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Preface

The concept of this book arose in part from a frustra-
tion with traditional textbooks, which address medicine,
surgery and pathology as separate disciplines. This sep-
aration is frequently artificial, as patients often do not
present to the doctor with an isolated medical or surgi-
cal problem. Medicine and Surgery: A concise textbook is
a new textbook in which the pathophysiology and epi-
demiology of disease is presented alongside medical and
surgical aspects to provide a truly integrated text. This
unique approach allows the book to be used as a com-
prehensive undergraduate reference book.

Another driving force behind this book was the lack of
a comprehensive text that students could turn to for the
essential knowledge required to pass their final exams.
Medicine and Surgery: A concise textbook is also a book
that can be used by final year students to enable them
to quickly and efficiently revise their knowledge. Whilst
covering the core syllabus of undergraduate medicine
and surgery we have kept the information to that which
is essential to the undergraduate.
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Diseases have been arranged by system and have been
presented under consistent subheadings to aid under-
standing and revision. This is also the manner in which
students are often expected to present in exams. At the
beginning of each chapter the system is considered from
a clinical perspective with a discussion of the symp-
toms and signs relevant to that system. Investigations
and procedures that are used in multiple conditions are
also considered in the clinical sections. Specific topics
that have been excluded include diseases of childhood,
orthopaedic, ENT and ophthalmology. These have had
to be excluded to maintain the book at a manageable
size.

This book has evolved over the last few years with
the help of students and specialists who have reviewed
and revised individual chapters or sections. We hope you
find the final product useful and we encourage you as
readers to help us revise future editions by sending your
comments and suggestions for improvement.
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Principles and practice of 1
medicine and surgery

Fluid and electrolyte balance, 1

Fluid and electrolyte balance

Water and sodium balance

Approximately 60% of the body weight in men and 55%
in women consists of water. Most of this exists within two
physiological fluid ‘spaces’ or compartments: about two-
thirds within the intracellular compartment and one-
third in the extracellular compartment. The extracellular
compartment consists of both intravascular fluid (blood
cells and plasma) and interstitial fluid (fluid in tissues,
which surrounds the cells). Additionally a small amount
of fluid is described as in the ‘third space), e.g. fluid in
the gastrointestinal tract, pleural space and peritoneal
cavity. Pathological third space fluid is seen with gas-
trointestinal obstruction or ileus and pleural effusion or
ascites.

Water remains in physiological balance between these
compartments because of the concentration of osmoti-
cally active solutes. Osmosis is the passage of water from
a low concentration of solute through a semipermeable
membrane to a more concentrated solution. A propor-
tion of the total osmotic pressure is due to the presence
of large protein molecules; this is known as the colloidal
osmotic pressure or oncotic pressure.

o Intracellular—extracellular fluid balance: The cell mem-
brane acts as semipermeable to sodium and potas-
sium because the Nat-K*-ATPase pump keeps mov-
ing sodium out of the cell into the interstitial fluid and
moving potassium into the cell. Sodium is the main
determinant of extracellular fluid volume.

Perioperative care, 13

Infections, 19

o [ntravascular—interstitial fluid balance: The capillary
wall is semi-impermeable to plasma proteins, whereas
sodium passes freely across the capillary wall. This
means that proteins (through oncotic pressure), rather
than sodium, exert the osmotic effect to keep fluid
in the intravascular space. The hydrostatic pressure
generated across the capillaries offsets this, driving
intravascular fluid out into the interstitial fluid. If
there is a reduction in plasma protein levels (hypoal-
buminaemia), the low oncotic pressure can lead to
oedema; this is where there is excess interstitial fluid
at the expense of intravascular fluid.

Water is continually lost from the body in urine, stool

and through insensible losses (the lungs and skin). This

water is replaced through oral fluids, food and someis de-
rived from oxidative metabolism. Sodium is remarkably
conserved by normal kidneys, which can make virtu-
ally sodium-free urine, e.g. in hypovolaemia. Obligatory
losses of sodium occur in sweat and faeces, but account
for <10 mmol. The average dietary intake of sodium in
the United Kingdom is ~140 mmol/day, which is the
equivalent of 8 g of salt. The recommended sodium in-
take for a healthy diet is 70 mmol/day. Normal kidneys
can easily excrete this sodium load, and in a healthy per-
son the body is able to maintain normal fluid balance by
sensing the concentration of sodium and the extracel-
lular volume. This process is under the control of both
local sensing mechanisms and more distant neurohor-
monal mechanisms. These drive thirst and water intake
on the one hand and renal excretion or conservation of
sodium and water on the other. In disease states or due to
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an excess or lack of salt and/or water intake, this normal

balance may be disturbed.
There are essentially four patterns of water and sodium

imbalance:

® Sodium depletion is usually due to excess sodium loss,
e.g. due to vomiting or diarrhoea, or burns. Water is
lost with the sodium, so the serum sodium usually
remains normal, but hypovolaemia results. If hyper-
tonic fluid is lost or if there has been water replace-
ment but insufficient sodium replacement (typically
inapatient who is vomiting and only drinking water or
only given intravenous 5% dextrose or dextrosaline),
hyponatraemia results, which can lead to confusion,
drowsiness, convulsions and coma (see page 4).

® Water deficiency due to inadequate intake of water
leads to dehydration. The plasma osmolality rises and
hypernatraemia occurs. This stimulates thirst and va-
sopressin release, which increases water reabsorption
by the kidneys. Pure water depletion is rare, but many
disorders mostly lead to water loss with some sodium
loss. Initially water moves from the cells into the extra-
cellular compartment, but then both the intracellular
and extracellular compartments become volume de-
pleted, causing symptoms and signs of fluid depletion
(see section Assessing Fluid Balance below).

® Sodium excess rarely occurs in isolation. It is usually
found in combination with water excess, causing fluid
overload with peripheral oedema, pulmonary oedema
and hypertension. The effect on serum sodium and
fluid balance depends on the relative excess of sodium
compared to water. Sodium excess > water excess
causes hypernatraemia (see page 3) whereas water ex-
cess > sodium excess causes hyponatraemia.

® Water excess may be due to abnormal excretion e.g.
in syndrome of inappropriate antidiuretic hormone
(SIADH; see page 444) or excessive intake. In normal
circumstances the kidney excretes any excessive wa-
ter intake, but in renal disease or in SIADH, water is
retained. This invariably causes hyponatraemia (see
page 4). Patients often remain euvolaemic, but if there
is also some degree of sodium excess there may be
symptoms and signs of fluid overload.

Assessing fluid balance

This is an important part of the clinical evaluation of
patients with a variety of illnesses, which may affect the

circulating volume or sodium and water balance. Exam-
ples include patients with any history of cardiac, liver or
renal failure, those with symptoms such as vomiting and
diarrhoea, perioperative patients or any patient who has
other losses, e.g. from bleeding or drains. Clinical evalu-
ation of fluid balance requires the observation of several
signs that together point to whether the patient is eu-
volaemic (normal fluid balance), fluid depleted (reduced
extracellular fluid) or fluid overloaded (increased extra-
cellular fluid). In most cases when the patient is fluid
depleted, there is decreased circulating volume; however
in fluid overload, there may either be increased circulat-
ing volume or decreased circulating volume depending
on the mechanism.

® Fluid depletion may be suggested by an appropriate
history of losses or reduced intake, but this can be un-
reliable. Symptoms of thirst and any postural dizziness
should be enquired about. Signs of volume depletion
include a mild tachycardia, reduced peripheral per-
fusion (cool dry hands and feet, increased capillary
refill time >3 seconds), postural hypotension and/or
hypotension, and reduced skin turgor (check over the
anterior chest wall as the limbs are unreliable, partic-
ularly in the elderly). The jugular venous pressure is
low and urine output reduced (oliguria, see later in
this chapter).

e Fluid overload is more likely to occur in patients with
cardiac, liver or renal failure, particularly if there has
been over-enthusiastic fluid replacement. Breathless-
ness is an early symptom. Tachypnoea is common and
there may be crackles heard bilaterally at the bases of
the chest because of pulmonary oedema. The jugu-
lar venous pressure is raised and sacral and/or an-
kle oedema may be present (bedbound patients often
have little ankle oedema, but have sacral oedema). The
blood pressure is usually normal (occasionally high),
but blood pressure and heart rate are often unreliable
because of underlying cardiac disease: in heart fail-
ure the blood pressure often falls with worsening fluid
overload. Pleural effusions and ascites suggest fluid
overload, but in some cases there may be increased
interstitial or third space fluid with reduced intravas-
cular fluid so that the patient has decreased circulating
volume with signs of intravascular hypovolaemia.

Urine output monitoring and 24-hour fluid balance

charts are essential in unwell patients. Daily weights are

useful in patients with fluid overload particularly those



with renal or cardiac failure. Oliguria (urine output
below 0.5 mL/kg/h) requires urgent assessment and in-
tervention. A low urine output may be due to prere-
nal (decreased renal perfusion due to volume depletion
or poor cardiac function), renal (acute tubular necrosis
or other causes of renal failure) or postrenal (urinary or
catheter obstruction) failure.

In fluid depletion, the management is fluid resusci-
tation. In previously fit patients, particularly if there is
hypotension, more than 1 L/h of colloids or crystalloids
(usually saline) may be needed and several litres may be
required to correct losses. However, the management is
very different in fluid overload or in oliguria due to other
causes. In most cases, clinical assessment is able to distin-
guish between these causes. In cases of doubt (and where
appropriate following exclusion of urinary obstruction)
afluid challenge of ~500 mL of normal saline or a colloid
(see page 9) over 10—20 minutes may be given. However,
care is required in patients at risk of cardiac failure (e.g.
previous history of cardiac disease, elderly or with renal
failure), when smaller initial volumes and more invasive
monitoring (such as a central line to allow central ve-
nous pressure monitoring) and frequent assessment is
needed. Patients should be reassessed regularly (initially
usually within 1-2 hours) as to the effect of treatment on
fluid status, urine output and particularly for evidence
of cardiac failure:

e [furine output has improved and there is no evidence
of cardiac failure, further fluid replacement should be
prescribed as necessary.

e If the urine output does not improve and the patient
continues to appear fluid depleted, more fluid should
be given. However, in patients who are difficult to as-
sess, clinically more invasive monitoring such as cen-
tral venous pressure (CVP) monitoring may be re-
quired. This is performed via a central line, usually
placed in the internal jugular vein. A normal CVP is
5-10 cm of water above the right atrium. The CVP
is either monitored continuously or hourly and fluids
are titrated according to the results. However, CVP
measurements should only form part of the clinical
assessment and in practice they can be unreliable.

o If there is any evidence of cardiac failure, fluid ad-
ministration should be restricted and diuretics may
be required.

e Ifhypotension persists despite adequate fluid replace-
ment, this indicates poor perfusion due to sepsis or
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cardiac failure, and these patients may require in-

otropic support.
Further investigations and management depend on the
underlying cause. Baseline and serial U&Es to look for
renal impairment (see page 230) should be performed.
Where there is suspected bleeding, the initial FBC may
be normal, but this will fall after fluid replacement is
given due to the dilutional effect of fluids. Chest X-
ray may show cardiomegaly and pulmonary oedema.
Arterial blood gases can be helpful in identifying any
acid-base disturbance due to renal failure or degree of
hypoxia due to underlying lung disease or pulmonary
oedema.

Hypernatraemia

Definition
A serum sodium concentration > 145 mmol/L.

Incidence
This occurs much less commonly than hyponatraemia.

Age
Any. Infants and elderly at greatest risk.

Sex
M=F

Aetiology

This is usually due to water loss in excess of sodium loss,

often in combination with reduced fluid intake. Those

at most risk of reduced intake include the elderly, infants
and confused or unconscious patients.

® Causes of water loss include burns, sweat, hyperven-
tilation, vomiting and diarrhoea, diabetes insipidus
(see page 445) and hyperosmolar non-ketotic coma
(see page 461).

e Hypernatraemia may be iatrogenic due to osmotic di-
uretics which cause more water than sodium loss or
excessive administration of sodium, usually in intra-
venous fluids.

® A rarer cause of hypernatraemia is Conn’s syndrome
(see page 442) or ectopic ACTH syndrome.

Pathophysiology

The normal physiological response to a rise in extracel-
lular fluid osmolality is for water to move out of cells. Pa-
tients become thirsty and there is increased vasopressin
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release stimulating water reabsorption by the kidneys.
Water moving out of cells causes the cells to shrink.
In response to this, electrolytes are transported across
the cell membrane, changing the membrane potential.
Changes in the membrane potential in the brain leads to
impaired neuronal function and if there is severe shrink-
age, bridging veins are stretched leading to intracranial
haemorrhage. Cells also begin to produce organic solutes
after about 24 hours to draw fluid back into the cell.

Clinical features

The symptoms of hypernatraemia include thirst, nausea
and vomiting. Patients may be irritable or tired, pro-
gressing to confusion and finally coma. On examination
there may be features of fluid depletion including re-
duced skin turgor, hypotension, tachycardia, peripheral
shutdown and reduced urine output. Signs of fluid over-
load suggest excessive administration of salt or Conn’s
syndrome. Polyuria and polydipsia suggest diabetes in-
sipidus or hyperglycaemia. There may be neurological
signs such as tremor, hyperreflexia or seizures.

Complications

Hypernatraemic encephalopathyand intracranial haem-
orrhage (may be cerebral, subdural or subarachnoid)
may occur in severe cases. Too rapid rehydration can
cause cerebral oedema as the cells cannot clear the or-
ganic solutes rapidly.

Investigations

® The diagnosis is confirmed by the finding of high
serum sodium on U&Es. Serum glucose and urine
sodium, potassium and osmolality should also be re-
quested. If there is raised urine osmolality, this is a sign
that the kidneys are responding normally to hyperna-
traemia by producing low volume, high concentration
urine. The underlying cause is therefore due to non-
renal fluid losses.

® Conn’s syndrome or ectopic ACTH syndrome is sug-
gested by a mild hypernatraemia, hypertension, hy-
pokalaemia (in the absence of diuretic drugs used to
treat hypertension) and a raised urinary potassium.

® CT scan of the head is indicated if there are neurolog-
ical symptoms or signs, and in severe hypernatraemia
to look for an underlying cause (such as head trauma)
or complications such as haemorrhage.

Management

® The aim is to gradually reduce the serum sodium con-
centration by no more than 0.5-1 mmol/L/h in order
to avoid cerebral oedema. Urine output and plasma
sodium should be monitored frequently. The under-
lying cause should also be looked for and treated.

e If the patient is alert and conscious he/she should be
allowed to drink freely as this is the safest way to correct
hypernatraemia.

o [f the patient is fluid depleted, intravenous replace-
ment should be with 0.9% saline to restore intravascu-
lar volume. In severe hypernatraemia even 0.9% saline
is less hypertonic than the plasma so this will help to
correct the high sodium.

o [f the patient is not fluid depleted but is unable to
drink, 5% dextrose is given slowly.

¢ In hyperosmolar non-ketotic coma saline or half-
normal saline (0.45% saline) should be used until glu-
cose concentrations are near normal. This is to prevent
worsening hyperglycaemia which can alter the osmo-
lality further.

Prognosis

The mortality rate of severe hypernatraemia is as high as
60% often due to coexistent disease, and there is a high
risk of permanent neurological deficit.

Hyponatraemia

Definition
A serum sodium concentration <135 mmol/L.

Incidence
Occurs relatively commonly, with 1% of hospitalised pa-
tients affected.

Age
Any. Young and old are at greater risk.

Sex
M=F

Aetiology
The causes of hyponatraemia are given in Table 1.1. It is
most useful to consider the causes according to whether



Table 1.1 Important causes of hyponatraemia

Hyponatraemia with
fluid depletion

Vomiting, diarrhoea, drains, burns,
pancreatitis, sweat

Renal failure and salt-losing renal
disease

Addison’s disease

Psychogenic polydipsia

Alcohol excess with malnutrition

Syndrome of inappropriate
antidiuretic hormone (SIADH)

Postoperative patients, particularly
after inappropriate fluids

Congestive cardiac failure, cirrhosis,
nephrotic syndrome

Renal failure

Severe hypothyroidism

Diuretics (e.g. thiazide diuretics,
amiloride, loop diuretics)

Nonsteroidal anti-inflammatory
drugs

Many psychiatric medications (e.g.
haloperidol, selective serotonin
reuptake inhibitors)

Opiates, ecstasy

Euvolaemic
hyponatraemia

Hyponatraemia with
fluid overload

Drugs

itis acute or chronic and whether there is fluid depletion,

euvolaemia or fluid overload.

® Acute hyponatraemia is usually due to vomiting and
diarrhoea and/or inappropriate intravenous fluids
such as dextrose or dextrosaline.

e Common causes of chronic hyponatraemia include
SIADH, Addison’s disease, congestive cardiac failure
and drugs.

Pathophysiology

Normally when serum osmolality falls, ADH production

ceases and the kidneys rapidly excrete the excess water

(up to 10-20 L/day). In order for the kidneys to excrete

water there needs to be the following:

® Adequate filtrate reaching the thick ascending loop of
Henle (where sodium is extracted to produce a dilute
urine). This is impaired in renal failure and hypo-
volaemia (reduced glomerular filtration rate) or re-
duced effective circulating volume such as in cardiac
failure.

® Adequate active reabsorption of sodium at the loop of
Henle and distal convoluted tubule, this is impaired
by all diuretics.
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® A collecting duct that is impermeable to water, so that
dilute urine is excreted. ADH acts on the collecting
duct to make it permeable. Any cause of raised ADH
will increase water reabsorption and hence tend to
cause hyponatraemia. ADH is increased in SIADH,
hypovolaemia, reduced effective circulating volume
(e.g. cardiac failure, nephrotic syndrome), postoper-
atively (pain and stress), and increased ADH activ-
ity is caused by certain drugs. Lack of glucocorticoid
can also cause increased permeability of the collecting
duct, because cortisol inhibits ADH.
® In psychogenic polydipsia, patients drink such large
volumes of water that the ability of the kidney to ex-
crete it is exceeded. In chronic alcoholics who are mal-
nourished, the renal ability to excrete free water may
be markedly impaired due to lack of dietary solutes
to as little as 4 L a day and any excess fluid may cause
hyponatraemia.
As serum sodium levels fall, water moves from the extra-
cellular compartment into cells. The brain is most sensi-
tive to this and if hyponatraemia occurs rapidly oedema
develops, leading to raised intracranial pressure, brain-
stem herniation and death. If hyponatraemia develops
more slowly, the cells can offset the change in osmolality
by extrusion of organic solutes. This reduces the degree
of water movement and there is less cerebral oedema.
When treatment is initiated, if serum sodium levels are
corrected too rapidly in a patient who has had chronic
hyponatraemia, cell shrinkage can occur due to move-
ment of water out of the cells, causing more damage.

Clinical features

Symptoms of hyponatraemia include lethargy, anorexia,
nausea, vomiting, fatigue, headache, confusion and a de-
creased conscious state. The severity depends on the
degree of hyponatraemia and the rapidity at which
it develops. In severe cases, the patient may have seizures
or become comatose. It is important to take a careful
drug history, including the use of any illicit drugs such
as heroin or ecstasy. There may be symptoms and signs
of fluid depletion or fluid overload (see page 2).

Investigations

To determine the cause of hyponatraemia the following
tests are needed: the plasma osmolality, urine osmolality
and urine sodium concentration.



6 Chapter 1: Principles and practice of medicine and surgery

® Plasma osmolality is low in most cases of hypona-
traemia. If it is normal or high, this is pseudohypona-
traemia, which may be due to abnormally high lipid
levels or the presence of other osmotically active agents
intheblood such as glucose (hyperglycaemia). In these
cases treatment is aimed at the underlying cause.

® Urine osmolality helps to differentiate the causes of
hyponatraemia with a low plasma osmolality. If there
israised ADH secretion (as in most cases) the urine re-
mains concentrated at >300 mosmol/kg. If the urine
is dilute, this suggests psychogenic polydipsia or ex-
cessive inappropriate intravenous dextrose or dextros-
aline.

e Urine sodium concentration is low (<20 mmol/L) in
hypovolaemia (although it is falsely raised by diuretic
therapy or if there is renal salt-wasting). Fluid reple-
tion should lead to the production of dilute urine (low
osmolality) with higher sodium concentrations. How-
ever, in STADH, the urine remains concentrated de-
spite a low plasma osmolality.

In addition, thyroid function tests and cortisol should

be checked as there are often multifactorial causes in

hyponatraemia and leaving these conditions undetected
and untreated is potentially life-threatening. A short Syn-
acthen test (see page 441) may also be indicated.

Management

In all cases, treating the underlying cause successfully

will lead to a return to normal values.

® Fluid depletion is treated with saline or colloid re-
placement.

® Water overload is best treated by fluid restriction to
as little as <1 L/day but in severe cases diuretics with
hypertonic saline may be given. Mannitol can be used
to reduce cerebral oedema. Anticonvulsants may be
necessary to treat fits.

e In salt and water overload, continued diuretics with
water restriction are used. Intravenous saline should
be avoided and patients must adhere to a low-sodium
diet. In severe nephrotic syndrome with oedema, in-
travenous albumin may be required together with di-
uretics.

Prognosis
Acute severe symptomatic hyponatraemia has a mortal-
ity as high as 50%. Chronic symptomatic hyponatraemia

has a mortality of up to 12%, but asymptomatic hypona-
traemia has a good outcome.

Potassium balance

Almost all of the body’s potassium stores are intracellu-
lar, with a high concentration of potassium maintained
in the intracellular fluid by the Na*-K*-ATPase pump
exchanging it for sodium. This is important in maintain-
ing cellular membrane potential and small changes in the
extracellular potassium level affect the normal function
of cells, particularly of muscle cells, e.g. myocardium and
skeletal muscle.

Various factors can act to change total body stores of
potassium:

e Intake can be increased by a potassium-rich diet or by
oral or intravenous supplements.
® Potassium is found in high levels in gastric juice and

most of this is reabsorbed in the small intestine. A

small amount of potassium is lost in the stool. Vom-

iting or diarrhoea can reduce total body potassium.

® The kidneys are the main route of excretion of potas-
sium, excreting 90% of the intake. Potassium excretion
by the kidneys is controlled by aldosterone, which acts
on the distal tubules and collecting ducts to increase
sodium reabsorption and potassium excretion. Dis-
turbances of the renin—angiotensin—aldosterone sys-
tem can therefore cause alterations in the potassium
level. In severe renal failure, when 90% of the renal
function is lost, the kidneys become unable to excrete
sufficient potassium.

The normal intracellular to extracellular ratio of potas-

sium is affected by acid-base status, insulin, cate-

cholamines, aldosterone and drugs.

In most tissues, including the kidney, potassium and
hydrogen ions compete with each other at the cell mem-
brane to be exchanged for sodium. If the hydrogen
concentration is high (acidotic conditions), the kidney
excretes hydrogen ions in preference to potassium; in
the tissues, hydrogen ions compete with potassium to
be taken up by the cells, so extracellular potassium con-
centration rises (hyperkalaemia). As the acidosis is cor-
rected, potassium is taken up by the cells and may cause
hypokalaemia. Conversely, in metabolic alkalosis potas-
sium is excreted in exchange for hydrogen ions, leading
to hypokalaemia.



Insulin and activation of 8, receptors tend to drive
potassium into cells, lowering the serum potassium con-
centration.

Hyperkalaemia

Definition

A serum potassium level of >5.5 mmol/Lis defined as hy-
perkalaemia. Hyperkalaemia of >6.0 mmol/L can cause
cardiac arrhythmias and sudden death without warning.

Incidence
This is a common problem, affecting as many as 1 in 10
inpatients.

Aetiology
The causes are given in Table 1.2.

Pathophysiology

Hyperkalaemia lowers the resting potential, shortens the
cardiac action potential and speeds up repolarisation,
therefore predisposing to cardiac arrhythmias. The ra-
pidity of onset of hyperkalaemia often influences the risk
of cardiac arrhythmias, such that patients with a chron-
ically high potassium level are asymptomatic at much
greater levels.

Clinical features

Hyperkalaemia is almost always asymptomatic and only
diagnosed on blood testing. There may be a history of
conditions that predispose to hyperkalaemia and it is
important to take a careful drug history. Foods high in
potassium include bananas, citrus fruits, tomatoes and
salt substitutes. The first indication of hyperkalaemia

Table 1.2 Causes of hyperkalaemia*

Increased Transcellular Decreased

intake movement output

Excess K+ therapy:  Acidosis Renal failure
(oral ori.v.) Insulin deficiency  Drugs e.g. K+

Diet B-blockers sparing

Massive Haemolysis diuretics, ACE
transfusion of Rhabdomyolysis inhibitors

stored blood Digoxin toxicity Addison’s disease

*Artefactual hyperkalaemia may occur in old or haemolysed blood
samples.
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may be a cardiac arrhythmia or sudden cardiac arrest.
Uncommonly there may be reduced tendon reflexes and
muscle power.

Investigations

U&Es, calcium, magnesium to look for evidence of renal
impairment and any associated abnormality in sodium,
calcium and magnesium. Low calcium can increase the
risk of arrhythmia. An arterial blood gas to look for aci-
dosis may be indicated and diabetics should have their
glucose checked.

An ECG should be performed immediately in all cases.
Abnormalities occur in the following order: tall, tented
T-waves, small P-wave and a widened, abnormal QRS
complex. Patients may develop bradycardia or complete
heartblock, and ifleft untreated may die from ventricular
standstill or fibrillation. Continuous ECG monitoring
should occur until the hyperkalaemia is treated and ECG
abnormalities resolve.

Management

Ideally hyperkalaemia should be prevented in at-risk pa-

tients by regular monitoring of serum levels and care with

medication and intravenous supplements. Once hyper-
kalaemia is diagnosed, withdraw any potassium supple-
ments or causative drugs.

If the hyperkalaemia is mild (<6.0 mmol/L) and the
ECG is normal, withdrawal of causative drugs or treat-
ment of the underlying cause may be sufficient. Moderate
asymptomatic hyperkalaemia (6.0-6.9 mmol/L) needs
early specific treatment. If there are ECG changes, severe
muscle weakness or the potassium level is >7 mmol/L,
it is a medical emergency:
® Calcium gluconate is given intravenously. The calcium

provides some immediate cardio-protection by reduc-

ing myocardial excitability, even in a patient with nor-

mal serum calcium levels. It can be repeated after a

few minutes if the abnormalities on ECG persist.

e Until treatment of the underlying cause can take place,
a glucose and insulin infusion promotes intracellular
K™ uptake. Salbutamol nebulisers have a similar effect
through B receptor stimulation. These can be repeated
whilst the underlying cause is addressed, but have only
a temporary effect.

® Diuretics, e.g. loop diuretics can be used to increase
renal excretion. Oral ion-exchange resins or enemas
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may be used to increase gastrointestinal elimination of
potassium. Oral resins can cause severe constipation,
so these should be given with laxatives and are not a
long-term solution.

® Any acidosis should be corrected.

® Refer to a renal physician or intensive care unit for
haemofiltration or haemodialysis if the hyperkalaemia
is refractory to treatment or if there is severe renal
failure.

Hypokalaemia

Definition

A serum potassium level of <3.5 mmol/L. Moderate hy-
pokalemia is defined as a level of 2.5-3 mmol/L and
severe as <2.5 mmol/L.

Incidence
This is a very common problem, occurring in up to 20%
of inpatients.

Aetiology
The most common cause is diuretics. Other causes are
given in Table 1.3.

Pathophysiology
Hypokalaemia causes disturbance of neuromuscular
function by altering the resting potential and slowing

Table 1.3 Causes of hypokalaemia

Decreased Transcellular Increased

intake movement output

Usually Alkalosis Renal losses: diuretics,
iatrogenic: Insulin low serum
lack of oral treatment magnesium, renal
intake or i.v. tubular acidosis

Gl losses: vomiting,
diarrhoea, purgative
abuse, intestinal
fistula, ileal loop

Conn’s/Cushing’s
syndrome and 2°
hyperaldosteronism

Ectopic ACTH (e.g. small
lung carcinoma)

Liquorice abuse,
carbenoxolone

Drugs: B agonists,
steroids, theophylline

replacement

Malnutrition

repolarisation. This causes muscle weakness including

the respiratory muscles and ECG changes (see below)

predisposing to atrial and ventricular arrhythmias. In

severe hypokalaemia sudden cardiac or respiratory ar-

rest may occur. Other effects include the following:

® Metabolic alkalosis: In hypokalaemia there is reduced
potassium secretion into the renal tubules and in-
creased reabsorption at the H*/K* ATPase pump
so more H* ions are lost. Hypokalaemia can both
cause and maintain a metabolic alkalosis. Alkalosis
also tends to promote the movement of K™ into cells,
worsening the effective hypokalaemia.

® Increased digoxin toxicity: Digoxin acts by inhibition
of the Na*/K* ATPase pump. In low-potassium states
the effect of digoxin is increased, thereby increasing
the risk of toxicity even at normal digoxin levels.

Clinical features

Hypokalaemia is often asymptomatic even when se-
vere and is therefore frequently diagnosed on incidental
blood testing. Symptoms include skeletal muscle weak-
ness, muscle cramps, constipation, nausea or vomiting
and polyuria. Neuropsychiatric symptoms include con-
fusion, hallucinations, depression and even psychotic
features. It is important to take a careful drug history.
On examination the patient may be hypotensive and
there may be evidence of cardiac arrhythmias such as
bradycardia, tachycardia or ectopic beats. There may be
reduced muscle strength, fasciculations or tetany. The
first sign may be cardiorespiratory arrest.

Investigations

Apart from checking the serum potassium, U&Es, cal-
cium and magnesium should be sent to look for other
electrolyte abnormalities. An arterial blood gas may be
indicated to look for alkalosis. The ECG shows pro-
longed PR interval, depressed ST segment, flattened or
inverted T-wave and rarely a prominent U-wave (which
appears as along QT interval). Ventricular/atrial prema-
ture contractions or fibrillation may be seen or torsades
de pointes.

Management

If severe hypokalaemia or cardiac arrhythmias are
present, urgent treatment is required. Treat any life-
threatening arrhythmias appropriately and give intra-
venous potassium with continuous cardiac monitoring.



The highest rate of administration of potassium recom-
mended in severe hypokalaemia is 20 mmol/h: this is
higher than the usual rate of 10 mmol/h recommended
in mild to moderate hypokalaemia. In asymptomatic pa-
tients with mild-to-moderate hypokalaemia oral or in-
travenous potassium supplements are given. The serum
potassium must be rechecked frequently, e.g. every 4
hours. Any underlying cause should be looked for and
managed appropriately.

Intravenous fluids

Intravenous fluids may be necessary for rapid fluid re-

placement, e.g. in a shocked patient, or for maintenance

in patients who are unable to eat and drink or who

are unable to maintain adequate intake in the face of

large losses, e.g. due to diarrhoea. When prescribing in-

travenous fluids certain points should be remembered:

® Are intravenous fluids the best form of fluid replace-
ment? If possible, oral fluids are preferable or if swal-
low is impaired consider nasogastric administration,
which has the advantage of allowing nasogastric feed
to be given to provide nutrition.

® Which intravenous fluid should be given? Ideally this
should be the one that matches any fluid and elec-
trolyte deficit or losses most closely. For example,
blood loss should be replaced with a blood transfusion
and salt and water loss (e.g. vomiting, diarrhoea) with
normal saline. Additional potassium replacement is
often needed in bowel obstruction, but may be dan-
gerous in renal failure.

® In calculating the volume required for maintenance
check if is there increased insensible loss, e.g. due to
sweating in pyrexial patients, or are there other fluids
being administered which need to be taken into ac-
count? For example, some patients are on intravenous
drugs or intravenous nutritional supplements (total
parenteral nutrition).

® Patients at risk of cardiac failure (elderly, cardiac
disease, liver or renal impairment) require special
caution as they are more prone to develop fluid
overload.

There is no universally applicable fluid regimen. The

choice of fluid given and the rate of administration

depend on the patient, any continued losses and all

patients must have continued assessment of their fluid

balance using fluid balance charts, observations and
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clinical examination as well as monitoring of serum elec-
trolytes by serial blood tests.

Fluid preparations: Intravenous fluid has to be iso-
tonic to lysis of red blood cells. The administration of
water alone would lead to water moving across cell mem-
branes by osmosis, such that the cells would swell up and
burst. Giving hypertonic fluid is equally dangerous, as it
causes water to move out of cells.
® Most intravenous fluids used are crystalloids (saline,

dextrose, combined dextrose/saline, Hartmann’s solu-

tion). It should be remembered that dextrose is rapidly
metabolised by the liver; hence giving dextrose solu-
tion is the equivalent of giving water to the extra-
cellular fluid compartment. If insufficient sodium is
given in conjunction, or the kidneys do not excrete the
free water, hyponatraemia results. This is a common
problem, often because of inappropriate use of dex-
trose or dextrosaline and because stress from trauma
or surgery as well as diseases such as cardiac failure
promote antidiuretic hormone (ADH) release. This
leads to a mild form of syndrome of inappropriate
antidiuretic hormone (SIADH; see page 444) where
there is water retention by the kidneys with resulting
hyponatraemia.

