daily) to inhibit 
platelet aggregation. However, p.1.tients on aspirin tend 
to bleed excessively when undergoing major surgery. The 
anaesthetist should be warned of any signs or symptoms 
suggestive of carotid artery disease so that special care 
can be t"ken to avoid hypotension during surgery. 

6. VALVULAR HEART DISEASE 

The common valvular ilbnormalities aTC listed here in 
decreasing order of frequency: mitral regurgitation, aortic 
stenosis, aortic regurgitation and mitral stenosis. Any of 
these may dangerously alter cardiovascular dynamics, but 
stenot ic lesions are more serious than regurgitant ones. 

Under perioperative stress, valvular disease may pre
cipitate acute myocardial ischaemia, hypotension, cardiac 
failure, arrhythmias or thromboembolism. Valvular heart 
disease also predisposes to infective endocarditis. Thus 
certain operations need to be covered by antibiotic 
prophylaxis. 

Aortic stenosis 
Aortic stenosis is potentially the most serious valvular 
disorder in a surgical patient because it limits the cardiac 
output. TIle p.1.tient may already be functioning dose to 
the limit, with little reserve. Aortic stenosis usually occurs 
in elderly patients and must be distinguished from the 
innocent flow murmur of aort ic sclerosis, which is more 
common. Innocent aortic murmurs are systolic (and 
never diastolic), soft, short and localised. 

Clinical signs of aortic stenosis are: 

• Slow rising upstroke of carotid pulse 
• A systol ic murmur radiating into the neck 
• Hyperd yna mic apex beat indicating left ventricular 

hypertrophy. (Nole. the apex beat is on ly displaced 
laterally if aortic stenosis coexis ts with aortic 
regurgitation or is complicated by cardiac failure) 

• Left ventricular hypertrophy on ECC 

If aortic stenosis is suspected, an echocardiogram with 
Doppler assessment of the gradient across the valve is an 
important part of preoperative assessment. 

Clinical problems of va lvul a r he art disease 

a. History of rheumatic heart disease without significant 
symptoms or signs 
The patient mayor may not have a c.udiac murmur, but 
when a murmur is present, this has often been assessed 
previously and any functionill deficit documented. If not, 

Medical problems in surgicat patients 

specialist preoperative cardiological assessment is essenti.,li. 
In most patients, there is no special risk for general 
anaesthesia or surgery but antibiotic prophylaxis must 
be considered. Rheumatic heart disease is becoming a 
rarity in developed cou ntries but is still common in 
many developing countries. 

b. Murmur found at preoperative examination without 
evidence of rheumatic heart disease 
This may be an innocent flow munnur, as in aortic 
sclerosis of the elderly, or may indicate a hyperdynamic 
circulation associated with anxiety or pregnancy. If there 
is doubt about the innocence of the murmur, a specialist 
opinion should be obtained. Operation may have to be 
deferred. 

c. Symptomatic valvular disease 
These conditions are potentially dangerous and require 
full preoperative assessment and treatment. Major valvular 
heart disease ma y be discovered in recent immigrants 
from under-developed countries wnere rheuma ti c heart 
disease is prevalent. Patients with va lvuJar heart disease 
undergoing general anaesthesia require monitoring of 
cardiac function during operation and probably intensive 
ca re afterwards. 

d. Prosthetic valves 
Replacement valves carry the greatest risk of inft.>ctive 
endocarditis. For these p."ltients, ,1.ntibiotic prophylaxis is 
required for most invasive procedures. 

Patients with mec.hilnical valves are usually main
tained on permanent oral warfarin anticoagulation and it 
is important to maint,l in this to prevent valve thrombosis, 
which is ,1 potentially fatal condition. Patients wilh 
bioprosthetic valves (pig v,11ves) do not usually require 
anticoagulation. 

Anticoagulation is often reduced before operation; for 
many operations it is s.lfe to continue warfarin therapy 
in the lower range of prothrombin ratios (1.5-2.0). Agree
ment with a haematologist or the patient's anticoagulant 
clinic is advis.1.ble. If much bleeding is anticipated, some 
surgeons prefer to stop warfarin 2 days before operation 
and substitu te intravenous heparin. For patients with 
mitral valve prostheses where the risk of thrombosis is 
high, full heparinisation is cilTcfully maintained through
out the operative period. For other patients, heparin can 
be stopped 12 hours before oper,ltion and restarted once 
the d,1.nger of bleeding is over. The advantage of heparin 
over warfarin is that its effccts can be quickly reversed 
by stopping the infusion or with protamine if bleeding is 
e>..ccssive. 

INFECTIVE ENDOCARDITIS AND INDICATIONS FOR 
ANTIBIOTIC PROPHYLAXIS 
When blood is forced under pressure through a narrow 
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orifice, laminar flow is disrupted, and eddy currents 
predispose to local thrombus formation and deposition 
of circulating b..cteria. The veget.l tions of infective endo
carditis arc thus formed on the low-pressure side of the 
jet of blood passing through a damaged valve or a 
ventricular septal defect. The left side of the heart is 
more susceptible than the right because of the higher 
pressures and greater potential for turbulence. 

Streptococclls viridans is the most common causative 
organism. Other bacteria such as coliforms, or fungi such 
as Calldida, may also be responsible. Many types of 
operation and some invasive investigations cause a 
transient b.,cteracmia. Although the incidence of infective 
endocarditis following such procedures is small, the 
consequences moy be catastrophic. The efficacy of 
prophylactic antibiotics is not absolutely proven, but it is 
all that is available. The relative risks associated with 
various c.ud iac and valvular lesions are summarised in 
Box 46.2. The procedures most likely to cause bacteraemia 
are shown in Box 46.3. 

The choice of prophylactic antibiotics and the dose 
regimen depend on the anticipated organisms and the 
operative procedure. Local protocols may be available. 
Alternatively, a hospital microbiologist may be consulted 
or a regimen from a national publication such as the 
Britis" National Fomllliary used. 

RESPIRATORY DISEASES 

Respiratory complications occur in up to 15% of surgical 
patients and are the leading cause of postoperative mor
tality in the elderly. The main postoperative complica
tions are atelectasis, aspiration pneumonitis and pneumonia. 
The risk of a respirntory complication is associated with 
the duration of the anaesthetic. It is greatly increased 
by pre-ex isting respiratory disease like chronic airflow 
limitation, asthma or bronchiectasis. Other important 
factors include smoking, card iac failure, obesity, old age 
and general debility. 

CLINICAL PROBLEMS 

a. Chronic obstructive pulmonary disease (also known as 
chronic obstructive airway disease and chronic bronchitis) 
Chronic bronchitis and emphysema are common. They 
strongly prediSpose to postoperative chest compli
cations, p.,rticulariy bronchopneumonia, lobar collapse 
and pneumothorax. There is often a degree of reversible 
bronchoconstriction, and this can be assessed before 
operation by measuring peak expiratory flow before and 
after treatment with a bronchodilator. 

Other chronic lung diseases include bronchiectasis, 
pneumoconiosis, pulmonary fibros is, sarcoidosis and 
pulmonary tuberculosis. 

KEY POINTS 

Box 46.2 cardiovascular lesions at risk of 
infective endocarditis and indications for 
perioperative antibiotic prophylaxis 

High-risk conditions requiring prophylaxis 
• Prosthetic. valve or other intracardiac surgery 

• Rheumatic. valve disease 
• Congenital heart disease and aortic coarctation, 

whether or not corrected (Note: atrial septal defect 

is not a high risk) 

• Degenerative valve disease 
• Previous infective endocarditis 

Low-risk condit ions-need for prophylaxis depends on 
likelihood of the operative procedure inducing a 
bacteraemia 

• Mitral valve prolapse 
• Haemodialysis shunts 
• Transvenous pacemakers 
• Ventriculo-atrial and ventriculo-peritoneal shunts for 

hydrocephalus 

Minimal-risk conditions not requ iring antibiotic 
prophylaxis 

• Coronary bypass grafts 
• Closed patent ductus arteriosus 
• Closed atrial septal defect 
• Established prosthetic arterial grafts 

KEY POINTS 

Box 46.3 Procedures frequently associated with 
bacteraemia and requiring antibiotic cover in 
patients at risk of bacterial endocarditis 

Surgical operat ions 

• Dental extractions and other procedures involving 
the gums 

• Tonsillectomy 
• Oesophageal dilatation 
• All gastrointestinal and biliary tract. surgery 
• Most urological procedures including endoscopy, 

catheter insertion and removal, transrectal prostatic 

biopsy 
• Hysterectomy, dilatation and curettage, termination 

of pregnancy 

• Surgery of infected wounds and tissues 

• Cardiac surgery 

Other procedures 

• Sigmoidoscopy, colonoscopy, barium enema and 
liver biopsy- prophylaxis is only required for 
patients at high risk, e.g. prosthetic valves 



The complication rate in chronic lung diseases can be 
greatly improved by careful preoperative assessment 
(including lung function tcsts) and treatment designed to 
bring the patient into optimum physical condition. 

b. Cigarette smoking 
Smokers have a five times greater risk of postoperative 
respiratory problems. This is partly due to pre-€xisting 
respiratory disease attributable to smoking. Smoking 
should be stopped at least 4 weeks and ideally 8 weeks 
before operat ion if any benefit is to be achieved. This 
gives time for recovery of respiratory functions such as 
bronchial ciliary activity. Stopping smoking just before 
surgery may <lctually be detrimental because of an 
increase in bronch ial mucus production. 

c. Current respiratory infections 
Acute viral or b<lcterial upper respiratory tract infections 
are common in prcoper<ltive p<ltients. The main question 
is whether the operation should be deferred. Patients with 
significant upper respiratory infections have reduced 
resistance to surgical trauma and infection. This alone 
may be grounds for cancelling an elective operation. 

In ch ildren there is a particularly high risk of acute 
ai rways obstruction because of swelling of the bronchial 
mucosa in the narrow airways, and also because of 
increased secret ions. This may result in lobar collapse 
or bronchopneumonia. There is also an element of 
bronchospasm in childhood infections which, when 
added to the already narrowed airways, leads to a 
difficult and dangerous anaesthetic. A 'wet' cough with a 
wheeze and a fever is an indication for postponing the 
operation until normal function is recovered. Similar 
factors apply in <ldu Its but to a lesser extent. 

Chronic conditi ons <lssociated with infection, such 
as bronchiectasis and cystic fibrosis, are more difficult 
problems. Elective operat ions should be carried out during 
periods of remission, with intensive physiotherapy and 
prophylactic antibiotics perioperatively. 

d. Asthma 
Asthma is common in children and adolescents but may 
occur later in life, pMticularly as a component of chronic 
airflow limitation. The main elements of asthma are 
bronchoconstriction, bronchial wall oedema, excessive 
mucus production and airway plugging. All these factors 
predispose to atelectasis, infection and hypoxia. 

Asthmatic problems ca n be exacerb.1.too by the following 
factors associated with general anaesthesia and su rgery: 

• Endotracheal intubation-<:ausing increased airways 
scnsitvity 

• Increased airways secretions due to instrumentation 
or the autonomic side effects of iHlaesthetic drugs 
such as muscle relaxants 

Medical problems in surgica l patients -c: 

• Dehydration (increases mucus viscosity) 
• Limitation of movement and posture because of p.lin 

(inhibits clearance of secretions) 
• The direcl effects of other drugs, e.g. 

bronchoconstriction wi th beta blockers or non
steroidal anti-inflammatory drugs (NSA IOs), or 
respiratory depression with morphine 

In asthmatic patients, the usual medication should be 
continued in the pcrioperative period if practicable. 
Alternatively, inhaled preparations may be given via a 
nebuliscr for the first 24 hours. nle operation should be 
postponed during acute exacerbations. 

e. Previous chest problems 
A previous spontaneous pneumothorax may recur during 
anaesthesia or in the postoperative period. If respiratory 
function deteriorates postoperatively, the diagnosis of 
pneumothorax must be considered. 

Previous chest surgery or radiotherapy increases the 
risk of posloperative infection. Physiotherapy before and 
after operation minimises the risk and shou ld be arranged 
routinely for these patients. 

f. Previous pulmonary embolus or deep venous 
thrombosis 
These patients have a gre.ltly increased risk of recurrent 
thromboembolism. Prophylactic measures are mandatory 
for all but the mosl minor procedures. 

PREOPERATIVE INVESTIGATION OF RESPIRATORY 
DISEASE 

A chest X-ray should be performed on any patient with 
symptoms or signs of chest disease or dysfunction or a 
cardiac problem. There is no need to take 'routine' chest 
X-rays 011 all preoperative patients. Studies have shown 
that undirected screening of asymptomatic patients has 
an extremely low yield of abnormalities likely to influence 
surgic<lloutcome. 

Appropriate lung function tests should be performed 
in p..ltients with chronic lung disease. Peak flow measure
ments are uscful to determine the extent of airflow limi
lation. The TCversible clement of bronchospasm can be 
assessed using pe.lk flow measurements before and after 
bronchodilators. Blood gas measurements are indicated 
if hypoxaemia or carbon dioxide retention is likely. 

PERIOPERATIVE MANAGEMENT OF RESPIRATORY 
DISEASE AND HIGH-RISK PATIENTS 

The following measures will maximise respiratory func
tion and reduce the risk of postoperative complications: 

• Preoperati ve physiothera py- helps to prevent 
postoperative chest com plications. Physiotherapy 619 
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should include teaching the patient breathing 
exercises and correct posture 

• Drug therapy-may need to be adjusted to achieve the 
optimum rcspir.ltory fu nction. Theophyllines m,lY be 
added to the therapy of asthma patients, for example, 
and nebu lised 5.llbutamol may improve the reversible 
component of chronic bronchitis. Prophylactic 
antibiotics are not commonly used for patients with 
chronic airnow limit,ltion, but their prophylactic use 
in abdomina l surgery may have the additional benefit 
of reducing infective chest complications. Preoperative 
bronchodi lators given by inha ler or nebuliser may help 
to prevent an exacerbation of asthma perioperatively. 
Adeq uate hydration reduces the risk of retained 
secretions which might cause airways obstruction 

• Encouragement of smokers to quit-should be 
started at time of booking for elective surgery. 
Smoking should be stopped at least 4 weeks before 
operation to achieve the optimum beneficial effect 

• Alternative methods of anaesthesia-local, regional 
or spinal-should be considered for patients with 
chronic respira tory disorders but they are not 
necessMily the best solution. Physiotherapy and other 
supportive measures should be the same as for 
general anaesthesia. With the use of newer anaesthetic 
drugs and techniques, these patients may be better off 
with endotracheal intubation and ventilation using 
shorl-acting muscle relaxants. These techniques allow 
good bronchial toilet at the end of operation. In some 
p.:1tients, the respiratory function is better after the 
operat ion than before! Certain operations, such as 
transurethral resection of the prostate, are made more 
difficult under spinal an<Jesthesia if a patient with 
chest trouble coughs persistently during the 
procedure. General an(lesthesia (lvoids this 

• Early postoperative physiotherapy-aims to enhance 
deep breathing, coughing and general mobility, 
reducing the incidence of respiratory complications 

• Periopcrativc admi nistration of intravenous 
s teroids-for patients on long-term steroid therapy 
for airways obstrution 

GASTROINTESTINAL DISORDERS 

The main gastrointest inal conditions giving rise to 
complications in surgical patients art' dental problems, 
peptic ulcer disease and inflammatory bowel disease. 
Previous abdominal surgery may also complica te in
patient treatment. 

DENTAL PROBLEMS 

Teeth and artificial fixed crowns and bridges are vu lner
able to damage during intubation. This causes not only 

cosmetic and medicolega l problems, but also exposes the 
patient to the risk of aspira ting foreign bodies into the 
bronchi. Similarly, infeclt.'<I material from carious (decayed) 
teeth or infla med gU llls may be aspirated. This causes a 
p.:1rticularly grave aspiration pneumonia. Dentures should 
routinely be removed before operation for the sa me 
reason. In unconscious accident vict ims, the possibility 
of aspiration, swa llowing or pharyngeal obstruction by a 
dental prosthesis should always be considered. 

PEPTIC ULCER DISEASE 

Peptic ulcer disease can be a surgical problem in its own 
right, but surgical patients admitted for other reasons 
may also hnve an active peptic ulcer. Whether the ulcer 
is cnusing sym ptoms or not, it may be exacerbated by the 
stresses of surgical adm ission. These stress<.-'S include 
seriOllS i111H_'SS and traum(l, operations, and drugs such 
as aspirin, NSAIDs and corticosteroids. The result may 
be a sudden catastrophiC haemorrhage (presenting as 
haematemesis or melaena), or occasionally perforation. 
Bleeding mny nlsa result from (lcute stress ulcer(ltion in 
the seriously ill patient. Stress ulceration is distinct from 
chronic peptic ulcer disease; imp.lired splanchnic perfusion 
is prob.1bly an importilllt factor, but acid-pepsin does 
playa pMt in its pathogenesis (see eh. 14). 

Patients wi th known peptic ulcer dise(lsc or strongly 
suggestive symptoms shou ld receive perioperative pro-
phylaxis with sucralfate «I mucosal protective agent). 
H2-receptor antagonists and proton pump inhibitors nre 
also used. NSA IDs nnd irritant oral drugs should be 
avoided. 

Previous gnstrcctomy is associated with a number of 
long-term side effects. These include anaemia (due to 
deficiency of iron, vitamin B12 and occasionillly folate) 
and, rarely, OSIt.-'Omalacia . A full blood count should be 
included in the preoperative assessment of these piltients. 

INFLAMMATORY BOWEL DISEASE 

Patients with chronic innammatory bowel disease m(lY be 
anaemic or ma lnourished if the disease is (lctive. P,ltients 
may also be s teroid-dependent because of adrenal sup
pression from long-term steroid therapy. Occ,lsionally 
immunosuppressive drugs such as azathioprine are being 
taken and may increase the predisposition to infection. 

PREVIOUS ABDOMINAL SURGERY 

Previous alxiomina l surgery results in scarring and some
times multiple adhesions in the peritoneal cavity. Further 
operations on the 5.lme area il re more difficult and take 
longer. In ilddition, there is greater risk of dam'lge to 
stnl ctu rcs which are Cldherent to the opemtion site. These 
include gu t, ureters and Ill'ljor vessels. 



HEPATIC DISORDERS 

Pre-existing liver disease may have important con
sequences in the surgical p.'lient and generally increases 
the risk of postopera tive morbid ity and morta lity. A 
history of ~l undicc must be evaluated as it may be a due 
to serious risks for both patient and medica l staff. 

CLINICAL PROBLEMS 

a. History of jaundice 
A past history o f ~1undice raises the possibility that the 
patient may be a CMrier of hepatitis B or C which can 
readily be Irilllsmitlecl to surgical, nursing or laboratory 
staff. The ma in danger is from needle-stick injuries 
Vaccination against hepatitis B is now mandatory for 
hCil lth workers at occupational risk of infection. Hepatitis 
carriers among patients should be identified if practicable 
and special precautions adopted. 

Most previously jaundiced patients will ha ve suffered 
acute infectivc hcp<,titis (hepatitis A) which poses no risk 
to s taff bcc,1Use the infective agent does not ca use a 
chronic carricr state. In contrast, lifetime chronic hepatitis 
develops in 5-10% of those infected with hepatitis B 
virus (I-IBV) and in 80% of those infected with HCV. 

These diseases should be suspected if the illness 
associated with the previous ~1undice was prolonged or 
serious. Jau ndice contracted in developing countries 
should be regarded with suspicion because hepatitis B 
and C arc often endemic. Hepatitis C is becoming mol'(' 
common and, because of its chronicity, causes a high rate 
of cirrhosis in the long term; some patients progress to 
hepa tocellular cancer. Hepatitis Band C are also com
mon among ma le homosexuals and intravenous drug 
abusers who share syringes. The history should include 
questions to determine whcther the patient fall s into a 
high-risk group, and clinical examination of patients 
should include searching for intravenous injection sites 
characteristic of drug abuse. In high-risk patients, screen
ing for hepatitis B surface antigen (HBsAg) and hepatitis 
C antibody should ideal ly be performed before any other 
blood test (sccCh. 1, pp. 20-21). 

b. History of jaundice fof/owing anaesthesia 
TIle anaest hetic agent halothane is believed to cause an 
idiosyncratic hCp<1totoxicity in about 1 in 30 000 patients 
It is pnldent to record exposure to halothane when jaun· 
dice occurs days or weeks after an operation. Suspicion 
of previous halothane-induced ~1undice should be reported 
to the anaesthet ist. Halothane is much less commonly 
used nowadays, but further exposu re to the drug in 11 

sensi tised patient may produce a more serious and more 
rapidly developing response. 

Medical problems in surgical patients 

c. Presence of obstructive jaundice 
Surgery in th is s ituation is usually performed to relieve 
an obstruction in patien ts where endoscopic s tenting of 
the bi le ducts has fa iled or is u navailable. Th is surgery 
carries a number of Special risks and management 
problems which are described in Chapter 11. These 
include ascending cholangitis, clotting disorders, deep 
vein thrombosis and acute rena l failure. 

d. The patient with known hepatitis 
Patients with any form of hepatitis, whether viral or 
alcoholic, tolerate general anaesthesia and surgery badly 
and there is a distinct mortality risk. Surgery should be 
avoided unless absolutely essential. If alcoholism is 
suspecled, a CAGE questionnaire should be completed. 
Positive answers to two or more of the four qucstions 
suggest a drinking problem. The questions are given in 
Box 46.4. 

An eleva ted serum gamma glut'lryl transferase level 
is a f'lir ly good indicator of excessive alcohol intake. 
Mean corpuscular volume (MeV) may also be raised, 
and shou ld alert the doctor to the possibility of con
cealro alcoholism. 

e. The patient with known cirrhosis 
Patients with cirrhosis have a high risk of perioperative 
morbidity and mortal ity. The main factors are: 

• Anaem ia 
• Portal hypertenSion 
• Defecti ve synthesis of clotting factors and 

th rombocytopen ia 
• Malnutrition 
• Electrolyte disturbances (particu larly hyponatraemia ) 
• Defective energy met,l bolism (gluconeogenesis and 

glycogenolysis) 
• Abnormal drug metabolism and distribution (due to 

hypoaibu lllinaemia) 

• Ascites 

The main postoperative compl ications of cirrhosis are 
excessive bleeding, defective wound healing, hepato-

KEY POINTS 

Box 46.4 CAGE questionnaire 

• Have you ever felt you ought to Cut down on your 
drinking? 

• Have people Annoyed you by criticising your 
drinking? 

• Have you ever felt bad or Guilty about your drinking? 
• Have you ever had a drink first thing in the morning 

to steady your nerves or get rid of a hangover (Eye
opener)? 

Chi 
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cellular decompensation leadi ng to encephalopathy, and 
susceptibility to infection. 

Excessive bleeding results from several factors: 

• Defective synthesis of clotting facto rs (all but factor 
VII[ are synthesised in the liver) 

• Thrombocytopenia (due to hypersplenism and 
depressed platelet product ion) 

• Abnormal polymeris.1tion of fibrin 
• Portal hypertension (greatly exp.1.nded intra~ 

abdominal venous network under high pressure). 
This, together with numerous vascular adhesions, 
makes dissection tedious, difficult and bloody 

Portal hypertension may initially be discovered because 
of asci tes, an acute upper g.lstrointestinal haemorrhage 
or splenomegaly. (Note th<1t only about half of such 
episodes of haematemesis/melaena in patients with 
portal hypertension arc due to oesophageal varices. The 
rest are largely caused by gastric erosions.) If a patient 
with known oesophagea l varices requires an oper.ltion, 
preoperative endoscopic assessment and sclerotherapy 
or b..1.nding may be appropriate. 

Preoperative assessment and management 

Preoperative blood tests for p<1tients with liver disease 
arc listed in Box 46.5. 

If prothrombin time is prolonged, intravenous vitamin 
K injections are given for several days before operation. 
If this fails to correct the abnormal clotting (as in severe 
hepatic impainnent), fresh-frozen plasma is given during 
the operation. If the patient is thrombocytopenic, platelet 
transfusion may also be required. 

RENAL DISORDERS 

Renal impairment is commonly encountered in gener<11 
surgical p.1.tients. It is cha racterised by impaired homeo
stasis of fluid and electrolytes and reduced excretion of 
nitrogenous compounds. The risk of perioperative compli· 
cations increases with the degree of renal fai lure. Patient; 
can be divided into two groups: mild chronic rellal fai lure 
(CRF) and severe chronic renal failure. Acu te renal failure 
is usually a postoperative complication, often with several 
contributory causes including hypovolaemia, and is 
described in the next chapter. Patients with pre·existing 
renal disease are particularly vulnerable to acute renal 
failure ('acute-on·chronic renal fililure'). 

CLINICAL PROBLEMS 

a. Mild chronic renal failure 
This is common in the elderly and may be caused by 
hypertension. The main management problems in surgical 
piltients are: 

KEY POINTS 

Box 46.S Preoperative blood tests for patients 
with liver disease 
Initial tests 

• Serological testing for hepatitis Band C 

Further tests 

• Full blood (ount 

• Clotting screen and platelet count 

• Plasma urea and electrolytes 

• Bilirubin 

• Transaminases 

• Calcium 

• Phosphate 

• Gamma glutaryl transferase 

• Albumin 

• Impaired excretion of drugs-such drugs must 
therefore be given in smaller doses or less frequently, 
as documented in publications such as the British 
National Formulary. [n practice, digoxin and 
gentamicin pose the main problem. Gentamicin 
dosage is worked out from a nomogram according to 
blood levels measured immediately pre·dose ('trough' 
level) and then 15 minutes after intravenous or 1 hour 
after intramuscular admi nistration ('peak' level) 

• Fl uid and electrolyte homeostasis--only becomes a 
problem in mild CRF if flu id balance is not carefully 
monitored in the perioperative period. Monitoring 
should include regular cllI .. 'Cks of serum urea, 
electrolytes and creatinine, especially if the patient is 
receiving diuretic ther.lpy 

• Reduction in renal reserve--even mild renal failure 
implies a drastic reduction in renal reserve. For 
example, major reconstructive surgery to the 
abdominal aorta in a patient with mild renal failure 
may interfere with renal fu nction because of aortic 
cross·dampi ng near the TCna l arteries. This is 
exacerbated by transient hypotens ion ca used by 
blood loss. The lack of TCnal reserve in these patients 
may then progress to <1cute renal failure. Thus, renal 
function must be properly assessed before these 
operations by measuring scrum urea and creatin ine. 
If these are abnormal. renal arteriography may be 
needed to exclude renal artery stenosis. In addition, 
specia l precautions must be taken during anaesthesia 
and surgery to avoid precipitating acute renal failure 

b. Severe chronic renal failure 
These patients are usually under the care of specialist 
physicians who should be involved in perioperative 
management. Patients may be receiving regular hacmo-



dialysis or ambulatory peritoneal dialysis; in such patients, 
surgery is usually for renal transplantat ion. 

The main perioperati ve problems of severe CRF are: 

• Fluid overload- this is caused by impaired 
glomenl lar filt ration and may require correction will> 
large doses o f diuretic; and fluid ("(>Striction and 
haemofiltration if necessary. Fluid requirements in the 
perioperati ve period may be difficult to assess. They 
cue best controlled by monitori ng central venous 
pressure in an intensive care unit 

• Regul ation of seru m osmol ality- this is disordered 
in p<llicnts with severe CRF who <Ire p<lrticul<lrly 
vulner<lblc to hypo- <lnd hypcrnatr<lemi<l . C<lre must 
be laken thnt the sodium content of intravenous fluids 
is appropriate for the individual 

• Hyperkalaemi a- this is a particulnf risk of advanced 
CRF. Patients with lesser degrees of CRF cuc 
vulner<lble to increase in pot<lssium load (due to 
transfus ion, tissue d<lmage or hypoxi<l) or changes in 
glomen llar filtration rate (cauS<."CI by cardi<lC failure or 
hypotens ion). l lypcrkalaemia may cause card iac 
standstill and susceptibility is best a:>S<'Ssed by 
monitori ng the ECC . To minimise this risk, the 
preopcrntive plasma potassium level should be 
stabilised below 5.0 mmol / L 

• Metaboli c: acidosis- this tends to develop in CRF but 
it is usually compcns..lted by respiratory alk.1losis. 
This compens.llion is dis rupted by genernl 
anaesthesia and also by additional metabolic acidosi~ 
due to tissue ischaemia Dr hypoxia 

• Chronic normochromic normocytic anaemi a- this 
results from decreased Nythropoietin production by 
the kidney. Cardiov<lscul<lr fu nction is usu<llly well 
adapted to Ihis nlln emi<l <lnd preoperativc transfusion 

Fig. 46.2 Cimino-Brescia arteriovenous fistula 
This recently constfucted fIstula performed fOf chronic renallallure in 
a diabetiC woman of 56, Involved dividing the cephalic vein and 
suturing the pfOJl.lmal end to the SIde of the radial artery. It was 
performed under local anaesthesia through the incision vis ible on the 
Wflst Already the Wflst veins are dila\lng and wil l soon be usable for 
renal dialysis 
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is unm.'Cess.lry. Tr,lnsfusion adds the further risk of 
precipitating fluid and electrolyte problems, and m,lY 
complicate tissue typing for future kidney 
transplantation 

PREOPERATIVE ASSESSMENT 

Hydration should be assessed by looking for clinical 
evidence of dehydration or fluid overload (particularly 
jugular venous pressure). Plasma urea, electrolytes, cre
ntinine and bicarbonate should be checked for abnor
malities. Fu ll blood count is checked for annemin. 

