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Preface to 27th Edition

When Hamilton Bailey and McNeil Love published the first
edition of their venerated textbook in 1932 the surgical world
was a very different place to that of today. There were no anti-
biotics, no joint replacement, no open heart surgery, no trans-
plantation and many other procedures that we now take for
granted had simply not been invented. Medicine as a whole
and surgery in particular never stands still. Surgeons contin-
ually strive to innovate so that they can tackle conditions
and diseases previously thought to be beyond reach. They
do this against a background of new discoveries in both the
physical and biological sciences. Such breakthroughs make
some surgical procedures redundant but others stimulate new
approaches. This is seen in all specialties and consequently
it is important for textbooks not only to keep pace with new
developments but also to ensure that a balanced view is taken
of their place in the therapeutic armamentarium. In develop-
ing the 27th edition of this much-loved textbook, we have
striven to keep this in the forefront of our minds and those
of our contributors. Nevertheless, in addition to considering
the place of innovation, it is important not to ‘throw the baby
out with the bathwater’. We have therefore ensured that the
basic tenets of surgical practice that have stood the test of
time remain where appropriate.

Since the last edition great strides have been made in
certain areas and we have ensured that these have been
embedded in the book. For instance, in colorectal surgery a
tipping point has been reached whereby more elective sur-
gery is performed laparoscopically than by open technique.
Similarly, in vascular surgery there has been an explosion in
the use of interventional radiology to treat conditions that
were previously the sole province of the surgeon. Stenting of
aortic aneurysms (EVAR), for instance, is rapidly replacing
elective open operations and, in many instances, is being used
for treating leaking aneurysms, with a concomitant marked
reduction in mortality. Damage control surgery is an increas-
ingly important part of trauma management, in both civilian
and conflict settings. Such developments also highlight the
important role of the multidisciplinary team and the reali-
sation that modern surgical care can no longer be provided
in isolation. This concept is reiterated throughout the book
and is also why the importance of human factors is empha-
sised in the chapter on patient safety, which is a relatively
new science of how humans behave physically and psycho-
logically in relation to particular environments. There is no
more intense environment than an operating theatre, so how

a surgical team interacts is crucial to the outcome for a patient
undergoing a surgical procedure. This also applies, of course,
outside the operating theatre because multidisciplinary work-
ing is now paramount to the delivery of safe and effective
patient care. There is no doubt that in recent years regulation
of medical practice has become tighter. Whereas in certain
jurisdictions some may feel that this has become stifling, there
is no doubt that regulation is here to stay. Needless to say, we
should all be aware of our responsibilities to patients, both
morally and ethically, and, although most need no remind-
ing, the law is continually changing as test cases are brought
before the courts. Hence, we draw the attention of the reader
to the revamped chapter on ethics and the law, the tenets of
which we must all abide by.

Throughout the text, we have also endeavoured to point
out where we and our authors think the specialty is moving.
Exciting developments are on the horizon. For instance,
genome sequencing will have a marked effect on how we
practise in certain specialties, none more so than oncology.
Robotics is likely to improve many more surgical procedures
and tissue engineering will become more commonplace. In
order to accommodate these advances, it has been necessary
to streamline some of the more established chapters, other-
wise the book would become unwieldy. As a consequence, we
have ensured that the ‘Further reading’ list at the end of each
chapter has been brought up to date, allowing readers to delve
further if they so wish.

We are very conscious that the book is popular through-
out the world and consequently we have ensured that those
diseases that are prevalent outside Europe and North America
are included. Where relevant we have involved experts who
are used to dealing with such maladies. The chapter on
tropical infections and infestations is such an example.

We have also endeavoured in this edition to be more
consistent in its layout, ensuring that we use a similar format
for tables, graphs and diagrams. Nevertheless, we have been
sure to keep the biographical details of individual scientists
and practitioners, which have been beloved of all readers
throughout the generations. Similarly, we have retained the
section on surgical instruments. Although some are now very
much of historical interest, they are part of our heritage and
students and indeed established practitioners will, we hope,
find these vignettes fascinating. We have been told that the
Summary boxes are very much appreciated by both under-
graduate and postgraduate students revising, sometimes in



haste, before exams and hence our authors have ensured that
these are up to date.

A book as comprehensive as this could never have been
completed without the dedication and professionalism of our
contributors. They have invariably answered our demands
with alacrity and accuracy, appreciating the responsibility
that goes with informing the readership of such a respected
and established textbook. We are extremely grateful for all
their efforts because we are conscious that a textbook such as
this can never rest on its laurels. If it is to remain in the higher
echelons of surgical tomes it must have the very best contrib-
utors and we believe that we have brought together such a
cadre in the present edition. This in no way diminishes the
contributions of the authors from the previous edition who
are no longer involved. They, for a variety of reasons including
retirement, have passed on the baton. We are grateful to them
for magnanimously stepping down and making way for ‘new
blood’ and none more so than our previous co-editor Professor
Christopher Bulstrode. Chris helped revamp the 23rd, 24th,
25th and 26th Editions and these would never have been as
successful without his dedicated efforts. Chris’s place in the
editorial team has been taken by Andrew McCaskie who has

Preface to 27th Edition

streamlined the trauma and orthopaedic sections as well as
overseeing other chapters.

Readers of Bailey & Love have always been an integral part
of the development of the book over the years and the pres-
ent editorial group relish your feedback, which we know from
experience will be forthcoming. Such input is vital if the book
is to continue to reach the very high standards expected from
each new edition. This has been a labour of love for all of us
involved in this edition and we do hope it fulfils your needs,
no matter whether you are an undergraduate student explor-
ing the exciting world of surgical practice for the first time,
a postgraduate trainee studying for exams or an established
consultant who wishes to refresh his or her memory.

We wish you all well in your careers no matter which
specialty you choose to practise in and we very much hope
that the 27th and indeed subsequent editions of Bailey & Love
accompany you on your travels through this most rewarding
of professions.

Norman S. Williams
P. Ronan O’Connell
Andrew W. McCaskie
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Sayings of the great

Both Hamilton Bailey and McNeill Love, when medical stu-
dents, served as clerks to Sir Robert Hutchinson, 1871-1960,
who was Consulting Physician to the London Hospital and
President of the Royal College of Physicians. They never tired
of quoting his ‘medical litany’, which is appropriate for all
clinicians and, perhaps especially, for those who are surgically
minded.

From inability to leave well alone;

From too much zeal for what is new and contempt for
what is old;

From putting knowledge before wisdom, science before
art, cleverness before common sense;

From treating patients as cases; and

From making the cure of a disease more grievous than
its endurance,

Good Lord, deliver us.
To which may be added:

The patient is the centre of the medical universe around
which all our works revolve and towards which all our
efforts trend.
J.B. Murphy, 18571916, Professor of Surgery,
Northwestern University, Chicago, IL, USA

To study the phenomenon of disease without books is

to sail an uncharted sea, while to study books without
patients is not to go to sea at all.

Sir William Osler, 1849-1919,

Professor of Medicine, Oxford, UK

A knowledge of healthy and diseased actions is not less
necessary to be understood than the principles of other
sciences. By and acquaintance with principles we learn
the cause of disease. Without this knowledge a man
cannot be a surgeon. ... The last part of surgery, namely
operations, is a reflection on the healing art; it is a tacit
acknowledgement of the insufficiency of surgery. It is
like an armed savage who attempts to get that by force
which a civilised man would by stratagem.
John Hunter, 1728-1793, Surgeon,
St George’s Hospital, London, UK

Investigating Nature you will do well to bear ever in
mind that in every question there is the truth, whatever
our notions may be. This seems perhaps a very simple
consideration; yet it is strange how often it seems to be
disregarded. If we had nothing but pecuniary rewards
and worldly honours to look to, our profession would
not be one to be desired. But in its practice you will
find it to be attended with peculiar privileges; second
to none in intense interest and pure pleasures. It is our
proud office to tend the fleshy tabernacle of the immor-
tal spirit, and our path, if rightly followed, will be guided
by unfettered truth and love unfeigned. In the pursuit
of this noble and holy calling [ wish you all God-speed.
Promoter’s address, Graduation in Medicine,
University of Edinburgh, August, 1876, by Lord Lister,
the Founder of Modern Surgery

Surgery has undergone many great transformations

during the past fifty years, and many are to be thanked

for their contributions — yet when we think of how

many remain to be made, it should rather stimulate our
inventiveness than fuel our vanity.

Sir Percival Pott, 1714-88, Surgeon,

St Bartholomew’s Hospital, London, UK

If you cannot make a diagnosis at least make a decision!
Sir Harry Platt, 1897-1986,

Professor of Orthopaedics, Manchester, and

President of the Royal College of Surgeons England,

London, UK

If the surgeon cuts a vessel and knows the name of that

vessel, the situation is serious; if the anaesthetist knows
the name of that vessel, the situation is irretrievable.

Maldwyn Morgan 1938-

Anaesthetist, Hammersmith Hospital, London, UK
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Metabolic response to injury
https://t.me/MedicalBooksStore

Learning objectives

To understand:

e Classical concepts of homeostasis

e Mediators of the metabolic response to injury

e Physiological and biochemical changes that occur
during injury and recovery

e Changes in body composition that accompany
surgical injury

e Avoidable factors that compound the metabolic
response toinjury

e Concepts behind optimal perioperative care

BASIC CONCEPTSIN
HOMEOSTASIS

In the eighteenth and nineteenth centuries, a series of
eminent scientists laid the foundations of our understand-
ing of homeostasis and the response to injury. The classical
concepts of homeostasis and the response to injury are:

e ‘The stability of the “milieu intérieur” is the primary con-
dition for freedom and independence of existence’ (Claude
Bernard); i.e. body systems act to maintain internal con-
stancy.

e ‘Homeostasis: the coordinated physiological process
which maintains most of the steady states of the organ-
ism’ (Walter Cannon); i.e. complex homeostatic responses
involving the brain, nerves, heart, lungs, kidneys and
spleen work to maintain body constancy.

® ‘There is a circumstance attending accidental injury
which does not belong to the disease, namely that the
injury done, has in all cases a tendency to produce both
the deposition and means of cure’ (John Hunter); i.e.
responses to injury are, in general, beneficial to the host
and allow healing/survival.

In essence, the concept evolved that the constancy of the
‘milieu intérieur’ allowed for the independence of organisms,
that complex homeostatic responses sought to maintain this
constancy, and that within this range of responses were the
elements of healing and repair. These ideas pertained to nor-
mal physiology and mild/moderate injury. In the modern era,
such concepts do not account for disease evolution following

major injury/sepsis or the injured patient who would have
died but for artificial organ support. Such patients exemplify
less of the classical homeostatic control system (signal detec-
tor—processor—effector regulated by a negative feedback loop)
and more of the ‘open loop’ system, whereby only with med-
ical/surgical resolution of the primary abnormality is a return
to classical homeostasis possible.

As a consequence of modern understanding of the meta-
bolic response to injury, elective surgical practice seeks to
reduce the need for a homeostatic response by minimising
the primary insult (minimal access surgery and ‘stress-free’
perioperative care). In emergency surgery, where the pres-
ence of tissue trauma/sepsis/hypovolaemia often compounds
the primary problem, there is a requirement to augment arti-
ficially homeostatic responses (resuscitation) and to close
the ‘open’ loop by intervening to resolve the primary insult
(e.g. surgical treatment of major abdominal sepsis) and pro-
vide organ support (critical care) while the patient comes
back to a situation in which homeostasis can achieve a
return to normality.

Summary box 1.1

Basic concepts
® Homeostasis is the foundation of normal physiology

e ‘Stress-free’ perioperative care helps to preserve homeostasis
following elective surgery

e Resuscitation, surgical intervention and critical care can
return the severely injured patient to a situation in which
homeostasis becomes possible once again

Claude Bernard, 1813-1878, Professor of Physiology, The College de France, Paris, France.
Walter Bradford Cannon, 1871-1945, Professor of Physiology, Harvard University Medical School, Boston, MA, USA.
John Hunter, 1728-1793, surgeon, St George’s Hospital, London, UK. He is regarded as ‘The Father of Scientific Surgery’. To further his knowledge of

venereal disease he inoculated himself with syphilis in 1767.



This chapter aims to review the mediators of the stress
response, the physiological and biochemical pathway
changes associated with surgical injury and the changes
in body composition that occur following surgical injury.
Emphasis is laid on why knowledge of these events is
important to understand the rationale for modern ‘stress-
free’ perioperative and critical care.

THE GRADED NATURE OF THE
INJURY RESPONSE

[tisimportant to recognise that the response to injury is graded:
the more severe the injury, the greater the response (Figure
1.1). This concept not only applies to physiological/metabolic
changes but also to immunological changes/sequelae. Thus,
following elective surgery of intermediate severity, there may
be a transient and modest rise in temperature, heart rate,
respiratory rate, energy expenditure and peripheral white
cell count. Following major trauma/sepsis, these changes are
accentuated, resulting in a systemic inflammatory response
syndrome (SIRS), hypermetabolism, marked catabolism,
shock and even multiple organ dysfunction (MODS). It is
important to recognise that genetic variability plays a key role
in determining the intensity of the inflammatory response.
Moreover, in certain circumstances, the severity of injury does
not lead to a simple dose-dependent metabolic response, but
rather leads to quantitatively different responses.

Not only is the metabolic response graded, but it also

evolves with time. In particular, the immunological
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Figure 1.1 Hypermetabolism and increased nitrogen excretion are
closely related to the magnitude of the initial injury and show a graded
response.
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sequelae of major injury evolve from a proinflammatory
state driven primarily by the innate immune system (macro-
phages, neutrophils, dendritic cells) into a compensatory anti-
inflammatory response syndrome (CARS) characterised by
suppressed immunity and diminished resistance to infection.
In patients who develop infective complications, the latter
will drive ongoing systemic inflammation, the acute phase
response and continued catabolism.

MEDIATORS OF THE METABOLIC
RESPONSE TO INJURY

The classical neuroendocrine pathways of the stress response
consist of afferent nociceptive neurones, the spinal cord, thal-
amus, hypothalamus and pituitary (Figure 1.2). Corticotro-
phin-releasing factor (CRF) released from the hypothalamus
increases adrenocorticotrophic hormone (ACTH) release
from the anterior pituitary. ACTH then acts on the adrenals
to increase the secretion of cortisol. Hypothalamic activation
of the sympathetic nervous system causes release of adrenaline
and also stimulates release of glucagon. Intravenous infusion
of a cocktail of these ‘counter-regulatory’ hormones (glucagon,
glucocorticoids and catecholamines) reproduces many aspects
of the metabolic response to injury. There are, however, many
other players, including alterations in insulin release and sensi-
tivity, hypersecretion of prolactin and growth hormone (GH)
in the presence of low circulatory insulin-like growth factor-1
(IGF-1) and inactivation of peripheral thyroid hormones and
gonadal function. Of note, GH has direct lipolytic, insulin-
antagonising and proinflammatory properties.

Summary box 1.2

Neuroendocrine response to injury/critical illness
The neuroendocrine response to severe injury/critical illness is
biphasic:

e Acute phase characterised by an actively secreting pituitary
and elevated counter-regulatory hormones (cortisol, glucagon,
adrenaline). Changes are thought to be beneficial for short-
term survival

e Chronic phase associated with hypothalamic suppression
and low serum levels of the respective target organ hormones.
Changes contribute to chronic wasting

The innate immune system (principally macrophages)
interacts in a complex manner with the adaptive immune
system (T cells, B cells) in co-generating the metabolic
response to injury (Figure 1.2). Proinflammatory cytokines
including interleukin-1 (IL-1), tumour necrosis factor alpha
(TNFa), IL-6 and IL-8 are produced within the first 24
hours and act directly on the hypothalamus to cause pyrexia.
Such cytokines also augment the hypothalamic stress response
and act directly on skeletal muscle to induce proteolysis while
inducing acute phase protein production in the liver. Pro-
inflammatory cytokines also play a complex role in the
development of peripheral insulin resistance. Other import-
ant proinflammatory mediators include nitric oxide ([NO]
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Figure 1.2 The integrated response to surgical injury (first 24-48 hours): there is a complex interplay between the neuroendocrine stress
response and the proinflammatory cytokine response of the innate immune system.

via inducible nitric oxide synthetase [INOS]) and a variety
of prostanoids (via cyclooxygenase-2 [Cox-2]). Changes in
organ function (e.g. renal hypoperfusion/impairment) may
be induced by excessive vasoconstriction via endogenous
factors such as endothelin-1.

Within hours of the upregulation of proinflammatory
cytokines, endogenous cytokine antagonists enter the circula-
tion (e.g. interleukin-1 receptor antagonist [IL-1Ra] and
TNE-soluble receptors [TNF-sR-55 and 75]) and act to con-
trol the proinflammatory response. A complex further series
of adaptive changes includes the development of a Th2-type
counterinflammatory response (regulated by IL-4, -5, -9 and
-13 and transforming growth factor beta [TGFf]) which, if
accentuated and prolonged in critical illness, is character-
ised as the CARS and results in immunosuppression and an
increased susceptibility to opportunistic (nosocomial) infec-
tion. Within inflamed tissue the duration and magnitude of
acute inflammation as well as the return to homeostasis are
influenced by a group of local mediators known as specialised
proresolving mediators (SPM) that include essential fatty
acid-derived lipoxins, resolvins, protectins and maresins.
These endogenous resolution agonists orchestrate the uptake
and clearance of apoptotic polymorphonuclear neutrophils
and microbial particles, reduce proinflammatory cytokines and
lipid mediators as well as enhancing the removal of cellular
debris in the inflammatory milieu. Thus, both at the systemic
level (endogenous cytokine antagonists — see above) and at the
local tissue level, the body attempts to limit/resolve inflamma-
tion driven dyshomeostasis.

Summary box 1.3

Systemic inflammatory response syndrome following

major injury

® |s driven initially by proinflammatory cytokines (e.g. IL-1, IL-6
and TNFa)

e |s followed rapidly by increased plasma levels of cytokine
antagonists and soluble receptors (e.g. IL-1Ra, TNF-sR)

e |f prolonged or excessive may evolve into a
counterinflammatory response syndrome

There are many complex interactions among the neu-
roendocrine, cytokine and metabolic axes. For example,
although cortisol is immunosuppressive at high levels, it acts
synergistically with IL-6 to promote the hepatic acute
phase response. ACTH release is enhanced by proinflam-
matory cytokines and the noradrenergic system. The resulting
rise in cortisol levels may form a weak feedback loop attempt-
ing to limit the proinflammatory stress response. Finally,
hyperglycaemia may aggravate the inflammatory response
via substrate overflow in the mitochondria, causing the for-
mation of excess oxygen free radicals and also altering gene
expression to enhance cytokine production.

At the molecular level, the changes that accompany
systemic inflammation are extremely complex. In a recent
study using network-based analysis of changes in mRNA
expression in leukocytes following exposure to endotoxin,
there were changes in the expression of more than 3700 genes



with over half showing decreased expression and the remain-
der increased expression. The cell surface receptors, signalling
mechanisms and transcription factors that initiate these events
are also complex, but an early and important player involves
the nuclear factor kappa B (NFxB)/relA family of transcription
factors. A simplified model of current understanding of events
within skeletal muscle is shown in Figure 1.3.

THE METABOLIC STRESS
RESPONSE TO SURGERY AND
TRAUMA: THE ‘EBB AND FLOW'
MODEL

In the natural world, if an animal is injured, it displays a char-
acteristic response, which includes immobility, anorexia and
catabolism.

Summary box 1.4

Physiological response to injury
The natural response to injury includes:
® |Immobility/rest

® Anorexia

e Catabolism

The changes are designed to aid survival of moderate injury in
the absence of medical intervention.

In 1930, Sir David Cuthbertson divided the metabolic
response to injury in humans into ‘ebb’ and ‘flow’ phases
(Figure 1.4). The ebb phase begins at the time of injury
and lasts for approximately 24-48 hours. It may be attenu-
ated by proper resuscitation, but not completely abolished.
The ebb phase is characterised by hypovolaemia, decreased

Atrophy
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The metabolic stress response to surgery and trauma: the ‘ebb and flow” model

Injury
Ebb phase Flow phase Recovery
Hours Days Weeks
Shock Catabolism Anabolism

Figure 1.4 Phases of the physiological response to injury (after
Cuthbertson 1930).

basal metabolic rate, reduced cardiac output, hypothermia
and lactic acidosis. The predominant hormones regulating
the ebb phase are catecholamines, cortisol and aldosterone
(following activation of the renin—angiotensin system). The
magnitude of this neuroendocrine response depends on the
degree of blood loss and the stimulation of somatic afferent
nerves at the site of injury. The main physiological role of the
ebb phase is to conserve both circulating volume and energy
stores for recovery and repair.

Following resuscitation, the ebb phase evolves into a hyper-
metabolic flow phase, which corresponds to SIRS. This phase
involves the mobilisation of body energy stores for recovery
and repair, and the subsequent replacement of lost or damaged
tissue. It is characterised by tissue oedema (from vasodilatation
and increased capillary leakage), increased basal metabolic
rate (hypermetabolism), increased cardiac output, raised body
temperature, leukocytosis, increased oxygen consumption and
increased gluconeogenesis. The flow phase may be subdivided
into an initial catabolic phase, lasting approximately 3-10
days, followed by an anabolic phase, which may last for weeks
if extensive recovery and repair are required following serious
injury. During the catabolic phase, the increased production
of counter-regulatory hormones (including catecholamines,
cortisol, insulin and glucagon) and inflammatory cytokines
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Figure 1.3 The major catabolic and anabolic signalling
pathways involved in skeletal muscle homeostasis. FOXO,
forkhead box sub-group O; mTOR, mammalian target of
rapamycin; MyoD, myogenic differentiation factor D; NF«B,
nuclear factor kappa B; PI3K, phosphatidylinositol 3-kinase;
p70S6K, p70S6 kinase; TNFo., tumour necrosis factor alpha;
4E-BP-1, eukaryotic initiation translation factor 4E binding
protein 1.

Sir David Paton Cuthbertson, 19001989, biochemist, Director of the Rowett Research Institute, Glasgow, UK.
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(e.g. IL-1, IL-6 and TNFa) results in significant fat and protein
mobilisation, leading to significant weight loss and increased
urinary nitrogen excretion. The increased production of insu-
lin at this time is associated with significant insulin resistance
and, therefore, injured patients often exhibit poor glycaemic
control. The combination of pronounced or prolonged catab-
olism in association with insulin resistance places patients
within this phase at increased risk of complications. Obviously,
the development of complications will further aggravate the
neuroendocrine and inflammatory stress responses, thus creat-
ing a vicious catabolic cycle.

Summary box 1.5

Purpose of neuroendocrine changes following injury
The constellation of neuroendocrine changes following injury
actsto:

® Provide essential substrates for survival

e Postpone anabolism

e Optimisehostdefence

These changes may be helpful in the short term, but may be
harmful in the long term, especially to the severely injured
patient who would otherwise not have survived without medical
intervention.

KEY CATABOLIC ELEMENTS
OF THE FLOW PHASE OF THE
METABOLIC STRESS RESPONSE

There are several key elements of the flow phase that largely
determine the extent of catabolism and thus govern the meta-
bolic and nutritional care of the surgical patient. It must be
remembered that, during the response to injury, not all tissues
are catabolic. Indeed, the essence of this coordinated response
is to allow the body to reprioritise limited resources away from
peripheral tissues (muscle, adipose tissue, skin) and towards key
viscera (liver, immune system) and the wound (Figure 1.5).

Hypermetabolism

The majority of trauma patients (except possibly those with
extensive burns) demonstrate energy expenditures approx-

Peripheral tissues

imately 15-25% above predicted healthy resting values.
The predominant cause appears to be a complex interaction
between the central control of metabolic rate and peripheral
energy utilisation. In particular, central thermodysregulation
(caused by the proinflammatory cytokine cascade), increased
sympathetic activity, abnormalities in wound circulation
(ischaemic areas produce lactate, which must be metabolised
by the adenosine triphosphate [ATP]-consuming hepatic Cori
cycle; hyperaemic areas cause an increase in cardiac output),
increased protein turnover and nutritional support may all
increase patient energy expenditure. Theoretically, patient
energy expenditure could rise even higher than observed lev-
els following surgery or trauma, but several features of stan-
dard intensive care (including bed rest, paralysis, ventilation
and external temperature regulation) counteract the hyper-
metabolic driving forces of the stress response. Furthermore,
the skeletal muscle wasting experienced by patients with pro-
longed catabolism actually limits the volume of metabolically
active tissue (see below).

Summary box 1.6

Hypermetabolism
Hypermetabolism following injury:

® Ismainly caused by an acceleration of energy-dependent
metabolic cycles

e |s limited in modern practice on account of elements of
routine critical care

Alterations in skeletal muscle
protein metabolism

Muscle protein is continually synthesised and broken down
with a turnover rate in humans of 1-2% per day, and with
a greater amplitude of changes in protein synthesis (+ two-
fold) than breakdown (+ 0.25-fold) during the diurnal
cycle. Under normal circumstances, synthesis equals break-
down and muscle bulk remains constant. Physiological
stimuli that promote net muscle protein accretion include
feeding (especially extracellular amino acid concentration)
and exercise. Paradoxically, during exercise, skeletal muscle

Central tissues

Muscle Liver
Amino
acids
Adipose tissue Immune system
especially
GiIn and
Ala
Skin Wound

Figure 1.5 During the metabolic response to injury, the
body reprioritises protein metabolism away from peripheral
tissues and towards key central tissues such as the liver,
immune system and wounds. One of the main reasons why
the reutilisation of amino acids derived from muscle proteo-
lysis leads to net catabolism is that the increased glutamine
and alanine efflux from muscle is derived, in part, from the
irreversible degradation of branched chain amino acids. Ala,

alanine; Gin, glutamine.

Carl Ferdinand Cori, 1896-1984, Professor of Pharmacology, and later of Biochemistry, Washington University Medical School, St Louis, MI, USA and his wife
Gerty Theresa Cori, 1896-1957, who was also Professor of Biochemistry at the Washington University Medical School. In 1947 the Coris were awarded a share
of the Nobel Prize for Physiology or Medicine ‘for their discovery of how glycogen is catalytically converted’.



protein synthesis is depressed, but it increases again during
rest and feeding.

During the catabolic phase of the stress response, mus-
cle wasting occurs as a result of an increase in muscle pro-
tein degradation (via enzymatic pathways), coupled with
a decrease in muscle protein synthesis. The major site of
protein loss is peripheral skeletal muscle, although nitrogen
losses also occur in the respiratory muscles (predisposing the
patient to hypoventilation and chest infections) and in the
gut (reducing gut motility). Cardiac muscle appears to be
mostly spared. Under extreme conditions of catabolism (e.g.
major sepsis), urinary nitrogen losses can reach 14-20 g/day;
this is equivalent to the loss of 500 g of skeletal muscle per
day. It is remarkable that muscle catabolism cannot be inhib-
ited fully by providing artificial nutritional support as long
as the stress response continues. Indeed, in critical care, it
is now recognised that ‘hyperalimentation’ represents a met-
abolic stress in itself, and that nutritional support should be
at a modest level to attenuate rather than replace energy and
protein losses.

The predominant mechanism involved in the wasting of
skeletal muscle is the ATP-dependent ubiquitin—proteasome
pathway (Figure 1.6), although the lysosomal cathepsins and
the calcium—calpain pathway play facilitatory and accessory
roles.

Clinically, a patient with skeletal muscle wasting will
experience asthenia, increased fatigue, reduced functional
ability, decreased quality of life and an increased risk of mor-
bidity and mortality. In critically ill patients, muscle weakness
may be further worsened by the development of critical illness
myopathy, a multifactorial condition that is associated with
impaired excitation—contraction coupling at the level of
the sarcolemma and the sarcoplasmic reticulum membrane.
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Key catabolic elements of the flow phase of the metabolic stress response

Summary box 1.7

Skeletal muscle wasting
e Provides amino acids for the metabolic support of central
organs/tissues

® |s mediated at a molecular level mainly by activation of the
ubiquitin-proteasome pathway

e (Can result in immobility and contribute to hypostatic
pneumonia and death if prolonged and excessive

Alterations in hepatic protein
metabolism: the acute phase protein
response

The liver and skeletal muscle together account for >50%
of daily body protein turnover. Skeletal muscle has a large
mass but a low turnover rate (1-2% per day), whereas
the liver has a relatively small mass (1.5 kg) but a much
higher protein turnover rate (10-20% per day). Hepatic
protein synthesis is divided roughly 50:50 between renewal
of structural proteins and synthesis of export proteins. Albu-
min is the major export protein produced by the liver and is
renewed at the rate of about 10% per day. The transcapillary
escape rate (TER) of albumin is about ten times the rate of
synthesis, and short-term changes in albumin concentration
are most probably due to increased vascular permeability.
Albumin TER may be increased three-fold following major
injury/sepsis.

In response to inflammatory conditions, including sur-
gery, trauma, sepsis, cancer or autoimmune conditions, circu-
lating peripheral blood mononuclear cells secrete a range of
proinflammatory cytokines, including IL-1, IL-6 and TNFa.

Figure 1.6 The intercellular effector mechanisms involved
198 | ) L e . )

in degrading myofibrillar protein into free amino acids. The
ubiquitin—proteasome pathway is a complex multistep pro-
cess, which requires adenosine triphosphate and results in
the tagging of specific proteins with ubiquitin for degrada-
tion of proteasome. E1, ubiquitin-activating enzyme; E2,
ubiquitin-conjugating enzyme; E3, ubiquitin ligase.
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These cytokines, in particular IL-6, promote the hepatic
synthesis of positive acute phase proteins, e.g. fibrinogen
and C-reactive protein (CRP). The acute phase protein
response (APPR) represents a ‘double-edged sword’ for sur-
gical patients as it provides proteins important for recovery
and repair, but only at the expense of valuable lean tissue and
energy reserves.

In contrast to the positive acute phase reactants, the
plasma concentrations of other liver export proteins (the
negative acute phase reactants) fall acutely following
injury, e.g. albumin. However, rather than represent-
ing a reduced hepatic synthesis rate, the fall in plasma
concentration of negative acute phase reactantsisthought
principally to reflect increased transcapillary escape, sec-
ondary to an increase in microvascular permeability (see
above). Thus, increased hepatic synthesis of positive acute
phase reactants is not compensated for by reduced synthesis
of negative reactants.

Summary box 1.8

Hepatic acute phase response

The hepatic acute phase response represents a reprioritisation of
body protein metabolism towards the liver and is characterised
by:

e Positive reactants (e.g. CRP): plasma concentration T

e Negative reactants (e.g. albumin): plasma concentration |

Insulin resistance

Following surgery or trauma, postoperative hyperglycaemia
develops as a result of increased glucose production com-
bined with decreased glucose uptake in peripheral tissues.
Decreased glucose uptake is a result of insulin resistance which
is transiently induced within the stressed patient. Suggested
mechanisms for this phenomenon include the action of proin-
flammatory cytokines and the decreased responsiveness of
insulin-regulated glucose transporter proteins. The degree
of insulin resistance is proportional to the magnitude of the
injurious process. Following routine upper abdominal sur-
gery, insulin resistance may persist for approximately 2 weeks.