® Colloids (albumin, dextran or gelatin-based fluids)
contain high-molecular-weight components that tend
to be retained in the intravascular compartment. This
increases the colloid osmotic pressure (oncotic pres-
sure) of the circulation and draws fluid back into the

vascular compartment from the extracellular space. A

smaller volume of colloid compared to crystalloid is

needed to have the same haemodynamic effect. Theo-
retically they are of benefit for rapid expansion of the
intravascular compartment; however, they have anti-
coagulant, antiplatelet and fibrinolytic effects, which
may be undesirable. There has been no consistent
demonstrable benefit of using colloid over crystalloid
in most circumstances. In addition, the use of albumin
solution in hypoalbuminaemic patients (which seems
logical) has been associated with increased pulmonary
oedema, possibly due to rapid haemodynamic changes
or capillary leakage of albumin.
Fluid regimens: These should consist of maintenance
fluids (which covers normal urinary, stool and insensible
losses) and replacement fluids for additional losses and
to correct any pre-existing dehydration. Fluid regimens
must also take into account that patients of differing
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Table 1.4 Maintenance fluid requirements

Fluid requirement
Sodium requirement
Potassium requirement

30-35 mL/kg/day
1.5-2 mmol/kg/day
1 mmol/kg/day

weight have different fluid and electrolyte requirements
(see Table 1.4). Potassium is added to intravenous flu-
ids in patients who are not being fed, although this
should be done with care. Both hypokalaemia and hyper-
kalaemia (see page 7) are potentially life-threatening and
serum potassium must be checked daily in patients who
are given potassium replacement. Patients with acute or
chronic renal failure should not have potassium added
routinely to fluid replacement (although hypokalaemia
should of course be treated). Rapid administration of
potassium is dangerous, so even in hypokalaemia no
more than 10 mmol/h is recommended (except in se-
vere hypokalaemia within an intensive care setting) and
the potassium must be uniformly mixed in the bag.

A typical daily maintenance regime for a 70 kg man with
normal cardiac and renal function consists of 8 hourly
bags of:

® | L of 0.9% saline with 20 mmol KCI added,

® 1L of 5% dextrose with 20 mmol KCl added and

® 1 L of 5% dextrose with 20 mmol KCl added.

In general, dextrosaline is not suitable for mainte-
nance, as it provides insufficient sodium and tends
to cause hyponatraemia. Postoperative patients are also
more prone to hyponatraemia due to mild SIADH,
so may require proportionally more sodium, e.g. 2 L
of 0.9% saline to 1 L of 5% dextrose. Replacement fluids
generally need to be 0.9% saline, as losses tend to have a
high sodium concentration, e.g. drain fluid, blood, vom-
itus and diarrhoea.

Fluids should not be prescribed without taking into
account the patient’s current fluid balance, continued
losses and underlying coexistent diseases. It should also
be remembered that intravenous fluids do not provide
any significant nutrition.

Acid-base balance

The normal pH of arterial blood is 7.35-7.45. Normally

hydrogen (H*) ions are buffered by two main systems:

® Proteins including haemoglobin comprise a fixed
buffering system.

® Bicarbonate is a very important buffer, as it has both
a gaseous and an aqueous phase:

COZ <> COZ + Hzo <> H2C03 <> H+ + HCO3_

This means that bicarbonate buffering is a very powerful
way of maintaining the body’s pH through both rapid
and slow compensation:
® Rapid compensation takes place at the lungs, where
CO; can be blown off in response to acidosis. This
reduces the amount of H,COj; (carbonic acid) in the
blood as shown by the equation and so acutely com-
pensates for acidosis. Conversely, if pCO, concentra-
tions rise, e.g. in hypoventilation, then acidosis can
result (respiratory acidosis).
¢ In long-term abnormalities of pH balance, this mech-
anism is inadequate because the body’s stores of
bicarbonate become depleted. The kidney is able to
compensate for this, by increasing its reabsorption of
bicarbonate in the proximal tubule.
The arterial blood gas is used to assess acid—base status.
The pH is first examined to see if the patient is acidotic or
alkalotic. The pCO; and bicarbonate are then examined
to identify the cause of any acid-base disturbance and
any compensation that may have occurred. Most arterial
blood gas machines also provide the base excess. This
is a calculated figure, which provides an estimate of the
metabolic component of the acid—base balance. The base
excess is defined as the amount of H* ions that would be
required to return the pH of the blood to 7.35, if the pCO,
were adjusted to normal. A normal base excessis—2 to +2.
A more negative base excess signifies a metabolic acidosis
(hydrogen ions need to be removed) and a more positive
base excess signifies a metabolic alkalosis (hydrogen ions
need to be added). The pO, is examined separately to
determine if there is respiratory failure.
There are four main patterns:
® Acidosis with high pCO, defines a respiratory acido-
sis. If this is acute, there is no compensation (i.e. the
bicarbonate levels are normal). In chronic respiratory
acidosis renal reabsorption of bicarbonate will reduce
the acidosis (partial metabolic compensation) or re-
turn the pH to a normal level (complete metabolic
compensation). Causes include respiratory failure (see
page 127).
® Acidosis with lowbicarbonate and negative base excess
defines a metabolic acidosis. If the patient is able the
respiration will increase to reduce carbon dioxide and
hence return the pH to normal (partial or complete



respiratory compensation). Causes of metabolic aci-
dosis include salicylate poisoning (see page 528), lactic
acidosis or diabetic ketoacidosis (see page 460). Al-
ternatively failure to excrete acid or increased loss of
HCO; ™, such as renal tubular disease (see page 251)
and diarrhoea. Hyperkalaemia may occur as an im-
portant complication (see page 7) particularly if there
is also acute renal failure.

® Alkalosis with alow carbon dioxide defines respiratory
alkalosis. This may result from any cause of hyperven-
tilation including stroke, subarachnoid haemorrhage,
meningitis, pyrexia, hyperthryoidism, pregnancy or
anxiety. It is generally an acute condition and so little
compensation occurs.

e Alkalosis with a high bicarbonate and a positive base
excess defines metabolic alkalosis. It is rare and may
be caused by loss of acid from the gastrointestinal
tract (e.g. vomiting) or from the kidney (e.g. Cush-
ing or Conn’s syndrome). Hypokalaemia may occur
(see page 8).

Hypercalcaemia

Definition
A serum calcium level of >2.6 mmol/L.

Incidence
Relatively common.

Aetiology

Important causes of hypercalcaemia are given in
Table 1.5. More than 80% of cases are due to malignancy
or primary hyperparathyroidism (see page 446).

Table 1.5 Important causes of hypercalcaemia
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Pathophysiology

Hypercalcaemia prevents membrane depolarisation
leading to central nervous system effects, decreased mus-
cle power and reduced gut mobility. It also has multiple
effects on the kidney: it reduces the glomerular filtration
rate; it can cause acute or chronic renal failure; it can also
cause nephrogenic diabetes insipidus (see page 445), uri-
nary stones (see page 270) and calcium deposition in the
kidney and other tissues. Hypercalcaemia causes short-
ening of the Q-T interval but this is not associated with
an increased risk of cardiac arrhythmias.

Clinical features

The condition may be asymptomatic and diagnosed in-

cidentally on calcium measurement. Early symptoms

are often insidious, including loss of appetite, fatigue,

lethargy, weakness, constipation and thirst. The symp-

toms of hypercalcaemia can be summarised as bones,

stones, moans and groans:

® Bone pain may be due to metastases, multiple
myeloma or bone disease as a complication of hyper-
parathyroidism.

® Urinary stones.

® Moans due to confusion and drowsiness. Depression
and acute psychosis can also occur.

® Groans due to abdominal symptoms such as nausea,
vomiting, pain and constipation.

Deposition of calcium in heart valves, coronary

arteries and other blood vessels may occur. Hyper-

tension is relatively common, possibly due to renal im-

pairment and also related to calcium-induced vasocon-

striction.

Increased bone Increased Gl
resorption absorption Decreased output
Hyperparathyroidism Excess calcium intake (milk-alkali Renal failure

syndrome):
Calcium supplements

Malignancy (3 mechanisms):
Osteolytic metastases
PTH-like peptide
Osteoclast activating factors
(multiple myeloma, lymphoma)
Paget’s disease
Immobilisation

Antacids

Excess vitamin D:
Vitamin D supplements
Increased production of active Vitamin D
metabolites occurs in granulomatosis
disorders (e.g. sarcoidosis, TB) and in
lymphoma

Thiazide diuretics
Familial hypocalciuric
hypercalcaemia (FHH)
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Investigations

These are aimed at assessing the severity of hypercal-
caemia to guide management and to look for the under-
lying cause. The serum calcium should be checked and
corrected for serum albumin because only the ionised
calcium (notbound to protein) is active. The total serum
calcium is corrected as follows:

Corrected calcium = Measured calcium +
0.02(40 — serum albumin)

e Mild hypercalcaemia (2.6-2.8 mmol/L) is suggestive
of primary hyperparathyroidism.

® Moderate to severe hypercalcaemia is more commonly
due to malignancy.

Blood should be sent for U&Es (to look for renal impair-

ment), serum protein electrophoresis and Bence Jones

protein (to look for myeloma) and a PTH (parathyroid

hormone) level. If the PTH level is normal or high, this

is diagnostic of hyperparathyroidism because it should

be suppressed in hypercalcaemia. A chest X-ray may

demonstrate malignancy or sarcoidosis. Serum phos-

phate may be helpful, as it tends to be low in ma-

lignancy or primary hyperparathyroidism but high in

other causes. If PTH is low, PTH-like peptide can be

measured.
Other tests which may be useful include the following:

® Urinary calcium, which is raised in most causes
of hypercalcaemia, but relatively low (<100 mg or
2.5 mmol/day) in milk—alkali syndrome, thiazide di-
uretic use and FHH.

® Vitamin D and its active metabolites.

® Serum angiotensin converting enzyme (ACE), which
may be raised in pulmonary sarcoidosis.

Management

This depends on the severity, whether acute or chronic

and the underlying cause. Any causative drugs should be

withdrawn.

® Patients should be assessed for fluid status and any
dehydration corrected. Rehydration reduces calcium
levels by a dilutional effect and by increasing renal
clearance. Intravenous saline is often needed because
many patients feel too nauseous to tolerate sufficient
oral fluids and polyuria is common due to nephro-
genic diabetes insipidus.

® Loop diuretics such as furosemide can be used in con-
junction with fluids to increase renal excretion of cal-
cium and prevent fluid overload.

® Bisphosphonates can be used, which inhibit bone
turnover and therefore reduce serum calcium. Steroids
may be used if the underlying diagnosis is a known
malignancy, but is less useful if there is ectopic PTH
production.

e If there is renal failure, early consultation with a
nephrologist is needed, as increased renal excretion
of calcium is often impossible or difficult to achieve
and dialysis may be required.

e Further management depends on the underlying
cause.

Hypocalcaemia

Definition
A serum calcium level of <2.2 mmol/L.

Aetiology

Hypocalcaemia may be caused by

e vitamin D deficiency,

® hypoparathyroidism (after parathyroidectomy, thy-
roid or other neck surgery),

® pseudohypoparathyroidism,

® magnesium depletion by inducing end-organ PTH re-

sistance or deficiency (causes include diuretics, alco-

holism and malnutrition),

hyperphosphataemia,

acute pancreatitis and severe sepsis,

acute respiratory alkalosis,

drugs, e.g. chemotherapy especially cisplatin, bispho-

sphonates and

® calcium chelators, e.g. citrate following large transfu-
sions of blood.

Pathophysiology

Hypocalcaemia causes increased membrane potentials,
which means that cells are more easily depolarised
and therefore causes prolongation of the Q-T interval,
which predisposes to cardiac arrhythmias. It may also
cause refractory hypotension and neuromuscular prob-
lems include tetany, seizures and emotional lability or
depression.



Clinical features
The condition may be asymptomatic and diagnosed in-
cidentally on calcium measurement.

Neuromuscular manifestations
Early symptoms include circumoral numbness, paraes-
thesiae of the extremities and muscle cramps. Common
but less specific symptoms include fatigue, irritability,
confusion and depression. Myopathy with muscle weak-
ness and wasting may be present. Carpopedal spasm
and seizures are signs of severe hypocalcaemia. Elici-
tation of Trousseau’s sign and Chvostek’s signs should
be attempted, although it can be negative even in severe
hypocalcaemia:
® Trousseau’s sign: Carpal spasm induced by inflation of
asphygmomanometer above systolic BP for 3 minutes.
® Chvostek’s sign: Contraction of the ipsilateral facial
muscles (including the eye, nose and corner of the
mouth) after tapping the facial nerve anterior to the
ear.
The BP may be low despite fluids or inotropes. Cardiac
failure may occur.
Other findings may include papilloedema and in
chronic cases cataracts, dry puffy coarse skin with brittle
and thinned hair and nails.

Investigations

These are aimed at assessing the severity of hypocal-
caemia to guide management and to look for the under-
lying cause. The serum calcium should be checked and
corrected for serum albumin (see above). Blood should
also be sent for magnesium, phosphate, U&Es and for
PTH level. An ECG should be done to look for ECG
changes (increased QT interval, cardiac arrhythmias).
Other investigations depend on the suspected cause.

Management

This depends on the severity, whether acute or chronic
and the underlying cause. Mild hypocalcaemia is treated
with oral supplements of calcium and magnesium
where appropriate. Severe hypocalcaemia may be life-
threatening and the first priority is resuscitation as
needed (e.g. management of seizures or cardiac arrhyth-
mias), followed by the administration of intravenous cal-
cium. Calcium gluconate contains only a third of the
amount of calcium as calcium chloride but is less irritat-
ing to the peripheral veins.
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Perioperative care

The preoperative assessment

Underlying any decision to perform surgery is a recog-
nition of the balance between the risk of the procedure
and the potential benefits to the patient. All patients un-
dergo a preoperative assessment (history, examination
and appropriate investigations) both to review the diag-
nosis and need for surgery, and to identify any coexisting
disease that may increase the likelihood of perioperative
complications. In general any concerns regarding coex-
isting disease or fitness for surgery should be discussed
with the anaesthetist who makes the final decision re-
garding fitness for anaesthesia.

Cardiac disease

Ischaemic heart disease remains the most important risk

factor for patients undergoing surgery. It is vital as part of

a preoperative assessment to identify underlying cardiac

disease by history, examination and, where appropriate,

investigations. An ECG should be performed in any pa-
tient with a history suggestive of cardiac disease and in
all patients over 50 years of age.

® Following a myocardial infarction the risk of re-
infarction is maximal over subsequent 6 weeks, if
surgery is performed the re-infarction rate increases
dramatically. Elective surgery should be deferred by at
least 6 months wherever possible.

e Hypertension should be controlled prior to any elec-
tive surgery to reduce the risk of myocardial infarction
or stroke. Specialist cardiac advice may be required
prior to emergency surgery in severely hypertensive
patients.

® Arrhythmias should ideally be corrected prior to
surgery. Chronic or complex arrhythmias should be
discussed with a cardiologist prior to surgery wherever
possible.

® Patients with signs and symptoms of cardiac failure
should have their therapy optimised prior to surgery
and require special attention to perioperative fluid
balance.

® Patients with abnormal or prosthetic heart valves,
patent ductus arteriosus or septal defects, and patients
with a history of bacterial endocarditis should have
prophylactic oral or intravenous antibiotic cover for
any surgical procedures.
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Respiratory disease

® The preoperative assessment should identify coexist-
ing respiratory conditions. Patients must be asked
about smoking and where possible should be encour-
aged to stop smoking at least 6 weeks prior to surgery.
Although chest X-rays are often performed as part of
the routine assessment of preoperative patients, they
should not be relied on to identify underlying respi-
ratory diseases. In general, a chest x-ray is not indi-
cated unless there are acute respiratory signs or severe
chronic respiratory disease with no film in the last
12 months.

® Patients with chronic obstructive pulmonary disease
(COPD) are at significant risk of postoperative res-
piratory complications. Patients with severe disease
may benefit from a preoperative respiratory opin-
ion and formal respiratory function testing. Preop-
eratively all therapy should be optimised; pre- and
postoperative physiotherapy is essential. Postopera-
tive analgesia should allow pain free ventilation and
coughing, to maximise ventilation and reduce the risk
of postoperative pneumonia.

Diabetes mellitus

Patients with diabetes are at increased risk periopera-

tively both from the diabetes itself (hypoglycaemia and

ketoacidosis) and from the complications of diabetes (is-

chaemic heart disease, vascular insufficiency, renal fail-

ure and increased risk of infection).

® Diet-controlled diabetics often require no specific in-
tervention, but should have perioperative blood glu-
cose monitoring.

® Patients on oral hypoglycaemic agents should omit
their drugs on the morning of surgery (unless under-
going a short day case procedure) and restart when
oral diet recommences. Perioperative blood sugar lev-
els should be monitored. In more major surgery, or
when patients are to remain nil by mouth for a pro-
longed period, intravenous dextrose and variable dose
intravenous short acting insulin should be considered.

e Insulin-controlled diabetics normally require conver-
sion to intravenous dextrose and variable dose intra-
venous short acting insulin prior to surgery. Close
monitoring of blood sugar and urine for ketones is
essential. Once oral diet is recommenced the patient
should convert back to regular subcutaneous insulin
therapy.

Coagulation disorders

® Deep vein thrombosis, which may be complicated by
pulmonary embolism, is a significant postoperative
risk. Risk factors include previous history of throm-
boembolic disease, specific thrombophilic disorders
(protein C deficiency, protein S deficiency, factor V
Leiden mutations), smoking, obesity, prolonged post-
operative immobility, malignancy and drugs such as
the combined oral contraceptive pill. Wherever possi-
ble, risk factors should be identified and modified (in-
cluding stopping the combined oral contraceptive pill
4 weeks prior to major surgery). Specific prophylaxis
includes subcutaneous low-molecular-weight heparin
injections and compression stockings, which should
be considered for at-risk patients.

® Bleeding disorders such as haemophilia, use of anti-
coagulant or antiplatelet medication and chronic liver
disease may cause perioperative bleeding. Patients
with known coagulation factor or vitamin K deficien-
cies may require perioperative replacement therapy.
Anti-coagulant medication may be reduced, changed
or stopped depending on the underlying indication
for anticoagulation.

Liver disease

Patients with chronic liver disease may have im-
paired coagulation (vitamin K and coagulation factor
deficiencies), altered metabolism of drugs, increased
susceptibility to infection and hypoalbuminaemic
oedema. Coagulation deficiencies should be corrected
prior to surgery and careful fluid balance is essential.
The patient’s alcohol intake should be elicited; symp-
toms of withdrawal from alcohol may occur during a
hospital admission.

Renal disease

Pre-existing renal impairment predisposes to the devel-
opment of acute tubular necrosis. Hypotension should
be avoided and urinary output should be monitored so
that oliguria can be recognised early and treated.

Emergency surgery

In patients requiring emergency surgery there may not
be enough time to identify and correct all coexistent
diseases. It is however essential to identify any cardiac,
respiratory, metabolic or endocrine disease, which may
affect anaesthesia. An ECG, chest X-ray and where



appropriate, arterial blood gas analysis should be ob-
tained without additional delay. Any anaemia, fluid and
electrolyte imbalance or cardiac failure should be cor-
rected prior to surgery wherever possible.

Prophylactic antibiotics in surgery

Specific guidelines regarding the use of perioperative an-
tibiotic prophylaxis vary between hospitals but these are
generally used if there is a significant risk of surgical
site infection. They are indicated in most gastrointesti-
nal surgery, neurosurgery, surgery involving insertion of
a prosthesis (including joint replacement), transurethral
prostate resection, coronary artery bypass surgery and
lower limb vascular surgery. Prophylaxis for immunod-
eficient patients requires expert microbiological advice.
However, it is important to note that antibiotic use
is associated with acute hypersensitivity reactions, in-
creasing antibiotic resistance and the development of
pseudomembranous colitis (see page 150).

Nutritional support in surgical patients

Significant nutritional deficiency impairs healing, lowers
resistance to infection and prolongs the recovery period.
Malnutrition may be present preoperatively particularly
in the elderly and patients with malignancy. Periopera-
tive nutritional support may be necessary if the patient
is unable to maintain sufficient intake to balance the in-
creased postoperative nutritional requirement.

Enteral nutrition is the treatment of choice in all pa-
tients with a normal, functioning gastrointestinal tract.
It is generally safer than intravenous nutrition and it
helps to maintain the integrity of gastrointestinal mu-
cosa. Liquid feeds either as a supplement or replacement
may be taken orally, via a nasogastric tube or via a gas-
trostomy. Liquid feeds may be whole protein, oligopep-
tide or amino acid based. These also provide glucose,
essential fats, electrolytes and minerals.

Parenteral nutrition is indicated when patients cannot
maintain a sufficient calorie intake via the enteral route.
Indications include intestinal resection, fistulae, motil-
ity disorders and extensive small bowel disease. Mixed
preparations of amino acid, glucose and lipid are used
with trace elements, vitamins and electrolytes also added.

Parenteral nutrition is hypertonic, irritant and throm-
bogenic. They should ideally be infused through some
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form of central venous access. Peripheral parenteral
nutrition may cause significant injury if extravasation
occurs. Other complications of parenteral nutrition
include line infection and septicaemia, thrombosis and
embolism, liver damage and metabolic disturbance
(osmotic diuresis, acute hyperosmolar syndrome and
electrolyte imbalances).

Postoperative complications

Postoperative complications may occur at any time

post-surgery and include general surgical complications

(bleeding, infection, deep vein thrombosis), those spe-

cific to the procedure (anastomotic leaks, fistulae, adhe-

sions, wound dehiscence) and complications secondary

to coexisting disease (ischaemic heart disease, chronic

obstructive airways disease, diabetes mellitus).
Immediate complications arise during the first post-

operative day:

® Haemorrhage: Primary haemorrhage refers to con-
tinuation of bleeding from surgery. It requires
aggressive management and may necessitate return
to theatre. Reactive haemorrhage occurs from small
vessels, which only begin to bleed as the blood pres-
sure rises postoperatively. Blood replacement may be
required and in severe cases the patient may need to
return to theatre.

® Myocardial infarction is a significant risk in patients
with ischaemic heart disease. Surgery may contraindi-
cate the use of thrombolytic agents.

® A low-grade pyrexia is normal in the immediate post-
operative period but may also arise due to infection,
collections or deep vein thrombosis.

® Low urine output may occur as a result of volume de-
pletion, renal failure, poor cardiac output or urinary
obstruction. The patient may require urinary catheter-
isation (or flushing of the catheter if already in situ)
and a clinical assessment of cardiovascular status in-
cluding heart rate, blood pressure (including assess-
mentof postural drop), inspection of the JVP, evidence
of pulmonary oedema and where needed CVP mea-
surement (see page 3).

Early postoperative complications occur in the subse-

quent days.

® Deep vein thrombosis and risk of thromboembolism.
High-risk patients should receive prophylaxis (see
section The Preoperative Assessment). Patients may
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present with painful swelling of the legs, low-grade
pyrexia or with signs and symptoms of a pulmonary
embolism.

e Confusion due to hypoxia, metabolic disturbance, in-
fection, drugs, or withdrawal syndromes.

® General infections include pneumonia secondary to
pooling of secretions, urinary tract infections and can-
nula site infections.

® Surgical site complications include paralytic ileus,
anastomotic leaks, surgical site infections (with sec-
ondary haemorrhage as a result of the infection), fis-
tula formation and wound dehiscence (total wound
breakdown). Intestinal fistulae may be managed con-
servatively with skin protection, replacement of fluid
and electrolytes and parenteral nutrition. If such con-
servative therapy fails the fistula may be closed surgi-
cally.

® Postoperative hypoxia is almost always initially due to
perioperative atelectasis unless a respiratory infection
was present preoperatively. Prophylaxis and treatment
involves adequate analgesia, physiotherapy and hu-
midification of administered gases. Respiratory failure
may occur secondary to airway obstruction. Laryn-
geal spasm/oedema may occur in epiglottitis or fol-
lowing traumatic intubation. Tracheal compression
may complicate operations in the head and neck. In
the absence of obstruction hypoxia may result from
drugs causing respiratory depression, infection, pul-
monary embolism or exacerbation of pre-existing
respiratory disease. Respiratory support may be
necessary.

® Acute renal failure may result from inadequate
perfusion, drugs, or pre-existing renal or liver disease.
Once hypovolaemia has been corrected any remaining
renal impairment requires specialist renal sup-
port.

® Prolonged immobility increases the risk of pressure
sores especially in patients with diabetes or vascular
insufficiency. Skin care, hygiene, turning of the patient
and the use of specialised mattresses should prevent
pressure sores. Treatment involves debridement, treat-
ment of any infection, application of zinc paste and in
severe cases, plastic surgery.

Late postoperative complications, which may occur

weeks or years after surgery, include adhesions, strictures

and incisional hernias.

Surgical site infection

Definition

Surgical site infections include superficial site infections
(skin and subcutaneous tissues), deep site infections (in-
volving fascia and muscle layers) and organ or space in-
fections (such as abscess, bone infections, etc).

Aetiology
Superficial and deep site infections occur due to Staphy-
lococcus aureus (including MRSA), Staphylococcus epi-
dermidis (specific association with prosthetic material
including cannulae) and Streptococci or mixed organ-
isms. The organisms responsible for organ or space
infections are dependent on the site and the nature
of the surgical condition, e.g. anaerobic organisms in
bowel perforation or anastomotic leaks, Streptococciand
Staphylococci in bone infections. The risk of surgical
site infection is dependent on the procedure performed.
Contaminated wounds such as in emergency treatment
for bowel perforation carry a very high risk of infection.
Patients at particular risk include the elderly, mal-
nourished, immunodeficient and those with diabetes
mellitus.

Clinical features

Superficial infections appear as a cellulitis (redness,
warmth, swelling and tenderness) around the wound
margin, there may be associated lymphadenopathy. It
may be of value to draw round the area of erythema to
monitor progression and response to treatment. Deeper
infections and collections may present as pyrexia with
few external signs. Specific presentations depend on the
site, e.g. peritonitis or pus discharging from surgical
drains.

Complications

Localised infections, especially in high-risk patients may
spread to cause generalised septicaemia and septic shock.
Wound dehiscence (total wound breakdown) is rare. It
is preceded by a high volume serous discharge from the
wound site and necessitates surgical repair.

Investigations
Pyrexial patients require investigations. Paired aerobic
and anaerobicblood cultures should be taken (preferably



during pyrexial episodes) and any pus or wound dis-
charge sent for microscopy and culture. Patients with
pyrexia and no obvious localising signs or symptoms
may require imaging such as ultrasound, CT scanning
or isotope bone scanning to identify the source of infec-
tion.

Management

® Prophylaxis against infection includes meticulous sur-
gical technique and the use of prophylactic antibiotics.
Severely contaminated wounds may be closed by de-
layed primary suture. Contaminated cavities, such as
theabdomen, require the placement of surgical drains.

® Where possible the underlying cause of the infection
should be treated, e.g. removal of infected material,
closure of anastomotic leaks.

® Superficial surgical site infections may respond to an-
tibiotics (penicillin and flucloxacillin, depending on
local policy). Deeper surgical site infections may re-
quire the removal of one or more skin sutures to al-
low drainage of infected material. Abscesses generally
require drainage either by surgery or radiologically
guided aspiration alongside the use of appropriate an-
tibiotics.

Pain control

Many medical and surgical patients experience pain.
Surgery causes tissue damage leading to the release of
local chemical mediators that stimulate pain fibres. In ad-
dition direct damage to nerves can cause pain. Ischaemia,
obstruction, infections, inflammation and joint disease
also cause pain. Cancer is an important cause of pain.
Pain may be induced by movement, which is sometimes
unavoidable, e.g. the thorax and abdominal wall when
breathing. In contrast, immobility can cause pain due to
pressure sores and joint stiffness. In addition, a patient’s
perception of pain is altered by many factors, including
the patient’s overall physical and emotional well-being,
cultural background, age, sex and ability to sleep ade-
quately. Depression and fear often worsen the perception
of pain.

Types of pain

Tissue damage causes a nociceptive pain, which can be
further divided into a sharp, stabbing pain, which is
conveyed by the finely myelinated A$ fibres, and a dull,
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throbbing, ‘slow’ pain, which is conveyed by the larger
non-myelinated C fibres. Nociceptive pain is usually
acute, tends to resolve as tissue heals and responds well to
opioid analgesia (see below). Injury or abnormal func-
tion within the nervous system causes neuropathic pain.
Itis felt as an area of burning or a shooting pain. It may be
triggered by non-painful stimuli such as light touch, so-
called allodynia. Examples of causes include postherpetic
neuralgia, peripheral neuropathy, e.g. due to diabetes,
and phantom limb pain. Neuropathic pain is often diffi-
cultto treat, partly because of its chronic but episodic na-
ture and it is less responsive to opiates. Most of the time,
pain has both nociceptive and neuropathic components.

Benefits of treating pain

The principal reason for treating pain is to relieve suf-
fering. It improves patients’ ability to sleep and their
overall emotional health. However, good pain control
can also have other benefits: postoperatively it can im-
prove respiratory function, increase the ability to cough
and clear secretions, improve mobility and hence reduce
the risk of complications such as pneumonia and deep
vein thromboses. This allows a faster recovery.

Assessing pain

To diagnose and then treat pain first requires asking the
patients about their pain. Often, if pain is treated aggres-
sively and early, it is easier to control than when the pa-
tient becomes distressed and exhausted. Patients should
be asked to score their pain on a scale from none to very
severe (sometimes a 10-point scale is useful, where 0
represents no pain and 10 the worst imaginable pain). In
some cases where verbal communication is not possible
or difficult, a visual scale of 1-10 or pictures of faces rep-
resenting degrees of pain is useful. They should be asked
what precipitates pain, such as movement or breathing,
and whether the pain prevents or interrupts sleep. It is
important to establish whether the pain is nociceptive,
neuropathic or both. Often there is more than one pain
and these may require separate treatment plans.

In a patient who is already taking analgesia, it is use-
ful to assess their current use, the effect on pain and any
side-effects. The patient should also be asked about his or
her beliefs about drugs they have been given before. The
patients should be involved as far as possible in the man-
agement of their pain. Adverse effects such as nausea
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and constipation are predictable, patients should be
alerted to these and provided with means by which these
can be treated early.

The WHO ladder of analgesia
The World Health Organisation analgesia ladder is a
method for choosing appropriate analgesia depending
on the severity of pain. It was originally developed for
cancer patients but is useful for many types of pain. Ini-
tially, analgesia may be given on an as needed basis, but
if frequent doses are required, regular doses should be
given, so that each dose is given before the effect of the
previous dose wears off. A combination of different drugs
often improves the pain relief with fewer adverse effects.
After analgesia is initiated, if it is ineffective at maximal
dose, the next step on the ladder is tried. Certain drugs
are contraindicated or used with caution in patients with
co-morbidities. Postoperative patients may descend the
ladder, as severe pain is expected immediately after tissue
damage and this pain reduces as healing takes place.

STEP 1 (Mild pain): Non-opioid analgesia is used, such
as paracetamol or an NSAID. These may be given
orally or rectally.

STEP 2 (Mild to moderate pain): Weak opioids such as
codeine, dihydrocodeine or tramadol orally or intra-
muscularly are added to regular paracetamol or an
NSAID.

STEP 3 (Moderate to severe pain): Strong opioid anal-
gesia such as morphine or diamorphine is used.

Modes of delivery of opioids
The oral route is preferred for most patients, but for
patients unable to take oral medication or for rapid re-
lief of acute pain, intramuscular or intravenous boluses
are faster acting and more suitable. The disadvantage of
boluses for continued pain is that often there is a delay
between the patient experiencing pain and analgesia be-
ing given. In intensive care settings or terminal care a
continuous infusion by a syringe driver may be appro-
priate, but with any continuous delivery system there is a
risk of accidental overdose, so regular monitoring of pain
score, sedation score and respiratory rate is needed. In
stable patients with severe ongoing pain, a transdermal
patch may be suitable. These release opioid in a con-
trolled manner, usually over 72 hours.
Patient-controlled analgesia (PCA) is a system by
which the patients can determine the frequency of dosing

of their analgesia. A loading dose is given first, then the
patient presses a button to deliver subsequent small bo-
luses of intravenous opioid. The PCA pump has a lock-
out time usually set at 5-10 minutes, which allows time
for each dose to take effect before another dose can be
given. This prevents respiratory depression due to acci-
dental overdose by the patient repeatedly pressing the
button. If the patient becomes overly sedated, the de-
livery of opioid ceases. If patients are not adequately
analgesed, the bolus dose is increased. This system is
not suitable for patients who are too unwell or confused
to understand the system and be able to press the button.