DIABETES MELLITUS 

Patients with d iabetes are at specinl risk from general 
<lnaesthesi<l <lnd surgery for Ihe following reasons: 

• Diabetic complic,ltions are associated with a higher 
pcriopcrative risk. These ,lre summarised in Box 46.6 

• Stress (including surgery, trauma and infections) 
causes increased production of catabolic hormones 
which oppose the action of insulin (see Ch. 2). This 
makes diabetic control more difficult 

KEY POtNTS 

Box 46.6 Specific perioperative prob lems in 
pati4!!nts with diabetes 

Predisposition to ischaemic heart disease 

• Grea ter risk of postoperative myocardial infarction 
which has higher mortality in diabetics 

• Infarction may be painless or 'silent', (possibly due to 
autonomic neuropathy) 

Increased danger of cardiac arrest 

• Due to autonomic neuropathy 

Predisposition to diabetic nephropathy 

• Tendency to chronic renal failure 

Predisposition to peripheral vascular disease 

• Greater risk of perioperative strokes and lower limb 
ischaemia 

Predisposition to heel pressure sores 

• Especially if t here is peripheral neuropathy 

Increased incidence of postoperative infection 

• In the wound, chest or urinary tract 

Obesity 

• Particularly common in non insulin-dependent 
d iabetes 

• Associated with increased operative morbidity 

Ch 
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• General anaesthesia, surgery, deprivation of oral 
inlake and postoperative vomiting disrupt the 
delicate balance between dietary intake, exercise 
(energy utilis.:l tion) and diabetic therapy 

• Diabetic ketoacidosis may cause an elevated leucocyte 
count and amylase level, which may confuse the 
diagnosis of an acute abdomen. Indeed, ketoacidosis 
Illa y sollletimes present with abdominal pain 

• Diabetic patients are at grea ter risk of hospital
acquired infection, which may be elusive as a cause of 
deterioration 

CLINICAL PROBLEMS 

Fur the purposes of perioperative management, piltients 
with dinbctcs fall into three groups: insul in-de pe ndent, 
those taking ora l hypoglycaem ic medication and those 
who nre d iet-co nt rolled . Preoperative assessment should 
includ e evaluation of cu rrent diabetic control by serial 
blood g lucose and glycosyJa ted hae moglob in measure
me nts. Potential cardiovascular and renal complication" 
should be assessed by performing an ECG (wit h Vats.l lva 
manoeuvre) and esti mating plasma urea and electrolytes. 

Perioper.ltive management should maintain blood 
g lucose level between 4 and 10 mmol /L, bul it is parti
rularly important to avoid hypoglycaemia. Surgery should 
be deferred if the blood glucose cannot be stabilised below 
13mmol/L. Above this level, there is an unacceptable 
ris k of ketoacidosis or a hyperosmolar non-ketotic state. 

a. Insulin-dependent diabetics 
Insulin-d ependent diabetics, as the name indicates, 
depend for their metabolism on administered insulin. If 
the blood g lucose level is low, insulin is not withheld but 
glucose infusion is increased. The general principles of 
periopcrative numagemcnt are: 

• Establish good diabetic control before operation 
• Give insulin <IS n con tinuous intravenous infusion 

during the operative period 
• Give an infusion of dextrose (glucose) throughout the 

operati ve period to balance the insulin given and to 
make up for lack of dietnry intake 

• Add potassium to the dextrose infusion 
• Monitor blood g lucose <lnd electrolytes frequently 

throughout the operative and early postoperative 
period 

A typic., l management protocol is given in Box 46.7 and 
a recommended insulin infusion regimen in Box 46.6. 
The key to successful management of diabetes is adjust
ing the dose of insu lin against frequent measurement of 
blood glucose. Finger-prick tests on the ward are adequate 
providL'CI they are performed correctly by properly trained 
staff. The insu lin dose is fldjusted hourly according to 
the blood glucose resu lts . 

KEY POINTS 

Box 46.7 Peri operative management of insulin
dependent diabetes 
Before operation 
1. Arrange outpatient stabilisation of diabetes with 

diabetes physician and specialist nurse in advance, if 
available 

2. Admit patient to hospital 2- 3 days before operation 
if outpatient preparation unavailable or 
unsatisfactory 

3. Establish good preoperative control-a twice·daily 
mi)c:ture of short- and intermediate-acting insulin is 
usually adequate. tf not, eKtra doses of short-acting 
insulin can be added 

4. Monitor blood glucose t hroughout the day, e.g . 
before and after meals and at bedt ime 

S. Arrange for the operation to take place as early as 
possible in the day 

Operation day 
1. Starve from midnight and omit first dose of insulin 
2. Check blood glucose and electrolytes before 

operating list commences-postpone if glucose level 
greater than 13 mmoVl or electrolyte abnormalities 
are found 

3. Commence intravenous dextrose and insulin 
infusions 

4 . Check blood glucose and electrolytes at conclusion 
of operation (or at 1-2-hour intervals in a long 
operation) 

5. Adjust concentration of infusions and rate of 
administration as required 

Afte r operation 
1. Check glucose 2-4-hourly and electrolytes 6-12-

hourly and adjust infusion as indicated 
2. Continue infusion until full oral diet is established, 

then reintroduce subcutaneous insulin, using the 
preoperative regimen 

KEY POINTS 

Box 46.8 Peri operative management of diabetics 
using insulin infusion 
1. Intravenous 5% or 10% glucose infusion at 125 ml 

per hour 
2. Constant pump·controlled intravenous soluble 

insulin infusion. This is adjusted according to 
2-4-hourly blood glucose estimations 

3. If there is a need to limit fluids, use 20% dextrose 
solution and infuse at 50 ml per hour 



b. Diabetics controlled on oral hypoglycaemic drugs 
Many of these p.1tients are receiving short-acting 
su lphonylureas such as glipi7ide. Patients on long-acting 
drugs such as chlorpropam ide or metfomlin (or bothl 
should be cha nged several days before operation to a 
short-acting sulphonylurea. If this fails to provide ade
quate control, an insulin regimen can be used as above. 

On the morning of the opera tion, the p.1tient is starved 
in the usual manner and the short-acting sulphonylurea 
omitted. This drug is reintroduced when oral intake is 
resumed. Blood glucose should be monitored regularly 
as for insulin-dependent patients because it may still 
reach unacceptable levels, despite the lack of carbo
hydrate intClke. If glucose rises above 13mmol/L, it can 
be controlled by sma ll subcutaneous doses of short· 
acting insulin, e.g. 6 units of soluble insulin. If a major 
operation is planned or if postoperative 'nil by mouth' is 
likely to be prolonged, it is best to use insulin and 
glucose infusions ilS for insulin-dependent diabetics. 

c. Diabetics controlfed by diet alone 
These p.1tients require no special perioperative measures 
if preoperative control is adequate; they do not become 
hypoglycaemic and blood glucose rarely drifts above 
acceptable levels. Finger-prick blood glucose measure
ment may be used if there is any doubt. 

d. Diabetics poorly controlled on emergency admission 
Any diabetic patient may present with uncontrolled 
diabetes, pilrticulilrly if admitted as an emergency. This 
may be due to infection or vomiting. The diabetes must 
first be brought under control with infusions of insulin, 
glucose ilnd potassium. Rehydriltion will also be required 
before operillion Ciln proceed. 

e. Abdominal pain and vomiting in a diabetic child 
This mily be due to diabetic ketoacidosis rather than an 
'acute abdomen'. If so, symptoms will resolve when 
diabetic control is re-established by rehydration and 
insulin therapy. As a general rule, the vomiting precedes 
the abdominal p.1in in diabetic ketoacidosis, whereas the 
opposite occurs in .1n acute abdomen. (Note: emergency 
lap.1rotomy in uncontrolled diabetes is extremely danger
ous and must be ilvoidecl at all costs.) Conversely, an 
acute abdomen may precipitate diabetic ketoacidosis. If 
the abdominal symptoms fail to respond to diabetic therapy, 
a diagnosis of acute ilbdomen must be reconsidered. 

THYROID DISEASE 

THYROTOXICOSIS 

Surgery in untreated thyrotox icosis carries a risk of 
thyrotoxic crisis, wh ich has il high mortality. In surgery for 

Medical probtems in surgical patients 

Fig. 46.3 Thyrotoxic eye signs 
This woman of 36 presented with a typical history of primary 
thyrotOXICOSIS (Graves' disease), with weight loss. irritability and 
menstrual irregularity. In addition her eyesight had become blurred 
She had fairly florid exophthalmos with protruding eyeballs (proptosis) 
and lid lag She was barely able to dose her eyelids and would soon 
be at risk 01 corneal drying 

thyrotoxicosis, the p.1tienl should be rendered eu thyroid 
before operation by using antithyroid drugs or beta 
blockers. Non-selective beta blockers rapidly control the 
cardiovascu lar effects of thyrotoxicosis and can be used 
for urgent preoperative prep.1ration. A thyrotoxic crisis 
may a lso occur if an undiagnosed thyrotoxic p.1tient has an 
operation fo r another reason. Any patient with symptoms 
or signs of thyrotoxicosis should have a serum thyroxine 
measurement included in the preoperative assessment. 

HYPOTHYROIDISM 

Untreiltcd hypothyroid patients arc at moderate risk 
when undergOing surgery. They are more sensitive 10 
CNS depressants and have a decreased cardiovascular 
reserve. They are also susceptible to electrolyte disorders. 
Severe infection, especially accompanied by trauma, a 
cold environment or depressant drugs, may precipitate 
myxocdema coma which, though very rare, is often fatal. 

Hypothyroidism is common, particularly in women, 
and incre,1SCS with age. Many patients are maintained on 
replacement therapy and are at no special risk. Patients 
previously treated for thyrotoxicosis may become 
insidiously hypothyroid. Features of hypothyroidism in
clude weight gain, bradyc,1fdia, psychomotor depression, 
thinning eyebrows, coarse hair and skin, chronic consti
pation and ho.lTse voice. The most useful clinical sign is 
tendon reflexes which are slow to relax. 

If there is clinical suspicion of hypothyroidism, oper
ation should be postponed and thyroid funct ion checked 
by measuring free thyroxine (T4) and thyroid stimulating 
hormone (TSII) levels. If hypothyroidism is diagnosed, 
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oral replacement theri\py is commenced. If surgery must 
be jX'rformed urgently, it is usually best to proceed with 
the operation and lx'gin oral treatment later. 

DISORDERS OF ADRENAL FUNCTION 

ADRENAL INSUFFICIENCY 

The most common cause of adrenal insufficiency is 
hypothalamo-pituit.lry-adrena l suppression by long
term corticosteroid therilpy. It is occasionally cau~ by 
primary adrenill fililure (Add ison's disease) or pituitary 
abliltion (duc to tumour or surgery), Very rarely, it 
results from previous adrenalectomy. This may have 
been carried out fur palliiltion of breas t Cilncer, treatment 
for a hypersecretion syndrome or primary surgery for 
bilateral adrenal tumours. 

In prim'lfy or secondary adrenal failure, the p.ltient is 
usually already on oral steroid replacement therapy. In 
any case, the adrcnab ilre unable to respond to the stress 
of trauma, surgery or infection, which would normally 
leild to increaS<.'(! S<.'Cretion of glucocorticoids. The lack of 
adrenal f\.'Sponsc in these patients may ca use acute 
postoperative cardiovascu lar collapse with hypotension 
and shock (Addisonian crisis), 

periope rative ' steroid cover' 

p.,tients with potentia l ,ldrenal insufficiency must be 
given s teroid cover during the periopcrative period. This 
is usually in the fo rm of intra venous hydrocortisone, e.g. 
100-200 mg prior to Ihe oper,l tion, and 100 mg daily unhl 
recovery. It is better to give prophylactic hydrocortisone 
in doubtful cases than risk acute hypo-adrenalism. For 
ally sterOid -dependent patient, a doctor should write 
dearly in the nolf'S 'Treat allY Imc;(plaillCd col/alJSe witll 
Irydrocortisollc. ' 

CUSHING' S SYNDROME 

Cushing's syndrome results from excess secretion of 
cortisol. This may be in response to excess adreno
corticotropic hormone (ACfH) sect'f'tion by a pituiti'lry 
tumour. Occasionally, it is due to ectopic ACfH secretion 
(usually by a malignant tumour) and rarely due to a 
primary tumour of the ,ldrena l. Clinically the patient 
may be plethoric, moon-f'lced , hypertensive, hirsute and 
obese with abdom iMI s triae. There may be a charac
teristic 'buffalo hump'. The most common cause of 
Cushingoid fealuR'S is long-term steroid therapy for 
conditions such as rheumatoid arthritis or asthma. The 
main surgic<ll problems in Cushingoid patients are 
hypertension, poor wound healing, infection and peptic 

ulccri\tion. If the condition is due to steroid therapy, there 
is an additional risk of second ary adrenal insufficiency. 

PHAEOCHROMOCYTOMA 

Phaeochromocytoma is rare, and is usually diagnosed 
during investigation of paroxysmal hypertension. Some
times, a phacochromocytoma is discovered after wild 
swings of blood pressure are encountered during an 
operation. Phacochromocytomas are usually located in 
the adrenal medulla but can occur retroperitoneally in 
embryologica l remn,lnts of the org,lIl of Zuckerkandl. 
DiagnOSiS is made by finding high levels of catecholamine 
metabolites such <IS vanill ylmand elic acid (VMA) in the 
urine. Nowadays, the IUlllour is llsually loc<lliscd by 
radionudidc scans and by computed tomography or 
magnetic fCSOnancc imagi ng. 

In the surgical management of phaeochromocytoma, 
there are two main problems: to control dangerous rises 
in blood pressure during operation and to prevent hypo
tension afterw<1fds. The former are caused by handling 
the tumour which increases cat('Cholami ne release, while 
the latter is the effect of vasoconstriction leading to 
chronic hypovolaemia. Il ypovolaemia results from the 
high levels of cirOJlating catcchola mines before operation, 
which rapidly fall once the tumour is removed. Manage
ment involvcs gradual preoperative control of hyper
tension with alpha-adre nergic blocking drugs (e.g. 
phenoxybennmine). As alpha blockade is increased, 
vasoconstriction is reduced ilnd chronic hypovolaemia 
corrected, which minimises postoperative hypotension. 
During operation, short-acting alpha- and beta-adrenergic 
dn.gs are used and a range of other drugs is kept ready 
to control swings in blood pn.'SSure. These p.'ltients are 
best managed in sp...'Cialisl centres. 

DIABETES INSIPIDUS 

Diabetes insipidus is uncommon. Its causes Ciln be 
di vided into cranial {with reduced production of 
antidiuretic hormone (ADH). also known as vasopressin, 
and nephrogenic, in which the renal tubulcs are 
unresponsive to ADII. Renal diabetes insipidus may be 
caused by hypercalcaemia, hypokalaemja or drugs such 
CIS lithium. Cra nial diabetes inSipidus is often idiopa thic 
but may be due to trauma (either surgical or following 
he,ld injury) which di<;nlpts the secretory pathway from 
the hypothalamus via the pituitary stalk to the posterior 
pituit,lry (neurohypophysbl. Mo:.t patients recei\'e replace
ment therapy in the fo rm of vasopressin or desmo
p ress in by nas..ll insufnation. Patients with diabetes 
insipidus are prone to abnormalities of plasma elcctrulyt~, 
particularly sodium, which should be checked before 
operation. 
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MUSCULOSKELETAL AND 
NEUROLOGICAL DISORDERS 

Musculoskeletal and neurological disorders influence 
the outcome of surgery in two main ways. Firstly, any 
condition which hinders mobility predisposes to chest 
infection, deep venous thrombosis and pulmonary 
embolism, aspira tion pneumonitis and pressure sores. 
The last is even more likely if there is also sensory 
impairment due to stroke or diabetic peripheral neuro
pathy. Secondly, specific aspects of these disorders must 
be considered in relation to general anaesthesia, pos
itioning of the patient on the operating table and the use 
of drugs. 

RHEUMATOID ARTHRITIS 

Rheumatoid arthritis poses special problems related to 
chronic anaemia, drug thera py and spinal complications 
(Some of these problems are shared by other col1agen 
disorders.): 

• Nonnochromic normocytic anaemia----common in 
chronic inflammatory disorders, including rheumatoid 

(.) 
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arthritis. The anaemia is refractory to iron therapy 
and there is no benefit from preoperative transfusion 
unless haemoglobin concentration is extremdy low 

• Gastroi ntesti na l disord ers-most rheumatoid 
p.:,tients arc taking aspirin or other NSAlDs, all of 
which predispose to peptic ulceration, ulceration and 
perforation of small and large bowel and small bowel 
s trictures. Long-term steroid therapy may contribute 
to peptic ulceration. Chronic low-grade bleeding from 
the upper gastrointestinal tract may exacerbate the 
existing anaemia in these patients. Operative stress may 
also precipitate acute gastrointestinal haemorrhage 

• long-term steroid therapy-may result in adrenal 
insufficiency under stress. Cold and penicillamine 
cause renal parenchymal damage and bone marrow 
depression; NSAIDs may exacerbate chronic renal 
failure 

• Odontoid subluxation-if rheumatoid arthritis 
involves the atlanto-axial toint, the transverse 
ligament may be d estroyed, al10wing the odontoid 
process to sublux. During general anaesthesia, the 
protective reflexes arc lost. If the neck is hyperextended 
during intubation, there is a serious risk of inju ry to 
the spinal cord by the unrestrained odontoid 

(b) 

Fig. 46.4 Subluxation of the atlanta-axial joint in rheumatoid arthritis 
This 62-year-Old woman with long-standing severe rheumatoid arthr~IS required a major abdominal operat ion. Cervical radiographs were taken 
before operation to anticipate problems during anaesthesia. (a) Cer\lical spine in extension. (b) The same patient in flexion. Anterior subluxation is 
most obvious If the anterior border of the body of the at las C1 is compared Wi th that of the axis in the two pi<tureo;. ThiS mobility is caused by 
destruction of the transverse aXial ligament of the odontOid by pannus (e~cess i ~e granulation tissue) from the synovial Jomt. Under general 
anaestheo; ia, muscle relaxation may allow e~agge ratlon of the subluxation, causing damage to the cervical cord 
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Preoperative assessment of the rheumatoid patient 

Full blood count is essential to check for non--specific 
anaem ia or iron deficiency anaemia. Serum urea, electro
lytes and creatinine are measured if there is any suspicion 
of chronic or drug-induced disturb,;"lIlce of renal function. 
Preoperative asscssment must include examination of 
neck movements and cervical spi ne X-rays. 

EPILEPSY 

Epilepsy is common and many routine surgical patients 
will therefore be taking anticonvu lsive therapy. Fortu
nately, there is no particular risk from general anaesthesia 
or surgery. Ind eed, the central depressive effect of general 
clllaeslhetic d rugs is a powerful anticonvu ISimt! 

HAEMATOLOGICAL DISORDERS 

ANAEMIAS 

Severe anaemias are associated wi th increased peri
operat ive morbidity and mortality. Genera l anaesthesia 
poses the greatest single problem. Moderate anaemia, in 
which the haemoglobi n concentration is more than 
109/dl, appears to impose no excess risk. For elective 
surgery, the haemoglobi n concentr,ltion shou ld ideally 
be above this level before operation but long-standing 
chron ic anaemias probably pose little increased risk. 

Management of anaemic patients depends on the 
cause of the anaemia. For patients on renal dialysis, there 
is no point in trying to raise the haemoglobin level by 
transfusion as it rapidly fall s again, but these patients 
can be treated with ery thropoietin. 

The ca use of the nnncm ia may be the reason for the 
operation. Whether or not to transfuse before operation 
depends on the level of nnaem ia, whether the annemia is 
acute and the expectL>d blood loss during the operation. 
Transmission of human immunodeficiency virus (H IV) 
by transfusion is a very small risk in developed countries 
with sophisticated screening of donors but remains a 
serious risk in count ries wi thout such precautions. 11 is 
good policy to reHppraisc former indications for trans
fusion and trnnsfuse donor blood only when strictly 
necess.,ry. It is usually possible to avoid transfusion in 
young, fit p<,tients but elderly or very ill patients with less 
cardiorespiratory reserve are more likely to need trans
fusio n. Tr,1nsfusions should be given at least 24 hours 
before operation to a llow fluid b., lance to stabilise and to 
ensure opti mal red cell function. For deficiency anaemias, 
treatment as approprintc with iron, vitamin B12 or folate 
may be all that is necessary before operation. 

HAEMOGLOBINOPATHIES 

Patients with sickle cell disease and beta thalassaemia 

have a high operative mortality and morbidity. They 
require intensive perioperative management with parti
cular avoidance of hypoxia, infection, acidosis, dehydration 
and hypothermia. Patients with s ickle cell tra it are at 
much lower risk, and develop complications only if they 
become severely hypoxic. Sickle cell trait and disease 
occur amongst black people, who should always be 
asked specifically abou t sickle cell disease. A sickle cell 
test must be performed before operation on any black 
p<,tient so that the anaesthet ist can be prepared. 

POLYCYTHAEMIA 

Polycythncmia may be caused by a primary myelo
proliferative disorder such as polycythaemia nlbra vera 
(PRV) or be secondary to chronic cardiac or pulmonnry 
disease. Heavy cigarette smoking itself may causc poly
cythaemin. Thcre is an increased red cell mass in both 
primary and secondary polycythaemia, which causes 
a high haematocrit and increased blood viscosity. In 
PRY, the platelet count may be abnormally high, which, 
paradoxically, is associated with defective haemostasis 
as well as the risk of thrombosis. 

Some patients found to have a raised haematocrit do 
not have an increased red cell mass but rather a reduced 
plasma volume. This is sometimes known as s tress 
polycythaemia. The increased blood viscosity may lead 
to thromhoemoolic problems. 

The main complications of polycythaemia rubra vcra 
are haemorrhage, and arterial or venous thrombosis. 
The risk incre,lscs once the haematocrit rises above 50%. 
In genem l, operation shou ld be postponed to allow 
treatment by venesection or myelosuppression. If possible, 
thl' cnrd iovasculnr system should be allowed to stabilise 
for nbout I month nfter treatment. In an emergency, the 
hnematocrit may be reduced by preoperative vene
section, restoring the volume by colloid infusion. 

LEUKAEMIA, LEUCOPENIA AND THROMBOCYTOPENIA 

Patients with these haematological disorders may need 
surgery for unrelated conditions. Prophylactic antibiotics 
may be required in neutropenia and haematologists give 
specific advice in patients at risk because of chemo
therapy. In thrombocytopenia, haemorrhage can be mini
mised by tra nsfUSing platelet concentrates. 

BLEEDING DISORDERS 

Bleeding diatheses such as thrombocytopenia, von 
Willebrand's disease (abnormal platelet function and 
factor VIII deficiency) and haemophilia are occasionally 
encoun tered in general su rgical practice. Most surgica l 
bleeding problems, however, are caused by poorly 
controlled nnticongu lant therapy, liver disease, aspirin 
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therapy and sometimes vitamin K malabsorption. The 
lasl occurs in obstructivC' ~lundice and malabsorption 
syndromes. 

A history of abnormal b leeding or factors which may 
predispose to abnormal bleeding are the most important 
pointers to a likely bleeding problem at operation. They 
should be sought from every surgical patient as follows: 

• Excessive bleeding from simple cuts, previous 
surgery, dental extractions or childbirth 

• Current use of anticoagulant drugs or aspirin 
• A family history of bleeding disorders 
• Intercurren t hacmatological or liver disease, cystic 

fibrosis or other tnnlabsorption syndromes 
• Recent jaundice 
• Previous intestinal resection or bypass surgery 

Any clotting <lbnormality lllay lead to excessive bleeding 
at operation or recurrent bleeding in the eMly post
oper.,tive period. This may simply require additional 
care during surgica l hacmostasis but may well lcad to 
nlllaway haemorrhage when clotting factors become 
exhausted. If this occurs, bleeding may be very difficult to 
control so preoperative diagnosis and treatment is vital. 

If a bleeding disorder is suspected , a platelet cou nt 
and a clotting screen must be performed. A dotting 
screen includes prothrombin time or ratio and activated 
p<1rtial thromboplastin time. If an abnormality is revealed, 
further special investigations such as assay of individual 
dOlling factors may be necessary. Operation should be 
deferred until the problem is overcome. 

Clotting abnonnnlities (where plntelet function is un
affected) arc often responSible for recurrent bleeding 
after init ial hncmostnsis hns been nchieved. In contrast, 
an abnormality in plnte1ct numbers or function tends to 
cause excessive blccding ;"It operation and postoperative 
oozing. Other complications of dotting disorders include 
retroperitonenl or muscle hnematomas and bleeding into 
joint cnvities (haemnrthroses). In contrast, platelet abnor
malities tend to cause spontaneous bruising. 

CLINICAL PROBLEMS OF BLEEDING DISORDERS 

a. Inherited clotting disorders 
Haemoph ilin occurs in males. The disorder is an X-linked 
deficiency of factor VIII, or less commonly, factor IX . The 
approprintc nntihnemophilic factor is administered before 
operation and for up to 2 weeks after operation until the 
dnnger of scoondnry haemorrhage is over. Von Willebrand's 
disease is nn nutosomal dominant condition with ab
normalities of ooth factor VIII and platelet function. It is 
managed periopemtively with fresh-frozen plasma or 
cryoprecipi tnte. 

b. Anticoagulant therapy 
Long-term anticongulant thernpy with warfnrin is 

Medical problems in surgical patients 

commonly used in venous thromboembolism, for patients 
with mechanical heart valve prostheses and in elderly 
patients with atrial fibril1"tion. Patients on anticoagulants 
have a sm.,]] extra risk of perioperative haemorrhage, 
particularly if control is poor. For most patients, some 
form of anticoagulation needs to be continued, particularly 
if a mechanic,,1 heart valve is in situ. Many doctors prefer 
to continue oral warfa rin, reducing the prothrombin 
ratio somew hat during the perioperntive period. An 
nlternntive appro.lch is to discontinue warfarin about 4 
days before operation and convert to intravenous heparin 
infusion. This can be closely adjusted or even reversed. 

If nntico.1gulntion has been prescribed for treatment of 
venous thromboembolism, some doctors prefer to dis
continue warfarin 2 or 3 days before operation. The 
periopcrative period is then covered with prophylactic 
subcutaneous low-dose heparin (see Ch. 47). 

c. Liver disease 
Bleeding disorders in cirrhosis are described earlier in 
this chapter and disorders in the jaundiced patient are 
described in detail in Chapter 11. 

d. Aspirin therapy 
Aspirin has an irreversible inhibitory effect on platelet 
aggregation which persists ciinicnlly for at least 10 days. 
The effcct is reversed only when the affected platelets 
have been replaced. Most NSA IDs nct on platelets in the 
5<1me way. A similar but short-lived effect is also produced 
by high doses of intravenous penicillin. Aspirin ingestion, 
even in low doses, tends to result in oozing during nnd 
after operation, nit hough this is rarely serious. Bleeding 
following dental extraction is n common manifestation of 
aspirin ingt.'Stion and cnn usunlly be controlled by sutures 
and pressure. For major nrterinl surgery, aspirin should 
be stopped at lenst 2 weeks before elective operations. 

e. Malabsorption of fat-soluble vitamins 
Vit"min K absorption may be impaired in pancrentic 
dysfunction, nfter resection of the proximnl ileum or in 
malabsorption syndromes. The problem is readily over
come by preoperative injections of vitnmin K. 