Postoperative patients with insulin resistance behave in
a similar manner to individuals with type II diabetes melli-
tus. The mainstay of management of insulin resistance is
intravenous insulin infusion. Insulin infusions may be used in
either an intensive approach (i.e. sliding scales are manipu-
lated to normalise the blood glucose level) or a conservative
approach (i.e. insulin is administered when the blood glu-
cose level exceeds a defined limit and discontinued when the
level falls). While some studies of postoperatively ventilated
patients in the intensive care unit (ICU) have suggested
that maintenance of normal glucose levels using intensive
insulin therapy can significantly reduce both morbidity and
mortality, others have not. The risks of adverse events follow-
ing significant hypoglycaemia as a consequence of intensive
insulin therapy have led most ICUs to adopt a more conven-
tional approach to glycaemic control. It should be noted that
diabetic patients whose glycaemic control has been poor prior
to their critical illness pose a particular challenge.

CHANGES IN BODY
COMPOSITION FOLLOWING
INJURY

The average 70-kg male can be considered to consist of
fat (13 kg) and fat-free mass (or lean body mass: 57 kg).
In such an individual, the lean tissue is composed primarily
of protein (12 kg), water (42 kg) and minerals (3 kg) (Figure
1.7). The protein mass can be considered as two basic com-
partments, skeletal muscle (4 kg) and non-skeletal muscle
(8 kg), which includes the visceral protein mass. The water
mass (42 litres) is divided into intracellular (28 litres) and
extracellular (14 litres) spaces. Most of the mineral mass is
contained in the bony skeleton.
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Figure 1.7 The chemical body composition of a normal 70-kg male.
FFM, fat-free mass; LBM, lean body mass.

The main labile energy reserve in the body is fat, and
the main labile protein reserve is skeletal muscle. While
fat mass can be reduced without major detriment to
function, loss of protein mass results not only in skeletal
muscle wasting, but also in depletion of visceral protein
status. Within lean issue, each 1 g of nitrogen is contained
within 6.25 g of protein, which is contained in approxi-
mately 36 g of wet weight tissue. Thus, the loss of 1 g of
nitrogen in urine is equivalent to the breakdown of 36 g of
wet weight lean tissue. Protein turnover in the whole body is
of the order of 150-200¢g per day. A normal human ingests
about 70-100 g protein per day, which is metabolised and
excreted in urine as ammonia and urea (i.e. approximately
14 ¢ N/day). During total starvation, urinary loss of nitrogen
is rapidly attenuated by a series of adaptive changes. Loss of
body weight follows a similar course (Figure 1.8), thus
accounting for the survival of hunger strikers for a period
of 50-60 days. Following major injury, and particularly in
the presence of ongoing septic complications, this adap-
tive change fails to occur, and there is a state of ‘autocan-
nibalism’, resulting in continuing urinary nitrogen losses of
10-20 g N/day (equivalent to 500 g of wet weight lean tissue
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per day). As with total starvation, once loss of body protein
mass has reached 30-40% of the total, survival is unlikely.

Critically ill patients admitted to the ICU with severe
sepsis or major blunt trauma undergo massive changes in
body composition (Figure 1.8). Body weight increases
immediately on resuscitation with an expansion of extra-
cellular water by 6-10 litres within 24 hours. Thereafter,
even with optimal metabolic care and nutritional support,
total body protein will diminish by 15% in the next 10 days,
and body weight will reach negative balance as the expansion
of the extracellular space resolves. In marked contrast, it is
now possible to maintain body weight and nitrogen equilib-
rium following major elective surgery. This can be achieved
by blocking the neuroendocrine stress response with epidural
analgesia/other related techniques and providing early oral/
enteral feeding. Moreover, the early fluid retention phase
can be avoided by careful intraoperative management of
fluid balance, with avoidance of excessive administration of
intravenous saline.

Summary box 1.9

Changes in body composition following major surgery/
criticalillness

e Catabolism leads to a decrease in fat mass and skeletal
muscle mass

e Body weight may paradoxically increase because of
expansion of extracellular fluid space

AVOIDABLE FACTORS THAT
COMPOUND THE RESPONSE TO
INJURY

As noted previously, the main features of the metabolic
response are initiated by the immune system, cardiovascu-
lar system, sympathetic nervous system, ascending reticular
formation and limbic system. However, the metabolic stress

Figure 1.8 Changes in body weight that occur in serious
sepsis, after uncomplicated surgery and in total starvation.

response may be further exacerbated by anaesthesia, dehy-
dration, starvation (including preoperative fasting), sepsis,
acute medical illness or even severe psychological stress
(Figure 1.9). Attempts to limit or control these factors
can be beneficial to the patient.

Summary box 1.10

Avoidable factors that compound the response to injury
Continuing haemorrhage

Hypothermia

Tissue oedema

Tissue underperfusion

Starvation

Immobility

Volume loss

During simple haemorrhage, pressor receptors in the carotid
artery and aortic arch, and volume receptors in the wall of
the left atrium, initiate afferent nerve input to the central
nervous system (CNS), resulting in the release of both aldo-
sterone and antidiuretic hormone (ADH). Pain can also
stimulate ADH release. ADH acts directly on the kidney to
cause fluid retention. Decreased pulse pressure stimulates the
juxtaglomerular apparatus in the kidney and directly activates
the renin—angiotensin system, which in turn increases aldo-
sterone release.

Aldosterone causes the renal tubule to reabsorb sodium
(and consequently also conserve water). ACTH release also
augments the aldosterone response. The net effects of ADH
and aldosterone result in the natural oliguria observed after
surgery and conservation of sodium and water in the extra-
cellular space. The tendency towards water and salt retention
is exacerbated by resuscitation with saline-rich fluids. Salt and
water retention can result in not only peripheral oedema, but
also visceral oedema (e.g. in the stomach). Such visceral
oedema has been associated with reduced gastric emptying,
delayed resumption of food intake and prolonged hospital

9
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Figure 1.9 Factors that exacerbate the metabolic response to surgical injury include hypothermia, uncontrolled pain, starvation, immobilisa-

tion, sepsis and medical complications.

stay. Careful limitation of intraoperative administration
of balanced crystalloids so that there is no net weight gain
following elective surgery has been proven to reduce post-
operative complications and length of stay.

Hypothermia

Hypothermia results in increased elaboration of adrenal
steroids and catecholamines. When compared with normo-
thermic controls, even mild hypothermia results in a two- to
three-fold increase in postoperative cardiac arrhythmias and
increased catabolism. Randomised trials have shown that
maintaining normothermia by an upper body forced-air heat-
ing cover reduces wound infections, cardiac complications
and bleeding and transfusion requirements.

Tissue oedema

During systemic inflammation, fluid, plasma proteins, leuko-
cytes, macrophages and electrolytes leave the vascular space
and accumulate in the tissues. This can diminish the alveo-
lar diffusion of oxygen and may lead to reduced renal func-
tion. Increased capillary leak is mediated by a wide variety
of mediators including cytokines, prostanoids, bradykinin and
nitric oxide. Vasodilatation implies that intravascular volume
decreases, which induces shock if inadequate resuscitation is
not undertaken. Meanwhile, intracellular volume decreases,
and this provides part of the volume necessary to replenish
intravascular and extravascular extracellular volume.

Systemic inflammation and tissue
underperfusion

The vascular endothelium controls vasomotor tone and
microvascular flow, and regulates trafficking of nutrients

and biologically active molecules. When endothelial acti-
vation is excessive, compromised microcirculation and
subsequent cellular hypoxia contribute to the risk of organ
failure. Maintaining normoglycaemia with insulin infusion
during critical illness has been proposed to protect the
endothelium, probably, in part, via inhibition of excessive

iNOS-induced NO release.

Starvation

During starvation, the body is faced with an obligate need
to generate glucose to sustain cerebral energy metabolism
(100 g of glucose per day). This is achieved in the first
24 hours by mobilising glycogen stores and thereafter by
hepatic gluconeogenesis from amino acids, glycerol and
lactate. The energy metabolism of other tissues is sustained
by mobilising fat from adipose tissue. Such fat mobilisation
is mainly dependent on a fall in circulating insulin levels.
Eventually, accelerated loss of lean tissue (the main source
of amino acids for hepatic gluconeogenesis) is reduced as
a result of the liver converting free fatty acids into ketone
bodies, which can serve as a substitute for glucose for cere-
bral energy metabolism. Provision of 2 litres of intrave-
nous 4% dextrose/0.18% sodium chloride as maintenance
intravenous fluids for surgical patients who are fasted pro-
vides 80 g of glucose per day and has a significant pro-
tein-sparing effect. Avoiding unnecessary fasting in the
first instance and early oral/enteral/parenteral nutrition
form the platform for avoiding loss of body mass as a result
of the varying degrees of starvation observed in surgical
patients. Modern guidelines on fasting prior to anaesthe-
sia allow intake of clear fluids up to 2 hours before sur-
gery. Administration of a carbohydrate drink at this time
reduces perioperative anxiety and thirst and decreases
postoperative insulin resistance.



Immobility

Immobility has long been recognised as a potent stimulus
for inducing muscle wasting. Inactivity impairs the normal
meal-derived amino acid stimulation of protein synthesis in
skeletal muscle. Avoidance of unnecessary bed rest and active
early mobilisation are essential measures to avoid muscle
wasting as a consequence of immobility.

CONCEPTS BEHIND ENHANCED
RECOVERY AFTER SURGERY

Current understanding of the metabolic response to surgical
injury and the mediators involved has led to a reappraisal
of traditional perioperative care. There is now a strong sci-
entific rationale for avoiding unmodulated exposure to stress,
prolonged fasting and excessive administration of intravenous
(saline) fluids (Figure 1.10). The widespread adoption of
minimal access (laparoscopic) surgery is a key change in sur-
gical practice that can reduce the magnitude of surgical injury
and enhance the rate of patients’ return to homeostasis and
recovery. It is also important to realise that modulating the
stress/inflammatory response at the time of surgery may have
long-term sequelae over periods of months or longer. For
example, B-blockers and statins have been shown to improve
long-term survival after major surgery. It has been suggested
that these effects may be due to suppression of innate immu-
nity at the time of surgery. Equally, in ‘open’ surgery the use
of epidural analgesia to reduce pain, block the cortisol stress
response and attenuate postoperative insulin resistance may,
via effects on the body’s protein economy, favourably affect
many of the patient-centred outcomes that are important to
postoperative recovery. Due to the reduction in wound size
and tissue trauma, it should be noted that epidural analgesia

Surgery Multimodal ERAS intervention

Functional capacity

Traditional care

Weeks

Figure 1.10 Enhanced recovery after surgery (ERAS) programmes
can be modulated by multimodal enhanced recovery programmes
(optimal nutritional and metabolic care to minimise the stress
response).

Days
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Further reading

is no longer recommended for laparoscopic surgery. Patient
controlled analgesia is usually sufficient. Adjuncts such as ‘one
shot’ spinal diamorphine and/or a 6—12-hour infusion of intra-
venous lidocaine have been suggested to be opiate sparing, to
improve gut function and enhance overall recovery.

Summary box 1.11

A proactive approach to prevent unnecessary aspects
of the surgical stress response
e Minimal access techniques
® Blockade of afferent painful stimuli (e.g. epidural analgesia,
spinal analgesia, wound catheters)
Minimal periods of starvation
Early mobilisation
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Shock and blood transfusion

Learning objectives

To understand:

e The pathophysiology of shock and ischaemia-
reperfusion injury

e The different patterns of shock and the principles and
priorities of resuscitation

e Appropriate monitoring and end points of resuscitation
e Use of blood and blood products, the benefits and risks
of blood transfusion

INTRODUCTION

Shock is the most common and therefore the most important
cause of death of surgical patients. Death may occur rapidly
due to a profound state of shock, or be delayed due to the
consequences of organ ischaemia and reperfusion injury. It
is important therefore that every surgeon understands the
pathophysiology, diagnosis and priorities in management of
shock and haemorrhage.

SHOCK

Shock is a systemic state of low tissue perfusion that is inade-
quate for normal cellular respiration. With insufficient delivery
of oxygen and glucose, cells switch from aerobic to anaerobic
metabolism. If perfusion is not restored in a timely fashion,
cell death ensues.

Pathophysiology

Cellular

As perfusion to the tissues is reduced, cells are deprived of oxy-
gen and must switch from aerobic to anaerobic metabolism.
The product of anaerobic respiration is not carbon dioxide but
lactic acid. When enough tissue is underperfused, the accumu-
lation of lactic acid in the blood produces a systemic metabolic
acidosis.

As glucose within cells is exhausted, anaerobic respira-
tion ceases and there is failure of sodium/potassium pumps in
the cell membrane and intracellular organelles. Intracellular
lysosomes release autodigestive enzymes and cell lysis ensues.
Intracellular contents, including potassium, are released into
the blood stream.

Microvascular

As tissue ischaemia progresses, changes in the local milieu
result in activation of the immune and coagulation systems.
Hypoxia and acidosis activate complement and prime neu-
trophils, resulting in the generation of oxygen free radicals
and cytokine release. These mechanisms lead to injury of the
capillary endothelial cells. These, in turn, further activate the
immune and coagulation systems. Damaged endothelium loses
its integrity and becomes ‘leaky’. Spaces between endothelial
cells allow fluid to leak out and tissue oedema ensues, exacer-
bating cellular hypoxia.

Systemic
CARDIOVASCULAR

As preload and afterload decrease, there is a compensatory
baroreceptor response resulting in increased sympathetic
activity and release of catecholamines into the circulation.
This results in tachycardia and systemic vasoconstriction
(except in sepsis — see below).

RESPIRATORY

The metabolic acidosis and increased sympathetic response
result in an increased respiratory rate and minute ventilation
to increase the excretion of carbon dioxide (and so produce a
compensatory respiratory alkalosis).

RENAL

Decreased perfusion pressure in the kidney leads to reduced
filtration at the glomerulus and a decreased urine output. The
renin—angiotensin—aldosterone axis is stimulated, resulting
in further vasoconstriction and increased sodium and water
reabsorption by the kidney.



ENDOCRINE

As well as activation of the adrenal and renin—angiotensin
systems, vasopressin (antidiuretic hormone) is released from
the hypothalamus in response to decreased preload and results
in vasoconstriction and resorption of water in the renal col-
lecting system. Cortisol is also released from the adrenal
cortex, contributing to the sodium and water resorption and
sensitising cells to catecholamines.

Ischaemia-reperfusion syndrome

During the period of systemic hypoperfusion, cellular and organ
damage progresses due to the direct effects of tissue hypoxia
and local activation of inflammation. Further injury occurs
once normal circulation is restored to these tissues. The
acid and potassium load that has built up can lead to direct
myocardial depression, vascular dilatation and further hypo-
tension. The cellular and humoral elements activated by the
hypoxia (complement, neutrophils, microvascular thrombi)
are flushed back into the circulation where they cause further
endothelial injury to organs such as the lungs and the kidneys.
This leads to acute lung injury, acute renal injury, multiple
organ failure and death. Reperfusion injury can currently only
be attenuated by reducing the extent and duration of tissue
hypoperfusion.

Classification of shock

There are numerous ways to classify shock, but the most com-
mon and most clinically applicable is one based on the initi-
ating mechanism.

All states are characterised by systemic tissue hypoperfu-
sion, and different states may coexist within the same patient.

Summary box 2.1

Classification of shock
e Hypovolaemic shock
Cardiogenic shock
Obstructive shock
Distributive shock
Endocrine shock

Hypovolaemic shock

Hypovolaemic shock is due to a reduced circulating volume.
Hypovolaemia may be due to haemorrhagic or non-haemor-
rhagic causes. Non-haemorrhagic causes include poor fluid
intake (dehydration), excessive fluid loss due to vomiting, diar-
rhoea, urinary loss (e.g. diabetes), evaporation, or ‘third-spacing’
where fluid is lost into the gastrointestinal tract and interstitial
spaces, as for example in bowel obstruction or pancreatitis.

Hypovolaemia is probably the most common form of
shock, and to some degree is a component of all other forms
of shock. Absolute or relative hypovolaemia must be excluded
or treated in the management of the shocked state, regardless
of cause.
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Cardiogenic shock

Cardiogenic shock is due to primary failure of the heart to
pump blood to the tissues. Causes of cardiogenic shock include
myocardial infarction, cardiac dysrhythmias, valvular heart
disease, blunt myocardial injury and cardiomyopathy. Cardiac
insufficiency may also be due to myocardial depression caused
by endogenous factors (e.g. bacterial and humoral agents
released in sepsis) or exogenous factors, such as pharmaceutical
agents or drug abuse. Evidence of venous hypertension with
pulmonary or systemic oedema may coexist with the classical
signs of shock.

Obstructive shock

In obstructive shock there is a reduction in preload due to
mechanical obstruction of cardiac filling. Common causes
of obstructive shock include cardiac tamponade, tension
pneumothorax, massive pulmonary embolus or air embolus. In
each case, there is reduced filling of the left and/or right sides
of the heart leading to reduced preload and a fall in cardiac
output.

Distributive shock

Distributive shock describes the pattern of cardiovascular
responses characterising a variety of conditions, including
septic shock, anaphylaxis and spinal cord injury. Inadequate
organ perfusion is accompanied by vascular dilatation with
hypotension, low systemic vascular resistance, inadequate
afterload and a resulting abnormally high cardiac output.

In anaphylaxis, vasodilatation is due to histamine release,
while in high spinal cord injury there is failure of sympathetic
outflow and adequate vascular tone (neurogenic shock). The
cause in sepsis is less clear but is related to the release of
bacterial products (endotoxin) and the activation of cellu-
lar and humoral components of the immune system. There
is maldistribution of blood flow at a microvascular level with
arteriovenous shunting and dysfunction of cellular utilization
of oxygen.

In the later phases of septic shock there is hypovolaemia
from fluid loss into interstitial spaces and there may be con-
comitant myocardial depression, complicating the clinical

picture (Table 2.1).

Endocrine shock

Endocrine shock may present as a combination of hypovolae-
mic, cardiogenic or distributive shock. Causes of endocrine
shock include hypo- and hyperthyroidism and adrenal insuf-
ficiency. Hypothyroidism causes a shock state similar to that
of neurogenic shock due to disordered vascular and cardiac
responsiveness to circulating catecholamines. Cardiac output
falls due to low inotropy and bradycardia. There may also be
an associated cardiomyopathy. Thyrotoxicosis may cause a
high-output cardiac failure.

Adrenal insufficiency leads to shock due to hypovolaemia
and a poor response to circulating and exogenous catecho-
lamines. Adrenal insufficiency may be due to pre-existing
Addison’s disease or be a relative insufficiency due to a patho-
logical disease state, such as systemic sepsis.

Thomas Addison, 1799-1860, physician, Guy’s Hospital, London, UK, described the effects of disease of the suprarenal capsules in 1849.
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TABLE 2.1 Cardiovascular and metabolic characteristics of shock.

Hypovolaemia Cardiogenic
Cardiac output Low Low
Vascular resistance High High
Venous pressure Low High
Mixed venous saturation  Low Low
Base deficit High High
Severity of shock
Compensated shock

As shock progresses, the body’s cardiovascular and endocrine
compensatory responses reduce flow to non-essential organs
to preserve preload and flow to the lungs and brain. In com-
pensated shock, there is adequate compensation to maintain
central blood volume and preserve flow to the kidneys, lungs
and brain. Apart from a tachycardia and cool peripheries
(vasoconstriction, circulating catecholamines), there may be
no other clinical signs of hypovolaemia.

However, this cardiovascular state is only maintained
by reducing perfusion to the skin, muscle and gastroin-
testinal tract. There is a systemic metabolic acidosis and
activation of humoral and cellular elements within the under-
perfused organs. Although clinically occult, this state will
lead to multiple organ failure and death if prolonged, due to
the ischaemia-reperfusion effect described above under
Ischaemia—reperfusion syndrome. Patients with occult hypo-
perfusion (metabolic acidosis despite normal urine output and
cardiorespiratory vital signs) for more than 12 hours have a
significantly higher mortality, infection rate and incidence of
multiple organ failure (see below, Multiple organ failure).

Decompensation

Further loss of circulating volume overloads the body’s com-
pensatory mechanisms and there is progressive renal, respira-
tory and cardiovascular decompensation. In general, loss of
around 15% of the circulating blood volume is within normal
compensatory mechanisms. Blood pressure is usually well
maintained and only falls after 30-40% of circulating volume
has been lost.

Mild shock

Initially there is tachycardia, tachypnoea, a mild reduction in
urine output and the patient may exhibit mild anxiety. Blood
pressure is maintained although there is a decrease in pulse
pressure. The peripheries are cool and sweaty with prolonged
capillary refill times (except in septic distributive shock).

TABLE 2.2 Clinical features of shock.

Compensated Mild
Lactic acidosis + ++
Urine output Normal Normal
Conscious level Normal Mild anxiety
Respiratory rate Normal Increased
Pulse rate Mild increase Increased
Blood pressure Normal Normal

Obstructive Distributive

Low High

High Low

High Low

Low High

High High
Moderate shock

As shock progresses, renal compensatory mechanisms fail,
renal perfusion falls and urine output dips below 0.5 mL/kg per
hour. There is further tachycardia, and now the blood pressure
starts to fall. Patients become drowsy and mildly confused.

Severe shock

In severe shock, there is profound tachycardia and hypoten-
sion. Urine output falls to zero and patients are unconscious
with laboured respiration.

Pitfalls

The classic cardiovascular responses described (Table 2.2)
are not seen in every patient. It is important to recognise
the limitations of the clinical examination and to recognise
patients who are in shock despite the absence of classic signs.

CAPILLARY REFILL

Most patients in hypovolaemic shock will have cool, pale
peripheries, with prolonged capillary refill times. However,
the actual capillary refill time varies so much in adults that it
is not a specific marker of whether a patient is shocked, and
patients with short capillary refill times may be in the early
stages of shock. In distributive (septic) shock, the periph-
eries will be warm and capillary refill will be brisk, despite
profound shock.

TACHYCARDIA

Tachycardia may not always accompany shock. Patients who
are on beta-blockers or who have implanted pacemakers are
unable to mount a tachycardia. A pulse rate of 80 in a fit
young adult who normally has a pulse rate of 50 is very abnor-
mal. Furthermore, in some young patients with penetrating
trauma, where there is haemorrhage but little tissue damage,
there may be a paradoxical bradycardia rather than tachycar-
dia accompanying the shocked state.

Moderate Severe

++ +++
Reduced Anuric
Drowsy Comatose
Increased Laboured
Increased Increased

Mild hypotension Severe hypotension



BLOOD PRESSURE

[t is important to recognise that hypotension is one of the last
signs of shock. Children and fit young adults are able to main-
tain blood pressure until the final stages of shock by dramatic
increases in stroke volume and peripheral vasoconstriction.
These patients can be in profound shock with a normal blood
pressure.

Elderly patients who are normally hypertensive may
present with a ‘normal’ blood pressure for the general popu-
lation but be hypovolaemic and hypotensive relative to their
usual blood pressure. Beta-blockers or other medications may
prevent a tachycardic response. The diagnosis of shock may
be difficult unless one is alert to these pitfalls.

Consequences

Unresuscitatable shock

Patients who are in profound shock for a prolonged period
of time become ‘unresuscitatable’. Cell death follows from
cellular ischaemia and the ability of the body to compensate
is lost. There is myocardial depression and loss of responsive-
ness to fluid or inotropic therapy. Peripherally there is loss of
the ability to maintain systemic vascular resistance and fur-
ther hypotension ensues. The peripheries no longer respond
appropriately to vasopressor agents. Death is the inevitable
result.

This stage of shock is the combined result of the severity of
the insult and delayed, inadequate or inappropriate resuscita-
tion in the earlier stages of shock. Conversely, when patients
present in this late stage, and have minimal responses to
maximal therapy, it is important that the futility of treatment
is recognised and valuable resources are not wasted.

Multiple organ failure

As techniques of resuscitation have improved, more and
more patients are surviving shock. Where intervention is
timely and the period of shock is limited, patients may make
a rapid, uncomplicated recovery. However the result of pro-
longed systemic ischaemia and reperfusion injury is end-organ
damage and multiple organ failure.

Multiple organ failure is defined as two or more failed organ
systems. There is no specific treatment for multiple organ fail-
ure. Management is supporting of organ systems, with ventila-
tion, cardiovascular support and haemofiltration/dialysis until
there is recovery of organ function. Multiple organ failure cur-
rently carries a mortality of 60%; thus, prevention is vital by
early aggressive identification and reversal of shock.

Summary box 2.2

Effects of organ failure

® Lung: Acute respiratory distress syndrome
Kidney: Acute renal insufficiency

Clotting: Coagulopathy

Cardiac: Cardiovascular failure
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RESUSCITATION

Immediate resuscitation manoeuvres for patients presenting
in shock are to ensure a patent airway and adequate oxy-
genation and ventilation. Once ‘airway’ and ‘breathing’ are
assessed and controlled, attention is directed to cardiovascular
resuscitation.

Conduct of resuscitation

Resuscitation should not be delayed in order to definitively
diagnose the source of the shocked state. However, the tim-
ing and nature of resuscitation will depend on the type of
shock and the timing and severity of the insult. Rapid clinical
examination will provide adequate clues to make an appropri-
ate first determination, even if a source of bleeding or sepsis
is not immediately identifiable. If there is initial doubt about
the cause of shock, it is safer to assume the cause is hypo-
volaemia and begin with fluid resuscitation, and then assess
the response.

In patients who are actively bleeding (major trauma, aortic
aneurysm rupture, gastrointestinal haemorrhage), it is counter-
productive to institute high-volume fluid therapy without
controlling the site of haemorrhage. Increasing blood pressure
merely increases bleeding from the site while fluid therapy
cools the patient and dilutes available coagulation factors.
Thus operative haemorrhage control should not be delayed
and resuscitation should proceed in parallel with surgery.

Conversely, a patient with bowel obstruction and hypo-
volaemic shock must be adequately resuscitated before under-
going surgery otherwise the additional surgical injury and
hypovolaemia induced during the procedure will exacerbate
the inflammatory activation and increase the incidence and
severity of end-organ insult.

Fluid therapy

In all cases of shock, regardless of classification, hypovolaemia
and inadequate preload must be addressed before other ther-
apy is instituted. Administration of inotropic or chronotropic
agents to an empty heart will rapidly and permanently deplete
the myocardium of oxygen stores and dramatically reduce dia-
stolic filling and therefore coronary perfusion. Patients will
enter the unresuscitatable stage of shock as the myocardium
becomes progressively more ischaemic and unresponsive to
resuscitative attempts.

First-line therapy, therefore, is intravenous access and
administration of intravenous fluids. Access should be
through short, wide-bore catheters that allow rapid infusion
of fluids as necessary. Long, narrow lines, such as central
venous catheters, have too high a resistance to allow rapid
infusion and are more appropriate for monitoring than fluid
replacement therapy.

Type of fluids

There is continuing debate over which resuscitation fluid is
best for the management of shock. There is no ideal resusci-
tation fluid, and it is more important to understand how and
when to administer it. In most studies of shock resuscitation
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there is no overt difference in response or outcome between
crystalloid solutions (normal saline, Hartmann’s solution,
Ringer’s lactate) or colloids (albumin or commercially avail-
able products). Furthermore, there is less volume benefit to the
administration of colloids than had previously been thought,
with only 1.3 times more crystalloid than colloid administered
in blinded trials. On balance, there is little evidence to sup-
port the administration of colloids, which are more expensive
and have worse side-effect profiles.

Most importantly, the oxygen carrying capacity of crys-
talloids and colloids is zero. If blood is being lost, the ideal
replacement fluid is blood, although crystalloid therapy may
be required while awaiting blood products.

Hypotonic solutions (dextrose etc.) are poor volume
expanders and should not be used in the treatment of shock
unless the deficit is free water loss (e.g. diabetes insipidus) or
patients are sodium overloaded (e.g. cirrhosis).

Dynamic fluid response

The shock status can be determined dynamically by the car-
diovascular response to the rapid administration of a fluid
bolus. In total, 250-500 mL of fluid is rapidly given (over 5-10
minutes) and the cardiovascular responses in terms of heart
rate, blood pressure and central venous pressure are observed.
Patients can be divided into ‘responders’, ‘transient respond-
ers’ and ‘non-responders’.

Responders have an improvement in their cardiovascular
status that is sustained. These patients are not actively losing
fluid but require filling to a normal volume status.

Transient responders have an improvement, but this
then reverts to the previous state over the next 10-20 min-
utes. These patients have moderate ongoing fluid losses
(either overt haemorrhage or further fluid shifts reducing
intravascular volume).

Non-responders are severely volume depleted and are
likely to have major ongoing loss of intravascular volume,
usually through persistent uncontrolled haemorrhage.

Vasopressor and inotropic support

Vasopressor or inotropic therapy is not indicated as first-line
therapy in hypovolaemia. As discussed above, administration
of these agents in the absence of adequate preload rapidly
leads to decreased coronary perfusion and depletion of myo-
cardial oxygen reserves.

Vasopressor agents (phenylephrine, noradrenaline) are
indicated in distributive shock states (sepsis, neurogenic
shock) where there is peripheral vasodilatation, and a low
systemic vascular resistance, leading to hypotension despite a
high cardiac output. Where the vasodilatation is resistant to
catecholamines (e.g. absolute or relative steroid deficiency)
vasopressin may be used as an alternative vasopressor.

In cardiogenic shock, or where myocardial depression has
complicated a shock state (e.g. severe septic shock with low
cardiac output), inotropic therapy may be required to increase

cardiac output and therefore oxygen delivery. The inodilator
dobutamine is the agent of choice.

Monitoring

The minimum standard for monitoring of the patient in shock
is continuous heart rate and oxygen saturation monitoring,
frequent non-invasive blood pressure monitoring and hourly
urine output measurements. Most patients will need more
aggressive invasive monitoring, including central venous pres-
sure and invasive blood pressure monitoring.

Summary box 2.3

Monitoring for patients in shock
Minimum

e ECG

® Pulse oximetry

e Blood pressure

e Urine output

Additional modalities

e Central venous pressure

® Invasive blood pressure

e Cardiac output

e Base deficit and serum lactate

Cardiovascular

Cardiovascular monitoring at minimum should include con-
tinuous heart rate (ECG), oxygen saturation and pulse wave-
form and non-invasive blood pressure. Patients whose state
of shock is not rapidly corrected with a small amount of fluid
should have central venous pressure monitoring and con-
tinuous blood pressure monitoring through an arterial line.

CENTRAL VENOUS PRESSURE

There is no ‘normal’ central venous pressure (CVP) for a
shocked patient, and reliance cannot be placed on an indi-
vidual pressure measurement to assess volume status. Some
patients may require a CVP of 5 cmH,O, whereas some may
require a CVP of 15 cmH,O or higher. Further, ventricular
compliance can change from minute to minute in the shocked
state, and CVP is a poor reflection of end diastolic volume
(preload).

CVP measurements should be assessed dynamically as
response to a fluid challenge (see above). A fluid bolus (250—
500 mL) is infused rapidly over 5-10 minutes.