Local and regional anaesthetic

Local anaesthetic is useful perioperatively. It is often
given around the wound or as a regional nerve block
to provide several hours of pain relief. Spinal anaesthe-
sia is useful for surgery of the lower half of the body.
Postoperatively, continued analgesia using an epidural
catheter to administer boluses or a continuous infusion
is useful. Usually a combination of local anaesthetic with
an opioid is used. The advantage of epidural analgesia is
that there is good pain control with a lesser risk of the
systemic side-effects of opioids. However, complications
include hypotension due to sympathetic block, urinary
retention and motor weakness. Patients require special-
ist care and monitoring on a ward accustomed to the
management of patients with epidurals.

Co-analgesics

These are other drugs that are not primarily analgesics,
but can help to relieve pain. In particular, neuropathic
pain is relatively insensitive to opioids; drugs such as an-
tidepressants and anticonvulsants are more effective, e.g.
amitryptiline or gabapentin. Tramadol is a weak opioid
that has some action at adrenergic and serotonin recep-
tors and so may be useful for combination nociceptive
and neuropathic pain. Muscle spasm often responds to
benzodiazepines.

Non-pharmacological treatment

In addition to prescribing analgesia, it is important to
consider other methods that relieve pain, such as treat-
ing the underlying cause, immobilising a painful joint
with a splint, mobilising joints for stiffness and treating
concomitant depression. Acupuncture, local heat or ice,



massage and transcutaneous electrical nerve stimulation
(TENS) can often help with pain.

Infections

Nosocomial infections

Infections acquired during a hospital stay are called
nosocomial infections. Usually an infection is considered
to be nosocomial if it arises >72 hours after admission,
as earlier infections are usually presumed to have been
acquired in the community. For patients who are only
briefly admitted the infection may only become manifest
after discharge.

Approximately 10% of patients admitted to a hospital
in the United Kingdom acquire a nosocomial infection.
Infections may be spread by droplet inhalation or direct
hand contact from hospital staff or equipment. The pa-
tients most at risk are those at extremes of age, those
with significant co-morbidity, the immunosuppressed
and those with recent surgery. Risk factors also depend
on the site, for example pneumonia is more common in
patients who are ventilated, who are bedbound or who
have had thoracic or abdominal surgery. Instrumenta-
tion such as urinary catherisation or central lines can
introduce infections.

The commonest sites of nosocomial infections are
urinary tract infections,

respiratory tract infections,

surgical site infections (see page 16),

bacteraemia,

skin infections, e.g. of burns and

gastrointestinal infections.

Nosocomial infections are most commonly bacterial,
particularly Staph. aureus, Pseudomonas and Escherichia

coli. Clostridium difficile is a common cause of diarrhoea
in patients given broad-spectrum antibiotics (see page
150). Viruses are also important, e.g. small round struc-
tured viruses (SRSV), which have caused outbreaks of
diarrhoea in some hospitals, influenza and other respira-
tory infections can affect patients and staff alike (as dra-
matically highlighted by the outbreak of SARS in 2003).
Fungi, particularly Candida and Aspergillus, are also be-
coming more important.

Many of the pathogens that cause nosocomial infec-
tions have a high level of antibiotic resistance, which is
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a major cause of concern. Some examples include the

following:

® Methicillin resistant Staph. aureus (MRSA) is resistant
to flucloxacillin and most other commonly used anti
Staphylococcal agents. It is treated by vancomycin or
teicoplanin. Nasal colonisation and skin clearance is
achieved by topical cream and antiseptic washes.

® Vancomycin resistant Enterococcus (VRE) is increas-
ingly common.

® Vancomycin-intermediate/resistant ~ Staph. aureus
(VISA/VRSA) emerged with cases of VISA in the late
1990s and VRSA in 2002. It is still rare, but of concern.
It is also called GISA (glycopeptide-intermediate SA)
because vancomycin is a glycopeptide.

Prevention of nosocomial infections

The principles are to avoid transmission by always wash-
ing hands after examining a patient, strict aseptic care
of central lines and isolation of cases in a side-room or
even by ward. Certain patients are given prophylactic an-
tibiotics, e.g. preoperatively, where possible indwelling
urinary catheters or central lines should be avoided or
the duration of use minimised. Early mobilisation and
discharge also help to reduce the period of risk. Once pa-
tients are identified as having diarrhoea or being infected
with resistant organisms they should be barrier nursed
in a separate room. Staff and visitors should wear gloves,
aprons and where appropriate masks whilst in the room,
and disinfect their hands following the visit with alcohol
gel. Patients at high risk because of neutropenia are also
isolated and reverse barrier nursed to try to protect them
from exposure to infections.

In addition, overuse of antibiotics particularly broad-
spectrum antibiotics should be avoided. Where the de-
velopment of resistance is likely, combination antibiotics
are used.

Pyrexia of unknown origin (PUO)

Definition

An intermittent or continuous fever >38°C lasting more
than 3 weeks and without diagnosis despite initial inves-
tigations.

Aetiology
See Table 1.6.
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Table 1.6 Causes of pyrexia of unknown origin

Cause % Examples

30-40 Bacterial infections — bacterial
endocarditis, abscess (e.g.
intra-abdominal), hepatobiliary
infection, urinary tract infection,
osteomyelitis, typhoid fever,
tuberculosis, brucellosis, Lyme
disease, syphilis

Viral infections — cytomegalovirus
infection, Epstein—Barr virus, HIV
infection

Fungal infections — Candlida
albicans, Cryptococcus

Protozoal infections — malaria,
toxoplasmosis

Renal cell carcinoma,
hepatocellular carcinoma,
disseminated carcinoma,
lymphomas, atrial myxoma

Rheumatoid arthritis, SLE, vasculitis
(polymyalgia rheumatica,
temporal arteritis, polyarteritis
nodosum)

Drugs, thyrotoxicosis, Crohn’s
disease, sarcoidosis, occult
haematoma

Infection

Neoplasia 20-30

Rheumatological 10-20
Disorders

15-20

Miscellaneous

No diagnosis 5-15

Clinical features

A careful history, including systematic review is essential.

® Patternand duration of fever (although the correlation
between fever patterns and specific diseases is weak),
weight loss, night sweats, headaches, rashes and any
other symptoms.

® Previous illnesses including operations and psychi-
atric illnesses.

® Specific factors including family history, immunisa-
tion status, occupational history, travel history, history
of consumption of unusual foods (e.g. unpasteurised
milk), drug history (including over-the-counter med-
ications, homeopathic preparations, drugs of abuse),
sexual history, infectious contacts and animal con-
tacts (including possible exposure to ticks and other
vectors).

A full systematic examination is required including the

following:

® Documentation of pattern and duration of fever.

® Specific features include rashes, lymphadenopathy,
genitoperitoneal lesions, organomegaly, new or chan-
ging cardiac murmurs, signs of arthritis, abdominal

tenderness or rigidity and a neurological evaluation
including fundoscopy.

Investigations
1 Initial investigations: close monitoring of tempera-
ture; chest X-ray; urine for urinalysis, microscopy, cul-
ture and sensitivity; full blood count and peripheral
blood film; repeated blood cultures taken at times of
fever; culture of wounds, intravenous lines and other
relevant sites, e.g. CSF; urea, creatinine, electrolytes
and blood sugar; creatine kinase and liver function
tests; C-reactive protein, ESR and immunoglobulins.
2 Specific blood tests and microbiology may be required
for certain indications:
® Malarial exposure: Repeated thick and thin blood
films, antigen testing.
e Intravenous drug use or at risk: Hepatitis serology,
HIV testing.
® Suspected thyrotoxicosis: Thyroid function testing.
® Suspected rheumatological disorder: ANA, anti-
DNA antibody, ANCA.
® Specific agent suspected: Serial titres for EBV, CMV,
influenza, Toxoplasma, Lyme disease, chlamydia,
salmonella, Borrelia recurrentis, Q fever, leptospiro-
sis.
3 Other procedures that may also be considered are
® abdominal ultrasound for intra-hepatic, sub-
phrenic or paracolic abscesses.
e white cell scan for demonstration of an abscess,
empyema or osteomyelitis.
® bone scan for osteomyelitis or metastatic bone dis-
ease.
¢ CT and MRI for lymphoma, tumours or abscesses.
® transoesophageal echocardiography for infective
endocarditis or atrial myxoma.
® bone marrow biopsy for leukaemia or culture for
miliary TB.
® biopsy either endoscopically or percutaneously of
suspected area.

Management

Blind treatment should be avoided unless the patient is
septicaemic or deteriorating. In such cases a best guess
of the cause and hence the antibiotic cover has to be
made depending on the results of history, examination
and investigations available. It is essential to continue
regular reassessment for new symptoms or signs and to
stop all other drugs wherever possible.



Septicaemia and septic shock

Definitions

Bacteria in the blood can produce a wide spectrum of

clinical entities from mild physiological abnormalities

to septic shock.

® Bacteraemia is a transient asymptomatic presence of
organisms in the blood.

® Septicaemia is used to describe organisms multiplying
in blood causing symptoms. There is a systemic in-
flammatory response syndrome (SIRS) clinically de-
fined by pyrexia, tachycardia, and leucocytosis. The
term sepsis syndrome refers to the additional presence
of inadequate organ function/perfusion (confusion,
hypoxaemia, raised lactate or oliguria).

® Septic shock refers to the presence of severe sepsis with
associated hypotension and organ dysfunction despite
adequate fluid resuscitation.

Aetiology

Risk factors for development of sepsis include increasing

age, immunodeficiency, liver damage and malignancy.

Specific causes include

e direct introduction of bacteria into the blood stream
via peripheral or central intravenous line (Staph. epi-
dermidis),

® gastrointestinal perforation, rupture or ischaemia
leading to bacterial translocation (E. coli, Streptococcus
faecalis, anaerobic organisms),

® bacteraemia arising from the urinary tract including
pyelonephritis, renal abscess, acute prostatitis (E. coli,
Klebsiella aerogenes, Proteus mirabilis),

® overwhelming pneumococcal infection in patients
with impaired or absent splenic function (Streptococ-
cus pneumoniae),

® meningococcaemia from a respiratory source may also
result in sepsis with or without associated meningitis
(Neisseria meningitidis),

® patients with surgical site infections (Staph. aureus, E.

coli, anaerobes) and

burns (Staph. aureus, Streptococci, Pseudomonas).

Pathophysiology

The normal mechanisms involved in overcoming in-
fection become detrimental when the infection is
generalised. Bacteria cell wall components such as
lipopolysaccharide (gram-negative bacteria), peptido-
glycan (gram-positive and gram-negative bacteria) and
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lipoteichoic acid (gram-positive bacteria) cause the pro-
duction and release of proinflammatory cytokines from
macrophages, monocytes and neutrophils. These in-
clude interleukin (IL)-1, IL-5, IL-6, IL-8, IL-11, IL-15
and tumour necrosis factor (TNF)-«. Complement ac-
tivation causes further tissue damage and widespread
activation of the coagulation cascade results in dissemi-
nated intravascular coagulation (DIC). Hypotension re-
sults from widespread induction of nitric oxide causing
a generalised vasodilation. Cellular damage may occur
through a combination of ischaemia, direct cytopathic
damage and apoptosis.

Clinical features

The systemic inflammatory response syndrome is de-

fined as follows:

® Temperature over 38°C or less than 36°C.

® Heart rate over 90 beats per minute.

® Respiratory rate over 20 breaths per minute or PaCO,
more than 4.3 kPa.

e WBCover 12 x 10°/L or less than 4 x 10°/L, or >10%
immature (band) forms.

Organ hypoperfusion may manifest as altered mental

state, lactic acidosis or oliguria. Systemic hypotension

is defined as a systolic blood pressure below 90 mmHg

or a reduction of more than 40 mmHg from baseline.

Patients may go on to develop multiorgan dysfunction

including acute respiratory distress syndrome, dissem-

inated intravascular coagulation, hepatic failure, renal

failure and confusion or coma.

Investigations

Blood and where appropriate, urine, stool, pus and CSF
should be sent for culture prior to starting treatment
whenever possible. Full blood count, glucose, urea and
electrolytes, liver function tests, arterial blood gases and
coagulation screen should be sent and repeated regularly
until the patient is stable.

Management

® Aggressive resuscitation is essential. Airway patency
and oxygenation must be maintained and may require
the use of an oropharyngeal airway or endotracheal in-
tubation. Blood pressure support involves aggressive
fluid replacement via wide bore canulae with care-
ful monitoring. CVP measurement allows assessment
of fluid resuscitation, and the response of the CVP
to fluid challenge helps guide further resuscitation.
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Refractory hypotension despite adequate volume re- be treated with cefuroxime, gentamicin and metron-

placement requires the use of inotropic agents such as idazole. Septicaemia from the urinary tract should

adrenaline, noradrenaline, dopamine or dobutamine be treated with a cephalosporin and gentamicin. If

in an intensive care setting. Pseudomonas infection is suspected piperacillin or
® Identification and management of underlying causes ciprofloxacin are effective.

may require surgical intervention or the removal of @ Other treatments such as immunoglobulin, anticy-

indwelling catheters or lines. tokine antibodies, recombinant protein C and nitric
e Antibiotic therapy should be based on local guidelines oxide synthetase inhibitors are under investigation.

and chosen on the basis of presumed infection source Steroids and nonsteroidal anti-inflammatory agents

until the results of microbiological investigations are have not been shown to be of benefit.

known. Septicaemia originating in skin and soft tis-

sue infections requires flucloxacillin and benzylpeni- Prognosis

cillin. If methicillin resistant Staph. aureus (MRSA) is The reported mortality from septicaemia ranges from

suspected vancomycin or teicoplanin should be used. 15 to 50% depending on the severity of sepsis and the

Septicaemia following intestinal perforation should general status of the patient prior to the illness.
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Clinical

Symptoms

Cardiovascular chest pain

Chest pain can arise from the cardiovascular system, the
respiratory system, the oesophagus or the musculoskele-
tal system. The major causes of chest pain in the car-
diovascular system include ischaemia, pericarditis and
aortic dissection.

Enquire about chest pain ask about the site, nature
(constricting, sharp, burning, tearing), radiation, pre-
cipitating/relieving factors and any associated symp-
toms. Ask also about the time course, i.e. onset, duration,
constant or episodic. SOCRATES may be used as a
mnemonic:

Site

Onset

Character
Radiation
Alleviating factors
Time course
Exacerbating factors

Symptoms associated with the pain

Ischaemic heart pain is classically a central aching chest
pain, often described as a tightness or heaviness, con-
stricting or crushing in nature, radiating into the arms
(particularly the left) and jaw. However, this varies be-
tween individuals and therefore the pattern of pain is
very significant.

® The pain of chronic stable angina is brought on by
exercise or emotion, and it is usually relieved within
2-3 minutes by rest and relaxation. It tends to be worse
in cold weather or after meals. It may be associated
with shortness of breath. Sublingual glyceryl trinitrate
(GTN), which dilates the coronary arteries, should
also rapidly relieve it.

® Angina that occurs at rest or is provoked more easily
than usual for the patient is due to acute coronary syn-
drome (see page 36). It often persists for longer and
although it may respond to GTN, it tends to recur.
In acute coronary syndrome it is not possible to dif-
ferentiate angina from myocardial infarction without
further investigations.

® Inmyocardial infarction the pain bears no relationship
to exertion. Typically the pain has the same character,
but it is more severe and unrelieved except by opiate
analgesia. Features suggestive of myocardial infarction
rather than angina include pain, which lasts longer
than 30 minutes, associated symptoms due to the re-
lease of catecholamines including sweating, dizziness,
nausea and vomiting. Some patients describe a feeling
of impending doom (angor animi).

Pericarditis causes a sharp or aching pain. It is a ret-

rosternal or epigastric pain that radiates to the neck,

back or upper abdomen. The pain is usually altered in

severity in relation to posture, typically exacerbated by

deep inspiration or lying flat and relieved by leaning for-

wards. The pain of pericarditis may last days or even 2—3

weeks.
Aortic dissection causes a very severe central tearing

chest or abdominal pain that radiates through to the

23
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back. Its onset is abrupt and of greatest intensity at the
time of onset.

Chest pain associated with tenderness is suggestive of
musculoskeletal pain. Pleuritic pain (e.g. pneumonia,
pulmonary embolism) is usually sharp and made worse
by inspiration and coughing. Oesophageal pain is a ret-
rosternal sensation often related to eating and may be
associated with dysphagia. Oesophageal reflux causes a
retrosternal burning pain, often exacerbated by bending
forwards. Pain from the gallbladder or stomach can often
mimic cardiac pain. Equally, pain arising from structures
in the chest may present as abdominal pain, e.g. myocar-
dial infarction, pneumonia.

Dyspnoea

Dyspnoea is defined as difficulty in breathing. In general

dyspnoea arises from either the respiratory or cardio-

vascular system and it is often difficult to distinguish

between them.

® Cardiac dyspnoea is generally the result of left ventric-
ular failure when fluid accumulates in the interstitium
of the lungs. The patient may notice it on strenuous
exertion initially, with gradually reducing ‘exercise tol-
erance’ (the distance a patient can walk before having
to stop for arest). In severe failure, patients are breath-
less at rest. In any acute exacerbation of cardiac dys-
pnoea an underlying cause should be sought, such as
ischaemia, arrhythmias or a worsening heart valve le-
sion.

® Orthopnoea is defined as breathlessness on lying flat.
This symptom normally arises when a patient’s exer-
cise tolerance is already reduced. It is thought that two
mechanisms are responsible for this phenomenon: a
redistribution of fluid through gravity in the lungs
and a pressing of the abdominal contents on the di-
aphragm, which reduces the vital capacity of the lungs.
Many patients avoid the sensation of breathlessness by
propping themselves up on pillows at night, or, in se-
vere cases, sleeping in a chair. Orthopnoea is highly
suggestive of a cardiac cause of dyspnoea, although it
may also occur in severe respiratory disease due to the
second mechanism.

® Paroxysmal nocturnal dyspnoea is waking from sleep
suddenly breathless. It is thought to occur by a simi-
lar mechanism to orthopnoea coupled to a decreased
sensory response whilst asleep. Patients awake breath-
less and anxious, they often describe having to sit up

and may hang their legs over the side of the bed or go
to the window to relieve the dyspnoea.

® Cheyne—Stokes respiration is alternate cyclical hy-
perventilation and hypoventilation (or even apnoea).
This occurs in patients with very severe left ventricular
failure, in some normal individuals (often elderly), in
patients with cerebrovascular disease and patients re-
ceiving opiate analgesia. It is thought that this pattern
of breathing results from depression of the respiratory
drive centre within the brain.

e Patients with severe acute left ventricular failure often
have a cough productive of frothy sputum, which may
be blood stained. Frank haemoptysis may occur in
mitral stenosis or following a pulmonary embolus.
However, the major causes of frank haemoptysis are
from the respiratory system.

Palpitations

A palpitation is an increased awareness of the heartbeat.
It may be a fluttering, rapid sensation or a slow, some-
times heavy thumping sensation. The patient may feel
‘a missed beat, or their heart beating irregularly.

It is important to try to elicit from the patient when
the palpitations occur, precipitating factors, duration,
rate and rhythm (ask the patient to tap out the beat with
their hand). Associated symptoms may include breath-
lessness, dizziness, syncope and/or chest pain.
® Palpitations during or just after exercise, or caused by

anxiety are often simply awareness of a normal heart

rate.

e Dalpitations lasting just a few seconds are often due
to premature beats. The patient becomes aware of the
pause that occurs in the normal rhythm after a prema-
ture beat and may sense the following stronger beat.

® Post-palpitation polyuria is a feature of supraventric-
ular tachycardia due to the release of atrial natriuretic
peptide. Some patients may know how to terminate
their rapid palpitations with manoeuvres such as
squatting, straining or splashing ice-cold water on the
face. These features are very suggestive of a distinct
tachyarrhythmia rather than general anxiety or pre-
mature beats.

Syncope

Syncope is defined as a transient loss of conscious-
ness due to inadequate cerebral blood flow. Cerebral



perfusion is dependent on the heart rate, the arterial

blood pressure as well as the resistance of the whole vas-

culature. Changes in any of these may result in syncope.

There may be no warning, or patients may describe feel-

ing faint, cold and clammy prior to the onset. They may

have blurred vision, tinnitus and appear very pale prior

to the loss of consciousness. Whilst unconscious they

are hypotonic with a very slow or difficult to feel pulse.

Within a few seconds they spontaneously recover, they

tend to be flushed and sweaty but not confused (unless

prolonged hypoxia leads to a tonic-clonic seizure).

® Vasovagal syncope is very common and occurs in the
absence of cardiac pathology. Predisposing factors in-
clude prolonged standing, fear, venesection, micturi-
tion or pain. There is peripheral vasodilation causing a
reduced ventricular filling. The heart contracts force-
fully, which may lead to a reflex bradycardia via vagal
stimulation and hence a loss of consciousness.

® Postural syncope (fainting on standing) is seen in pa-
tients with autonomic disorders, salt and water deple-
tion, hypovolaemia or due to certain drugs especially
antianginal and antihypertensive medication.

® Cardiac arrhythmias may result in syncope if there is a
sudden reduction of the cardiac output. This may oc-
cur in bradycardias or tachycardias (inadequate ven-
tricular filling time). The loss of consciousness occurs
irrespective of the patient’s posture. A Stokes—Adams
attack is a loss of consciousness related to a sudden
loss of ventricular contraction particularly seen dur-
ing the progression from second to third degree heart
block.

® Carotid sinus syncope is a rare condition mainly seen
in the elderly. As a result of hypersensitivity of the
carotid sinus, light pressure, such as that exerted by
a tight collar, causes a severe reflex bradycardia and
hence syncope.

® Exertional syncope occurs in aortic valve or subvalve
stenosis. The syncope results from an inability of the
heart to increase cardiac output in response to in-
creased demand.

The immediate management of syncope or impending

syncope is to lie the patient down and raise their legs

increasing cerebral blood flow.

Intermittent claudication

Claudication describes a cramp-like pain felt in one or
both calves, thighs or buttocks on exertion. In severe
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cases the pain causes the patient to limp, hence the term
claudication and the pain characteristically disappears
when exertion is stopped, hence the term intermittent.
The distance a patient can usually walk on the flat be-
fore onset of pain is termed the claudication distance.
Intermittent claudication is caused by peripheral vascu-
lar insufficiency to the muscles of the legs. The disease is
in proximal large and medium-sized arteries to the lower
limbs, i.e. theiliac and femoral arteries. As the narrowing
of the arteries becomes more significant, the claudication
distance decreases. Eventually rest pain may occur, this
often precedes ischaemia and gangrene of the affected
limb.

Signs

Oedema

Oedema is defined as an abnormal accumulation of fluid
within the interstitial spaces. A number of mechanisms
are thought to be involved in the development of oedema.
Normally tissue fluid is formed by a balance of hydro-
static and osmotic pressure.

Hydrostatic pressure is the pressure within the blood
vessel (high in arteries, low in veins). Oncotic pressure is
produced by the large molecules within the blood (albu-
min, haemoglobin) and draws water osmotically back
into the vessel. The hydrostatic pressure is high at the
arterial end of a capillary bed hence fluid is forced out of
the vasculature (see Fig. 2.1).

The colloid osmotic pressure then draws fluid back in
at the venous end of the capillary bed as the hydrostatic
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Figure 2.1 Mechanism of oedema.
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pressure of the venules is low. Any remaining interstitial

fluid is then returned to the circulation via the lymphatic

system.
Mechanisms of cardiovascular oedema include the fol-

lowing:

® Raised venous pressure raising the hydrostatic pres-
sure at the venous end of the capillary bed (right ven-
tricular failure, pericardial constriction, vena caval ob-
struction).

® Salt and water retention occurring in heart failure,
which increases the circulating blood volume with
pooling on the venous side again raising the hydro-
static pressure.

® The liver congestion that occurs in right-sided heart
failure may reduce hepatic function, including albu-
min production. Albumin is the major factor respon-
sible for the generation of the colloid osmotic pressure
that returns the tissue fluid to the vasculature. A drop
in albumin therefore results in an accumulation of
oedema.

Oedema is described as pitting (an indentation or pit

is left after pressing with a thumb for several seconds)

or nonpitting. Cardiac oedema is pitting unless long

standing when secondary changes in the lymphatics may

cause a nonpitting oedema. Distribution is dependent

on the patient. Patients who are confined to bed develop

oedema around the sacral area rather than the classical

ankle and lower leg distribution. Pleural effusions and

ascites may develop in severe failure.

Cyanosis

Cyanosis is a blue discolouration of the skin and mu-

cous membranes. It is due to the presence of desaturated

haemoglobin and becomes visible when levels rise above

5 g/dL. Cyanosis is not present in very anaemic patients

due to the low haemoglobin levels. Cyanosis is divided

into two categories:

® Peripheral cyanosis, which is seen in the fingertips and
peripheries. When occurring without central cyanosis
it is due to poor perfusion, as the sluggish circulation
leads to increased desaturation of haemoglobin. This
may be as a result of normal vasoconstriction in the
cold, poor peripheral circulation or a poor cardiac
output.

® Central cyanosis also affects the warm mucous mem-
branes such as the tongue. It is a result of failure of

oxygenation. This may be a result of blood bypassing
the lungs (right to left shunting) or due to severe lung
disease.

The arterial pulse

The pulse should be palpated at the radial and carotid

artery looking for the following features:

® Therateisnormally counted over 15 seconds and mul-
tiplied by 4. The normal pulse is defined as a rate be-
tween 60 and 100 beats per minute. Outside this range
it is described as either a bradycardia or a tachycardia.

® The rhythm is either regular, regularly irregular, i.e.
irregular but with a pattern, or irregularly irregular,
which is suggestive of atrial fibrillation.

® The character and volume of the pulse are normally
assessed atthe brachial or carotid artery. Character and
volume felt at the carotid may be described according
to the waveform palpated (see Fig. 2.2).

® DPulse delay is a delay in the pulsation felt between two
pulses. Radio-femoral delay is suggestive of coarcta-
tion of the aorta, the lesion being just distal to the
origin of the subclavian artery (at the point where the
ductus arteriosus joined the aorta). Radio-radial de-
lay suggests arterial occlusion due to an aneurysm or
atherosclerotic plaque.

Jugular venous pressure

The internal jugular vein is most easily seen with the pa-
tient reclining (usually at 45°), with the head supported
and the neck muscles relaxed and in good lighting con-
ditions. The jugular vein runs medial to the sternomas-
toid muscle in the upper third of the neck, behind it
in the middle third and between the two heads of ster-
nocleidomastoid in the lower third. It is differentiated
from the carotid pulse by its double waveform, it is non-
palpable, it is occluded by pressure and pressure on the
liver causes a rise in the level of the pulsation (hepato-
jugular reflex). The jugular waveform and pressure give
information about the pressures within the right atrium
as there are no valves separating the atrium and the in-
ternal jugular vein (see Fig. 2.3).

The height of the jugular venous pressure (JVP) is as-
sessed as the vertical height from the sternal angle to the
point at which the JVP is seen. A height of greater than
3 cm represents an abnormal increase in filling pressure



Figure 2.2 Arterial pulse waveforms.

Figure 2.3 The jugular venous pressure
waveform.
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Normal

Slow rising

Collapsing
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Bisferiens

Paradoxus

The normal pulsation has a rapid rise in pressure
followed by a slower phase or reduction in pressure.

The slow rising pulse is seen in aortic stenosis due
to obstruction of outflow. The pressure in the pulse
rises slowly.

The collapsing pulse of aortic regurgitation is
characterised by a large upstroke followed by a
rapid fall in pressure. This is best appreciated with
the arm held up above the head and the pulse felt
with the flat of the fingers.

Pulsus alternans describes a pulse with alternating
strong and weak beats. It is a sign of severe left
ventricular failure indicating a poor prognosis.

This is the waveform that reults from mixed aortic
stenosis and regurgitation. The percussive wave
(P) is due to ventricular systole, the tidal wave (T)
is due to vascular recoil causing a palpable double
pulse i.e. an exaggerated dicrotic notch.

56 B SIS

This is an accentuation of the normal situation with

an excessive and palpable fall of the pulse I
pressure during inspiration. When severe the pulse
disappears briefly with early inspiration. Occurs in
cardiac tamponade, pericardial constriction and
severe acute asthma.

nspiration

I

Once the atrium is filled with blood it contracts to give the ‘a’ wave a

® The 'a’ wave is lost in atrial fibrillation.

® The ‘a’ wave is increased in pulmonary stenosis, pulmonary
hypertension and tricuspid stenosis (as a consequence of right
atrial or right ventricular hypertrophy).

The atrium relaxes to give the 'x" descent; however, the start of a
ventricular contraction causes ballooning of the tricuspid valve as C
it closes, resulting in the ‘c’ wave. The further ‘x’ descent is due to
descent of the closed valve towards the cardiac apex. X
a  cvwave
With the tricuspid valve closed the return of venous blood fills the v

atrium giving the 'v' wave.
o Tricuspid regurgitation gives a ‘cv’ wave.

The tricuspid valve opens at the end of ventricular systole giving
the 'y’ descent.

Diastole i Systole

v

Diastole
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of the right atrium. This may occur in right-sided heart
failure, congestive cardiac failure and pulmonary em-
bolism.

Precordial heaves, thrills and pulsation

® A parasternal heave is a cardiac impulse palpated by
placing the flat of the hand on the costal cartilages, to
the left of the patient’s sternum. It may be due to right
ventricular hypertrophy when the impulse is at the
same time as the apex beat and carotid pulsation. Less
commonly it is due to left atrial enlargement when
the pulsation occurs before the apex beat or carotid
pulsation.

® A thrill is a palpable murmur and is due to turbulent
blood flow. A thrill is indicative of a loud murmur.
The flat of the hand should be placed at the base and
apex of the heart. For example, a diastolic thrill at
the apex is suggestive of severe mitral stenosis (aortic
regurgitation rarely produces a thrill).

® Theapexbeatis defined as the mostinferior and lateral
cardiac pulsation. It should be identified and its po-
sition defined according the intercostal space (count
down from the sternal angle which is at the second in-
tercostal space) and the relationship to the chest (mid-
clavicular line, anterior axillary line, etc). The normal
position is the fourth or fifth intercostal space in the
left midclavicular line. The character of the pulsation
should also be palpated, but these may be subtle (see
Table 2.1).

Heart murmurs

Heart murmurs are the result of turbulent blood flow.
Certain features of any murmur should be noted.

Table 2.1 Character of an abnormal apex beat

Typical underlying

Description  Character lesion

Tapping Sudden but brief  Mitral stenosis
pulsation

Thrusting Vigorous, Mitral or aortic
nonsustained regurgitation

Heaving Vigorous and Aortic stenosis,

sustained systemic

hypertension

Timing to systole or diastole is achieved by palpation
of the carotid pulse whilst auscultating. A systolic mur-
mur occurs at the same time as the carotid pulse, whereas
a diastolic murmur occurs in the pause between carotid
pulses. Murmurs are further described according to their
relationship to the cardiac cycle.
® A systolic murmur may be pansystolic when the first

and second heart sounds cannot be heard separate

from the murmur . This occurs in mitral regurgitation,
tricuspid regurgitation and with a ventricular septal
defect.

® An ejection systolic murmur is a crescendo—decres-
cendo murmur and the second heart sound can be
heard distinct from the end of the murmur. It is heard
with aortic stenosis, pulmonary stenosis and with an
atrial septal defect (the sound being produced by in-
creased flow across the pulmonary valve).

® A late systolic murmur is heard in mitral valve pro-
lapse.

® An early diastolic murmur is heard with aortic re-
gurgitation, and a mid-late diastolic murmur is heard
with mitral stenosis.

The area in which the murmur is heard at the greatest

intensity and any radiation should be noted. This is most

helpful when the flow of blood is considered according

to the lesion, for example aortic stenosis radiates to the

neck, mitral regurgitation radiates to the axilla. The in-

tensity of the murmur may be graded (see Table 2.2) and

the pitch also noted.

Investigations and procedures

Coronary angioplasty

Coronary angioplasty is a technique used to dilate
stenosed coronary arteries in patients with ischaemic
heart disease. The indications for use of angioplasty have
changed over the years with the technique now used for

Table 2.2 Simple grading of the intensity of a
heart murmur

Grade Description

1/4 Just audible with concentration
2/4 Easily audible, but not loud

3/4 Loud

4/4 Loud and audible over a wide area




many stenoses previously thought to be treatable only
by bypass grafting. Current practice is for left main stem
disease or triple vessel disease to be treated by bypass
grafting for prognostic reasons with almost all other
lesions being considered for angioplasty for symptom
control. In addition, patients with concomitant condi-
tions precluding bypass surgery, e.g. lung disease, may
be considered for angioplasty even for left main stem or
advanced multivessel disease.