PSYCHIATRIC DISORDERS 

MENTAL ILLNESS AND LEARNING DISABILITY 

Behavioural problems nssociated with mental illness and 
lea rning di5<1bility can be minimised by a symp., thetic 
and consistent appro.lch from medical and nursing staff. 
Any procedure or investigation must be carefully 
explained to the patient in terms which can be under
stood. Pali ents shou ld not be moved from !xxi to bed 
around the w<lTd ns this produces disorientation. 62 
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The p..ltient' s usual ora l medication shou ld be 
continued whenever possible. A parenteral substitute 
may be required if oral intake is restricted and behaviour 
is known to be unstable. Side effects and drug interactions 
are common with psycho.lctive drugs and these should 
be anticipated by checking with a fomlula ry. Monoamine 
oxidase inhibitors (used as antidepfL'SS<lnts) interact with 
symp..lthomimetic amincs and opia te analgesics to ca use
severe hypertension. They should be discontinued at 
least 2 weeks before operat ion. Tricyclic antidepressants 
and phenothiazincs also have a wide range of inter
actions. Serum urea, electrolytes and thyroid funct ion 
should be checkt>(! in patients taking li th iu m, which may 
cause renal parenchymal dmuage and disturbed thyroid 
function. 

ALCOHOLISM AND DRUG ADDICTION 

Alcoholics are prone to cirrhosis, malnutrition and peri
pheral neuropathies. Drug addicts are a t risk of hepati tis, 
acquired immunodeficiency syndrome (A IDS) and other 
infections. 

Alcohol potentiates general anaesthetic agents, and 
the inebriated patient needs smaller doses. In contrast, 
chron ic alcohol abuse induces liver enzymes which bre.lk 
down anaesthetic agents and also incre.l5e tolerance to 
central nervous sysyem depressants. Higher doses of 
anaesthetic agents will therefore be required. Similarly, 
larger doses of intravenous sedatives are requ ired for 
proced ures such as gas trointestinal endoscopy. 

Opiate addict ion leads to similar dos..lge problems. 
Doctors must be aW.lre of feigned illness as a means of 
obtai ning restricted drugs. 

Problems of drug w ithdrawal 

Withdr.lwal symptoms may develop unexpectedly during 
the postoperative period if dnlg or alcohol addiction has 
been concealed. 

Alcohol wit hdra wa l is characterised initially by 
irritability and tremors. COIl\'ulsions may develop after 
24-48 hours. Full-scale delirium tremens may appear as 
long as 10 days after alcohol withdraw.ll. It is charac
terised by mental confus ion and visual hallucinations 
accomp..ln ied by fever, tachycardia, pallor, vomiting and 
swea ts. Such signs also occur in other postoperative 
complications and alcohol withdra wal is an easily over
looked cause. 

Alcoholic cirrhosis may cause episodic hypoglycaemia, 
the symptoms of which may be confused with those of 
delirium tremens. Hypoglycaemia should be excluded 
by measuring blood gl ucose. 

Mild alcohol withdra wal states may be managed 
with regu lar oral doses of chlormethiazole or benzo
dia7epines. Parenteral B vitami ns are usually given daily. 
If symptoms become pronounced, chlormelhiazole can 
be administered by continuous intravenous infusion. A 
bolus dose is used initially, and the subsequenl rate of 
administration is adjusted accordi ng 10 response. Oral 
d rugs can usually be substituted after 48-72 hours. If the 
p.llienl has a history of convu lsions, phenytoin should 
also be given. 

Opi<lle withdraw.1l symptoms are broadly similar 10 
those of alcohol. Treatment is usually with a substitute 
drug such <IS methadone. 

DEMENTIA 

Patients with dementia become even more confused when 
subjccted to the s trange and ever-changing environment 
of the surgic.l l ward . They poorly tolera te the stress of 
general anaesthesia and operation. The potential benefit 
of any eit>ctive procedure must be carefull y weighed 
against the possible adverse effects. Unfortunately, these 
patients often fai l 10 bt.'C"Ome rehabilitated in their own 
homes after operation. 

Sudden deterioration in mental state or increasing 
conhlsion may be provoked by infection, dehydr.ltion, 
electrolyte disturbances, hypoxia or overdose of drugs 
such as digoxin, hypnotics and sedatives. All these ca uses 
should be cons idered in any patient who undergoes 
menta l deterioration in the pcrioperative period. 

OBESITY 

Cross obesi ty ca rries 2-3 times the normal risk of peri
opcriltive death or morbidity, as outlined in Box 46.9. 
Whenever poSSible, weight should be reduced before 
operil lion, particu larly if the operation is not urgent. 
Referr.l l to a dietitian may be helpfu l although self
help groups often provide stronger motivation. Pre
operilti ve investigations for obese p.ltients include blood 
glucose measurement and ECG, e"en if the patient is 
asymptomatic. 

CHRONIC DRUG THERAPY 

Many drugs prescribed for 'medical' conditions may 
complica te the managemen t of the surgical patient. The 
most important of these commonly encountered in 
prilclice are summa rised in Box 46.10. 
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KEY POINTS 

Box 46.9 Surgical complications of obesity 

Cardiopulmonary complications such as cardiac faiture 
and chest infections 

• Predisposing factors are atherosclerosis, increased 
demands on the cardiovascular system. de:reased 
chest wall compliance, inefficient respiratory muscles 
and shallow breathing 

Wound complications such as infection, dehiscence 

• Poor-quality abdominal wall musculature with fat 
infiltration. large 'dead space' in which fat 
predisposes to haematoma formation 

Deep venous thrombosis and pulmonary embolism 
• Due to poor peripheral venous return and general 

inertia 

Complications with general anaesthesia 

• Physiological problems, e.g. intravenous cannulae 
are difficult to insert and intubation is more 
difficult. Clinical signs of dehydration and 
hypoYolaemia are more difficult to elicit 

• Metabolic problems. e.g. altered distribution of 
drugs 

Predisposition to various medical disorders 

• Hypertension. ischaemic heart disease. diabetes. 
gallstones, gout 

Operative difficulties 

• Operations take longer to perform because of 
difficult access and vital structures obscured by fat 

Medical problems in surgical patients 

KEY POINTS 

Box 46.10 Potentially dangerous drugs in the 
surgical patient 

Glucocorticoids 

• Predispose to peptic ulceration, delayed wound 
healing and infection 

• May lead to acute adrenal insufficiency causing 
cardiovascular collapse 

Antihypertensive and anti-anginal drugs 

• Not hazardous unless abruptly stopped; this may 
cause rebound hypertension or angina 

Antidepressants 

• Monoamine oxidase inhibitors (MAOls) interact with 
tyramine-containing foods (such as cheese and yeast 
extracts), as well as sympathomimetic amines and 
narcotic analgesics; this interaction may cause a 
hypertensive crisis and potentiate narcotic effects 

Oral contraceptives 
• Increased risk of deep venous thrombosis and 

pulmonary embolism 

Anticoagulants 

• Predispose to haemorrhage 

Diuretics 

• May cause electrolyte abnormalities and 
dehydration 

Ch 
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47 Complications of surgery and 
trauma and their prevention 
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General complications of operations 
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Haemorrhage 634 

fluid and electrolytE disturbances 645 

Transfusion compliot ions 645 

Unnary retention 545 Infection related to the operation site 635 

Impaired healmg 635 

SurgICal injury 637 

Inadvertent opera1lng theatre trauma 637 

Urinary tract mfections 646 

Antibiotic-associated cohtls 646 

Acute renal failure 646 

Bowel fistula 651 

Acute bowel ischaemia 651 

Pressure sores 647 

INTRODUCTION 

Any operation, major trauma or other surgical admission 
may be attended by one or more complications. These 
not only CilUSC addilional pain and suffering to the 
p.1tienl but may put the patient's life at risk. Further
more, complications place extra demands upon medical 
and nursing time .,nd often prolong surgic.,l admissions. 
thus imposing additional costs on already overstretched 
budgets. For example, an anastomotic leak or a wound 
dehiscence ca n double the cost of an elective colonic 
resection. 

While some complications are to an extent inherent in 
the condition being trea\t.>d (e.g. deep venous thrombosis 
following multiple lower limb fractures) or arise from 
some comorbid condition such as myocardial ischaemia. 
others arise from ineffiCiency or errors of judgement (e.g. 
misdiagnosis). poor management practices (e.g. allowing 
pressure sores to develop) or even frank negligence (e.g. 
operation on the wrong side); many of these can be 
attributed to lack of appropriate training or an absence 
of local management guidelines (or a failure to follow 
them). Poor communication betwL"f'n hospital staff is a 
common C,lUse of avoidable complications, e.g. failing to 
record penicillin allergy in the case record, or neglecting 
to inform the operating theatre about changes to an 
operating list. 

A large proportion of complications can be prevented 
or minimiSt..>d by appropriate prophylactic measures. 
careful attention to detail and by early recognition and 
treatment of problems as they develop. Early diagnosis 
and treatment of potentially serious complications (e.g. 

bowel anastomotic leak) is essential. as delay often leads 
to catastrophic 'snowb.,lling' multi-organ dysfunction. 
Once three or more body systems become involved, 
mortality is extremely high, e.g. acute respiratory distress 
syndrome (ARDS) and ren.,l failure, complicating an 
operation for obstructive jaundice with liver imp,lirment. 

In respect of operative surgery, complications can be 
divided into the genera l complications of any operation 
and the specific complic<ltions of individual operations. 
Both groups of complications can be subdivided into 
immed iate (during operation or within the next 24 hours), 

SUMMARY 

Box 47.1 Principal categories of surgical 
complications 

1. Complications predisposed to by intercurrent 

'medical' disorders, whether symptomatic or occult, 

e.g. ischaemic heart disease, chronic respiratory 

disease or diabetes mellitus (discussed in Ch. 46) 

2. Complications of anaesthesia 

3. General complications of operations, e.g. 

haemorrhage or wound infection 

4. Complications of any surgical condition, e.g. 

pulmonary embolism, pneumonia or urinary tract 
infection 

5. Complications of specific disorders and operations 

(complications of operations involving bowel are 

discussed here; the rest are discussed in Chs 11-45, 

as relevant) 
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Complica t ions o f surgery and trauma and their prevention ....: 

ea rly postopera ti ve (during the first postoperative week 
or so), lale postoperative (up to 30 days after operation) 
and long-term. 

The com plications of surgery can be di vided into five 
broad categories as shown in Box 47. 1. This chapter covers 

COMPLICATIONS OF ANAESTHESIA 

GENERAL PRINCIPLES OF ANAESTHESIA 

Complications of anaesthesia are essentially the responsi
bility of the anaesthetist, although the surgical team 
usually bears responsibility for recognising potenti"l 
problems in ndv<lllcc. The exception is local anaesthesia, 

KEY POINTS 

Box 47.2 Complications of anaesthesia 

l ocal anaesthesia 

ca tegories 2, 3, 4 a nd the complications of alxlominal 
surgery from C.l\(.'gOry 5; 'medical ' complications are 
discussed in Chapler 46. The complications associated 
with specific opcr.1 lions are discussed in Chapters 11-45, 
as appropriate. 

which is usually administered by the surgeon. Much of 
Ihe preoperative assessmen t for an anaesthetic, whether 
spinal, epidural or general, falls to the junior members of 
Ihe surgical or anaesthetic team, who by anticipating 
complica tions, can prevent many of them. The main 
compliciltions of ilnaeslhesiil are summilrised in Box 47.2. 

• Injection site-pain, haematoma, delayed recovery of sen~tion (direct nerve trauma), infection 
• Vasoconstri(tors-ischaemic necrosis (if used in digits or penis) 

• Systemic effects of local anaesthetic agent 
- idiosyncratic or allergic reactions (very rare) 
- toxicity due to either excess dosage (see Ch. 6) or inadvertent intravenous injection. The same effect is produced 

by premature release of a Bier's block cuff. Toxic effects include: dizziness, tinnitus, nausea and vomiting, fits, 

central nervous system (CNS) depression, bradycardia and asystole 

Spinal, epidural and caudal anaesthesia 

• Failure of anaesthetic- anatomical difficulties or technical failure 
• Headache-loss of cerebrospinal f luid because of dural puncture 
• Epidural or intrathecal bleeding (especially if t he patient is on anticoagulants) 
• Unintent ionally wide field of anaesthesia 

- in epidu ral anaesthesia, injection of local anaesthetic into the wrong tissue plane may give a spinal anaesthetic 
- in spinal anaesthesia, if the anaesthetic agent f lo~ too far proximally, respiratory paralysis may occur 

• Permanent nerve or spinal cord damage-injection of incorrect drug 
• Paraspina l infection- introduced by t he need le 
• Systemic complications-severe hypotension or postural hypotension 

General anaesthesia 
• Direct trauma to mout h or pharynx, e.g. teeth, artificial crowns and bridges 

• Inherited disorders 
- malignant hyperpyrexia (MH)-any inhalational anaesthetic or suxamethonium may trigger MH 
- pseudocholinesterase deficiency (prolonged apnoea after succinylcholine) 

• Idiosyncratic or allergic reactions to anaesthetic agents 
- minor effects, e.g. postoperat ive nausea and vomit ng 
- major effects, e.g. cardiovascular collapse, respiratory depression, halothane jaundice 

• Slow recovery from anaesthetic 
- poor cardiac, hepatic and renal function 
- drug interactions 
- inappropriate choice of drugs or dosage in relation to age or the requirements of day·case surgery 
- inadequate reversal 

• 'Awareness' during anaesthetic-effective paralysis but ineffective anaesthesia (very expensive medicolegally!) 
• Disorders of fluid balance-inadequate or excessive replacement of fluids 

CI 
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KEY POINTS 

Box 47.2 Continued 
General anaesthesia 
• Hypothermia 

- long operations with extensive fluid loss 
- large-volume transfusion of cold blood 

(Note: neonates and small infants are especially vulnerable to hypothermia) 
• Inadvertent t rauma 

- initiation of pressure sores 

- pressure injury to nerves (especially ulnar and lateral popliteal) 
- diathermy pad burns 
- corneal abrasions 

GENERAL COMPLICATIONS OF OPERATIONS 

The main complications of any operation are haemor
rhage, infection, delayed wound hea ling, surgical damage 
to related structu res and inadvertent trauma to the 
patient in theatre. 

HAEMORRHAGE 

PERIOPERATIVE HAEMORRHAGE 

Haemorrhage occurring during an operation (primary 
haemorrhage) should be con trolled by the surgeon before 
the operation is com pleted; the methods are described ill 
Chapter 6. 

EARLY POSTOPERATIVE HAEMORRHAGE 

Haemorrhage during the immediate postoperative period 
usually indicates inadequate operative haemostasis or 
a technical mishap such as a slipped ligature or un
recognised trauma to a blood vessel. 

If an operation involves major blood loss which 
requires large-volume transfusion of stored blood, post
operative haemorrhage may be perpetuated by consum p
tion coagulopathy, in which platelets and coagu lation 
factors have been 'consumed' in a vain attempt a t 
haemostasis. Occasionally bleeding results from the pre
operative use of aspirin or, aspirin-like drugs, uncontrolled 
anticoagulant drugs or, k>ss commonly, a pre-t'xisting but 
unrecogn ised bleeding diathesis. Any patient with a 
history of excess bleeding should have a platelet count 
and a coagulation screen before operation. 

Operations at particular risk of early postoperative 
haemorrhage include the following: 

• Major operations involving highly vascular tissues 
such as the liver or spleen 

• Major arterial surgery (in which the patient is usually 
heparinised) 

• Operations which leave a large raw surface such as 
abdomino--perineal resection of the rectum 

This type of postoperative haemorrhage has been 
traditionally described as reactionary haemorrhage in 
the belief that it was a 'reaction' to the recovery of 
normal blood pressure and cardiac output. This concept 
is misleading and should now be d iscarded, especially 
since it may hinder the decision to re-explore a wound as 
a matter of urgency. 

Management of early postoperative haemorrhage 

It should be remembered that early postoperative 
haemorrhage is really a form of primary haemorrhage 
and, if it is substantial, the patient must be surgically re
explored and the source of haemorrhage treated as at the 
original operation. It is wise to perform a dotting screen 
(including platelet count) and order an appropriate 
amount of bank blood as a preliminary measure. Good 
intravenous access should be ensured and a centra l 
venous pressure ca theter inserted for monitoring. If 
hep.lrin has been used at the original operation, prota
mine can be given to reverse any residual activity. If the 
clotting screen is abnormal, specific dotting factors such 
as fresh· frozen plasma or platelet concentrates should be 
given . Many of these patients will stop bleeding with 
supportive measu res and blood transfusion, but rc-
exploration must be considered at every stage. 

LATER POSTOPERATIVE HAEMORRHAGE 

H.aemorrhage occurri ng several days after operation is 
usually related to infection which erodes vessels at the 
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operation site; this is known as secondary haemorrhage 
Treatment invol ves managing the infection, but explora
tory operation is often required to ligate bleeding vessels . 

INFECTION RELATED TO THE 
OPERATION SITE 

MINOR WOUND INFECTIONS 

The most common operative infection is a superficial 
wound infection occurring wit hin the first postoperative 
week. This rel(ltively trivi(ll infection presents (lS loc(llised 
pain, redness and tl s light discharge. The organ isms are 
usutllly Staphylococci derived from the skin. The infection 
usually settles without treatment. The exception is the 
patient in whom a prosthesis such as an arterial graft 
or artificia l joint has ix'Cn inserted . For these patients, 
tlntibiotics mu st be given to prevent the devastating con
sequences of infection around the prosthesis. 

WOUND CELLULITIS AND ABSCESS 

More severe wound infections occu r most commonly 
after bowel-related surgery, when faecal organisms are 
usually incriminated . The majority present in the first 
postoperative week but they may occur as late as the 
third postoperative week, sometimes after the p<"ltient 
has left hospita l. These infections commonly present first 
with a pyrexia; extlmintltion of the wound reveals either 
a spread ing ce llulit is or loc.lliscd abscess fonnation. 

Cellulitis is treated with appropriate antibiotics after 
taking (l wound swab for culture (lnd sensitivity, whereas 
a wound abscess is treat(.'Ci by surgical drainage. This 
may simply involve sutuTC removal and probing of the 

Fig. 47.' Abdominal cellulitis 
ThiS woman 01 73 presenled With laecal peritooitls due to a 
dive-rtJcular perforatoo ollhe Sigmoid colon. She was resusCitated 
and underwent a laparotomy and sigmoid loop colostomy (nole bag), 
She remained tOXIC With a high leve-r and tachycardia and deve-Ioped 
spreading cellulitiS In the lelt groin and flank . thiS proved to be due to 
cont inumg leakage from the perloraHon Nowadays. a Hartmann's 
operation is likely to be performed so there is no longer a perforat ion 
able to leak laecal matter wlthm the peritoneal cavity_ 

Complications of surgery and trauma and their prevention 

wound, but deeper abscesses are likely to Tl.'quif(' f('
exploration under general anaesthesia . In either case, the 
wound is left open to heal by secondary intention (sec 
Fig. 47.2). 

Intra-abdominal infection is discussed under compl i
cations of abdomi nal and bowel surgery later in this 
chapte r. 

GAS GANGRENE 

Gas gangrene is an uncommon, acute, life-threatening 
wound infection, in which the anaerobic organisms 
multiply in necrotic tissue, particularly muscle (see Ch. 1). 

LATE INFECTIVE COMPLICATIONS 

A late infective complication of surgery is a chronictllly 
discharging wound sinus which emanates from tl deep 
chronic abscess. It usually relates to foreign materia l 
such as a non-absorbable suture or mesh or sometimes 
necrotic fascia or lendon. These sinuses commonly follow 
wound infections where healing is delayed and incomplete. 
Wound s inuses occaSionally appear after appaf('nt normal 
healing, particulMly after insertion of a prosthesis . 

Sinuses rarely heal spontaneously unless the fo("(' ign 
material is d ischarged, and the usua l treatment is there
fore re-exploration of the wound and removal of the 
offending substance. In groin sinuses following aorto
femoral bypass grafts, removal of the graft would imp.lir 
the Mterial supply of the lower limb unless the infected 
graft can be rcpltlced or bypassed . 

IMPAIRED HEALING 

FACTORS RETARDING WOUND HEALING 

The vast majority of wounds heal without complica tion. 
It is a popUIM misconception that wounds heal slowly 
in the elderly; this is not so unless there tlfe specific 
ad verse factors or complications. Wound healing in 
general is retarded if blood supply is poor (as in arterial 
insufficiency of the lower limb) or if the wound is u nder 
excess suture tens ion. Other factors which may retard 
wound healing are long-term corticosteroid therapy, 
immunosuppressive therapy, previous radiotherapy, 
severe rheumatoid disease, malnutrition and vitamin 
deficiency, especia lly of vitamin C. 

WOUND DEHISCENCE ('BURST ABDOMEN') 

Wound dehiscence, Le. tota l wound brea kdown, is an 
uncommon problem. It affects about 1 % of abdominal 
wounds and usually occurs about 1 week after operation, 
preced ed by profuse discharge of sero-sanguinou s flu id 
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Fig. 47.2 Deep wound infection healed by secondary intention 
This 80-year-old diabetic woman underwent laparotomy and the wound became infected with Staphylococcus aureus, This resu lted in a wound 
abscess and necrosis of the wound edge (a) The wound after all necrot ic tissue has been e~cised (b) It was then packed with gauze and allowed 
to heal by secondary intention. (e) and (d) The wound at 3 weeks and 8 weeks. It was completely healed after 2 further weeks. Note the degree 
of wound contraction. which plays a malor part in overcoming the tiSSue defect 

Fig. 47.3 Incisional hernia 
ThiS 55-year-old woman presented with a massive In(iSlonal hernia 
through an old umbili<al hernia repair scar Her only complaint was of 
skin breakdown al ilS lowermost extent Repair presented a huge 
challenge but was achIeVed USing mesh 

fro m Ihe wound. The sudden bursling open of the 
abdomen revealing coils of bowel is alarming to nurses 
and junior doctors but is remarkably pain-free for the 
patient. Infection and other factors already described may 
playa part but the usual cause is inadequate abdominal 
wall repair. This may be compounded by mechanical 
disruption caused by coughing or abdominal distension. 

The wound should initially be covered with sterile 
swabs soaked in 5.:1line and the patient returned to the 
operating theatre wit hin a few hours for rep.1ir. This 
usually involves placement of tens ion su tures which 
incorporate large 'bi tes' of Ihe whole thickness of the 
abdominal wall (see Fig. 47.4). 

INCISIONAl HERNIA 

Incisional hernia is a late complication of abdominal 
surgery. These hernias usually become apparent within 
Ihe first postoperative yea r but sometimes develop as long 
as 15 years later; the overall incidence isabou! 10-15% of 
abdominal wounds. The hernia is caused by breakdown 
of Ihe repair to the abdominal wall muscle and fascia. 
Predisposing factors are abdominal obesity, distension and 
poor muscle quality, poor choice of incision, inadequate 
closure technique, postopcralive wound infection and 
mu ltiple operations th rough the 5.:1me incision. 



An incisional hernia usually presents as a bulge in the 
abdominal wall near a previous wound. The condition is 
usually asymptomatic but occasionally a narrow-necked 
hernia presents with pain or strangulation. Once an 
incisional hernia has appeared, it tends to enlarge 
progressively and may become a nuisance cosmetica lly 
or for dressing (see Fig. 47.3). Repair is indicated for 
strangulation, p.lin or inconvenience. 

SURGICAL INJURY 

UNAVOIDABLE TISSUE DAMAGE 

Anatomical structures, particularly nerves, blood vessels 
and lymphatics, may be unavoidably damaged during 
operation. This is particularly true in cancer surgery, 
illustrated by facial nerve damage during total parotid
ectomy. This Illay have to be accepted as part of the 
operative risk and d iscussed with the pa tient before
hand. Sometimes the integrity or location of vulnerable 
structures can be establ ished before operation, thus 
allowing better planning of the operation. For example, 
intra venous urography ((VU) may be carried out to 
identify the course of the ureters in patients with colonic 
cancer, or ind irect laryngoscopy may be done to assess 
vocal cord integrity prior to thyroid surgery. 

INADVERTENT TISSUE DAMAGE 

Structures Illay be inadvertently damaged during oper
ation. Examples include recurrent laryngeal nerve damage 
during thyroidectomy nnd traumn to the common bile duct 
during lnpnroscopic cholecystectomy. The main factors are 
inexperience, anatomical anomalies, attempts at arrest
ing precipitate haemorrhage and the obscuring of tissue 
planes by inflammntion or malignancy. Signs of damage 
to structures at risk during specific operations should be 
sought in the postoperative perioo; for example, hoarseness 
after thyroidectomy or ~lundice after cholecystectomy. 

INADVERTENT OPERATING THEATRE 
TRAUMA 

Apart from surgical trauma, patients are at risk of injury 
when being transported in the operating theatre and when 
under anaesthesia. Special training should be given to all 
who handle patients in operating theatres to minimise 
these risks. 

The most common complications caused by trauma in 
the operating theatre arc: 

• Injuries resulting from f,llls from trolleys or operating 
table during positioning 

• Injury to diseased bones and jOints from manipulation 
or positioning. These include dislocation of a 
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Fig. 47.4 Burst abdo men and repair with tension sutures 
(a) Complete wound dehi~ence 6 da~ after laparotomy for 
pentonltlS. Note the exposed bowel spilling out of the wound 
(b) Operative photograph shoWing insertion of 'tension sutures' 
through the whole thICkness of the abdominal wall. (c) The 
completed wound repair 

rheumatoid atlanta-axial joint and dislocation of a 
prosthetic hip joint 

• Ulnar and lateral popliteal nerve palsies 
• Electrical burns from wet or poorly contacting 

diathermy pads or misuse of the diathermy probe 
• Excess pressure on the calf cilusing deep venous 

thrombosis 
• Excess heel pressure causing pressure sores 
• Cardiac p,lcernaker disruption by diathermy 

equipment 637 
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COMPLICATIONS OF ANY SURGICAL CONDITION 

RESPIRATORY COMPLICATIONS 

Up to 1 5~ of p<llicnts !iuffer from respiratory compli· 
cations associated with general anaesthesia and major 
operations. The m~t com mon of these arc atelectasis, 
pneumonia, aspiration pneumonitis and asp iration 
pneumonia . Pre-exi:.ting lung disease greatly increases 
the risk of complications. Severely ill patients, including 
those with acute p<lncre.ltitis, and bums or trauma victims, 
are suscept ible to thc development of acute respiratory 
distress syndrome. 

EFFECTS OF ANAESTHESIA AND SURGERY ON 
RESPIRATORY FUNCTION 

An.lesthesia and .. urgery predispose to postoperativc 
complications by altering lung function and compromising 
normal defence mechanisms as follows: 

• Lung tidal vo lume- may be reduced by as much as 
50%, depending 011 the incision si te. Thoracic, upper 
abdominal and lower abdomina l incisions (in 
decreasing oreler of effect) reduce lung ,·olume 

• Lung expa nsion-rt."'<Iuccd by the supine posture 
during and after operation, pain, abdominal 
distension, abdominal constriction by bandages and 
the effects of !icdative dn.gs 

• Venti lation rate-usually increases and there is loss 
of normal periodic hypt' rinflation 

• Diminished ventilation and pu lmonary perfusion
result in reduced gaseous exchange 

• Airway defe nces-compromised by loss of the cough 
reflex and diminished ciliary acti vi ty, which both lead 
to accumu lation of secretions 

• Severa l problems are associated with lapa roscopic 
abdom inal surgery: the pneumoperitoneum and head · 
down position lead to diaphr.lgmatic splinting, a 
reduction in functional A.·sidual capacity and changes 
in intrathoracic blood volume. These lead to atelectasis. 
pulmonary shunting and hypoxaemia. Raised ainvays 
prcs~ure may lead to pulmonary barolTauma 

ATELECTASIS 

Pathophysiology a nd dinical features 

Atek>ctasis or alvcolar collapse occurs when ain\,.lYs be
come obstn.cted and air is absorbed from the air SP.1Ces 
di~talto the obstnlction. Bronchial secretions are the main 
ca use of this o1n.tn.ction. Predisposing f.1CtOrs include 
~hallow ventilation, 10,>0; of periodic hyperinnation, inhi
bition of coughing .1nd pooling of mucus. All of these are 
particular problems afier thoracic and upper <lbdominal 

surgery. The resulting ventilation/perfusion mismatch 
produces a degree of right-to-left shunting of blood, .1I1d 
tends 10 cause a fall in Pa02. If the obstnlcted airways arc 
small, there is only minor segmental coUapse, in which 
case loca lis ing signs arc minimal and X-ray appearance is 
unremarkable. Despite this, the overall extent of collapse 
may be large and cause signific.1I1t hypoxaemia. 