The normal CVP response is a rise of 2-5 cmH,O which
gradually drifts back to the original level over 10-20 minutes.
Patients with no change in their CVP are empty and require
further fluid resuscitation. Patients with a large, sustained rise
in CVP have high preload and an element of cardiac insuffi-
ciency or volume overload.

Alexis Frank Hartmann, 1898-1964, paediatrician, St Louis, MO, USA, described the solution; should not be confused with the name of Henri Albert Charles
Antoine Hartmann, French surgeon, who described the operation that goes by his name.
Sidney Ringer, 1835-1910, Professor of Clinical Medicine, University College Hospital, London, UK.



CARDIAC OUTPUT

Cardiac output monitoring allows assessment of not only the
cardiac output but also the systemic vascular resistance and,
depending on the technique used, end diastolic volume (pre-
load) and blood volume. Use of invasive cardiac monitoring
with pulmonary artery catheters is becoming less frequent as
new non-invasive monitoring techniques, such as Doppler
ultrasound, pulse waveform analysis and indicator dilution
methods, provide similar information without many of the
drawbacks of more invasive techniques.

Measurement of cardiac output, systemic vascular resist-
ance and preload can help distinguish the types of shock
present (hypovolaemia, distributive, cardiogenic), especially
when they coexist. The information provided guides fluid and
vasopressor therapy by providing real-time monitoring of the
cardiovascular response.

Measurement of cardiac output is desirable in patients
who do not respond as expected to first-line therapy, or who
have evidence of cardiogenic shock or myocardial dysfunc-
tion. Early consideration should be given to instituting car-
diac output monitoring for patients who require vasopressor
or inotropic support.

Systemic and organ perfusion

Ultimately, the goal of treatment is to restore cellular and
organ perfusion. Ideally, therefore, monitoring of organ perfu-
sion should guide the management of shock. The best measure
of organ perfusion and the best monitor of the adequacy of
shock therapy remains the urine output. However, this is an
hourly measure and does not give a minute-to-minute view of
the shocked state. The level of consciousness is an important
marker of cerebral perfusion, but brain perfusion is maintained
until the very late stages of shock, and hence is a poor marker
of adequacy of resuscitation (Table 2.3).

Currently, the only clinical indicators of perfusion of the
gastrointestinal tract and muscular beds are the global meas-
ures of lactic acidosis (lactate and base deficit) and the mixed
venous oxygen saturation.

TABLE 2.3 Monitors for organ/systemic perfusion.
Clinical
Systemic perfusion

Organ perfusion

Muscle -

Gut _

Kidney Urine output
Brain Conscious level

PART 1 | BASIC PRINCIPLES
Resuscitation

BASE DEFICIT AND LACTATE

Lactic acid is generated by cells undergoing anaerobic respira-
tion. The degree of lactic acidosis, as measured by serum lac-
tate level and/or the base deficit, is sensitive for both diagnosis
of shock and monitoring the response to therapy. Patients
with a base deficit over 6 mmol/L have a much higher morbid-
ity and mortality than those with no metabolic acidosis. Fur-
thermore, the length of time in shock with an increased base
deficit is important, even if all other vital signs have returned
to normal (see occult hypoperfusion below under End points
of resuscitation).

These parameters are measured from arterial blood gas
analyses, and therefore the frequency of measurements is
limited and they do not provide minute-to-minute data on
systemic perfusion or the response to therapy. Nevertheless,
the base deficit and/or lactate should be measured routinely
in these patients until they have returned to normal levels.

MIXED VENOUS OXYGEN SATURATION

The percentage saturation of oxygen returning to the heart
from the body is a measure of the oxygen delivery and
extraction by the tissues. Accurate measurement is via analy-
sis of blood drawn from a long central line placed in the right
atrium. Estimations can be made from blood drawn from lines
in the superior vena cava, but these values will be slightly
higher than those of a mixed venous sample (as there is rela-
tively more oxygen extraction from the lower half of the body).
Normal mixed venous oxygen saturation levels are 50-70%.
Levels below 50% indicate inadequate oxygen delivery and
increased oxygen extraction by the cells. This is consistent
with hypovolaemic or cardiogenic shock.

High mixed venous saturations (>70%) are seen in sepsis
and some other forms of distributive shock. In sepsis, there
is disordered utilisation of oxygen at the cellular level, and
arteriovenous shunting of blood at the microvascular level.
Therefore, less oxygen is presented to the cells, and those cells
cannot utilise what little oxygen is presented. Thus, venous
blood has a higher oxygen concentration than normal.

Investigational
Base deficit
Lactate

Mixed venous oxygen saturation

Near-infrared spectroscopy
Tissue oxygen electrode
Sublingual capnometry
Gut mucosal pH

Laser Doppler flowmetry
Tissue oxygen electrode

Near-infrared spectroscopy

Christian Johann Doppler, 1803-1853, Professor of Experimental Physics, Vienna, Austria, enunciated the Doppler principle in 1842.
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Patients who are septic should therefore have mixed
venous oxygen saturations above 70%; below this level, they
are not only in septic shock but also in hypovolaemic or car-
diogenic shock. Although the S O, level is in the ‘normal’
range, it is low for the septic state, and inadequate oxygen is
being supplied to cells that cannot utilise oxygen appropri-
ately. This must be corrected rapidly. Hypovolaemia should
be corrected with fluid therapy, and low cardiac output due to
myocardial depression or failure should be treated with ino-
tropes (dobutamine), to achieve a mixed venous saturation
greater than 70% (normal for the septic state).

New methods for monitoring regional tissue perfusion and
oxygenation are becoming available, the most promising of
which are muscle tissue oxygen probes, near-infrared spectros-
copy and sublingual capnometry. While these techniques pro-
vide information regarding perfusion of specific tissue beds, it
is as yet unclear whether there are significant advantages over
existing measurements of global hypoperfusion (base deficit,
lactate).

End points of resuscitation

It is much easier to know when to start resuscitation than
when to stop. Traditionally, patients have been resuscitated
until they have a normal pulse, blood pressure and urine out-
put. However, these parameters are monitoring organ systems
whose blood flow is preserved until the late stages of shock.
A patient therefore may be resuscitated to restore central
perfusion to the brain, lungs and kidneys and yet continue
to underperfuse the gut and muscle beds. Thus, activation of
inflammation and coagulation may be ongoing and lead to
reperfusion injury when these organs are finally perfused, and
ultimately multiple organ failure.

This state of normal vital signs and continued underper-
fusion is termed ‘occult hypoperfusion’. With current moni-
toring techniques, it is manifested only by a persistent lactic
acidosis and low mixed venous oxygen saturation. The time
spent by patients in this hypoperfused state has a dramatic
effect on outcome. Patients with occult hypoperfusion for
more than 12 hours have two to three times the mortality of
patients with a limited duration of shock.

Resuscitation algorithms directed at correcting global
perfusion end points (base deficit, lactate, mixed venous oxy-
gen saturation) rather than traditional end points have been
shown to improve mortality and morbidity in high-risk surgical
patients. However, it is clear that, despite aggressive regimes,
some patients cannot be resuscitated to normal parameters
within 12 hours by fluid resuscitation alone. More research
is underway to identify the pathophysiology behind this and
investigate new therapeutic options.

HAEMORRHAGE

Haemorrhage must be recognised and managed aggressively to
reduce the severity and duration of shock and avoid death and/
or multiple organ failure. Haemorrhage is treated by arresting
the bleeding — not by fluid resuscitation or blood transfusion.
Although necessary as supportive measures to maintain organ

perfusion, attempting to resuscitate patients who have ongo-
ing haemorrhage will lead to physiological exhaustion (coag-
ulopathy, acidosis and hypothermia) and subsequently death.

Pathophysiology

Haemorrhage leads to a state of hypovolaemic shock. The
combination of tissue trauma and hypovolaemic shock leads
to the development of an endogenous coagulopathy called
acute traumatic coagulopathy (ATC). Up to 25% of trauma
patients develop ATC within minutes of injury and it is asso-
ciated with a four-fold increase in mortality. It is likely that
ATC exists whenever there is the combination of shock and
tissue trauma (e.g. major surgery). ATC is a component of
trauma-induced coagulopathy (TIC), which is ultimately
multifactorial (Figure 2.1).

Ongoing bleeding with fluid and red blood cell resuscita-
tion leads to a dilution of coagulation factors which worsens
the coagulopathy. In addition, the acidosis induced by the
hypoperfused state leads to decreased function of the coagu-
lation proteases, resulting in coagulopathy and further haem-
orrhage. The reduced tissue perfusion includes reduced blood
supply to muscle beds. Underperfused muscle is unable to
generate heat and hypothermia ensues. Coagulation functions
poorly at low temperatures and there is further haemorrhage,
further hypoperfusion and worsening acidosis and hypother-
mia. These three factors result in a downward spiral leading to
physiological exhaustion and death (Figure 2.1).

Medical therapy has a tendency to worsen this effect. Intra-
venous blood and fluids are cold and exacerbate hypothermia.
Further heat is lost by opening body cavities during surgery.
Surgery usually leads to further bleeding and many crystalloid
fluids are themselves acidic (e.g. normal saline has a pH of 6.7).
Every effort must therefore be made to rapidly identify and stop
haemorrhage, and to avoid (preferably) or limit physiological
exhaustion from coagulopathy, acidosis and hypothermia.

|Fibrinolysis Inﬂammationl

|Hypothermia Acidaemia
L\ A4

A A4
TRAUMA-INDUCED

COAGULOPATHY (TIC)

Figure 2.1 Trauma-induced coagulopathy.

Definitions

Revealed and concealed haemorrhage

Haemorrhage may be revealed or concealed. Revealed hae-
morrhage is obvious external haemorrhage, such as exsan-
guination from an open arterial wound or from massive
haematemesis from a duodenal ulcer.

Concealed haemorrhage is contained within the body cavity
and must be suspected, actively investigated and controlled. In



trauma, haemorrhage may be concealed within the chest, abdo-
men, pelvis, retroperitoneum or in the limbs with contained
vascular injury or associated with long-bone fractures. Examples
of non-traumatic concealed haemorrhage include occult gastro-
intestinal bleeding or ruptured aortic aneurysm.

Primary, reactionary and secondary
haemorrhage

Primary haemorrhage is haemorrhage occurring immediately
due to an injury (or surgery). Reactionary haemorrhage is
delayed haemorrhage (within 24 hours) and is usually due to
dislodgement of a clot by resuscitation, normalisation of blood
pressure and vasodilatation. Reactionary haemorrhage may
also be due to technical failure, such as slippage of a ligature.

Secondary haemorrhage is due to sloughing of the wall of
a vessel. [t usually occurs 714 days after injury and is precip-
itated by factors such as infection, pressure necrosis (such as
from a drain) or malignancy.

Surgical and non-surgical haemorrhage

Surgical haemorrhage is due to a direct injury and is amenable
to surgical control (or other techniques such as angioemboli-
sation). Non-surgical haemorrhage is the general ooze from
all raw surfaces due to coagulopathy and cannot be stopped
by surgical means (except packing). Treatment requires cor-
rection of the coagulation abnormalities.

Degree and classification

The adult human has approximately 5 litres of blood (70 mL/
kg children and adults, 80 mL/kg neonates). Estimation of the
amount of blood that has been lost is difficult, inaccurate and
usually underestimates the actual value.

External haemorrhage is obvious, but it may be difficult to
estimate the actual volume lost. In the operating room, blood
collected in suction apparatus can be measured and swabs
soaked in blood weighed.

The haemoglobin level is a poor indicator of the degree of
haemorrhage because it represents a concentration and not an
absolute amount. In the early stages of rapid haemorrhage, the
haemoglobin concentration is unchanged (as whole blood is
lost). Later, as fluid shifts from the intracellular and interstitial
spaces into the vascular compartment, the haemoglobin and
haematocrit levels will fall.

The amount of haemorrhage can be classified into classes
1-4 based on the estimated blood loss required to produce
certain physiological compensatory changes (Table 2.4).
Although conceptually useful, there is variation across ages
(the young compensate well, the old very poorly), variation

TABLE 2.4 Traditional classification of haemorrhagic
shock.

Class
1 2 3 4

Blood volume lost as

0,
percentage of total U

15-30% 30-40% >40%

Haemorrhage

among individuals (e.g. athletes versus the obese) and vari-
ation due to confounding factors (e.g. concomitant medica-
tions, pain).

Treatment should therefore be based upon the degree
of hypovolaemic shock according to vital signs, preload
assessment, base deficit and, most importantly, the dynamic
response to fluid therapy. Patients who are ‘non-responders’
or ‘transient responders’ are still bleeding and must have the
site of haemorrhage identified and controlled.

Management
Identify haemorrhage

External haemorrhage may be obvious, but the diagnosis of
concealed haemorrhage may be more difficult. Any shock
should be assumed to be hypovolaemic until proven otherwise
and, similarly, hypovolaemia should be assumed to be due to
haemorrhage until this has been excluded.

Immediate resuscitative manoeuvres

Direct pressure should be placed over the site of external haem-
orrhage. Airway and breathing should be assessed and controlled
as necessary. Large-bore intravenous access should be instituted
and blood drawn for cross-matching (see Cross-matching
below). Emergency blood should be requested if the degree of
shock and ongoing haemorrhage warrants this.

Identify the site of haemorrhage

Once haemorrhage has been considered, the site of haemor-
rhage must be rapidly identified. Note this is not to identify
the exact location definitively, but rather to define the next
step in haemorrhage control (operation, angioembolisation,
endoscopic control).

Clues may be in the history (previous episodes, known
aneurysm, non-steroidal therapy for gastrointestinal [GI]
bleeding) or examination (nature of blood — fresh, melaena;
abdominal tenderness, etc.). For shocked trauma patients, the
external signs of injury may suggest internal haemorrhage,
but haemorrhage into a body cavity (thorax, abdomen) must
be excluded with rapid investigations (chest and pelvis x-ray,
abdominal ultrasound or diagnostic peritoneal aspiration).

Investigations for blood loss must be appropriate to the
patient’s physiological condition. Rapid bedside tests are more
appropriate for profound shock and exsanguinating haemor-
rhage than investigations such as computed tomography (CT)
which take time. Patients who are not actively bleeding can
have a more methodical, definitive work-up.

Haemorrhage control

The bleeding, shocked patient must be moved rapidly to a
place of haemorrhage control. This will usually be in the oper-
ating room but may be the angiography or endoscopy suite.
These patients require surgical and anaesthetic support and
full monitoring and equipment must be available.
Haemorrhage control must be achieved rapidly to pre-
vent the patient entering the triad of coagulopathy—acidosis—
hypothermia and physiological exhaustion. There should be no
unnecessary investigations or procedures prior to haemorrhage
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control to minimise the duration and severity of shock. This
includes prolonged attempts to volume resuscitate the patient
prior to surgery, which will result in further hypothermia and
clotting factor dilution until the bleeding is stopped. Attention
should be paid to correction of coagulopathy with blood com-
ponent therapy to aid surgical haemorrhage control.

Surgical intervention may need to be limited to the min-
imum necessary to stop bleeding and control sepsis. More
definitive repairs can be delayed until the patient is haemo-
dynamically stable and physiologically capable of sustaining the
procedure. This concept of tailoring the operation to match the
patient’s physiology and staged procedures to prevent physio-
logical exhaustion is called ‘damage control surgery’ — a term
borrowed from the military which ensures continued function-
ing of a damaged ship above conducting complete repairs which
would prevent rapid return to battle.

Once haemorrhage is controlled, patients should be aggres-
sively resuscitated, warmed and coagulopathy corrected. Atten-
tion should be paid to fluid responsiveness and the end points of
resuscitation to ensure that patients are fully resuscitated and to
reduce the incidence and severity of organ failure.

Summary box 2.4

Damage control surgery
® Arrest haemorrhage

e Control sepsis

® Protect from further injury
® Nothing else

Damage control resuscitation

These concepts have been combined into a new paradigm for
the management of trauma patients with active haemorrhage
called damage control resuscitation (DCR). The four central
strategies of DCR are:

1 Anticipate and treat acute traumatic coagulopathy.

2 Permissive hypotension until haemorrhage control.

3 Limit crystalloid and colloid infusion to avoid dilutional
coagulopathy.

4 Damage control surgery to control haemorrhage and pre-
serve physiology.

Damage control resuscitation strategies have been shown
to reduce mortality and morbidity in patients with exsangui-
nating trauma and may be applicable in other forms of acute
haemorrhage.

TRANSFUSION

The transfusion of blood and blood products has become
commonplace since the first successful transfusion in 1818.
Although the incidence of severe transfusion reactions and

infections is now very low, in recent years it has become appar-
ent that there is an immunological price to be paid from the
transfusion of heterologous blood, leading to increased mor-
bidity and decreased survival in certain population groups
(trauma, malignancy). Supplies are also limited, and therefore

the use of blood and blood products must always be judicious
and justifiable for clinical need (Table 2.5).

TABLE 2.5 History of blood transfusion.

1492 Pope Innocent VIII suffers a stroke and receives a
blood transfusion from three 10-year-old boys (paid a
ducat each). All three boys died, as did the pope later

that year

1665 Richard Lower in Oxford conducts the first successful

canine transfusions

1667 Jean-Baptiste Denis reports successful sheep—human

transfusions

1678 Animal-human transfusions are banned in France

because of the poor results

1818 James Blundell performs the first successful
documented human transfusion in a woman suffering
post-partum haemorrhage. She received blood from

her husband and survived
1901 Karl Landsteiner discovers the ABO system

1914 The Belgian physician Albert Hustin performed the
first non-direct transfusion, using sodium citrate as an

anticoagulant

The British Red Cross instituted the first blood
transfusion service in the world

1926

1939 The Rhesus system was identified and recognised as

the major cause of transfusion reactions

Blood and blood products

Blood is collected from donors who have been previously
screened before donating, to exclude any donor whose blood
may have the potential to harm the patient, or to prevent
possible harm that donating a unit of blood may have on the
donor. In the UK, up to 450 mL of blood is drawn, a maximum
of three times each year. Each unit is tested for evidence of
hepatitis B, hepatitis C, HIV-1, HIV-2 and syphilis. Donations
are leukodepleted as a precaution against variant Creutzfeldt—
Jakob disease (this may also reduce the immunogenicity of the
transfusion). The ABO and rhesus D blood groups are deter-
mined, as well as the presence of irregular red cell antibodies.
The blood is then processed into subcomponents.

Whole blood

Whole blood is now rarely available in civilian practice
because it has been seen as an inefficient use of the limited
resource. However, whole blood transfusion has significant
advantages over packed cells as it is coagulation factor rich
and, if fresh, more metabolically active than stored blood.

Hans Gerhard Creutzfeldt, 18851946, neurologist, Kiel, Germany.
Alfons Maria Jakob, 1884-1931, neurologist, Hamburg, Germany.

Karl Landsteiner, 1868-1943, Professor of Pathological Anatomy, University of Vienna, Austria. In 1909 he classified the human blood groups into A, B, AB and

O. For this he was awarded the Nobel Prize for Physiology or Medicine in 1930.



Packedred cells

Packed red blood cells are spun-down and concentrated packs
of red blood cells. Each unit is approximately 330 mL and has
a haematocrit of 50-70%. Packed cells are stored in a SAG-M
solution (saline—adenine—glucose—-mannitol) to increase shelf
life to 5 weeks at 2-6°C. (Older storage regimes included
storage in CPD: citrate—phosphate—dextrose solutions, which

have a shelf life of 2—-3 weeks.)

Fresh-frozen plasma

Fresh-frozen plasma (FFP) is rich in coagulation factors and
is removed from fresh blood and stored at —40 to —50°C
with a 2-year shelf life. It is the first-line therapy in the
treatment of coagulopathic haemorrhage (see below under
Management of coagulopathy). Rhesus D-positive FFP may
be given to a rhesus D-negative woman although it is pos-
sible for seroconversion to occur with large volumes owing to
the presence of red cell fragments, and Rh-D immunisation
should be considered.

Cryoprecipitate
Cryoprecipitate is a supernatant precipitate of FFP and is
rich in factor VIII and fibrinogen. It is stored at —=30°C with

a 2-year shelf life. It is given in low fibrinogen states or factor
VIII deficiency.

Platelets

Platelets are supplied as a pooled platelet concentrate and
contain about 250 x 10°/L. Platelets are stored on a special
agitator at 20-24°C and have a shelf life of only 5 days. Plate-
let transfusions are given to patients with thrombocytopenia
or with platelet dysfunction who are bleeding or undergoing
surgery.

Patients are increasingly presenting on antiplatelet ther-
apy such as aspirin or clopidogrel for reduction of cardiovas-
cular risk. Aspirin therapy rarely poses a problem but control
of haemorrhage on the more potent platelet inhibitors can be
extremely difficult. Patients on clopidogrel who are actively
bleeding and undergoing major surgery may require almost
continuous infusion of platelets during the course of the
procedure. Arginine vasopressin or its analogues (DDAVP)
have also been used in this patient group, although with lim-
ited success.

Prothrombin complex concentrates

Prothrombin complex concentrates (PCC) are highly puri-
fied concentrates prepared from pooled plasma. They contain
factors 11, IX and X. Factor VII may be included or produced
separately. It is indicated for the emergency reversal of anti-
coagulant (warfarin) therapy in uncontrolled haemorrhage.

Autologous blood

It is possible for patients undergoing elective surgery to predo-
nate their own blood up to 3 weeks before surgery for retrans-
fusion during the operation. Similarly, during surgery blood
can be collected in a cell-saver which washes and collects red
blood cells which can then be returned to the patient.

Transfusion

Indications for blood transfusion

Blood transfusions should be avoided if possible, and many
previous uses of blood and blood products are now no longer
considered appropriate. The indications for blood transfusion
are as follows:

e Acute blood loss, to replace circulating volume and main-
tain oxygen delivery;

e Perioperative anaemia, to ensure adequate oxygen deliv-
ery during the perioperative phase;

e Symptomatic chronic anaemia, without haemorrhage or
impending surgery.

Transfusion trigger

Historically, patients were transfused to achieve a haemoglo-
bin >10 g/dL. This has now been shown not only to be unnec-
essary but also to be associated with an increased morbidity
and mortality compared with lower target values. A haemo-
globin level of 6 g/dL is acceptable in patients who are not
actively bleeding, not about to undergo major surgery and are
not symptomatic. There is some controversy as to the opti-
mal haemoglobin level in some patient groups, such as those
with cardiovascular disease, sepsis and traumatic brain injury.
Although, conceptually, a higher haemoglobin level improves
oxygen delivery, there is little clinical evidence at this stage to
support higher levels in these groups (Table 2.6).

TABLE 2.6 Perioperative red blood cell transfusion criteria.

Haemoglobin level (g/dL) Indications

<6 Probably will benefit from transfusion

6-8 Transfusion unlikely to be of benefit in
the absence of bleeding or impending
surgery

>8 No indication for transfusion in the

absence of other risk factors

Blood groups and cross-matching

Human red cells have on their cell surface many different
antigens. Two groups of antigens are of major importance in
surgical practice — the ABO and rhesus systems.

ABO system

These proteins are strongly antigenic and are associated with
naturally occurring antibodies in the serum. The system con-
sists of three allelic genes — A, B and O — which control syn-
thesis of enzymes that add carbohydrate residues to cell surface
glycoproteins. A and B genes add specific residues while the O
gene is an amorph and does not transform the glycoprotein.
The system allows for six possible genotypes although there
are only four phenotypes. Naturally occurring antibodies are
found in the serum of those lacking the corresponding antigen
(Table 2.7).

Blood group O is the universal donor type as it contains no
antigens to provoke a reaction. Conversely, group AB individ-
uals are ‘universal recipients’ and can receive any ABO blood
type because they have no circulating antibodies.
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TABLE 2.7 ABO blood group system.

Phenotype Genotype Antigens

(¢} 00 o

A AA or AO A

B BB or BO B

AB AB AB
Rhesus system

The rhesus D (Rh(D)) antigen is strongly antigenic and is
present in approximately 85% of the population in the UK.
Antibodies to the D antigen are not naturally present in the
serum of the remaining 15% of individuals, but their forma-
tion may be stimulated by the transfusion of Rh-positive red
cells, or acquired during delivery of a Rh(D)-positive baby.

Acquired antibodies are capable, during pregnancy, of
crossing the placenta and, if present in a Rh(D)-negative
mother, may cause severe haemolytic anaemia and even death
(hydrops fetalis) in a Rh(D)-positive fetus in utero. The other
minor blood group antigens may be associated with naturally
occurring antibodies, or may stimulate the formation of anti-
bodies on relatively rare occasions.

Transfusion reactions

If antibodies present in the recipient’s serum are incompatible
with the donor’s cells, a transfusion reaction will result. This
usually takes the form of an acute haemolytic reaction. Severe
immune-related transfusion reactions due to ABO incompat-
ibility result in potentially fatal complement-mediated intra-
vascular haemolysis and multiple organ failure. Transfusion
reactions from other antigen systems are usually milder and
self-limiting.

Febrile transfusion reactions are non-haemolytic and are
usually caused by a graft-versus-host response from leukocytes
in transfused components. Such reactions are associated with
fever, chills or rigors. The blood transfusion should be stopped
immediately. This form of transfusion reaction is rare with leu-

kodepleted blood.

Cross-matching

To prevent transfusion reactions, all transfusions are preceded
by ABO and rhesus typing of both donor and recipient blood to
ensure compatibility. The recipient’s serum is then mixed with
the donor’s cells to confirm ABO compatibility and to test for
rhesus and any other blood group antigen—antibody reaction.

Full cross-matching of blood may take up to 45 minutes
in most laboratories. In more urgent situations, ‘type specific’
blood is provided which is only ABO/rhesus matched and can
be issued within 10—15 minutes. Where blood must be given
emergently, group O (universal donor) blood is given (O- to
females, O+ to males).

When blood transfusion is prescribed and blood is admin-
istered, it is essential that the correct patient receives the cor-
rect transfusion. Two healthcare personnel should check the

Antibodies Frequency (%)
Anti-A, anti-B 46

Anti-B 42

Anti-A 9

None 3

patient details against the prescription and the label of the
donor blood. In addition, the donor blood serial number should
also be checked against the issue slip for that patient. Provided
these principles are strictly adhered to the number of severe
and fatal ABO incompatibility reactions can be minimised.

Complications of blood transfusion

Complications from blood transfusion can be categorised as
those arising from a single transfusion and those related to
massive transfusion.

Complications from a single transfusion
Complications from a single transfusion include:

incompatibility haemolytic transfusion reaction;
febrile transfusion reaction;
allergic reaction;
infection:
bacterial infection (usually due to faulty storage);
hepatitis;
HIV;
malaria;
® air embolism;
e thrombophlebitis;
e transfusion-related acute lung injury (usually from FFP).

Complications from massive transfusion

Complications from massive transfusion include:

coagulopathy;
hypocalcaemia;
hyperkalaemia;
hypokalaemia;
hypothermia.

In addition, patients who receive repeated transfusions
over long periods of time (e.g. patients with thalassaemia) may
develop iron overload. (Each transfused unit of red blood cells
contains approximately 250 mg of elemental iron.)

Management of coagulopathy

Correction of coagulopathy is not necessary if there is no active
bleeding and haemorrhage is not anticipated (not due for sur-
gery). However, coagulopathy following or during massive
transfusion should be anticipated and managed aggressively.
Prevention of dilutional coagulopathy is central to the dam-
age control resuscitation of patients who are actively bleeding.



This is the prime reason for delivering balanced transfusion
regimes matching red blood cell packs with plasma and plate-
lets. Based on moderate evidence, when red cells are trans-
fused for active haemorrhage, it is best to match each red cell
unit with one unit of FFP and one of platelets (1:1:1). This
will reduce the incidence and severity of subsequent dilutional
coagulopathy. Crystalloids and colloids should be avoided for
the same reason.

The balanced transfusion approach cannot, however,
correct coagulopathy. Therefore, coagulation should be mon-
itored routinely, either with point-of-care testing (throm-
boelastometry) or with laboratory tests (fibrinogen, clotting
times). Underlying coagulopathies should be treated in addi-
tion to the administration of 1:1:1 balanced transfusions.

There are pharmacological adjuncts to blood component
therapy. The antifibrinolytic tranexamic acid is the most com-
monly administered. It is usually administered empirically
to bleeding patients because effective point-of-care tests of
fibrinolysis are not yet routinely available. There is little evi-
dence to support the use of other coagulation factor concen-
trates at this time.

Blood substitutes

Blood substitutes are an attractive alternative to the costly
process of donating, checking, storing and administering
blood, especially given the immunogenic and potential infec-
tious complications associated with transfusion.

There are several oxygen-carrying blood substitutes under
investigation in experimental animal or early clinical trials.

PART 1 | BASIC PRINCIPLES

Further reading

Blood substitutes are either biomimetic or abiotic. Biomimetic
substitutes mimic the standard oxygen-carrying capacity of
the blood and are haemoglobin based. Abiotic substitutes
are synthetic oxygen carriers and are currently primarily per-
fluorocarbon based.

Haemoglobin is seen as the obvious candidate for devel-
oping an effective blood substitute. Various engineered mol-
ecules are under clinical trials, and are based on human,
bovine or recombinant technologies. Second-generation
perfluorocarbon emulsions are also showing potential in
clinical trials.
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Wounds, healing and tissue repair

Learning objectives

To understand:

e Normal healing and how it can be adversely affected

e How to manage wounds of different types, of different
structures and at different sites

e Aspects of disordered healing that lead to chronic
wounds

The variety of scars and their treatment

How to differentiate between acute and chronic wounds

INTRODUCTION

Wound healing is a mechanism whereby the body attempts to
restore the integrity of the injured part. This falls far short of
tissue regeneration by pluripotent cells, seen in some amphi-
bians, and is often detrimental, as seen in the problems created
by scarring, such as adhesions, keloids, contractures and cirrho-
sis of the liver. Several factors may influence healing. However,
a clean incised wound in a healthy person where there is no skin
loss will follow a set pattern as outlined below.

Summary box 3.1

Factors influencing healing of a wound
e Site of the wound
e Structures involved
® Mechanism of wounding
Incision
Crush
Crush avulsion
e Contamination (foreign bodies/bacteria)®
Loss of tissue
e Other local factors
Vascular insufficiency (arterial or venous)
Previous radiation
Pressure
e Systemic factors
Malnutrition or vitamin and mineral deficiencies
Disease (e.g. diabetes mellitus)
Medications (e.g. steroids)
Immune deficiencies (e.g. chemotherapy, acquired
immunodeficiency syndrome [AIDS])
Smoking

# In explosions, the contamination may consist of tissue such as bone from another
individual.

NORMAL WOUND HEALING

This is variously described as taking place in three or four
phases, the most commonly agreed being:

1 the inflammatory phase;
2 the proliferative phase;
3 the remodelling phase (maturing phase).

Occasionally, a haemostatic phase is referred to as occur-
ring before the inflammatory phase, or a destructive phase fol-
lowing inflammation consisting of the cellular cleansing of the
wound by macrophages (Figure 3.1).