Early angiography and angioplasty is now being in-
creasingly used immediately following a myocardial
infarction, in order to reduce the risk of further infarc-
tion. This is especially where the acute event is a limited
or non-ST elevation myocardial infarction.

PTCA (percutaneous transluminal coronary angio-
plasty) is performed under local anaesthetic. A small
balloon is passed up the aorta via peripheral arterial ac-
cess under radiographic guidance. Once within the af-
fected coronary artery, the balloon is inflated to dilate
the stenosis, compressing the atheromatous plaque and
stretching the layers of the vessel wall to the sides. A stent
is often used to reduce recurrence. Some stenoses cannot
be dilated due to calcification of the vessel, small vessel or
the position or length of stenosis. During the procedure
there is a risk of thrombosis, so patients are given intra-
venous heparin and aspirin. If stents are used, another
antiplatelet agent (clopidogrel) is also used to prevent
in-stent thrombosis in the first few days/weeks and the
patient remains on lifelong aspirin.

Complications

The main immediate complication of balloon angio-
plasty is intimal/medial dissection leading to abrupt ves-
sel occlusion. This, and the problem of late restenosis,
has been largely resolved with the routine implantation
of a stent. There is a risk of complications, including
emergency coronary artery bypass surgery, myocardial
infarction and stroke (due to thrombosis and plaque,
or haemorrhage) but these tend to be lower than for
coronary artery bypass surgery. More commonly, local
haematoma at the site of arterial puncture may occur.
Opverall mortality is approximately 0.5%.

Prognosis

Depending on the anatomy of the lesion, significant
restenosis occurs between 30 and 60% after balloon
angioplasty without stenting. Stent implants generally
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reduce this to approximately 15-20% and this has been
further reduced with drug-eluting stents. These slowly
release a drug (e.g. sirolimus) over 2—4 weeks to modify
the healing response.

Coronary artery bypass surgery

Surgery for coronary artery disease is useful in patients
with severe symptoms despite medical treatment. It has
also been shown to improve outcome in patients with
triple vessel disease or left main stem coronary artery
disease.

Cardiopulmonary bypass
In order to operate safely in a bloodless, immobile field
whilst maintaining an adequate circulation to the rest
of the body cardiopulmonary bypass is most commonly
used. A cannula is placed in the right atrium in order
to divert blood away from the heart. The blood is then
oxygenated by one of two methods:
® Bubble oxygenators work by bubbling 95% oxygen
through a column of blood.
® Membrane oxygenators work by bringing the blood
and oxygen together via a gas permeable membrane.
Bubbles are then removed by passing the blood through
asponge. The blood is then heated or cooled as required.
A roller pump compresses the tubing driving the blood
back into the systemic side of the circulation at an arte-
rial perfusion pressure of between 50 and 100 mmHg.
If the myocardium is to be opened, cross-clamping the
aorta gives a bloodless field; the heart is protected from
ischaemia by cooling to between 20 and 30°C. Systemic
cooling also lowers metabolic requirements of other or-
gans during surgery. Beating heart bypass grafting is now
possible using a mechanical device to stabilise the target
surface area of the heart, but access to the posterior sur-
face of the heart can be difficult.

Coronary artery surgery

The internal mammary artery is the graft of choice
as 50% of saphenous grafts become occluded within
10 years. The coronary arteries are opened distal to the
obstruction and the grafts are placed. If the saphenous
vein is used, its proximal end is sewn to the ascend-
ing aorta. The surgery takes approximately 1-2 hours.
Once the heart is reperfused, it rapidly regains activ-
ity. Ventricular fibrillation is deliberately induced during
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cardiopulmonary bypass to reduce heart movement and
avoid additional ischaemia and internal defibrillating
paddles are used to restore sinus rhythm.

Complications

Aspirin is usually continued for the procedure, but other
antiplatelet drugs such as clopidogrel are stopped up to
5 days in advance. During the procedure patients are
heparinised to prevent thrombosis. Antibiotic cover is
provided using a broad spectrum antibiotic to prevent
bacteraemia. Operative mortality depends on many fac-
tors including age and concomitant disease, it usually
varies from 1 to 5%. There is a similar, age-related risk
of stroke.

Prognosis
Approximately 90% of patients have no angina postop-
eratively, with almost all patients experiencing a signifi-
cant improvement. Over time symptoms may gradually
return due to progression of atheroma in the arteries or
occlusion of vein grafts. Less than half are symptom-free
at 10 years. Outcome is improved by risk factor modifi-
cation (stopping smoking, lowering high blood pressure,
treating hyperlipidaemia and diabetes effectively, etc).
Angioplasty or re-do coronary artery surgery may be
possible if medication is insufficient to control symp-
toms; however, repeat surgery has a higher mortality.
Angioplasty using stentimplantation is suitable for grafts
or native vessels.

Valve surgery

Valve surgery is used to treat stenosed or regurgitant

valves, which cause compromise of cardiac function.

Conservative surgery is performed whenever possible.

The aortic valve is not usually amenable to conservative

surgery and usually requires replacement if significantly

diseased. A stenosed mitral valve may be treated by fol-

lowing procedures:

® Percutaneous mitral balloon valvuloplasty in which a
balloon is used to separate the mitral valve leaflets.
This is now the preferred technique unless there is
coexisting mitral regurgitation.

® Closed valvotomy uses a dilator that is passed through
a left sub-mammary incision into the left atrial ap-
pendage.

® Open valvotomy and valve repair is performed under
cardiopulmonary bypass. The valve leaflets are sepa-
rated under direct vision. This is used for patients with
coexisting mitral regurgitation.

Valvular regurgitation when due to dilation of the valve

ring may be treated by sewing a rigid or semi-rigid

ring around the valve annulus to maintain size (annulo-

plasty). If regurgitation is due to areas of flail leaflets, e.g.

due to infective endocarditis or chordal rupture, part of

the leaflet may be resected or even repaired with a piece
of pericardium to restore valve competence.

Valve replacement: Using cardiopulmonary bypass the

diseased valve is excised and a replacement is sutured

into place. Valves may be divided into mechanical and
biological types:

e Early mechanical valves were ball and cage type such
as the Starr—Edwards valve. Current designs all have
some form of tilting disc such as the single disc Bjork—
Shiley valve or the double disc St Jude valve. They are
durable, but require lifelong anticoagulation therapy
to prevent thrombosis of the valve and risk of em-
bolism.

® Biological valves may be xenografts (from animals)
or homografts (cadaveric). Xenografts are made from
porcine valves or from pericardium mounted on a sup-
portive frame. They are treated with glutaraldehyde to
prevent rejection and are used to replace aortic or mi-
tral valves. They do not require anticoagulation unless
the patient is in atrial fibrillation but have a durabil-
ity of approximately 10 years. Valve failure may result
from leaflet shrinkage or weakening of the valve com-
petence causing regurgitation, or calcification causing
valve stenosis.

Valve replacements are prone to infective endocarditis,

which is difficult to treat (and may require removal of a

mechanical valve).

Valve replacement provides marked symptomatic re-
lief and improvement in survival. Operative mortality
is approximately 2%, but this is increased in patients
with ischaemic heart disease (when it is usually com-
bined with coronary artery bypass grafting), lung dis-
ease and the elderly. Perioperative complications include
haemorrhage and infection. Late complications include
haemolysis and valve failure. Arrhythmias also occur. All
prosthetic valves require antibiotic prophylaxis against
infective endocarditis during non-sterile procedures, e.g.
dental treatment, lower gastrointestinal or urogenital



procedures and they may also become infected from any
source of bacteraemia.

Permanent pacemakers

Cardiac pacemakers are used to maintain a regular
rhythm, by providing an electrical stimulus to the heart
through one or more electrodes that are passed to the
right atrium and/or ventricle.

Common indications for a permanent pacemaker:
e Complete heart block.
® Sick sinus syndrome with symptomatic bradycar-

dia.

Types of permanent pacemaker

There are several types of pacemaker, most pacemak-

ers are programmable through the skin by radio trans-

mission. Pacemakers may be single chamber, i.e. single

electrode usually to the right ventricle, or dual cham-

ber, i.e. one electrode to the right ventricle and one to

the right atrium. The descriptive code for the most com-

monly used pacemakers consists of up to four letters (see

Table 2.3).
Common types of pacemakers are as follows:

® VVI is a single chamber pacemaker that senses and
paces the ventricle. If it senses a beat, the paced beat
is Inhibited. It is often used in patients with atrial
fibrillation with AV block.

® DDD is a dual chamber pacemaker that is capable
of sensing and pacing both the atrium and ventricle.
It is used in complete heart block in the absence of
atrial fibrillation. It can sense if an atrial beat is not
followed by a ventricular beat (due to lack of AV node
conduction), in which case it will trigger a ventricular
beat. It can also trigger an atrial beat followed at a

Table 2.3 Descriptive codes for pacemakers
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suitable interval by a ventricular beat if the atrium
does not contract spontaneously.

Procedure

The pacemaker is inserted under local anaesthetic nor-
mally taking 45 minutes to 1 hour. A small diagonal
incision is made a few centimetres below the clavicle and
the electrodes are passed transvenously to the heart. The
pacemaker box is then attached to the leads and im-
planted subcutaneously. The procedure is covered with
antibiotics to reduce the risk of infection.

Complications

The procedure is generally low-risk. The most impor-
tant complications are pneumothorax due to the venous
access and surgical site infection. As long as aspirin and
anti-coagulants are stopped prior to the procedure, sig-
nificant haematoma or bleeding is unusual.

The pacemaker function is checked within 24 hours
of implantation. Annual follow-up is required to ensure
that the battery life is adequate and that there has not
been lead displacement. Patients are allowed to drive
after 1 month (current DVLA rules), i.e. after the 4-week
pacemaker check. Most pacemakers last 5-10 years.

In electromagnetic fields such as in airport security
most pacemakers are now programmed to go into a de-
fault pacing mode so as not to fail. Even so patients are
advised to avoid close proximity to strong electromag-
netic fields. MRI scanning is contraindicated and pace-
makers must be removed postmortem, if the patient is
to be cremated.

Echocardiography

Echocardiography essentially means ultrasonography of
the heart. It is a very useful, non-invasive method by
which the heart and surrounding structures can be

Code position

1 2 3 4
Category Paced chamber Sensed chamber Pacemaker response Program functions
V (Ventricle) V (Ventricle) T (Triggered) P (Programmable)
A (Atrium) A (Atrium) | (Inhibited) M (Multi-programmable)
D (Dual) D (Dual) D (Dual) 0 (none)
0 (none) R (Reverse) R (Rate responsive)
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imaged. It requires technical expertise to obtain images
and clinical expertise to interpret the results appropri-
ately. The following features are typically assessed:
® Anatomical features such as cardiac chamber size, my-
ocardial wall thickness and valve structure or lesions.
Ventricular aneurysms or defects such as atrial or ven-
tricular septal defects can be seen.
® Functional features including wall motion (any lo-
calised wall motion abnormality as well as a general
assessment of the overall contractility of the ventri-
cles, often measured as fractional shortening or ejec-
tion fraction) and valve motion. Doppler ultrasound
is used to measure the velocity of jets of blood, e.g. to
assess severity in valve stenosis.
® The aortic root may be examined for dilatation or
dissection.
® Pericardial fluid appears as an echo-free space between
the myocardium and the parietal pericardium.
® Mass lesions such as thrombus or tumour may be seen
within the heart.
The principles of echocardiography are the same as
those of ultrasound. A transducer is used to generate
ultrasound waves that are directed at the heart. When
a wave encounters an interface of differing echogenic-
ity, some of it is reflected and some absorbed. Any
reflected waves (echoes) that reach the transducer are
sensed and processed into an image. The time taken
for the wave to bounce back measures the distance of
the interface. Tissues or interfaces that reflect the waves
strongly such as bone/tissue or air/tissue will appear
very white (echogenic) and also prevent any tissues un-
derneath from being imaged well. Fluid is anechoic, so
appears black. The ribs and lungs limit the ability to visu-
alise the heart because they cast acoustic shadows. Tran-
soesophageal echocardiography (TOE) isa more invasive
method used when poor views are obtained on transtho-
racic echocardiography, or when more detailed views are
required particularly of structures near the oesophagus
such as the atria and great vessels, the mitral valve or
prosthetic valves. A transducer probe is mounted on the
tip of a flexible tube that is passed into the oesophagus.
The patient needs to be nil by mouth prior to the proce-
dure, local anaesthetic spray is used on the pharynx, and
intravenous sedation may be required for the procedure
to be tolerated.
There are three types of echocardiography: two di-
mensional, M-mode and Doppler.

Two dimensional is useful for evaluating the anatomical
features. Standard views are obtained.
® Left parasternal: With the transducer rotated appro-
priately through a window in the third or fourth inter-
costal space,long and short axis views can be obtained.
® Apical: This is a view upwards from the position of
the apex beat and gives a long axis view of the heart,
where all four chambers can be seen simultaneously.
M-mode is a way by which the motion of individual
structures along a narrow path can be carefully studied.
It is a one-dimensional view (depth) with time as the
second dimension on the image produced. Structures
that do not move appear as a horizontal line, whereas
structures that move, e.g. valves, are seen as zigzag lines,
which move in time with the cardiac cycle. The distances
between structures, or the thickness of structures, can
therefore be carefully measured at different times of the
cardiac cycle.
Doppler allows the analysis of the direction and velocity
of blood flow, and therefore is particularly useful in the
evaluation of valve lesions. It is used to calculate pressure
gradients, e.g. in aortic stenosis. It can also be used to
generate 2-D images with simultaneous imaging of flow
direction and velocity.
Common indications for echocardiography:
® Suspected valvular heart disease, including infective
endocarditis.
® Heart failure, to assess left ventricular function and
look for any valve lesions or regurgitation, and any
evidence of a cardiomyopathy.
® Postmyocardial infarction for suspected complica-
tions, such as ventricular septal rupture or papillary
muscle rupture. It will also identify areas of ischaemic
myocardium or previous myocardial infarction as ar-
eas of hypokinetic or akinetic myocardium, as well as
an overall assessment of left ventricular function.

Ischaemic heart disease

Ischaemic heart disease

Definition

In the normal heart there is a balance between the oxy-
gen supply and demand of the myocardium. A supply of
oxygen insufficient for the myocardial demand results



in ischaemia of the myocardial tissue. The predomi-
nant cause of cardiac ischaemia is reduction or inter-
ruption of coronary blood flow, which in turn is due to
atherosclerosis 4/ — thrombosis causing coronary artery
narrowing.

Incidence
Ischaemic heart disease results in 30% of all male deaths
and 23% of all female deaths in the Western world.

Age
Increases with age.

Sex
M>F

Geography
More common in the Western world where it is the com-
monest cause of death.

Aetiology/pathophysiology

Risk factors can be divided into those that are fixed and

those that are modifiable:

® Fixed: Age, sex, positive family history.

® Modifiable: Smoking (direct relationship to the num-
ber of cigarettes smoked), hypertension, diabetes mel-
litus, LDL and total cholesterol levels (HDL cholesterol
is protective).

Ischaemic heart disease is essentially synonymous with

coronary artery disease. Rarely cardiac ischaemia may re-

sult from hypotension (reduced perfusion pressure), se-

vere anaemia, carboxyhaemoglobinaemia or myocardial

hypertrophy.
Four main syndromes are associated with coronary

artery disease:

® Chronic stable angina results from the presence of
atherosclerotic plaques within the coronary arteries
reducing the vessel lumen and limiting the blood flow.
Symptoms are only present on exertion (see below).

® Acute coronary syndrome encompasses unstable
angina, non-ST elevation myocardial infarction and
acute myocardial infarction with ST elevation. It re-
sults from rupture of an atherosclerotic plaque and
subsequent thrombosis (see page 36).

® Variant/Prinzmetal’s angina (see page 40).

® [schaemic heart failure/cardiomyopathy, which may
occur without overt acute symptoms.
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Chronic stable angina

Definition
Chest pain occurring during periods of increased my-
ocardial work because of reduced coronary perfusion.

Incidence
Angina is common reflecting the incidence of ischaemic
heart disease.

Age
Incidence increases with age.

Sex
M > FE Premenopausal women are relatively protected.

Geography

Predominantly a disease of the Western world, but this
pattern is changing with the increasing affluence of the
developing world.

Aetiology

Angina is most commonly associated with atheroma, al-
though exertional chest pain can occur with other condi-
tions, such as aortic stenosis and hypertrophic cardiomy-
opathy. In ‘stable angina, pain is precipitated by physical
exertion, meals, cold weather and high emotion (anger,
excitement), and it is relieved by rest.

Pathophysiology
The pathology of stable angina is the presence of high-
grade stenosis of at least one coronary artery resulting
in a reduction of at least 50% of the lumen diameter
or 75% of the lumen area. The underlying mechanism
is atheroma, which affects large and medium-sized ar-
teries. The true pathogenesis of atheroma is not fully
understood but the following factors are thought to play
arole:

e Stage I: Damage to the endothelium of the arteries al-
lows the entry of cholesterol rich LDLs into the intima.
At this stage the cholesterol is extracellular.

e Stage II: Normally macrophages are unable to phago-
cytose cholesterol as they lack the required recep-
tor; however, once the LDLs are oxidised they are
taken up by macrophages by a receptor-independent
pathway. The resultant lipid-laden macrophages are
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termed foam cells, an accumulation of which causes a
visible pale bulge called a fatty streak.

Fatty streaks are often visible within the first year of life,

and these occur worldwide, evenin areas where atheroma

is uncommon. This suggests that the initiation of fatty

streak may not be due to the risk factors for atheroscle-

rosis.

® Stage III: The macrophages release lipid and cytokines
into the intima, resulting in the stimulation of intimal
cell proliferation. These cells secrete collagen and the
plaque becomes fibrotic. The result is a raised yellow
lipid plaque.

® Stage IV: The secreted collagen forms a dense fibrous
cap. The lesion, now termed a fibrolipid plaque, con-
tains free lipid as well as foam cells with an overlying
fragile endothelium.

Clinical features

The classical description of angina pectoris is of a heavy
chest pain, often described as like a tight band around
the chest. It may range from a mild dull ache or mild
chest tightness to a crushing, severe pain. It may radiate
to the jaw or arms (especially the left), sometimes it is
only in the jaw, neck, arm or hand. The nature of pain
and its severity do not necessarily indicate the severity of
disease. The pattern of pain is often more consistent. It is
brought on by exertion or emotion and relieved within
a few minutes of rest. A grading system exists based on
the level of activity provoking pain (see Table 2.4). It
is important to elicit whether there has recently been a
reduction in the exercise tolerance (crescendo angina),
or angina at rest (see section Acute Coronary Syndrome,
page 36).

Macroscopy
Atheroma tends to affect large and medium-sized arter-
ies and is confined to the systemic circulation. There are

Table 2.4 New York Heart Association classification
of angina

Grade | Pain as a result of strenuous physical activity
only

Grade Il Slight limitation of ordinary physical activity
(pain on walking up a hill)

Grade Il Marked limitation of ordinary activity (pain on
walking on the flat)

Grade IV Inability to carry on physical activity

four patterns of plaque depending on its position and
the ratio of the lipid pool to the fibrous cap:
Concentric fibrous: 48% of plaques
Eccentric fibrous: 12% of plaques
Concentric lipid rich: 28% of plaques
Eccentric lipid rich: 12% of plaques

The eccentric lipid rich plaques are the most likely
to ulcerate due to the markedly abnormal flow pattern
through the vessel and the relatively thin fibrous cap.

Microscopy

Plaquesarelocated in the intima of the arterial wall. They
consist of a pale lipid rich area and a pink stained fibrous
cap. They contain varying amounts of free lipid, collagen
and foam cells. Late in the evolution of a plaque the
underlying media becomes thinned by pressure atrophy.

Investigations

e The ECG is often normal, although there may be signs
of hypertrophy and old infarction.

® Exercise ECG can determine exercise tolerance and
usually shows ST depression or T wave changes in the
distribution of the lesion (see Fig. 2.4).

e Thallium-201 uptake scan may show areas of infarc-
tion and reversible ischaemia.

® Echocardiogram both during resting and under stress
(dobutamine) may show abnormal ventricular wall
function.

e Coronary angiography can be used but carries a small
morbidity and mortality risk.

® MRI angiography is non-invasive and may prove a
useful alternative.

Management
Acute attack: stop exercise, use glyceryl trinitrate (GTN)
sublingually.

General management includes identification and
treatment of any exacerbating cause such as anaemia
or thyrotoxicosis. Risk factor modification is crucial, in
particular stopping smoking, treatment of hypertension,
improving diabetic control and lowering cholesterol.

Medical management: aspirin or other antiplatelet
agents such as clopidogrel reduce the risk of myocar-
dial infarction. HMGCoA reductase inhibitors (statins),
which lower cholesterol, are effective for primary
and secondary prevention of myocardial infarction.
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Figure 2.4 Exercise test. The figure shows a cardiac cycle from each lead taken at rest (left) and during exercise (right). In this
example exercise results in widespread ST depression (ischaemic changes) in the inferior (I, lll, aVF) and anterolateral chest leads

(V2-V6).

Symptomatic treatment may involve one or a combi-

nation of the following:

® [-blockers reduce the oxygen demand of the heart by
reducing the heart rate and the force of ventricular
contraction. They are particularly useful after a my-
ocardial infarction to reduce the risk of a subsequent
cardiac event.

® Longactingnitrates (oral or transcutaneous) are coro-
nary artery dilators and are useful in patients who re-
spond to sublingual GTN.

® Calcium channel blockers such as diltiazem and am-
lodipine reduce coronary artery tone. Diltiazem and
verapamil also reduce the heart rate and the force of
ventricular contraction resulting in a decreased my-
ocardial oxygen demand. They should be used with

care in conjunction with 8-blockers or in patients with
heart failure.

® Potassium channel openers such as nicorandil are
third line agents.

If symptoms cannot be controlled by medication, the

main choices for coronary intervention are between

coronary angioplasty (see page 28) and coronary artery

bypass surgery (see page 29).

® Coronary artery bypass grafting is indicated where it
may improve prognosis or when symptoms persist to
an extent that interferes with normal life despite med-
ical treatment. In patients with triple vessel disease or
left main stem coronary artery disease, surgery im-
proves outcome. Operative mortality depends on sev-
eral factors including age and concomitant disease.
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® Percutaneous transluminal coronary angioplasty
(PTCA) is carried out under local anaesthetic. A bal-
loon is inflated in the coronary artery to reduce the
stenosis.

Prognosis

Prognosis is dependent on severity of disease, number of
coronary arteries affected, left ventricular function and
coexistent disease such as diabetes mellitus, peripheral
vascular disease, hypertension and renal impairment.

Acute coronary syndrome

Definition

Acute coronary syndrome (ACS) encompasses ischaemic

cardiac chest pain of recent origin. It includes the follow-

ing:

® Unstable angina describes clinical states between sta-
ble angina and acute myocardial infarction. Unstable
angina is considered to be present in patients with is-
chaemic chest pain and symptoms suggestive of ACS
without elevation of markers of cardiac damage. It in-
cludes angina at rest lasting more than 20 minutes,
crescendo angina and angina occurring more than 24
hours after an acute myocardial infarction.

® Non-ST elevation myocardial infarction (previously
known as non-Q wave MI) differs primarily in that
the myocardial ischaemia is severe enough to cause
myocardial damage sufficient to produce a detectable
rise in markers of cardiac damage (troponins and cre-
atine kinase).

® An acute, evolving or recent myocardial infarction is
defined as a rise and fall of biochemical markers of
myocardial damage (e.g. troponin or CK-MB) with at
least one of the following:
- Ischaemic symptoms.
- Development of pathologic Q waves on the ECG.
- ECG changes indicative of ischaemia (ST segment

elevation or depression).

- Following coronary artery intervention (e.g. angio-

plasty).

Pathophysiology

As with stable angina, the underlying pathological lesion
istheatheromatous plaque. In ACS there is fissuring of an
atheromatous plaque, which initiates thrombosis with a

subsequent risk of total occlusion of the vessel. Eccentric
plaques with a lipid-rich morphology are at greatest risk
of fissuring. Over the course of minutes, hours or days
the plaque may fissure, thrombose over and reseal sev-
eral times, causing recurrent episodes of pain at rest or
markedly reduced exercise tolerance. Depending on the
severity and duration of occlusion, the vessel affected and
the presence of any collateral blood supply, this process
may result in unstable angina, NSTEMI or myocardial
infarction with ST elevation.

Clinical features

Patients present with severe ischaemic chest pain, which
is identical to that of angina pectoris (central crushing
chest pain, radiating to jaw and leftarm) but occurs at rest
or is provoked more easily, persists for longer and often
fails to respond to medical treatment. Patients require
emergency assessment and investigation to allow rapid
thrombolytic therapy for those with an acute myocardial
infarction with ST elevation. It is essential to identify
risk factors for and previous history of ischaemic heart
disease (see page 33).

Investigations

The initial emergency investigation is a 12-lead ECG.
If there is ST segment elevation or new left bundle
branch block, the diagnosis is acute myocardial infarc-
tion (STEMLI, see page 37). If there is no ST segment ele-
vation, the patient may have unstable angina or NSTEMI
(see below).

Unstable angina and non-ST elevation
myocardial infarction (NSTEMI)

Definition
Acute coronary syndrome without ST elevation (see
above).

Incidence
120,000 cases in England and Wales per annum.

Clinical features
Patients present with the acute ischaemic chest pain of
ACS.



Investigations

® Serial ECGs are essential to exclude the development
of an acute myocardial infarction (ST segment ele-
vation or new left bundle branch block). In non-ST
elevation ACS, the ECG may be normal or show ST
depression and/or T wave changes corresponding to
the area of the lesion. There may also be signs of
hypertrophy or previous infarction (Q waves). The
evolution of ECG changes is also useful for prognostic
information and planning of management. Additional
ECGs should also be performed during subsequent
episodes of chest pain.

® Twelve hours after the onset of chest pain, a troponin
T or I level should be checked. If this is raised, this is
diagnostic of a NSTEMLI. If the level is normal patients
are defined as having unstable angina.

Management
Once diagnosed with non-ST elevation ACS, all patients
should be commenced on aspirin and subcutaneous
low-molecular-weight heparin. Coexisting arrhythmias
should be treated and oxygen given as appropriate. Con-
tinuing chest pain is treated with intravenous glyceryl
trinitrate infusion. Patients should be commenced on
a B-blocker (unless contraindicated) and an oral ni-
trate once the intravenous infusion is not required. In
patients with contraindications to S-blockers, a non-
dihydropyridine calcium channel antagonist, e.g. dilti-
azem should be used.

Patients can be stratified as to acute ischaemic
risk depending on symptoms and investigations (see
Table 2.5).

Table 2.5 Risk stratification of unstable angina
and NSTEMI

Low risk Clinically stable, normal ECG, negative
12-hour troponin

Intermediate Recurrent symptoms without new ECG
risk changes or persistence of previous

abnormal ECG

High risk Raised 12-hour troponin level without ST
elevation or new Q waves
Highest risk Refractory or recurrent symptoms with

ischaemic ECG changes

Ischaemia with haemodynamic
compromise or arrhythmia. Elevated
troponin with recurrent ECG changes
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® Low-risk patients should be discharged with an elec-
tive exercise/stress test pre- or post-discharge.

® Intermediate-risk patients should have an inpatient
stress or exercise test. If this shows reversible ischaemia
angiography and revascularisation should be consid-
ered.

® High-risk patients may benefit from a glycoprotein
IIb/IMla inhibitor (which prevents platelet aggrega-
tion) together with unfractionated intravenous hep-
arin in place of low-molecular-weight heparin. They
should undergo inpatient angiography and revascu-
larisation as appropriate.

® Very high risk patients should be given a glycoprotein
IIb/IMIa inhibitor together with unfractionated intra-
venous heparin in place of low-molecular-weight hep-
arin and where possible undergo emergency angiog-
raphy with revascularisation unless contraindicated.

Prognosis

Unless aggressively treated, approximately 10% of pa-
tients (excluding those with a normal ECG) will proceed
to myocardial infarction or death within 1 month.

Acute myocardial infarction (STEMI)

Definition

Myocardial infarction (MI) is death of myocardial tissue
asan end stage to ischaemia. An acute, evolving or recent
myocardial is diagnosed by a rise and fall of biochemical
markers of myocardial damage (e.g. troponin or CK-
MB) with at least one of the following:

® Ischaemic symptoms.

® Development of pathologic Q waves on the ECG.

® ECG changes indicative of ischaemia (ST segment el-
evation or depression).

Following coronary artery intervention (e.g. angio-
plasty).

Incidence
240,000 cases per year in England and Wales.

Aetiology

Myocardial infarction almost always occurs in patients
with atherosclerosis of the coronary arteries (see page
33).
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Table 2.6 Patterns of acute myocardial infarction

Artery occluded Pattern of infarction

Right coronary artery Inferior Ml (and posterior M, if
the circumflex artery is small)
Left anterior descending Anteroseptal Ml
(LAD)
Left circumflex artery Posterior MI (sometimes inferior,
if the right coronary artery
is small)

Left main stem Extensive anterolateral Ml

Pathophysiology

Acute myocardial infarction is caused by the occlusion
of a coronary artery, usually as the result of rupture of
an atherosclerotic plaque with subsequent development
of thrombus. The myocardium supplied by that artery
initially becomes ischaemic and if the occlusion does
not resolve leads to infarction. Myocardial infarctions
occur more commonly in the early morning possibly
due to increased coronary artery tone, increased platelet
aggregatability and decreased fibrinolytic activity. The
extent and distribution of the infarct is dependent on the
coronary artery affected, but also on individual variation
due to variable anatomy and presence of collaterals (see
Table 2.6).

Clinical features

Patients typically present with central crushing chest
pain worse than stable angina, radiating to the jaw and
arms (especially the left), which occurs at rest and lasts
for some hours. It may provoke fear of imminent death
(angor animi), but it may be less severe or even asymp-
tomatic (especially diabetics, hypertensives and in the
elderly). It is often associated with restlessness, breath-
lessness, sweating, nausea and vomiting. Signs may in-
clude pallor, sweating, hypotension, tachycardia, raised
venous pressure and bibasal crepitations.

Macroscopy/microscopy

In the infarct-related artery, there is nearly always evi-

dence of plaque rupture/erosion and thrombotic occlu-

sion. In the infarct zone a sequence of changes occurs:

® 0-12hours: Not visible macroscopically, thereisloss of
oxidative enzymes shown with nitroblue tetrazolium
(NBT) stain.

® 12-24 hours: Infarcted area appears pale with inter-
cellular oedema.

® 24-72 hours: Cellular inflammation visible.

® Weeks to months: White scar tissue develops through
the process of repair.

Immediate complications
Sudden death, one third of patients who suffer an MI die
within the first hour, most before admission to hospital.

Early complications (1 day to 2 weeks)

® Cardiac arrhythmias: Particularly ventricular fibrilla-
tion and ventricular tachycardia. If the atrioventricu-
lar node is involved bradyarrhythmias are common,
although any arrhythmia is possible.

® Left ventricular failure is common with very large ar-
eas of infarction, which cause contractile dysfunction.
Cardiogenic shock may result from low cardiac output
due to extensive myocardial damage, rupture of the
ventricular septum or papillary muscle leading to mi-
tral regurgitation. The latter present with worsening
refractory heart failure and a loud pansystolic mur-
mur. If left untreated this has a very poor prognosis,
and early surgical correction should be considered.

® Ventricular wall rupture usually occurs 2-10 days af-
ter a large transmural infarct. A haemopericardium
develops due to exsanguination into the pericardial
cavity resulting in tamponade and rapid death. This
complication tends to affect older hypertensive pa-
tients, females more than males and the left ventricle
more than the right.

® Thrombosis may occur on the inflamed endocardium
over the infarction with resulting risk of embolism.

Long-term complications

® Recurrentischaemia or myocardial infarction may oc-
cur due to thrombus formation within the same or
other coronary arteries.

® Impaired left ventricular function leading to chronic
cardiac failure.

® Ventricular aneurysms may form as the collagen scar
that replaces the infarcted tissue formation does not
contract and is non-elastic. Ventricular aneurysms are
frequently complicated by thrombus formation but
embolism is rare. They may worsen cardiac failure.