Obstruction of a major airway causes collapse and 
consolidation of a whole lobe, resulting in the typical 
clinical ~ign~ of dullness to percussion and reduced breath 
sounds or bronchial breathing. Chest X-ray will ~how 
the lobe to be con tracted <lnd, opacified with media~lin<l1 
shi ft <lnd compensatory cxp<.1Ilsion of other lobes. 

Most cao;cs of atelectasis arc relatively mild and pass 
undiagnosed, although the patient may be slow to 
recover from oper.1tion. The patient may have a poor 
colour resu lting (rom mild hypoxaemia, mild tachypnoea, 
tachycardia and low-grade pyrexia, wh ich all resolve 
~ponta ne()usly within .1 few days. Sputum culture (if any 
is produced) is usuall;.r negative but infection may 
complica te severe C.1SCS. 

Prevention and treatment of atelectasis 

AteiL>cta<'is is best prevented by preoperative and post
operati ve physiotherapy for patients undergOing major 
surgery. This includes d{.'('p breathing exercises, regular 
adju.,tment<, of po!Sture and vigorous cough ing. During 
physiotherapy, wou nds should be supported by the 
p<llicnt's hand. Effective analgesia facilitates physio
therapy and mobility, e.g. infiltration of the wound wit h 
local an.1csthetic or epidural analgesia. Nebuliscd broncho
dilators ..,uch as salbutamol may assist the patient to cough 
up secretions. Severe caS('!, of diffuse atelectasis mil y 
fL'quirc endotr.lcheal intub.ltioll and positive-pressure 
venlililtion. Lobilr or whole lung collapse requires inten
sive physiotherapy and sometimes flexible broncho
scopy to aspirate occluding mucus plugs. 

PNEUMONIAS 

Bronchopneumonia is the usual fo rm of chesl infection 
seen in surgica l p.1Iicnts. It occurs secondarily to chronic 
lung disc.1SC or fo llowing atek"Ctasis or aspiration of 
gastric contents. Hal'lI/(I1,IIilus and Streptococcus l'YOgt'lII'S 
are the common infecting org.lnisms but coliforms m.1Y be 
rcspon .. ible in elderly, debilitatt.>d or seriously ill p.1tienb. 
PS('lU/ommms bronchopncumoni.l occurs in patients on 
venti lators or with bronchiL'Cta!ois. 

Infection is manifest by pyrexia, tachypnoe.l, tachy
c.udi.l and a raised leucocyte cou nt. The mucopurulent 
sputum is thick, copious and grL'L'n. Antibiotics, llsually 



amoxycillin or co-trimoxazole, are given on a 'best· 
guess' basis until sputum cu lture and sensitivities art' 
available. Physiotherapy and encouragement to cough 
are equally important for recovery. 

ASPIRATION PNEUMONITIS 

Aspi ration pneumonitis (Mendelson's syndrome) is a 
sterile, chemica l inflammation of the lungs resulting 
from inha lation of acidic gastric contents. There is often a 
clear history of vomiting or regurgitation, followed by a 
rapid onset of breathlessness and wheezing. This may 
later become complicated by infection, i.e. broncho· 
pneumonia, with its typical symptoms and signs. Chest 
X-ray shows characteristic 'fluffy' opacities, particularly 
in the lower lobes, which are most affected for anatomical 
and postural reasons. 

Aspiration occurs when protective laryngeal reflexes 
are suppressed or when there is intestinal obstruction 
and regurgitation. Laryngeal suppression may be due to 
impairment of consciousness (e.g. during recovery from 
general anaesthesia or in alcoholic intoxication) or loss of 
consciousness after head injury. 

Emergency anaesthesia in the non-starved patient 
poses special risks. Whenever possible, anaesthesia should 
be postponed for 4-6 hours after the last food or drink 
In accident victims, it is important to note the time of last 
eating with respect to the time of the accident, and to 
remember that stress and anxiety may greatly delay 
gastric emptying. In pregnancy, gastric emptying is also 
much slower. 

A patient with intestinal obstruction is at particular 
risk of inhalation of gastric contents. If possible, the 
stomach should be emptied by nasogastric tube. If general 
anaesthesia must be performed on the non-starved or 
otherwise at-risk patient, a crash indu ction technique is 
employed: the supine patient is tilted head-up and an 
endotracheal tube is inserted to protect the airway. At 
the same time, an assistant applies cricoid pressure to 
flatten the pharynx against the cervical spine, preventing 
reflux. Oral antacids may be given beforehand to neutralise 
gastric acidity. Metoclopramide, given by injection, may 
also be used to hasten gastric emptying. 

The mortality from aspiration pneumonitis approaches 
50% and urgent treatment must be started should it occur. 
This involves thorough bronchial suction via an endo
trachea l tube (or bronchoscope if necess.lry), followed by 
positive-pressure ventilation and prophylactic antibiotics. 
Intravenous steroids are usually given to try to limit the 
inflammatory process, but their efficacy is unpro\'en. 

ASPIRATtON PNEUMONIA 

Aspirati on pneumonia may complicate aspiration pneu· 
monitis, but more often it develops insidiously, following 
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chronic aspiration of infected food and oropharyngeal 
secretions. In the surgical context, debilitated, confused 
or elderly patients are the usual victims, but aspiration 
pneumonia is also seen in alcoholics, drug addicts and 
stroke p.ltients. Achalasia of the oesophageal cardia and 
large hiatus hernias can lead to chronic aspiration, par
ticularly occurring at night. The clinical features are of 
infection and lobar consolidation (usually of the lower 
lobe) progressing to lu ng abscess formation. The organ
isms are usually mixed oral anaerobes sensitive to 
penicillin, but prognosis depends more on the patient's 
general condition and is usually poor. 

ACUTE RESPIRATORY DISTRESS SYNDROME 

This syndrome of acute respiratory failure, formerly 
known as adult respiratory distress syndrome, is 
characterised by rapid, shallow breathing, severe hypox· 
aemia, stiff lungs and diffuse pulmonary opacification 
on X-ray. It Gill develop in response to a variety of 
systemic and direct insults to the pulmonary alveoli and 
microvasculature. 

Acute respiratory failure has long been known to 
occur in many disparate conditions and has been given 
many different names such as shock lung, wet lung, 
post-traumatic respiratory insufficiency, Oa Nang lung 
(Vietnam war) and white lung (after the typical X-ray 
appearance). In 1976, it was finally realised that the 
underlying pathological phenomena were similar, and 
were directly related to the well-recognised respiratory 
distress syndrome of newborn babies. The main con
ditions with which acute respiratory distress syndrome 
(A RDS) is associatL'CI are summarised in Box 47.3. 

Pathophysiology of ARDS 

The causative insults to the lung all have the effect of 
increasing the permeability of pulmonary capillaries 
leading to leakage of protein-rich fluid into the alveolar 
interstitium. This causes interstitial oedema which in 
turn reduces lung compl iance and causes 'stiff lungs' 
and reduced alveolar ventilation. 

The alveolar lining cells (type I pneumocytes) are also 
damaged in some way. The damage, combined with 
inCTC,lsed interstitial hydrostatic pressure, causes leakage 
of fluid into the alvL'Oiar Sp<lCes until they are filled . The 
result is disruption of the lung ventilation to perfusion 
ratio (V 10 ratio), causing effective right-to-Ieft shunting 
of blood. The intra-alveolar fluid later condenses to form 
a hyaline membrane which lines the alveoli. This is 
similar histologically to the neonatal form of the disease. 

The full clinical syndrome often takes 24--48 hours to 
develop after the initial insult. If the patient eventually 
recovers, the interstitial damage may result in diffuse 
in tersti tia l fibrosis. It is important to note that cardi"c 
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KEY POINTS 

80x 47.3 Conditions assoc:iated with acute 
respiratory distress syndrome (ARDS) 

Common causes in surgical patients are emphasised in 
italic type 

Direct insults to the lung 

• lung contusion 
• Near-drowning 

• Aspiration of gastric acid 

• Inhalation of smoke and corrosive chemicals, e.g. 
chlorine, phosgene, nitrogen d ioxide or ammonia 

• Radiation pneumonitis 

Systemic insults to the lung 

• Multiple trauma with shock 
• Septic shock, e.g. after a colonic anastomotic leak 
• Severe acute pancrea tit is 
• Major head injuries ('neu rogenic pul monary 

oedema') 

• Fat, air and amniotic fluid embolism 

• Major blood transfusion reaction or massive blood 
trallsfusion 

• Disseminated intravascular coagulation 

• Cardiopulmonary bypass 

• Eclampsia 
• Severe anergic reactions 

• Drug overdose or sensitivity, e.g. heroin, 
barbiturates, paraquat, bleomycin 

failure plays no pmt in the development of ARDS, although 
cardiac failure may later complicate the condition. 

Clinical features of ARDS 

The main clinical finding is rapid shallow respiration 
with only scattered crepita tions heard on ausculta tion. 
There is usually no cough, chest pain or haemoptysis. 
Blood g,lS analysis reveals low Pa02 but the PaC02 
remains normal, except in the most severe cases. Chest 
X-ray may be normal in the early stages, progressing 
rapidly through increased interstitial markings to com
plete 'white-out' or partial (see Fig. 475). ARDS may be 
difficult to distinguish from cardiac failure except that 
cardiac diameter is normal in ARDS, and cardiac failure 
usually responds to diuretic therapy. 

Treatment of ARCS 

The overall objective is to ma intain respiratory function 
and cardiov,lscular stability while the underlying cause 
(e.g. sepsis) is brought under control. This should be 
carried out und er intens ive care conditions. The sooner 

Fig. 47.5 Acute respiratory dis tress syndrome (ARD5) 
Chest X-ray from a 62-year-old man admitted to inlensive care With 
severe head InjUries and multtple fradures. There IS diffuse bilateral 
pulmonary shadowing tYPICal of -shock lung' Note inadvertent 
placement of the endotracheal tube (identified by ItS radiopaque line) 
into the fight ma,n bronchus. 

the treatment is begun, the greater the chance of recovery. 
Most patients require mechanical ventil ation with 

positive end-expira tory pressure (PEEP) to ach ieve ade
quate oxygen<ltion <lnd to try to reverse alveolar oedema 
and collapse. Fluid ba lance is complex in these patients 
and usually requires monitoring of both righ t and left 
atri al pressures; a central venous line is used to measure 
right atrial pressure, but left atrial pressure is measured 
indirectly as pulmonary artery wedge pressure via 
a Swann-Ganz catheter_ C.udiac output can also be 
measured usi ng the Swann-Ganz catheter. One o( the 
treatment aims is to produce a negative fluid b.llance 
and thus help minimise lung water. Loop diuretic 
infusions or continuous vena-venous haemofiltration 
can be used to achieve this_ Any associated renal failure 
can also be treated by this form of haemofiltration. In 
these patients, diuretics alone do not control pulmonary 
oedema but instead aggravate the hypovolaemia and 
shock associated with the underlying cause_ 

Renal failure is a common complication, sometimes 
prevented by early use of drugs such as dopamine. The 
mortality rate (or complicatl..'<1 cases of ARDS approaches 
90%. 



THROMBOEMBOLISM 

Pathophysiology 

Venous thromboembolism is a major cause of compli
cations and death after surgery or trauma. Venous blood 
is normally prevented from dotting within the veins by 
a complex series of mechanisms which include local 
inhibition of the clotting cascade, prompt lysis of small 
dots that do fonn, and continuous flow of blood. In 
1856, Virehow proposed in his 'triad' that venous 
thrombosis could be caused by abnormalities in the vein 
wall (trauma, inflammation), alterations in blood flow 
(stasis) and changes in the blood (hypercoagulability), 
and this explanation largely holds good today. The 
subtle balnncc within the veins can be disturbed by 
several local and systemic factors, many incompletely 
understood. Imbalance results in thrombus formation 
within the venous sinuses of the calf muscles and some
times primarily in thc pelvic veins. More often, distal 
thrombi form first, then propagate proximally to involve 
the femoral and pelvic veins. If thrombi in the larger 
vessels become detached, they circulate proximally to 
impact in the pulmonary arteries as pulmonary emboli. 

The main predisposing factors to venous thrombo
embolism are summarised in Box 47.4, but thrombo
embolism can also occur in healthy individuals with no 
apparent predisposing factors. It should be remembered 
that p.1tients may have been ill and dehydrated at home 
for some time before hospital admission and venous 
thrombosis may have lx.'Cn initiated before admission. 

The risk of thromboembolism increases incrementally 
as the number and severity of local and systemic risk 
factors increase; this is neatly illustrated in Table 47.1. 
The impact of many of the predisposing factors can be 
minimised by e<lrly mobilisation and prevention of local 
venous stasis. A number of specific preventive measures 
for high-risk groups are described later. 

DEEP VEIN THROMBOSIS 

Deep vein thrombosis (OVT) in the lower limbs is often 
silent, with the classic clinical features found in only half 
of C<lses. These include swelling of the leg, tenderness of 
the ca lf muscles, increased warmth of the leg, and calf 
pain on p.1ssive dorsinexion of the foot (Homans' sign). 
The presence of these features indicates that venous 
occlusion has extended at least as far as the popliteal 
veins. 

Occlusion of the ilia-femoral veins tends to produce 
diffuse and sometimes massive swelling of the whole 
lower limb (see Fig. 47.00). In addition, there is tender
ness over the femoral vein in the groin. In severe cases, 
the leg becomes painful and white, and boggy with 
oedema; this is known as phlegmasia alba dolens 
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KEY POINTS 

Bo)( 47.4 Predisposing factors for deep vein 
thrombosis and pulmonary embolism 

• Previous venous thromboembolism 
• Trauma and surgery (complex systemic effects) 

• Increasing age 
• Direct trauma to the pelvis and lower limbs, 

especially fractures 
• Pre-existing lower timb venous disorders causing 

stasis 
• Venous stasis during general or regional 

anaesthesia (loss of calf muscle pump and postural 
pressure on the calves) 

• Malignant disease 
• Immobility, e.g. bed-bound patients after operation 

or stroke 

• Cardiac failure 
• High-oestrogen oral contraceptive pill. oestrogen 

treatment 

• Pregnancy 
• Pelvic masses causing venous obstruction 
• Groin masses obstructing femoral vein. e.g. femoral 

aneurysm, malignant lymph nodes 

• Obesity 
• Dehydration 
• Blood disorders, e.g. polycythaemia. 

thrombocythaemia and pro-thrombotic disorders 

Table 47.1 Varying risk of deep vein thrombosis 

'" Grade of Other risk Risk of DVT 
surgery factors (%) 

20 Minor 1 
40 Minor 3 
60 Minor 10 
60 Major 20 
60 Major PrevKlus DVT 50 
80 Major 40 
80 Major PreVIOus DVT + 9. 

mfectKln or malignancy 

(p.1inful white leg). In extrt'me cases, the limb becomes 
more p.1inful and blue, with incipient venous infarction 
(phlegmasia caerulea dolens). 

Asymptomatic DVTs have the same potential for 
causing both pulmonary embolism and long-tenn chronic 
venous insufficiency as symptomatic venous throm
boses. To complicate the problem, as many as half of the 
patients who develop swelling and pain in the calf after 
operation do not have deep vein thrombosis. 
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Diagnostic tests for DVT 

Venography (phlebography) has long been the standard 
diagnostic technique when deep venous thrombosis is 

I 

(b) 

Fig. 47.6 Clinical obvious deep vein thrombosis 
ThIS woman of 4S suHered swelling and burstmg pam In the whole of 
her left leg alter radICal surgery for oYanan cancer The left Ih.gh 
(a) and leg (b) are both Vl\lbly swollen and bllJelSh. On palpatlOll, tile 
hmb felt warm. A mctSSIVt' Iho-felTlOfal venous thrombosts was 
diagnosed on venography ,md the patient was anlfcoagulated lud.1 y 
she did not suffer a pulmonary embolism and the hmb returned to 
normal diameter over SIX months. She Wi ll be at lifetime risk 01 post
thrombotIC deep ~enous Insufflclency_ 

suspected; it is however, gradually being superseded by 
colour duplex imaging. Venography in\'olves cannu
lating a small vein in the foot and injecting contr.lst 
material. Before the procedure, tourniquets are applied 
at the ankle .md below the knee to direct superficial 
venous blood into the deep system. A typica l venogram 
showing obstructed deep venous architecture is shown 
in Figure 47.7. Where local expertise is available duplex 
Doppler ultrasonography (preferably with colour) is the 
preferred diagnostic method . This technique allows 
scanning of all the ma jor lower limb deep veins for now 
and contained thrombus; the test is probably snfer 
then venogr.lphy. Both techn iques are highly operator
dependent as regard s making an nccurale diagnOSiS. 
Another technique, mainly used fo r research purposes, 
is detection of thrombi lIsing radionuclide- Iabellcd 
fibrinogcn given before operation. Thermography may 
have a value for screening all patients after operation 10 
select those for further investigation. 

Fig . 47.7 Venogr. m (phlebogr. m ) of deep vein 
thrombosis 
venogram sl'oOWlng the poplltealllClns In a patient who complaIned of 
calf Pilln 5 days alter a laparotomy for obstructive JaundICe. There IS 
extensIVe thrombus In the deep ~elns (arrowed) whICh IS only loosely 
attached to the ~eln wall and therefore in danger 01 emboll5a llOn to 
the lung 



PULMONARY EMBOLISM 

The classic picture of pulmonary embolism ('rE') is 
sudden dyspnoea and cardiovascular collapse, followed 
by pleuritic chest pain, development of a pleural rub and 
haemoptysis. The electrocardiogram (ECG) may show 
evidence of right heart strain (S wave in lead I, Q wave 
and inverted T wave in leads III- Sl, Q3, T3). This clinical 
presentation, however, is uncommon and occurs only 
when 50% or more of the pulmonary arterial system is 
occluded. More extensive occlusion usually results in 
sudden death. 

Smaller pulmonary emboli are more common and are 
often 'silent', presenting as non-specific episodes of 
general deterioration, confusion, breathlessness or chest 
pain. The patient often has a tachycardia and low-grade 
fever, and there are no diagnostic changes on ECG. The 
condition may be attributed to chest infection, atelectasis 
or cardiac failure unless a diagnosis of pulmonary em
bolism is considered. More specific diagnostic symptoms 
may occur with small pulmonary emboli, including 
localised pleuritic chest pain and small hacmoptyses in 
the form of blood-streaked sputum. A small pulmonary 
embolus may herald a massive or fatal embolus, and 
must therefore always be treated seriously. 

Venous thromboembolism is most common from about 
the fourth to the seventh postoperative day but may 
present at any time during the postoperative month, 
often after the patient has left hospital. 

Diagnostic tests for pulmonary embolism 

Chest X-ray rarely shows specific changes. A useful 
method of confirming the diagnosis is radioisotope 
ventilation/perfus ion scanning (V /Q scanning), as 
shown in Figure 47.8. This involves two separate imaging 
procedures designed to demonstrate ventilation/perfusion 
mismatch . Firstly, the patient inhales radioactive gas and 
a gamma camera is used to detect the distribution oi 
radioactivity within the air spaces of the lungs. This 
ventilation scan is followed by the perfusi on scan in 
which an intravenous injection of radionuclide-Iabelled 
albumen microspheres is given. These lodge evenly 
throughout the pulmonary bed except where the pul
monary arteries are occluded by thrombus. This is again 
detected by gamma camera. In pulmonary embolism. 
distribution of isotope in the ventilation scan is normal. 
but areas of pulmonary under-perfusion (embolism) show 
as defects in the perfusion scan. In areas of infection or 
atelectasis (which are under-ventilated), the ventilation 
scan is deficient but the perfusion scan is normal. 

Pulmonary angiography provides a more precise 
anatomical demonstration of the occluded vessels, as well 
as access to the pulmonary circulation for clot aspiration 
or thrombolysis. It should be performed if embolism is 
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strongly suspected but cannot be proved by other means. 
Dynamic spiral computed tomography (CT) scanning 
using intravenous contrast is a minimally invasive means 
of detecting pulmonary embolism and has become the 
preferred diagnostic method in many centres (Fig. 47.8c). 

MANAGEMENT OF VENOUS THROMBOEMBOLISM 

For most patients, removing or lysing lower limb throm
bus or pulmonary embolus is impractical. The main 
objective, therefore, in managing deep vein thrombosis 
and pulmonary embolism is to halt the coagulation 
process with the aim of preventing established thrombi 
from propagating and new thrombi from forming. 
Removal of thrombus is left to the normal body processes 
of lysis. 

In the lower limbs, venous thrombi eventually become 
organised and firmly attached to the vessel wall, posing 
no further risk of embolisation. The thrombus is later 
invaded by granulation tissue and the veins eventually 
become recanalised, thus restoring venous flow. in the 
process, the valves are often destroyed, leading in the 
long term to chronic venous insuffici ency (see Ch. 34). 
After pulmonary embolism, if the patient survives the 
initial embolic episode, the emboli are efficiently removed 
by local thrombolysis, leaving little functional deficit. 

Initially, anticoagulation is achieved with intravenous 
heparin, commencing with a bolus dose of 10 (}(){) units. 
This is followed by a continuous infusion of 24 000-48 (}(){) 
units over each 24-hour period, with the dose adjusted 
to maintain the partial thromboplastin time 2-3 times 
normal. Heparin anticoagulation takes effect immediately 
and is continued for about 5 days, by which time acute 
symptoms have usually subsided . Often, nowadays, full 
anticoagulation is affected using subcutaneous doses 
of low molecular weight heparin alone. This has the 
advantage that it dOL'S not require monitoring by blood 
tests and hence can be employed on an ambulatory 
basis. In the mean time, oral warfarin therapy (which 
takes several days to become fully effective) is begun. 
Warfarin therapy is continued for 3-6 months, the period 
of highL'St risk of [('."Current thromboembolism. Patients 
who suffer repeated thromboembolic episodes may have 
to be maintained on warfarin for life. In addition, a filter 
(e.g. a Greenfield filter) may be placed in the inferior 
vena cava via a percutaneous route. 

In the rare case of massive but non-fatal pulmonary 
embolism, surgical embolectomy may be appropriate. 
This is performed under cardiopulmonary bypass and is 
therefore no small undertaking. Systemic thrombolytic 
therapy with streptokinase has been employed in this 
situation, but the high rate of serious bleeding in surgical 
patients precludes its use. The newer technique of mani~ 
pulating a pulmonary artery catheter into the embolus 
and instilling high doses of local thrombolytic drugs or 643 
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Fig. 47.8 Ventilation/perfusion scan in pulmonary embolism 
(a) Perfusion scan showing multiple fi lling defe<:ts typical of pulmonary embolism. (b) Ventilation scan from the same patient, which IS normal 
Impaired perfUSion With normal ~entllatlon is typical of pulmonary enbolism. (e) Thoracic CT scan With Intravenous contrast showing large 
emboli E in the pulmonary artenes ThiS IS becoming the investigation of chOICe for SU5pe<:ted Pt: (d) Post-mortem specimen of lung from a 
patient who died of massIVe pulmonary embolism. Embolic material has been removed E, but some remains In the pulmonary arteries 

performing clot suction is more promising. Note thai 
thrombolytic ther<1py takes several hours to act. 

PREVENTION OF VENOUS THROMBOEMBOLISM 

The importance of general measures in preventing 
venous thrombosis cannot be over-emphasised. These 
include early postoperative mobilisation, adequate 
hydra tion and avoiding pressure on the cal ves. In 
Clddition, patients on oestrogen-containi ng oral contra
ceptives should ideally stop taking them at least 6 weeks 
before major operations or be given heparin prophylaxis 
for intermediate and minor operations. 

For patients at higher risk, as shown in Box 47.4 
earlier, specific prophylactic measures should be taken to 
reduce the risk of deep venous thrombosis (and ron
sequent pulmonary embolism). Prophylactic measures 
include the following: 

• Low-dose subcutaneous heparin-this may be given 
as st,1 ndard unfractionated heparin or as low molecular 
weight heparin. Both types are as effective for 
preventing deep venous thrombosis and pulmonary 
embolism but the chief advantage of low molecular 
weight heparin is that it is given only once a day 
instead of Iwo or three times. Low-dose heparin is Ihe 

(b) 



most effective method of reducing venous 
thromboembolism in a t-risk patients. It has been 
shown to reduce the rate of postoperative DVf by 
70% in general surgical, urological, gynaecological, 
orthop.1edic and trauma patients. Sim ilar reductions 
are achieved in the rate of pulmonary embolism. The 
intravascular antithrombotic effect is not due to 
antico..1gulation, but results from stimulation of 
platelet factor antithrombin III; there should be no 
detectable in vitro anticoagu lant effect or any 
clinically significant effect on haemostasis during or 
after operat ion, although patients bleed about 10% 
more when on low-dose heparin 

• Calf compression dcvices-several pneumatic and 
electrical devices are available for intraoperative calf 
compression to simulate normal muscle pump activity. 
These have the advantage of being non-invasive and 
easily applied to all patients, even those at low risk, 
but their efficacy is less than low-dose heparin 

• Graduated compression 'an ti-embolism' stockings
the use of these stockings is simple and widely 
practised. Provided they are correctly fitted, 
graduated compression stockings offer a suitable level 
of prophylaxis fo r patients at low or moderate risk. 
The stockings must be worn during operation as well 
as during the early postoperative period 

• Intravenous dextran-dextrans are high molecular 
weight polysaccharides, which were once used as 
plasma substitutes. Intravenous Dextran 70 has been 
shown to provide prophylaxis against deep venous 
thrombosis almost as effecti vely as low-dose heparin; 
500 ml of a st,lndard solution is given daily from the 
time of operation until the third postoperative day. 
The main dis.1dvantages are the need for an 
intravenous line, the large volume of fluid and the 
occasionfll hypersensitivity reaction. All of these have 
limited its morc general use 

• Wa rfarin anticoagulation-this is one of the oc'St 
methods of prophylaxis for elective operations, and is 
widely used for major elective surgery in the 
Netherlands. It is considered impractical by many 
su rgeons, not least because of the supposed risk of 
incidental and operative haemorrhage. In addition, 
the logistics of establishing preoperative 
anticoagulation and continuing dose monitoring 
afterwards require a great deal of resources 

FLUID AND ELECTROLYTE 
DISTURBANCES 

Fluid and electrolyte disturbances such as dehydration 
or fluid overload, hyponatraemia, hypokalaemia and 
hyperkalaemia frequently develop in the postoperative 
period. Fluid find electrolyte abnormalities are particu-
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larly common after major surgery of the bowel, especially 
if there have been massive nuid losses through vomiting, 
diarrhoea or sequestration in obshUcted or adynamic 
bowel, or surgical complications. These problems are 
discussed in Chapter SO. 

TRANSFUSION COMPLICATIONS 

The management of bllXXl transfusion and its compli
cations is described in detail in Chapter 3. 

URINARY RETENTION 

Acute retention of urine is common in the immediate 
postoperative period. The usual problem is that the patient 
has been unable to pass urine following operation. The 
anuria is often drawn to the doctor's attention by a nurse 
several hours after operation but before the patient be
comes distressed. Acute retention needs to be distinguished 
from true oliguria resulting from poor renal perfusion or 
acutc renal failure; if this cannot be resolved clinically, 
ultrasonography will show whether the bladder is full of 
urine. 

Pathophysiology 

Postoperative retention is much more common in men, 
particularly when there is a degree of prostatic hyper
trophy. Patients with symptoms of bladder outnow 
obstruction ('prostatism') are at high risk of developing 
acute retention, although young male patients can also 
be affected. 