The inflammatory phase begins immediately after wound-
ing and lasts 2-3 days. Bleeding is followed by vasoconstric-
tion and thrombus formation to limit blood loss. Platelets
stick to the damaged endothelial lining of vessels, releasing
adenosine diphosphate (ADP), which causes thrombocytic
aggregates to fill the wound. When bleeding stops, the plate-
lets then release several cytokines from their alpha granules.
These are platelet-derived growth factor (PDGF), plate-
let factor IV and transforming growth factor beta (TGE).
These attract inflammatory cells such as polymorphonuclear
leukocytes (PMN) and macrophages. Platelets and the local
injured tissue release vasoactive amines, such as histamine,
serotonin and prostaglandins, which increase vascular perme-
ability, thereby aiding infiltration of these inflammatory cells.
Macrophages remove devitalised tissue and microorganisms
while regulating fibroblast activity in the proliferative phase
of healing. The initial framework for structural support of cells
is provided by fibrin produced by fibrinogen. A more historical
(Latin) description of this phase is described in four words:
rubor (redness), tumor (swelling), calor (heat) and dolor (pain).

The proliferative phase lasts from the third day to the
third week, consisting mainly of fibroblast activity with the
production of collagen and ground substance (glycosaminogly-



(c)

Figure 3.1 The phases of healing. (a) Early inflammatory phase with
platelet-enriched blood clot and dilated vessels. (b) Late inflamma-
tory phase with increased vascularity and increase in polymorpho-
nuclear leukocytes and lymphocytes (round cells). (c¢) Proliferative
phase with capillary buds and fibroblasts. (d) Mature contracted scar.

cans and proteoglycans), the growth of new blood vessels as
capillary loops (angioneogenesis) and the re-epithelialisation
of the wound surface. Fibroblasts require vitamin C to pro-
duce collagen. The wound tissue formed in the early part of
this phase is called granulation tissue. In the latter part of this
phase, there is an increase in the tensile strength of the wound
due to increased collagen, which is at first deposited in a ran-
dom fashion and consists of type III collagen. This proliferative
phase with its increase of collagen deposition is associated with
wound contraction, which can considerably reduce the surface
area of a wound over the first 3 weeks of healing.

The remodelling phase is characterised by maturation
of collagen (type I replacing type III until a ratio of 4:1 is
achieved). There is a realignment of collagen fibres along
the lines of tension, decreased wound vascularity, and wound
contraction due to fibroblast and myofibroblast activity. This
maturation of collagen leads to increased tensile strength in
the wound which is maximal at the 12th week post injury and
represents approximately 80% of the uninjured skin strength.

NORMAL HEALING IN SPECIFIC
TISSUES

Bone

The phases are as above, but periosteal and endosteal prolifer-
ation leads to the formation of callus, which is immature bone
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consisting of osteoid (mineralised by hydroxyapatite and laid
down by osteoblasts). In the remodelling phase, cortical struc-
ture and the medullary cavity are restored. If fracture ends are
accurately opposed and rigidly fixed, callus formation is mini-
mal and primary healing occurs. If a gap exists, then secondary
healing may lead to delayed union, non-union or malunion.

Nerve

Distal to the wound, Wallerian degeneration occurs. Proxi-
mally, the nerve suffers traumatic degeneration as far as the last
node of Ranvier. The regenerating nerve fibres are attracted
to their receptors by neurotrophism, which is mediated by
growth factors, hormones and other extracellular matrix tro-
phins. Nerve regeneration is characterised by profuse growth
of new nerve fibres which sprout from the cut proximal end.
Overgrowth of these, coupled with poor approximation, may
lead to neuroma formation.

Tendon

Although repair follows the normal pattern of wound heal-
ing, there are two main mechanisms whereby nutrients, cells
and new vessels reach the severed tendon. These are intrinsic,
which consists of vincular blood flow and synovial diffusion, and
extrinsic, which depends on the formation of fibrous adhesions
between the tendon and the tendon sheath. The random nature
of the initial collagen produced means that the tendon lacks
tensile strength for the first 3—6 weeks. Active mobilisation pre-
vents adhesions limiting range of motion, but the tendon must
be protected by splintage in order to avoid rupture of the repair.

ABNORMAL HEALING

Some of the adverse influences on wound healing are listed
in Summary box 3.1. Delayed healing may result in loss of
function or poor cosmetic outcome. The aim of treatment is
to achieve healing by primary intention and so reduce the
inflammatory and proliferative responses.

Summary box 3.2

Classification of wound closure and healing
® Primary intention
Wound edges opposed
Normal healing
Minimal scar
e Secondary intention
Wound left open
Heals by granulation, contraction and epithelialisation
Increased inflammation and proliferation
Poor scar
e Tertiary intention (also called delayed primary intention)
Wound initially left open
Edges later opposed when healing conditions favourable

Augustus Volney Waller, 1816-1870, general practitioner of Kensington, London, UK (1842-1851), subsequently worked as a physiologist in Bonn, Germany;

Paris, France; Birmingham, UK; and Geneva, Switzerland.

Louis Antoine Ranvier, 1835-1922, physician and histologist who was a professor in the College of France, Paris, France, described these nodes in 1878.
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Healing by primary intention is also known as healing by first
intention. This occurs when there is apposition of the wound
edges and minimal surrounding tissue trauma that causes least
inflammation and leaves the best scar. Delayed primary inten-
tion healing occurs when the wound edges are not opposed
immediately, which may be necessary in contaminated or untidy
wounds. The inflammatory and proliferative phases of healing
are well established when delayed closure of the wound is car-
ried out. This is also called healing by tertiary intention in some
texts and will result in a less satisfactory scar than would result
after healing by primary intention. Secondary healing or healing
by secondary intention occurs in wounds that are left open and
allowed to heal by granulation, contraction and epithelialisation.

TYPES OF WOUNDS - TIDY
VERSUS UNTIDY

The site injured, the structures involved in the injury and
the mechanism of injury (e.g. incision or explosion) all
influence healing and recovery of function. This has led
to the management of wounds based upon their classi-
fication into tidy and untidy (Table 3.1 and Figure 3.2).

(a)

Figure 3.2 (a) Tidy incised wound on the finger. (b) Untidy avulsed
wound on the hand.

The surgeon’s aim is to convert untidy to tidy by removing
all contaminated and devitalised tissue.

Primary repair of all structures (e.g. bone, tendon, vessel
and nerve) may be possible in a tidy wound, but a contami-
nated wound with dead tissue requires debridement on one
or several occasions before definitive repair can be carried
out (the concept of ‘second look’ surgery). This is especially
true in injuries caused by explosions, bullets or other missiles,
where the external wound itself may appear much smaller
than the wider extent of the injured tissues deep to the sur-
face. Multiple debridements are often required after crushing
injuries in road traffic accidents or in natural disasters such as
earthquakes, where fallen masonry causes widespread mus-
cle damage and compartment syndromes (see Compartment
syndromes below). Any explosion where there are multiple
victims at the same site or where there has been a suicide-
related explosion will carry the risk of tissue and viral con-
tamination. Appropriate tests for hepatitis viruses and
human immunodeficiency virus (HIV) are required.

TABLE 3.1 Tidy versus untidy wounds.
Tidy Untidy

Incised Crushed or avulsed

Clean Contaminated

Healthy tissues Devitalised tissues

Seldom tissue loss Often tissue loss

MANAGING THE ACUTE WOUND

The surgeon must remember to examine the whole patient
according to acute trauma life support (ATLS) principles. A
stab wound in the back can be missed just as easily in the reality
of the accident and emergency room as in a fictitious detective
novel. The wound itself should be examined, taking into con-
sideration the site and the possible structures damaged (Figure
3.3). It is essential to assess movement and sensation while

Figure 3.3 Facial trauma — apparent tissue loss but none found after
careful matching.

The term ‘debridement’ was introduced by the great French surgeon in Napoleon’s army, Dominique Jean Larrey (1766-1842). He used it to describe the removal

of bullets, bits of cloth, loose bits of bone and soft tissue.



watching for pain and listening to the patient. Tetanus cover
should be noted and appropriate treatment carried out.

A bleeding wound should be elevated and a pressure
pad applied. Clamps should not be put on vessels blindly
because nerve damage is likely and vascular anastomosis is ren-
dered impossible.

In order to facilitate examination, adequate analgesia and/
or anaesthesia (local, regional or general) are required. General
anaesthesia is often needed in children. With limb injuries,
particularly those of the hand, a tourniquet should be used
in order to facilitate visualisation of all structures. Due care
should be taken with tourniquet application, avoiding uneven
pressure and noting the duration of tourniquet time.

After assessment, a thorough debridement is essential.
Abrasions, ‘road rash’ (following a fall from a motorbike)
and explosions all cause dirt tattooing and require the use of
a scrubbing brush or even excision under magnification. A
wound should be explored and debrided to the limit of blood
staining. Devitalised tissue must be excised until bleeding
occurs, with the obvious exceptions of nerves, vessels and
tendons. These may survive with adequate revascularisation
subsequently or after being covered with viable tissue such as
that brought in by skin or muscle flaps.

The use of copious saline irrigation or pulsed jet lavage
(where the instrumentation is available) can be less destruc-
tive than knife or scissors when debriding. However, it has
been suggested that pulsed jet lavage can implant dirt into a
deeper plane and care should be taken to avoid this compli-
cation. Muscle viability is judged by the colour, bleeding pat-
tern and contractility. In a tidy wound, repair of all damaged
structures may be attempted. Repair of nerves under magnifi-
cation (loupes or microscope) using 8/0 or 10/0 monofilament
nylon is usual. Vessels such as the radial or ulnar artery may
be repaired using similar techniques. Tendon repairs, particu-
larly those in the hand, benefit from early active mobilisation
because this minimises adhesions between the tendon and the
tendon sheath (see above under Tendon for extrinsic tendon
healing mechanism).

Skin cover by flap or graft may be required as skin closure
should always be without tension and should allow for the
oedema typically associated with injury and the inflammatory
phase of healing. A flap brings in a new blood supply and can
be used to cover tendon, nerve, bone and other structures that
would not provide a suitable vascular base for a skin graft. A
skin graft has no inherent blood supply and is dependent on
the recipient site for nutrition.

SOME SPECIFIC WOUNDS
Bites

Most bites involve either puncture wounds or avulsions. Bites
from small animals are common in children (Figure 3.4) and
require cleansing and treatment according to the principles out-
lined in Summary box 3.3, usually under general anaesthetic.
Injuries to the ear, tip of nose and lower lip are most usu-
ally seen in victims of human bites. A boxing-type injury of
the metacarpophalangeal joint may result from a perforating
contact with the teeth of a victim. Anaerobic and aerobic
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Figure 3.4 Dog bite in a child.

Summary box 3.3

Managing the acute wound

Cleansing

Exploration and diagnosis

Debridement

Repair of structures

Replacement of lost tissues where indicated
Skin cover if required

Skin closure without tension

All of the above with careful tissue handling and meticulous
technique

organism prophylaxis is required as bite wounds typically have
high virulent bacterial counts.

Puncture wounds

Wounds caused by sharp objects should be explored to the
limit of tissue blood staining. Needle-stick injuries should be
treated according to the well-published protocols because of
hepatitis and HIV risks. X-ray examination should be carried
out in order to rule out retained foreign bodies in the depth
of the wound.

Haematoma

If large, painful or causing neural deficit, a haematoma may
require release by incision or aspiration. In the gluteal or thigh
region, there may be an associated disruption of fat in the form
of a fat fracture, which results in an unsightly groove but intact
skin. An untreated haematoma may also calcify and therefore
require surgical exploration if symptomatic.

Degloving

Degloving occurs when the skin and subcutaneous fat are
stripped by avulsion from the underlying fascia, leaving
neurovascular structures, tendon or bone exposed. A deglov-
ing injury may be open or closed. An obvious example of an
open degloving is a ring avulsion injury with loss of finger
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Figure 3.5 Degloving hand injury.

Figure 3.6 Degloving buttock injury.

skin (Figure 3.5). A closed degloving may be a rollover injury,
typically caused by a motor vehicle over a limb. Such an injury
will extend far further than expected, and much of the limb skin
may be non-viable (Figure 3.6). Examination under anaes-
thetic is required with a radical excision of all non-bleeding
skin, as judged by bleeding dermis. Fluoroscein can be admin-
istered intravenously while the patient is anaesthetised. Under
ultraviolet light, viable (perfused) skin will show up as a fluores-
cent yellowish green colour, and the non-viable skin for exci-
sion is clearly mapped out. However, the main objection to this
method is that of possible anaphylactic shock due to fluoroscein
sensitivity. Most surgeons therefore rely upon serial excision
until punctate dermal bleeding is obvious. Split-skin grafts can
be harvested from the degloved non-viable skin and meshed
(Figure 3.7) to cover the raw areas resulting from debridement.

Compartment syndromes

Compartment syndromes typically occur in closed lower limb
injuries. They are characterised by severe pain, pain on passive
movement of the affected compartment muscles, distal sen-
sory disturbance and, finally, by the absence of pulses distally
(a late sign). They can occur with an open injury if the wound
does not extend into the affected compartment.

Figure 3.7 Meshed split-skin graft.

Compartment pressures can be measured using a pressure
monitor and a catheter placed in the muscle compartment.
If pressures are constantly greater than 30 mmHg or if the
above clinical signs are present, then fasciotomy should be
performed. Fasciotomy involves incising the deep muscle fas-
cia and is best carried out via longitudinal incisions of skin,
fat and fascia (Figure 3.8). The muscle will then be seen bulg-
ing out through the fasciotomy opening. The lower limb can
be decompressed via two incisions, each being lateral to the
subcutaneous border of the tibia. This gives access to the two
posterior compartments and to the peroneal and anterior com-
partments of the leg. In crush injuries that present several days
after the event, a late fasciotomy can be dangerous because
dead muscle produces myoglobin which, if suddenly released
into the blood stream, causes myoglobinuria with glomerular
blockage and renal failure. In the late treatment of lower limb
injuries, therefore, it may be safer to amputate the limb once
viable and non-viable tissues have been demarcated.

High-pressure injection injuries

The use of high-pressure devices in cleaning, degreasing
and painting can cause extensive closed injuries through

Figure 3.8 Fasciotomy of the lower leg.



small entry wounds. The liquid injected spreads along fascial
planes, a common site being from finger to forearm. The tis-
sue damage is dependent upon the toxicity of the substance
and the injection pressure. Treatment is surgical, with wide
exposure, removal of the toxic substance and thorough
debridement. Preoperative x-rays may be helpful where air or
lead-based paints can be seen. It should be noted that ampu-
tation rates following high-pressure injection injuries are
reported as being over 45%. Delayed or conservative treat-
ment is therefore inappropriate.

CHRONIC WOUNDS

A chronic wound may be defined as one that fails to heal in
the expected time for a wound of that type, which is usually
less than 3 weeks. Delays in healing can occur at any phase but
most often occur in the inflammatory phase.

Leg ulcers

In resource-rich countries, the most common chronic wounds
are leg ulcers. An ulcer can be defined as a break in the epi-
thelial continuity. A prolonged inflammatory phase leads to
overgrowth of granulation tissue, and attempts to heal by
scarring leave a fibrotic margin. Necrotic tissue, often at the
ulcer centre, is called slough. The more common aetiologies
are listed in Summary box 3.4.

A chronic ulcer, unresponsive to dressings and sim-
ple treatments, should be biopsied to rule out neoplastic
change, a squamous cell carcinoma known as a Marjolin’s
ulcer being the most common. Effective treatment of any
leg ulcer depends on treating the underlying cause, and
diagnosis is therefore vital. Arterial and venous circulation
should be assessed, as should sensation throughout the lower
limb. Surgical treatment is only indicated if non-operative
treatment has failed or if the patient suffers from intractable
pain. Meshed skin grafts (Figure 3.7) are more successful
than sheet grafts and have the advantage of allowing mobili-
sation, as any tissue exudate can escape through the mesh. It
should be stressed that the recurrence rate is high in venous
ulceration, and patient compliance with a regime of hygiene,
elevation and elastic compression is essential.

Summary box 3.4

Aetiology of leg ulcers
e \Venous disease leading to local venous hypertension (e.g.
varicose veins)

e Arterial disease, either large vessel (atherosclerosis) or small
vessel (diabetes)

o Arteritis associated with autoimmune disease (rheumatoid
arthritis, lupus, etc.)
Trauma — could be self-inflicted
Chronic infection — tuberculosis/syphilis
Neoplastic — squamous or basal cell carcinoma, sarcoma

PART 1 | BASIC PRINCIPLES
Chronic wounds

Pressure sores

These can be defined as tissue necrosis with ulceration due to
prolonged pressure. Less preferable terms are bed sores, pres-
sure ulcers and decubitus ulcers. They should be regarded as
preventable but occur in approximately 5% of all hospital-
ised patients (range 3—12% in published literature). There is
a higher incidence in paraplegic patients, in the elderly and
in the severely ill patient. The most common sites are listed
in Summary box 3.5.

A staging system for description of pressure sores devised
by the American National Pressure Ulcer Advisory Panel is
shown in Table 3.2.

Summary box 3.5

Pressure sore frequency in descending order
Ischium

Greater trochanter

Sacrum

Heel

Malleolus (lateral then medial)

Occiput

TABLE 3.2 Staging of pressure sores.

Stage Description

1 Non-blanchable erythema without a breach in the
epidermis

2 Partial-thickness skin loss involving the epidermis and
dermis

3 Full-thickness skin loss extending into the subcutaneous
tissue but not through underlying fascia

4 Full-thickness skin loss through fascia with extensive
tissue destruction, maybe involving muscle, bone, tendon
or joint

If external pressure exceeds the capillary occlusive pressure
(over 30 mmHg), blood flow to the skin ceases, leading to tis-
sue anoxia, necrosis and ulceration (Figure 3.9). Prevention

Figure 3.9 Pressure ulcer.

Jean-Nicholas Marjolin, 1780-1850, surgeon, Paris, France, described the development of carcinomatous ulcers in scars in 1828.
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is obviously the best treatment, with good skin care, special
pressure dispersion cushions or foams, the use of low air loss
and air-fluidised beds and urinary or faecal diversion in selected
cases. Pressure sore awareness is vital, and the bed-bound
patient should be turned at least every 2 hours, with the wheel-
chair-bound patient being taught to lift themselves off their seat
for 10 seconds every 10 minutes. It should be stressed that the
most important treatment is to treat the cause of the pressure
sore and that surgical treatment is a last resort often doomed to
failure if the cause persists.

Surgical management of pressure sores follows the same
principles involved in acute wound treatment (Summary box
3.4). The patient must be well motivated, clinically stable
with good nutrition and adhere to the preventative measures
advised postoperatively. Preoperative management of the
pressure sore involves adequate debridement, and the use of
vacuum-assisted closure (VAC) may help to provide a suitable
wound for surgical closure (see below). The aim is to fill the
dead space and to provide durable sensate skin. Large skin
flaps that include muscle are best and, occasionally, an intact
sensory innervated area can be included (e.g. extensor fascia
lata flap with lateral cutaneous nerve of the thigh). If possible,
use a flap that can be advanced further if there is recurrence
and that does not interfere with the planning of neighbouring
flaps that may be used in the future.

Vacuum-assisted closure

This is now more correctly known as negative pressure wound
closure. Applying intermittent negative pressure of approx-
imately —125 mmHg appears to hasten debridement and the
formation of granulation tissue in chronic wounds and ulcers. A
foam dressing is cut to size to fit the wound. A perforated wound
drain is placed over the foam, and the wound is sealed with
a transparent adhesive film. A vacuum is then applied to the
drain (Figure 3.10). Negative pressure may act by decreasing
oedema, by removing interstitial fluid and by increasing blood

Figure 3.10 Vacuum-assisted closure dressing of a large wound.

flow. As a result, bacterial counts decrease and cell proliferation
increases, thereby creating a suitable bed for graft or flap cover.

NECROTISING SOFT-TISSUE
INFECTIONS

These are rare but often fatal. They are most commonly poly-
microbial infections with Gram-positive aerobes (Staphylococ-
cus aureus, S. pyogenes), Gram-negative anaerobes (Escherichia
coli, Pseudomonas, Clostridium, Bacteroides) and beta-haemo-
lytic Streptococcus. There is usually a history of trauma or
surgery with wound contamination. Sometimes, the patient’s
own defence mechanisms may be deficient. These infections
are characterised by sudden presentation and rapid progres-
sion. The fact that deeper tissues are involved often leads to
a late or missed diagnosis (Figure 3.11). Clinical signs are
shown in Summary box 3.6.

There are two main types of necrotising infections:
clostridial (gas gangrene) and non-clostridial (streptococcal
gangrene and necrotising fasciitis). The variant of necrotising
fasciitis with toxic shock syndrome results from Streptococcus
pyogenes and is often called the ‘flesh-eating bug’ in this situ-
ation. Treatment consists of appropriate antibiotics with wide
surgical excision. Tissue biopsies are essential for histological

Summary box 3.6

Signs and symptoms of necrotising infections
Unusual pain

Oedema beyond area of erythema

Crepitus

Skin blistering

Fever (often absent)

Greyish drainage (‘dishwater pus’)

Pink/orange skin staining

Focal skin gangrene (late sign)

Shock, coagulopathy and multiorgan failure

Figure 3.11 Necrotising fasciitis of the anterior abdominal wall.

Hans Christian Joachim Gram, 1853-1938, Professor of Pharmacology (1891-1900) and of Medicine (1900-1923), Copenhagen, Denmark, described this

method of staining bacteria in 1884.



diagnosis and culture to obtain appropriate antibiotic sensitiv-
ity information. The raw areas resulting from excision often
require skin grafting. Treatment is surgical excision, with tis-
sue biopsies being sent for culture and diagnosis. Wide raw
areas requiring skin grafting often result.

SCARS

The maturation phase of wound healing has been discussed
above and represents the formation of what is described as a
scar. The immature scar becomes mature over a period lasting
a year or more, but it is at first pink, hard, raised and often
itchy. The disorganised collagen fibres become aligned along
stress lines with their strength being in their weave rather
than in their amount (this has been compared with steel wool
being slowly woven into a cable). As the collagen matures and
becomes denser, the scar becomes almost acellular as the fibro-
blasts and blood vessels reduce. The external appearance of
the scar becomes paler, while the scar becomes softer, flattens
and its itchiness diminishes. Most of these changes occur over
the first three months but a scar will continue to mature for
one to two years. Tensile strength will continue to increase but
would not be expected to exceed 60-80% that of normal skin.

Scars are often described as being atrophic, hypertro-
phic and keloid. An atrophic scar is pale, flat and stretched
in appearance, often appearing on the back and in areas of
tension. It is easily traumatised as the epidermis and dermis
are thinned. Excision and resuturing may only rarely improve
such a scar.

A hypertrophic scar is defined as excessive scar tissue that
does not extend beyond the boundary of the original incision
or wound. It results from a prolonged inflammatory phase of
wound healing and from unfavourable scar siting (i.e. across
the lines of skin tension). In the face, these are known as the
lines of facial expression.

A keloid scar is defined as excessive scar tissue that extends
beyond the boundaries of the original incision or wound (Fig-
ure 3.12). Its aetiology is unknown, but it is associated with
elevated levels of growth factor, deeply pigmented skin, an

Figure 3.12 Multiple keloid scars.
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Avoidable scarring

inherited tendency and certain areas of the body (e.g. a trian-
gle whose points are the xiphisternum and each shoulder tip).

The histology of both hypertrophic and keloid scars shows
excess collagen with hypervascularity, but this is more marked
in keloids where there is more type III collagen.

The treatment of both hypertrophic and keloid scars is
difficult and is summarised in Summary box 3.7.

Hypertrophic scars improve spontaneously with time,
whereas keloid scars do not.

Summary box 3.7

Treatment of hypertrophic and keloid scars
® Pressure — local moulds or elasticated garments
Silicone gel sheeting (mechanism unknown)
Intralesional steroid injection (triamcinolone)
Excision and steroid injections®

Excision and postoperative radiation (external beam or
brachytherapy)?

e |[ntralesional excision (keloids only)
® Laser - to reduce redness (which may resolve in any event)

e Vitamin E or palm oil massage (unproven)
All excisions are associated with high rates of recurrence.

AVOIDABLE SCARRING

If an acute wound has been managed correctly (see Summary
box 3.3), most of the problems described above should not
occur. However, the surgeon should always stress to the patient
that there will be a scar of some description after wounding,
be it planned or accidental. A dirt-ingrained (tattooed) scar
is usually preventable by proper initial scrubbing and cleans-
ing of the wound (Figure 3.13). Late treatment may require
excision of the scar or pigment destruction by laser.
Mismatched or misaligned scars result from a failure to rec-
ognise normal landmarks, such as the lip vermilion/white roll
interface, eyelid and nostril free margins and hair lines such as

Figure 3.13 Dirt-ingrained scar.

Laser is an acronym for Light Amplification by Stimulated Emission of Radiation. A laser is an intense beam of monochromatic light.
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those relating to eyebrows and moustache. Treatment consists
of excision and resuturing.

Poorly contoured scars can be stepped, grooved or pincush-
ioned. Most are caused by poor alignment of deep structures
such as muscle or fat, but trapdoor or pincushioned scars are
often unavoidable unless the almost circumferential wound
can be excised initially. Late treatment consists of scar exci-
sion and correct alignment of deeper structures or, as in the
case of a trapdoor scar, an excision of the scar margins and
repair using W or Z-plasty techniques.

Suture marks may be minimised by using monofilament
sutures that are removed early (3—5 days). Sutures inserted
under tension will leave marks. Wounds can be strengthened
post suture removal by the use of sticky strips. Fine sutures (6/0
or smaller) placed close to the wound margins tend to leave
less scarring. Subcuticular suturing avoids suture marks either
side of the wound or incision.

CONTRACTURES

Where scars cross joints or flexion creases, a tight web may
form restricting the range of movement at the joint. This may
be referred to as a contracture and can cause hyperextension
or hyperflexion deformity (Figure 3.14). In the neck, it may
interfere with head extension (Figure 3.15). Treatment may
be simple involving, multiple Z-plasties (Figure 3.16), or more
complex, requiring the inset of grafts or flaps. Splintage and
intensive physiotherapy are often required postoperatively.

Figure 3.14 Burn contractures showing hyperextended fingers and
hyperflexed elbow.

Figure 3.15 Post-traumatic (chainsaw) midline neck contracture.

Figure 3.16 Multiple Z-plasty release of finger contracture.
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Chapter

Tissue engineering and regeneration

Learning objectives

To understand:

e The potential opportunities afforded by tissue
engineering and regenerative medicine

e The nature of stem cells, including somatic and adult
stem cells, embryonic stem cells, fetal stem cells and
induced pluripotent stem cells

The role and range of scaffolds for tissue engineering
The different approaches for seeding scaffolds and
bioreactor technology

e The main safety issues and current limitations to clinical

application

INTRODUCTION

Tissue engineering and regenerative medicine are relatively
new but rapidly expanding multidisciplinary fields of clinical
medicine, which have the potential to revolutionise the treat-
ment of a wide range of human diseases. The ability of tissues
to undergo spontaneous repair and regeneration is highly
variable but in many cases very limited. Bone, for example, is
one of the few tissues able to undergo effective regeneration,
so long as the defective tissue is not too extensive. Adjacent
cartilage, on the other hand, in common with most tissues,
has little or no propensity for spontaneous regeneration, in
terms of quality and quantity, following injury or arthritic dis-
ease. The limited ability of tissues to repair themselves has
driven the desire to develop cell therapy and tissue engineer-
ing approaches to repair or replace diseased and damaged tis-
sues. In most cases this involves the implantation of cells and
tissues that have been expanded in vitro (outside the body),
either as a cell therapy or with cells seeded into natural or
synthetically based tissue scaffolds. However, cells (with or
without expansion) and cellularised or cell-free scaffolds may
also be implanted into areas of tissue injury with the aim of
promoting in vivo (inside the body) regeneration and repair of
tissues. This chapter provides a brief overview of tissue engi-
neering and regenerative therapy, highlighting the opportuni-
ties, challenges and likely future directions.

OPPORTUNITIES

The potential impact of tissue engineering and regenerative
therapies is so far-reaching that practising surgeons should be
aware of the opportunities afforded to improve radically the
management of patients. Stem cell therapy has the potential

to provide treatment for a wide range of diseases, including
spinal cord injury and neurodegenerative conditions, cardio-
vascular disease, degenerative retinal conditions, type I dia-
betes and diseases of the musculoskeletal system. The field
of tissue engineering is of particular relevance to surgeons
because many of the potential future clinical applications are
for conditions where surgeons are closely involved in assess-
ment and treatment (Table 4.1). Selected examples include

TABLE 4.1 Examples of tissues created by tissue
engineering and conditions they may be used to treat.

Tissue
Skin

Cardiac muscle
Heart valves

Cartilage

Trachea and bronchus

Bladder

Anal/bladder sphincter
Pancreatic islets
Large blood vessels

Oesophagus

Small intestine

Conditions treated

Burns and skin defects after excision
or trauma

Heart failure

Congenital and acquired valvular heart
disease

Degenerative and traumatic joint
disorders

Congenital and acquired stenosis and
resection for malignancy

Congenital bladder malformation, and
cystectomy

Incontinence
Insulin-dependent diabetes

Atheromatous, aneurysmal and
traumatic arterial disease

Benign stenosis, and resection for
malignancy

Intestinal failure after surgical resection
for Crohn’s disease, cancer or
ischaemia
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repair or replacement of injured or diseased cartilage, skin,
pancreatic islets, bladder, intestine, heart tissue, arteries,
larynx and bronchus. A longer-term goal in tissue engineer-
ing is the replacement of diseased whole organs such as the
liver and kidney, although the technical challenges here are
enormous.

Surgeons are integral to many of the multidisciplinary
research teams currently undertaking translational research
in the field and will play a vital role in the future delivery
and assessment of many of the treatments based on tissue
engineering and regenerative therapy. In addition to its
direct therapeutic application, tissue engineering also has the
potential to provide in witro tissues that can be used to model
human disease and to test therapeutic drugs for efficacy and
toxicity. It is important to emphasise, however, that while
the potential benefit of cell therapy and tissue engineering is
undeniable, there are many technical, regulatory and safety
issues to be addressed for it to have wide clinical impact.

Summary box 4.1

Tissue engineering and regenerative therapies have
potential to provide:

e Treatment for a wide range of diseases

e (Clinical applications in surgical assessment and treatment
e Models to test therapeutic efficacy and toxicity

THE KEY AREAS OF
UNDERPINNING SCIENCE

Advances in both the biological and physical sciences under-
pin the fields of tissue engineering and regenerative therapy
(Figure 4.1). In the biological sciences, new discoveries in
stem cell biology have been key, particularly an understand-
ing of the different types of stem cell, and how these can be
derived and directed in witro to differentiate into specialised
cell types. In material sciences, major advances in the manu-
facture of scaffolds, on which to seed cells or to encourage
specific interaction with host cells, have been key. In particu-
lar, design goals relate to scaffolds that possess both the physi-
cal and the biological characteristics that allow cells to create
tissues, and potentially even organs, for therapeutic purposes.
Key also have been engineering advances in the develop-

Engineered tissue

C N

Cell
Stem cell signaelling Scaffold Bioreactor
biology biology design design

Materials science and engineering

Cell biology and biochemistry

Figure 4.1 Underpinning science in tissue engineering and cell
therapy.

ment of the many different types of bioreactors that provide
an appropriate physical environment for growing engineered
tissues in vitro, outside the body in the laboratory.