® Dressler’s syndrome is a form of autoimmune-medi-
ated pericarditis and pericardial effusion associated



Table 2.7 Distribution of ECG abnormalities in
myocardial infarction

Infarct site Leads Artery
Anteroseptal V1-V3 Septal
Anterior V2-V5 LAD
Anterolateral V1-V6, |, aVL Left main stem
Lateral I, 11, avL Diagonal (branch
of LAD)
Inferior II, ll, aVF Right or
circumflex
Posterior V1, V2 (reciprocal Circumflex

i.e. ST depression)

with a high ESR; anti-inflammatory and steroid ther-
apy may be necessary. It occurs 1-4 weeks after an
infarction and presents with fever, chest pain and a
pericardial rub on auscultation.

Investigations
ECG: The earliest change seen is ST segment elevation,
the T wave then becomes inverted. The development of
persistent Q waves usually denotes a more substantial in-
farct. The site of ischaemia and which artery is affected
may be deduced from the site of ECG changes (see Ta-
ble 2.7).
Biochemical markers of myocardial damage (see
Fig. 2.5):
® Cardiac troponin is highly sensitive and specific; it
is released early and persists for 7-10 days. It is also
raised in NSTEMI (see page 36). It is now available as
a bedside test.

+ Myoglobin

Cardiac troponin

Serum levels

~ee

0 1 2 3 4 5 6 7 8
Days after onset of acute Ml

Figure 2.5 Biochemical markers of myocardial damage.
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Creatine kinase peaks within 24 hours; it is also pro-
duced by skeletal muscle and brain. CKMB is an isoen-
zyme that is specific for myocardial damage.
Myoglobin levels rise within 2-3 hours of muscle in-
jury, reach their highest levels by about 8-12 hours
and fall back to normal by about 1 day.

Management

Oral aspirin (300 mg) should be given as quickly as
possible, followed by lifelong low-dose daily aspirin.
The pain of a myocardial infarction should be con-
trolled using diamorphine (with metoclopramide or
cyclizine as an antiemetic).

High flow oxygen should be given unless contraindi-
cated.

Thrombolytic therapy is routinely given as soon as
possible after confirmation of the diagnosis and usu-
ally up to 12 hours after the onset of symptoms. Strep-
tokinase is used in most patients. Recombinant tissue
plasminogen activator (tPA) is used in young patients
(<50 years), patients with anterior myocardial infarc-
tion, hypotension or in patients previously exposed
to streptokinase. Contraindications to thrombolysis
must be excluded, e.g. pregnancy, recent surgery, ac-
tive bleeding or uncontrolled hypertension. Intra-
venous heparin is given in conjunction with all forms
of tPA.

B-blockers reduce myocardial demand and may limit
the extent of infarction if given early; however, they can
increase the risk of cardiac failure and hypotension.
These should be given to all patients without evidence
of heart failure unless contraindicated.

ACE inhibitors should be given to patients following
infarction, even without evidence of cardiac failure.
They reduce mortality, reduce the number who de-
velop cardiac failure and slow progression of the in-
farct, by improving the remodelling of myocardium
postinfarct. Therapy is usually commenced the fol-
lowing day.

Post-MI all patients should be commenced on a statin
lipid lowering drug.

Diabetic patients should be treated with an intra-
venous insulin sliding scale to ensure good glycaemic
control, avoiding hypo- and hyperglycaemia. All di-
abetic patients should be treated with subcutaneous
insulin for 3 months after discharge rather than oral
agents.
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® New developments include pre-hospital diagnosis and
thrombolysis by trained paramedics. Primary percu-
taneous coronary intervention (i.e. angioplasty and
stenting) has been shown to achieve lower mortality
and earlier discharge following myocardial infarction.

It is of particular value in patients with contraindica-

tions to thrombolysis. It is not currently available in

most hospitals in the United Kingdom. Glycoprotein

IIb/IMIa inhibitors are currently under evaluation.
Full mobilisation should be achieved after about 3 days
and discharge at 5 days, if there are no complications.
Risk factors for coronary disease should be identified and
modified where possible (stop smoking, lower serum
cholesterol, control hypertension, diabetics should be
treated with insulin for 3 months). All patients should
be offered rehabilitation for physical and psychological
preparation for return to normal activities. The patient
may return to work after 2-3 months, depending on the
type of work. Car driving is not permitted for 4 weeks and
HGV and public service licences are withdrawn pending
evaluation.

If symptoms recur post-MI, or exercise tolerance test-
ing shows continued myocardial ischaemia patients may
be referred for angiography with a view to angioplasty
or coronary artery bypass grafting.

Prognosis

50% 30-day mortality; 25% die before reaching hospital.
Of those who leave hospital alive, 15-25% die within the
first year. Subsequent mortality is highly dependent on
age and comorbidity.

Variant/Prinzmetal’s angina

Definition
Angina of no obvious provocation not as a direct result
of atheroma.

Aetiology/pathophysiology

Caused by spasm of a coronary artery most often without
atheroma or in association with a mild eccentric lesion.
The reason for spasm occurring is unknown.

Clinical features

Pain is usually more severe and more prolonged than
classical angina occurring at rest particularly in the early
morning.

Complications

Arrhythmias may occur in the ischaemic episode (usually
heart block and ventricular tachycardia), and very rarely
the ischaemia may result in myocardial infarction.

Investigations
ECG shows characteristic ST elevation during an attack.

Management

e Nitrates and calcium antagonists are useful as pro-
phylaxis and as acute treatment. S-blockers tend to in-
crease coronary tone and hence exacerbate the angina.
It may be necessary to treat the arrhythmias provoked
by the spasm.

e Surgical treatment is rarely necessary or possible.

Prognosis
The prognosis in patients with angina without underly-
ing heart or metabolic disease is very good.

Rheumatic fever and
valve disease

Rheumatic fever

Definition
Recurrent inflammatory disease affecting the heart; it
occurs following a streptococcal infection.

Incidence
1 in 100,000 United Kingdom/United States population
per year; incidence has declined over the last 100 years.

Age
First attack usually 5-15 years.

Sex
M=F

Geography
Common in Middle and Far East, South America and
Central Africa, declining in the West.

Aetiology
Cell-mediated autoimmune reaction following a pha-
ryngeal infection with B-haemolytic streptococcus of



Lancefield group A (Streptococcus pyogenes). Risk fac-
tors for streptococcal infection include poverty and over-
crowded conditions, the reduction of which, together
with the increased use of antibiotics, may well explain
the decline in developed countries.

Pathophysiology

It appears that antistreptococcal antibodies crossre-

act with antigens in connective tissues, particularly of

endothelial-lined tissues such as blood vessels, endo-

cardium, pericardium and synovial membranes. All

three layers of the heart may be affected (pancarditis);

the characteristic lesion is the Aschoff’s nodule (see in

section Microscopy below).

® Pericarditis: Nodules are seen within the pericardium
associated with an inflammatory pericardial effusion.

® Myocarditis: Nodules develop within the myocardium
associated with inflammation. This may result in de-
creased myocardial function and left ventricular fail-
ure.

® Endocarditis: Nodules may form anywhere on the
endocardium, but tend to cause more damage and
erosion when they occur within the heart valves as
vegetations. These may result in an acute disturbance
of valve function.

Recurrent attacks may occur over many years.

Clinical features

There may be a history of pharyngitis in up to 50% of

patients. The diagnosis is made on two or more major

manifestations or one major plus two or more minor
manifestations (Duckett Jones criteria).

Major manifestations may be remembered as PACES:

® Pancarditis presents with new or changed cardiac
murmurs (due to endocarditis) and the ECG changes
of myocarditis and pericarditis. A pericardial friction
rub may be audible due to pericarditis.

e Arthritis affecting multiple large joints that ranges in
severity from mild aches to severe non-destructive
arthritis, which may occur sequentially in different
joints (flitting arthritis).

® Chorea (Sydenham’s chorea) is characterised by jerky
non-repetitive movements associated with reduced
muscle tone. Postpuberty this manifestation is con-
fined to females.

e Erythema marginatum is an erythematous rash com-
posed of red, well-circumscribed lesions with a pale
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centre over the trunk and limbs, which appear and
disappear over a matter of hours.
® Subcutaneous painless nodules may be palpated over
the extensor surfaces, tendons, joints and bony promi-
nences.
Minor manifestations: pyrexia, raised ESR/CRP, arth-
ralgia, previous rheumatic fever, long PR interval on
ECG and aleucocytosis. Non-specific symptoms include
malaise and loss of appetite.
Evidence of a preceding streptococcal infection such as
positive throat culture, elevated antistreptolysin O titre
or other streptococcal antibodies is suggestive.

Macroscopy

Fibrinous vegetations form on the edges of the valve
leaflets with associated oedema. Valve leaflets may fuse
and scar, particularly affecting the mitral and aortic
valves.

Microscopy

Aschoff’s nodules are granulomatous lesions composed
of a necrotic core of degenerated collagen surrounded
initially by macrophages and lymphocytes. Over time
these cellsare replaced by histiocytes, which may be mult-
inucleated. Nodules heal by scarring.

Complications

More than 50% of patients with acute rheumatic cardi-
tis will develop chronic rheumatic valve disease 10-20
years later, particularly mitral and aortic stenosis. These
may be complicated by atrial fibrillation, heart failure,
infective endocarditis and mural thrombus formation.

Investigations

® Cultures of blood and tissues are sterile by the time
rheumatic fever manifests, but throat swabs may be
positive and there may be serological evidence (raised
antistreptolysin O titre or other antistreptococcal an-
tibodies).

® Non-specific indicators of inflammation, such as a
raised ESR and leucocytosis.

® ECG shows prolonged PR interval and non-specific
T wave changes. Pericarditis may initially result in
widespread ST elevation, concave upwards. After a few
days ST returns to the isoelectric point and there is T
wave inversion.
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® Echocardiography is used to examine the function of
the cardiac valves and may be helpful in diagnosing
pancarditis.

Management

® Patients with a clinical diagnosis of rheumatic fever
should be treated with benzylpenicillin regardless of
culture results.

® Pain, fever and inflammation are treated with high-
dose aspirin. Carditis may be treated with a course of
high-dose corticosteroids.

® Patients may require treatment for heart failure (see
page 63) and chorea may respond to haloperidol.

® Following recovery patients should receive prophy-
lactic penicillin for at least 5 years after the last at-
tack or until the age of 20 years, whichever is the
later.

Prognosis

Although symptomatic improvement occurs with treat-
ment, therapy does not appear to prevent subsequent
valve damage.

Mitral regurgitation

Definition
Flow of blood from the left ventricle to the left atrium
during systole through an incompetent mitral valve.

Aetiology

In developing countries rheumatic disease accounts for

the majority of cases of mitral regurgitation, often ac-

companied by mitral stenosis as a form of mixed mitral

disease. In developed countries other causes predomi-

nate:

® Prolapsing mitral valve.

® Myocardial infarction may lead to papillary muscle
dysfunction or rupture.

® Any disease that causes dilation of the left ventricle,
such as dilated cardiomyopathy. Congestive heart fail-
ure may also cause mitral regurgitation due to down-
ward displacement of the papillary muscle. This leads
to a failure of the valve cusps to meet and regurgita-
tion ranging in severity according to the degree of left
ventricular enlargement.

e Infective endocarditis may cause destruction of the
valve cusps.
e Idiopathic rupture of chordae tendinae.

Pathophysiology

In acute mitral regurgitation, retrograde blood flow from
the left ventricle into the left atrium causes the left atrial
pressure to increase. There is an increase in the pul-
monary venous pressure and there may be pulmonary
oedema. In longstanding mitral regurgitation there is a
gradual enlargement of the left atrium. This allows the
increased volume of atrial blood to be compensated for
without a rise in the atrial pressure. The left ventricu-
lar stroke volume increases due to volume overload and
over time this results in left ventricular hypertrophy.

Clinical features

Acute mitral regurgitation (e.g. following rupture of the
chordae or papillary muscle dysfunction) presents with
acute left-sided heart failure and pulmonary oedema. In
most cases mitral regurgitation is chronic and is asymp-
tomatic for many years. Patients may present with pal-
pitations or symptoms of left ventricular failure (dysp-
noea, orthopnoea, paroxysmal nocturnal dyspnoea). On
examination the pulse is normal volume, but may be ir-
regular due to atrial fibrillation. The apex is thrusting
and becomes displaced downward and laterally. On aus-
cultation the first heart sound is soft due to incomplete
apposition of the valve cusps and there is a pansystolic
murmur best heard at the apex radiating to the axilla.
There may be a prominent third heart sound due to the
sudden rush of blood back into the dilated left ventricle
in early diastole.

Complications

Patients develop left ventricular failure due to chronic
volume overload. Atrial fibrillation is common due
to atrial dilation, with an increased risk of throm-
boembolism. Other complications include pulmonary
oedema and infective endocarditis.

Investigations

® The chest X-ray shows cardiomegaly due to left atrial
and left ventricular enlargement. Valve calcification
may be seen in cases due to rheumatic fever. There
may be evidence of pulmonary oedema.



® ECG is initially normal, but may show left atrial delay
(bifid P waves, p mitrale), left ventricular hypertrophy
or atrial fibrillation.

® Echocardiography is diagnostic allowing demonstra-
tion and quantification of the retrograde blood flow.
The clinical effect of the valve lesion is however best
assessed by measurement of the left ventricular dimen-
sions (an end systolic dimension of over 5 cm indicates
ventricular decompensation).

Management

® Mild mitral regurgitation in the absence of symptoms
is managed conservatively, more severe disease with
evidence of progressive cardiac enlargement is treated
surgically. Valve repair is increasingly the operation
of choice, but valve replacement may be required for
severely diseased valves. Papillary muscle dysfunction
and chordal rupture may require emergency valve re-
placement.

® Patients not undergoing surgery may require treat-
ment of any complications such as cardiac failure or
atrial fibrillation.

® Prophylaxis against infective endocarditis is required.

Mitral valve prolase

Definition

Prolapsing mitral valve is a condition in which the valve
cusps prolapse into the left atrium during systole. It is
also known as floppy mitral valve. A particular form of
prolapse may result from myxomatous degeneration of
the leaflets named Barlow’s syndrome.

Incidence

Echocardiography reveals prolapsing mitral valve in 5%
of the normal population; however, not all are clinically
significant, especially in the absence of any mitral in-
competence.

Age
Young adulthood.

Sex
F>M
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Aetiology

Often there is no obvious underlying cause. Associated
with Marfan’s syndrome, thyrotoxicosis, rheumatic or
ischaemic heart disease. There is also a familial element.
It is thought to be due to progressive stretching of the
valve leaflets.

Pathophysiology

The normal anatomy of the mitral valve prevents pro-
lapse thus one or more anomalies must be present: ex-
cessively large mitral valve leaflets, an enlarged mitral
annulus, abnormally long chordae or disordered pap-
illary muscle contraction. During systole one of the
valve leaflets (usually the posterior) balloons up into
the atrium. In some cases this causes retraction at the
normal point of contact of the valve cusps and hence
mitral regurgitation. The condition does not often cause
significant regurgitation.

Clinical features

Most patients are asymptomatic but some complain of
left submammary stabbing chest pain. On auscultation
there may be a mid-systolic click, with a late systolic
(or occasionally pansystolic) murmur if regurgitation
occurs.

Complications

Rupture of one of the chordae may occur leading to se-
vere acute valve regurgitation. Arrhythmias including
supraventricular tachycardia and complex ventricular
ectopy may occur. There is an increased risk of throm-
boembolism and infective endocarditis.

Investigations

® ECG may be normal or show minor ST abnormalities.

® Echocardiography shows the mid-systolic bulging of
the valve leaflets.

Management

B-blockers are used in patients with chest pain or palpi-
tations. Patients with mitral valve regurgitation require
prophylaxis against infective endocarditis. Patients with
coexisting atrial fibrillation should be anticoagulated.
Rarely severe cases may require valve repair or replace-
ment.
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Mitral stenosis

Definition
An abnormal narrowing of the mitral valve.

Incidence
Declining in the Western world due to the decline of
rheumatic fever.

Sex
2F: 1M

Aetiology

Almost all mitral stenosisis secondary to rheumatic heart
disease; it is also the most common valve to be affected
by rheumatic fever. All other causes are rare, but include
rheumatoid arthritis, systemic lupus erythematosus and
congenital valve narrowing.

Pathophysiology

The pathological process of rheumatic fever results in
fibrous scarring and fusion of the valve cusps with cal-
cium deposition. The valve becomes stiff, failing to open
fully. When the normal opening of 5 cm? is reduced to 1
cm? the mitral stenosis is severe. The pressure within the
left atrium rises and left atrial hypertrophy occurs. As a
consequence of this the pressure in the pulmonary circu-
lation rises and eventually right atrial pressure will rise
leading to right-sided heart failure. The cardiac output
falls with little increase possible on exertion.

Clinical features

The condition is asymptomatic until the valve is nar-
rowed by around 50%. The initial symptoms are due
to pulmonary venous hypertension and the resultant
oedema, with dyspnoea, orthopnoea and paroxysmal
nocturnal dyspnoea. Atrial arrhythmias are common
and may cause palpatations. A cough productive of
frothy, blood-tinged sputum may occur (frank haemopt-
ysisisrare). Progression leads to symptoms of right-sided
heart failure (weakness, fatigue and peripheral oedema).
On examination the patient may have mitral facies (bi-
lateral, dusky cyanotic discoloration of the face). In se-
vere mitral stenosis atrial fibrillation is very common.
The apex beat is tapping in nature due to a palpable first
heart sound.

On auscultation there is a loud S; as the mitral valve
only closes when the ventricle contracts. There is an
opening snap after S, caused by the stiff mitral valve,
followed by a mid to late diastolic rumbling murmur
due to turbulent flow through the stenosed valve. If the
patient is in sinus rhythm there is a pre-systolic increase
in the volume of the murmur due to increased flow dur-
ing atrial contraction. Pulmonary hypertension may re-
sult in pulmonary regurgitation with an early-diastolic
murmur (Graham-Steell murmur).

Complications

Complications are frequent:

e Atrial fibrillation (AF) due to atrial dilation and hy-
pertrophy.

® Risk of stroke or systemic embolisation with mitral
stenosis and AF is high.

® Pulmonary hypertension and right-sided heart fail-
ure.

o Ifthestiff valvealso fails to close properly, mixed mitral
stenosis and regurgitation.

Investigations

® Chest X-ray shows selective enlargement of the left
atrium (bulge on the left heart border). Calcification
within the mitral valve may be visible and there may
be signs of pulmonary hypertension and oedema.

® Insinus rhythm, the ECG may show a bifid P wave due
to delayed left atrial activation; however, atrial fibril-
lation is common. Signs of right ventricular hyper-
trophy such as right axis deviation, right ventricular
hypertrophy or right bundle branch block may also be
seen.

® Echocardiography is diagnostic showing the narrow-
ing and immobility of the valve. Doppler studies can
assess the degree of stenosis and any concomitant mi-
tral regurgitation. If there is tricuspid regurgitation
pulmonary pressures can also be calculated.

® Cardiac catheterisation is used if Doppler is inconclu-
sive and to assess for coronary artery disease if valve
replacement is contemplated.

Management

The course of mitral stenosis is gradual with interven-
tion based on symptomatology. Associated atrial fibrilla-
tion is treated with digoxin and anticoagulation. Cardiac
failure may also require treatment. Prophylaxis against



infective endocarditis is required. Patients with refrac-
tory pulmonary venous congestion or pulmonary hy-
pertension are treated surgically by conservative surgery
or valve replacement (see page 30).

Aortic regurgitation

Definition
Retrograde blood flow through the aortic valve from the
aorta into the left ventricle during diastole.

Aetiology/pathophysiology

Aortic regurgitation is caused by incompetence of the

valve in diastole, allowing blood to leak back into the left

ventricle. This may result from:

® Inability of the valve cusps to close properly due to
thickening, shrinkage, perforation or a tear in the
cusp. Causes include rheumatic heart disease (now
rare in the United Kingdom), infective endocarditis
occurring on a previously damaged or bicuspid aor-
tic valve, and various arthritides such as Reiter’s syn-
drome, ankylosing spondylitis or rheumatoid arthri-
tis.

® Significant dilation of the aortic annulus such that the
cusps are separated at the edges. Causes include se-
vere hypertension, dissecting aneurysm and Marfan’s
syndrome.

As aresult of the volume overload, the left ventricle grad-

ually enlarges and the ejection fraction is increased (Star-

ling’s mechanism). It is only when volume overload is

excessive and chronic that the left ventricle fails. The

first sign of this decompensation is a reduction in the

ejection fraction, leading to an increased end systolic

volume. There is also reduced coronary artery perfusion

with associated increased risk of myocardial ischaemia.

Clinical features

Aortic regurgitation is asymptomatic until left ventricu-
lar failure develops. Patients usually present with dysp-
noea, a pounding heart beat and angina. On examination
there is a large volume pulse, which is collapsing in char-
acter (see page 27). The blood pressure has a wide pulse
pressure (high systolic and low diastolic pressure). The
apex is displaced laterally and downwards and is heaving
in nature. Various signs of the high-velocity blood flow
have been described but are rare.
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On auscultation there is a high pitched early diastolic
murmur running from the aortic component of the sec-
ond heart sound. There may be an accompanying mid-
systolic ejection murmur due to volume overload. An
Austin Flint murmur may also be heard. This is a mid-
diastolic rumbling murmur due to back flow of blood
during diastole causing a partial closure of the mitral
valve.

Investigations

® Chest X-ray shows an enlarged left ventricle and pos-
sibly dilation of the ascending aorta.

® ECG may show signs of progressive left ventricular
hypertrophy.

® Echocardiogram is diagnostic demonstrating abnor-
mal valve movement. Doppler studies demonstrate
and quantify the regurgitation. The best way to mon-
itor the clinical effect of the valve lesion is to measure
the left ventricular dimension. An end systolic dimen-
sion of over 5 cm indicates decompensation.

Management

® Any underlying causes such as infective endocardi-
tis should be treated. Antibiotic prophylaxis against
infective endocarditis should be administered when
appropriate.

e Symptomatic relief can be given by treatment of any
associated heart failure.

® Refractory symptoms with evidence of increasing
heart size or diminishing left ventricular function are
indications for surgical intervention usually by valve
replacement.

Prognosis
Mild or moderate aortic regurgitation has a relatively
good prognosis and thus surgical intervention is not
required. However, it is important to perform surgical
correction before irreversible left ventricular failure
develops.

Aortic stenosis

Definition
Aortic stenosis is a pathological narrowing of the aortic
valve.
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Aetiology

® Congenital bicuspid aortic valves can initially open
with little obstruction. There is however turbulent
flow across these valves, which become thickened and
calcified. Severe stenosis may develop over a period of
20-30 years.

® Congenital aortic valve narrowing leads to presenta-
tion in infancy or childhood.

® Rheumatic fever results in progressive cusp adherence,
thickening and calcification. It is often associated with
aortic incompetence and mitral valve disease.

® Sclerotic aortic stenosis is due to degenerative changes
in the cusps seen in the elderly. It may lead to thicken-
ing and calcification of the aortic valve, which is often
mild and asymptomatic.

Pathophysiology

The outflow of the left ventricle is obstructed causing
the pressure within the left ventricle to rise. This pres-
sure overload results in left ventricular hypertrophy and
a relative ischaemia of the myocardium with associ-
ated angina. As the stenosis becomes more severe, re-
duced coronary artery perfusion exacerbates myocardial
ischaemia even if the coronary arteries are normal. Im-
paired left ventricular emptying is most apparent dur-
ing times of increased cardiac demand such as exercise.
Ischaemia and hypertrophy of the left ventricle may lead
to arrhythmias and left ventricular failure.

Clinical features

Patients are asymptomatic until there is severe steno-
sis when they present with exercise-induced syncope,
angina or dyspnoea. Sudden cardiac death may also oc-
cur. Late symptoms include orthopnoea and paroxysmal
nocturnal dyspnoea.

On examination the pulse is low volume and slow ris-
ing (see page 27). On palpation there may be an aortic
systolic thrill felt in the right second intercostal space.
The apex is slow and thrusting in nature but not dis-
placed. On auscultation there may be a systolic ejection
click, followed by a mid-systolic ejection murmur heard
best in the right second intercostal space and radiating
to carotids. The murmur is best heard with the patient
leaning forward with breath held in expiration.

Investigations
® Chest X-ray may show a post-stenotic dilation of the
ascending aorta and left ventricular hypertrophy.

® ECG shows left ventricular strain or hypertrophy re-
lated to the degree of stenosis.

® Echocardiography is diagnostic, often showing cusp
thickening and calcification. Doppler studies quantify
the degree of stenosis and can measure left ventricular
function.

® Cardiac catheterisation can demonstrate the pressure
difference between the left ventricle and aorta, and
is required to examine the coronary arteries prior to
surgery.

Management

® Treatment includes management of angina and car-
diac failure. Vasodilators such as nitrates must be
avoided in severe aortic stenosis as they can cause syn-
cope due to a fall in systolic blood pressure. ACE in-
hibitors are also relatively contraindicated. B-blockers
are often the drug of choice.

® Severe stenosis (pressure gradient over 60 mmHg) or
symptomatic stenosis are indications for surgery (see
page 30). Operative mortality is approximately 2%,
but this is increased if coronary artery bypass is also
required. Balloon valvuloplasty may be used in pa-
tients unfit for surgery or to improve cardiac function
prior to surgery.

Prognosis
When symptomatic, death occurs within a few years
without surgical intervention.

Pulmonary stenosis

Definition
Narrowing of the pulmonary valve, resulting in pressure
overload of the right ventricle.

Aetiology

This is almost invariably a congenital lesion either as an
isolated lesion or as part of the tetralogy of Fallot. Rarely
itmaybe an acquired lesion secondary to rheumatic fever
or the carcinoid syndrome.

Pathophysiology

The obstruction to right ventricular emptying results
in right ventricular hypertrophy and hence decreased
ventricular compliance, which leads to right atrial
hypertrophy. If severe, the condition leads to right



ventricular failure, often with accompanying regurgita-
tion of the tricuspid valve and signs of right-sided heart
failure.

Clinical features

Severe pulmonary obstruction leads to right-sided heart
failure in the first few weeks of life. Patients with mild
pulmonary stenosis are asymptomatic (diagnosed inci-
dentally from the presence of a murmur or the presence
of right ventricular hypertrophy on the ECG). Patients
may have non-specific symptoms such as fatigue or dysp-
noea. Syncope is a sign of critical stenosis, which requires
urgent treatment.

On examination a large ‘@’ wave may be seen in the
JVP (see page 27). Auscultation reveals a click and harsh
mid-systolic ejection murmur heard best on inspiration
in the left second intercostal space often associated with
a thrill. A left parasternal heave may also be felt due to
right ventricular hypertrophy.

Investigations

® Chest X-ray may show a prominent pulmonary artery
due to post-stenotic dilation.

e ECG may reveal right ventricular strain or hypertro-
phy indicating the degree of stenosis.

® FEchocardiography is used to examine and quantify
the flow across the stenosed valve. It is also essential to
identify any associated cardiaclesions such as tetralogy
of Fallot. Assessment of right ventricular function is
essential.

® Cardiac catheterisation may be used to assess the level
and degree of the stenosis.

Management

Mild stenosis does not require treatment. In more severe
cases intervention is required before decompensation of
the right ventricle occurs. Balloon dilatation has more or
less replaced the need for surgery except in the context
of more complex congenital heart disease.

Tricuspid regurgitation

Definition
Retrograde blood flow from the right ventricle to the
right atrium during systole.
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Aetiology

Tricuspid regurgitation can be divided into functional,

i.e. secondary to dilation of the right ventricle, and or-

ganic tricuspid regurgitation:

® Functional tricuspid regurgitation occurs with cor
pulmonale, right-sided myocardial infarction or pul-
monary hypertension.

® Organic tricuspid regurgitation occurs with rheuma-
tic mitral valve disease, infective endocarditis and the
carcinoid syndrome. Infective endocarditis affecting
the tricuspid valve is seen particularly in intravenous
drug abusers. Ebstein’s anomaly is a congenital dys-
plasia of the tricuspid valve with abnormal valve
cusps and a downward malpositioning of the valve.

Pathophysiology

Regurgitation of blood into the right atrium during sys-
tole results in high right atrial pressures and hence right
atrial hypertrophy and dilatation. Volume overload re-
sults in an initial increase in right ventricular stroke vol-
ume (Starling’s mechanism) until decompensation oc-
curs, after which there is a reduction in cardiac output
and signs of right-sided heart failure.

Clinical features

Patients may present with symptoms and signs of right-
sided heart failure such as ankle oedema, fatigue and
ascites. On examination a prominent V (systolic) wave
may be seen in the JVP (see page 27) and a pulsatile
enlarged liver may be palpable. A right ventricular heave
may be feltat the left sternal edge. On auscultation there is
a pansystolic murmur, which unlike mitral regurgitation
is accentuated by inspiration heard best at the left lower
sternal edge.

Complications

Atrial fibrillation is very common. In the chronic un-
treated patient there can be hepatic cirrhosis from the
pressure effect on the liver.

Investigations

The chest X-ray may show right atrial and ventricular
enlargement. Echocardiography is diagnostic and is also
essential to assess right ventricular function.

Management
Functional tricuspid regurgitation usually resolves with
management of heart failure. Severe organic tricuspid
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regurgitation or refractory functional regurgitation may
require operative repair (or rarely replacement).

Cardiac arrhythmias

A cardiac arrhythmia is a disturbance of the nor-
mal rhythm of the heart. Many arrhythmias are
asymptomatic unless myocardial function is compro-
mised. Normal sinus rhythm is not exactly regular as
there are fluctuations in autonomic tone with respi-
ration. On inspiration the parasympathetic tone falls
and the heart rate increases, conversely on expiration
parasympathetic tone rises and the heart rate decreases.
This variation is normal and is referred to as sinus
arrhythmia.

Cardiac arrhythmias can be classified according to
whether they are bradycardias (<60 bpm) or tachycar-
dias (>100 bpm).

Bradycardias may be due to disorders of the sinus node
or the atrioventricular (AV) node:
® Sinus bradycardia and sinus node disease (also called

sick sinus syndrome).

o Atrioventricular block where the atria may be acting
normally, but the AV node does not conduct the im-
pulses normally to the ventricles.

Tachycardias are also subdivided according to their

origin:

® Sinus tachycardia.

® Supraventricular tachycardia including atrial or junc-
tional (AV nodal) tachycardias.

® Ventricular tachyarrhythmias such as ventricular
tachycardia and ventricular fibrillation are often sec-
ondary to ischaemic myocardial damage. Torsades de
pointes is a distinctive type of ventricular tachycardia
associated with a long Q-T interval with a character-
istic ECG (see page 55).

A useful clinical division is between narrow com-
plex tachycardias, which are due to supraventricular
(atrial or junctional) tachycardias, and broad complex
tachycardias, which are most often ventricular in ori-
gin. However, in patients with bundle branch block
and in cases where the rapid rate of supraventricu-
lar tachycardias causes transient bundle branch block,
broad complex tachycardias can be supraventricular in
origin.

Sinus nodal arrhythmias

Sinus bradycardia

Definition
A sinus rate of less than 60 bpm.

Aetiology

e Itis a normal finding in athletes.

® Sinus node damage, e.g. myocardial infarction or de-
generation in old age.

e Hypothermia, hypothyroidism.

® Drug therapy, e.g. 8-blockers (including eye drops) or
anti-arrhythmic drugs.

® Raised intra-cranial pressure due to increased vagal
discharge.

e Severe cholestatic jaundice due to deposition of biliru-
bin in the conducting system.

Pathophysiology

The cardiac output is a function of not only the heart
rate but also the stroke volume and hence in mild cases of
sinus bradycardia there is no compromise of the cardiac
output as a result of increased stroke volume.

Clinical features

Most patients are asymptomatic but occasionally post-
MI or in the elderly, cardiac failure or hypotension may
arise, as the stroke volume is unable to maintain cardiac
output. If bradycardia is episodic and severe, syncope
may occur.

Investigations

Sinus bradycardia is diagnosed on ECG. Investigations
of causes include temperature, thyroid function tests and
liver function tests if the patient is jaundiced.

Management

Most cases do not require treatment other than with-
drawal of drugs or treatment of any underlying cause.
In acute symptomatic sinus bradycardia intravenous at-
ropine may be required. Chronic symptomatic brady-
cardia may require a permanent cardiac pacemaker.



Sinus tachycardia

Definition
Sinus rate above 100 bpm.

Aetiology/pathophysiology

Sinus tachycardia is a physiological response to main-
tain tissue perfusion and oxygenation. Causes include
exercise, fever, anaemia, hypovolaemia, hypoxia, heart
failure, hyperthyroidism, pulmonary embolism, drugs
and emotion.

Clinical features
Palpitations with an associated rapid, regular pulse rate.
Features of any underlying cause often predominate.

Investigations

The ECG confirms sinus rhythm and demonstrates the
tachycardia. Appropriate investigations of the underly-
ing cause may be required.

Management
Treatment is aimed at the underlying cause. 8-blockers
can slow the rate, but this is rarely of clinical benefit.