Acute postoperative urinary retention seems to result 
from a combination of the following factors: 

• Pre-existing bladder outlet obstruction 
• Difficulty in passing urine in the supine position 
• Embarrassment at passing urine without sufficient 

privacy 
• Accumulation of a large volume of urine during the 

operat ion and recovery from anaesthesia, causing 
overfilling of the bladder 

• Transient d isturb.1 nce of the neurological control of 
voiding by general or spinal anaesthesia 

• Pain from an abdominal or inguinal wound inhibiting 
normal contraction of the abdomina l musculature and 
relaxation of the bladder neck 

• Problems after certain operations which predispose to 
acute retention, e.g. abdomina-perineal resection of 
rectu m or bilateral inguinal hernia repair 

• Constipation-gross faecal loading is common in the 
elderly in hospital and is probably the most frequent 
cause of i'lcute retention (and faecal incontinence) 

(h, 
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M anagement of postoperative urinary retention 

Conservative measures 
Most cases of postoperative acute retention can be 
m..nagcd conservatively, bearing in mind the precipitating 
factors mentioned above. If the problem is dealt with 
early, the patient is less likely to require cathcterisation 
and this should be avoided if possible. However, if there 
is a history of symptoms of bladder outlet obstruction or 
previous prostatectomy, catheterisation is more likely to 
be nceded. The first s tep is to ensure there is adequ.lte 
postoperative analgesia and this may be all Ih,lt is 
needed to enable the patient to pass urine. The next step 
is to help the patient oul of bed in order to use a 
commode at the bedside or use a urine bottle standing at 
the bedside. 

The patient will often need continuous support to 
stand if still 'groggy' from the anaesthetic or analgesia. 
For young male patients, a male assistant should be at 
hand if possible, as the pr"C'SC'nce of a young female can 
have a marked inhibitory effect! 

If these measures fail, the patient should be wheeled 
into a b.1throom for privacy and left alone for a while, if 
he (or she) is fit enough. The familiar sound of a tap left 
running often encourages micturition. If the patient still 
does not P.1SS urine, it may be appropriate to encourage 
a bowel movement by means of a lubricant glycerine 
suppository. Defaecation is usually accomp.·lIlied by 
bladder neck relaxation and micturition, so this m.1.y help. 
In women, where the risk of bladder neck obstruction or 
urethral stricture is small, a single in;ection of ca rbachol 
is worth trying and may initiate micturition. 

Cathererisation 
If conservative measures fail, catheterisation will usually 
be nCCCSSMy. In females, bladder drainage and immediate 
removal of the catheter is often all thai is required. In 
males, the catheter is usually left in situ until the 
following morning or until the patient is weU. In patients 
with prostatic obstruction, a suprapubic catheter is a 
better option as it avoids urethral trauma and can easily 
be temporarily clamped to check if normal micturition 
has returned. Recurrent problems of retention are usually 
caused by bladder outlet obstruction and are managed 
as described in Chapter 19. 

URINARY TRACT INFECTIONS 

Urinary tract infections are extremely common in the 
postoperative period, especially in women. The most 
obvious predisposing factor is catheterisation, although 
urinary tract infections commonly occur without urethral 
instrumentation. The caliSC is probably a combination of 
reduced urinary output, reducing 'flushing' of the bladder, 

incomplete bladder emptying in the supine posture, 
bacteraemia induced by operation or infection, and finally 
inadequate perineal hygiene. 

Typical symptoms of dysuria and frequency may be 
less app.,lrent or absent altogether. The diagnosis of urinary 
tract inf<."Ction is often made on investigation of an un
explained pyrexia or septicaemia. Treatment is by ensuring 
adequate fluid input and prescription of appropriate 
antibiotics such as trimethoprim. 

ANTIBIOTIC-ASSOCIATED COLITIS 

Pathophysiology and clinical features 

Colonic inflammation and other diarrhoeal disorders 
may be side effects of almost any antibiotic treatment. 
The conditions are prob.,bly due to selective overgrowth 
of intestinal organisms which then produce toxins which 
C.1Use damage. The clinical picture may range from a 
mild attack of dialThoea to profuse, life-threatening, 
haemorrhagic colitis. Pseudomembranous colit is can 
take a particularly virulent fo rm (see below). Antibiotic
associated colitis may develop suddenly or gradually 
and occaSionally becomes chronic or relapsing. 

Surgical patients are most likely to be affected in the 
postoperative period. Clostridi"111 difficile is responsible 
for many of these cases and in severe fonn, the full 
picture of pseudomembranous colitis may develop. 
Staphylococcal enterocolitis is less common. 

If a surgical patient on antibiotics develops dialThoea 
which is worse or morc prolonged than might be 
expected after an operation, antibiotic-associated colitis 
should be suspected. Stool specimens should be examined 
by microscopy and culture and by measuring levels of 
Closlridirllll diffici/e toxin. Sigmoidoscopic inspection and 
biopsy of the rectum should nlso be performed. Treat
ment is based on the resu lts of these tests. If Closlridillll1 
drffici/I! infection is diagnosed, it is treated wit h oral 
metronidazole or, in resistant cases, with oral (non
absorbed) vancomycin. 

ACUTE RENAL FAILURE 

Acute renal failure is defined clinically as the abrupt 
onset of oliguria or anuria, associated with a steep rise in 
blood urea concentration. This is caused by failure to 
excrete nitrogenous waste products. The usual C.1Use 
is acu te tubular necros is, but acute renal failure is 
sometimes caused by nephrotoxins. These include the 
aminoglycoside antibiotics gentamicin and tobramycin, 
myoglobin (released in the crush syndrome) and the 
'hepatorenal syndrome' associated with obstructive 
jaundice (sce Ch. 11). Acute renal failure is also a 
particular complication of surgery of the abdominal 



, 
aorta, in which the renal arteries may be occluded by 
inadvertent damage or occult embolism. 

Pathophysiology 

The renal tubules arc acutely sensitive to a variety of 
metabolic insults, p.:lrticularly hypoxia and certain 
toxins. Hypoxia readily occurs if renal perfusion falls 
significantly. The usual surgical cause is an episode of 
severe or prolonged hypotension. This may be the result 
of hypovoJacmic shock (haemorrhage or dehydration), 
cardiovascular collapse (postoperative cardiac failure or 
myocardial infarction) or septic shock. (n the last, endotoxic 
<lnd cylokine-initiated renal cell damage is probably an 
important factor. Pre-existing chronic renal disease 
increases" patient's susceptibility to acute renal failure. 

Provided the insult to the renal tubules is not over
whelming, the dilmage to the tubular cells is confined to 
disruption of cellula r metabolism rather than tissue 
necrosis. This is potentlally reversible, provided the 
patient can be maintainL>ci in good general condition 
while tubular recovery takes place. The usual sequence 
is that poor urine output continues for a period (oliguric 
phase), followed by spontaneous diuresis of large 
volumes of unconcentrated urine consisting of un
modified glomeru lar filtrate (diuretic phase). Urinary 
concentrating power then slowly improves as the tubules 
recover normal metabolic function. In contrast, if tubular 
damage is more extensive, the patient remains anuric or 
severely oliguric. 

Prevention of acute renal failure 

Acute renal failure is largely preventable by careful 
attention to preoperative assessment, fluid balance, and 
prevention and prompt management of hypotension and 
sepsis, as well as dose monitoring of potentlaUy nephro
toxic drugs. In high-risk patients (with pre-existing renal 
disease or obstructive jaundice and those undergoing 
c.lrdiopulmon.1rY bypass or aortic surgery), intravenous 
renal dose dopamine given during operation helps 
protect renal function. 

Diagnosis of oliguria 

When urinary retention has been excluded and true 
oliguria or anuria is diagnosed, the problem is to 
differentiate between acute tubular necrosis and reduced 
renal perfusion. As a first step, a urinary catheter should 
be inserted to monitor the hourly rate of urine production, 
which should ideally be at least 30 ml/hour. Note: if a 
catheter is already in situ and stops draining, it may 
have become blocked. 

Low urine output is most often caused by reduced 
renal perfusion, resulting from relative hypovolaemia or 
low cardiac output. This leads to diminished glomerular 
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filtration and enhanced tubular reabsorption. The usual 
reason is inadequate replacement of a perioperative fluid 
deficit. To test this, an intravenous fluid cha llenge of 
250 ml can be infused over a few minutes. If this restores 
urinary output, under-hydration is confirmed and the 
fluid b.1lancc must be corrected to prevent acute tubular 
necrosis. Potentially more serious causes of reduced renal 
perfusion include cardiac failure and acute myocardial 
infarction; these need to be considered in postoperative 
patients with a low urinary output. Only if poor renal 
perfusion can be excluded should acute renal failure be 
diagnosed. 

Management of acute renal failure 

When acute renal failure is mild, simple conservation 
measures such as fluid restriction may sustain the 
patient until tubular function recovers. When complete 
(oliguric) renal failure occurs, serum urea, creatinine and 
potassium concentrations rise inexorably and the patient 
usually requires haemofiltration or renal dialysis. For
tunately, many of these patients recover renal function 
gradually over a few weeks or months and do nol 
require permanent renal support. 

PRESSURE SORES 

Pathophysiology 

Elderly, debilitated and other bed-bound patients are 
extremely susceptible to pressure sores ('bed sores'), 
particularly over bony prominences such as the sacrum 
and heels (sec Figs. 47.9 and 47.10). Pressure sores occur 
because the frequent spontaneous adjustment of position 
that normolly occurs is lost through obtunded sensation 
and immobility. Diminished protective pain response 
plays an important part. nssue necrosis and subsequent 
failure to heal result from a combination of factors 
including recurrent pressure ischaemia, poor tissue 
perfusion (from cardiac or peripheral vascular disease) 
and malnutrition. Note that patients who have under
gone substantial weight loss and patients with relatively 
ischaemic lower limbs are at particular risk. 

Prevention and management of pressure sores 

Once established, pressure sores are difficult to eradic.lte 
and prevention must be given high priority in patients at 
risk. Relatively hard surfaces such as accident and 
emergency department trolleys and operating tables 
may initiate pressure sores in susceptible patients in less 
than 1 hour. Likewise, pressure sores can develop in a 
remarkably short time in a hospital bed, particularly if 
the patient is incontinent of urine or faeces. Prevention 
of pressure sores on the ward is mainly a nursing 

eN 
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Fig. 47.9 Typical heel prenure sore 
thiS elderty man presented WIth a ruptured abdominal iIOftlC 
aneurysm and had a stormy post-operatM' course. At some stage, Ihl) 
heel was allowed to remain 100 long In one posItlOO, resulting In deep 
necrOSIS. He had no evidence of occlusIVe penpheral arterial disease 

responsibility; indeed, the incidence of pressure sores is 
a good indicator of the quality of nursing care. 

Prevention of pressure sores involves the following 
procedures: 

• Specia l bed su rfaces to spread the load- these 
include (in ascending order of cost and com plexity) 
pressu re-relieving foam mattresses, e lectric ripple 
mattresses, wa ter beds, suspended net beds and 
sophisticated low pressure continuous ai rOow beds 

• Relieving pressure on the heels-use of ankle rests 
whi le on the operating table, use of heel p.1ds, 
orthopaedic fomn gu llers and 'bea n-bags' on return 10 

the ward 
• Regula r change of posture- for most patients, this 

involves encouragement to gct Qut of bed, at least into 

Flg.47.10 Osteomyelitis of the ischial tuberosity 
secondary to pressure ulceration 
X-ray of the pelvis In an elderly Immobile woman shaMng 
osteomyelitIS of the- rschlill tuberOSIty (arrowed) underlying a deep 
ioog-stand'"9 sacral pressure ulcer. 

a bedside chair, and to mobilise beyond this as much 
as possible. A bed-bound p.1tient requires regular 
turning SO that the same skin area is not subjected to 
constant pressure 

• Regular checki ng of pressure areas and local 
massage 

• Management of incontinence 

Treatment of established pressure sores is utlS.1tis factory 
un less the ca usative factors can be eliminated. TIlis is 
often impossible in the permanent ly disabled p.1t ient. 
Avoiding pressure is the mainstay of treatment, supple
mented by local cle.1nsing and dressings designed to 
remove necrotic tissue and control secondary infection. 
For a deep So.1cral sore, major plastic surgery involving a 
rotational buttock flap is occasionally justified. 

COMPLICATIONS OF OPERATIONS INVOLVING BOWEL 

These include delayed return of bowel function, 
mechanical bowel obstruction, anastomotic failure, intra
abdominal abscesses, peritonitis, bowel fistula and acu te 
bowel ischaemia. 

DELAYED RETURN OF BOWEL FUNCTION 

TEMPORARY INTERRUPTION OF PERISTALSIS 

Any abdomina l operat ion may temporarily disrupt 
perista lsis. This is particularly true where the operation 

is for peritonitis, an abscess or intestinal obstruction, or if 
the oper.1tion involves extensive ha ndling of the bowel. 
Operations involving the retroperitoneal area, such as 
aortic surgery, may also disrupt peristalsis. The mechanism 
is prob.1bly via a disturb..1nce of parasympathetic activity. 
The problem is usually minor and mostly affects the 
small intestine. Patients may complain of nausea, 
anorexia and vomiting. This becomes obvious after oral 
Ouids arc reintroduced early in Ihe postoperative period. 
This condition is often loosely described as ileus and is 
the reason for gr.ldual reintroduction of Ouids, followed 



by solids after abdominal operations. However, if ileus i; 
prolonged another cause such as an intraperitoneal 
collection should be sought. 

ADYNAMIC OBSTRUCTION 

Occasionally, a much more prolonged and extensive form 
of adynamic bowel obstruction occurs. This presents 
with vomiting and protracted intolera nce to oral intake. 
Adynamic obstruction must be distinguished from true 
mechanical obstruction, which may I't.."quire reoperation 
(see C h. 12). 

Acute gastric dilatation 

Occasionally, adynamic obstruction involves the stomach, 
causing acu te gastric dila tation and accumulation of 
la rge volumes of gastric and duod enal reflux secretions. 
The warning feature is when the patient suddenly 
vomits a large volume of fluid which may, even on 
the first occasion, result in falal bronchial aspiration. 
Preventing acute gastric dila tation is the main reason 
nasogastric tubes arc used after upper gastroin testinal 
surgery or relief of mechanical bowel obstruction. If 
acute gast ric dilatation is suspected in any patient in 
whom recovery is unexpectedly slow, the abdomen 
should be examined daily for a succussion sp lash, and a 
nasogastric tube passed if the resuit is positive. 

'Pseudo-obstruction' 

Adynamic obstruction in volvi ng the large bowel is 
conventiona!ly described as pseudo-obstruction. It may 
follow any abdominal operation, especially if the retro
peritoneal are<l h<ls been disturbed, <IS in nephrectomy or 
aortic surgery. Pseud o-obstruction is also a recognised 
complication of lIoll-abdominal operations such as fractured 
neck of femur, especially in frail patients . Pseudo
obstruction may even occur without operation as d 

complicat ion of severe hypokalaemia, trauma involving 
the lower spine and retroperitoneal area, or anti
Parkinsonian and other drugs. The diagnosis can rapidly 
be made on an 'instant' unprepared barium enema by 
excludi ng mechanical causes of obstruction. Treatment 
involves supportive measures until function returns. 

MECHANICAL BOWEL OBSTRUCTION 

EARLY POSTOPERATIVE MECHANICAL OBSTRUCTION 

Postoperative mechanical obstruction of the bowel is 
uncommon. It may be caused by a loop of bowel 
becoming twisted or trapped in a peritoneal defect, 
unwittingly crea ted at open operation or laparoscopy. 
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Fib rin ous adhesions may also calIse obstruction and 
these usually develop about I week after operation. In 
both cases, the obstruction may be transient and settle 
with conserva tive measures (nasogastric aspiration and 
intravenous fluids), or may progress to full-b lown 
intestinal obstruction requiring laparotomy. If tenderness 
and systemic signs of toxicity appear, reoperation bc<omcs 
urgent to exclude strangulation. Obstruction occurring 
after gastrectomy or gastroenterostomy may be due to 
oedema of the mucosa surrounding the anastomosis; this 
usually settles eventually with conservati ve measures 
although reoperation may be required. 

LATE POSTOPERATIVE MECHANICAL OBSTRUCTION 

Fibrinous ad hesions may organise and persist as broad 
fib rous adhesions between adjacent loops of bowel or as 
isolated fibrous bands traversing the peritoneal cavity. 
These fibrous adhesions arc a common cause of an 
isolated episode of sma ll bowel obstruction or even 
infarction. Adhesions ma y also cause recurrent bouts of 
oowel obstruction months or years after abdominal 
opera tions. Most episodes will resolve spontaneously 
with conservative treatment, i.e. nasogas tric aspiration 
and intravenous fluids, but fai lure of resolution or signs 
of s tr,l ngulation (tenderness, toxaemia) will necessitate 
laparotomy. Adhesive obstruction has become less 
common since talc powder on surgical gloves was dis
continued in the 19705 and possibly since the declining 
use of starch on surgical gloves more recently. However, 
patients wit h recurrent intestinal obstruction due to 
adhesions present a serious surgical challenge. Each 
laparotomy becomes more difficult and hazardous for 
the patient. Therapeutic agents to prevent adhesions 
forming, often in the form of films, are currently under 
trial but conclusive evidence of their benefit is awaited . 

ANASTOMOTIC FAILURE 

Anastomotic leakage or breakdown is a major cause of 
postopera ti ve morbidity after bowel surgery. Inadequate 
diagnosis and surgica l intervention may lead to snow
balling complications including sepsis, multi-organ dys
function and failure, and fistulae. 

Small anastomotic leaks are relatively common and 
lead to sma ll localised abscesses which are walled off by 
surround ing gut and omentum. Small leaks are clinically 
manifest by delayed recovery of bowel function due 
to local perista ltic dysfunction. Usually, the problem 
eventua lly settles with conti nued intravenous fluids and 
delayed reintroduction of oral intake. Reoperation, how
ever, should be considered regularly if recovery is slow. 

Major anastomotic breakdown results in generalised 
peritonitis, large abdominal abscesses, progressive sepsis 64~ 
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and fistula formation. Most of these are described here; 
systemic sepsis is described in Chapter 2. 

INTRA-ABDOMINAL ABSCESSES 

ABSCESS ASSOCIATED WITH BOWEL ANASTOMOSIS 

An ,lnaslomotic leak from any part of the bowel may be 
walled off by small bowel and omentum as a vigorous 
intraperitoneal response (see Fig. 47.11). This results in 
formation of an abscess near the anastomosis. The p..tient 
will either be non-specifically unwell with delayed 
recovery, a swi nging pyrexia and signs of local perilonitis, 
or more seriollsly ill with early signs of septicaemia. A 
detailed description of the clinical feiltures is given in 
ehilpter 12. For systemic inflammatory response syn
drome, sec p. 25. 

Early reoperation is usually necessary to drain the 
abscess ilnd prevent continued contamination of the 
peri toneal cavity. Where the anastomosis has broken 
dow n, both ends of the bowel should be brought out to 
form temporary stomas, since reanastomosis will almost 
certainly fail. The bowel can often be rejoined once the 
local infection and metabolic dis ruption have resolved. 

-
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OTHER INTRA-ABDOMINAL ABSCESSES 

Intra-abdominal abscesses may also develop at sites 
remote from an anastomosis-for example, in the pelvis 
(pelvic abscess) or beneath the diaphragm (subphrenic 
abscess). These abscesses occur most commonly as a 
com plication of treated peritonitis, particularly faecal 
peritonitis. They may also develop because of con tami
nation of the operative s ite by faeces or other infected 
materiaL or by 'tracki ng' of an anastomotic abscess 
within the abdomen. Abscesses of this type usually 
produce a less severe illness than do those in direct 
commllnication with the boweL 

If an abscess is suspected, ultrasound or CT scanning 
may help to identify its location and guide needle 
aspiration or placement of a percutaneous drain, if 
appropriate. Surgical exploration may, however, be 
necessary. 

PERITONITIS 

Peritonitis in the postoperative period usually results 
from a major anastomotic breakdown causing wide-

Fig. 41.11 Intra-abdominal ab scess 
Intraperitoneal abscess follOWIng appendJCE'C\omy. (a) Ere<t 
abdominal X-ray Irom a 16'year-Qld boy 1 week aher removal of a 
perforated gangrellOos appendix. He remained ill with allOfexia and 
Intermittent vomitl!lg. general malaise and a swmglng pyrexia. A large 
mass was palpable in the right Side of the abdomen. The X-ray shows 
a huge abscess cavity (outline arrowed) WI th a gas bubble above a 
flUid (pus) level. Note the rad iopaque marker M in a gauze swab 
packed into the open abdominal wound. (b) At operation, the 
abscess was surrounded by adherent small bowel. shown here 

(b) 
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spread peritoneal contamination. Sometimes the cause 
of peritonitis is perforation of obstructed or ischaemic 
bowel or perforation of an incidental peptic ulcer. Th~ 
clinical picture may develop rapidly over a few hours or, 
if infection spreads from an intraperitoneal abscess, more 
insidiously over a few days. The patient is systemically 
ill with severe, generalised abdominal pain; the abdomen 
is tender and rigid to p."llpation (see eh. 12 for more 
details). Note: elderly patients with peritonitis may have 
surprisingly little tenderness. Generalised peritonitis 
progresses to septicaemia and multiple organ failure 
unless promptly treated. 

The patient is resuscitated and commenced on 
intravenous antibiotics and then returned to theatre for 
laparotomy. The abdomen is explored, the underlying 
cause is treated and peritoneal toilet is carried out. Early 
and vigorous treatment will usually save the patienfs 
life. 

BOWEL FISTULA 

Fistula forma tion as a complic.1lion of surgery usually 
results from an anastomotic leak or infarction of ~ 

segment of bowel. A local abscess first develops then 
discharges to the surface via the wound or along the 
track of an abdominal drain. Anastomotic breakdown is 
more likely when there is obstruction of bowel distally, 
and the fistulous tract provides a means of drainage for 
the obstructed bowel contents. With time, the drainage 
tract slowly becomes lined with epithelium from the 
bowel and the skin surface and the fistula becomes 
permanent. Occasionally a fistula develops in a patient 
after an operation for bowel cancer. [n this case the 
fistu la may be lined with malignant cells. Proximal small 
bowel fistulae result in the loss of large volumes of 
intesti nal secretions containing digestive enzymes. This 
rapidly leads to dehydration and major electrolyte 
disturbances and usually causes gross intra-abdominal 
innammation and skin destruction. The more proximal 
the origin of the fistula , the greater the volume and the 
more destructive its consequences. 

The general state of the patient with a fistula depends 
on the extent of intra-abdominal infection. If this is 
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minimal and there is no dist.1l obstruction, the fistula 
usually closes spontaneously within weeks or months, 
provided the patient can be sustained in the interim. 
Proximal small bowel fistulae require total bowel rest 
(i.e. nil by mouth and a nasogastric tube) with full 
parenteral fluid replacement and nutrition. Somatostatin 
analogues may be given to reduce the volume of 
secretion into the small bowel substantially. Distal small 
bowel or large bowel fistulae may be managed with 
entera l feeding using low-residue elemental or semi
elemental fluid diets. These are often given via a fine
bore nasogastric tube. 

When a fistula is associated with intra-abdominal 
infection, the patient is desperately ill, septicaemic and 
hypercatabolic. These patients need intensive care man
agement and reoperation. Laparotomy is required to bring 
the disrupted bowel ends to the surface as stomas and to 
drain the gross foci of infection; further laparotomies, 
even daily, may sti ll be required before the intra
abdominal infection is brought under control. Mortality 
from these complicated fis tulae is high. 

ACUTE BOWEL ISCHAEMIA 

Acute bowel ischaemia is an uncommon postoperative 
complication, usually occurring after abdominal aortic 
surgery. Infarction of the sigmoid colon follows inferior 
mesenteric artery ligation (usually a nece5S<'ry part of 
the operation) if the collateral blood supply is com
promised by obliterative atherosclerosis of the remaining 
mesenteric arteries. Fortunately, this problem is rare. The 
patient has usually progressed satisfactorily at first and 
then deteriorates unexpectedly several days after oper
ation, often passing fresh blood per rectum. If untreated 
at this stage, the patient collapses with peritonitis due to 
colonic necrosis and perforation. Clinical signs are non
specific, but plain abdominal X-ray may show 'thumb 
printing' of the affected bowel or the characteristic 
appearance of gas in the bowel wall. If acute bowel 
ischaemia is suspected, lap."lrotomy must be performed 
urgently as perforation will soon occur and is nearly 
always fatal. Even with timely su rgery, the prognosis is 
bleak. 
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INTRODUCTION 

When a patient is admitted to hospital for surgical 
investigation or treatment. a detailed history and exam
ination (dcrking) is usually undertaken by a junior 
hospital doctor. This is often performed at a separa te 

PRINCIPLES OF ASSESSMENT 

In prep<lfing a pa tient for operation, the doctor needs to 
answer a series of questions, summarised in Box 48.1. 
Answers from thc history and examination may rcveal 
the need for tests or some other action. 

KEY POINTS 

Box 48.1 Preoperative assessment and planning 
1. Diagnosis 

pre-clerking visit prior to admission to hospital. Clerking 
is mainly concerned with antidp.1ting complications and 
taking preventive action rather than with diagnosing the 
primary d isorder. If an anaesthetic other than a simple 
local is required, the anaesthetist will additionally make 
his or her own assessment. 

The majority of surgical cases are straightforward 
but preventable dis.1slers occur unless a thorough and 
systematic appro.1ch is used . 

• What is the (provisional) diagnosis and how confident is the diagnosis? 
• What are the important facets of the history? 
• What are the findings on examination? 
• What are the results of investigations already performed? 
• If appropriate, have tissue diagnoses been obtained before admission to hospital? 
• Are any further investigations needed to confirm the primary diagnosis? 

2. Operation 

• What operation or procedure is planned? 
• Have any circumstances changed relating to the planned operation? 
• Has the patient got better or worse? 
• Has any new diagnostic information appeared? (e.g. pulmonary metastases on a chest X-ray) 
• Is the planned operation still appropriate? 

• Are there any special risks attending this particular operation, intraoperative or postoperative? (e.g. riSK of OVT 
after pelvic surgery) 

• Are there any 'routine' procedures that need to be performed in relation to the operation? (e.g. ordering blood if 
heavy blood loss is anticipated) 



Preoperative assessment and preparation 

KEY POINTS 

Box 48.1 (Continued) 

2. Operation 

• Are there operation-spedfic actions that need to be performed? (e.g . e)(amining vocal cord movement before 
thyroid surgery. arranging peroperative cholangiogram for open cholecystectomy) 

3. Anaesthesia 

• What type of anaesthesia is to be employed? 

• Can any anaesthetic complications be anticipated? (e.g . risk of postoperative chest infection after thoracotomy or 

upper abdominal surgery, risk of a patient with bowel obstruction inhaling vomitus during anaesthetic induction) 

4. Fitness for operation 

• Is the patient fit for the planned anaesthetic and operation? 

• Are there any intercurrent diseases which are currently inadequately treated, or which might pose special 

problems? (e.g . insulin-dependent diabetes, rheumatoid arthritis with cervical spine involvement) 

• Are any preoperative investigations or treatments reeded for intercurrent disease? (e.g. lung function tests and 

physiotherapy for chronic bronchitis, cervical spine radiology for rheumatoid arthritis) 

• Does the surgical condition itself pose special problems? (e.g. fluid or electrolyte disturbances as a result of vomiting) 

• Is the patient taking any drugs which might cause problems with anaesthesia or operation? (e.g. MAOls or steroids) 

5. High risk 

• Is this patient particularly predisposed to anaesthet c or surgical complications (Table 48.1)] 

6. After the operation 

• Can any special problems be anticipated for this patient during the postoperative period and after discharge from 

hospital? (e.g. elderly patients living alone) 

• Are there any problems specific to this anaesthetic or operation with respect to recovery and rehabilitation? (e.g. 

prostheses after mastectomy, stoma care, limb fitting and rehabilitation follOWing amputation) 

• Is any planning required for operation-specific problems? 

PATIENTS AT HIGH RISK OF 
COMPLICATIONS 

The his to ry ilnd cxa mination will identify patie nts w ith 
medicil l cOl1lorbidity who il re at ris k of s pecific proble ms 

Table 48.1 High risk groups for perioperative complications 

Group 

Premature or tiny babies, 
neonates and Infants 

Pallents over 60 

Very elderly patients 

Particular risks 

Fluid and electrolyte loss 
Heat loss In operatJng theatre 

CardIOVascular disease 

ConfUS/Orl 
Hyponatraemia 
Iml'TlOblhty 

in the pcriopcrative period . Special investiga tions may 
be needed to identify and cha racterise pote ntial problems 
il nd to provid e bilscline info rmiltion agilinst which later 
chim ges ca n be meilsured . The common problems of high
risk groups of pa ticnts il re suml1lilrised in Tilblc 48.1. 