There is considerable commercial interest in tissue engi-
neering and regenerative therapy and this is contributing
to the rapid pace of development in these areas. Notwith-
standing the potential offered by these therapies, it should
be emphasised that the whole field is still at a relatively early
stage of development. While there are examples where tis-
sue engineering and regenerative therapies have already been
introduced into clinical practice (e.g. for repair of damaged
cartilage), most potential regenerative therapies have not yet
entered routine surgical practice, as there are considerable
barriers to be overcome before this translational step can be
achieved.

SOURCE OF CELLS FOR TISSUE
ENGINEERING

Both fully differentiated cells (somatic cells) and stem cells
are being used for tissue engineering and regenerative therapy,
but most of the focus is on the use of stem cells, particularly
somatic stem cells (SSCs) such as mesenchymal stem cells,
and induced pluripotent stem cells (iPSCs). The major fea-
tures of the different cell types are listed in Table 4.2.

Somatic cells

Fully differentiated specialised cells (somatic cells) obtained
from normal tissues have been used for tissue engineering and

TABLE 4.2 Cells used in tissue engineering and regenerative therapy.

Cell type Somatic cells SSCs
Ease of availability Limited Good
Expansion in vitro Limited Good
Pluripotency No Limited
Ethical concerns No No
Risk of malignancy None Low
Autologous Yes Yes
Likely future use Limited High

hESCs Fetal cells iPSCs
Moderate Moderate Good
Excellent Good Excellent
Excellent Limited Excellent
Yes Yes Yes™
Moderate Moderate Moderate
No No Yes
Limited Limited High

hESCs, human embryonic stem cells; iPSCs, induced pluripotent stem cells; SSCs, somatic stem cells. *Note iPSCs avoid some of the ethical issues

associated with hESCs.



regenerative therapy with some degree of success. For example,
skin has been engineered using cultured epithelial cells grown
in vitro and used to treat patients with burn injuries. Chon-
drocytes have been isolated, expanded in vitro, and implanted
into areas of deficient cartilage in a procedure called auto-
logous chondrocyte implantation. Bladder wall has also been
engineered using a combination of smooth muscle cells and
uroepithelial cells expanded in wvitro and grown on a scaffold
before reimplantation. Such tissues can be grown using cells
obtained from the intended recipient by tissue biopsy (auto-
logous cells) or using cells obtained from deceased unrelated
donors (allogeneic cells). The major advantage of the former
source is that after implantation they are not rejected by the
recipient’s immune system and hence there is no requirement
for immunosuppression (see Chapter 82 for a description of
immunosuppressive agents and their side effects).

For other indications, the use of fully differentiated spe-
cialised cells is not practical in most situations because such
cells are not readily available in sufficient numbers and they
have only limited proliferative ability in vitro, which means
their numbers cannot be readily expanded to sufficient levels.
To overcome these limitations, the major focus in the field of
cell therapy has been on the use of stem cells.

Stem cells

Stem cells are undifferentiated or non-specialised cells that
are able, through cell division, to renew themselves indefin-
itely. Crucially, they are also able, when provided with the
appropriate stimuli, to differentiate into one or more of the
different types of specialised cell found in tissues and organs.
Because of their unique ability to undergo self-renewal when
cultured in vitro and to be directed to differentiate into spe-
cialised cell types, they have enormous potential for use as
cell-based therapies. There are several different types of stem
cell with different characteristics, all of which have potential
uses in regenerative medicine.

Stem cells can be classified according to whether they are
derived from the early embryo (embryonic stem cells), tissues
from the fetus (fetal stem cells), later in development (adult
or somatic stem cells) or whether they are derived by repro-
gramming adult specialised cells to become pluripotent stem

cells (iPSCs).

Adult tissue resident or somatic stem
cells (SSCs)

Stem cells resident in the different tissues and organs are
responsible for providing replacements for specialised cells
that have reached the end of their functional lifespan either
through natural attrition or because of damage and disease. In
certain tissues and organs, notably the bone marrow and gut,
stem cells regularly divide and differentiate into specialised
cells to replace senescent or damaged cells in the blood and
the gastrointestinal mucosa, respectively. Stem cells in other
organs, such as the heart or central nervous system, are less
able to effect repair or replacement. SSCs have the capacity
to differentiate into a limited number of specialised cell types
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(i.e. they are multipotent). Among the best characterised
types of SSCs are haematopoeitic stem cells, mesenchymal
stem or stromal cells (MSCs), endothelial progenitor cells
and neural stem cells. While haematopoeitic stem cells are
widely used for treatment of haematological malignancies,
the somatic stem cell type that has been most widely used for
tissue engineering and regenerative therapy is the MSC.

Mesenchymal stem and stromal cells

MSC:s are multipotent stromal cells that can be sourced from
a variety of tissues, including bone marrow, adipose tissue
and umbilical cord. Morphologically they resemble fibro-
blasts. They are adherent to plastic, express certain cell sur-
face markers (CD105, CD73 and CD90), and do not express
the cell surface markers associated with haematopoietic stem
cells (such as CD34 and CD45). MSCs were initially shown
to have the ability to be directed to differentiate into a variety
of specialised cell types of the mesodermal lineages, including
osteoblasts, chondrocytes, adipocytes, tenocytes and myo-
cytes (Figure 4.2). Recent studies suggest that they may also
be directed into cells of the ectoderm and endoderm lineages.
Of further clinical importance, MSCs have potent trophic
and anti-inflammatory properties, attributable to their abil-
ity to produce growth factors (including vascular endothe-
lial growth factor (VEGF), insulin-like growth factor (IGF),
hepatocyte growth factor (HGF)), and prostaglandin E2.
MSC:s for therapeutic use can be isolated from bone marrow
(iliac crest aspiration) or from subcutaneous fat (liposuction)
which is less invasive and gives a high yield of MSCs. In both
cases, MSC:s are isolated in vitro on the basis of their adher-
ence to plastic. They can then be used either immediately, or
after expansion of their numbers by in vitro culture. Alterna-
tively, MSCs can be differentiated into the desired lineage
in vitro by addition of suitable growth factors and chemicals.
The relative ease of cell acquisition has meant that autol-
ogous MSCs have been used clinically in a variety of settings
such as treatment of burns and to repair defects in cartilage.
More clinical evidence is required in terms of efficacy and
mechanism of action, as it is not entirely clear whether a
given clinical effect resulting from MSC administration is
attributable to their ability to contribute directly to tissue
regeneration, or due to immunomodulatory and paracrine
effects resulting from their ability to release trophic mediators
that promote tissue repair by recipient cells (Figure 4.2).

Embryonic stem cells (ESCs)

In the embryo, stem cells are able to give rise to all of the
different cell types of the body (i.e. they are totipotent). ESCs
are obtained from the inner cell mass of the early human blas-
tocyst (days 4-5 after fertilisation) using embryos that have
been created through in witro fertilisation for treatment of
infertility, and are surplus to those needed for reimplantation.
The technique for isolating and growing hESCs in culture was
developed by James Thompson at the University of Wiscon-
sin, Madison, USA in 1998.

ESCs have much greater proliferative ability than MSCs
and, as already noted, can differentiate into all types of
specialised cells, unlike MSCs. However, their use has major
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Figure 4.2 Proposed characteristics of mesenchymal stem and stromal cells relevant to tissue engineering and regenerative medicine.

limitations, one of which is ethical. The surplus embryos
used for derivation of ESCs would otherwise be discarded,
but because they need to be destroyed to obtain ESCs the
approach has raised major ethical and political debate. The
dominant view in many countries, including the UK is that
the potential therapeutic benefits of ESCs justify their use
but there are very strict guidelines for their derivation, and to
date their clinical use has been very limited. Cells from ESCs
would be allogeneic and therefore be at risk of immunological
rejection. It would, in principle, be possible to produce ESCs
that were autologous for an intended recipient by the process
of somatic cell nuclear transfer, i.e. transferring the nucleus
from a somatic cell of the intended recipient into an oocyte
that has had its nucleus removed. The transferred somatic
cell nucleus, containing the human leukocyte antigen (HLA)
genes and all of the other genetic information from the donor,
is turned into a pluripotent stem cell that can be used as cell
therapy for the donor of the nucleus.

Fetal stem cells

Stem cells can also be obtained from the blood, bone marrow
and other tissues of aborted fetuses (fetal stem cells). These
proliferate in wvitro as efficiently as ESCs and are pluripotent.
They have been used as cell therapy in a variety of clinical
settings, including Parkinson’s disease, diabetes and spinal
cord injury. In some studies they showed early promise but

the magnitude of any clinical benefits is controversial. The
use of fetal stem cells also poses ethical challenges, although
perhaps not to the extent seen with ESCs.

Induced pluripotent stem cells
(iPSCs)

The discovery in 2006 by Shinya Yamanaka, building on the
earlier work of John Gurdon, that certain types of specialised
adult cells could be reprogrammed using genetic manipulation
to become embryonic-like iPSCs was a major breakthrough.
Using retroviral or lentiviral transfection to introduce a com-
bination of transcription factors (OCT3/4, SOX2, and either
Kruppel-like factor and C-MYC (together designated the
OSKM reprogramming factors) or NANOG and LIN28), it
was shown that specialised somatic cells can be reprogrammed
to become stem cells. Moreover, iPSCs proliferate in wvitro as
efficiently as ESCs and are pluripotent, thereby circumventing
concerns about the use of human embryos. Importantly, the
development of iPSCs also means that, at least in principle, an
intended recipient of stem cell therapy can themselves provide
a source of stem cells (e.g. from a skin biopsy or blood sample)
that can then be directed to differentiate into the desired spe-
cialised cell type for therapy; because such cells would be auto-
logous they would not provoke an immunological rejection
response (Figure 4.3). Alternatively, iPSCs could be obtained
from a number of volunteer donors selected on the basis of their
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Figure 4.3 Schematic diagram showing the principles of iPSC therapy. Mononuclear cells from peripheral blood or keratinocytes from a skin
biopsy are cultured in vitro and then reprogrammed to become iPSC by addition of reprogramming factors. The iPSC are then expanded, and
selected differentiation factors added to promote differentiation of iPSCs into the desired specialised cell type for use as therapy.

HLA type and stored to create a national or international tissue
bank of iPSCs. Lines of iPSCs could then be chosen from the
bank to provide a fully or partially matched cell transplant for
recipients, eliminating or reducing the need for immunosup-
pression to prevent immunological rejection.

One of the problems of reprogramming somatic cells to
become iPSCs using retroviruses is that genomic integration
of the virus may lead to activation of oncogenic genes, caus-
ing tumorigenesis. To reduce this risk, non-retroviral vectors
have been used (such as adenovirus and Sandai virus vectors,
that do not insert their own genes into the host cell genome),
or plasmids, episomal vectors and synthetic RNA. There has
also been much recent progress in identifying combinations
of small molecules, growth factors and chemicals that mimic
the effect of viral transfection with transcription factors and
obviate the need for viral vectors altogether. The production
process from sourcing cells (e.g. skin fibroblasts or peripheral
blood mononuclear cells) to obtaining an adequate number of
validated iPSCs may take several weeks.

In vitro differentiation of stem cells to
specialised tissue cells

There is an enormous research effort aimed at better under-
standing the factors responsible for cell fate decisions, and

establishing effective and reproducible protocols that can
be used to differentiate stem cells in vitro into the desired
type of specialised cell. Typically such protocols use culture
in chemically defined media containing cocktails of small
molecules that stimulate or inhibit key signalling pathways,
along with cytokines, growth factors and chemicals. Many
protocols include the addition of critical amounts of Activin,
bone-morphogenetic protein-4 (BMP4) and fibroblast growth
factor-2 (FGF2) at specific time points during culture, but pro-
tocols vary widely. For example, exposure of iPSCs to a com-
bination of retinoic acid and BMP4 promotes differentiation
along the ectoderm and then the keratinocyte lineage. Alter-
natively, culture of iPSCs on a Matrigel® scaffold in defined
media supplemented with ascorbic acid and exposed sequen-
tially to a glycogen synthase kinase (GSK) inhibitor followed
by an inhibitor of Wnt signalling promotes the development
of immature cardiomyocytes.

[t is becoming increasingly clear that exposure to certain
biomaterials and the physical attributes of a scaffold, includ-
ing its surface characteristics, also promote stem cell differ-
entiation along a particular lineage. Mechanical stress also
influences cell fate decisions.

Protocols for differentiation often promote stem cells to
differentiate in steps through intermediate stages that mirror
normal in vivo development. In other words, sequential expo-
sure to different factors is used first to differentiate ESCs or
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iPSCs into either endoderm, mesoderm or ectoderm lineages,
followed by further differentiation into the specific lineage
desired. After stem cells have been subjected to in witro dif-
ferentiation, it is essential that the purity of the differentiated
cells and the absence of undifferentiated stem cells are con-
firmed, to reduce the risk of tumour transmission. The cells
must also be fully phenotyped and their function confirmed
before they are used for therapeutic purposes.

SCAFFOLDS FOR TISSUE
ENGINEERING

The complex anatomical arrangement of the different cell
types in tissues and organs is absolutely integral to their nor-
mal function, and the importance of structural integrity is
evident in many diseases where deranged tissue structure and
tissue remodelling is associated with a failure in function.
Stem cells and their progeny are able, when cultured under
conventional tissue culture conditions, to form cell sheets
or small three-dimensional collections of cells (organoids),
but they are not able under such conditions spontaneously
to assume the complex anatomical relationships seen in
normal tissues. To do so they need to be provided with an
appropriate scaffold that gives physical support and shape to
the engineered tissue, mimicking extracellular matrix. This
allows cells to attach, and delivers the cell signals necessary
to guide the cell growth, migration and differentiation to
form a functional tissue. Tissue engineering typically utilises
rigid or semi-rigid scaffolds (usually three-dimensional) that
are porous (Figure 4.4) and act as templates on which to

Figure 4.4 An example of a porous scaffold in research develop-
ment, manufactured using collagen. (a) Macroscopic view of colla-
gen scaffold. (b) Overview of a scanning electron microscopy (SEM)
image that shows the structure of collagen scaffold (courtesy of Prof
S Best and Prof R Cameron, University of Cambridge).

seed donor cells and guide them to restore a functional tis-
sue or organ that can then be implanted in the recipient.
Scaffolds may be derived from intact human tissue (natural
scaffolds) or from engineered implantable biomaterials (arti-
ficial scaffolds). The general requirements that a scaffold
must provide are listed in Table 4.3, and the choice of scaf-
folds that best fulfils the requirements for tissue engineering
will depend on the nature of the tissue to be engineered.

TABLE 4.3 Requirements of a scaffold used in tissue
engineering.

Provide structural support for cells

Allow cells to attach, migrate and proliferate

Enable oxygen, nutrients and regulatory factors access to all cells
Deliver signals to promote cell migration and proliferation
Biocompatible, non-immunogenic and ideally biodegradable

Summary box 4.2

Regenerative scaffolds can:

® Provide physical support and shape to the engineered tissue
e Guide cell growth, migration and differentiation

® Be natural or artificial

Natural scaffolds

Natural scaffolds may be obtained by treatment of human (or
other animal) tissues or organs to remove the resident cell
types, leaving behind the extracellular matrix that preserves
the intricate architecture of the tissue or organ, onto which
to seed new cells. Natural scaffolds not only act as a physical
scaffold that allows the natural architecture of the tissue to be
preserved, but they may also provide key cell signals that guide
the growth and differentiation of the cells used to repopulate
the scaffold. Typically, natural scaffolds are obtained either by
immersing tissues in detergent or perfusing them with deter-
gent via the arterial tree. This effectively destroys most or all
of the cellular elements of the tissue or organ but leaves the
collagen-rich extracellular matrix largely intact. Variable pro-
tocols have been used successfully to achieve decellurisation,
and the optimal approach probably varies according to the
type of tissue or organ being used to create the scaffold. The
use of natural scaffolds may be particularly suited to certain
applications where deceased donor tissue is relatively easy to
source, for example to engineer lengths of trachea. The use
of natural scaffolds to engineer whole organs such as the kid-
ney or liver has the advantage that the extremely intricate
three-dimensional structure of the organ is preserved and this
would be extremely challenging to achieve using engineered
biocompatible materials. Moreover, decellularised organ
scaffolds provide an opportunity to repopulate the scaffold
with autologous cells derived from the potential recipient
to create an organ that is not susceptible to immunological
rejection, thereby avoiding the need for immunosuppressive
drugs and their attendant side effects. However, a significant



disadvantage of using decellularised scaffolds to engineer
whole organs is the need to use a whole human organ for each
organ to be engineered; the availability of such organs is likely
to be limited.

Summary box 4.3

Natural scaffolds:
e (Can be prepared by removal of the resident cell types from
tissue, for example with detergent

e Consist of tissue extracellular matrix, which can preserve
intricate anatomical structures

Artificial scaffolds

The materials used to create artificial scaffolds are highly
variable, and new materials are being developed continually.
Different scaffold characteristics are required for engineering
different types of tissue but all scaffolds need to be biocom-
patible and in most settings they should be biodegradable
and bioreabsorbable. Scaffolds encompass both natural and
synthetic materials. Natural materials used include various
polysaccharides, collagen, fibrin, gelatin and cellulose, while
synthetic materials include various synthetic polymers such as
polylactide (PLA) and polyglycolide (PGA), and graphene.
Bioactive ceramics such as calcium phosphates (e.g. hydroxy-
apatite) and bioactive glasses have been widely used for skel-
etal repair. Synthetic biodegradable polymers are commonly
used and have the advantage that they can be produced under
standard conditions that ensure reproducible physical charac-
teristics. Scaffolds can also be fabricated using a blend of nat-
ural and synthetic components to optimise their performance.

Most artificial scaffolds are fabricated with a porous
three-dimensional structure, and a wide variety of designs are
in use. The application of computational design and three-
dimensional printing technology has revolutionised the
development of artificial scaffolds. Hydrogel scaffolds com-
posed of cross-linked hydrophilic polymers are also increas-
ingly used in tissue engineering because of their favourable
physical and chemical characteristics. They are able to absorb
very large amounts of aqueous fluid while maintaining their
three-dimensional shape and structural integrity. They are
fabricated from naturally occurring (e.g. collagen and fibrin)
or artificial (egg PLA) cross-linked polymers and can be
impregnated with growth factors to promote cellularisation.

Electrospinning technology is being utilised increasingly
to produce scaffolds composed of fibres with a diameter at
the nanoscale level. The fibres can be spun using blends of
different synthetic polymers or blends of synthetic and natu-
ral polymers, depending on the desired characteristics of the
scaffold. Scaffolds based on microspheres have also been uti-
lised. Recent developments in materials science have led to
the creation of increasingly complex and innovative artificial
scaffolds for tissue engineering, including composite materials
(e.g. combining ceramics with polymers to gain the advan-
tages of each), and the production of so called ‘smart scaffolds’
having biomimetic properties that provide biophysical cues or
cellular signals to instruct and guide cell behaviour.
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Historically, a limitation of traditional artificial scaffolds is
that they do not incorporate a vasculature that can be used in
the potential recipient to restore the vascular integrity of the
transplanted tissue or organ. However, recent innovations that
allow a vascular network to be created by three-dimensional
printing suggest that this limitation may be overcome. Such
technology also allows the design and production of scaffolds
that have the structural properties (e.g. pore size and diffusion
characteristics) needed to provide the necessary cues for
cell differentiation and migration. Artificial scaffolds can be
engineered to incorporate molecules that aid retention of
particular cell growth factors, including angiogenic growth
factors such as vascular endothelial growth factor (VEGEF),
to provide a local environment conducive to the growth of a
functional tissue construct.

Summary box 4.4

Artificial scaffolds include:

e Natural materials, synthetic polymers, bioactive ceramics and
glasses

e New or ‘smart’ materials that have biomimetic properties

Approaches to cell seeding of
scaffolds and bioreactors

Cellularisation of scaffolds can be achieved in vitro (outside
the body) by a variety of methods and the most appropriate
seeding system may to some extent depend on the type of tis-
sue being engineered (Table 4.4). This is a rapidly developing
area and it is only possible here to outline the principles of
different approaches to cell seeding. The aim is to achieve a
rapid seeding of viable cells with high seeding efficiency and
uniform and effective penetration of cells into the scaffold.
Some systems incorporate mechanisms to deliver mechanical
stress or electrical stimulation to promote cellularisation.

The most simple but possibly least effective method is
static cell seeding, where a concentrated cell suspension is
placed in direct contact with the scaffold. The seeding effi-
ciency and penetration of cells into the scaffold are generally
low, although scaffolds can be coated with various agents to
increase the efficiency of cell attachment.

Dynamic cell seeding techniques include a range of
systems in which either the scaffold is rotated in the medium
containing the cells or both the scaffold and cell suspension
are rotated together. Rotation in some systems occurs at

TABLE 4.4 Approaches for seeding cells into scaffolds.
Static cell seeding

Dynamic cell seeding

Magnetic cell seeding

Pressure and vacuum seeding

Photopolymerised hydrogels

Bioreactor perfusion systems
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a sufficiently high speed to generate centrifugal forces.
Dynamic seeding techniques increase seeding efficiency,
shorten the duration of the culture period needed and may
help penetration of cells into the scaffold.

Magnetic cell seeding makes use of magnetic forces to
direct cells into the scaffold. Essentially, the cells are first
labelled, either by using supramagnetic microbeads coated
with a ligand that specifically binds to molecules on the cell
surface or by culturing them with cationic liposomes that con-
tain supramagnetic ferrous particles. Magnets are then used to
attract the cells into the scaffold. This enables rapid seeding
of the scaffold but a potential concern is that the magnetic
particles used may have adverse effects.

Photopolymerised hydrogel scaffolds offer a completely
different approach to cell seeding. Essentially, the cells are
suspended in an aqueous monomer solution and ultraviolet
light is used to promote polymerisation of the hydrogel scaf-
fold. Alternatively, to increase cell adherence to the surface of
polymerised hydrogel scaffolds, an arginine—glycine-aspartic
acid adhesion peptide can be incorporated.

Another approach to cell seeding uses differential pressure
or vacuum seeding systems to force cells into the pores of the
scaffold. Again this reduces the time needed to seed cells but
the pressures used may potentially reduce cell viability.

Finally, one of the more complex approaches to cell seed-
ing is to use scaffold perfusion systems. These may take the
form of bioreactor perfusion systems for tissue engineering, or
whole organ perfusion systems in the case of decellularised
organ scaffolds.

CHALLENGES TO ENGINEERING
TISSUE IN VITRO

There are many technical challenges to successful engi-
neering of tissues in wvitro. Delivery of adequate oxygen and
nutrients uniformly to three-dimensional tissue constructs is
problematic, as is ensuring that the varying nutritional and
growth requirements of different cell types grown simultane-
ously are met.

The difficulties of tissue engineering vary considerably
according to the nature of the tissue or organ being engi-
neered. Flat tissues such as skin, cornea and cartilage pres-
ent fewer problems than complex tubular structures such as
trachea, bronchus and blood vessels. Hollow organs, such as
bladder and gut, present a much greater challenge, and com-
plex solid organs such as the liver and kidney present the
greatest challenge of all. Obtaining adequate numbers of dif-
ferentiated cells, maintaining their viability and ensuring that
they maintain their function and do not revert to undesirable
cell types are all important challenges.

IMPLANTATION OF ENGINEERED
TISSUE

Irrespective of the nature of the engineered scaffold and
the cell types used to populate it, after it is implanted it will
only effect successful repair if it becomes fully integrated into
adjacent normal tissue and can be remodelled appropriately

in the recipient. An important consideration that is often
not addressed sufficiently is that many tissues in the body,
notably tissues in the musculoskeletal system and the cardio-
vascular system, are subject to considerable mechanical stress.
Engineered tissues are not subjected to relevant mechanical
stresses during their fabrication in vitro and their behaviour
in response to mechanical loading after implantation is a
major determinant of their ability to perform successfully. The
development of innovative high-resolution three-dimensional
imaging techniques to evaluate engineered tissue before and
after implantation is key to refining the design of engineered
tissues and assessing their functional integration after
implantation.

SAFETY CONCERNS

The major safety concerns of cell-based therapy and tissue
engineering are listed in Table 4.5. One of the most serious
concerns is that of tumour formation and malignant transfor-
mation. The risk of tumour formation varies according to the
cell type used, the genetic modification strategy used to trans-
form the stem cells, the site of transplantation and whether
the cells are autologous or allogeneic. The direct risk of tumour
formation by the transplanted cells relates specifically to ESCs
and iPSCs and there appears to be little risk with SSCs. The
ability of stem cells to form teratomas is one of the hallmarks
of pluripotency, and the risk of this happening following stem
cell therapy may be reduced by ensuring that only cells that
have been fully differentiated in vitro and not those that are
still pluripotent are used for therapy. The risk of malignancy
may also be reduced by the choice of in vitro strategy used to
differentiate stem cells prior to use: use of viral vectors that do
not integrate into the genome or of non-viral approaches to
differentiation reduces the risk of malignant transformation.
There is also interest in developing techniques for directly
reprogramming somatic cells to adopt the function of a differ-
ent cell type without having to make them first revert back to
the pluripotent state — so-called transdifferentiation.

Another major concern is that of transmitting infection.
It is essential that if allogeneic stem cells are used they are
screened to exclude infection and that cells and engineered
tissues are prepared according to Good Manufacturing Prac-
tice (GMP) guidelines to avoid bacterial infection during in
vitro culture prior to use. As already noted, if allogeneic stem
cells are used for tissue engineering and regenerative therapy
they may be susceptible to graft rejection, and immunosup-
pressive therapy may be necessary.

TABLE 4.5 Risks of cell-based therapy.
Tumour formation

Genetic and epigenetic abnormalities

Transmission of infection

Poor viability and loss of function

Differentiation to undesired cell-types

Rejection (allogeneic cells)

Side effects of immunosuppression (allogeneic cells)



FUTURE DIRECTIONS

Tissue engineering and regenerative strategies hold out great
hope for effectively repairing or replacing tissues in a wide
number of human diseases. The field is moving rapidly, under-
pinned by new developments in stem cells and scaffold design.
The use of mesenchymal stem and stromal cell based thera-
pies and iPSC based therapies is likely to dominate, in con-
junction with improved bioactive scaffold designs that can be
reproducibly manufactured and seeded, sometimes with mul-
tiple cell types, by sophisticated bioreactors that incorporate
dynamic culture systems.

It is likely that patient stratification will further refine
therapy options. The ability to phenotype, to genotype and to
profile patients at a molecular level will allow more detailed
characterisation of patient subgroups and staging of disease.
This would refine the surgical approach to many diseases,
including regenerative procedures.

Over the next decade it is likely that major advances will
be made in the clinical translation of tissue engineering and
regenerative therapies across a broad range of applications.
Numerous clinical studies are currently being undertaken,
many with promising early results, and the number of studies
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is set to rise considerably. However, caution is required and
there are many examples where engineered tissues have failed
to live up to their early promise. The pace of development is
so rapid that regulatory authorities will have difficulty keep-
ing up.

[t is important that the clinical use of tissue engineering is
subject to rigorous evaluation, and that novel developments
are only used in the context of appropriate clinical trials
where the potential benefits and limitations are fully exam-
ined before they are introduced into routine clinical practice.
The field is becoming increasingly commercialised and the
cost and practicality of regenerative therapies, especially per-
sonalised autologous therapies, will need to be addressed.

FURTHER READING

Fisher S. Handbook of regenerative medicine and tissue engineering. New
York: Hayle Medical, 2015.

Giannoudis P, Jones E, Yang X, McGonagle D. Mesenchymal stem cells
and skeletal regeneration. Cambridge: Academic Press, 2013.

Van Blitterswijk C, Jan De Boer ]. Tissue engineering, 2nd edn.
Amsterdam: Elsevier, 2015.

Warburton D. Stem cells, tissue engineering and regenerative medicine.
Singapore: World Scientific, 2014.
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Surgical infection

Learning objectives

To understand:

e The characteristics of the common surgical pathogens
and their sensitivities

e The factors that determine whether a wound will
become infected

e The classification of sources of infection and their severity
The clinical presentation of surgical infections
The indications for and choice of prophylactic
antibiotics

e The spectrum of commonly used antibiotics in surgery
and the principles of therapy

To learn:

e Koch’s postulates

e The management of abscesses

To appreciate:

e Theimportance of aseptic and antiseptic techniques
and delayed primary or secondary closure in
contaminated wounds

To be aware of:

e The causes of reduced resistance to infection (host
response)

To know:

e The definitions of infection, particularly at surgical sites

e What basic precautions to take to avoid surgically
relevant hospital acquired infections

HISTORY OF SURGICAL
INFECTION

Surgical infection, particularly surgical site infection (SSI),
has always been a major complication of surgery and trauma
and has been documented for 4000—5000 years. The Egyptians
had some concepts about infection, as they were able to pre-
vent putrefaction using their skills in mummification. Their
medical papyruses also describe the use of salves and antisep-
tics to prevent SSIs. This ‘prophylaxis’ had also been known
earlier by the Assyrians, although less well documented. It
was described again independently by the Greeks. The Hip-
pocratic teachings described the use of antimicrobials, such
as wine and vinegar, which were widely used to irrigate open,
infected wounds before delayed primary or secondary wound
closure. A belief common to all these civilisations, and indeed

even later to the Romans, was that, whenever pus was local-
ised in an infected wound, it needed to be drained.

Galen recognised that this localisation of infection (sup-
puration) in wounds inflicted in the gladiatorial arena often
heralded recovery, particularly after drainage (pus bonum et
laudabile). Sadly, this dictum of laudable pus was misunder-
stood by many later healers, who thought that it was the pro-
duction of pus that was desirable. Until well into the Middle
Ages, some practitioners promoted suppuration in wounds
by the application of noxious substances, including faeces, in
the misguided belief that healing could not occur without pus
formation. Theodoric of Cervia, Ambroise Paré and Guy de
Chauliac observed that clean wounds, closed primarily, could
heal without infection or suppuration.

An understanding of the causes of infection came in
the nineteenth century. Microbes had been seen under the

Hippocrates was a Greek Physician, and by common consent ‘The Father of Medicine’. He was born on the Greek island of Cos off Turkey about 460 BC and

probably died in 375 BC.

Galen, 130-200, Roman physician, commenced practice as Surgeon to the Gladiators at Pergamum (now Bregama in Turkey) and later became personal physician
to the Emperor Marcus Aurelius and to two of his successors. He was a prolific writer on many subjects, amongst them anatomy, medicine, pathology and philoso-
phy. His work affected medical thinking for 15 centuries after his death. (Gladiator is Latin for ‘swordsman’.)

Theodoric of Cervia. Theodoric, 1210-1298, Bishop of Cervia, published a book on surgery ca. 1267.

Ambroise Paré, 1510-1590, French military surgeon, also worked at the Hotel Dieu, Paris, France.

Guy de Chauliac, 71298-1368, physician and chaplain to Pope Clement VI at Avignon, France and the author of Chirurgia Magna, which was published about

1363.



microscope, but Koch laid down the first definition of infec-
tive disease (Koch’s postulates). Koch’s postulates do not cover
every eventuality though. Organisms of low virulence may not
cause disease in normal hosts but may be responsible for disease
in immunocompromised hosts. Some hosts may develop sub-
clinical disease and yet still be a carrier of the organism capable
of infecting others. Also, not every organism that causes dis-
ease can be grown in culture, the commonly quoted one being
Mycobacterium leprae which causes leprosy.