Sinus node disease

Definition

Sinus node disease or sick sinus syndrome is a tachy-
cardia/bradycardia resulting from damage to the sinus
node.

Aetiology/pathophysiology

Sinus node disease is relatively common in the elderly
dueto ischaemia, infarction or degeneration of the sinus
node. The condition is characterised by prolonged in-
tervals between consecutive P waves (sinus arrest) and
periods of sinus bradycardia. Pauses in the sinus rhythm
may allow tachycardias (typically atrial fibrillation) from
other foci to emerge. This combination of fast and slow
supraventricular rhythms is known as tachy-brady syn-
drome.

Clinical features
Tachycardia may cause palpitations, and long pauses may
cause dizziness and syncope. On examination the pulse

Chapter 2: Cardiac arrhythmias 49

rate may be regular, bradycardic, tachycardic or variable
with pauses. Carotid sinus massage typically leads to a
sudden and sometimes prolonged sinus pause. It should
therefore only be attempted where there is monitoring
and resuscitation equipment.

Complications

The most important complication is cardiac syncope, as
in other forms of bradycardia. It may develop associated
AV nodal block and Increased risk of thromboembolism.

Investigations

The diagnosis is usually made with a 24-hour ECG.
Twelve-lead ECG may show evidence of underlying is-
chaemia or previous myocardial infarction.

Management

Permanent pacing is required for symptomatic patients.
In addition anti-arrhythmic drugs may be required to
control any tachycardia. Patients require anticoagulation
to reduce the risk of thromboembolism.

Atrial arrhythmias

Atrial ectopic beats

Definition
Atrial ectopic beats include extrasystoles and premature
beats.

Aetiology

Atrial ectopics are common in normal individuals. All
cardiac cells have intrinsic pacemaker ability. They grad-
ually depolarise until a threshold is reached at which
point rapid depolarisation occurs and a cardiac action
potential is fired. This is most rapid in the sinoatrial
node, the normal pacemaker of the heart. If in a single
or group of cells the gradual depolarisation is more rapid
than usual, or if the voltage threshold for rapid depolar-
isation is reduced they may stimulate a cardiac depolari-
sation resulting in an ectopic beat. This process is termed
enhanced automaticity. Common causes are electrolyte
abnormalities, alcohol or nicotine excess, anaemia, med-
ications such as B-agonists, and hypoxaemia.
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Pathophysiology

As the depolarisation of the heart arises from within the
atria, the QRS complex of the ECG is preceded by a P
wave which may be of different configuration as atrial de-
polarisation has a different origin to normal. The QRS
complex is the same as normal because the depolarisa-
tion of the ventricles begins from the AV node.

Clinical features

Patients are often asymptomatic but may complain of
an irregular or thumping heartbeat. The patient may
complain of a skipped beat, as there is a compensatory
pause after an extrasystole.

Investigations

ECG shows early, abnormal P waves followed by a nor-
mal QRS complex and a compensatory pause. Ectopic P
waves are often best seen in lead V1.

Management

Atrial ectopic beats do not require treatment, although
underlying causes of increased automaticity should be
identified and managed. If atrial ectopic beats are fre-
quent they may progress to other atrial arrhythmias.

Atrial flutter

Definition
Atrial flutter is a rapid atrial rate between 280 and 350
bpm, most commonly 300 bpm.

Aetiology

Atrial flutter is almost always a complication of my-
ocardial disease such as ischaemic, hypertensive and
rheumatic heart disease, cardiomyopathies, myocarditis
and constrictive pericarditis. It may be caused by thyro-
toxicosis.

Pathophysiology

Normally once a cardiac cell has been depolarised it is
refractory to re-stimulation for a short period. This pre-
vents waves of cardiac depolarisation flowing in a retro-
grade direction. If, however, the conduction through the
myocardium is slow (usually due to myocardial damage),
adjacent cells may have recovered from their refractory
period allowing restimulation and hence the formation

of arecurrent cycle of depolarisation or circus movement
(also termed re-entry).

In atrial flutter the circuit is single and has a character-
isticlocation in the right atrium involving an area close to
the entrance of the vena cavae. This relatively fixed phys-
ical characteristic explains the typical ECG appearance
and consistent cycle length between individual patients.

Whilst the atrial rate is between 280 and 350 beats, the
normal atrioventricular delay in the AV node limits the
ventricular rate. This usually produces a 2:1, 3:1 or 4:1
atrioventricular block.

Clinical features

Atrial flutter presents with palpitations, dizziness, syn-
cope or cardiac failure. It may occur persistently or in
episodes (paroxysmal atrial flutter) that last minutes or
hours to days. The pulse rate is dependent on the de-
gree to which the AV node blocks the rate but is most
commonly around 150 bpm (2:1 block). Massage of the
carotid sinus causes a transient increase in block with
consequent slowing of the ventricular rate.

Investigations

Atrial flutter produces a characteristic regular sawtooth
‘flutter’ waves at a rate of 300 bpm seen best in lead V1.
If there is 2:1 block, the QRS complexes often obscure
the flutter waves, but carotid sinus massage should reveal
them (see Fig. 2.6).

Management

DC cardioversion is the best treatment to restore si-
nus rhythm rapidly. Drug treatment is used to control
the ventricular rate, prevent recurrence and may occa-
sionally restore sinus rhythm. Following electrophysio-
logical assessment, recurrence may be prevented by ra-
diofrequency ablation of atrial flutter circuits. Digoxin
increases AV block and reduces the ventricular rate,
amiodorone may restore sinus rhythm and reduce the
frequency of paroxysms.

Atrial fibrillation

Definition
Atrial fibrillation is a quivering of atrial myocardium
resulting from disordered electrical and muscle activity.
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Figure 2.6 ECG in atrial flutter showing flutter waves revealed by carotid sinus massage.

Incidence
Common

Age
Increases with age: 1% in people aged 60 years and 5%
over 70 years.

Sex
M>F

Aetiology

Causes may be divided into cardiac and systemic. Lone

atrial fibrillation is when no structural or organic cause

can be found.

® Cardiac: Atrial enlargement is a common mecha-
nism for the onset of atrial fibrillation. Various car-
diac and systemic conditions cause a chronic rise in
atrial pressure and in time lead to atrial enlargement,
e.g. ischaemic, hypertensive and rheumatic heart dis-
ease, mitral valve disease, cardiomyopathies and pul-
monary disease.

® Systemic causes include thyrotoxicosis, alcohol and
acute infections especially pneumonia.

Pathophysiology

Atrial fibrillation is the result of multiple re-entrant cir-
cuits in the atria (see above). Since each of these nu-
merous circuits have different cycle times, the result is a
constant train of irregular impulses of various amplitude
reaching the AV node, resulting in a very irregular ven-
tricular response. The AV node blocks some of the trans-
missions, but an irregularly irregular pulse of between
100 and 160 per minute usually results. Atrial fibrilla-
tion may be paroxysmal with attacks lasting minutes to
hours. Symptoms may arise if there is a high ventricular

rate, in the elderly who depend on atrial function to
achieve sufficient ventricular filling, or if there is associ-
ated significant cardiac damage. Abnormal atrial blood
flow predisposes to thromboembolism.

Clinical features

Atrial fibrillation is often asymptomatic. Patients may
present with palpitations, acute cardiac failure or the
gradual onset of increasing shortness of breath. On ex-
amination there is an irregularly irregular pulse with
varying pulse volume. There is also loss of the ‘@’ wave of
the JVP.

Investigations

® ECG shows fine irregular oscillations of the base line,
with a QRS totally irregular in timing normally at a
rate of between 100 and 160 bpm (see Fig. 2.7).

e Thyroid function tests should be performed in all pa-
tients. In acute atrial fibrillation, underlying ischaemia
such as a recent myocardial infarction or unstable
angina should be excluded.

Management

® Restoration of sinus rhythm may be achieved with syn-
chronised DC cardioversion or by use of amiodarone
or other drugs. DC cardioversion has a high relapse
rate. The longer the atrial fibrillation has been present,
the less the likelihood of restoring sinus rhythm.

® Maintenance of sinus rhythm may be achieved with
anti-arrhythmic drugs, but long-term use of amio-
darone has significant side effects. Digoxin does not
prevent recurrence.

e Control of the ventricular rate is achieved with drugs
such as digoxin, calcium channel blockers and/or -
blockers.



52 Chapter 2: Cardiovascular system

0 R LA B i
v v v ¥ v 2 v v S v 'S "4 ¥
Rhythm strip

(I

Figure 2.7 ECG in atrial fibrillation showing irregularly irregular QRS complexes and fine oscillations in the baseline.

® Warfarin anticoagulation is used in patients over the
age of 65 years and in those at increased risk of
thromboembolism including presence of hyperten-
sion, valve disease and left ventricular dysfunction.
In younger patients without other risk factors aspirin
may be used as an alternative. Anticoagulation is also
indicated for at least 1 month preceding and post-DC
cardioversion.

Junctional arrhythmias

Junctional tachycardia

Definition

Tachycardia with the source being at or involving the AV
node (also called AV nodal tachycardias) usually with
rates 140-220 bpm.

Aetiology/pathophysiology

The majority of junctional tachycardias are due to re-

entry circuits.

® These may be confined to the AV node (AV nodal re-
entry tachycardia — AVNRT). The abnormal AV node
consists of both slow and fast conducting pathways.
Usually there is a slow anterograde pathway from atria
to ventricles and a fast retrograde pathway back to the
atria, which forms the re-entry circuit. The ECG dur-
ing normal sinus rhythm is unremarkable. The re-
entrant circuit is concealed as it slow, close to the
node and does not interfere with normal AV node
activity.

® Alternatively there may be an aberrant conduction
pathway at a distance from the AV node (AV re-entry
tachycardia AVRT). The most well-recognised condi-

tion of tachycardia due to aberrant pathway is Wolff—
Parkinson—White syndrome (see page 53). The AV
node acts as a fast or slow anterograde pathway and
the accessory pathway conducts back to the atria to
form the re-entry circuit.
Junctional tachycardias may occur spontaneously or may
be triggered by exertion, tobacco, coffee or alcohol.
They last for minutes to hours or rarely days. The fre-
quency of occurrence is very variable even in a single
individual.

Clinical features

The characteristic clinical picture is of sudden onset of
palpitations sometimes accompanied by chest pain, dys-
pnoea and polyuria due to high circulating levels of atrial
naturetic peptide. During an attack the pulse is between
140 and 220 bpm, and in severe cases, the rapid rate
impairs cardiac filling and may result in hypotension.

Investigations/management

® During a paroxysm patients require a 12-lead ECG
and continuous ECG monitoring. Normal rapid reg-
ular QRS complexes are seen. In AV nodal tachycardia
P waves are usually hidden within the QRS complex. If
the retrograde pathway is slow with delayed atrial con-
traction, inverted P waves appear between complexes.
Carotid sinus massage or bolus injection of adenosine
may produce an immediate cessation of the arrhyth-
mia. In contrast, atrial tachycardia and atrial flutter
will produce only transient slowing of the ventricular
rate due to the increase in AV node block.

® Between paroxysms diagnosis is often difficult. Exer-
cise testing, 24-hour Holter monitors or patient acti-
vated recorders may be useful.



® Prophylaxis involves identification and avoidance
of trigger factors where possible. Pharmacological
prophylaxis may be achieved using anti-arrhythmic
drugs (e.g. flecainide). Radiofrequency ablation of
the AV node or accessory pathway is being increas-
ingly used as an effective method to prevent recur-
rence.

Wolff-Parkinson-White syndrome

Definition

Congenital predisposition to recurrent supraventricular
tachycardia due to the presence of an extra accessory
pathway between the atria and the ventricles.

Aetiology

Abnormal connection between atrium and ventricle (e.g.
bundle of Kent) that allows quick conduction from the
atria to the ventricles bypassing the AV node. Half of
patients have a tachycardia either due to re-entry or atrial
fibrillation.

Pathophysiology

Normally the fast conduction through the bundle of Kent
allows the adjacent area of ventricle to be rapidly depo-
larised (preexcitation), whilst the remainder of the ven-
tricle is depolarised by the normal route. However, the
two pathways may form a re-entry circuit with the fast
accessory pathway causing a retrograde stimulation of
the atria and hence the AV node. The result is a form of
paroxysmal supraventricular tachycardia.

Clinical features
In sinus rhythm Wolff-Parkinson—-White syndrome is
asymptomatic. Patients may experience paroxysms of
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palpitations sometimes accompanied by chest pain and
dyspnoea, which may last minutes, hours or days.

Investigations

® During sinus rhythm the rapid conduction through
the accessory pathway causes a short PR interval
(<0.12 seconds) and a wide QRS complex beginning
with a slurred part known as a § wave (see Fig. 2.8).

® During a tachycardic episode, the conduction enters
the ventricle through the AV node thus the PR interval
and QRS morphology return to normal. Retrograde
excitation of the atria causes abnormal P waves fol-
lowing the QRS complex.

Complications

Sudden cardiac death may rarely occur if atrial fibrilla-
tion occurs. This leads to ventricular fibrillation because
the accessory pathway can conduct rapid impulses with-
out the usual blocking effect of the AV node, leading to
sudden death.

Management

® Re-entrant tachycardias are treated with drugs that
block retrograde conduction through the accessory
pathway, e.g. disopyramide, propanolol or amio-
darone. Verapamil and digoxin are contraindicated as
they accelerate anterograde conduction through the
accessory pathway.

e Symptomatic patients should be offered a specialist
evaluation for radioablation of the accessory pathway.

Prognosis
With age the pathway may fibrose and so some patients
‘grow out of” the condition.

o Vyav

-
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Figure 2.8 Resting ECG in Wolff-Parkinson-White syndrome.



54 Chapter 2: Cardiovascular system

Ventricular arrhythmias

Ventricular ectopic beats

Definition

A ventricular ectopic/extrasystole/premature beat is an
extra myocardial depolarisation triggered by a focus in
the ventricle.

Aetiology/pathophysiology

Ventricular ectopics are not uncommon in normal indi-
viduals and increase in incidence with advancing age.
Common causes include ischaemic heart disease and
hypertension. Ectopic beats may arise due to any of
the mechanisms of arrhythmias, such as a re-entry cir-
cuit or due to enhanced automaticity (which may occur
with electrolyte abnormalities, alcohol or nicotine ex-
cess, anaemia, medications such as B agonists or hypox-
aemia). When ventricular ectopic beats occur regularly
after each sinus beat, it is termed bigeminy, which is fre-
quently due to digoxin.

Clinical features

Patients are usually asymptomatic but may feel uncom-
fortable or beaware of an irregular heart or missed beats.
On examination the pulse may be irregular if ectopics
are frequent.

Investigations

® ECG showsbroadbizarre QRS complexes without pre-
ceding P, followed by an inverted T wave and then a
pause before the next sinus beat (see Fig. 2.9).

® Echocardiography and exercise testing may be used
to look for underlying structural or ischaemic heart
disease.

Management

Ventricular ectopic beats do not require treatment al-
though any underlying cause should be identified and
managed.

Prognosis

Ventricular ectopics worsen the prognosis in patients
with underlying ischaemic heart disease but there is no
evidence that anti-arrhythmic drugs improve this.

Ventricular tachycardia

Definition
Tachycardia of ventricular origin at a rate of 120-220
bpm.

Aetiology

Ventricular tachycardia is normally associated with un-
derlying coronary, ischaemic or hypertensive heart dis-
ease, or cardiomyopathies.

Pathophysiology

The underlying mechanism is thought to be enhanced
automaticity, leading to re-entry circuit as in other tachy-
cardias. In ventricular tachycardia there is a small (or
sometimes large) group of ischaemic or electrically non-
homogeneous cells, typically resulting from an acute my-
ocardial infarction.

Clinical features

The condition is episodic with attacks usually lasting
minutes. Patients may experience palpitations, short-
ness of breath, chest pain and if there is a resultant

Sinus heat Pause

Rhythm strip

(1 Ectopic beat

Figure 2.9 Ventricular ectopic beat.



compromise of cardiac output overt cardiac failure or
loss of consciousness may occur. The presenting pic-
ture is dependent on the rapidity of the tachycardia and
the function of the left ventricle, as well as general con-
dition of the patient (e.g. hypovolaemia, anaemia, is-
chaemic heart disease, etc). On examination during an
acute episode the rapid regular pulse is felt and as the
atria are dissociated from the ventricles they may con-
tract against a closed AV valve resulting in cannon ‘@’
waves in the JVP. Carotid sinus massage may help to
distinguish ventricular tachycardia, which does not re-
spond, from supraventricular tachycardia with bundle
branch block, which may respond.

Investigations

The ECG shows a broad complex tachycardia, AV disso-
ciation (independent P wave activity). Low serum potas-
sium or magnesium may predispose to arrhythmias, so
levels should be checked.

Complications
Cardiac arrest due to pulseless ventricular tachycardia or
ventricular fibrillation. Pulmonary oedema or syncope
may also occur.

Management

® Any underlying electrolyte disturbance should be
identified and managed.

o [f the patient has low cardiac output and is hypoten-
sive, intravenous amiodarone or emergency synchro-
nised DC cardioversion is used.

® Anti-arrhythmic drugs such as amiodarone and 8-
blockers often in combination with other drugs are
used to prevent further episodes. Implantable car-
dioverter defibrillators, which automatically detect VT
and VF and terminate the arrhythmia with overdrive
pacing or DC shock, may be used.

® Patients require treatment of any underlying condi-
tion such as ischaemic heart disease.

® Pulseless VT is treated as per cardiac arrest with ba-
sic and advanced life support. Early defibrillation is
needed to restore sinus rhythm.

Prognosis
Recurrent VT has a worse prognosis, particularly in the
context of myocardial infarction.
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Torsades de pointes

Definition

Torsades de pointes or ‘twisting of the points’ is a con-
dition in which there is episodic tachycardia and a pro-
longed Q-T interval when in sinus rhythm.

Aetiology

Itarises when ventricular repolarisation is prolonged due
to congenital cause, hypokalaemia, hypocalcaemia, anti-
arrhythmic drugs, tricyclic antidepressants or bradycar-
dia from the sick sinus syndrome. It may also occur in
overdose of drugs that prolong the Q-T interval.

Pathophysiology

It is thought that the long Q-T interval allows adjacent
cells, which are repolarising at slightly different rates,
to trigger one another in a knock-on effect. The Q-T
interval is prolonged by biochemical abnormalities and
drugs, and is also prolonged in bradycardic states.

Clinical features
It typically recurs in frequent short attacks, causing pre-
syncope, syncope or heart failure.

Investigations

Repetitive bursts of rapid regular, polymorphic, QRS
complexes, the axis of which undergoes cyclical change.
During periods of sinus rhythm a prolonged Q-T inter-
val is seen.

Complications
The major risk of torsades de pointes is progression to
ventricular fibrillation.

Management

Any underlying cause should be identified and corrected.
Overdrive pacing at 90-100 bpm may terminate the ar-
rhythmia and is the best method for preventing recur-
rences, alternatively an infusion of isoprenaline may be
used. If cardiac output is compromised synchronised DC
cardioversion is used.
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Ventricular fibrillation

Definition
Chaotic electromechanical activity of the ventricles caus-
ing a loss of cardiac output.

Incidence
The most common cause of sudden death and the most
common primary arrhythmia in cardiac arrest.

Aetiology

May occur de novo, as a sequelae to a myocardial infarc-
tion, post-electrocution or as a result of other arrhyth-
mias or drug overdose including digoxin and adrenaline.
It may be preceded by another arrhythmia such as tor-
sades de pointes or develop in the context of complete
heart block. Hypokalaemia and hypomagnesaemia may
also result in ventricular fibrillation.

Pathophysiology

The underlying electrical activity consists of multiple ec-
topic foci and small re-entry circuits with resulting un-
coordinated contractions such that cardiac ventricular
filling and cardiac output fall to zero.

Clinical features

The clinical picture is of cardiac arrest with loss of ar-
terial pulsation, loss of consciousness and cessation of
breathing.

Investigations

ECG shows the chaotic rhythm with ventricular com-
plexes of varying amplitude, rate and form distinguish-
ing it from pulseless electrical activity and asystole (the
other causes of cardiac arrest).

Management

® FEarly defibrillation is the most important treatment,
as the longer it is delayed the less likely reversion to
sinus rhythm is possible. Cardiopulmonary resuscita-
tion should be initiated to maintain organ perfusion
until defibrillation can be given.

® Prevention of recurrent of ventricular fibrillation is
with antiarrhythmics usually amiodarone.

® Increasingly automatic implantable cardiac defibrilla-
tors (AICDs) are implanted to prevent sudden death.
The most common indication is for ‘failed sudden

death’ where a subject is fortunate to survive such an
event. It is now customary to use these in patients
known to have a high risk of sudden cardiac death.

Conduction disturbances

Atrioventricular block

Atrioventricular or heart block describes an alteration
in the normal pattern of transmission of action poten-
tials between the atria and the ventricles. The normal
function of the AV node is to delay the transmission of
action potentials and hence protect the ventricles from
transmission of atrial rates fast enough to impair cardiac
filling. Block at the AV node may result in (see Fig. 2.10)
® a prolongation of the time required for transmission
(first degree block).
e intermittent failure of transmission (second degree
block).
e complete failure of transmission (third-degree heart
block).

First degree atrioventricular block

Definition

Atrioventricular block describes an alteration in the
transmission of action potentials between the atria and
the ventricles. First degree block is a prolongation of the
time required for AV transmission.

Aetiology

First degree block occurs occasionally in normal indi-
viduals but may follow rheumatic fever, ischaemic heart
disease or digoxin toxicity. In the young it is often caused
by high vagal tone. First degree block may progress onto
other forms of heart block.

Clinical features
First degree atrioventricular block is asymptomatic.

Investigations

® ECG shows a prolongation of the PR interval >0.2
seconds (one large square on a standard ECG) with
QRS complexes following every P wave (see Fig. 2.11).

® Digoxin level in patients on digoxin to exclude
overdose.
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Alteration in atrioventricular
conduction

Prolonged AV transmission
time, no dropped beats

Occasional dropped beat

No atrioventricular electrical
transmission

Progressive increase in PR
interval prior to dropped
beat

Prolonged PR
interval

Occasional dropped beat
with no progressive PR
lengthening

P waves dissociated
from QRS complex

Second degree heart block

First degree heart block Mobitz | Wenckebach

Second degree heart block

Mobitz Ii Third degree heart block

Figure 2.10 Atrioventricular block.

Management
No treatment is required.

Second degree atrioventricular
block — Mobitz type |
(Wenckebach phenomenon)

Definition

Second degree atrioventricular block is intermittent fail-
ure of AV transmission. In Mobitz type I (Wenckebach
phenomenon) the missed beat is preceded by a progres-
sive lengthening of the PR interval.

Aetiology

Occurs most commonly in association with underlying
acute coronary pathology such as post-MI. Wenckebach
phenomenon may result from digoxin, verapamil or

B-blocker overdose and a benign form exists in the young
and athletes due to high vagal tone.

Pathophysiology

Thessite of pathology of Mobitz type I is the AV node itself
(in contrast to Mobitz II where infra nodal pathology
is thought to be the cause). Complete AV block may
develop, when a ventricular escape rhythm must occur
for cardiac output to be maintained.

Clinical features
Patients are usually asymptomatic; however, an irregular
pulse is detected on examination.

Investigations

The ECG reveals the progressive lengthening of the PR
interval until a beat is missed after which the PR interval
returns to normal and the cycle recurs (see Fig. 2.12).

Rhythm strip Long PR

Figure 2.11 First degree atrioventricular block.
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Figure 2.12 Second degree atrioventricular block — Mobitz type | (Wenckebach Phenomenon).

Complications

With the exception of cases occurring in the young and
athletes, Wenckebach carries similar risks to Mobitz II
with increased risk of ventricular bradycardia and sud-
den death. The greatest risk is at time of progression
from second to third degree block as the ventricular es-
cape rhythm is most unreliable at this time.

Management

® Post-MI atropine may be used intravenously to reduce
AV block and increase ventricular rate. Cardiac pacing
may be required either as a temporary measure or
permanently in persistent cases.

® Other symptomatic patients should be paced perma-
nently.

Second degree atrioventricular
block — Mobitz type Il

Definition

In Mobitz type II second degree atrioventricular block
there is intermittent failure of AV transmission with a
normal PR interval.

Incidence
Rare, less common than Mobitz type I.

Aetiology

Second degree block occurs most commonly in associa-
tion with underlying acute coronary pathology such as
post-MI.

Pathophysiology

The site of pathology of Mobitz type II is low in the
conducting system — infra nodal in the His—Purkinje
system.

Clinical features
A low ventricular rate may result in symptoms and signs
of heart failure or may be asymptomatic.

Investigations

The ECG shows regular P waves with a normal PR in-
terval, with missed beats not preceded by increasing PR
interval. Most commonly every third or fourth atrial
beat fails to conduct to the ventricle. In 2:1 block it is not
possible to categorise as type I or type II as there is no
opportunity to see PR prolongation. Ventricular escape
beats may be seen.

Complications

Patients are at risk of progression to third degree heart
block, which may present as cardiac syncope. If the ven-
tricular rhythm fails totally, sudden death results.

Management

e Atropine may be used intravenously to reduce AV
block and increase ventricular rate.

® Post-MI prophylactic temporary pacing may be re-
quired. If patients do not return to sinus rhythm or if
not associated with myocardial infarction permanent
pacing is indicated.

Third degree atrioventricular block
(complete heart block)

Definition
Third degree heart block is complete electrical dissocia-
tion of the atria from the ventricles.

Aetiology
o Acute third degree heart block is almost always as a re-
sult of inferior myocardial infarction due to occlusion



of the right coronary artery, which supplies the AV
node and bundle of His. It may also occur following
a massive anterior myocardial infarction and is a sign
of poor prognosis.

® Chronic complete heart block is most commonly due
to fibrosis of both bundle branches in the elderly. Rare
causes include drugs, post-surgery, rheumatic fever
and myocarditis.

Pathophysiology

With AV dissociation, an ectopic ventricular pacemaker

is responsible for maintaining ventricular contractions.

Depending on the site of this pacemaker the QRS com-

plexes may be either narrow or wide:

® Narrow complex disease is due to disease of the AV
node or proximal bundle of His. The ectopic pace-
maker within the specialised conducting fibres dis-
tal to the lesion gives a reliable rate of 50-60 bpm
and is associated with congenital heart disease, infe-
rior infarction, rheumatic fever and cardiac drugs, e.g.
B-blockers.

® Broad complex disease is due to more distal disease of
the Purkinje system. The pacing thus arises within the
myocardium giving an unreliable 15-40 bpm rate. In
the elderly causes include fibrosis of the central bundle
branches (Lenegre’s disease). It may also be associated
with ischaemic heart disease.

Clinical features

® Severity of symptoms is dependent on the rate and re-
liability of the ectopic pacemaker, and whether or not
the myocardium can compensate for the bradycardia.
Patients with underlying ischaemic heart disease, par-
ticularly recent myocardial infarction are most at risk
of complications. Symptoms include those of cardiac
failure, dizziness and Stokes—Adams attacks (syncopal
episodes lasting 5-30 seconds due to failure of ven-
tricular activity).

e On examination, there are occasional cannon waves
in the JVP due to the atria contracting on a closed
tricuspid valve, with a variable intensity of the first
heart sound.

Investigations
The ECG is diagnostic revealing independent, unrelated
atrial and ventricular activity.
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Complications
Cardiac failure, Stokes—Adams attacks, asystole, sudden
cardiac death.

Management

® In acute complete heart block, intravenous isopre-
naline or a temporary pacing wire may be used. Post-
MI it often resolves within a week.

e Identification and removal of any cause.

e Chronic complete AV block requires permanent pac-
ing even in asymptomatic cases as this reduces mor-
tality.

Prognosis
Untreated chronic AV block with Stokes—Adams
episodes has a 1-year mortality of 35-50%.

Left bundle branch block

Definition

Block of conduction in the left branch of the bundle of
His, which normally facilitates transmission of impulses
to the left ventricle

Aetiology/pathophysiology
The most common cause is ischaemic heart disease. The
block may be complete or partial.

Clinical features

Most patients are asymptomatic but reversed splitting of
the second heart sound may be observed. Normally, the
second heart sound splits during inspiration because the
increased flow of blood into the right side of the heart
delays the pulmonary component. In left bundle branch
block the second heart sound is split on expiration, be-
cause left ventricular conduction delay causes the aortic
valve to close after the pulmonary valve. On inspiration it
occurs together with the pulmonary component because
the pulmonary component is also delayed.

Investigations

ECG shows a characteristic RsR® M shape in seen in
lead V5 or V6. There is a deep ‘S’ wave in leads V1-
V3. Left bundle branch block results in a QRS complex
of greater than 0.12 seconds. There is left axis deviation
and the morphology of the QRS complex is abnormal
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Figure 2.13 Left bundle branch block.

(see Fig. 2.13). Acute left bundle branch block may be a
sign of acute myocardial infarction (see pages 37-39).

Complications
Syncope due to intermittent complete heart block.

Management
Treatment is not necessary.

Right bundle branch block

Definition

Block to the right branch of the bundle of His, which
normally facilitates transmission of impulses to the right
ventricle.

Aetiology/pathophysiology

Right bundle branch block is often due to a congenital
abnormality of little significance, but may be associated
with atrial septal defects. In older patients it is commonly

caused by ischaemic heart disease, fibrosis of the bundles
or pulmonary disease. Acute onset right bundle branch
block may be associated with pulmonary embolism or a
right ventricular infarct.

Clinical features

Right bundle branch block is asymptomatic and is often
an incidental finding. There is widened splitting of the
heart sounds with the pulmonary sound occurring later
than normal.

Investigations
The characteristic RsR’ is seen best in lead V1 and a
late S wave is seen in V6. Complete block of the bundle
results in a QRS complex of greater than 0.12 seconds
(see Fig. 2.14).

Complications
Syncope due to intermittent complete heart block.
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Figure 2.14 Partial right bundle branch block.

Management
Treatment is not necessary.

Prognosis

Isolated right bundle branch block, particularly in a
young person is generally benign. Concomitant left or
severe right axis deviation may indicate block in one of
the fascicles of the left bundle, which can occur as a pre-
cursor to complete heart block which in turn carries a
worse prognosis.

Cardiac failure

Heart failure

Definition
Heart failure is a complex syndrome that can result from
any cardiac disorder (structural or functional) result-

ing in a failure to maintain sufficient cardiac output to
meet the demands of the body. The clinical syndrome of
heart failure is characterised by breathlessness, fatigue
and fluid retention.

Prevalence/incidence
900,000 cases in the United Kingdom; 1—4 cases per 1000
population per annum.

Age
Average age at diagnosis 76 years.

Aetiology

The most common cause of heart failure in the United

Kingdom is coronary artery disease (65%). Causes in-

clude

e myocardial dysfunction, e.g. ischaemic or hyperten-
sive heart disease, cardiomyopathy.
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® inadequate cardiac outflow, e.g. valvular regurgitation
or aortic stenosis.

® cardiac arrhythmias, e.g. atrial fibrillation.

® inadequate ventricular filling, e.g. constrictive peri-
carditis, cardiac tamponade, tachycardias.

® increased demand, e.g. anaemia, thyrotoxicosis,
Paget’s disease, beriberi.

Pathophysiology

The mechanism by which the heart fails to deliver a suf-
ficient cardiac output is dependent on the underlying
cause.

In myocardial dysfunction there is an inability of the
normal compensatory mechanisms to maintain cardiac
output. These mechanisms include
® Frank-Starling mechanism in which increased

preload resultsin anincrease in contractilityand hence

cardiac output.

® myocardial hypertrophy with or without cardiac
chamber dilatation, which increases the amount of
contractile tissue.

® release of noradrenaline, which increases myocardial
contractility and causes peripheral vasoconstriction.

® activation of the renin—angiotensin—aldosterone sys-
tem causes sodium and water retention resulting in
increased the blood volume and venous return to the
heart (preload).

Other causes of heart failure including valvular heart

disease and cardiac arrhythmias may cause heart failure

in the absence of myocardial dysfunction, conversely a

patient may have objective evidence of ventricular dys-

function with no clinical evidence of cardiac failure.

Chronic pulmonary oedema results from increased
left atrial pressure, leading to increased interstitial fluid
accumulation in the lungs and therefore reduced gas ex-
change, lung compliance and dyspnoea. It can be acutely
symptomatic when lying flat (orthopnea) or at night
(paroxysmal nocturnal dysnoea) due to redistribution
of blood volume and resorption of dependent oedema.

Clinical features

Clinically it is usual to divide cardiac failure into symp-
toms and signs of left and right ventricular failure, al-
though it is rare to see isolated right-sided heart failure
except in chronic lung disease. Grading of the severity
of symptoms of heart failure is by the New York Heart
Association (NYHA) classification (see Table 2.8).