Management 

Careful measurement and replacement 
Warming blanket. temperature monllonng 

Chest X·ray and ECG preoperatIVely and mOnllonng 
dUTIng operation 

Mulufactonal-see Chapter 46 
Preoperative electrolyte estimatIOns and correctlOl1 
Good nUf51ng alld rehab!lItatlon 

Smokef5 Postoperative chest lIlfecllon and atelectasIs 
Increased nsk of myocardaallnfa"ctlOn 

Stop smoking before operatKlfl ~ ideally at least 
fOUl weeks befOfehand_ Preoperative chest X·ray_ 
Preoperative and postoperahve phy$iotherapy 
PreoperatIVe ECG; avoid hypoxia during and after 
operation; postoperative oxygen therapy 

Obese patients 

Patients With intercurrent 
medical disease 

Increased fisk of DVT 
Reduced mobility 

Depends on medical condition 

DVT prophylaxis (see Chapter 47) 

Early mobilisation Wl thc:"=,=,,="C'C"=-____ _ 

Early referral to anaesthetist 
(Problems diSCUSsed In Chapter 46) 
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ESSENTIALS OF PREOPERATIVE ASSESSMENT 

Although procedures vilry in different hospitals. certain 
basic steps must be laken to ensure the maximum safety 
of a p.ltient before operation (see Box 4$.2). These steps 
depend on Ihe nature of the opera tion and the condition 
of the p,llien!. The need for an operation must be reviewed 
on admission to hospit.,1, since circumstances can change 
substantially between booking and the time of operation. 
Overt and occull illnesses must also be cons idered in 
every patient. 

EXPLANATIONS TO THE PATIENT AND 
INFORMED CONSENT 

The surgeon must carefull y explain the diagnosis and the 
proposed operation to the p.'1tient beforehand. Patients 
often absorb very liltle of what has been said, howc\'er, 
and fail to understand the full ramifications. This is 
because they are often anxious and d isorientaled when 
admitted , and most have little understanding of how 
their bodies work. Idea lly, the patient would have been 
given information lea nets or if appropriate, put in contact 
with self·help groups. This provides a basis for obtaining 
informed consent. The doctor must adopl a sympathetic 
and unhurried approach, and must often explain things 
more than onCt'. By this means, the surgeon or junior 
doctor ca n ensure that the patient is giving genuinely 

SUMMAlIY 

Box 48.2 Essential steps in preoperative 
assessment and preparation 

• History taking 
• Physical examination 
• Collating pre' admission Information about diagnosis 
• Arranging any further diagnostic investigations 
• Making special preparations for the particular 

op@ration 
• Investigating any intercurrent or occult illness 

suggested by medical clerking. enlisting appropriate 
specialist help 

• Discussing the operation and the recovery period 
with the patient and obtaining signed consent 

• Marking th@operation site 
• Making arrangemenu for the operation with the 

operating theatre staff 
• Arranging and informing the anaesthetist 
• Prescribing medication, prophylactic antibiotics and 

treatment to prevent thromboembolism, as 
appropriate 

• Planning rehabilitation and convalescence 

informed consent. This f't."quires an explanation of any 
potential complications which have more than a 1-5% 
risk of arising as a resu lt of the procedure. or of any less 
common procedurc-specific risks. 

If the immediate postoperative period is likely to 
be unpleas.lnl or unfamiliar, such as admission to an 
intensive care unit, it is prudent to forewarn the patient 
and arrange a visi t to the unit beforehand. Patients with 
lea rning difficulties and the elderly have particular 
di fficul ty in adapting to changing circumstances and care 
should be taken to familiarise them with facilities and 
staff. 

AI the time of obtaining consent, the operil tio n site 
should be marked on the patient's skin with an indelible 
pen. This is particu larly important if the operation could 
be performed on ei ther side of the body, for example 
an inguinal hernia or limb amputation. This marking 
procedure also gives the patient an opportunity to agree 
which operation is to be done and on which s ide! 

LIAISON WITH ANAESTHETIST 

The an,lesthctist (anaesthesiologist) should be informed 
in adv'lnce of the proposed operation and the condition 
of the patient; anaesthctists see patients preoperatively 
to anticipate problems, discuss their plans and pre
scribe preml..>ciication if appropriate. The anaesthetist is 
ultimately responsible for ensuring that the patient is fit 
for the operation and that anaesthetic procedures have 
been explained. 

OPERATING THEATRE ARRANGEMENTS 

The house surgeon (intern) is usually responsible for 
informing the operating department about the operation 
and the need fo r any specia l arrangements. A formal 
operilling list should be prepared, giving full details of 
the name, age, sex, ward, and proposed operation for 
each p.1 tient. The s ide of the body to be operated on 
should be clearly (and correctly!) indicated. In addition, 
any speda l requirements for instruments, intra..aperative 
radiography or patient positioning must be noted on the 
list. In some hospitals, the amount of bank blood ordered 
for il pat ient is also recorded on the lis t. 

PLANNING THE RECOVERY PERIOD 

Plans for rehabilitation and convalescence should be 
discussed with the patient and relatives in advance. The 
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p.:ltient should be advised about the likely rale of rerovery 
and the level of activity possible 011 discharge. In this 
way, socia\, business and domestic arrangements can 

Preoperative assessment and preparation 

be made in good time. If necessary, domestic or home 
nursing help can be arranged. Uncertainty about these 
matters often causes anxiety and hampers recovery. 

PREPARATION FOR MAJOR OPERATION-CASE HISTORY 

This case history illustrates the way a patient might be 
prep.:lred for a major operation and the considerations 
which guide the preoperative management. 

HISTORY 

James Brown, a 70-year-old retired farmer, admitted 
electively for an anterior resection of the rectum for 
carcinoma at the rectosigmoid junction. 

Present complaint 

Seen urgently in ou tpatient clinic 3 weeks ago with a 
5·week history of loose stools three to five times a day, 
without blood or mucus. GP reported three stool specimens 
were positive for occult blood. Lost about 4 kg in weight 
over the last 3 months, but has been trying to lose weight 
anyway. 

Results of outpatient investigations: 

• Flexible sigmoidoscopic examination-obvious 
fungating tumour of upper rectum. Scope cou ld not be 
p.'lssed beyond it. Biopsies confimled adenocarcinoma 

• Barium enema-'applc-core' lesion at recto-sigmoid 
junction; no other lesions in the rest of the colon 

• Chest X-ray-normal 
• Ultrasound examination of liver-no metastases 
• Full blood count-haemoglobin 11.6 giL, otherwise 

normal 
• Urea and electrolytes, liver function tests--normal 

Systems enquiry 

Generally well, but systems enquiry reveals recent onsct 
of shortness of breath after walking 200 yards on flat 
ground and occasional fast palpitations. No other cardio
respiratory symptoms. Poor stre.lm on micturition. Nil 
else on systemic enguiry. 

Past medical history 

Appendicectomy aged 14; no anaesthetic complications. 
Serious farming injury to left elbow aged 20. Jaundiced 
during the- 5e-cond World War in Asia, nil since. Hyper
tensive for 10 years and on dnlg treatment for 5. Diabetes 
discovered 3 years ago on routine urine testing, controlled 
by diet alone. 

Family history 

Mother was olx>se; died age 55 from complications of 
diabetes (gangrene). Older brother had major stroke at 
64 but partially recovered. No family history of bowel 
cancer. 

Social history 

Widowed for 2 years, wife died of breast cancer. Has 
one son and one daughter, both married with young 
children, but living far away. Lives in own housc with an 
upstairs lavatory, on a smallholding with a few stock 
animals. Lives independently, and uses his car for 
shopping. Smoked 20 cigMettes a day since age 15; drinks 
alcohol occasionally, average 4 units a day. 

Drug history 

Takes propra nolol 40 mg o.d. (a beta blocker) and 
chlorothiazide (a diuretic) with potassium supplement 
each morning for hytx'rtension. Takes aspirin 75 mg o.d. 
'for his heart'. Told in the past not to have penicillin, but 
cannot recall why; does not remember when he last had 
penicillin. Not allergic to iodine. 

EXAMINATION 

Gt'llerai. Fit-looking man of 70, not obviously anxious. 
Tanned; no anaemia, cyanosis, ~lundice, lymphadenop.lthy 
or clubbing; no thyroid enlargement. Fingers tobacco 
stained. Not febrile. 

Cardiovasclliar alld respiratory system. Pulse 68 beals 
per minute and regular. BP 150/110mmHg. Soft systolic 
murmur at the left sternal edge. No ankle swelling nnd 
Jvr not elevated. Extensive bilateral varicose veins. 

Chest examination unremarkable apart from a few 
crepitations which do not clear with coughing. 

A/Jdomen. Moderately obese. Appendicectomy scar. Soft 
to palpation. No organomcgaly. Possible mass in left ili,lC 
fQSS.'l-not indentablc. No groin hemias. External genitalia 
normal. Rectal examination-moderately enJarged smooth 
prostate and normal-coloured stool. 

CCIIlralneroolls system lind locomotor system. Fixed flexion 
deformity of left elbow at 90°, otherwise norma1. 65 ' 
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Management problems of surgkal in-patients 

SUMMARY 

A 70-yea r old man with proven rectosigmoid carcinoma 
without obvious dissemi nation, admitted for anterior 
I"!'SCCtion of the recto-sigmoid. 

A problem lis t was constructed from this information. 
which led to further investigations and a management 
plan. The reasoning is shown in Table 48.2, 

Table 48,2 EIIample of preoperative assessment of a patient admitted for a major operation (case history given above) 

Problem 

1 'Mild' diabetes mellttus 

3, Hyperten~n 

<1 Recent shortness of 
breath 00 eKertton 
and palpitatIOns 

5 Poor urinary stream 
and I(lrge prostate 

6, Jaundtce In the past 

7 Smoker 

9 Diuretic therapy 

10. Aspirin therapy 

11 Posstble penlCllltn allergy 

12 Cardiac murmur 

Surgkal signif icance 

Is it under good control? 

Multiple potential problems 

May make access difficult at operation 

PrediSPOseS to wound Infection 

Increased risk of deep vein thrombosis or 
pulmon<lry embolism 

How well IS hypertension controlled on 
present medICation? 

Is elevated BP 00 admlsSIOtl Just due to 
anxiety? 

Are there other complicatIOns of 
hypertension SIKh as ventricular 
hypertrophy Of dilatatIOn? 

Are these merely symptoms of anXiety 
about the dlagno'>ls or do they represent 
slgntflCant cardl<IC or respiratOf)' d sease? 

POSSible carcinoma of prostate 

POSSible difficulty With catheterrsa:1OIl 
that Wil l be required at operation 

Rtsk of postoperative urinary fetenion 
when catheter removed 

History suggesttve of Hepatitis A 

Posstble occul t lung cancer 

Increased fisk of postoperative chl'St 
infections 

Increased rt<;k of myocardial tnfardton 

May cause IncooveOience dUfing operation 

Are electrolytes and renol funGIOf' normal~ 

Could gastric tmtatton partly acCOJnt 'Of 
the mtld anaemia? 

May cause exce-;s bleeding at ope'atlOn 

A pentclilin tS often used tex propllylaxts or 
treatment of po5toperatlV(> infectiOns 

Is thts clinically SignifICant? 

~ anttblotlc prophylaXIS necessary? 

Plan of action for each problem 

All urine sample-; to be tested for glucose 

Random blood glucose estimation 

May need sliding scale Insulin perioperatillely 

Early referra l to anaesthettst 

Ensure adequate the<!tre time available plus al least two 
assistants 

Constder delayed primary closure of wound if contaminated 

ProphylaXIS, e,g low dose heparin plus graduated 
compre-;slon stocktngs 

Monitor blood pressure 4-hot.Jrly 00 admiSSIon and thef1 
deCtcie about drug therapy 

Check pulse rate and BP several tllnes 

Perform (and che<:k) ECG and chest X-ray 

Consultlntemal physICian re palpttatlOns 
ECG and chest X-ray 
Posstbly needs lung funClHlfl tests 

Prostate should be palpated and possibly biopsted. 
Measured plasma PSA 

AntICipate 

AntlCtpate 

Serological tests for hepatitis antigen? 

Che-;t X-ray 

Preoperative phystotherapy and breathing exercises 

PostoperatlV(> oxygen therapy 

Inform theatre staff about need for careful positioning 
on the operattng table 

Plasma urea, electrolytes and creaunme esttmauons 

Use non gastnc ,mtant analgestcs 

Anhclpate-stop 10-14 days before surgery If pos5Ible 

Record posstble peotctlltn allergy; alternatIVe drugs may 
have to be used 

Consult anaesthetist or cardIOlogISt 
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Table 48.2 Continued 

Problem 

13 lives alone, looks 
after animals 

14 low haemoglobin 

15. May need temporary 
or even permanent 
colostomy 

16. Bowel wi ll be opened 
during operatIOn 

17 LesIOn at pelvIC bum 

18. VarICose venlS 

Surgical significance 

Who will look after his animals while he 
is in hospital? 

Who wi ll look after him when he returns 
home7 

Not low enough to need preoperative 
transfusion but there 15 less reserw for 
the operatIOn 

Potentially extenslVt> operattOO-rnay have 
large blood loss 

Will he be able to cope? 

What does he undel'!otand about stomas? 

Potential for !(leeal contamination of 
abdominal cavity i.md wound 

Does 1\ Involve the ureter) 

Increases fisk of OVT (already high because 
of maJOf petvic operation and age 70) 

Preoperative assessment and preparation 

Plan of action for each pro:::bC": m"-____ _ 

DISCUSS domestiC arrangements and convales<:ence plans 

Cross match at least t'NO Unll5 of blood to cover opefation 

Cross match eKlta blood, 'e at least 4 Units m all 

Needs counselling and posSible preoperative "rial' of 
colostomy appliance (see Chapter 20) 

Needs preoperative bowel preparallOn and perioperatlve 
prophylactic antibiotics 

ConSider ultrasound of kidneys in case of hydronephrOSIS 

Give prophyiaKis-Iow dose heparin, antlembohYll stockings 
Earty mobihsallOn 
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INTRODUCTION 

Despite the best endeavours at diagnosis, preoperative 
assessment, surgical technique and perioperative man
agement, unexpected symptoms and signs arise in the 
postoperative period which may herald a postoperative 
complication. Complications can be minimised by regular 
and dose postoperative patient observation. For example, 
daily auscultation of the chest may reveal a chest 
infection before symptoms "ppear. 

Managing the common problems of fever, pain and 
collapse requires accurate diagnosis and early treatment 
if the complication is not to get out of hand. Making the 
diagnosis is often d ifficult as the doctor called to see a 
postoperative patient with problems may not know the 
patient's history. In addition, the patient may be anxious, 
in pain or not fully recovered from an anaesthetic. It is 
vital to conduct a thorough and systematic dinical 
assessment and if necessMY, investigation-whatever the 
hour--of thi.>Se potentially serious but often remediable 
complications. 

The following problems commonly develop in the 
postoperative period, often 'after hours', and are the 
immediate responsibility of junior surgical doctors. 

POSTOPERATIVE PAIN 

Pain can be expected from most surgical wounds but, in 
most cases, this gradually subsid es over the first few 
days after op<'ration and Ca n be controlled by planned 
analgesia. Some types of wound are more painful than 
others, for example vertical abdominal incisions and skin 
graft donor sites. Postoperative analgesia is far better 
managed nowadays, with the recognition that it is better 
to prevent pain than to react to established pain. 

METHODS Of PERIOPERATIVE PAIN RELIEf 

Postoperative pain can be reduced by preoperative 
counselling, peroperative measures and postoperative 
analgesia. Counselling involves letting the patient know 
in advance what to expect after the operation in terms of 
wounds, intravenous lines, catheters and so on. The 
patient should also be told the likely extent of pain, the 
plans for pain relief and the degree of mobility he or she 
might expect after operation. During operation, a great 
deal can be achieved by usi ng pre-emptive ana lgesia. 
This involves a variety of methods to eosure that pain 
does not become established after operation. It indudes 
long-acting analgesic drugs given intra venously, local 
anaesthetic infiltration into the wound edges at the end 
of the operation with long-acting bupivacaine, regional 
nerve blocks (e.g. intercostal nerves for upper abdominal 
surgery), epidural analgesia using morphine and local 
anaesthetic agents during and after abdominal and pelvic 
surgery, and non-steroidal analgesic agents given before 
the patient awakes by mea ns of suppository or intra
muscu lar injection. With non-steroidal agents, care must 
be taken not to give them to patients with known allergy 
to aspirin or other NSAIDs, a history of severe asthma or 
angioedema, bleeding disorders, renal impairment, 
hypovolaemia or pregnancy. Mild asthma is not a contra
indication. It is also unwise to use these drugs in operations 
that carry a high risk of haemorrhage, e.g. major arterial 
surgery. Commonly us(.-'d ornl and parenteral analgesic 
drugs are listed in Box 49.1. Postoperative analgesia is 
discussed in the next two sections. 

MINOR AND INTERMEDIATE SURGERY 

Patients vary greatly in their tolerance of p.1.in and their 
need for analgesics. For minor and intermediate surgery, 
pre-emptive techniques described above usually mean 
that simple analgesic tablets are sufficient. However, the 
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KEY POINTS 

Box 49.1 Postope rative analgesics and their 
indications (approximat e ascending order of 
analgesic strength) 
Mild-to-moderate pain: 

• Paracetamol 
• Compounds of paracetamol and codeine, e.g. co

(odamol 

• Aspirin 

Moderate pain: 

• Paracetamol plus dextropropoxyphene 
(co-proxamol) 

• Codeine or dihydrocodeine 

Moderate-ta-severe pain : 

• Non-steroidal anti-inflammatory drugs as t ablets or 
suppositories, e.g. ibuprofen, indomethacin 

• Non-steroidal anti-inflammatory drugs by 
intramuscular injection, e.g. diclofenac 

• Morphine slow-release tablets 
• Pethidine (usually intramuscular) 
• Morphine, diamorphine or papaveretum (pat ient

controlled, pump-controlled intravenous or rarely 
intramuscular) 

amount of analgesia must be tailored to the individual 
need. Anxiety, exha ustion and sleep deprivation may 
greatly reduce pain tolerance; these should be considered 
in any patient who fails to respond to a reasonable 
amount of analgesia. 

MAJOR SURGERY AND TRAUMA 

Many hospitals now provide an acute pa in service, usually 
run by a spt.ocialist nurse and one or more anaesthetists. 
This te,lm can plan an analgesic strategy for individual 
patients and ensure it is carried out with at least twice-
daily ward visits. The team also St'rves an import'lnt 
educational function, making sure clinicians and nurses 
are pain-relief awa re ,1S well as helping to deal with 
indi vidua l problems as they ariS('. 

For mapr abdominal and many perineal operations 
ep idural ana lgesia using drugs such as bupivacaine and 
morphine C,ln be invaluable. A single dose can be given 
to provide <Ul.1csthesia for the operation, e.g. transurethral 
prostatectomy, and can provide S('veral hours of complete 
postoperative analgesia. For more extensive surgery, e.g. 
abdominal aortic aneurysm grafting, an epidural cannula 
Gill be left in silu to allow 'lopping-up' for prolonged 
postoperative analgesia. 11l(~ p.1licnts need to be carefully 
observed for signs of toxicity or sevcre hypotension and 
respiratory depression, usually in a high-dependency 

Common postoperative problems-diagnosis and management 

unit. Note th,1t moderate hypotension is an indic.1lion of 
a sat isfactory block caused by sympathetic blockadc. 

For major surgery and trauma where epidural analgesia 
is inappropriate, the dose of analgesic needs to be sufficient 
to eliminate the pain without dangerous side effects, and 
the drug needs to be given frequently enough to maintain 
continuous pain relief. The old practice of writing up 
intermittent intramuscular opiates 'at 4-hourly intervals, 
as required' has been recognised as inadequate and 
ineffective for relieving p<lin associated with major surgery. 
Given the enormous variation in analgesic requirements, 
standard regimens of this type are too inflexible and 
usually inadequate. Much more effective pain control can 
be achieved by using a con tin uous low-dose in fus ion of 
op iates, with the dose varied according to need with a 
programmable infusion pump. An even better alternative 
is to allow patients to give themselves small intravenous 
increments of opiates as soon as they are needed using a 
pat ient-controlled analgesia (rcA) device. This allows 
presetting of the incremental dose (often 1 mg of morphine), 
with lockout to prevent it being given too frequently, as 
well as control of the total dose given. Continuous effective 
pain relief is thus eaSily achleved and, paradoxically, the 
total dose of drug used is often less than with intemliUent 
injections. Furthermore, this technique causes minimal 
sedation and respiratory depression while maintaining 
excellent continuous analgesia, although it can cause 
opiate-induced nausea. 

EXCESSIVE POSTOPERATIVE PAIN 

If the pain is not controlled by what appears to be an 
adequate dose and frequency of analgesia, complications 
should be suspected . 

• The dose should be reviewed in relation to the 
expected severity of pain and the weight of the 
patient. 

• Loca l postoperative complications should be 
considered. Wound pain may be caused by pressure 
from a haema toma. In limb trauma, bleeding into a 
fascial compartment must be diagnosed before 
ischaemia ensues ('compartment syndrome'). Wound 
p.lin increasing after the first 48 hours may be caused 
by infection. The wound will be unusually tender 
even before f(,>dness and induration develop. There is 
usually a pyrexia. Other complications to consider 
with lower limb p.1in include deep vein thrombosis 
and acute ischaemia. Lastly, major comorbid 
conditions may be the cause of pain, for example 
myocardial ischaemia, or a fractured neck of femur 
may follow a fall from a bed. 

Major comp lications in the area of the operation may 
need to be considered. After an abdominal operation, 
excessive pain may be c,lused by intra-abdominal 
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complications. These include haemorrhage, anastomotic 
leakage, biliary leakage, abscess (onnation, gaseous 
distension due to ileus or air swallowing, urinary retention 
and bowel ischaemia. Constipation may also cause late 
postoperative p.1in. These complications are all described 
in Chapter 47. 

As a general rule, serious complications cause deterio
ration in the p.1tient's general condition, whereas the 
patient remains well with less serious complications such 
as urinary retention or constipation. 

PYREXIA 

Fever is a common postoperative observation which is 
not always caused by infection. Nonetheless, a search 
shou ld always be made for a focus of infection. The 
common ones are superfi cial or deep wound infection, 
chest infection (pneumonia), urinary tract infection and 
infect ion of an intravenous cannula sile. If there is a 
central venous line, infect ion of this should always be 
suspected in a p.1tient with unexplained pyrexia. Unfor
tunately, this can only be properly diagnosed by removing 
the line and culturing the tip for organisms. Blood culture; 
are often positive but do not reveal the source of infection. 
Patients usua lly recover spontaneously once the ca nnub 
is removed. 

Unrelated infect ions such as viral upper respiratory 
trael infections are easi ly overlooked. Malaria should be 
considered in a recent immigrant or traveller from an 
endemic area. 

Common non-infective causes of pyrexia include 
transfus ion reactions, wound haematomas, deep venous 
thrombosis and pulmonary emboli sm. Pyrexia is some
times the only sign of an idiosyncratic or allergic drug 
reaction . O ther rarc causes of pyrexia include thyrotoxic 
crisis, phaeochromocytoma and malignant hyperpyrexia 
following general anaesthesia. 

TACHYCARDIA 

Tachycardia may s imply indicate pain or anxi ety but it 
is also a feature of infeelion, circulatory disturbances 
and thyrotoxicosis. Mild tachycardia may be a sign of 
incipient hypovolaemic shock as a result of haemor
rhage or dehydration. It may also herald cardiac fa ilure 
which, if missed, may progress to a life-threatening 
complication. Tachycard ia may be a sign of recent onset 
atrial fibrillati on or nutler; this is confirmed by electro
card iography, and may indicate the patient has suffered 
a myocardial infarction. In postoperative bowel surgery 
patients, this change is often a sign of anastomotic leak
age, presumably mediated by cytokines released as a 
result of the leakage. 

COUGH. SHORTNESS OF BREATH AND 
TACHYPNOEA 

These symptoms are often associated with an overt 
respiratory problem such as acute bronchopneumonia, 
aspiration of gastri c contents, lobar collapse, pneumo
thorax or an exacerb.1tion of a pre-existing chron ic lung 
disorder. Clinical exam ination and chest X-ray will 
rapidly diagnose most of them. 

Shortness of breath and rapid shallow breathing are a 
fea ture of alveolar collapse (atelectasis) which may not be 
detected by clinical examination or chest X-ray. Atelectasis 
usua lly responds to chest physiotherapy. Abdominal 
distens ion may also cause rapid shallow breathing by 
inhibi ting diaphragmatic movement. Shortness of breath 
and tachypnoea may be early featu res of cardiac failure 
or nuid overload but there are usua lly other cl ues such 
as tachycardia and bas.al crepita tions. 

A sudden onset of shortness of breath and tachypnoea 
may indicate pulmonary embolism, and this must be 
recognised, invest igated and treated vigorously. Acute 
respi ratory distress syndrome may occur in chest trauma, 
acu te pancrea titis or systemic sepsis and should be 
anticipated in these patients. Finally, re;piratory symptoms 
may be due to hyperventil ation induced by pain, anxiety 
or hysterical reaction to stress. 

CDLLAPSE OR RAPID DETERIORATION 

The junior doctor on call is commonly asked to deal with 
a patient who has 'collapsed' or 'gone off' in a non
specific way. To make matters. more difficult, the pa tient 
is oft en under the care of another surgical team and is 
not well known to the emergency doctor. An urgent 
diagnosis must be made. The more serious genera l 
possibili ties arc summarised in Box 49.2. 

In practice, thc problem is tackled in the following 
order, which usually leads to a logical diagnosis: 

• Brief history of the collapse and postoperative course 
to date 

• Rapid clinical appra is.11, i.e. general appearance and 
changes in temperature, pulse, blood pressure and 
respiratory ratc. Uri nary ou tput and flu id balance 
review 

• Review of: 
Reason for admission and preoperative state 
Othcr pre-existi ng comorbid conditions 
The nature and extent of operation, including any 
pmticu lar operative problems 
Extent of perioperative blood and other fluid losses 
(induding Sl.'questration in the gut) 
Adequacy of fluid replacement 
Drug Iherapy-what drugs have been prescribed? 
I-lave importan t drugs been given or omitted? 



KEY POINTS 

Box 49.2 Importa nt causes of postoperative 
collapse or rapid dete rioration 
Card iovascular 

• Myocardial infarction 
• Other cause of rapid deterioration of cardiac 

function, e.g. sudden arrhythmia or fluid overload 

• Pulmonary embolism 
• Stroke (may be without obvious limb paralysis) 

Respiratory 
• Failure to reverse anaesthesia adequately (early) 

• Drug induced respiratory depression 
• Hypoxia due to a respiratory disorder or respiratory 

depressant drugs 

'Surgical' and infective 

• Hypovolaemic shock from acute blood loss or sudden 
dewmpensation in unrecognised hypovolaemia 

• Bowel strangulation or obstruction 
• Systemic sepsis (often caused by anastomotic leakage) 
• Severe local infection, e.g. chest or operation site 

Metabolic 
• Electrolyte disturbances, e.g. hyponatraemia 

• Hypoglycaemia or hyperglycaemia associated with 
diabetes 

• Adrenal insuHiciency, e.g. adrenal suppression by 
steroids 

Drug eHects 

• Drug reactions, e.g. anaphylaxis 

• Detailed physical exami rwti on 
• Spt'(ial tests as suggested by clinical findings, e.g. 

ECC, chest X-ray, serum electrolyte estimation, full 
blood count 

NAUSEA AND VOMITING 

IMMEDIATE POSTOPERATIVE PERIOD 

• Vigorous handling of the p.ltient in moving around 
the operat ing department and in the recovery room 
may stimulate vestibular input causing motion 
sickness 

• Oropharyngeal stimulation-NG tube, ea rly 
postoperative aspiration of secretions 

• Ilypoxia 
• I'ypotension 
• Pain 
• Anxiety, higher eNS function with regard to the 

operative event 

Common postoperative problems-diagnosis and management 

DRUGS 

Nausea and vomiting are common postoperative problems. 
The usual causes are sid e effects from drugs used for 
premedication, general anaest hesia and postoperative 
analgesia. The major culprits are opiates. Anti-emetics 
such as prochlorperazine or metoclopramide are usually 
given with opiates and arc prescribed 'as requin.·d' for 
the ea rly postoperative period. Na usea and someti mes 
vomiting later in the postoperative period may also be 
caused by drugs. The worst offenders are the antibacterial 
agents erythromycin and metronidazole, and digoxin 
overd osage (which should be anticipated in the elderly 
and in chronic renal failure). 