Summary box 5.1

Koch'’s postulates proving whether a given organism is
the cause of a given disease
e |t must be found in every case

e |t should be possible to isolate it from the host and grow it in
culture

e |t should reproduce the disease when injected into another
healthy host

® |t should be recovered from an experimentally infected host

The Austrian obstetrician Ignac Semmelweis showed that
puerperal sepsis could be reduced from over 10% to under 2%
by the simple act of hand washing between cases, particularly
between postmortem examinations and the delivery suite. He
was ignored by his contemporaries and died at the age of 47
in an insane asylum before the value of his work was accepted
two decades later with the recognition that infections were
caused by microbes.

Louis Pasteur recognised through his germ theory that
microorganisms were responsible for infecting humans and
causing disease. Joseph Lister applied this knowledge to the
reduction of colonising organisms in compound fractures by
using antiseptics. The principles of antiseptic surgery were
soon enhanced with aseptic surgery at the turn of the twenti-
eth century. As well as killing the bacteria on the skin before
surgical incision (antiseptic technique), the conditions under
which the operation was performed were kept free of bacteria
(aseptic technique). This technique is still employed in mod-
ern operating theatres.

The concept of a ‘magic bullet’ (Zauberkugel) that could
kill microbes but not their host became a reality with the dis-
covery of sulphonamide chemotherapy in the mid-twentieth
century. The discovery of the antibiotic penicillin is attributed
to Alexander Fleming in 1928, but it was not isolated for clin-
ical use until 1941, by Florey and Chain. The first patient to
receive penicillin was Police Constable Alexander in Oxford.
He scratched his mouth while pruning roses and developed
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abscesses of the face and eyes leading to a severe staphylococ-
cal bacteraemia. He responded to treatment and made a partial
recovery before the limited batch of penicillin ran out, follow-
ing which he relapsed and died. Since then there has been a
proliferation of antibiotics with broad-spectrum activity and
antibiotics today remain the mainstay of antimicrobial therapy.

Many staphylococci today have become resistant to
penicillin. Often bacteria develop resistance through the
acquisition of B-lactamases, which break up the B-lactam
ring present in the molecular structure of many antibiotics.
The acquisition of extended spectrum B-lactamases (ESBLs)
is an increasing concern in some gram-negative organisms
that cause urinary tract infections because it is difficult to
find an antibiotic effective against them. In addition, there
is increasing concern about the rising resistance of many
other bacteria to antibiotics, in particular the emergence
of methicillin-resistant Staphylococcus aureus (MRSA) and
glycopeptide-resistant enterococci (GRE), which are also
relevant in general surgical practice.

The introduction of antibiotics for prophylaxis and for
treatment, together with advances in anaesthesia and critical
care medicine, has made possible surgery that would not pre-
viously have been considered. Faecal peritonitis is no longer
inevitably fatal, and incisions made in the presence of such
contamination can heal primarily without infection in over
90% of patients with appropriate antibiotic therapy. Despite
this, it is common practice in many countries to delay wound
closure in patients in whom the wound is known to be con-
taminated or dirty. Waiting for the wound to granulate and
then performing a delayed primary or secondary closure may
be considered a better option in such cases.

Summary box 5.2

Advances in the control of infection in surgery
e Aseptic operating theatre techniques have enhanced the use
of antiseptics

e Antibiotics have reduced postoperative infection rates after
elective and emergency surgery

e Delayed primary, or secondary, closure remains useful in
heavily contaminated wounds

Surgical site infection in patients who have contaminated
wounds, who are immunosuppressed or who are undergoing
prosthetic surgery is now the exception rather than the rule
since the introduction of prophylactic antibiotics. The evi-
dence for this is of the highest level. The use of prophylactic

Robert Koch, 1843-1910, Professor of Hygiene and Bacteriology, Berlin, Germany, stated his ‘Postulates’ in 1882.

Ignac Semmelweis, 1818-1865, Professor of Obstetrics, Budapest, Hungary.

Louis Pasteur, 1822-1895, French chemist, bacteriologist and immunologist, Professor of Chemistry at the Sorbonne, Paris, France.
Joseph Lister (Lord Lister), 1827-1912, Professor of Surgery, Glasgow, Scotland (1860-1869), Edinburgh, Scotland (1869-1877) and King’s College Hospital,

London (1877-1892).

Sir Alexander Fleming, 1881-1955, Professor of Bacteriology, St Mary’s Hospital, London, England, discovered Penicillium notatum in 1928.
Howard Walter Florey (Lord Florey of Adelaide), 1898-1968, Professor of Pathology, the University of Oxford, Oxford, England.
Sir Ernst Boris Chain, Professor of Biochemistry, Imperial College, London, England. Fleming, Florey and Chain shared the 1945 Nobel Prize for Physiology or

Medicine for their work on penicillin.

Hans Christian Joachim Gram, 1853-1938, Professor of Pharmacology (1891-1900) and of Medicine (1900-1923), Copenhagen, Denmark, described this

method of staining bacteria in 1884.
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antibiotics in clean, non-prosthetic surgery is of less value as
infection rates are low and the indiscriminate use of antibiotics
simply encourages the emergence of resistant strains of bacteria.

MICROBIOLOGY OF SURGICAL
INFECTION

Common bacteria causing
surgical infection

Streptococci

Streptococci form chains and are Gram positive on staining
(Figure 5.1). The most important is the -haemolytic Strepto-
coccus, which resides in the pharynx of 5-10% of the population.
In the Lancefield A—G carbohydrate antigens classification, it
is the group A Streptococcus, also called Streptococcus pyogenes,
that is the most pathogenic. It has the ability to spread, causing
cellulitis, and to cause tissue destruction through the release of
enzymes such as streptolysin, streptokinase and streptodornase.

Streptococcus faecalis is an enterococcus in Lancefield
group D. It is often found in synergy with other organisms,
as are the y-haemolytic Streptococcus and Peptostreptococcus,
which is an anaerobe.

Both Streptococcus pyogenes and Streptococcus faecalis may
be involved in wound infection after large bowel surgery, but
the a-haemolytic Streptococcus viridans is not associated with
wound infections.

All the streptococci remain sensitive to penicillin and
erythromycin. The cephalosporins are a suitable alternative
in patients who are allergic to penicillin.

Figure 5.1 Streptococci.

Staphylococci

Staphylococci form clumps and are Gram positive (Figure 5.2).
Staphylococcus aureus is the most important pathogen in this
group and is found in the nasopharynx of up to 15% of the
population. It can cause suppuration in wounds and around
implanted prostheses. Some strains are resistant to many com-
mon antibiotics (especially methicillin resistant Staphylococcus
aureus, MRSA) and so are difficult to treat. MRSA can be found

in the nose of asymptomatic carriers amongst both patients and

Figure 5.2 Staphylococcal pus.

hospital workers, a potential source of infection after surgery.
In parts of northern Europe, the prevalence of MRSA infec-
tions has been kept at very low levels using ‘search and destroy’
methods, which use screening techniques to look for MRSA in
patients before they come in to hospital for elective surgery so
that any carriers can be treated before their admission for sur-
gery. Local policies on the management of MRSA depend on
the prevalence of MRSA, the type of hospital, the clinical spe-
cialty and the availability of facilities. Widespread swabbing,
ward closures, isolation of patients and disinfection of wards by
deep cleaning all have to be carefully considered.

Staphylococcal infections are usually suppurative and
localised. Most hospital Staphylococcus aureus strains are now
[-lactamase producers and so are resistant to penicillin, but
many strains remain sensitive to flucloxacillin, vancomycin,
aminoglycosides and some cephalosporins. There are several
novel and innovative antibiotics becoming available that
have high activity against resistant strains. Some have the
advantage of good oral activity (linezolid), some have a wide
spectrum (teicoplanin), some have good activity in bacterae-
mia (daptomycin) but all are relatively expensive, and some
have side effects involving marrow, hepatic and renal toxicity.
Their use is justified but needs to be controlled by tight local
policies and guidelines that involve clinical microbiologists.

Staphylococcus  epidermidis  (previously — Staphylococcus
albus), also known as coagulase-negative staphylococcus,
was regarded as a non-pathogenic commensal organism com-
monly found on the skin, but is now recognised as a major
threat in vascular and orthopaedic prosthetic surgery and in
indwelling vascular cannulas/catheters. The bacteria form
biofilms which adhere to prosthetic surfaces and limit the
effectiveness of antibiotics.

Clostridia

Clostridial organisms are gram-positive, obligate anaerobes,
which produce resistant spores (Figure 5.3). Clostridium per-
fringens is the cause of gas gangrene, and C. tetani causes teta-
nus after implantation into tissues or a wound.

Clostridium difficile is the cause of pseudomembranous coli-
tis, where destruction of the normal colonic bacterial flora by

Rebecca Graighill Lancefield, 1895-1981, American bacteriologist, classified streptococci in 1933.



Figure 5.3 Clostridium tetani (drumstick spores).

antibiotic therapy allows an overgrowth of the normal gut com-
mensal C. diff to pathological levels. Any antibiotic may cause
this phenomenon, although the quinolones such as ciprofloxa-
cin seem to be the highest risk, especially in elderly or immuno-
compromised patients. In its most severe form, the colitis may
lead to perforation and the need for emergency colectomy with
an associated high mortality. Treatment involves resuscitation
and antibiotic therapy with metronidazole or vancomycin.
The fibrinous exudate is typical and differentiates the colitis
from other inflammatory diseases; laboratory recognition of the
toxin is an early accurate diagnostic test.

Aerobic gram-negative bacilli

These bacilli are normal inhabitants of the large bowel. Esch-
erichia coli and Klebsiella spp. are lactose fermenting; Proteus is
non-lactose fermenting. Most organisms in this group act in
synergy with Bacteroides to cause SSls after bowel operations
(in particular, appendicitis, diverticulitis and peritonitis). Esch-
erichia coli is a major cause of urinary tract infection, although
most aerobic gram-negative bacilli can be involved, particularly
in relation to urinary catheterisation. There is increasing con-
cern about the development of extended spectrum (3-lactamases
(ESBLs) in many of this group of bacteria, which confer resis-
tance to many antibiotics, particularly cephalosporins.

Pseudomonas spp. tend to colonise burns and tracheostomy
wounds, as well as the urinary tract. Once Pseudomonas has
colonised wards and intensive care units, it may be difficult
to eradicate. Surveillance of cross-infection is important in
outbreaks. Hospital strains become resistant to B-lactamase as
resistance can be transferred by plasmids. Wound infections
need antibiotic therapy only when there is progressive or
spreading infection with systemic signs. The aminoglycosides
and the quinolones are effective, but some cephalosporins
and penicillin may not be. Many of the carbapenems (e.g.
meropenem) are useful in severe infections.

Bacteroides

Bacteroides are non-spore-bearing, strict anaerobes that col-
onise the large bowel, vagina and oropharynx. Bacteroides
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fragilis is the principal organism that acts in synergy with
aerobic gram-negative bacilli to cause SSIs, including intra-
abdominal abscesses after colorectal or gynaecological surgery.
They are sensitive to the imidazoles (e.g. metronidazole) and
some cephalosporins (e.g. cefotaxime).

Sources of infection

The infection of a wound can be defined as the invasion of
organisms into tissues following a breakdown of local and sys-
temic host defences, leading to either cellulitis, lymphangitis,
abscess formation or bacteraemia. The infection of most sur-
gical wounds is referred to as superficial surgical site infection
(SSSI). The other categories include deep SSI (infection in
the deeper musculofascial layers) and organ space infection
(such as an abdominal abscess after an anastomotic leak).
Pathogens resist host defences by releasing toxins, which
favour their spread, and this is enhanced in anaerobic or
frankly necrotic wound tissue. Clostridium perfringens, which is
responsible for gas gangrene, releases proteases such as hyalu-
ronidase, lecithinase and haemolysin, which allow it to spread
through the tissues. Resistance to antibiotics can be acquired
by previously sensitive bacteria by transfer through plasmids.
The human body harbours approximately 10" organisms.
They can be released into tissues before, during or after sur-
gery, contamination being most severe when a hollow viscus
perforates (e.g. faecal peritonitis following a diverticular per-
foration). Any infection that follows surgery may be termed
endogenous or exogenous, depending on the source of the
bacterial contamination. Endogenous organisms are present
on or in the patient at the time of surgery, whereas exogenous
organisms come from outside the patient. In modern hospital
practice, endogenous organisms colonising the patient are by
far the most common source of infection.

Summary box 5.3

Classification of sources of infection
e Endogenous: present in or on the host e.g. SSSI following
contamination of the wound from a perforated appendix

e Exogenous: acquired from a source outside the body such as
the operating theatre (inadequate air filtration, poor antisepsis)
or the ward (e.g. poor hand-washing compliance). The cause
of hospital acquired infection (HAI)

Microorganisms are normally prevented from causing
infection in tissues by intact epithelial surfaces, most notably
the skin. These surfaces are broken down by trauma or sur-
gery. In addition to these mechanical barriers, there are other
protective mechanisms, which can be divided into:

e chemical: low gastric pH;

e humoral: antibodies, complement and opsonins;

e cellular: phagocytic cells, macrophages, polymorphonu-
clear cells and killer lymphocytes.

Theodor Albrecht Edwin Klebs, 1834-1913, Professor of Bacteriology successively at Prague, Czechoslovakia, Zurich, Switzerland and The Rush Medical Col-

lege, Chicago, IL, USA.
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All of these natural mechanisms may be compromised by
surgical intervention and treatment.

The chance of developing an SSI after surgery is also
determined by the pathogenicity of the organisms present and
by the size of the bacterial inoculum. The more virulent the
organism or the larger the extent of bacterial contamination,
the more likely is wound infection to occur. Host factors are
also important, so a less virulent organism or a lower level of
wound contamination may still result in a wound infection if
the host response is impaired (see Summary box 5.5). Devital-
ised tissue, excessive dead space or haematoma, all the results
of poor surgical technique, increase the chances of infection.
The same applies to foreign materials of any kind, including
sutures and drains. If there is a silk suture in tissue, the critical
number of organisms needed to start an infection is reduced
logarithmically. Silk should not be used to close skin as it
causes suture abscesses for this reason. These principles are
important to an understanding of how best to prevent infec-
tion in surgical practice.

Summary box 5.4

Factors that determine whether a wound will become
infected

® Host response

e Virulence and inoculum of infective agent

e Vascularity and health of tissue being invaded (including local
ischaemia as well as systemic shock)

Presence of dead or foreign tissue
Presence of antibiotics during the ‘decisive period’

The decisive period

There is up to a4-hour interval before bacterial growth becomes
established enough to cause an infection after a breach in the
tissues, whether caused by trauma or surgery. This interval is
called the ‘decisive period’ and strategies aimed at prevent-
ing infection from taking a hold become ineffective after this
time period. It is therefore logical that prophylactic antibiotics
should be given to cover this period and that they could be
decisive in preventing an infection from developing, before
bacterial growth takes a hold. The tissue levels of antibiotics
during the period when bacterial contamination is likely to
occur should be above the minimum inhibitory concentration
(MICy,) for the expected pathogens.

Reduced resistance to infection

Reduced resistance to infection has several causes, partic-
ularly those that impair the inflammatory response. Host
response is weakened by malnutrition, which can be rec-
ognised clinically, and most easily, as recent rapid weight loss
that can be present even in the presence of obesity. Meta-
bolic diseases such as diabetes mellitus, uraemia and jaundice,
disseminated malignancy and acquired immmune deficiency
syndrome (AIDS) are other contributors to infection and a
poor healing response, as are iatrogenic causes including the

immunosuppression caused by radiotherapy, chemotherapy or

steroids (Figures 5.4 and 5.5).

Summary box 5.5

Risk factors for increased risk of wound infection
® Malnutrition (obesity, weight loss)
e Metabolic disease (diabetes, uraemia, jaundice)

e Immunosuppression (cancer, AIDS, steroids, chemotherapy
and radiotherapy)

Colonisation and translocation in the gastrointestinal tract
Poor perfusion (systemic shock or local ischaemia)
Foreign body material

Poor surgical technique (dead space, haematoma)

When enteral feeding is suspended during the periopera-
tive period, and particularly with underlying disease such as
cancer, immunosuppression, shock or sepsis, bacteria (par-
ticularly aerobic gram-negative bacilli) tend to colonise the
normally sterile upper gastrointestinal tract. They may then
translocate to the mesenteric nodes and cause the release of
endotoxins (lipopolysaccharide in bacterial cell walls), which

Figure 5.4 Major wound infection and delayed healing presenting as
a faecal fistula in a patient with Crohn’s disease on steroid treatment.

Figure 5.5 Delayed healing relating to infection in a patient on high-
dose steroids.



can be one cause of a harmful systemic inflammatory response
through the excessive release of proinflammatory cytokines
and activation of macrophages (Figure 5.6). In the circum-
stances of reduced host resistance to infection, microorgan-
isms that are not normally pathogenic may start to behave as
pathogens. This is known as opportunistic infection. Oppor-
tunistic infection with fungi is an example, particularly when
prolonged and changing antibiotic regimes have been used.
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Figure 5.6 Gut failure, colonisation and translocation related to the

development of systemic inflammatory response syndrome (SIRS)

and multiple organ dysfunction syndrome (MODS). IL, interleukin;
TNF, tumour necrosis factor.

PRESENTATION OF SURGICAL
INFECTION

Major and minor surgical site
infection (SSI)

Infection acquired from the environment or the staff fol-
lowing surgery or admission to hospital is termed hospi-
tal acquired infection (HAI). There are four main groups:
respiratory infections (including ventilator-associated pneu-
monia), urinary tract infections (mostly related to urinary
catheters), bacteraemia (mostly related to indwelling vascu-
lar catheters) and SSIs.

A major SSI is defined as a wound that either discharges
significant quantities of pus spontaneously or needs a second-
ary procedure to drain it (Figure 5.7). The patient may have
systemic signs such as tachycardia, pyrexia and a raised white
cell count.

Summary box 5.6

Major wound infections
e Significant quantity of pus
e Delayed return home

e Patients are systemically ill
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Figure 5.7 Major wound infection with superficial skin dehiscence.

Minor wound infections may discharge pus or infected
serous fluid but are not associated with excessive discomfort,
systemic signs or delay in return home (Figure 5.8). The
differentiation between major and minor and the definition
of SSI is important in audits and clinical trials of antibiotic
prophylaxis. There are scoring systems for the severity of
wound infection, which are particularly useful in surveillance
and research. Examples are the Southampton (Table 5.1) and
ASEPSIS systems (Table 5.2).

Accurate surveillance can only be achieved using trained,
unbiased and blinded assessors. Most include surveillance
for a 30-day postoperative period. The US Centers for Dis-
ease Control (CDC) definition insists on a 30-day follow-up
period for non-prosthetic surgery and 1 year after implanted
hip and knee surgery.

Figure 5.8 Minor wound infection that settled spontaneously without
antibiotics.

Localised infection
ABSCESS

An abscess presents all the clinical features of acute inflam-
mation originally described by Celsus: calor (heat), rubor (red-
ness), dolor (pain) and tumor (swelling). To these can be added
functio laesa (loss of function: if it hurts, the infected part is
not used). Abscesses usually follow a puncture wound of some
kind, which may have been forgotten, as well as surgery, but
can be metastatic in all tissues following bacteraemia.

Aulus Aurelius Cornelius Celsus, 25 BC-50 AD, Roman surgeon and the author of De Re Medico Libri Octo.
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TABLE 5.1 Southampton wound grading system.

Grade  Appearance

0 Normal healing

| Normal healing with mild bruising or erythema
la Some bruising

Ib Considerable bruising

Ic Mild erythema

Il Erythema plus other signs of inflammation
lla At one point

Ilb Around sutures

llc Along wound

Ild Around wound

I} Clear or haemoserous discharge

Illa At one point only (<2 cm)

Ilb Along wound (>2 cm)

lllc Large volume

ld Prolonged (>3 days)

Major complication

I\ Pus

IVa At one point only (<2 cm)

IVb Along wound (>2 cm)

V Deep or severe wound infection with or without tissue

breakdown; haematoma requiring aspiration

TABLE 5.2 The ASEPSIS wound score.

Criterion Points

Additional treatment 0
Antibiotics for wound infection 10
Drainage of pus under local anaesthesia 5
Debridement of wound under general 10
anaesthesia

Serous discharge® Daily 0-5

Erythema® Daily 0-5

Purulent exudate® Daily 0-10

Separation of deep tissues® Daily 0-10

Isolation of bacteria from wound 10

Stay as inpatient prolonged over 14 days as 5

result of wound infection

@ Scored for 5 of the first 7 days only, the remainder being scored if present in the first
2 months.

Pyogenic organisms, predominantly Staphylococcus aureus,
cause tissue necrosis and suppuration. Pus is composed of dead
and dying white blood cells, predominantly neutrophils, that
have succumbed to bacterial toxins. An abscess is surrounded
by an acute inflammatory response composed of a fibrinous
exudate, oedema and the cells of acute inflammation. Gran-
ulation tissue (macrophages, fibroblasts and new blood vessel
proliferation) forms later around the suppurative process and
leads to collagen deposition. If it is not drained or resorbed
completely, a chronic abscess may result. If it is partly steril-
ised with antibiotics, an antibioma may form.

Abscesses contain hyperosmolar material that draws in
fluid. This increases the pressure and causes pain. If they
spread, they usually track along planes of least resistance
and point towards the skin. Wound abscesses may discharge
spontaneously by tracking to a surface, but may need drainage
through a surgical incision. Most abscesses relating to surgical
wounds take 7-10 days to form after surgery. As many as 75%
of SSIs present after the patient has left hospital and may thus
be overlooked by the surgical team.

Abscess cavities need cleaning out after incision and
drainage and are traditionally encouraged to heal by second-
ary intention. When the cavity is left open to drain freely,
there is no need for antibiotic therapy as well. Antibiotics
should be used if the abscess cavity is closed after drainage,
but the cavity should not be closed if there is any risk of
retained loculi or foreign material. Thus a perianal abscess
can be incised and drained, the walls curretted and the skin
closed with good results using appropriate antibiotic therapy,
but a pilonidal abscess has a higher recurrence risk after such
treatment because a nidus of hair may remain in the sub-
cutaneous tissue adjacent to the abscess. Some small breast
abscesses can be managed by simple needle aspiration of the
pus and antibiotic therapy.

Summary box 5.7

Abscesses

e Abscesses need drainage

e Modern imaging techniques may allow guided needle aspira-
tion

e Antibiotics are indicated if the abscess cavity is not left open
to drain freely

® An open abscess cavity heals by secondary intention

Persistent chronic abscesses may lead to sinus or fistula
formation. In a chronic abscess, lymphocytes and plasma cells
are seen. There is tissue sequestration and later calcification
may occur. Certain organisms are associated with chronicity,
and sinus and fistula formation. Common ones are Mycobac-
terium and Actinomyces. They should not be forgotten when
these complications occur and persist.

Perianastomotic contamination may be the cause of an
abscess but, in the abdomen, abscesses are more usually the
result of anastomotic leakage. An abscess in a deep cavity
such as the pleura or peritoneum may be difficult to diagnose
or locate even when there is strong clinical suspicion that it
is present (Figure 5.9). Plain or contrast radiographs may not
be helpful, but ultrasonography, computed tomography (CT),
magnetic resonance imaging (MRI) and isotope labelled
white cell scans are all useful and may allow guided aspiration
without the need for surgical intervention.

CELLULITIS AND LYMPHANGITIS

Cellulitis is a non-suppurative, invasive infection of tissues,
which is usually related to the point of injury. There is poor
localisation in addition to the cardinal signs of spreading
inflammation. Such infections presenting in surgical practice



Figure 5.9 Plain radiograph showing a subphrenic abscess with a
gas/fluid level (white arrow). Gastrografin is seen leaking from the
oesophagojejunal anastomosis (after gastrectomy) towards the
abscess (black arrow).

are typically caused by organisms such as [-haemolytic
streptococci (Figure 5.10), staphylococci (Figure 5.11) and
C. perfringens. Tissue destruction, gangrene and ulceration
may follow, which are caused by release of proteases.

Systemic signs (the old-fashioned term is toxaemia) are
common, with chills, fever and rigors. These events follow
the release of toxins into the circulation, which stimulate
a cytokine-mediated systemic inflammatory response even
though blood cultures may be negative.

Lymphangitis is part of a similar process and presents as
painful red streaks in affected lymphatics draining the source
of infection. Lymphangitis is often accompanied by painful
lymph node groups in the related drainage area.

Summary box 5.8

Cellulitis and lymphangitis

e Non-suppurative, poorly localised

e Commonly caused by streptococci, staphylococci or clos-
tridia

e Blood cultures are often negative

Specific local wound infections
GAS GANGRENE

Gas gangrene is caused by C. perfringens. These gram-positive,
anaerobic, spore-bearing bacilli are widely found in nature,
particularly in soil and faeces. This infection is particularly
relevant to military and trauma surgery. Patients who are
immunocompromised, diabetic or have malignant disease are
at greater risk, particularly if they have wounds containing
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Figure 5.10 Streptococcal cellulitis of the leg following a minor
puncture wound.

Figure 5.11 Staphylococcal cellulitis of the face and orbit following
severe infection of an epidermoid cyst of the scalp.

necrotic or foreign material, resulting in anaerobic conditions.
Military wounds provide an ideal environment as the kinetic
energy of high-velocity missiles or shrapnel causes extensive
tissue damage. The cavitation which follows passage of a mis-
sile through the tissues causes a ‘sucking’ entry wound, leaving
clothing and environmental soiling in the wound in addition
to devascularised tissue. Gas gangrene wound infections are
associated with severe local wound pain and crepitus (gas in
the tissues, which may also be visible on plain radiographs).
The wound produces a thin, brown, sweet-smelling exudate,
in which Gram staining will reveal bacteria. Oedema and
spreading gangrene follow the release of collagenase, hyaluro-
nidase, other proteases and alpha toxin. Early systemic com-
plications with circulatory collapse and organ failure follow if
prompt action is not taken.

Summary box 5.9

Gas gangrene

e Caused by Clostridium perfringens

e Gas and smell are characteristic

® Immunocompromised patients are most at risk
[ ]

Antibiotic prophylaxis is essential when performing amputa-
tions to remove dead tissue
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Antibiotic prophylaxis should always be considered in
patients at risk, especially when amputations are performed
for peripheral vascular disease with open necrotic ulceration.
Once gas gangrene infection is established, large doses of
intravenous penicillin and aggressive debridement of affected
tissues are required.

CLOSTRIDIUM TETANI

This is another anaerobic, terminal spore-bearing, gram-
positive bacterium, which can cause tetanus following
implantation into tissues or a wound (which may have
been trivial or unrecognised and forgotten). The spores are
widespread in soil and manure, and so the infection is more
common in traumatic civilian or military wounds. The signs
and symptoms of tetanus are mediated by the release of the
exotoxin tetanospasmin, which affects myoneural junctions
and the motor neurones of the anterior horn of the spinal
cord. A short prodromal period, which has a poor prognosis,
leads to spasms in the distribution of the short motor nerves
of the face followed by the development of severe generalised
motor spasms including opsithotonus, respiratory arrest and
death. A longer prodromal period of 4-5 weeks is associated
with a milder form of the disease. The entry wound may show
a localised small area of cellulitis. Exudate or aspirate may
give a sample that can be stained to show the presence of
gram-positive rods. Prophylaxis with tetanus toxoid is the
best preventative treatment but, in an established infection,
minor debridement of the wound may need to be performed
and antibiotic treatment with benzylpenicillin provided in
addition. Relaxants may also be required, and the patient
will require ventilation in severe forms, which are associated
with a high mortality. The administration of antitoxin using
human immunoglobulin ought to be considered for both
at-risk wounds and established infection.

The toxoid is a formalin-attenuated vaccine and should
be given in three separate doses to give protection for a 5-year
period, after which a single 5-yearly booster confers immu-
nity. It should be given to all patients with open traumatic
wounds who are not immunised. At-risk wounds are those
when there is late presentation, when there is devitalisation
of tissue or when there is wound soiling. For these wounds,
a booster of toxoid should be given or, if the patient is not
immunised at all, a three-dose course is given together with
prophylactic benzylpenicillin, but the use of antitoxin is con-
troversial because of the risk of toxicity and allergy.

SYNERGISTIC SPREADING GANGRENE (SYNONYM:
SUBDERMAL GANGRENE, NECROTISING FASCIITIS)

This condition is not caused by clostridia. A mixed pattern of
organisms is responsible: coliforms, staphylococci, Bacteroides
spp., anaerobic streptococci and peptostreptococci have all
been implicated, acting in synergy. Often, aerobic bacteria
destroy the living tissue, allowing anaerobic bacteria to thrive.
Abdominal wall infections are known as Meleney’s synergis-
tic gangrene and scrotal infections as Fournier’s gangrene
(Figure 5.12). Patients are almost always immunocompro-

mised, with conditions such as diabetes mellitus. The wound
initiating the infection may have been minor, but severely
contaminated wounds are more likely to be the cause. Severe
wound pain, signs of spreading inflammation with crepitus
and smell are all signs of the infection spreading. Untreated, it
will lead to widespread local gangrene and systemic multisys-
tem organ failure. The subdermal spread of gangrene is always
much more extensive than appears from initial examination.
Broad-spectrum antibiotic therapy must be combined with
aggressive circulatory support. Locally, there should be wide
excision of necrotic tissue and laying open of affected areas.
The debridement may need to be extensive, and patients who
survive may need large areas of skin grafting.

Systemic infection

Bacteraemia

Bacteraemia is unusual following superficial SSIs, which tend
to drain through the wound, but common after deep space SSls
such as follow an intestinal anastomotic breakdown. It is usu-
ally transient and can follow procedures undertaken through
infected tissues (particularly instrumentation in infected bile
or urine). It may also occur through bacterial infection of
indwelling intravenous cannulae, which should be replaced
regularly in order to avoid colonisation. Bacteraemia is import-
ant when a prosthesis has been implanted, as infection of the
prosthesis can occur through haematogenous spread. Aerobic
gram-negative bacilli are often responsible, but Staphylococcus
aureus and fungi may be involved, particularly after the use of
broad-spectrum antibiotics.

Figure 5.12 A classic presentation of Fournier’s gangrene of the
scrotum with ‘shameful exposure of the testes’ following excision of
the gangrenous skin.

Frank Lamont Meleney, 1889-1963, Professor of Clinical Surgery, Columbia University, New York, NY, USA.
Jean Alfred Fournier, 1832-1915, syphilologist, the founder of the Venereal and Dermatological Clinic, Hopital St. Louis, Paris, France.