Table 2.8 NYHA classification of functional severity of
heart failure

NYHA class Classification

| No limitations, ordinary activity does not
result in fatigue or breathlessness

I Slight limitation of physical activity,
patients are comfortable at rest

Il Marked limitation of physical activity,
comfortable at rest but physical activity
causes symptoms

\% Symptoms present at rest, inability to carry
out physical activity without discomfort

Left-sided heart failure

® Causes include myocardial infarction, systemic hyper-
tension, aortic stenosis/regurgitation, mitral regurgi-
tation, cardiomyopathy.

e Symptoms: Fatigue, exertional dyspnoea, orthopnoea,
paroxysmal nocturnal dyspnoea.

® Signs: Late inspiratory fine crepitations at lung bases,
third heart sound due to rapid ventricular filling and
cardiomegaly at a late stage.

Right-sided heart failure

® Causes include myocardial infarction, chronic lung
disease (cor pulmonale), pulmonary embolism, pul-
monary hypertension, pulmonary stenosis/regurgi-
tation, tricuspid regurgitation and left-sided heart
failure with resultant increase in pulmonary venous
pressure.

e Symptoms: Fatigue, breathlessness, anorexia, nausea,
ankle swelling.

® Signs: Raised jugular venous pressure, liver congestion
causing hepatomegaly, pitting oedema of the ankles
(or sacrum if patient is confined to bed).

Congestive cardiac failure is the term for a combination

of the above, although it is often arbitrarily used for any

symptomatic heart failure.

Investigations

® Chest X-ray may show cardiomegaly. Chronic pul-
monary oedema results in dilation of the pulmonary
veins particularly those draining the upper lobes (up-
per lobe vein diversion), pleural effusions and Kerley
B lines (engorged pulmonary lymphatics). There may
also be evidence of acute pulmonary oedema with ‘bat
wing’ alveolar or ground glass shadowing.



e ECG may demonstrate strain patterns or hypertrophy
and underlying pathology such as a previous myocar-
dial infarct. Cardiac arrhythmias may be present.

® Echocardiography is used to assess ventricular func-
tion. It can demonstrate regional wall motion abnor-
malities, global dysfunction and overall left ventricular
ejection fraction. Echocardiography can also show any
underlying valvular lesions as well as demonstrating
the presence of cardiomyopathy.

e Other investigations that may be useful include ra-
dionuclide ventriculography and measurement of B-
type natriuretic peptide (BNP).

Management

Patients require correction or control of underlying

causes or contributing factors where possible, such as

anaemia, pulmonary disease, thyrotoxicosis, hyperten-
sion, cardiac arrhythmias and infection. Ischaemic or
valve disease often requires specific treatment.

Patients should be advised to stop smoking and reduce
alcohol and salt intake. Weight loss and regular aerobic
exercise should be encouraged. Patients with evidence of
fluid overload should restrict their fluid intake to 1.5-2
L/day.

Patients with left ventricular systolic dysfunction have
been shown to benefit from
® angiotensin-converting enzyme (ACE) inhibitors,

which should be given to all patients even if asymp-

tomatic. These should be used in conjunction with a

diuretic if there is any evidence of peripheral oedema.

Angiotensin II receptor antagonists may be used in

place of ACE inhibitors in intolerant patients. They

can also be used in addition to a combination of ACE
inhibitors, B-blockers and diuretics in patients who
remain symptomatic.

® B-blockers (bisoprolol, carvedilol or metoprolol) have
been shown to reduce mortality in all patients with
heart failure. They should be started at low dose and
increased gradually.

® low-dose spironolactone, which improves progno-
sis in patients with moderate to severe heart failure
(NYHA class III and IV). Patients require careful mon-
itoring of renal function and potassium levels.

e digoxin, which is currently recommended for patients
who remain symptomatic despite maximal treatment
with other agents; however, in patients without atrial
fibrillation there is no evidence of improved prognosis.

Chapter 2: Cardiac failure 63

o other treatments including high-dose diuretics, biven-
tricular pacing, left ventricular assist devices and car-
diac transplantation. Anticoagulation should be con-
sidered in atrial fibrillation or with left ventricular
thrombus. Automatic implantable cardiac defibrilla-
tor (AICD) have been shown to improve survival in
patients with severe left ventricular dysfunction sec-
ondary to ischaemic heart disease. Statin lipid lower-
ing drugs may be of benefit even in patients without
ischaemic heart disease.

Patients with right ventricular dysfunction are treated

symptomatically with diuretics and may benefit from

ACE inhibitors.

Prognosis
Overall mortality is 40% in the first year after diagnosis,
thereafter it falls to 10% per year.

Acute pulmonary oedema

Definition

Fluid accumulation within the interstitial lung tissue and
alveoli. Pulmonary oedema may be a sign of chronic
heart failure (also termed pulmonary venous conges-
tion) or may occur acutely.

Aetiology/pathophysiology

Acute pulmonary oedema is usually an acute deteriora-
tion in patients with cardiac failure who have chronic
pulmonary oedema. There may be a provoking factor
such as excessive fluid intake/administration, arrhyth-
mias, negative inotropic drugs, angina, myocardial in-
farct or infection. There is an acute accumulation of fluid
in the alveoli. Other causes include inhalation of toxic
gases, drowning and renal failure.

Clinical features

Patients develop acute severe dysnoea at rest, hypox-
aemia and distress. There may be wheeze and cough pro-
ductive of frothy pink sputum. On examination there
may be poor peripheral perfusion resulting in moist,
cold cyanosed skin. On auscultation crepitations may be
heard throughout the lung fields.

Investigations
® Chest X-Ray: There may be signs of chronic pul-
monary oedema such as upper lobe vein diversion,
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pleural effusions and Kerley B lines. In acute pul-
monary oedema there may be ‘bat wing’ or ground
glass pulmonary shadowing.

® Blood gases: There is an initial fall in arterial pO, and
pCO; due to hyperventilation. As the patient tires or
in severe cases the pCO; rises.

® Other investigations include ECG and an echocardio-
gram to look for the underlying cause.

Management

® The patientis placed in the sitting position and should
be given high flow oxygen. Careful fluid balance is
essential and may include urinary catheterisation.

e Additional ventilatory support may be required in-
cluding continuous positive airway pressure.

® Intravenous diuretic gives immediate venodilatation
and later increased renal fluid excretion.

® Intravenous diamorphine (with an antiemetic) re-
duces distress, venodilates and relieves dyspnoea.

® Intravenous glyceryl trinitrate is used to venodilate
and thus reduce the cardiac preload.

e Aminophylline infusion can be considered if there is
bronchoconstriction. It also increases vasodilatation
and increases cardiac contractility.

e Ifpatient is hypertensive hydralazine or diazoxide (ar-
terial dilators) can be used to reduce cardiac afterload
and hence increase stroke volume.

® Any underlying problem such as arrhythmia should
be corrected.

Cardiogenic shock

Definition
Severe circulatory failure resulting from a low cardiac
output usually characterised by severe hypotension.

Aetiology

This is an extreme type of acute cardiac failure the most
common cause of which is myocardial infarction. Other
causes include acute severe valve incompetence, or ven-
tricular septal defect post-MI.

Pathophysiology

Cardiogenic shock is severe heart failure despite an ad-
equate or elevated central venous pressure, distinguish-
ing it from hypovolaemic or septic shock. Hypotension
may result in a reduction in coronary blood flow, which

can aggravate myocardial ischaemia and cause further
reduction in cardiac output.

Clinical features

The patient has cool peripheries with a rapid low vol-
ume pulse. There is tachypnoea, oligo/anuria and ex-
treme distress. There may be associated symptoms of
left ventricular failure, including pulmonary oedema.

Investigations

® ECG to look for evidence of myocardial infarction or
any cardiac arrhythmias.

® Chest X-ray to look for evidence of cardiomegaly and
cardiac failure (see page 62).

® Echocardiogram shouldideallybe performed urgently
to identify any correctable valve lesions and assess car-
diac structure and function.

Management

® Patients require intensive care, high flow oxygen and
careful fluid management.

e Cardiac inotropes are usually necessary to maintain
systemic blood pressure. Increasing skin temperature
and oxygen saturation are a guide to improvement.

® Any cardiac arrhythmia should be corrected and
angioplasty considered in patients with cardiogenic
shock in the setting of acute myocardial infarction.

e Intra-aortic balloon pumping may be instituted but it
does not improve mortality unless there is an under-
lying correctable cause.

® Surgical intervention may be life saving in cases of
mitral valve incompetence, acquired ventricular septal
defect or critical coronary artery disease.

Prognosis
Mortality of 80%.

Chronic cor pulmonale

Definition
Right-sided heart failure resulting from chronic lung dis-
ease.

Incidence
Commonest cause of pulmonary hypertensive heart dis-
ease.



Chapter 2: Disorders of pericardium, myocardium and endocardium 65

Sex
M>F

Geography
Related to the extent of cigarette smoking.

Aetiology

The most common cause is chronic obstructive pul-

monary disease.

® Chronic lung disease: Chronic bronchitis, emphy-
sema, asthma, pulmonary fibrosis, bronchiectasis, cys-
tic fibrosis.

® Pulmonary hypertension.

® Recurrent pulmonary emboli.

® Obstructive sleep apnoea.

Pathophysiology

Hypoxia is a potent cause of pulmonary arterial vaso-
constriction, this coupled with an effective loss of lung
tissue results in progressive pulmonary hypertension and
henceincreased pressureload on the right ventricle. With
time there is compromise of right ventricular function
and development of right ventricular failure, often with
tricuspid regurgitation.

Clinical features

Pulmonary hypertension, right ventricular failure and
the chest disease together produce the clinical picture.
Dyspnoea, cyanosis, elevated jugular venous pressure,
peripheral oedema and hepatic congestion may occur.

Investigations

The ECG may be normal or may show tall peaked P
waves in lead I, right ventricular hypertrophy, right axis
deviation or right bundle branch block. The use of chest
X-ray, CT scan and lung function tests may help identify
the underlying lung disease. Echocardiography is used
to exclude left-sided heart failure.

Management

® Heart failure should be treated and the underlying
lung pathology should be treated vigorously.

® Acute chestinfections should be treated promptly with
antibiotics and steroids where appropriate.

® Long-term oxygen therapy has been shown to improve
prognosis in hypoxic chronic obstructive airways dis-
ease but must be maintained for >18 hours per day.

e Atrial fibrillation is a common complication and
should be treated appropriately.

Prognosis
This is related to the underlying lung pathology and ex-
tent of respiratory failure.

Disorders of pericardium,
myocardium and endocardium

Disorders of the pericardium

Acute pericarditis

Definition
Acute pericarditis is an acute inflammation of the peri-
cardial sac.

Aetiology

Multiple aetiologies but common causes are as follows:

® Myocardial infarction: 20% of patients develop acute
pericarditis in the first few days following an infarc-
tion, although it is often asymptomatic and therefore
goes undetected. Dressler’s syndrome is an immune-
mediated pericarditis occurring between 1 month and
1 year in <1% of patients following myocardial infarc-
tion and is associated with a high ESR.

® Viruses: The specific agent is often unidentified but
may include coxsackie B, influenza, measles, mumps,
varicella and HIV.

e QOther causes include uraemia, connective tissue dis-
orders, trauma, rheumatic fever, tuberculosis and ma-
lignant infiltration. Acute bacterial pericarditis is un-
usual.

Pathophysiology

During acute pericarditis the pericardium is inflamed
and covered in fibrin causing a loss of smoothness and
an audible friction rub on auscultation.

Clinical features

Sharp substernal pain with radiation to the neck and
shoulders and sometimes the back. Characteristically the
pain is relieved by sitting forward and made worse by ly-
ing down, movement or deep inspiration. A pericardial
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friction rub is pathognomonic but may be transient, best
heard at the left sternal edge accentuated by leaning for-
ward and held expiration.

Complications

Pericarditis is often complicated by pericardial effusion
and occasionally tamponade. Where there is an associ-
ated myocarditis, features of heart failure may be present.

Macroscopy/microscopy
An acute inflammatory reaction with both pericardial
surfaces coated in a fibrin-rich exudate.

Investigations

® ECG usually shows widespread ST elevation, concave
upwards (as opposed to the convex upward configu-
ration of a myocardial infarction).

® Other investigations are required to help identify an
underlying cause, e.g. FBC (infection), U&Es (renal
failure), ESR and cardiac enzymes (to exclude my-
ocardial infarction).

® Chest X-ray may suggest a pericaridal effusion (glob-
ular looking heart with increased size of the cardiac
shadow).

® Other investigations may be indicated, including
echocardiogram, viral titres and blood cultures.

® Pericardial aspiration may be used to obtain fluid for
diagnosis, but is only considered where there is either
a significant fluid collection or an undetermined aeti-
ology.

Management

Analgesia and anti-inflammatory treatment with aspirin
or NSAIDs is usually effective. A small percentage of
patients may have a later relapse when steroids may be
required. Drainage is necessary for cardiac tamponade.

Prognosis
Most cases of acute pericarditis, particularly of viral ori-
gin, run a benign and self-limiting course.

Constrictive pericarditis

Definition
A condition in which reduced elasticity of the peri-
cardium results in poor cardiac output.

Aetiology

Haemopericardium, tuberculous pericarditis and acute
pericarditis may result in constrictive pericarditis. In
many cases there is no identifiable cause.

Pathophysiology

Chronicinflammation, or healing after acute pericarditis
may cause the pericardium to become thick, fibrous and
calcified. This surrounds and constricts the ventricles
such that the heart cannot fill properly, hence causing a
reduction in cardiac output.

Clinical features

The predominant features are of right-sided heart failure:

® Raised jugular venous pressure, ascites, hepatomegaly,
ankle and sacral oedema.

® The JVP has a steep y descent (Friedreich’s sign). Dur-
ing inspiration there is an increase in pressure and
hence neck vein distension (Kussmaul’s sign).

® Pulsus paradoxus may occur, this is a greater than nor-
mal fall in pulse volume during inspiration. This is due
to the transient reduction in left ventricular filling,
which occurs as a result of reduction in pulmonary
venous return to the left atrium during inspiration.

® There is initially sinus tachycardia and atrial fibrilla-
tion may develop. Auscultation reveals soft S1 and S2
with aloud diastolic (early third) heart sound or peri-
cardial knock due to rapid but abbreviated ventricular
filling.

Investigations

® Chest X-ray is frequently normal but may show a rel-
atively small heart. There may be a shell of calcified
pericardium particularly on the lateral film.

® ECG shows low QRS voltages with flat or inverted T
waves.

® Echocardiogram can sometimes show thickening of
the pericardium and an abnormal ventricular filling
pattern. However, it may be normal even in the pres-
ence of the disease.

® MRI is the investigation of choice to define the loca-
tion of pericardial thickening and also may evaluate
ventricular and valvular function.

Management
Medical intervention is of little value except for digoxin
to control atrial fibrillation. The treatment of choice is
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surgical removal of a substantial proportion of the peri-
cardium (pericardectomy). This is also helpful diagnos-
tically, particularly for tuberculosis.

Prognosis

The majority of patients respond well to surgery. The ex-
ceptions are if there is coexistent atrial fibrillation, valve
disease or left ventricular dysfunction.

Pericardial effusion

Definition
A pericardial effusion is fluid in the pericardial sac.

Aetiology

Almostany cause of acute pericarditis induces the forma-
tion of an exudate. A pericardial transudate may occur
as a result of cardiac failure.

Pathophysiology

Fluid accumulating within the closed pericardium may
reduce ventricular filling and hence cause compromise
of the cardiac output (cardiac tamponade).

Clinical features

Heart sounds are soft and apex beat is difficult to pal-
pate. If the effusion accumulates quickly, features of low
cardiac output failure usually appear. Slow accumula-
tion of fluid is often well tolerated until very large due to
distension of the pericardial sac.

Investigations

® Chest X-ray often shows an enlarged globular heart,
which may have very clear borders (because cardiac
movements occur within the fluid and so do not blur
the X-ray).

® The ECG showsreduced voltages with varying voltages
between successive beats.

® Echocardiogram is diagnostic with the demonstration
of the echo free zone around the heart, usually poste-
riorly.

Management

This is determined by the size and haemodynamic ef-
fect of the effusion. Small effusions (i.e. less than 0.5 cm
separation of pericardium) do not require specific treat-

ment, but follow-up observation is mandatory to iden-
tify developing tamponade. Pericardiocentesis (needle
aspiration of the fluid) may be indicated to establish the
cause and to relieve tamponade. In cases of recurrent
effusion, surgical treatment with a pericardial window
allows drainage to the pleural space.

Cardiac tamponade

Definition

Pericardial/cardiac tamponade is an acute condition in
which fluid in the pericardial sac causes impaired ven-
tricular filling.

Aetiology

The commonest cause of tamponade is malignancy. It
may occur with other causes of pericarditis and effusion
and also as a post-traumatic complication following car-
diac catheterisation, cardiac perforation, cardiac surgery
or chest injury.

Pathophysiology

The pericardium is a non-distensible bag around the
heart. Once the space between the pericardium and the
heart becomes full of fluid the ventricles are prevented
from filling properly during diastole thus reducing the
cardiac output.

Clinical features

Hypotension with sinus tachycardia and a raised JVP,
which may increase further on inspiration (Kussmaul’s
sign). The pulse is of low volume and reduced on inspi-
ration (pulsus paradoxus). Oliguria or anuria develops
rapidly and eventually there is hypotension and shock.

Complications
If not identified and treated, cardiac tamponade may
rapidly lead to death from low output state.

Investigations

Patients are investigated as for pericardial effusion. If
the tamponade is haemodynamically compromising the
diagnosis may have to be clinical, but ideally an echocar-
diogram is done immediately on suspicion. Echocar-
diogram is diagnostic, can estimate the volume of fluid
present and assess the severity of cardiac compromise.
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Management

If there is compromise of the cardiac output, needle as-
piration of the pericardium should be performed via the
xiphisternal route, preferably under radiographic guid-
ance. The needle is inserted 1 cm below the xiphister-
num and angled to point towards the left shoulder (45°).
If the ECG is left in place, with the V lead attached to the
needle, penetration of the myocardium shows up as ST
elevation. The relief following pericardiocentesis is often
temporary, so a fine catheter should be inserted for con-
tinuous drainage until the underlying condition is cor-
rected. Definitive surgery is required if needle drainage
is unsuccessful.

Disorders of the myocardium

Myocarditis

Definition
An acute or chronic inflammatory disorder of the my-
ocardium.

Aetiology

Myocarditis is often a feature of a systemic infection but

occasionally septicaemia may lead to focal suppurative

lesions. Known causative factors:

® Viruses: Coxsackie, cytomegalovirus.

® Protozoa: Trypanosoma cruzi (Chagas’ disease), Toxo-
plasma gondii.

® Radiation chemicals and drugs, e.g. cytotoxic agents.

® Bacterial infection, e.g. Corynebacterium, Coxiella.

® Myocarditisisanimportant feature of rheumatic fever.

Pathophysiology
Myocarditis may arise by direct effect, toxin or im-
munopathology.

Clinical features

Myocarditis is an acute illness characterised by fever and
cardiac failure. Patients often experience chest pain due
to an associated pericarditis. Signs include soft heart
sounds, third sound, tachycardia and often a pericar-
dial friction rub. Myocarditis may be complicated by
arrhythmias.

Microscopy
The myocardium shows an acute inflammatory reaction
with interstitial oedema and cellular infiltration.

Investigations

® Chest X-ray may show cardiac enlargement.

® ECG may show ST and T wave abnormalities and ar-
rhythmias.

e Cardiac enzymes are elevated.

e Cardiac biopsy shows acute inflammation.

® Viral IgM antibody titres may be increased.

Management

Bed rest and eradication of the acute infection, i.e. sup-
portive therapy. Cardiac failure and arrhythmias may
need treatment.

Prognosis
Depending on the aetiology the prognosis is usually
good, although a chronic cardiomyopathy may occasion-
ally result.

Cardiomyopathies

These are diseases of the heart muscle, which may be

primary (intrinsic to myocardium) or secondary (due

to an external or systemic cause).

® Primary cardiomyopathies include dilated cardiomy-
opathy, hypertrophic cardiomyopathy and restrictive
cardiomyopathy. They are classified according to the
functional abnormality and are described below.

® Secondary cardiomyopathies occur when ventricular
dysfunction results from ischaemia (ischaemic car-
diomyopathy), poorly controlled hypertension (hy-
pertensive cardiomyopathy), valvular disease (valvu-
lar cardiomyopathy) or other systemic diseases such
as thyrotoxicosis, chronic anaemia, drugs or toxins,
viruses and alcohol.

Dilated cardiomyopathy

Definition
Progressive ventricular dilatation with normal coronary
arteries.

Aetiology

Most cases are idiopathic but are often assumed to fol-

low an undiagnosed viral myocarditis. The commonest

identifiable cause is high alcohol intake. Other factors:

® Genetic: Single gene mutations and skeletal muscular
dystrophies.
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® Familial: 30% of cases have relatives with left ventric-
ular dysfunction or enlargement.

e There is an association with chronic infective, toxic or
immune myocarditis.

Many systemic diseases may cause the clinical features

of dilated cardiomyopathy, e.g. ischaemic heart disease,

amyloidosis, metabolic diseases, haemochromatosis and

systemic lupus erythematosus.

Pathophysiology

The dilatation of the heart results in impaired contrac-
tion especially affecting the left ventricle. Left ventricu-
lar failure causes an elevated end-diastolic pressure with
resultant increase in pressure within the pulmonary cir-
culation and eventually right-sided heart failure. The di-
latation also results in a functional regurgitation at the
tricuspid and/or mitral valves (valve ring dilation).

Clinical features

e Symptoms are dependent upon the degree of cardiac
failure. Patients tend to present with dyspnoea and
orthopnoea, which may be acute or of more insidious
onset.

® On examination, the JVP is raised possibly with a sys-
tolic pressure wave (cv wave) due to tricuspid regur-
gitation, and the blood pressure is low. Tachycardia
is common and low perfusion results in peripheral
vascular shutdown (small thready pulse, cold extrem-
ities and peripheral cyanosis). Auscultation may reveal
a gallop rhythm (tachycardia with third heart sound
due to rapid ventricular filling) and the pansystolic
murmurs of mitral and tricuspid regurgitation. Ankle
and/or sacral oedema, mild hepatomegaly and jaun-
dice, due to hepatic congestion or tricuspid regurgita-
tion, and ascites are signs of right-sided heart failure.

Macroscopy/microscopy

The ventricles are dilated (left more than right), the
chamber walls are thin and the muscle poorly contrac-
tile. Fibrosis tends to occur in the dilated myocardium
with a cellular infiltration especially T lymphocytes.

Complications

Atrial fibrillation is common, particularly in alcoholic
cardiomyopathy, and bouts of ventricular tachycardia
may occur. Mural thrombosis may occur in either ven-
tricle with the associated risk of systemic embolisation.

The impaired cardiac output leads to failure to perfuse
the kidneys and hence secondary renal failure.

Investigations

® Chest X-ray shows cardiac enlargement with signs of
pulmonary oedema including upper lobe vein diver-
sion, Kerley B lines and may show pleural effusions.

® ECG usually shows sinus tachycardia or atrial fibrilla-
tion, there may be non-specific T wave changes.

® Echo reveals ventricular dilation, poor contractility
and will demonstrate any valvular regurgitation.

® Cardiac catheterisation may be needed to exclude
coronary artery disease, as this may present similarly
without any history of angina or myocardial infarct.

® Patients should also have an ESR, creatine kinase, viral
serology, U&Es, LFTs and calcium, iron studies and
thyroid function tests to help identify the underlying
cause.

Management

® General measures include bed rest, fluid restriction
and quitting alcohol.

® Treat arrhythmias (digoxin especially useful in atrial
fibrillation) and commence treatment for cardiac fail-
ure (see page 63) with care as it may cause hypotension.

e Patients with atrial fibrillation, a history of throm-
boembolic disease or a presence of intracardiac throm-
bous should be anti-coagulated. Severe cases may
benefit from anti-coagulation without other risk fac-
tors.

Prognosis
The prognosisis very poor. Young patients may be treated
with cardiac transplantation.

Hypertrophic cardiomyopathy

Definition

Hypertrophicor hypertrophic obstructive cardiomyopa-
thy (HOCM) is a condition of the myocardium with
massive hypertrophy of the ventricular walls.

Aetiology

e Half the cases are due to an autosomal dominant in-
herited point mutation of the 8 myosin heavy chain,
which codes for a component of the cardiac muscle
fibre.
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® Infamilies with a history of sudden cardiac death from
HOCM, there is an association with the angiotensin
converting enzyme (ACE) genotype DD.

Pathophysiology

There is marked hypertrophy of one or both ventricles
particularly affecting the ventricular septum. This may
result in obstruction to the outflow of the left ventricle,
which is made worse on contraction of the ventricle. The
muscle fibres relax poorly and as a result there is poor
left ventricular filling and contraction, with disordered
mitral valve movement.

Clinical features

Hypertrophic cardiomyopathy often presents similarly
to aortic stenosis with dyspnoea, angina, syncope, or
sudden death. Signs of heart failure are common but
occur at a late stage. Initially the pulse is jerky with a
rapid outflow due to hypertrophy, in the late stages ob-
struction results in a slow rising pulse. The JVP shows
an increase in the size of the ‘a’ wave (atrial contraction).
Palpation reveals a prominent thrusting apex, which may
be double (palpable atrial contraction). There may be a
systolic murmur (and thrill) due to ventricular outflow
obstruction maximal at the left sternal edge. This may
be varied by dynamic maneouvres or drugs that can al-
ter the degree of functional obstruction. A fourth heart
sound is often heard caused by ventricular filling due to
atrial contraction.

Complications

Thrombosis and consequent systemic embolisation may
occur requiring anticoagulation. Prophylaxis is required
against infective endocarditis. It is associated with Wolff—
Parkinson—-White Syndrome. Ventricular arrhythmias
are common and may lead to sudden cardiac death.

Macroscopy/microscopy

Hypertrophy is asymmetrically distributed. The increase
in thickness occurs particularly of the interventricu-
lar septum. Disorganised branching of abnormal, short,
thick muscle fibres, in which there are large nuclei.

Investigations

® ECG shows ST, and T wave changes with evidence of
hypertrophy (anterior Q wave, T wave inversion and
increased QRS voltage).

® Echocardiography shows a small left ventricular cavity
with generalised or asymmetrical hypertrophy of the
septum. Mitral valve movement is also characteristic.
Twenty-five per cent of patients have outflow tract
obstruction.

® MRI scanning is of particular value if echocardiog-
raphy cannot obtain adequate views particularly in
apical hypertrophy.

® 24-hour ECG monitoring is used to detect episodes of
ventricular tachycardia.

® Exercise testing is helpful for risk assessment, i.e. loss
ofrise in blood pressure or onset of arrhythmia during
exercise are high risk features for sudden cardiac death.

Management

® B-blockade is the mainstay of treatment as this lowers
the pressures within the left ventricle.

® Arrhythmias: 8-blockers and amiodarone are used to
prevent ventricular arrhythmias and there is increas-
ing use of automatic implantable cardiac defibrillators
(AICD). Atrial fibrillation is preferably treated with
DC synchronised cardioversion. Refractory atrial fib-
rillation is treated with digoxin.

e Surgical treatment: Occasionally resection of the hy-
pertrophied septal wall (myotomy/myectomy) is in-
dicated with, where necessary, a mitral valve replace-
ment. Surgical intervention is usually reserved for
severely symptomatic patients.

e Septal ablation by selective alcohol injection into a
sizeable septal branch of the left anterior decending
artery has been shown to achieve similar results to
surgery.

e Ifpatients have angina nitrates should be avoided, and
diuretics should only be used with care as these in-
crease the degree of functional obstruction.

Prognosis

Factors suggesting a worse prognosis include young age
or syncope at presentation and a family history of sudden
death due to HOCM.

Restrictive cardiomyopathy

Definition
Restrictive or infiltrative cardiomyopathy is a rare disor-

der of cardiac muscle resulting in restricted ventricular
filling.
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Aetiology

Amyloidosis, scleroderma, sarcoidosis, iron storage dis-
eases (haemochromatosis) and eosinophilic heart dis-
ease (endomyocardial fibrosis and Loefller’s eosinophilic
endocarditis).

Pathophysiology

Infiltrative disease causing a decrease in ventricular com-
pliance (increase in stiffness) affecting the myocardium.
The result is a failure of relaxation during diastole, im-
pairment of ventricular filling and compromise of car-
diac output. Valves may also be affected by the underlying
disease.

Clinical features

Patients present in a similar way to constrictive peri-
carditis with a tachycardia, raised JVP with steep x and y
descents. There may be a third heart sound due to abrupt
ventricular filling. Enlarged liver, ascites and peripheral
oedema may all be seen.

Complications
Thrombus formation is common, and arrhythmias and
sudden death occur.

Investigations

Chest X-ray frequently shows cardiac enlargement, echo
shows symmetrical myocardial thickening, normal ejec-
tion fraction but impaired filling. Differentiation from
constrictive pericarditis using these methods can be dif-
ficult. Definitive diagnosis may require cardiac catheter-
isation and cardiac biopsy. Alternatively amyloid may
be diagnosed in other organs or using a serum amyloid
protein (SAP) scan.

Management

No specific treatment. Low-dose diuretics and vasodila-
tors may provide some relief from symptoms. Patients
with eosinophilic heart disease may benefit from treat-
ment with steroids and cytotoxic drugs.

Prognosis
The condition is commonly progressive.

Disorders of the endocardium

Infective endocarditis

Definition
An infection of the endocardium (endothelial lining of
the heart and valves).

Incidence
6 per 100,000 (1500 cases) per year in United Kingdom.

Aetiology

Although infective endocarditis may occur on normal

endocardium, it is more common on a congenital or

acquired cardiac abnormality. Patients most at risk in-

clude those with rheumatic valve disease, mitral valve

prolapse, bicuspid aortic valve, coarctation, ventricular

septal defect or persistent ductus arteriosus. Prosthetic

valves may become infected either early (within 60 days

of implantation) or late.

The clinical pattern is dependent on the infective organ-

ism:

® Streptococcus viridans (o-haemolytic group of Strepto-
coccus which includes Streptococcus milleri and Strep-
tococcus mutans) causes 50% of cases. It is an upper
respiratory tract commensal.

® Staphylococcus aureus and Staphylococcus epidermidis
(skin commensals) cause 25% of cases (in acute infec-
tive endocarditis, Staph. aureus is responsible for 50%
of cases).

® Enterococcus faecalis causes 10% of cases.

® There are many other rarer bacterial causes and fungal
causes include Candida, Aspergillus and Histoplasma.

The disease is also dependent on the portal of entry, and

risk factors include

® Recent dental treatment (even descaling) or poor den-
tal hygiene.

® Infections such as pneumonia, urinary tract infection
or any form of chronic sepsis including skin infection.

® Carcinoma of the colon (Enterococcus endocarditis).

e Central lines and intravenous drug abuse (tricuspid
valve particularly).

® Post-surgery.

Pathophysiology
The clinical picture of infective endocarditis is a balance
between the virulence of the organism, the susceptibility
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and immunity of the individual. The result is either an
acute infection or a more insidious (subacute) course.
The bacteria proliferate on the endocardium, causing
the development of friable vegetations containing bac-
teria, fibrin and platelets. This may result in destruction
of valve leaflets, perforation and hence disturbance of
function. The disease process predisposes to the forma-
tion of thrombus with the potential for emboli. Cytokine
generation causes fever. There is a vasculitis and the for-
mation of immune complexes.
® Inacuteendocarditis (particularly where Staph. aureus
is the cause) the disease is rapid, progresses to cardiac
failure and is often fatal.
® The majority of cases are subacute in which bacterial
multiplication is slower and the cardiac lesion may
be less obvious; however, systemic manifestations be-
come more significant.

Clinical features

A fever and a new or changing murmur is endocardi-

tis until proven otherwise, although these signs are not

universal.

Typical presentations:

® Acute bacterial endocarditis presents with fever, new
or changed heart murmurs, vasculitis and infective
emboli. Severe acute heart failure may occur due to
chordal rupture or acute valve destruction.

® Subacute endocarditis presents with general symp-
toms such as fever, night sweats, weight loss, malaise
and symptoms of cardiac failure or thromboem-
bolism.

General signs:

® Malaise, pyrexia, anaemia and splenomegaly, which
may be tender.

® Clubbing of the nails is seen only in subacute forms as
it takes months to develop.

® Arthralgia may occur as a result of immune complex
deposition.

Cardiac lesions:

® New or changed murmurs are characteristic.

® Cardiac failure occurs as a result of the haemodynamic
disturbance due to the valve lesion(s), e.g. aortic or
mitral regurgitation.