BOWEL OBSTRUOION (S(..-'C Chapter 47) 

Serious or sustained vomiting -'8 hours or more after 
operation is usually caused by failure of nonnal perist.llsis 
of stomach, small bowel or large bowel. This may be 
caused either by mechanical obstruction or by adynamic 
bowel . Acu te gastric dila tation, an adynamic problem, 
may follow any abdominal operation and any patient 
who vomits should be examined for a 'succussion splash'. 
If present, immediate nasogastric intubation is necessary; 
2 or more lilres of fluid may 1U.'Cd to be aspirated which 
might otherwise be vomited and inhaled. Aspiration of 
gastric contents can cause mild aspiration pneumonia, 
severe aspiration pneumonia (Mendelson's syndrome); if 
massive aspiration occu rs, it can effectively drown the 
patient causing sudden death. O ther adynamic bowel 
problems may be a response to local factors (e.g. bowel 
handling, a bowel-wall haematoma or a collection of pus 
in contact with bowel) or to systemic abnormalities, 
particularly hypoka laemia. Adynamic large bowel 
(pseudo-obstruction) sometimes occurs in a debilitated 
patient with a severe non-abdominal illness, such as 
fractured neck of femur. Finally, faeca l impaction is a 
common problem in the elderly or immobile p.ltient. It 
may cause vomiting from what amounts to physical 
obstruct ion plus adynamic bowel. 

Mechanical obstruct ion , usually of small bowel, may 
follow any abdominal operation. Early obstruction due 
to fibrinous adhesions occurs within 4 days of operation 
and may respond to conservative treatment but often 
requires a further operation. 

SYSTEMIC DISORDERS 

Electrolyte disturbances, ur.lemia, hypercalcaemia and 
other systemic disorders may cause vomiting because of 
their central effects. Centmlly mediated vomiting also 
occurs in ra ised intracr.l nia l pressure. This must be con-
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sidercd following head injuries, neurosurgical operations 
or in patients with cerebral met,lstases. 

HAEMATEMESIS 

Elderly postoperative p.1tients sometimes produce a 
small qU<l1ltity of 'coffee ground ' vomit which is positive 
for blood Oil 'stick' testing. 1llis rightly causes concern to 
nurses but rnrely indicates a mCljor haematemesis. It 
probably results from trivial bll"tc>ding from mi ld, stress
related gClstritis or reflux ot.'Sophagitis. No special treat
ment is usuCllly rcquin:;.'(1 but the patient should be closely 
observed for signs of internnl bleeding, and mucos.l1 
proh.>cli ve Clgents such as sucrn lfate given. 

Occasion<llly, a m<ljor upper gastrointestinal haemor
rhage occurs in the postoperntive patient. If there has 
been forceful vomiting, a M<lllory-Weiss oesophageal 
tear lll<ly be the cauSC'. Major bleeding may also arise 
from exacerbation of a peptic ulcer or even oc>sophageal 
varices. Seriously ill p<ltients and the victims of burns 
and heCld injuries are susceptible to acute stress 
ulcera tion, which may cause c,ltastrophic gastrointestinal 
haemorrhage (see Ch. 14). 

DISORDERS OF BOWEL FUNCTION 

The main bowel function disorders which develop in the 
postoper<ltivc period arc constipation, diarrhoea, adynam:c 
bowel problems and intestinal obstruction. 

CONSTIPATION 

ConstipCllion is common and becomes apparent several 
days <lfter operation. 11 usually represents a failure to re
establish normal bowel function. The cause'S include 
restriction of oral fluids and fibre, difficulty or reluctance 
in using a bed p<lll, slow recovery of normal peristaisls 
Clnd generClI t<lck of mobility. Anal pain is a powerful 
disincentive to defecation following surgery for anal 
conditions. Constipation causes great distress, especially 
in the elderly. 11 should be anticipatl>d and prevented if 
possible by prescribing bulk·forming agents (e.g. methyl
cellulose or isp.lghllia husk prepmations), osmotic laxatives 
(e.g. IClctulose) or lu brica nt laxati ves (e.g. liquid p.:1raffin). 
Irrit<lnt IClxatives and bowel sti mul'lI1ts can be used if 
there is stili no progress. 

For colonic surgery, large-bowel cleansing procedures 
(enemas, osmotic laxatives nnd restriction of solid foods) 
are usu<llly carried out beforehand to prevent solid faec<ll 
matter disrupting the anastomosis. Bowel cie<lnsing also 
reduces the risk of f<lcca l con tamination during operation. 
Impacted (<lcces m<ly result in overflow incont in ence 
which must not be con fused with diarrhoea from other 

causes. Thus any p.1tient with abnormal bowel function 
must undergo rectal examination. 

DIARRHOEA 

Transient diarrhoea fre<juently follows abdominal oper
ations, and should be regarded as normal following bowel 
resections or operations to relieve intestinal obstruction. 

Diarrhoea may also complicate antibiot ic therapy. 
Several days nfter the onset of treatment, loose, frequent 
stools arc passl..>d, probably as a result of bactcri,11 or 
fungal overgrowth. Less commonly, antibiotic-associa ted 
diarrhoea mny develop, nnd even become life-threiltcning. 
These are chnracterised by severe and persistent diilrrhoca, 
sometimes cont<lining blood (see Ch. 47). 

After su rgery of the abdominal aortil, blood-stained 
dinrrhoen mny sometimes occur several dilYs post
operatively. This may indicClte large-bowel ischaemia 
due to surgica l interference with its blood supply. This is 
a dangerous com plica tion and requires urgent surgical 
exploration. 

POOR URINE OUTPUT 

RETENTION OF URINE 

Abnormally low urinary output or complete failure to 
pass urine is n frequent postoperative problem. The most 
common cause is urinary retention, which usually occurs 
in males. lt is re<ldily diagnosed if there is n p.:1 lpable 
su pr<lpubic m<lSS which is dull to percussion. Retention 
can readily be confirmed by ultrasound examinntion or 
more invClsivcly by p<lssing <I urin<lry c<ltheter. 

BLOCKED CATHETER 

If the patient is alrendy c,llheterised, the catheter may 
have become blocked. The c,llheter can be checked for 
pntency using a bladder syringe and flushed or replaced 
as necesSMy. 

DIMINISHED URINE PRODUCTION 

Poor urine ou tput commonly results from poor renClI 
perfusion due to hypote ns ion during the operation or 
hypovolaemia caused by inCldequate fluid replacement. 
If untreated, this may progress to Clcute renal fClilure. 

If hypovolaemia is suspected, then an intravenous 
fluid challenge of 250 ml of dextrose or dextrose-saline 
should be given over 15 minutes or so, while monitoring 
urine output. If the patient is hypotensive, the cause 
(cnrdiac failure or hypovolaemia, for example) must be 
ident ified nnd trCClted as soon as possible. If oliguria 
persists or worsens, then a urinary catheter should be 



Fig. 49.1 Urine burette and bladder syringe 
(a) A urine burette is attached to a urinary cathe ter when urme 
output must be measured accurately and when volumes may be 
small (b) Bladder synnge used to flush urinary catheters '>Uspected of 
blockage with debris. The nozzle IS specially shaped to fit the end of a 
Foley catheter Note that full stenle pre<autlOns must be employed to 
reduce the risk of urinary mfe<11OO 

inserted to ensure that the bladder is emptying and to 
measure hourly urine output. If urine output is still poor, 
a cent ral venous li ne should be placed for monitoring of 
CVP. If CVP is satisfactory, many patients will respond to 
a small intravenous dose of a loop diuretic, e.g. 40 mg of 
frusemide. If these simple measures fail to improve urine 
outpu t, then acute renal failure must be suspected. 

L.1Stiy, bilateral ureteric obstruction should be con
sidered . This is extremely rare as a cause of postoperative 
low urine output. It can be diagnosed by renal ul tra· 
sound which will usually reveal bilateral hydronephrosis. 

Common postoperative p roblems-d iagnosis and management 

CHANGES IN MENTAL STATE 

Marked mental changes may occur in the early post
operative period and are most common in the elderly. 
These changes are often loosely called 'confus ion'. 
Common phenomena include clouding of consciousness, 
perceptual disturba nces, incoherent speech and agitation 
or destnlCtive behaviour, such as pu lling out cannulas or 
catheters. Other features are loss of orientation, apathy 
and stupor, and stereotyped movements such as plucking 
at the bedclothes. 

ELDERLY PATIENTS 

The elderly are vul nerable to dementia or cerebrovascular 
insufficiency. There may thus be little tolerance of systemic 
insults which tip the b.llance against cerebral equilibrium. 

Factors which pred ispose to postoperative mental 
changes in the elderly include: 

• Disorientation brought about by rapid changes of 
environment (from ward to operating theatre and on 
to ITU, for example) 

• Dehyd ration 
• Hyponatraemia 
• Hypoxia (from pneumonia or card iac fa ilure, fo r 

exa mple) 
• Infection (cs]X'Cially of the urinary tract) 
• Drugs (part icularly opiall'S and hypnotics) 
• Uraemia 
• Hypoglycilemia 

In addition, pain, anxiety and sleep deprivation may 
precipi tate confusion. 

OTHER CAUSES OF MENTAL CHANGE 

Marked alterations in behaviour in younger patients 
may indica te alcohol withdrawill or craving for dnlgs 
such as cocaine or heroin. The history has usuall y been 
concealed at the time of adm ission. Patients with a recent 
his tory of head inju ry may behave abnormally if hypoxic 
or if intra-cerebral bleeding develops. 

JAUNDICE 

GENERAL CAUSES 

Jaundice may develop several days postoperatively in a 
p.:1tient with no history of biliary d isease. In these p,ltients, 
the calise is usually a prehepatic or hepatic disorder. 
Ca uses of prehepatic jaund ice include la rge blood trans
fusions, absorption of large haematomas or exacerbation 663 
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of a haemolytic disorder such as thalassaemia or sickle-cell 
Ir.l it (exacerb,\tcd by postoperative hypoxia, dehydration 
or hypothermia). 

Hepat ic causes arc less common. They incl ude 
cholcslasis (caused by in fection near Ihe liver or drug 
idiosyncrasy), hepatitis and liver cell toxicity from d rug 
idiosyncrasy and visceral ischaemia caused by shock. 

CAUSES RELATED TO BILIARY OR LIVER SURGERY 

Patients subjected to biliary tract or liver su rgery may 
become ~lundiced after operation. The most li kely ca use 
is obstruct ion of the extrahep..l tic bile ducts due to retained 
stone, unrecognised surgical trau ma or inadvertent duct 
ligat ion. Ot her causes include infection such as ascending 
cholangit is, and systemic absorption of an intra-abdominal 
collection of bi le (biliary peri tonitis). 
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INTRODUCTION 

Most problems of fluid , ek>ctrolyle. acid- b.1.5e manage
ment are re lat ively slr.l ightforward and can be worked 
oul with reasoning and common sense. Problems are 
minimisc-d if high-risk p.,tients arC' assessed properly 
before operation and their cardiovascular status and fluid 
b.,1ance is closely moniton..'(t before and after operation. 
Plasma lIre.l, electrolytcs and haeffiatocrit should be 
checked at least once a day in p<,tients undergoing major 
surgery or receiving intravenous fluids, and at least once 
after proopcr<ltive bowel preparation before oper<ltion . 

Recogni~ing pre-existing malnutrition and prevcnting 
postoperative malnutrition arc important <lspects of 
inp<ltient management. Simpll' scoring systems help 
with the forme r and awareness of the problem allows 
action to be taken to prevent the latter in the form of 
enteral or parentcraln utrilion. 

Severely ill patients wilh abdominal infection and 
fi stulae are likely to suffer l11<ljor problems of fluid 
balance and nutrition . These are increasingly managed 
with the help of expcriena..-d anaesthetists in intensive 
care or high-dependency units, where monitoring and 
therapy can be rigorously managed. Patients wilh 
extensive burns are at partirular risk of hypovolaemia 
and require early and vigorolls fluid replacement before 
transfer to a specialist bums unit. 

NORMAL FLUID AND ELECTROLYTE 
HOMEOSTASIS 

An average adult norma lly loses between 2.5 and 3 lilTeS 
of fluid in 24 hours. About 1 litre is lost insensibly from 
skin and lungs, 100 ml are lost in the faeces and the 
remaining 1300-1800 ml are passed as urine (about 
60 ml / hour). Fluid mainl y enters the body by oral intake 
of both fluid s and food but "bout 200 ml of water is 

produced as a by·product of metabolism. Aboul 100-
150 Illmol of sod ium ions ,1nd 5O-H)() mmol of potassium 
ions are lost each day in the urine and this is balanced by 
normal dietary intake (S(.'(' Table 50.1). 

When a patient is deprived of all ora l intake-as 
occurs in the perioperative period or in coma-isotonic 
electrolyte solutions of different types are given intra
venously as a replacement. 

WATER AND SODIUM 

In an uncom plicat<.-d patient, the daily water and sodium 
requirements can be given as 2.5-3 litres of a standard 

Table 50.1 Summary - normal daily fluid and 
electrolyte input and output 

NORMAL DAILY INTAKE 

Water 
Diet 2300ml 
Metabolism 200 ml 

Sodium 
Ole\ 150 mmoVday 
(range 50-300 mmol) 

Potassium 
Diet 100 mmoVday 
(range 50 200 mmol) 

NORMAL DAilY OUTPUT 

Unne 1400 ml (mlillmum 
obligatory volume", 4000 mil 
51:1n loss 500 ml {obligatory 
diffusion and vaporisatIOn} 
Note· SwedtJng in pyrexia ora high 
amblfflllemperalUfe can cause 
severalilfres extra /oss each day 
lung loss 500 ml (obligatory) 
Fae<:allms 100 mf 

Stool 5 mmoVday 
51:.In transpiration 5 mmoVday (In 
the absence of S1Neatlng) 
Unne 140 mmoVday (can fall dcmn 
\0 15 mmoVday if reqUIred) 

Stool 10 mmoVday (obligatory) 
Sl:. ln < 5 mmoVday 
Urine 85 mmoVday (rarely falls 
below 60 mmoVday) 
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dextrose-saline solution containing 4% dextrose an:t 
0.18% sodium chloride (Note: this has only one-fifth the 
s..1 1t content of 'normal ', i.e. physiological saline). This 
fluid regimen is often, however, prescribed automatically 
without considering the special requirements of indivi
dual patients. For this reason, its general use should be 
discouraged except when an intravenous infusion is 
required for only a day or two and there are no special 
fluid or electrolyte problems. 

For most p.lticnts, the daily water and sodium require
ments <lre best met by usi ng appropriate quantities of 
norm al sa lin e solution (0.9% sodium chloride) and 5% 
dextrose (glucose) solution. Normal saline contains 
154 mmol of sodi um ions per litre. 750-1000ml will thus 
satisfy the daily sod ium requirement of uncomplica ted 
patienls. The addition"l water requirement is made up 
with 2-2.5 litres of 5% glucose (Box SO.l). The small 
<lmoullt of glucose present contributes little to nutrition 
but renders the solution isotonic. This prescription is 
<lltered for patients with electrolyte abnormalities by 
varying the volume of normal saline given. 

POTASSIUM 

6..1sic pot.lssium requirements are met by infusing 
60-80 mmol of potaSSium ch loride in divided doses over 
each 24-hour period. Premixed intravenous fluids are 
gener<l lly <lv"ilable with 20 mmol of potassium chloride 
per 500 ml container. If premixed containers are not 
aV<lilable, potassium chloride can be added to intra-

SUMMARY 

Box 50.1 Sample daily intravenous fluid regimens 
as a substitute for oral intake in uncomplicated 
cases 
Prescription (1 ) for 24 hours (each bag to be given over 
4 hours): 
500 ml 0.9% sodium chloride + 20 mmol KCI 
500 ml 5% dextrose 
500 ml 5% dextrose + 20 mmol KCI 
500 ml 5% dextrose 

500 ml 5% dextrose + 20 mmol KCI 
500 ml 5% dextrose 

Prescript ion (2) for 24 hours (each bag to be given over 
4 hours): 

500 ml dextrose-saline (i.e. 4% dextrose + 1.8% NaCI) + 
20 mmol KCI 
500 ml dextrose-saline 
500 ml dextrose-saline + 20 mmol KCI 
500 ml dextrose-saline 
500 ml dextrose-saline + 20 mmol KCI 
500 ml dextrose-saline 

venous solu tions but care must be taken to ensure 
thorough mixing. Concentra tions of potassium chloride 
gre<lter than 40 mmol in 500 ml should be avoided for 
general use, and bolus injections of KCI must m:ver be 
given because rapid increases in plasma potassium cause 
c<lrd iac arrest. 

Nole th<l t added potassium is not usually required in 
the immediate postoperative period because potassium 
is rele<lsed from damaged cells and raises the plasma 
pot<lssium concentration. 

LIMITS OF COMPENSATORY MECHANISMS 

The kidneys are normally "ble to maintain fluid and 
electrolyte homeostasis in spite of large variations of 
fluid int<lke from hour to hour and day to day. The S<lme 
<llso <lppHes to fluid and electrolytes given intravenously. 
Note lh<lt the kidneys' compensating capacity is reduced 
by renal parenchymal disease and by chronic renal 
insufficiency. 

The total blood volume in an adult male is about 
6 Htres of which about 55-60% is water (about 3.5 1i1reS). 

Fa lls in blood volu me which are not too rapid or 
extensive C.1 11 be compens.l ted by fluid movement from 
the extracellular compartment. This compartment has a 
volume of more than 10 Htres. A deficit of more than 
3 litres in whole body fluid volu me cannot be sustained 
and intravascular volume inevitably becomes depleted. 
TIlis is reflectLxI in compens.l tory cardiovascular changes. 
V<lsoconstriction causes cold peripheries and this is an 
important warning sign of hypovolaemia and more 
reliable than early tachycardia, p<lrticularly in children . 
In itially, there is a mild tachyca rd ia but when the overall 
fluid deficit reaches about 3 litres, the pulse r<lte becomes 
very rapid and hypotension develops. Note that patients 
on beta-adrenergic blocking drugs or with cardiac 
conduction defects may not be able to increase the heart 
rate and will therefore decompensate earlier. With 4 or 
more litres of fluid deficit, the limit of cardiovascular 
compens.ltion is reached and the patient develops hypo
volaemic shock (see eh. 2). Note that fit young men 
<lre able to susta in normal vital s igns for longer than other 
p.ltients but when they do decompensate, they do so 
abruptly. 

In neonates, children, the elderly and the- chronically 
ill, cardiovascula r compens.ltion capacity is greatly reduced. 
A relatively small fluid and electrolyte imbal<lnce mOly 
cause life-threatening complica tions. 

PROBLEMS OF FLUID AND 
ELECTROLYTE DEPLETION 

Su rgica l patients may suffer l<lrge losses of fluid and 
electrolytes <1S a result of dise<lsc, trauma, burns, surgic<ll 
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operations or surgical complications. These causes are 
su mmarised in Box 50.2. In addition, many surgical 
p<,tients arc deliberately deprived of oral intake during 
the pcriopcmtivc period. 

LOSS OF WHOLE BLOOD OR PLASMA 

Rapid and copious blood loss in traumatic injury or 
opcriltive surgery initially affects the intravascular com
partment. Rapid loss of only 1 litre may cause hypo
tension or even hYJXlvolaemic shock. When haemorrhage 
is less f"pid, there is time for the extracellular comp,ni
men! to replace the loss. Thus grealer volumes can be 
lost before the cardiovflsculilr system becomes compro
mised. The 10s1 blood volume, though compensated for 
by extracellular fluid shifl, is still a loss to the system and 
must be restored either physiologicillly or by transfusion. 
If blood loss has ccased, the need for transfusion is based 
on the volume lost and 011 the previous haemoglobin 
concentrat ion. Furthermore, the possibility of further 
blood loss must be anticip.-lted by ensuring good venous 
access and obtaining ba nk blood. Acute blood loss of 
SOO-l000ml is usually treated by transfusing plasma 
substitutes sllch as ge latin solu tions. These remain 
longer in the circulat ion than crystalloids but there is 
deb.lte about whether these are better than crystalloids 
for treating acute surgical blood loss. La rger volume 
losses ideally requi re whole blood but unfortunately 
whole blood for transfusion is becoming an increasingly 
rare commodity and packed cells plus plasma volume 
equivCllent should be given. Slow chronic blood loss does 
not lead 10 fluid balance problems but may cause 
symptoms and signs of {l11{lcmia. 

Plilsmil loss from severe burns should be anticipilted 
by using a standard formula based on the area burnt to 
guide plasma replacement (see burns, Ch. 8). Infusion 
requirements can be seriously underestimated unless an 
accepted formula or ,\ suitable alternative system is used. 

Fluid, electrolyte, add-base and nutritional management 

KEY POINTS 
Box SO,2 Sources of excess fluid loss in surgical 
patients 
Blood loss-traumatic or surgical 
Plasma loss- burns 
Gastrointestinal fluid loss-vomiting, nasogastric 
aspiration, sequestration in obstructed or adynamic 
bowel, loss through a fistula or an ileostomy, diarrhoea 
Inflammatory exudate into the peritoneal cavity
generalised peritonitis or acute pancreatitis 
Sepsis syndrome (septicaemia}-massive peripheral 
vasodilatation and third space losses due to increased 
capillary permeability causing relative hypovolaemia 
Abnormal insensible loss-fever, excess sweating or 
hyperventilation 

GASTROINTESTINAL FLUID LOSS 

Between 5 and 9 litres of electrolyte-rich fluid is nonnally 
secreted into the upper gastrointestinal tract each day as 
saliva, gastric juice, bile, pancreatic fluid and succus 
entericus (sec Table 50.2). Most of the fluid is reabsorbed 
lower in the intestine. 

l..'lrge volumes of wa ter and electrolytes may be lost 
from the body by vomit ing. nasogastric aspiration, diar· 
rhoea, sequestration in obstructed or adyna mic bowel or 
drainage via (I fistula or an ileostomy. If there is wide
spre(ld inflamma tion of the bowel as in gastroenteritis 
or ulceriltive colitis, inflamm{l tory exudate may gre(l tly 
increase Ihe fluid lost as diarrhoea. Cholera can cause the 
loss of up to 10 litres of electrolyte-rich fluid in one day. 

Abnormal fluid losses must be measured or estim(lted 
as acctlriltely as possiblc. This enables intravenous replace· 
ment to be an licip"tcd and the consequences of fluid and 
eleclrolyte depletion prevented. From Table 50.2, it can 
be seen that vomitus and nasogastric aspirate usually 
contain aboul120lllmol of sodium ions per litre ilnd up 

Table 50.2 Oaily gastrointestinal secretions and electrolyte composition 

SECRETION VOLUME No' K' (I' HCOl' 
(l ) (mmollL) (mmoIlL) (mmolll) (mmolll) 

SalIVa 1- 1.5 '0-80 10-20 ,"-40 20-160 

GastriC JUice 1-2.5 20-100 5-10 120-160 nil 

Bile up to 1 150-250 5-10 40-60 ,0-60 

PaTlCreatlc Juice H "0 5-10 10-60 80-120 

Succuss enlerkus ,., 140 5 variable variable 
(ITlCfeases up to 

40 In Inflammatory 
diarrhoea) 

5 
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to 10 mmol pot.lssium ions per litre. Inflammatory diar
rhoea con tains a slightly lower concentration of sodium 
ions, but more than 40 mmol of potassium ions per litn'. 
As a general rule, gastrointestinal fluid losses shou ld be 
replaced by an l'<Juivalcnt volume of normal s.,line, with 
potassium chloride .ldded as n(>C('SSary. In intestinil l 
obstruction or adynamic ileus, fluid sequestrated in the 
bowel is replaced in a simi lar Ill.lnner, although vol ume 
requirements Ci"tn not be measured accur.1tdy and have to 
be estim.lted, aided by observation of urine output and 
blCHXI pressuf'C and, if necess.-lry, central venous pressure. 
Fistulile and overactive ileostomies cause chronic loss of 
fluid which is high in chloride and bicarbonate. 

INTRA-ABDOMINAL LOSS Of INfLAMMATORY fLUID 

Severe inlra-alxiominill inflammation, as in peritonitis or 
acute pancreatitis, may cauS(' several litrcs of fluid, rich 
in plasma proteins and electrolytes, to be lost into the 
peritoneal c.wity. There is ,lIsa an important element of 
'th ird -space loss' in systemic inflammatory response 
sy ndrome (SIRS) likely to occur in these conditions, i. t". 
fluid leached into the eXlr.1-cellular or interstitial space. 
This is best replaced during resuscitation, as well .1S can 
be esti mated, by a combination of plasma substitutes 
and physiological s.l line. 

SYSTEMIC SEPSIS (SIRS AND MULTIPLE ORGAN 
DYSFUNCTION SYNDROME) 

Systemic sepsis is associated with widespread endo
thelial damage <lnd a large increase in capill<lry per
meability mcdi<lted by a range of cytokines and other 
circu lating substa nces. The result is extensive loss of 
protein ilnd electrolyte-rich fluid from the circulation 
into the extracellular space, which, combined with alms 
of peripheral resi!.tance, results in carrliovascul.1f collapse 
<lnd shock. This fluid deficiency should be replaced wi th 
a combination of plasma substitutes and physiological 
s.lli nc in the S.1Jlle way as for fluid loss into the peritoneal 
cavity. 

The I"CI.luircd fluid volume is difficult to estimate and 
replacement is usually gi\'en so as to m.lintain cardio-

vascular st,lbility (pulse rate and blood pressure) and 
urinary ou tput (at least 0.5 ml / kg body weight / hour), 
whilst ilvoidi ng fluid overload and cardiac failure. In the 
severely ill p.ltient, in whom the volu me requirements 
are particularly difficult to judge, a centr.11 venous 
prc:.sllre line (and perhaps a Swa nn-C.lIlz catheter in 
cardiac failure ) make treatment safer and marc precise. 
These patients are best managed in high-dependency or 
intensive care units. 

ABNORMAL INSENSIBLE fLUID LOSS 

Abnormnl insensible fluid loss ca n greatly increase 
overall fluid loss, particul<lrly in the seriously ill patient. 
Insensible losses must be included in the fluid bCll<lnce 
equntion, c!.pecially if losses <Ire sustClined for morc than 
<I short period. Pyrexi.1 increases insensible loss by 
<lpproximately 200'r for each degree Celsius rise in body 
tcmper<ltuf'C, l1lninly in the form of ex haled water vapour. 
A pyrexia of 38S C for 3 days would therefore cause <In 
cxtrn litre of fluid loss. Sweating causes loss of sodium
rich fluid which c.ln be easily overlooked in patients 
with fCVl'r and when the ambient wa rd temperature rises 
in su mmer. The elderly are particularly vulnerable when 
denied oml fluids before operation. 

PREVENTING ACUTE RENAL FAILURE 

Maintilining fluid balance in surgica l patients depends 
on anticipating problems before they cause harm and 
put the patient ilt risk of acute renal failure. This is a 
serious complication with a high mortality in surgical 
p<ltients. Prevention involves observing changes in pulse 
fate, bloOl,.i pressure ilnd hourly mine output in patients 
at risk, tllc<l suring fluid IOSSl>s to guide replacement ilnd 
~'Ckin~ clinic.11 signs of fluid imb<llance (both dehydration 
and overload). Regular estimations of plasllla urea and 
electrolytes should be m<lde. 

In patients with cardiac failure or shock, monitoring 
and treatmcnt is best carried out in an intensive care or 
high-dependency unit, using invasive monitoring to help 
dctennine the required volume of fluid replacement. 

PHYSIOLOGICAL CHANGES IN FLUIDS AND ELECTROLYTES IN 
RESPONSE TO SURGERY AND TRAUMA 

The stn;.'S..'>CS of trauma or surgery cause a rise in the level 
of circulating ca techolamin es. Stress also stimuliltes the 
hypothal<lmo-pitui tnry-ndrenal axis, which increaSl'S 
secretion of cortiso l and aldos terone. These hormones 
promote ren;"!1 conservntion of sod ium and water and.l 

reduction in both urine volume and urine sodium 
concent riltion. 