Summary box 5.10

Bacteraemia
e Common after anastomotic breakdown

e Dangerous if the patient has a prosthesis, which can become
infected

® May be associated with systemic organ failure

Systemic inflammatory response syndrome
(SIRS)

SIRS is a systemic manifestation of sepsis (see Table 5.3),
although the syndrome may also be caused by multiple
trauma, burns or pancreatitis without infection. Serious infec-
tion, such as secondary peritonitis, may lead to SIRS through
the release of lipopolysaccharide endotoxin from the walls of
dying gram-negative bacilli (mainly Escherichia coli) or other
bacteria or fungi. This and other toxins stimulate the release
of cytokines from macrophages (see Figure 5.6). SIRS should
not be confused with bacteraemia although the two may
coexist.

Septic manifestations and multiple organ dysfunction syn-
drome (MODS) in SIRS are mediated by the release of proin-
flammatory cytokines such as interleukin-1 (IL-1) and tumour
necrosis factor alpha (TNFa). These cytokines normally
stimulate neutrohil adhesion to endothelial surfaces adjacent
to the source of infection and cause them to migrate through
the blood vessel wall by chemotaxis, where they can attack
the bacterial invasion. A respiratory burst occurs within such
activated neutrophils, releasing lysosomal enzymes, oxidants
and free radicals which are involved in killing the invading
bacteria, but which may also damage adjacent cells. Coagu-
lation, complement and fibrinolytic pathways are also stim-
ulated as part of the normal inflammatory response. This
response is usually beneficial to the host and is an important
aspect of normal tissue repair and wound healing. In the pres-
ence of severe sepsis or bacteraemia, this response may become
harmful to the host if it occurs in excess, when it is known as
the systemic inflammatory response syndrome or SIRS. There
are high circulating levels of cytokines and activated neu-
trophils which stimulate fever, tachycardia and tachypnoea.
The activated neutrophils adhere to vascular endothelium in
key organs remote from the source of infection and damage
it, leading to increased vascular permeability, which in turn
leads to cellular damage within the organs, which become
dysfunctional and give rise to the clinical picture of multi-
ple organ dysfunction syndrome or MODS. In its most severe
form, MODS may progress into multiple system organ failure
(MSOF). Respiratory, cardiac, intestinal, renal and liver fail-
ure ensue in combination with circulatory failure and shock.
In this state, the body’s resistance to infection is reduced and
a vicious cycle develops where the more organs that fail, the
more likely it becomes that death will follow despite all that a
modern intensive care unit can do for organ support.
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TABLE 5.3 Definitions of systemic inflammatory response
syndrome (SIRS) and sepsis.
SIRS is
Two of:
hyperthermia (>38°C) or hypothermia (<36°C)
tachycardia (>90/min, no B-blockers) or tachypnoea (>20/min)
white cell count >12 x 10%litre or <4 x 10%litre

Sepsis is SIRS with a documented infection

Severe sepsis or sepsis syndrome is sepsis with evidence

of failure of one or more organs: respiratory (acute respiratory
distress syndrome), cardiovascular (septic shock follows
compromise of cardiac function and fall in peripheral vascular
resistance), renal (usually acute tubular necrosis), hepatic, blood
coagulation systems or central nervous system

Summary box5.11

Definitions of infected states

e SSlis an infected wound or deep organ space

e SIRS is the body’s systemic response to severe infection
o MODS is the effect that SIRS produces systemically

® MSOF is the end stage of uncontrolled MODS

Viral infections relevant to surgery

Hepatitis

Both hepatitis B and hepatitis C carry risks in surgery as they
are blood-borne pathogens that can be transmitted both from
the surgeon to the patient and vice versa. The usual mode of
transmission is blood to blood contact through a needle-stick
injury or a cut. Many cases of hepatitis B are asymptomatic
and a surgeon may carry the virus without being aware of
it. As there is an effective vaccine against hepatitis B, sur-
geons should know their immune status to hepatitis B and
be vaccinated against it. Hepatitis C infection often becomes
chronic with the risk of significant liver damage, but is poten-
tially curable with interferon-alpha and ribavirin treatment,
so surgeons who are exposed to an infection risk should seek
medical advice and antibody measurement. Transmission of
hepatitis C from surgeon to patient is extremely rare.

HIvV

The type I human immunodeficiency virus (HIV) is one of
the viruses of surgical importance because it can be transmit-
ted by body fluids, particularly blood. It is a retrovirus that has
become increasingly prevalent through sexual transmission
(both homo- and heterosexual), intravenous drug addiction
and in infected blood products used to treat haemophiliacs in
particular. The risk in surgery is mostly through needle-stick
injury during operations.

After exposure, the virus binds to CD4 receptors with a
subsequent loss of CD4+ cells, T helper cells and other cells

Theodor Escherich, 1857-1911, Professor of Paediatrics, Vienna, Austria, discovered the Bacterium coli commune in 1886.
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involved in cell-mediated immunity, antibody production
and delayed hypersensitivity. Macrophages and gut-associated
lymphoid tissue (GALT) are also affected. The risk of oppor-
tunistic infections (such as Pnewmocystis carinii pneumonia,
tuberculosis and cytomegalovirus) and neoplasms (such as
Kaposi’s sarcoma and lymphoma) is thereby increased.

In the early weeks after HIV infection, there may be a flu-
like illness and, during the phase of seroconversion, patients
present the greatest risk of HIV transmission. It is during
these early phases that drug treatment, highly active antiret-
roviral therapy (HAART), is most effective through the abil-
ity of these drugs to inhibit reverse transcriptase and protease
synthesis, which are the principal mechanisms through which
HIV can progress. These drugs suppress the virus but do not
clear it completely from the body, and treated patients can
still transmit the virus to others. Within 2 years, untreated
HIV can progress to acquired immune deficiency syndrome

(AIDS) in 25-35% of patients.

Involvement of surgeons with HIV or
hepatitis patients (universal precautions)

Patients may present to surgeons for operative treatment if
they have a surgical disease and they are known to be infected
or ‘at risk’, or because they need surgical intervention related
to their illness for vascular access or a biopsy when they are
known to have hepatitis, HIV infection or AIDS. Particular
care should be taken when there is a risk of splashing/aerosol
formation, particularly with power tools. Universal precau-
tions have been drawn up by the CDC in the United States
and largely adopted by the National Health Service (NHS) in
the UK (in summary):

e use of a full face mask ideally, or protective spectacles;

e use of fully waterproof, disposable gowns and drapes, par-
ticularly during seroconversion;

® boots to be worn, not clogs, to avoid injury from dropped
sharps;

e double gloving needed (a larger size on the inside is more

comfortable);

allow only essential personnel in theatre;

avoid unnecessary movement in theatre;

respect is required for sharps, with passage in a kidney dish;

a slow meticulous operative technique is needed with

minimised bleeding.

AFTER CONTAMINATION

Needle-stick injuries are commonest on the non-dominant
index finger during operative surgery. Hollow needle injury
carries the greatest risk of viral transmission. The injured
part should be washed under running water and the inci-
dent reported. Local policies dictate whether post-exposure
antiretroviral treatment should be given. Occupational
health advice is required after high-risk exposure, together
with the need for hepatitis/HIV testing and the option for
continuation in an operative specialty.

PREVENTION OF SURGICAL
INFECTION

Preoperative preparation

A short preoperative hospital stay lowers the risk of acquiring
MRSA, multiply resistant coagulase-negative staphylococci
(MRCNS) and other antibiotic-resistant organisms from
the hospital environment. Medical and nursing staff should
always wash their hands after any patient contact. Alcoholic
hand gels can act as a substitute for hand washing, but do not
destroy the spores of Clostridium difficile, which may cause pseu-
domembranous colitis, especially in immunocompromised
patients or those whose gut flora is suppressed by antibiotic
therapy. Although the need for clean hospitals, emphasised
by the media, is logical, the ‘clean your hands campaign’ is
beginning to result in falls in the incidence of HAIs. Staff
with open, infected skin lesions should not enter the oper-
ating theatres. Ideally, neither should affected patients, espe-
cially if they are having a prosthesis implanted. Antiseptic
baths (usually chlorhexidine) are popular in Europe, but there
is no hard evidence for their value in reducing wound infec-
tions. Preoperative skin shaving should be undertaken in the
operating theatre immediately before surgery as the SSI rate
after clean wound surgery may be doubled if shaving is per-
formed the night before, because minor skin injury enhances
superficial bacterial colonisation. Cream depilation is messy
and hair clipping is best, with the lowest rate of infection.

Scrubbing and skin preparation

When washing the hands prior to surgery, dilute alcohol-based
antiseptic hand soaps such as chlorhexidine or povidone—
iodine should be used for hand washing, and the scrub should
include the nails.

One application of a more concentrated alcohol-based
antiseptic is adequate for skin preparation of the operative site.
This leads to a >95% reduction in bacterial count but caution
should be taken not to leave a pool of alcohol-based fluid on the
skin which could ignite with diathermy and burn the patient.

Theatre technique and discipline also contribute to low
infection rates. Numbers of staff in the theatre and movement
in and out of theatre should be kept to a minimum. Care-
ful and regular surveillance is needed to ensure the quality of
instrument sterilisation, aseptic technique and theatre venti-
lation. Laminar flow systems direct clean, filtered air over the
operating field, with any air potentially contaminated as it
passes over the incision then directed away from the patient.
Operator skill in gentle manipulation and dissection of tissues
is much more difficult to audit, but dead spaces and haemato-
mas should be avoided. There is no evidence that drains, inci-
sion drapes or wound guards help to reduce wound infection.
There is a high level of evidence that both the perioperative
avoidance of hypothermia and the use of supplemental oxy-
gen during recovery significantly reduce the rate of SSIs.

Moritz Kaposi, 1837-1902, Professor of Dermatology, Vienna, Austria, described pigmented sarcoma of the skin in 1872.



Prophylactic antibiotics

Prophylactic antibiotics are used when there is a risk of wound
contamination with bacteria during surgery. The theoretical
degree of contamination, proposed by the National Research
Council (USA) over 40 years ago, relates well to infection
rates (Table 5.4). The value of antibiotic prophylaxis is low in
non-prosthetic clean surgery, with most trials showing no clear
benefit because infection rates without antibiotics are so low.
The exception to this is where a prosthetic implant is used, as
the results of infection are so catastrophic that even a small risk
of infection is unacceptable. There is undisputed evidence that
prophylactic antibiotics are effective in reducing the risk of
infection in clean-contaminated and contaminated operations.
When wounds are heavily contaminated or when an incision is
made into an abscess, a 5-day course of therapeutic antibiotics
may be justified on the assumption that the wound is inevitably
infected and so treatment is needed rather than prophylaxis.

If antibiotics are given to prevent infection after surgery or
instrumentation, they should be used before bacterial growth
becomes established (i.e. within the decisive period). Ideally,
maximal blood and tissue levels should be present at the time
at which the first incision is made and before contamination
occurs. Tissue levels of the antibiotic should remain high
throughout the operation and antibiotics with a short tissue
half life should be avoided. Intravenous administration at
induction of anaesthesia is therefore optimal, as unexpected
delays in the timing of surgery may occur before then and anti-
biotic tissue levels may fall off before the surgery starts. In long
operations or when there is excessive blood loss, or when unex-
pected contamination occurs, antibiotics may be repeated at
4-hourly intervals during the surgery, because tissue antibiotic
levels often fall faster than serum levels. There is no evidence
that further doses of antibiotics after surgery are of any value in
prophylaxis against infection and the practice can only encour-
age the development of antibiotic resistance. The choice of
an antibiotic depends on the expected spectrum of organisms
likely to be encountered, which will depend on the site and
type of surgery and whether or not the patient has any anti-
biotic allergies. Hospitals in the UK now have standardised
antibiotic prophylaxis policies which take account of the above
factors and are only deviated from with microbiological advice.

Patients with known valvular disease of the heart (or with
any implanted vascular or orthopaedic prosthesis) should

TABLE 5.4 SSiI rates relating to wound contamination with
and without using antibiotic prophylaxis.

Type of surgery Infection Infection
rate with rate without
prophylaxis (%) prophylaxis (%)
Clean (no viscus opened) 1-2 1-2
Clean-contaminated (viscus 3 6-9
opened, minimal spillage)
Contaminated (open viscus 6 13-20
with spillage or inflammatory
disease)
Dirty (pus or perforation, or 7 40

incision through an abscess)
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have prophylactic antibiotics during dental, urological or
open viscus surgery, to prevent bacterial colonisation of the
valve or prosthesis during the transient bacteraemia which
can occur during such surgery.

Summary box5.12

Antibiotic prophylaxis
e Not required in clean surgery unless a prosthesis is implanted

e Use antibiotics that are effective against expected pathogens
within local hospital guidelines

® Plan for single-shot intravenous administration at induction of
anaesthesia

® Repeat only during long operations or if there is excessive
blood loss

e Patients with heart valve disease or a prosthesis should be
protected from bacteraemia caused by dental work, urethral
instrumentation or visceral surgery

Postoperative wound infections

The majority of wound infections arise from endogenous
sources within the patient, but exogenous SSI may also occur
from bacteria present in the ward or staff and so can be related
to poor hospital standards. Strict attention to ward cleanliness,
gloving before touching patient wounds and hand washing
between all patient contacts are important preventive mea-
sures. An outbreak of wound infections on the ward with bac-
teria having the same antibiotic sensitivity profile implies an
exogenous source of infection, which needs to be investigated
by swabbing all staff and work surfaces. It may need temporary
ward closure and a deep clean to eradicate the infection source.

Now that patients are discharged more quickly after surgery
and many procedures are performed as day cases, many SSIs are
missed by the surgical team unless they undertake a prolonged
and carefully audited follow-up with primary care doctors. Sup-
purative wound infections take 7-10 days to develop, and even
cellulitis around wounds caused by invasive organisms (such as
B-haemolytic Streptococcus) takes 3—4 days to develop. Major
surgical infections with systemic signs (Figure 5.13), evidence
of spreading infection, cellulitis or bacteraemia need treat-
ment with appropriate antibiotics. The choice may need to be
empirical initially but is best based on culture and sensitivities
of isolates harvested at surgery or from culture of wound fluids
or wound swabs. Although the identification of organisms in
surgical infections is necessary for audit and wound surveillance
purposes, it is usually 2-3 days before sensitivities are known
(Figures 5.14 and 5.15). It is illogical to withhold antibiotics
until results are available but, if clinical response is poor by the
time sensitivities are known, then antibiotics can be changed.
Such changes are unusual if the empirical choice of antibiotics
is sensible; change of antibiotics promotes resistance and risks
complications, such as C. difficile enteritis.

If an infected wound is under tension, or there is clear
evidence of suppuration, sutures or clips need to be removed,
with curettage if necessary, to allow pus to drain adequately.
In severely contaminated wounds, such as an incision made
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Figure 5.13 Classic swinging pyrexia related to a perianastomotic
wound abscess that settled spontaneously on antibiotic therapy.

for drainage of an abscess, it is logical to leave the skin open.
Delayed primary or secondary closure can be undertaken when
the wound is clean and granulating (Figures 5.16 and 5.17).
Some heavily infected wounds may be left to heal by secondary
intention, with no attempt at closure, particularly where there
is a loss of skin cover and healthy granulation tissue develops
(Figure 5.18). While the end result may be excessive scarring,
that can always be revised with plastic surgery under clean sur-
gical conditions at a later stage. Leaving wounds open after a
‘dirty’ operation, such as laparotomy for faecal peritonitis, is
not practised as widely in the UK as in the USA or mainland
Europe.

Summary box5.13

Surgical incisions through infected or contaminated
tissues

e When possible, tissue or pus for culture should be taken
before antibiotic cover is started

e The choice of antibiotics is empirical until sensitivities are
available

e Heavily contaminated wounds are best managed by delayed
primary or secondary closure

Figure 5.14 Mixed streptococcal infection of a skin graft with very
poor ‘take’.

Figure 5.15 After 5-6 days of antibiotics, the infection shown in
Figure 5.14 is under control, and the skin grafts are clearly viable.

Figure 5.16 (a, b) Delayed primary closure of fasciotomy wound
after 3-5 days.



Figure 5.17 Skin layers left open to granulate after laparotomy for
faecal peritonitis, ready for skin grafting.

When taking pus from infected wounds, specimens should
be sent fresh for microbiological culture. Swabs should be
placed in transport medium, but the larger the volume of
pus sent, the more likely is the accurate identification of
the organism involved. Providing the microbiologist with as
much information as possible and discussing the results with
them gives the best chance of the most appropriate antibiotic
treatment. If bacteraemia is suspected, but results are nega-
tive, then repeat specimens for blood culture may need to be
taken. A rapid report on infective material can be based on an
immediate Gram stain.

Topical antiseptics should only be used on heavily con-
taminated wounds for a short period to clear infection as they
inhibit epithelial ingrowth and so impair wound healing.

ANTIMICROBIAL TREATMENT
OF SURGICAL INFECTION

Principles

Antimicrobials may be used to prevent or treat established
surgical infection.

Summary box 5.14

Principles for the use of antibiotic therapy
e Antibiotics do not replace surgical drainage of infection

e Only spreading infections or signs of systemic infection justify
the use of antibiotics

e Whenever possible, the organism and sensitivity should be
determined

The use of antibiotics for the treatment of established sur-
gical infection ideally requires recognition and determination
of the sensitivities of the causative organisms. Antibiotic ther-
apy should not be held back if it is indicated, the choice being
empirical and later modified depending on microbiological
findings. Once antibiotics have been administered, it may not
be possible to grow bacteria from the wound and so the oppor-
tunity to ascertain the most appropriate antibiotic sensitivities
is lost if a patient’s condition does not improve on empirical
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Figure 5.18 Infected animal bite/wound of the upper thigh, treated
by open therapy following virulent staphylococcal infection.

antibiotic therapy. Antibiotics alone are rarely sufficient to treat
SSIs, which may also need open drainage and debridement.
There are two approaches to antibiotic treatment:

e A narrow-spectrum antibiotic may be used to treat a
known sensitive infection; for example, MRSA (which
may be isolated from pus) is usually sensitive to vancomy-
cin or teicoplanin, but not flucloxacillin.

e Combinations of broad-spectrum antibiotics can be used
when the organism is not known or when it is suspected
that several bacteria, acting in synergy, may be responsible
for the infection. For example, during and following emer-
gency surgery requiring the opening of perforated or isch-
aemic bowel, any of the gut organisms may be responsible
for subsequent peritoneal or bacteraemic infection. In this
case, a broad spectrum antibiotic such as teicoplenin or
meropenem effective against a wide range of aerobic bac-
teria is combined with metronidazole, effective against an-
aerobic bacteria. Alternatively, triple therapy is used with
amoxacillin, gentamicin and metronidazole. The use of
such broad-spectrum antibiotic strategies should be guid-
ed by specialist microbiological advice. If clincal response
is poor after 3—4 days, there should be a re-evaluation with
a review of charts and further investigations requested to
exclude the development or persistence of infection such
as a collection of pus.

Antibiotics used in treatment and
prophylaxis of surgical infection

Antimicrobials may be produced by living organisms (anti-
biotics) or by synthetic methods. Some are bactericidal, e.g.
penicillins and aminoglycosides, and others are bacteriostatic,
e.g. tetracycline and erythromycin. In general, penicillins act
upon the bacterial cell wall and are most effective against
bacteria that are multiplying and synthesising new cell wall
materials. The aminoglycosides act at the ribosomal level,
preventing or distorting the production of proteins required
to maintain the integrity of the enzymes in the bacterial cell.
Hospital and Formulary guidelines should be consulted for
doses and monitoring of antibiotic therapy.
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Penicillin

Benzylpenicillin has proved most effective against gram-
positive pathogens, including most streptococci, the clos-
tridia and some of the staphylococci that do not produce
B-lactamase. It is still effective against Actinomyces, which is
a rare cause of chronic wound infection. [t may be used specif-
ically to treat spreading streptococcal infections. Penicillin is
valuable even if other antibiotics are required as part of multi-
ple therapy for a mixed infection. Some serious infections, e.g.
gas gangrene, require high-dose intravenous benzylpenicillin.

Flucloxacillin

Flucloxacillin is resistant to [3-lactamases and is therefore of
use in treating infections with penicillinase-producing staph-
ylococci which are resistant to benzylpenicillin, but it has
poor activity against other pathogens. It has good tissue pene-
tration and therefore is useful in treating soft tissue infections
and osteomyelitis.

Ampicillin, amoxicillin and co-amoxiclav

Ampicillin and amoxicillin are p-lactam penicillins and can
be taken orally or may be given parenterally. Both are effec-
tive against Enterobacteriaceae, Enterococcus faecalis and the
majority of group D streptococci, but not species of Klebsiella
or Pseudomonas. Clavulanic acid has no antibacterial activ-
ity itself, but it does inactivate B-lactamases, so can be used
in conjunction with amoxicillin. The combination is known
as co-amoxiclav and is useful against B-lactamase producing
bacteria that are resistant to amoxicillin on its own. These
include resistant strains of Staphylococcus aureus, E. coli, Hae-
mophilus influenzae, Bacteroides and Klebsiella.

Piperacillin and ticarcillin

These are ureidopenicillins with a broad spectrum of activity
against a broad range of gram-positive, gram-negative and
anaerobic bacteria. Both are used in combination with
B-lactamase inhibitors (tazobactam with piperacillin and
clavulanic acid with ticarcillin). They are not active against
MRSA but are used in the treatment of septicaemia, hospital-
acquired pneumonia and complex urinary tract infections,
where they are active against Pseudomonas and Proteus spp.
and have a synergistic effect when used with aminoglycosides
such as gentamicin.

Cephalosporins

There are several B-lactamase-susceptible cephalosporins that
are of value in surgical practice: cefuroxime, cefotaxime and
ceftazidime are widely used. The first two are most effective in
intra-abdominal skin and soft-tissue infections, being active
against Staphylococcus aureus and most Enterobacteriaceae.
As a group, the enterococci (Streptococcus faecalis) are not
sensitive to the cephalosporins. Ceftazidime, although active
against the gram-negative organisms and Staphylococcus
aureus, is also effective against Pseudomonas aeruginosa. These
cephalosporins may be combined with an aminoglycoside,
such as gentamicin, and an imidazole, such as metronidazole,
if anaerobic cover is needed.

Aminoglycosides

Gentamicin and tobramycin have similar activity and are effec-
tive against gram-negative Enterobacteriaceae. Gentamicin is
effective against many strains of Pseudomonas, although resis-
tance has been recognised. All aminoglycosides are inactive
against anaerobes and streptococci. Serum levels immediately
before and 1 hour after intramuscular injection must be taken
48 hours after the start of therapy, and dosage should be modi-
fied to satisfy peak and trough levels. Ototoxicity and nephro-
toxicity may follow sustained high toxic levels and therefore
single, large doses may be safer. Use needs to be discussed with
the microbiologist and local policies should be observed.

Vancomycin and teicoplanin

These glycopeptide antibiotics are most active against
gram-positive aerobic and anaerobic bacteria and have
proved to be effective against MRSA, so are often used as
prophylactic antibiotics when there is a high risk of MRSA.
They are ototoxic and nephrotoxic, so serum levels should be
monitored. They are effective against C. difficile in cases of
pseudomembranous colitis.

Carbapenems

Meropenem, ertapenem and imipenem are members of the
carbapenems. They are stable to fB-lactamase, have useful
broad-spectrum anaerobic as well as gram-positive activity
and are effective for the treatment of resistant organisms,
such as ESBL-resistant urinary tract infections or serious
mixed-spectrum abdominal infections (peritonitis).

Metronidazole

Metronidazole is the most widely used member of the imid-
azole group and is active against all anaerobic bacteria. It is
particularly safe and may be administered orally, rectally or
intravenously. Infections caused by anaerobic cocci and strains
of Bacteroides and Clostridia can be treated, or prevented, by its
use. Metronidazole is useful for the prophylaxis and treatment
of anaerobic infections after abdominal, colorectal and pelvic
surgery and in the treatment of C. difficile pseudomembranous
colitis.

Ciprofloxacin

Quinolones, such as ciprofloxacin, have a broad spectrum of
activity against both gram-positive and gram-negative bacte-
ria but are particularly useful against Pseudomonas infections.
Many UK hospitals have restricted their use as a preventive
measure against the development of C. difficile enterocolitis.
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Chapter

Tropical infections and infestations

Learning objectives

To be able to list:

e The common surgical infections and infestations that
occur in the tropics

To appreciate:

e That many patients do not seek medical help until late
in the course of the disease because of socioeconomic
reasons

To be able to describe:

e The emergency presentations of the various conditions,
as patients may not seek treatment until they are very ill

To be able to:

e Diagnose and treat these conditions, particularly as
emergencies. The ease of global travel has connected

areas where tropical infections are common to areas
where they are not. Patients with such an infection who
are recently returned from the tropics will mostly present
as emergencies

To realise:

e That the ideal management involves a multidisciplinary
approach between the surgeon, physician, radiologist,
pathologist and microbiologist. In case of doubt, in
a difficult situation, there should be no hesitation in
seeking help from a specialist centre.

INTRODUCTION

Most surgical conditions in the tropics (regions of the Earth
surrounding the equator) are associated with parasitic infesta-
tions and infections related to poor hygeinic conditions. With
the ease of international travel, diseases that are common in
the tropics may present in areas of the world where they are
not commonly seen, especially as emergencies.

This chapter deals with the conditions that a surgeon
might occasionally see when working in an area where such
diseases are uncommon. Typically the patient would be a vis-
itor from a tropical climate or a local resident who has visited
the tropics either on holiday or to work. The life cycles of the
parasites will not be described. For academic interest readers
may refer to the 24th edition of this book should they wish
to learn details of the parasitology. The principles of surgical
treatment are dealt with in the appropriate sections although,
for operative details, referral to a relevant textbook is
advised.

AMOEBIASIS
Introduction

Amoebiasis is caused by Entamoeba histolytica. The disease
is common in the Indian subcontinent, Africa and parts of

Central and South America, where almost half the popula-
tion is infected. The majority remain asymptomatic carriers.
The mode of infection is via the faeco-oral route, and the
disease occurs as a result of substandard hygiene and sani-
tation; therefore, the population from the poorer socioeco-
nomic strata are more vulnerable. Amoebic liver abscess,
the commonest extraintestinal manifestation, occurs in less
than 10% of the infected population and, in endemic areas,
is much more common than pyogenic abscess. Patients who
are immunocompromised and alcoholics are more susceptible
to infection.

Pathogenesis

The organism enters the gut through food or water contami-
nated with the cyst. In the small bowel, the cysts hatch, and
a large number of trophozoites are released and carried to the
colon where flask-shaped ulcers form in the submucosa. The
trophozoites multiply, ultimately forming cysts, which enter
the portal circulation or are passed in the faeces as an infec-
tive form that infects other humans as a result of insanitary
conditions.

Having entered the portal circulation, the trophozoites
are filtered and trapped in the interlobular veins of the liver.
They multiply in the portal triads, causing focal infarction of
hepatocytes and liquefactive necrosis as a result of proteolytic
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enzymes produced by the trophozoites. The areas of necro-
sis eventually coalesce to form the abscess cavity. The term
‘amoebic hepatitis’ is used to describe the microscopic picture
in the absence of macroscopic abscess, a differentiation only
in theory because the medical treatment is the same.

The right lobe is involved in 80% of cases, the left in 10%
and the remainder are multiple. One possible explanation
for the more common involvement of the right lobe of the
liver is that blood from the superior mesenteric vein runs on a
straighter course through the portal vein into the larger lobe.
The abscesses are most common high in the diaphragmatic
surface of the right lobe. This may cause pulmonary symp-
toms and chest complications. The abscess cavity contains
chocolate-coloured, odourless, ‘anchovy sauce’-like fluid that
is a mixture of necrotic liver tissue and blood. There may be
secondary infection of the abscess which causes the pus to
smell. While pus in the abscess is sterile unless secondarily
infected, trophozoites may be found in the abscess wall in a
minority of cases. Untreated abscesses are likely to rupture.

Chronic infection of the large bowel may result in a gran-
ulomatous lesion along the large bowel, most commonly seen
in the caecum, called an amoeboma.

Summary box 6.1

Amoebiasis - pathology

e Entamoeba histolytica is the most common pathogenic
amoeba in humans
The vast majority of carriers are asymptomatic

Insanitary conditions and poor personal hygiene encourage
transmission of the infection

® In the small intestine, the parasite hatches into trophozoites,
which invade the submucosa to produce flask-shaped ulcers

e In the portal circulation, the parasite causes liquefactive
necrosis in the liver, producing an abscess, the commonest
extraintestinal manifestation

The majority of abscesses occur in the right lobe of the liver

A mass in the course of the large bowel may indicate an
amoeboma

Clinical features

The typical patient with amoebic liver abscess is a young
adult male with a history of insidious onset of non-specific
symptoms, such as abdominal pain, anorexia, fever, night
sweats, malaise, cough and weight loss. These symptoms
gradually progress to more specific symptoms of pain in the
right upper abdomen and right shoulder tip, hiccoughs and a
non-productive cough. A past history of bloody diarrhoea or
travel to an endemic area raises the index of suspicion.
Examination reveals a patient who is toxic and anaemic.
The patient will have upper abdominal rigidity, tender hep-
atomegaly, tender and bulging intercostal spaces, overlying
skin oedema, a pleural effusion and basal pneumonitis — the
last feature is usually a late manifestation. Occasionally, a
tinge of jaundice or ascites may be present. Rarely, the patient
may present as an emergency due to the effects of rupture of
an abscess into the peritoneal, pleural or pericardial cavity.

Amoeboma

This is a chronic granuloma arising in the large bowel,
most commonly seen in the caecum. It is prone to occur in
longstanding amoebic infection that has been treated inter-
mittently with drugs without completion of a full course, a
situation that arises from indiscriminate self-medication, par-
ticularly in resource-poor countries. Hence this is more often
seen in such countries.

This can easily be mistaken for a carcinoma. An
amoeboma should be suspected when a patient from an
endemic area with generalised ill health and pyrexia has a
mass in the right iliac fossa with a history of blood-stained
mucoid diarrhoea. Such a patient is highly unlikely to have
a carcinoma because altered bowel habit is not a feature
of right-sided colonic carcinoma. While iron deficiency
anaemia is a classical elective presentation of a caecal
carcinoma, the same is present in an amoeboma because of
chronic malnutrition.

Investigations

The haematological and biochemical investigations reflect the
presence of a chronic infective process: anaemia, leukocyto-
sis, raised inflammatory markers — erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP) — hypoalbuminae-
mia and deranged liver function tests, particularly elevated
alkaline phosphatase.

Serological tests are more specific, with the majority of
patients showing antibodies in serum. These can be detected
by tests for complement fixation, indirect haemagglutination
(IHA), indirect immunofluorescence and enzyme-linked
immunosorbent assay (ELISA). These tests are extremely use-
ful in detecting acute infection in non-endemic areas. IHA
has a very high sensitivity in acute amoebic liver abscess in
non-endemic regions and remains elevated for some time.
The persistence of antibodies in a large majority of the pop-
ulation in endemic areas precludes its use as a diagnostic
investigation in those locations. In these cases, tests, such as
counter-immunoelectrophoresis, are more useful for detecting
acute infection.