Skin lesions:

® Osler’s nodes are tender nodules palpated at the tips of
fingers and toes; they are embolic or vasculitic lesions
causing pulp infarcts.

e Splinter haemorrhages, linear dark streaks seen in the
nail bed are due to vasculitis.

® Janeway lesions are small, flat, erythematous lesions
on soles and palms, particularly the thenar and hy-
pothenar eminences, caused by vasculitis.

® Petechiae may be embolic or vasculitic often seen on
mucosa of pharynx and retinal haemorrhages may
be seen (Roth’s spots are haemorrhages with a pale
centre).

Investigations

® Blood cultures are positive in 90% when three sets of
cultures are taken from differing sites.

® Echocardiography is used to visualise vegetations
and to assess the degree of valvular dysfunction. If
the transthoracic echo is not diagnostic a transoe-
sophageal echo is useful especially to show mitral valve
disease, aortic root abscess and to visualise leaflet per-
forations.

e Full blood count shows an anaemia with neutrophilia.
There is a high ESR and CRP.

® Microscopic haematuria results from the immune
complexes. Urine cultures may be required to identify
aurinary tract infection, and renal ultrasound may be
indicated to demonstrate a renal abscess.

® Chest X-ray may show heart failure or pulmonary in-
farction/abscess.

e ECG may show a prolonged PR interval suggests aor-
tic root abscess encroaching on the atrioventricular
node.

Complications

® Cardiac failure is the most serious potential compli-
cation particularly when treatment is delayed.

e Virtually any organ system may be affected by mycotic
emboli, which commonly develop into abscesses. For
example cerebral, renal, splenic or mesenteric infarc-
tion and abscess formation in left-sided cardiac le-
sions, or pulmonary abscesses in right-sided cardiac
lesions. Cerebral emboli may cause infarction or my-
cotic aneurysms resulting in convulsions, hemiplegia
or other abnormal neurology. Emboli may even occur
after treatment has been completed.

® Nephrotic syndrome or renal failure due to the
glomerulonephritis that occurs following immune
complex deposition within the kidneys.



Management
It is important to identify the organism responsible
for the endocarditis; however, this should be balanced
with the need to treat promptly. Once cultures are sent,
intravenous antibiotics should be commenced based on
the most likely pathogens if there is a high suspicion of
bacterial endocarditis.

® Blind treatment includes benzylpenicillin or flu-
cloxacillin, and gentamicin for its synergistic effect, as
these will cover the most common organisms Staphy-
lococcus, Streptococcus and Enterococcus. Oral fusidic
acid is added if Staphylococcus is suspected.

e When the culture results are known endocarditis
should be treated with the most appropriate antibi-
otics. It is best to have a multidisciplinary approach
with early microbiological and surgical advice.

® [tisusually necessary to continue antibiotic treatment
for 6 weeks, but this may be converted to oral therapy
after 2 weeks if the organism is sensitive.

Indications for surgical intervention in infective endo-

carditis to repair or replace valves:

e Sufficient valve damage to cause symptomatic heart
failure.

® Persistent infection refractory to treatment, or relapse
following end of treatment.

® Development of aortic root abscess (lengthening PR
interval).

® Fungal infection (large vegetations) rarely responds to
medical treatment alone.

e Multiple embolisation.

® Prosthetic valves commonly require surgery together
with medical therapy.

The timing of surgery is a balance between the desire to

eradicate bacteria prior to the procedure and the need for

early surgery due to the compromised haemodynamic
state. After surgery a full course of drug treatment should
be given to eradicate the organisms.

Prophylactic treatment: Abnormal or prosthetic heart
valves, patent ductus or septal defects and patients with
previous endocarditis are advised to have prophylactic
oral or intravenous antibiotic cover for non-sterile pro-
cedures. For example, amoxycillin for dental procedures,
and amoxycillin and gentamicin for oropharyngeal, gas-
trointestinal or genitourinary procedures.

Prognosis
Despite advances in treatment, overall mortality is still
15% and as high as 40-60% in prosthetic valve endo-
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carditis; this is due to changing patterns of the disease
(elderly, drug addicts, prosthetic valves, antibiotic resis-
tance).

Hypertension and vascular
diseases

Systemic hypertension

Definition

Hypertension means high blood pressure (BP). The

World Health Organisation latest guidelines define hy-

pertension with three grades of severity that reflect the

fact that systolic and diastolic hypertension are indepen-

dent risk factors for complications of hypertension:

® Grade 1 (mild): A systolic BP of >140 mmHg or a
diastolic BP of >90 mmHg.

® Grade 2 (moderate): A systolic BP of >160 mmHg or
a diastolic BP of >100 mmHg.

® Grade 3 (severe): A systolic BP of >180 mmHg or a
diastolic BP of >110 mmHg.

Incidence
Common. Up to 25% of the adult population is hyper-
tensive by these criteria.

Age
Increases with age (>50% affected over the age of 65
years).

Sex
M>F

Geography

Rising prevalence of hypertension in the developing
world, together with longer life expectancies, is increas-
ing the morbidity of complications.

Aetiology

Divided into primary (essential) and secondary hyper-

tension:
Essential hypertension (>90%)

® Non-modifiable: Genetic (racial and familial), gender
(males higher).

® Modifiable: Obesity, alcohol intake, diet (especially
high salt intake).

Secondary hypertension (<10%)
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® Renal (80%): Most commonly glomerulonephritis,
recurrent/chronic pyelonephritis, and polycystic kid-
neys. Hypertension is also a common cause of renal
disease.

® Endocrine causes: Acromegaly, Cushing’s syndrome,
Conn’s syndrome and phaechromocytoma.

e Cardiovascular (uncommon): Coarctation of the
aorta, renal artery stenosis.

® Pregnancy (pre-eclampsia).

® Drugs: Oral contraceptives, NSAIDs, steroids. Car-
benoxalone and liquorice mimic aldosterone.

Pathophysiology

® Hypertension accelerates the age-related process of
arteriosclerosis ‘hardening of the arteries’ and predis-
poses to atherosclerosis in larger arteries. Arterioscler-
osis, through smooth muscle hypertrophy and intimal
thickening, reduces luminal diameter in smaller arter-
ies and so increases peripheral vascular resistance and
exacerbates hypertension.

® The chronic increased pressure load on the heart re-
sults in left ventricular hypertrophy and over time this
leads to heart failure.

® Arteriosclerosis also reduces renal perfusion pressure,
which activates the renin—angiotensin system. Saltand
water retention occurs, which can itself worsen hyper-
tension.

In some individuals the pressure rise is more rapid and

such patients are said to have malignant hypertension

(with rapidly worsening end-organ damage such as hy-

pertensive retinopathy and renal impairment). Without

treatment these patients die within 1-2 years.

Clinical features

As blood pressure varies considerably (e.g. diurnal vari-
ation, recent alcohol intake, stress and anxiety) the diag-
nosis should be based on multiple measurements taken
on several different occasions. These should be taken
with the patient relaxed and at rest. In cases of doubt,
24-hour blood pressure recordings may be helpful such
as when ‘white coat’” hypertension is suspected.

A full history and examination should be performed
to assess the extent, to look for any underlying cause
or contributing factors and to look for complications.
Often hypertension is asymptomatic and the history and
examination are unremarkable.

Table 2.9 Risk factors for cardiovascular disease

Males >55 years; Females >65 years

Smoking

Total cholesterol >6.1 mmol/L or LDL-cholesterol >4.0
mmol/L

HDL-cholesterol: Males <1.0 mmol/L and Females <1.2
mmol/L

History of cardiovascular disease in first-degree relatives
before age 50

Obesity, physical inactivity

Complications

Hypertension is a major risk factor for cerebrovascular
disease (strokes), heart disease (coronary artery disease,
left ventricular hypertrophy and heart failure) (see Table
2.9) and renal failure. Other important complications
include peripheral vascular disease and dissecting aortic
aneurysms.

In patients with malignant hypertension there is risk
of cerebral oedema, left ventricular failure, renal impair-
ment with proteinuria and microscopic haematuria. In
severe hypertension, retinal haemorrhages, exudates and
papilloedema are features of malignant hypertension.

Macroscopy/microscopy

® Benign hypertension and small arteries: There is hy-
pertrophy of the muscular media, thickening of the
elastic lamina, fibroelastic thickening of the intima
and reduction in the size of the lumen.

® Malignant hypertension and small arteries: Loose
myxomatous intimal proliferation with reduced lu-
men and normal media.

® Arterioles: Thereis hyaline wall thickening (hyaline ar-
teriosclerosis), increased rigidity and reduced lumen
size.

® Malignant hypertension and arterioles: Fibrinoid
necrosis is seen in the walls of arterioles.

Investigations

® Routine investigations must include fasting plasma
glucose, serum total cholesterol and lipid profile,
U&Es, FBC, urinalysis (dipstick), ECG and serum uric
acid.

® Other tests may include echocardiogram, carotid ul-
trasound, microalbuminuria (essential test in diabet-
ics), quantitative proteinuria (if dipstick test positive)
and fundoscopy in severe hypertension.
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Table 2.10 Stratification of risk depending on blood pressure and risk factors

Blood pressure (mmHg)

Normal High Normal Grade 1 Grade 2 Grade 3

SBP 120-129 or SBP 130-139 or SBP 140-159 or SBP 160-179 or SBP >179 or

DBP 80-84 DBP 85-89 DBP 90-99 DBP 100-109 DBP >109
No other risk factors Average risk Average risk low risk Moderate risk High risk
1-2 risk factors Low risk Low risk Moderate risk Moderate risk Very high risk
3+ factors, TOD*, Moderate risk High risk High risk High risk Very high risk

ACCT or diabetes

*Target Organ Damage (TOD) including left ventricular hypertrophy, microalbuminuria, hypertensive retinopathy grade Il or IV, or radiological evidence

of widespread atherosclerosis.

fAssociated clinical conditions (ACC) include cerebrovascular disease, cardiac disease, renal disease or peripheral vascular disease.

® Specialist tests include further tests for end organ dam-
age (cerebral, cardiac renal) and tests for the causes
of secondary hypertension (renin, aldosterone, corti-
costeroids, catecholamines, arteriography, renal and
adrenal ultrasound, MRI brain).

Management

Treatment is based on the total level of cardiovascular

risk and the level of systolic and diastolic blood pressure

(see Tables 2.9 and 2.10)

e All patients should be advised to have lifestyle changes,
including weight reduction, alcohol limitation, salt re-
striction, reduced total and saturated fat intake and
increased fruit and vegetable consumption and in-
creased exercise. Stopping smoking as well as the ac-
tions mentioned above will also reduce overall cardio-
vascular risk.

® Patients with high or very high risk should begin treat-
mentimmediately. Patients with moderate risk should
remain under close follow-up. If after 3 months their
systolic blood pressure is above 139 or the diastolic
above 89, treatment should be started. The remainder
of patients and those with low or average risk should
remain under long-term follow-up.

e Combination drug treatment is often required. A
treatment algorithm is shown in Fig. 2.15.

Prognosis

Patients with untreated malignant hypertension have a
1-year mortality rate of 90%. In general the risks from
hypertension are dependent on:

® The level of blood pressure,

Presence of retinal changes, presence of renal or car-
diac impairment,

Being male is a greater risk than female,
Age (young fare worse than old) and
Coexistence of coronary disease and risk factors.

Peripheral arterial disease

Definition

Peripheral arterial disease describes a spectrum of patho-
logical processes affecting either the larger arteries or
small vessels.

Incidence
Very common.

Age
Mainly over 50 years

Sex
M>F

Geography
More common in the Western world.

Aetiology/pathophysiology
Atheromatous plaques form especially in larger vessels at
areas of haemodynamic stress such as at the bifurcation
of vessels and origins of branches. It may affect younger
patients, particularly diabetics and smokers.
Arteriosclerosis, ‘hardening of the arteries), is an age-
related condition accelerated by hypertension. It often
occurs in conjunction with atheroma.
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Age under 55 years
and non-Black

Age over 55 years
or Black

STEP 1 A (or B)

CorD

STEP 2

an

STEP 3 A(orB) and

and@

A

A: ACE inhibitor or angiotensin receptor blocker
B: B-Blocker

C: Calcium channel blocker

D: Diuretic (thiazide)

Combination of B and D increases the risk of new
onset diabetes.

STEP 4

Add either a-blocker, spironolactone or other diuretic

Figure 2.15 Treatment algorithm for hypertension.

® In larger arteries fibrosis of the muscular or elastic
media weakens the wall and the vessel lumen enlarges.
This can lead to ‘unfolding of the aorta’ and aortic
regurgitation.

® In smaller arteries and arterioles, the predominant
effects are smooth muscle hypertrophy and intimal
thickening forming concentriclayers of collagen, caus-
ing luminal narrowing.

Clinical features

Chronic peripheral arterial disease in the lower limbs
causes intermittent cramp-like pain in the muscles dur-
ing exercise and is relieved by rest—so-called intermittent
claudication. With increasing severity of ischaemia the
claudication distance falls. Severe claudication may be
associated with non-healing leg ulcers that progress to
gangrene. Eventually the patient develops pain at rest
and this indicates critical arterial insufficiency and is a
surgical emergency.

On examination, signs include cool, dry skin with loss
of hair, thready or absent pulses in the affected areas
and a lack of venous filling. There is often discoloura-
tion, i.e. pallor or a dark hue due to slow circulation.
In advanced cases there is ulceration (see Table 2.11)
or even gangrene. There may be aneurysms (e.g. ab-
dominal or popliteal) and bruits should be listened for.

Table 2.11 Comparison of arterial with venous ulcers

Arterial Venous

Position Tips of toes and Gaiter area

pressure areas
Tenderness Very tender Painful at first but

settles down

Temperature ~ Surrounding areais ~ Warm

cold
Size Any size Any size or shape
Edge Punched out edge Sloping purple colour
Base Grey/yellow Covered in pink

sloughing tissue granulation tissue

Hypertension may be the underlying cause or may be
secondary to renal artery stenosis caused by atheroma.
The underlying processes are common to the entire
arterial tree, therefore associated symptoms and signs
should be elicited, e.g. chest pain, transient ischaemic
attacks, impotence (due to internal iliac artery disease).

Complications

® Gangrene and loss of limbs. Diabetics are at particular
risk due to diabetic neuropathy, which allows ulcera-
tion, trauma and infection to progress without pain.

® Acute arterial occlusion due to thrombus or emboli
from the heart or a larger vessel may cause pain, pallor,



paraesthesia and paralysis, which is a surgical emer-
gency (see page 80).

Investigations

e X-ray may show calcification of the vessels in the leg.

® Doppler ultrasound to measure ankle systolic blood
pressure and assess blood flow.

® Arteriography or digital subtraction angiography al-
lows visualisation of the arterial tree.

Management

® Risk factors should be modified where possible, stop-
ping smoking in particular may prevent further dete-
rioration and improves symptoms in many cases. Care
should be taken to avoid trauma. Exercise should be
encouraged as it improves collateral supply.

® Low-dose aspirin should be used to reduce risk of
thromboembolism.

® In most patients clinical symptoms are static or fluc-
tuate, so conservative care is sufficient. There are four
options for persistently severe symptoms. Arterioscle-
rosis in older patients is difficult to treat surgically, as
the vessels are small.

1 Sympathectomy reduces vasospasm. It is useful to
relieve rest pain in small vessel disease. It can be
done percutaneously with an injection of phenol.

2 Percutaneous angioplasty is most useful for short
stenoses or occlusions in medium-sized arteries
such as theiliac, femoral and renal arteries; however,
as patients often present late the disease may be too
widespread. A guide wire is inserted and then a bal-
loon fed over the wire and inflated within the lesion.
Stents are often used to improve patency. Complica-
tions include restenosis, dissection or thrombosis.

3 Arterial reconstruction is preferably reserved for
critical ischaemia or severely limiting intermittent
claudication, because failed grafting worsens symp-
toms and repeat surgery is very difficult. In addi-
tion, most patients have other conditions such as
ischaemic heart disease, diabetes and cerebrovascu-
lar disease, which increases peri- and postoperative
morbidity and mortality. Procedures include
e femoro-popliteal grafts using saphenous vein, or

polytetrafluorethylene (PTFE) and
e more distal disease is best treated with a bypass
graft from the common femoral artery to the
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popliteal or tibial artery as the stenosis or occlu-
sion is usually long.

4 Amputation: vascular disease causes more than 90%
of all amputations; however, most vascular disease
does not result in this. The level of amputation is
dependent on blood supply, state of joints, general
health and age. Conservation of the knee joint is im-
portant (possible in 50%) for prosthesis and walk-
ing. Normally the stump is closed by primary suture.

Prognosis

Five-year patency rates with femoro-distal bypass vary
between 30 and 50%, aortoiliac reconstruction has a pa-
tency rate of 80%. The most common cause of death
peri-operatively and during long-term follow-up is is-
chaemic heart disease.

Aneurysms

Definition
An aneurysm is defined as an abnormal focal dilation of
an artery (see Table 2.12).

Pathophysiology

® An arterial aneurysm may be true or false. A true
aneurysm is enclosed by all three layers of the arte-
rial wall. A true aneurysm may be further subdivided
into saccular in which there is a focal out-pouching
or fusiform where there is dilation of the whole cir-
cumference of the vessel. A false (pseudo) aneurysm
occurs following penetrating trauma when there is a
pulsatile haematoma, which is in contact with the ar-
terial lumen.

® Aneurysms tend to slowly enlarge, causing local pres-
sure problems. They may dissect and cut off blood
supply to tissue or rupture with resulting haemor-
rhage.

e Altered flow patterns predispose to thrombus forma-
tion, which may embolise to distal arteries or cause
occlusion at the site of the aneurysm.

Investigations

CT and ultrasound scanning can demonstrate the posi-
tion and type of aneurysm. Arteriography or 3-D recon-
struction using MRI is used to outline the anatomy.
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Table 2.12 Types of aneurysm

Incidence

Thinning and fibrous replacement

Most common

of media

Inflammatory destruction of media

Now rare

and fibrous replacement

Aetiology Site Cause
Atherosclerotic Abdominal and thoracic aorta

Syphilitic Ascending aorta and arch

Berry Cerebral arteries

Infective (mycotic)  Any

Congenital defects in elastic
lamina/media
Destruction of wall by bacteria in Rare

Common in patients with adult
polycystic kidney disease

infected thrombus

Abdominal aortic aneurysm

Definition
Abnormal dilation of the abdominal aorta.

Incidence

Abdominal aortic aneurysms (AAA) are present in 2%
of men aged 60—84 years and are an important cause of
death, 6000 per annum in United Kingdom.

Age
Increases with age, rare under 50 years.

Sex
M > F (10-20:1)

Geography
Becoming more common in the developed world.

Aetiology

Risk factors are as for atherosclerosis, including smoking,
hypercholesterolaemia, age, sex, diabetes. Hypertension
in particular plays an important role in the enlargement
and rupture. Patients with abdominal aortic aneurysms
commonly have associated coronary artery disease, cere-
brovascular disease and more extensive peripheral vas-
cular disease.

Pathophysiology

The arterial wall becomes thinned and is replaced with
fibrous tissue and stretches to form a dilated saccular or
fusiform aneurysm. The majority (95%) are infrarenal,
i.e. arise below the renal arteries, but they may extend
down to the iliacs or there may be multiple separate

aneurysms, e.g. femoral and popliteal. Suprarenal
aneurysms may also involve the thoracic aorta.

As the aneurysms slowly enlarge at an average of 0.5
cm per year, they cause local pressure problems and have
an increased risk of rupture. They may dissect and cut
off blood supply to tissue (e.g. kidneys) or rupture with
resulting haemorrhage.

Altered flow patterns predispose to thrombus forma-
tion, which may embolise to distal arteries or cause oc-
clusion at the site of the aneurysm.

Clinical features

Abdominal aortic aneurysms may be found incidentally
as a central expansile mass on examination or as calcifi-
cation on an X-ray. A tender mass suggests a high risk of
rupture.

Patients may present with a dull, aching chronic or
intermittent epigastric or back pain due to expansion.
Rupture causes a tearing epigastric pain that radiates
through to the back or referred sciatic or loin to groin
pain. Rupture through all three layers of the wall causes
profound shock. Occasionally a small leak ‘herald bleed’
may cause a shorter, less severe episode of pain some days
or weeks before rupture occurs.

Fistula formation into the bowel causes catastrophic
fresh rectal bleeding.

Complications

Thirty per cent of aneurysms will eventually rupture.
More than half of aneurysms over 6 cm will rupture
within 2 years — thromboembolism.

Investigations

CT with contrast and ultrasound scans will demon-
strate the position and wall thickness of the aneurysm.
Angiography or 3-D MRI reconstruction may be used to



define the anatomy prior to deciding on surgical man-
agement.

Management

® Ruptured abdominal aortic aneurysm is a surgical
emergency.

® Careful resuscitation is required, maximal systolic
blood pressure should be 80-90 mmHg to main-
tain renal and cerebral perfusion without exacerba-
ting the leakage. O negative blood may be required
until blood is cross-matched, as blood loss can be mas-
sive.

® Surgery at a specialist centre gives the best outcome,
but patients may not be fit for transfer.

® The aneurysm is cross-clamped, partially excised and
replaced with a Dacron graft. If the aneurysm is too
low, or when the iliac and femoral arteries are ei-
ther aneurysmal or too diseased with atherosclerosis,
a ‘trouser’ bifurcation graft is used to anastomose to
the iliac or femoral arteries.

® Asymptomatic small aneurysms should be managed
conservatively with aggressive management of hyper-
tension and other risk factors for atherosclerosis and
yearly ultrasound scans to monitor progress.

® Abdominal aortic aneurysms over 5 cm should be
treated electively. Whilst surgical techniques remain
the standard treatment, increasingly endovascular
stenting techniques are being used that can be per-
formed under local anaesthetic.

Prognosis
Mortality rate in elective surgery is 5% or less. In rup-
tured abdominal aortic aneurysms only 20% survive,
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even if patients survive to surgery mortality is 50%.
Suprarenal aneurysms have a much poorer prognosis
with a high risk of renal impairment. Many patients have
concomitant ischaemic heart disease or cerebrovascular
disease, which affects outcome.

Thoracic aortic aneurysms and
aortic dissection

Definition

Aortic dissection is defined as splitting through the en-
dothelium and intima allowing the passage of blood into
the aortic media.

Aetiology

Predisposing factors to thoracic aortic aneurysms, which
may dissect include hypertension, atherosclerosis, bicus-
pid aortic valve, pregnancy, increasing age and Marfan’s
syndrome. In all cases there is degeneration of collagen
and elastic fibres of the media, known as ‘cystic me-
dial necrosis’. Trauma, including insertion of an arterial
catheter, is also a cause.

Pathophysiology

There is an intimal tear, then blood forces into the aortic

wall, it can then extend the split further along the wall

of the vessel.

® Type Adissectionsinvolve the ascending aorta (see Fig.
2.16), and in these cases the major risk is of dissection
tracking back towards the heart, causing haemoperi-
cardium and tamponade. These are further subdi-
vided depending on whether the dissection extends

Figure 2.16 Types of aortic dissection.
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beyond the brachiocephalic trunk (Type I) or not
(Type II). Most thoracic aortic dissections are Type
A, and these have the highest mortality.

® Less commonly the dissection is confined to the de-
scending aorta (Type B or Type III). The most com-
mon site for these to start is at the point of the ductus
arteriosus, i.e. opposite to the left subclavian artery.
Type I and Type III aortic dissections threaten the
spinal arteries as well as the arteries supplying the ab-
dominal viscera, e.g. mesenteric and coeliac axes and
the renal arteries. They may extend as far down as the
iliac arteries.

Clinical features
Dissection classically presents with excruciating sudden
onset central chest pain, which may be mistaken for an
acute myocardial infarction. The pain tends to be tear-
ing, most severe at the onset and radiates through to
the back. Most patients are hypertensive at presenta-
tion. Hypotension suggests significant blood loss, acute
haemopericardium or disruption of the aortic valve. A
difference in the blood pressure between the arms sug-
gests impaired flow to one of the subclavian arteries.
There may be reduction in the pulses distal to the lesion.
Auscultation may reveal the early diastolic murmur of
aortic regurgitation and occasionally a pericardial rub.
Haemorrhage from descending aortic aneurysms may
cause dullness and absent breath sounds at the left lung
base due to a left pleural effusion (haemothorax).

Complications

Dissection or formation of thrombus on the damaged
endothelium may obstruct any branch of the aorta,
and thus stroke, paraplegia (due to spinal artery in-
volvement), renal failure and mesenteric ischaemia may
result.

Investigations

® ECG may be normal or show evidence of left ventric-
ular hypertrophy due to long-standing hypertension.
Myocardial infarction may occasionally be due to dis-
section involving the coronary arteries.

® Chest X-ray may show a widened mediastinum: di-
lated aorta, an enlarged heart due to pericardial ef-
fusion and calcification of the aortic intima pushed
further than normal within the aortic border.

® The diagnosis is best confirmed with contrast CT or
MR angiography. Transthoracic or transoesphageal
echocardiography can give valuable information
about the aorta and aortic valve, and may also be used
to make the diagnosis, particularly in haemodynami-
cally unstable patients.

Management

Dissection of the aorta is a medical (and surgical) emer-

gency. In both types, urgent but careful resuscitation

is required, and importantly hypertension should be
treated, aiming at a maximal systolic blood pressure of

100-120 mmHg to maintain renal and cerebral perfu-

sion without exacerbating the dissection. Intravenous

B-blockers, glyceryl trinitrate and hydralazine may all

be needed. Adequate analgesia is required.

e Type A dissections require emergency surgery with
cardiopulmonary bypass. The ascending aorta is re-
placed using a Dacron graft and the aortic valve re-
paired or replaced as necessary. The aortic arch and its
branches may also need repair or replacement.

® Type B dissections should be treated conservatively
with antihypertensive therapy. Surgery or endovascu-
lar stenting may be indicated if the dissection pro-
gresses, or if rupture occurs, but the risk of paraplegia
due to spinal artery ischaemia during surgery is high.

Asymptomatic thoracic aortic aneurysms found by

screening, e.g. in Marfan’s syndrome, are closely moni-

tored with echocardiograms and CT scans for expansion
and may be treated electively by surgical repair.

Prognosis

Untreated thoracic aortic dissection results in 50% mor-
tality within 48 hours. In all patients long-term strict
blood pressure control is needed.

Acute peripheral arterial occlusion

Definition
Acute loss of the arterial supply to a limb.

Incidence
Commonest vascular emergency.

Age
Increases with age.



Sex
M>F

Aetiology/pathophysiology

The most common causes are emboli and thrombus.

® Ninety per cent of emboli arise from the heart, usu-
ally due to mural thrombus (e.g. as a complication
of atrial fibrillation or post-infarction) or from ab-
normal, infected or prosthetic heart valves. Less than
10% arise from the large vessels, e.g. aortic aneurysm
or atherosclerotic vessels.

e Thrombosis may cause acute ischaemia usually aris-
ing on a pre-existing atherosclerotic plaque or within
an aneurysm, causing complete occlusion. Hypo-
volaemia or hypotension often precipitates complete
occlusion. Less commonly thrombosis may arise in
non-atherosclerotic vessels as a result of malignancy,
polycythaemia or other hypercoagulable states.

® Other causes of acute arterial occlusion include direct
trauma and dissection of an aneurysm.

Loss of arterial blood supply causes acute ischaemia and
irreversible infarction occurs if the occlusion is not re-
lieved within 6 hours. After the occlusion is relieved there
may be secondary damage due to reperfusion injury. This
is due to the production of toxic oxygen radicals, which
cause further cellular damage.

Clinical features

Patients present with a cold, pale/white and acutely
painful limb, which becomes weak and numb with loss of
sensation and paraesthesiae, which starts distally (pain
becoming painless, pallor, paraesthesia, pulseless and
paralysed). Paraesthesiae or reduced muscle power are
signs of severe ischaemia. As the condition progresses,
the skin becomes mottled with dusky patches. Muscle
tenderness is a sign of ischaemic damage. Complete loss
of muscle power with tender, firm muscles is a sign of
muscle infarction.

Complications

Compartment syndrome may occur (muscle swelling
secondary to ischaemia and reperfusion within rigid
compartments between the bones and fascial layers
causes increased tissue pressure, which rises above capil-
lary perfusion pressures, such that there is further com-
promise of blood supply to the affected limb). Muscle
necrosis leads to the release of high quantities of creatine
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kinase and myoglobin, which can cause acute renal fail-
ure by a direct toxic effect (rhabdomyolysis). Volkmann’s
ischaemic muscle contracture may also occur.

Investigations

Angiography may be useful but should not delay surgery
in critical limb ischaemia. In cases of emboli further post-
operative investigation is required to establish the source
of the embolus including ECG, echocardiography and
abdominal ultrasound scan.

Management

Following assessment and resuscitation treatment in-

volves the following:

® Heparin to minimise propagation of thrombus, in very
mild cases this will be sufficient.

® Early cases and distal arteries may be treated medically
initially with thrombolytic therapy delivered directly
to the vessel under radiographic guidance.

® Acute occlusion with signs of severe ischaemia is
treated with emergency surgery. Embolectomy/thro-
mbectomy is usually performed with a Fogarty bal-
loon catheter under local anaesthetic if possible, and
complex cases may require arterial reconstruction.

e Compartment syndrome requires urgent fasciotomy.

Prognosis

Acute upper limb ischaemia tends to have a better prog-
nosis, as there is better collateral supply. Unfortunately,
acute lower limb arterial occlusion is more common.
Amputation is uncommonly necessary, but mortality is
as high as 20%, depending on the degree of ischaemia at
presentation and overall fitness of the patient.

Deep vein thrombosis

Definition
A thrombus forming in a deep vein most commonly
within the lower limb.

Aetiology

Increased risk of thrombosis may result from blood
stasis, vascular damage or hypercoagulability (Virkoff’s
triad).
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® Venous stasis: Immobility, obesity, pregnancy, paraly-
sis, operation and trauma.

® Intimal damage: Trauma to a vein, e.g. after a hip op-
eration, can provide a starting point for thrombosis.

e Thrombophilia: Factor V Leiden, antithrombin III de-
ficiency, protein C and protein S deficiency (see page
496), drugs including the combined oral contraceptive
pill.

Other risk factors include increasing age, malignant dis-

ease, varicose veins and smoking.

Pathophysiology

The starting point for thrombosis is usually a valve sinus
in the deep veins of the calf, primary thrombus adheres
and grows until flow is occluded. Secondary thrombus
forms which then progresses proximally.

Clinical features

The condition is often silent and pulmonary embolism
may be the first sign. Calf pain with swelling, tender-
ness, redness and engorged superficial veins are com-
mon. Clinical examination alone is unreliable for diag-
nosis.

Complications

Pulmonary embolism is a serious complication and may
be life-threatening, particularly when the embolus is
large, e.g. when it arises from the iliofemoral segment.

Investigations

Ultrasound or Doppler ultrasound scans can be used to
confirm the diagnosis; below-knee thromboses cannot
be easily seen and may only be diagnosed with venogra-
phy. Alternatively, in patients with a low clinical risk for
deep vein thrombosis may be screened using the D-dimer
test. If the D-dimer is normal no further investigation is
required.

Management

Bed rest and compression stockings; patients with above-
knee thromboses should be initially anti-coagulated with
low-molecular-weight heparin and then converted to
warfarin for 3 months with the INR maintained between
2 and 3. Thrombolytic therapy is occasionally used for
patients with a large iliofemoral thrombosis.

Prophylactic low molecular weight heparin should be
given to patients with immobility due to cardiac failure,
or surgery to the abdomen, leg or pelvis.

Prognosis
Destruction of deep vein valves occurs in half of patients,
with the development of chronic venous insufficiency.

Varicose veins

Definition

Distended and dilated lower limb superficial veins as-
sociated with incompetent valves within the perforating
veins.

Incidence
Common

Age
Increases with age.

Sex
5F: 1M

Aetiology

Incompetent valves in perforating veins between the su-
perficial and deep venous systems lead to reflux of blood
from the deep system. This results in distension and tor-
tuosity of the superficial veins. Familial predisposition,
obesity, pregnancy and prolonged standing are estab-
lished aetiological factors.

Pathophysiology

® Primary varicose veins are common and show a fa-
milial tendency, which may either be due to intrinsic
valve incompetence or loss of elasticity in the veins.

® Secondary varicose veins develop after valve function
has been disrupted by either disease (thrombosis) or
occasionally trauma. The valves in the perforating
veins are disrupted, so that blood refluxes from the
deep veins to the superficial veins.

Impaired venous return ‘chronic venous insufficiency,

leads to lower limb oedema, fibrosis around the small

capillaries and veins, skin changes of eczema and ulcer-

ation. These changes are referred to as lipodermatoscle-

rosis.



Clinical features

Patients complain of cosmetically unsightly veins and
aching, heavy legs. There may be a famil