Several factors con tribute to a fall in renal perfusion. 
These include haemorrhage, loss of oedema fluid into a 
site of trauma or operation, third-space losses and card ia· 



vascu lar re5lX1ns€S to anaesthesia. Abdominal aortic surgery 
may grea tly alter the dynamics of renal artery flow, wh ile 
raised intra-abdominal pressure <e.g. in gross bowel dis
tension) disturbs renal blood flow by collapsing renal 
veins. A fall in renal perfusion activates the renin
angiotensin-a ldosterone mechanism to sustain the blood 
prl..'SSure. This also promotes reabsorption of sodium and 
water from the renal tubules and, by way of exchange, 
more potassium and hydrogen ions are lost in the urine. 
Postoperative urine output thus falls by several hundred 
millilitres per day, and the urine is low in sodium 
(less than 40 mmol /L), high in potassium (grea ter than 
100 mmol/U and acidic. 

Water conservation is further enhanced by s tress
mediated AD H secretion from the posterior pituit<lry 
(neurohypophysis). NOTln;l lly, ADH release is mediated 
only by a rise in plasma osmolality, i.e. an elevated 
plasma sodium concentmtion. 

At the site of trauma or operation, a volume of fluid is 
effectively though temporarily removed from the circu· 
lation in the fonn of inflammatory oedema (isotonic 
third-sp.,ce losses). The displaced volume is compens.,ted 
fo r by fluid retained as a result of the hormonal changes 
described above. More potilssium is releilsed by damaged 
tissues than the excess lost by exchange via the kidney. 
Thus, the postoperative plasma potassium level tends 
to rise in the first day or two. This is particularly tnlt'! 
if stored blood has been transfused as this rele,lse5 
potassium from elderly red cells. For these reasons, 
potassium supplements are not usually needed fo r the 
fi rs t few days after operation provided the preoperati ve 
plasma potassium level is normal and potassium-losing 
diuretics are not being prescribed . 

COMMON FLUID AND elECTROLYTE 
PROBLEMS 

INTERMEDIATE ELECTIVE AND STRAIGHTFORWARD 
EMERGENCY OPERATIONS 

Most operations fall into this category. The majority of 
patients are in fluid and electrolyte equilibrium before 
operation although some have problems caused by 
diuretic therapy (for cardiac failure, hypertens ion or 
chronic renill failure). For these patients, plasma urea 
a nd electrolytes should be checked before operation. 
Loop and thiazide diuTC'tics may cause hypoka laemia 
whilst potassium-spari ng diuretics such as spironolactone 
may cause hyperkalaem ia. If serious abnormalities art! 
found, operation must be postponed until the problem is 
corrected . Hypokalaemia C,ln usually be treated by oral 
pot.lssium supplements or by adding a potassium· 
sparing diuretic. Hyperkalaemia is usually corrected by 
substituting a loop or th iazide diuretic. 

Fluid, e lectrolyte, add-base and nutritionat management 

Mild renal dy~function (plasma urea up to about 
IS mmol/ L and creatinine up to about 170mmol / L) is 
not usually a contraindication to su rgery. These patients 
tend to be mildly dehydrated, however, and oral (]uid 
intake should be strongly encouraged. 

M anagem ent 

For elective surgery, the patient is often kept 'nil by 
mouth' for 6-12 hours before operation and will take 
very little or"l fluid fo r up to 6 hours after operation. A 
fluid deficit of 1000-1 500 ml is therefore common . There 
is a trend , however, towards encouraging clear fluids by 
lllouth up to 3 hOUTS before operation. Mild nuid deficits 
ca n usually be accommodatt:.>d and are quickly made up 
once the patient is drinking normally. Intravenous fluids 
are therefore not required for most uncomplicated minor 
operations in adults. For "",tients with mild renal fai lure, 
nn infus ion should be sct up at the outset of the 'nil by 
mouth' perioo to prevent the dire consequences of acute
on-chronic renal failure. Most anaesthelists place an intra
venous cannula for any opera tion involving general or 
regional anaesthesia to ensure venous access; this can be 
removed as soon as the patien t is drinking satisfactorily. 
OccaSionally, and despite the lise of anti-emetics, patients 
vomit after opera tion and intravenous fluids should be 
employed if vomi ting is prolonged. 

Children and especia lly infants and neonates are 
much more vulnerable to fluid deprivation because of 
their small totallxxly fluid volume and disproportionate 
insensible IOSSC'S. Even relatively minor oper,l tions ca n 
cause dehydration and int ravenous fluids may be 
n('cess.,ry, with the rate and volume calculated according 
to lxxIy weight and measured blood loss. 

As a mil', the sooner the body can assume control 
over its own fluid and electrolyte homeostasis the better. 
Intravenous fluid s should be discontinued as soon as 
normal oral intake has been resumed and urine out put is 
s"l tisfactory. 

MAJOR OPERATIONS 

Major operations, e5pt.:.'Ciall y those involving bowel. pose 
particular problems of flu id management whether the 
operation is elective or ,m emergency. The princi pal 
reasons are: 

• Patients are often elderly and are likely to have a 
diminished ca rdiovascular reserve and m<ly have pre
existing fluid and electrolyte abnormalities 

• Preoperative vomiting. restricted fluid intake (a nd 
bowel prepa ration with osmotically active 
preparations such as magnesiu m sulphate or 
mannitol) may result in dehydration and electrolyte 
abnormalities 66~ 
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• Blood loss during and after operation may be large 
• Opcr.ltions may take S('veral hours with consequent 

insensible losst.'S from the open wound 
• Third-sp<lce 10Sst.'S of 500- 1000 ml can occur after 

ma jor surgery or trauma as a result of the systemic 
hormonal responses to trauma 

• The recovery period when oral intake is nil or 
~tricted may be long---several days following 
uncomplicated bowel su rgery (e.g. hemicolectomy or 
gastrectomy) and longer after peri tonitis (e.g. 
perforated diverticulitis or an anastomotic leak) 

Careful preoperative and postoperati ve assessment of 
patients havi ng major surgery is essential so that problems 
COlO be recognised enrly. This should include clinical 
examination (or evidence of dehydration (dry mouth and 
loss of normal skin turgor) or overhydration (dev,lted 
jugular venous pressure or cardiac failure). Plasma Urc.l 
and electrolytes, creil tininc nnd full blood count should 
be measured. An eleva ted ureil concentration with little 
elevil tion of creiltinine is chilracteristic of dehydm lion. An 
ilbnorma lly high haemoglobin conccntmtion (providing 
polycythaem ia is not present) also ind icates dehydration, 
especia lly if it was normal beforehand. 

Management 

If the patient is dehydr.l ted, has sign ificant electrolyte 
abnormal ities or has been vomiting, an intravenous 
infusion is set up to resuscitate and s tabilise the patient 
before operation. Dehyd r,l tion should normally be 
corrected with normal s.,line. Blood loss from trauma or 
gilstrointesti n<1 1 bleeding is replaced with whole blood 
(or packed cells plus plasma substitute) although plasm<1 
subst itutes can be used in an emergency as n holding 
measu re. 

Fl uid m<1nilgcmellt during the operation is the 
responsibility of the nnaesthetist. An isotonic electrolyte 
infusion such as llartmann's solu tion is usua lly set up at 
the ou tset, often followed by a plasma substitute such as 
a gelntin solution. If operative blood loss exceeds about 
IDOOm l or 20'11 of blood volume, blood is usually givefl 
to make up the loss. If the blood loss is less than 1000 ml, 
the risks of transfusion usually outweigh the benefit. The 
exception is p<,t ients who were anaemic before operation 
(haemoglobin concentration less than about 109/dll. 
Chi ldren and infa nts Me less tolerant of blood loss and 
transfusion wou ld normally be begun a t about 10% loss 
of blood volume. 

A flu id regimen is planned for the 24 hours following 
operat ion tilking into account the sources of fluid loss 
described earlier. For exam ple, a further 500 1111 blood loss 
mily be expected from the drain after total hip replace
ment. [n genernl, only 3 litres of intravenous fluids arc 
required in the first 24 hours. It is safer to err on the side 
of underhydmtion rather than overhyd ration, especially 

if there is a risk of exacerba ting cardiac failure with fluid 
overlo.1d . For major surgery, a llrinary catheter allows accu
rate monitoring of urine output and avoids the common 
com plica tion of postoperative acute urinary retention. 

Intravenous fluids are con tinued after operation until 
bowel fu nction has returned and fre<' oml fluids resumed. 
The basic regimens shown in Box SO.l ea rlier is usually 
satisfuctory. In the meantime, plasma urea and electrolytes 
shou ld be checked daily. Potassium supplements may 
not be needed until the third postoperative day, depending 
on the blood results. 

ABNORMALITIES OF PLASMA SODIUM 
CONCENTRATION 

[,1i1 sma sod ium abnormnlities arc usually d iscovered 
incidentally on 'routine' measurement of electroly tes. 

Hyponatraemia 

A measured low plasma sodium may be real or spurious. 
Spurious results commonly arise when blood is taken 
from an arm receiving an intravenous infusion; less 
commonly, falS(' laboratory results can occur if there is 
lipaemia resulting from parenteral nutri tion. If in doubt, 
the test should be repe.lted with appropriate precautions. 

[n hyponatraemia (excepl in severe hyperglycaem ia 
or infusion of mannitol), the plasma becomes hypoton ic. 
This cauSt..'S cellular overhydmtion which in S('vere C.1SCS 

results in cerebral oedema. Mild hyponatraemia is 
symptomless but when the plasma sodium falls below 
abou t 120 mmol/L, pat ients often become confused. 
Convulsions and coma occur when sod ium concen
tmtions fall below about 110 mmo1!L. If hyponatraemi., 
is confirmed biochem ica lly, the next step is to clin ically 
assess the slate of hyd ration (i.e. the extra-cellu lar fluid 
volume) nnd th is will gu ide therapy. 

There <Ire three possibilities: 

• Water deficit with a larger sodium deficit (cl inicnl 
signs-dry mouth, poor skin turgor, poor urine 
output, high urine osmolality): sodiu m insufficiency 
is usually due to diuretic therapy, vomiting, diarrhoea 
or ot her excessive losses of lxxIy fluids with 
inadequate replacement. Trentment involves 
rehydration with appropria te sodium-containing 
intravenous fluids 

• Sodium excess w ith a larger water excess (clinical 
signs-weight ga in, ankle swelli ng. raised jugular 
venous pressure): this usually results from organ 
dysfunction. COl rdiac failure is the most common 
cauS(', followed by renal, li ver and respiratory failure. 
Overhyd rntion is compounded by excessive 
intravenous fluid administril tion. Management is 
based primOlrily on treating the organ failure, e.g. 
diuretics for cardiilc failllTe 



• Wate r excess: this is uncommon and is usually due to 
inapprop riate antidiuretic hormonc (ADH) 
sccret ion. This is rilre on il surgicill ward except for 
TUR syndrome in which excess fluid is absorbed 
during transurethr<ll resectioll of the prostate. It C.lll 
also occur following he<ld injury or neurosurgery, or 
may occur in pneumonia, empyem<l, lung absct'Ss or 
o.,t-cell carcinoma of the lung. Excess ADH increases 
water reabsorption by the renal tubules independently 
of sodium. The result is water overload and dilutional 
hyponatraemi.l. Inappropriate ADH secretion is the 
likely diagnosis if the urine osmolality is found to be 
high and the plasma osmolality low. Ilyponatraemia 
caused by inappropriate ADII secretion is managed 
by restricting fluid illtnkc. 

Hypernatraemia 

This is an uncommon problem and in the surgical 
patient is usually iatrogenic. The usuill cause is either 
excess administra tion of sodium via intravenous fluids, 
or inildcquate water rep1ilccmcnt. Hypernatraemia b 
more likely to occur after opcriltion bccilUse increased 
aldosterone secretion cau!>cs sodium to be conserved by 
the kidney. Very rilrely, hypernatraemia is caused by 
Co nn's syndrome (prilllilry hyperaldosteronism). 

Treiltment involv('S encour<lging the patient to drink 
more water, or infusing fluids with a low sodium content. 

ABNORMALITIES OF PLASMA POTASSIUM 
CONCENTRATION 

Plasma potassium ilbnormalities, like abnormalities of 
sodium, are often d~coven.>d incidentally. A cause can 
usuillly be found <lnd tr(,<ltment is straightforwtlrd 
Acid-bilse abnormalitiL'S (see below) can hilve a pro
found effect on plasma pot<lssiulll concentration but the 
lilUer is likely to correct ~pontaneously as the acid-b<lse 
problem is tre-ated. 

Hypokalaemia 

In the preoperative p"tient, hypokalaemiil usually T'L'Sults 
from poor dietary intake, diuretic therilpy, chronic diar· 
rhoea, losses from a malfunctioning ileostomy or rarely, 
exccss mucus secrelion from a rectal villous adenoma. 
I~arcly, hypokalaemi<l may be caused by p rimary hype r· 
a ldosteronism (Conn's syndrome). 

Postoperatively, hypokalaemia is usually cauSC(\ by 
inildcquate potassium supplementation in intravenou.'o 
infusions. The lack of intake is compounded by 
increased urinary losst..>s from stress~induced. secondary 
hypera ldosteronism. 

Hypokalaemia causes skeletal muscle weakness and 
reduccs gastrointestinal motility, with paralytic ileus in 

Fluid, electrolyte, acid-base and nutritional management 

extreme cases. When severe, there is also a risk of sudden 
cardi,lc ilrrhythmias or even ca rdiac arrest. Hypokalaemia 
can usuillly be corrected with oral pot,lssiulll supple
ments (effervescent or s low~releas(> l<lblets). For patients 
on intrilvenous fluids, potassium supplements Me added 
<IS appropriate. The infusion rate should not generillly 
exceed 15-20 mmol per hour, but lilTger quantities may be 
T('(Juired following oper.ltions involving cardiopulmonary 
bypass. 

Hyperkalaemia 

This is less common in surgic'll patients than hypo
kal,lemia. In the prcopcriltive patient, it is most com
monly caused by chronic renal fililure or high doses of 
ACE inhibiting drugs or potassium-sparing diuretics. 
Occasionally, non-steroidal anti-inflammatory drugs ca use 
hypcrkalaemia. I~ost operative hyperkalaemia is usually 
iatrogenic, caused by excessive intravenous potassium 
administration, although it may be ilssociated with acute 
renal failure or large transfusions of old stored blood. 

Ilypcrkalaemia is asymptomatic in the early Stilg('!> 
but there is a high risk of sudden death from asystole 
when the plasma potassium concentration reaches about 
7.0mmol/L. Potassium concentration at this level is a 
medical emergency especiillly if there are typical ECC 
changes (i.e. peaked T-waves) ilnd it should be treated 
initially by intravenous infusion of insulin and glucose. 
This callses il shift of pota~ium from the extracellular 
to the intracellular fluid compartment. Lesser degrees of 
hyperk.ll'lemia may be treated with cation exchange resins 
(e.g. calcium resonium) given orillly or rectally. Severe 
renal failure may require haemofiltration treatment. 

ACID-BASE DISTURBANCES 

Major acid- base abnonnalities arc rare in uncomplicated 
surgical patients and usually ilrise in seriously ill patients 
being Illilnaged in an intensive care unit. 

METABOLIC ACIDOSIS 

Metabolic acidosis usually follows an episode of severe 
tissue hypoxia TL'Sulting from hypovolaemic shock, 
myocardial infarction or systemic sepsis. The most com
mon cause is inadequate tisslle oxygenation It!<lding to 
accumulation of lactic ilcid. In surgical patients in the 
intensive Cilre unit, the onset of metabolic acidosis is 
often an indicator of seriolls intra-ilbdominal problems 
such as an anastomotic leak. Metabolic acidosis is also 
seen in acute renal failure and uncontrolled diabetic 
ketoacidosis. Clinically, the patient has rapid, deep res
pirations (a respiratory compcnS<ltory mechanism). Arterial 
blood gas estimiltions show the characteristic picture of 
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raiS(.xI hydrogen ion concentration and low standard 
bicarbonate with a low arterial PCO~. Plasma potassium 
concentra tion is elevaled because of a shift from the intra
c(,] lular comp<lrtrnen t 10 the extra-<:ellular compartment. 

Tre.llmenl is directed at the underlying cause. 
Bicarbonate infu!;ion was formerly considered appro
priate in severe caS<.'S but this docs not address the 
underlying causc. 

RESPIRATORY ACIDOSIS 

This results from carbon dioxide retention in respiratory 
failure. The usual causes arc underlying chronic respir
[ltory disease made worse by postoperative chest 
complications or prolongL>d respiratory depression due 
to sedil tive, hypnotic or narcotic drugs. Plasma hydrogen 
ion concentr.ltions [lnd PC02 ilre elevated but standard 
bicarbonate is normal. Treatment is directed at the 
underlying cause and to providing assisted ventilation . 

METABOLIC ALKALOSIS 

Metabolic alka\O!;b is usually caused by severe and 
repeated vomiting or prolonged nasogastric aspiration 

for intestinal obstruction. 11lC latlcr classically occurs in 
pyloric stenosis with gross loss of gastric acid. The 
p<,tient becomes severely dehydrated and depleted of 
sodium ilnd chloride ions; tllc condition is thus known 
as hypochlorae mic alkalosis or chloride-sensitive 
alkalosis. The kidney aUempts to compensate by 
conserving hydrogen ions but this occurs at the expense 
of potassium iOlls lost into the urine. Patients become 
hypokalaemic not only from excess urinary loss but also 
because potassium shifts into the cells in response to the 
alkalosis. Treatmen t of hypochloracmic alkalosis involves 
rehydration with normill saline infusion with potassium 
supplements; large volumes up to 10 litres are oiten 
required. Rena l excretion of bicarbonate ions eventually 
corrects thc alka losis. 

RESPIRATORY ALKALOSIS 

This OCClirs when c.ulxm dioxide is lost via cxcessivc 
pulmonary v('ntilil tion. The usu.l l cause in surgic..11 practice 
is prolonged mechanical ventilation during genera l anaes
thesia or in the intensive C.1TC unit without adequate 
monitoring. 

NUTRITIONAL MANAGEMENT IN THE SURGICAL PATIENT 

ESSENTIAL PRINCIPLES 

Most surgica l patients have no special nutritional 
requirements and e<1sily withstand the short period of 
sta rvation associ<ltcd wi th their illness and operation. A 
few patien ts ntX'd nutritional support which can range in 
complexity upwMds from cilsily prepared oral diets (e.g. 
liquidised normal food), throuSh specia lised tyJX'S of 
entera l nutrition (nvai lable in a variety of proprietllry 
formulations) to tot.11 parenteral nul.rition (TPN) for 
patients unable to absorb nutrients from the gastro
intestinal tract. 

RECOGNITION OF THE PATIENT AT RISK 

Malnutrition is com mon in surgica l patients and is often 
unrecognised. Thc problem is complicated by the fact 
th<11 many major su rgical operations are required 
urgently and that correction of recognised malnutrition 
is difficult, p<,rticularly if the patient is unable or 
unwilling to cat because of anorexia or nausea or the 
intestinal tract cannot be used for mechanical reasons 
such as obstruction. Thus there is a fine balance between 
the need to get on with the operation and the need to 
optimise the p<1tient's nutritional sta te. Even if it is 
impracticable to improve nutrition before operation, the 

problem shou ld be recognised. Attention can then be 
given to the problem in the postoperative period so as 
not to extend thc JX!riod of starvation and malnutrition, 
and thereby contribute to improved healing and resistance 
to infection ;mel other complications. 

A variety of simple scoring systems have been 
developed to assess a patient's nutritional state and 
these arc becoming regularly employed in enlightened 
units. These systems look at how far an individual varies 
from the normal in several aspects, for example: body 
weight, body mass index, appetite, ability to eat, intestina l 
function, medic.11 condition/treatment. Weight loss alone 
of 4.5 kg in the 6 months before surgery is associated 
with a 20-fold increase in mortality. There may be a 
nutritional support te.1Il1 that can be called upon for 
assistance. A typical tea m consists of four members with 
overlapping rcsponsibili ty-dinicia n, dietician, nurse and 
pharmacist. 

I'rotcin-c!lergy malnutrition can be recognised by 
assessing dietary intake, genera l cellular or muscular 
dysfunction (e.g. grip strength) or body composition 
(weight loss, plasma albumin concentration, lymphocyte 
count, skin fold thickness or muscle circumference). Low 
plasma albumin concentrations (less th.1n 35 g/L> nrc 
associated with as-fold incre.lse in complications, and 
critica lly ill p<lticnts, with a lO-fold increase in death. 



When both plasma albumin and total lymphocyte count 
are low, there is a 2o-fold increase in deaths. 

ENTERAL FEEDING AND DIETARY SUPPLEMENTS 

Enterill feeding is much cheaper than p.uenteral nutrition 
and is intrinsically safer. Enteral feeding ca n also provide 
nutrition directly to the bowel mUcos.l if appropriate 
formulations containing glutamine are employed. If 
norlna l food can be given in some suitable form, this 
is preferable to a proprietary enteral diet; p.lrenteral 
nutrition should be reserved for conditions where it is 
specifically indica ted. For example, new enteral diets 
have been designed to help treat individual diseases and 
support specific organ systems. Certain patients (who 
Me not receiving full ell tefill or parenteral feeding) may 
benefit from vitamin supplements; these indude fobc 
acid il nd thiamine supplements for alcoholics and vitamin 
K injections fo r patients receiving prolonged antibiotiC 
therapy where disturb..lnce of normal gut flor,l may 
imp..l ir intestinal absorption of vitamin K. 

Box SO.3 summarises the range of nutritional regimens 
and their main surgica l indications. 

COMPLETE FLUID DIETS 

Complete fluid diets wefC developed after research into 
the special requirements of manned space travel. Th~e 
are mostly based on hydrolysed casei n with certain 
additives and haV(' proved valuable for nutritional 
support of patients unable to take nutrition by mouth 
but with an otherwise inlact gut. Apart from their 
genera! nutritive role, entCTelI feeding appears to protect 
the integrity and function of the intestinal mUCOStl by 
direct nutrition of enterocy tes. This helps to prevent 
systemic inflammatory response syndrome cau sed by 
microbial invasion across the intestinal wall (translocation) 
in seriously ill patients. 

Elemental feeding is required much less common ly 
and is indicated in p..ltients with seriously impaired 
intt.'Stinal absorptive fu nction, e.g. after massive small 
bowel resection. 

If the patient is able to ea t, fluid diets can be given 
orally, either as the sole means of nulrilion or as dietary 
supplements, usually with advice from a dietician. Even 
if the patient is unable to swa llow (for example, because 
of bulb,1T palsy, unconsciousness or facial fractures), 
complete enteral nutrition can be delivered by means of 
a fine-boT(' nasogastric tube. These tubes cause minimal 
nUis.lnce to the patient and can be left in place for long 
periods. A fluid diet is planned and formulated for the 
individual and is delivered at a controlled rate using a 
pump, often overnight. Fine-bore tubes can also be 
placed percutaneously into the stomach or jejunum, 

Fluid, electrolyte. acid-base and nutritional management 

SUMMARY 

Box 50.3 5pecial mQthods of nutrition and their 
indications 
1. Selective diets for specific indications, e.g. diabetic, 

low-protein (renal and liver failure). low-fat 
(gallstones), high-fibre (constipation, diverticular 
disease) or weight reducing (obesity) 

2. Liquidised normal diet- for patients with partial 
oesophageal obstruction (e.g. stricture, tumour or 
oesophageal intubation for cancer) or teeth wired 
together for fractured mandible or gross obesity 

3. High-protein, high'ca lorie dietary supplements-for 
chronically malnourished patients capable of a 
normal diet or debilitated convalescent patients 

4. Complete fluid diet, e.g. lactose-free isotonic diets 
containing a full range of nutritional requirements 
often including fibre . These can be administered 
orally via a fine-bone nasogastric tube or via a fine
bore gastrostomy or jejunostomy tube-for 
nutritional support of patients unable to eat or 
drink such as the unconscious, ventilated and 
seriously ill patient in intensive care or patients 
unwilling to take adequate nutrition following 
major surgery or trauma 

5. Elemental feeds, i.e. mixture of amino acids, glucose 
and triglycerides requiring no digestion and minimal 
absorptive capacity (usually given by fine-bore 
tube)-for patients with minimal remaining bowel 
after massive resection or in the early stages of an 
exclusion diet for (rohn's disease 

6. Total parenteral nutrition (TPN), i.e. comprehenSive 
intravenous nutrition- for patients with prolonged 
ileus or a very proximal fistula 

either "t operation or with endoscopic help. Fine-bore 
gastrostomies are often employed in patients after 
slroke. The usual technique nowadays is a percutaneous 
endoscopic gastrostomy (PEG) in which a combination 
of gastroscopy and percutaneous placement is used . For 
jejunostomy placement, devices are available which allow 
Ihe lube to be tunnelled submuros.l11y for a distance 
before entering the lumen to minimise the risk of leak.1ge. 
These tubes can be plact.'CI und er direct vision after, for 
exa mple, total gastrectomy, or laparoscopically. Nutrition 
is deli vered in ,,11 of these as for fine-bore NG tubes. 

TOTAL PARENTERAL NUTRITION (TPN) 

TP formulations princip'l11y contain " mixhl f(' of 
glucose, amino acids, lipids, minerals "nd vitamins. The 
osmolality is usually high so that administration via a 
dedicated central venous line is required, although 67 
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formula lions for peripheral administration are available. 
The usu,ll aim is to provide sufficienl nilrogen and 
energy to oirset the cat.lbolic demands of surgery and/or 
tmum.l ,1nd their complications. In calculating require
menls, nitrogen intake is matched to estimah.od nitrogen 
losse, ,lIld this. is complemented by providing non· 
nitrogenous !;oUI"Ce5 of energy in the fonn of glucose and 
lipids which have a protein-sparing effect and minimiS(' 
the consumption of protein as energy. 

The nitrogen requirements can be calcul<lted by 
measuring urinary nitrogen los." as urea or else <l standard 
formula can be cmploy<.'(1. For example, b..,sic daily adult 
requirements are 100 g protein (in the form of amino 
.. cids) and 3SO S glucose and 50 g lipid to provide energy. 
Standard supplements of vitamins and minerals arc 
usually incorporated in the mix. 

Exce~ive nutrit ion Ciln be a problem. Hypcrglycaemia 
can be corn.'Ctlod with modl .... t doses of insulin but in the 
longer term, disturbances of liver function may reflect 
intmhep..ltic cholestasis caused by fatty infiltration (tests 
show clc-vaIL>d plasm .. alk.lline phosphatase and ga mma 
glu taryltran.,fcra:;e). 

Part.'ntcra l nutrition is reserved for patients in whom 
the ga.'>trointcsti nal tract is not functional or is in· 
accessible and who are m.llnourished or who are likely 
to bt.--romi.' malnourished . These may include: 

• P~toperati\'c1y (enteral fet.."'ding for more than 5 days 
m.1Y be contraindic.ltcd) 

• Short bowel syndrome 
• GaSlrointcstinill fistulae 
• Prolongt.'I,."I p..lr,llytic ileus 
• Acute p;lncreatitis 
• Multiple injuries involving viscera 
• Major !'iCp.'>is 
• Severe burns 
• lnflal1lll1:1tory bowel dist!"se 

Patients n?Cclvmg p.,renleral nutrition require close 
monitoring. This should include: 

• Fluid b.llancc ond wcight-daily 
• Temperature-twice daily 
• Line entry site--daily 
• Every 8 hours-blood glucose (finger-prick sticks) 
• Daily-plasma Uf'Ca, clcctrolyti.'S and creatinine 
• Alternate d.lys-liwr function tests 
• Weekly-plasma /inc, magnesium ond phosphote-

Parenteral nutrition is costly in materi;1 ls and in staff 
time Olnd is prone to complications; it should be con· 
tinued for as short a time- as possible . 

Complications of parenteral nutrition 

These include: 

Catheter problems 
• Problems associa ted with placement of the centra l 

venous catheter e.g. trauma to great arteries or veins, 
pneumothorax 

• Infection of the centra l vcnous catheter-a common 
cause of fever and tachycardia which is likely to 
progn.'SS to systemic inflammatory response syndrome 

• Blodt.lgC or leak.lge of Ciltheler 
• Cent rill venous thrombosis 

Metabolic problems 
• IlypophosphOlI.lcmi.l (P04 < 0.5 mmol / L) 
• Hypernat raemia (Nil> 150 mmol/L) 
• Hyponatr.lemia (Na < 130 mmol / L) 
• I lypcrglycaemia 
• Overnutrition (.'>ee earlier) 
• Lung-term-fatty degeneration of the liver 
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