While flexible sigmoidoscopy is routine in any patient
with blood-stained altered bowel habit, an outpatient
rigid sigmoidoscopy using a disposable instrument may be
a prudent first choice if amoebic infection is suspected in
the presence of bloody mucoid diarrhoea. Most amoebic
ulcers occur in the rectosigmoid and are therefore within
reach of the sigmoidoscope; shallow skip lesions and ‘flask-
shaped’ or ‘collar-stud’ undermined ulcers may be seen, and
can be biopsied or scrapings can be taken along with mucus
for immediate microscopic examination. The presence of
trophozoites distinguishes the condition from ulcerative
colitis.

Imaging techniques

On ultrasound, an abscess cavity in the liver is seen as a
hypoechoic or anechoic lesion with ill-defined borders; inter-
nal echoes suggest necrotic material or debris (Figure 6.1).



Figure 6.1 Ultrasound of the liver showing a large amoebic liver
abscess with necrotic tissue in the right lobe.

The investigation is very accurate and is used for aspiration,
both diagnostic and therapeutic. Where there is doubt about
the diagnosis, a computed tomography (CT) scan may be
helpful (Figure 6.2).

Diagnostic aspiration is of limited value except for estab-
lishing the typical colour of the aspirate, which is sterile and
odourless unless it is secondarily infected.

A CT scan may show a raised right hemidiaphragm, a
pleural effusion and evidence of pneumonitis (Figure 6.3).

An ‘apple-core’ deformity on barium enema would arouse
suspicion of a carcinoma. A colonoscopy with biopsy is man-
datory because the radiological and macroscopic appearance
may be indistinguishable from a carcinoma. In doubtful cases,
vigorous medical treatment is given, and the patient under-
goes colonoscopy again in 3—4 weeks, as these masses are
known to regress completely on a full course of drug therapy.
If symptoms persist even partially following full medical treat-
ment in a patient who has recently returned from an endemic
area, a colonic carcinoma must be excluded forthwith. This
is because a dormant colonic carcinoma may become appar-
ent as a result of infestation with amoebic dysentery causing
‘traveller’s diarrhoea’. However, it must be borne in mind
that an amoeboma and a carcinoma can coexist.

Summary box 6.2

Diagnostic pointers for infection with Entamoeba

histolytica

e Bloody mucoid diarrhoea in a patient from an endemic area or
following a recent visit to such a country
Upper abdominal pain, fever, cough, malaise
In chronic cases, a mass in the right iliac fossa may be
an amoeboma but caecal cancer must be excluded by
colonoscopy and biopsy

e Sigmoidoscopy shows typical ulcers — biopsy and scrapes
may be diagnostic

e Serological tests are highly sensitive and specific outside
endemic areas

e Ultrasound and CT scans are the imaging methods of choice
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Figure 6.2 Computed tomographic scan showing an amoebic liver
abscess in the right lobe.

Figure 6.3 Computed tomographic scans showing multiple amoebic
liver abscesses with extension into the chest.

Treatment

Medical treatment is very effective and should be the first
choice in the elective situation, with surgery being reserved
for complications. Metronidazole and tinidazole are the effec-
tive drugs. After treatment with metronidazole and tinida-
zole, diloxanide furoate, which is not effective against hepatic
infestation, is used for 10 days to destroy any intestinal
amoebae.

Aspiration is carried out when imminent rupture of an
abscess is expected. Aspiration also helps the penetration of
metronidazole, and so reduces the morbidity when carried out
with drug treatment in a patient with a large abscess. If there is
evidence of secondary infection, appropriate drug treatment is
added. The threshold for aspirating an abscess in the left lobe
should be lower because of its proximity to the pericardium.
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Surgical treatment should be reserved for the complica-
tions of rupture into the pleural (usually the right side), peri-
toneal or pericardial cavities. Resuscitation, drainage and
appropriate lavage with vigorous medical treatment are the
key principles. In the large bowel, severe haemorrhage and
toxic megacolon are rare complications. In these patients, the
general principles of a surgical emergency apply, the princi-
ples of management being the same as for any toxic mega-
colon. Resuscitation is followed by resection of bowel with
exteriorisation. Then the patient is given vigorous support-
ive therapy. All such cases are managed in the intensive care
unit, as would any patient with toxic megacolon whatever
the cause.

An amoeboma that has not regressed after full medical
treatment should be managed with colonic resection, particu-
larly if cancer cannot be excluded.

Summary box 6.3

Amoebiasis - treatment
® Medical treatment is very effective

® For large abscesses, repeated aspiration is combined with
drug treatment

e Surgical treatment is reserved for complications, such as
rupture into the pleural, peritoneal or pericardial cavities

® Acute toxic megacolon and severe haemorrhage are intestinal
complications that are treated with intensive supportive
therapy followed by resection and exteriorisation: subtotal
colectomy with terminal ileostomy and closure of the rectal
stump

® When an amoeboma is suspected in a colonic mass, cancer
should be excluded by appropriate imaging and biopsy

ROUNDWORM (ASCARIS
LUMBRICOIDES)

Introduction

Ascaris lumbricoides, commonly called the roundworm, is the
commonest intestinal nematode to infect humans and affects
a quarter of the world’s population. The parasite causes pul-
monary symptoms as a larva and intestinal symptoms as an
adult worm.

Pathology and life cycle

The eggs can survive in a hostile environment for a long time.
The hot and humid conditions in the tropics are ideally suited
for the eggs to turn into embryos. The fertilised eggs are pres-
ent in soil contaminated with infected faeces. Faeco-oral con-
tamination causes human infection.

As the eggs are ingested, the released larvae travel to the
liver via the portal system and then through the systemic
circulation to reach the lung, the maturation process taking

up to 8 weeks. The developed larvae reach the alveoli, are
coughed up, swallowed and continue their maturation in the
small intestine. Sometimes, the young worms migrate from
the tracheobronchial tree into the oesophagus, thus finding
their way into the gastrointestinal tract, from where they can
migrate to the common bile duct or pancreatic duct. The
mature female, once in the small bowel, produces innumer-
able eggs that are fertilised and thereafter excreted in the
stool to perpetuate the life cycle. Eggs in the biliary tract can
form a nidus for a stone.

Clinical features

The larval stage in the lungs causes pulmonary symptoms —
dry cough, chest pain, dyspnoea and fever — referred to as
Loeffler’s syndrome. The adult worm can grow up to 45 cm
long. Its presence in the small intestine causes malnutrition,
failure to thrive, particularly in children, and abdominal pain.
Worms that migrate into the common bile duct can produce
ascending cholangitis and obstructive jaundice, while fea-
tures of acute pancreatitis may be caused by a worm in the
pancreatic duct.

Small intestinal obstruction can occur, particularly in
children, due to a bolus of adult worms incarcerated in the
terminal ileum. This is a surgical emergency. Rarely, perfo-
ration of the small bowel may occur from ischaemic pressure
necrosis from the bolus of worms.

A high index of suspicion is necessary so as not to miss
the diagnosis. If a person from a tropical country, or one who
has recently returned after spending some time in an endemic
area, presents with pulmonary, gastrointestinal, hepatobiliary
and pancreatic symptoms, ascariasis should be high on the list
of possible diagnoses.

Investigations

As with most parasitic infestations, an increase in the eosin-
ophil count is common. Stool examination may show ova.
Sputum or bronchoscopic washings may show Charcot—
Leyden crystals or the larvae.

Chest radiograph may show fluffy exudates in Loeffler’s syn-
drome. A barium meal and follow-through may show a bolus
of worms in the ileum or lying freely within the small bowel
(Figure 6.4). Ultrasound may show a worm in the common
bile duct (Figure 6.5) or pancreatic duct. On magnetic res-
onance cholangiopancreatography (MRCP), an adult worm
may be seen in the common bile duct in a patient presenting
with features of obstructive jaundice (Figure 6.6). In patients
with intestinal obstruction, plain abdominal radiograph may
show tubular structures within dilated small bowel, denoting
the presence of worms, which would also show up on a con-
trast CT scan as curvilinear structures.

Wilhelm Loeffler, 1887-1972, Professor of Medicine, Zurich, Switzerland.
Jean Martin Charcot, 1825-1893, Physician, La Salpétri¢re, Paris, France.
Ernst von Leyden, 1832-1910, Professor of Medicine, Berlin, Germany.



Figure 6.4 Barium meal and follow-through showing roundworms in
the course of the small bowel with barium seen inside the worms in
an 18-year-old patient who presented with bouts of colicky abdominal
pain and bilious vomiting, which settled with conservative manage-
ment (courtesy of Dr P Bhattacharaya, Kolkata, India).

Figure 6.5 Ultrasound scan showing a roundworm in the common
bile duct (CBD). The patient presented with obstructive jaundice and
had asymptomatic gallstones. On endoscopic retrograde cholan-
giopancreatography, part of the worm was seen outside the ampulla
in the duodenum and was removed through the endoscope. Subse-
quent laparoscopic cholecystectomy was uneventful.
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Figure 6.6 Magnetic resonance cholangiopancreatography showing
a roundworm in the common bile duct (CBD). The worm could not be
removed endoscopically. The patient underwent an open cholecys-
tectomy and exploration of the CBD.

Summary box 6.4

Ascariasis - pathogenesis
e |t is the commonest intestinal nematode affecting humans

e Typically found in a humid atmosphere and poor sanitary
conditions, hence is seen in the tropics and resource-poor
countries

® larvae cause pulmonary symptoms; adult worms cause
gastrointestinal, biliary and pancreatic symptoms

e Distal ileal obstruction is due to a bolus of worms; ascending
cholangitis and obstructive jaundice from infestation of the
common bile duct

® Acute pancreatitis occurs when a worm is lodged in the
pancreatic duct

e Perforation of the small bowel is rare

Treatment

The pulmonary phase of the disease is usually self-limiting and
requires symptomatic treatment only. For intestinal disease,
patients should ideally be under the care of a physician for treat-
ment with anthelmintic drugs. Certain drugs may cause rapid
death of the adult worms and, if there are many worms in the
terminal ileum, the treatment may actually precipitate acute
intestinal obstruction from a bolus of dead worms. Children
who present with features of intermittent or subacute obstruc-
tion should be given a trial of conservative management in the
form of intravenous fluids, nasogastric suction and hypertonic
saline enemas. The last of these helps to disentangle the bolus
of worms and also increases intestinal motility.

Surgery is reserved for complications, such as intestinal
obstruction that has not resolved on a conservative regime,
or when perforation is suspected. At laparotomy, the bolus
of worms in the terminal ileum is milked through the ileo-
caecal valve into the colon for natural passage in the stool.
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Postoperatively, hypertonic saline enemas may help in the
extrusion of the worms. Strictures, gangrenous areas or per-
forations need resection and anastomosis. If the bowel wall is
healthy, enterotomy and removal of the worms may be per-
formed (Figure 6.7).

Rarely, when perforation occurs due to roundworm, the
parasites may be found lying free in the peritoneal cavity. It
is safer to bring out the site of perforation as an ileostomy
because, in the presence of a large number of worms, the
closure of an anastomosis may be at risk of breakdown from
the activity of the worms.

When a patient is operated upon as an emergency for a
suspected complication of roundworm infestation, the actual
diagnosis at operation may turn out to be acute appendicitis,
typhoid perforation or a tuberculous stricture, and the pres-
ence of roundworms is an incidental finding. Such a patient
requires the appropriate surgery depending upon the primary
pathology.

Common bile duct or pancreatic duct obstruction from
a roundworm can be treated by endoscopic removal, failing
which laparoscopic or open exploration of the common bile
duct is necessary. Cholecystectomy is also carried out. A full
course of antiparasitic treatment must follow any surgical
intervention.

Summary box 6.5

Ascariasis - diagnosis and management
® Barium meal and follow-through will show worms scattered in
the small bowel

e Ultrasound may show worms in the common bile duct and
pancreatic duct

® Plain abdominal radiograph and contrast CT scan will show
the worms as tubular or curvilinear structures

e Conservative management with anthelmintics is the first line
of treatment even in obstruction

® Surgery is a last resort — various options are available

ASIATIC CHOLANGIOHEPATITIS
Introduction

This disease, also called oriental cholangiohepatitis, is caused
by infestation of the hepatobiliary system by Clonorchis sin-
ensis. It has a high incidence in the tropical regions of South
East Asia, particularly amongst those living in the major sea
ports and near river estuaries. The organism, which is a type
of liver fluke, resides in snails and fish that act as intermediate
hosts. Ingestion of infected fish and snails, when eaten raw or
improperly cooked, causes the infection in humans and other
fish-eating mammals, which are the definitive hosts.

Pathology

In humans, the parasite matures into the adult worm in the
intrahepatic biliary radicles where they may reside for many
years. The intrahepatic bile ducts are dilated, with epithelial
hyperplasia and periductal fibrosis. These changes may lead to
dysplasia, causing cholangiocarcinoma — the most serious and
dreaded complication of this parasitic infestation.

The eggs or dead worms may form a nidus for stone forma-
tion in the gallbladder or common bile duct, which becomes
thickened and much dilated in the late stages. Intrahepatic
bile duct stones are also caused by the parasite producing
mucin-rich bile. The dilated intrahepatic bile ducts may lead
to cholangitis, liver abscess and hepatitis.

Diagnosis

The disease may remain dormant for many years. Clinical fea-
tures are non-specific and include fever, malaise, anorexia and
upper abdominal discomfort. The complete clinical picture
can consist of fever with rigors due to ascending cholangitis,
obstructive jaundice, biliary colic and pruritus from stones in
the common bile duct. Acute pancreatitis may occur because
of obstruction of the pancreatic duct by an adult worm. Par-
ticularly when presenting in non-endemic areas, it should
be noted that if a person from an endemic area complains

Figure 6.7 (a) Roundworms seen through the bowel wall (arrowed). (b) Roundworm being removed through enterototomy. (¢) Removed

roundworms.



of symptoms of biliary tract disease, Clonorchis infestation
should be high in the differential diagnosis.

In advanced cases, liver function tests are abnormal.
Confirmation of the condition is by examination of stool or
duodenal aspirate, which may show the eggs or adult worms.
Ultrasound scan findings may be characteristic, showing uni-
form dilatation of small peripheral intrahepatic bile ducts
with only minimal dilatation of the common hepatic and
common bile ducts, although the latter are much more dilated
when the obstruction is caused by stones. The thickened duct
walls show increased echogenicity and non-shadowing echo-
genic foci in the bile ducts representing the worms or eggs.
Endoscopic retrograde cholangiopancreatography (ERCP)
will confirm these findings.

Summary box 6.6

Asiatic cholangiohepatitis - pathogenesis and
diagnosis

e Occurs in the Far Eastern tropical zones

e The causative parasite is Clonorchis sinensis

e Produces bile duct hyperplasia, intrahepatic duct dilatation
and stones

Increases the risk of cholangiocarcinoma
May remain dormant for many years

When active, there are biliary tract symptoms in a generally
unwell patient

Stool examination for eggs or worms is diagnostic

Ultrasound scan of the hepatobiliary system and ERCP are
also diagnostic

Treatment

Praziquantel and albendazole are the drugs of choice. How-
ever, the surgeon faces a challenge when there are stones not
only in the gallbladder but also in the common bile duct.
Cholecystectomy with exploration of the common bile duct is
performed when indicated. Repeated washouts are necessary
during the exploration, as the common bile duct is dilated
and contains stones, biliary debris, sludge and mud. This
should be followed by choledochoduodenostomy. As this is a
disease with a prolonged and relapsing course, some surgeons
prefer to do a choledochojejunostomy to a Roux loop. The
Roux loop is brought up to the abdominal wall, referred to as
‘an access loop’, which allows the interventional radiologist
to deal with any future stones.

As a public health measure, people who have emigrated
from an endemic area should be offered screening for Clonor-
chis infestation in the form of ultrasound of the hepatobili-
ary system. This condition can be diagnosed and treated, and
even cured, when it is in its subclinical form. Most impor-
tantly, the risk of developing the dreadful disease of cholan-
giocarcinoma is eliminated.

PART 1 | BASIC PRINCIPLES
Filariasis

Summary box 6.7

Asiatic cholangiohepatitis - treatment
e Medical treatment can be curative in the early stages

e Surgical treatment is cholecystectomy, exploration of the
common bile duct and some form of biliary—enteric bypass

® Prevention — consider offering hepatobiliary ultrasound as
a screening procedure to recently arrived migrants from
endemic areas

FILARIASIS
Introduction

Filariasis is mainly caused by the parasite Wuchereria bancrofti
carried by the mosquito. Variants of the parasite called Brugia
malayi and Brugia timori are responsible for causing the dis-
ease in about 10% of those infected. The condition affects
more than 120 million people worldwide, two-thirds of whom
live in India, China and Indonesia. According to the World
Health Organization (WHO), after leprosy, filariasis is the
most common cause of long-term disability.

Once the host has been bitten by the mosquito, the
matured eggs enter the human circulation to hatch and grow
into adult worms; the process of maturation takes almost a
year. The adult worms mainly colonise the lymphatic system.

Diagnosis

[t is mainly males who are affected, because females generally
cover a greater part of their bodies with clothing, thus making
them less prone to mosquito bites. In the acute presentation,
there are episodic attacks of fever with lymphadenitis and
lymphangitis.

Occasionally, adult worms may be felt subcutaneously.
Chronic manifestations appear after repeated acute attacks
over several years. The adult worms cause lymphatic obstruc-
tion, resulting in massive lower limb oedema. Obstruction to
the cutaneous lymphatics causes skin thickening, not unlike
the ‘peau d’orange’ appearance in breast cancer, thus exacer-
bating the limb swelling. Secondary streptococcal infection
is common. Recurrent attacks of lymphangitis cause fibrosis
of the lymph channels, resulting in a grossly swollen limb
with thickened skin, producing the condition of elephantiasis
(Figure 6.8). Bilateral lower limb filariasis is often associated
with scrotal and penile elephantiasis. Early on, there may be a
hydrocoele underlying scrotal filariasis (Figure 6.9).

Chyluria and chylous ascites may occur. A mild form of
the disease can affect the respiratory tract, causing dry cough,
and is referred to as tropical pulmonary eosinophilia. The con-
dition of filariasis is clinically very obvious, and thus investi-
gations in the full-blown case are superfluous. Eosinophilia is
common, and a nocturnal peripheral blood smear may show

Cesar Roux, 1857-1934, Professor of Surgery and Gynaecology, Lausanne, Switzerland, described this method of forming a jejunal conduit in 1908.
Otto Eduard Heinrich Wucherer, 1820-1873, German physician who practised in Brazil, South America.

Joseph Bancroft, 1836-1894, English physician who worked in Australia.
Peau d’orange is French for ‘orange skin’.
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Figure 6.8 Left lower limb filariasis — elephantiasis (courtesy of Pro-
fessor Ahmed Hassan Fahal, FRCS MD MS, Khartoum, Sudan).

the immature forms, or microfilariae. The parasite may also be
seen in chylous urine, ascites and hydrocoele fluid.

Treatment

Medical treatment with diethylcarbamazine is very effective
in the early stages before the gross deformities of elephantiasis
have developed. In the early stages of limb swelling, intermit-
tent pneumatic compression helps, but the treatment has to
be repeated over a prolonged period.

A hydrocoele is treated by the usual operation of excision
and eversion of the sac with, if necessary, excision of redun-
dant skin. Operations for reducing the size of the limb are
hardly ever done these days because the procedures are so
rarely successful.

Summary box 6.8

Filariasis

e Caused by Wuchereria bancrofti, which is carried by the
mosquito

® Lymphatics are mainly affected, resulting in gross limb
swelling

e Eosinophilia occurs; immature worms may be seen in a
nocturnal peripheral blood smear

e Gross forms of the disease cause a great deal of disability and
misery
Early cases are very amenable to medical treatment
Intermittent pneumatic compression gives some relief

The value of various surgical procedures is largely unproven
and hence they are rarely performed

Figure 6.9 Filariasis of the scrotum and penis (courtesy of Professor
Ahmed Hassan Fahal, FRCS MD MS, Khartoum, Sudan).

HYDATID DISEASE
Introduction and pathology

Hydatid disease is caused by Ecchinococcus granulosus, commonly
called the dog tapeworm. The disease is globally distributed and,
while it is common in the tropics, it is much less common in
other countries; for example, in the UK the occasional patient
may come from a rural sheep-farming community.

The dog is the definitive host and is the commonest source
of infection transmitted to the intermediate hosts — humans,
sheep and cattle. In the dog, the adult worm reaches the
small intestine, and the eggs are passed in the faeces. These
eggs are highly resistant to extremes of temperature and may
survive for long periods. In the dog’s intestine, the cyst wall
is digested, allowing the protoscolices to develop into adult
worms. Close contact with an infected dog causes contamina-
tion by the oral route, with the ovum thus gaining entry into
the human gastrointestinal tract.

The cyst is characterised by three layers, an outer pericyst
derived from compressed host organ tissues, an intermediate
hyaline ectocyst, which is non-infective, and an inner
endocyst that is the germinal membrane and contains
viable parasites which can separate forming daughter cysts.
A variant of the disease occurs in colder climates caused by
Echinococcus multilocularis, in which the cyst spreads from the
outset by actual invasion rather than expansion.

Classification

In 2003, the WHO Informal Working Group on Echinococ-
cosis (WHO-IWGE) proposed a standardised ultrasound clas-
sification based on the status of activity of the cyst. This is
universally accepted, particularly because it helps to decide
on the appropriate management. Three groups have been
recognised:

® Group 1: Active group — cysts larger than 2 cm and often
fertile.



e Group 2: Transition group — cysts starting to degenerate
and entering a transitional stage because of host resistance
or treatment, but may contain viable protoscolices.

e Group 3: Inactive group — degenerated, partially or totally
calcified cysts; unlikely to contain viable protoscolices.

Clinical features

As the parasite can colonise virtually every organ in the body,
the condition can be protean in its presentation. When a
sheep farmer, who is otherwise healthy, complains of a grad-
ually enlarging painful mass in the right upper quadrant
with the physical findings of a liver swelling, a hydatid liver
cyst should be considered. The liver is the organ most often
affected. The lung is the next most common. The parasite can
affect any organ (Figures 6.10 and 6.11) or several organs in
the same patient (Figure 6.12).

The disease may be asymptomatic and discovered coinci-
dentally at postmortem or when an ultrasound or CT scan is
done for some other condition. Symptomatic disease presents
with a swelling causing pressure effects. Thus, a hepatic lesion
causes dull pain from stretching of the liver capsule, and a
pulmonary lesion, if large enough, causes dyspnoea. Daughter
cysts may communicate with the biliary tree, causing obstruc-
tive jaundice and all the usual clinical features associated with
it in addition to symptoms attributable to a parasitic infesta-
tion (Figure 6.13). Features of raised intracranial pressure

Figure 6.10 Computed tomographic scan showing a hydatid cyst of
the pancreas. A differential diagnosis of hydatid cyst or a tumour was
considered. At exploration, the patient was found to have a hydatid
cyst, which was excised followed by 30 months of treatment with
albendazole, and remains free of disease.

Figure 6.12 Computed tomographic scan showing disseminated
hydatid cysts of the abdomen. The patient was started on alben-
dazole but was lost to follow-up (courtesy of Dr P Bhattacharaya,
Kolkata, India).
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Figures 6.11 Anteroposterior (a) and lateral (b) views of computed
tomographic scans showing a large hydatid cyst of the right adrenal
gland. The patient presented with a mass in the right loin and under-
went an adrenalectomy (courtesy of Dr P Bhattacharaya, Kolkata,
India).
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Figure 6.13 Magnetic resonance cholangiopancreatography show-
ing a large hepatic hydatid cyst with daughter cysts communicating
with the common bile duct, causing obstruction and dilatation of the
entire biliary tree (courtesy of Dr B Agarwal, New Delhi, India).

or unexplained headaches in a patient from a sheep-rearing
community should raise the suspicion of a cerebral hydatid
cyst.

The patient may present as an emergency with severe
abdominal pain following minor trauma, when the CT scan
may be diagnostic (Figure 6.14). Rarely, a patient may pres-
ent as an emergency with features of anaphylactic shock
without any obvious cause. Such a patient may subsequently
cough up white material that contains scolices that have trav-
elled into the tracheobronchial tree from rupture of a hepatic
hydatid on the diaphragmatic surface of the liver.

Figure 6.14 Computed tomographic (CT) scan of the upper abdo-
men showing a hypodense lesion of the left lobe of the liver; the
periphery of the lesion shows a double edge. This is the lamellar
membrane of the hydatid cyst that separated after trivial injury. The
patient was a 14-year-old girl who developed a rash and pain in the
upper abdomen after dancing. The rash settled down after a course
of antihistamines. The CT scan was performed 2 weeks later for per-
sisting upper abdominal pain.

Diagnosis

There should be a high index of suspicion. Investigations show
a raised eosinophil count; serological tests, such as ELISA and
immunoelectrophoresis, point towards the diagnosis. Ultra-
sound and CT scan are the investigations of choice. The CT
scan shows a smooth space-occupying lesion with several
septa. Ultrasound of the biliary tract may show abnormality
in the gallbladder and bile ducts, when hydatid infestation of
the biliary system should be suspected. Ultimately, the diag-
nosis is made by a combination of good history and clinical
examination supplemented by serology and imaging.

Summary box 6.9

Hydatid disease - diagnosis
e Inthe UK, the usual sufferer is a sheep farmer

e While any organ may be involved, the liver is by far the most
commonly affected

e Elective clinical presentation is usually in the form of a painful
lump arising from the liver

e Anaphylactic shock due to rupture of the hydatid cyst is the
emergency presentation

e CT scan is the best imaging technique - the diagnostic
feature is a space-occupying lesion with a smooth outline with
septa

Treatment

Here, the treatment of hepatic hydatid is outlined because the
liver is most commonly affected, but the same general princi-
ples apply whichever organ is involved.

These patients should be treated in a tertiary unit where
good teamwork between an expert hepatobiliary surgeon,
an experienced physician and an interventional radiologist
is available. Surgical treatment by minimal access therapy is
best summarised by the mnemonic PAIR (puncture, aspira-
tion, injection and reaspiration). This is done after adequate
drug treatment with albendazole, although praziquantel has
also been used, both of these drugs being available only on a
‘named patient’ basis.

Whether the patient is treated only medically or in com-
bination with surgery will depend upon the clinical group
(which gives an idea as to the activity of the disease), the
number of cysts and their anatomical position. Radical total
or partial pericystectomy with omentoplasty or hepatic seg-
mentectomy (especially if the lesion is in a peripheral part of
the liver) are some of the surgical options. During the opera-
tion, scolicidal agents are used, such as hypertonic saline (15—
20%), ethanol (75-95%) or 1% povidone iodine (although
some use a 10% solution). This may cause sclerosing chol-
angitis if biliary radicles are in communication with the cyst
wall. A laparoscopic approach to these procedures is being
tried (see below).

Obviously, cysts in other organs need to be treated in
accordance with the actual anatomical site, along with the
general principles described. An asymptomatic cyst which is
inactive (group 3) may be left alone.



Summary box 6.10

Hydatid cyst of the liver - treatment
e |deally managed in a tertiary unit by a multidisciplinary team of
hepatobiliary surgeon, physician and interventional radiologist

® |eave asymptomatic and inactive cysts alone — monitor size
by ultrasound

e Active cysts should first be treated by a full course of
albendazole

e Several procedures are available — PAIR, pericystectomy
with omentoplasty and hepatic segmentectomy; appropriate
management is customised according to the particular patient
and organ involved

® Increasingly, a laparoscopic approach is being tried

Laparoscopic management

Currently, surgeons trained in minimal access surgery perform
hydatid surgery using minimal access. Laparoscopic marsu-
pialisation of the cyst (de-roofing), consisting of removal of
the cyst containing the endocyst along with daughter cysts,
is the most common procedure. In the initial steps, the cyst
is aspirated, taking care not to spill any contents, using povi-
done iodine or hypertonic saline as a scolicidal agent. Any
communication with the biliary tree is oversewn and pedicled
omentum is sutured to the margins of the cyst.

If the cyst is small, superficial and in the left lobe, cysto-
pericystectomy is performed at centres experienced enough
to do more advanced surgery, removing the entire cyst intact.

Pulmonary hydatid disease

The lung is the second commonest organ affected after the
liver. The size of the cyst can vary from very small to a con-
siderable size. The right lung and lower lobes are slightly more
often involved. The cyst is usually single, although multiple
cysts do occur and concomitant hydatid cysts in other organs,
such as the liver, are not unknown. The condition may be
silent and found incidentally. Symptomatic patients present
with cough, expectoration, fever, chest pain and sometimes
haemoptysis. Silent cysts may present as an emergency due to
rupture or an allergic reaction.

Uncomplicated cysts present as rounded or oval lesions
on chest radiography. Erosion of the bronchioles results in
air being introduced between the pericyst and the laminated
membrane and gives a fine radiololucent crescent, the ‘menis-
cus or crescent sign’ (Figure 6.15). This is often regarded as a
sign of impending rupture. When the cyst ruptures, the crum-
pled collapsed endocyst floats in the residual fluid, giving rise
to the ‘water-lily’ sign on CT scan (Figure 6.16). Rupture
into the pleural cavity results in pleural effusion. CT scan
defines the pathology in greater detail.

The mainstay of treatment of pulmonary hydatid is sur-
gery. Medical treatment is less successful and considered when
surgery is not possible because of poor general condition or
diffuse disease affecting both lungs, or recurrent or ruptured
cysts. The principle of surgery is to preserve as much viable
lung tissue as possible. The exact procedure can vary: cystot-
omy, capittonage, pericystectomy, segmentectomy Or occa-
sionally pneumonectomy.
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(b)

Figures 6.15 Chest radiographs: (a) showing a smooth rounded
cystic lesion in the right lower lobe; (b) showing a ‘meniscus or cres-
cent’ sign (courtesy of Professor Saibal Gupta, MS, FRCS, Professor
of Cardiovascular Surgery, Kolkata, India and Dr Rupak Bhattacharya,
Kolkata, India).
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Figure 6.16 Computed tomographic scan showing the ‘water-lily’
sign. A young mountaineer, while on a high altitude trip, complained
of sudden shortness of breath, cough and copious expectoration con-
sisting of clear fluid and flaky material. At first thought to be due to
pulmonary oedema, it turned out to be ruptured hydatid cyst, suc-
cessfully treated by surgery (courtesy of Professor Saibal Gupta, MS,
FRCS, Professor of Cardiovascular Surgery, Kolkata, India and Dr
Rupak Bhattacharya, Kolkata, India).

Summary box 6.11

Pulmonary hydatid disease

® The second most common organ involved
e Size of the cyst has a wide variation

e May present as an incidental finding
[ ]

Clinical presentation may be elective or as an emergency due
to rupture

e Plain radiograph shows ‘meniscus or crescent’ sign; CT
shows ‘water-lily’ sign

® |deal treatment is surgical — various choices are available

LEPROSY
Introduction

Leprosy, also called Hansen’s disease, is a chronic infectious
disease caused by an acid-fast bacillus, Mycobacterium leprae,
that is widely prevalent in the tropics. Globally, India, Brazil,
Nepal, Mozambique, Angola and Myanmar account for 91%
of all cases; India alone accounts for 78% of the world’s dis-
ease. Patients suffer not only from the primary effects of the
disease but also from social discrimination, sadly compounded
by use of the word ‘leper’ for one afflicted with this disease.
Close contact over a long duration (several years) is
required for disease transmission. Ignorance of this fact on
