The Australian
Short Course on
Intensive Care
Medicine

1998 Handbook

The Australian
Short Course on
Intensive Care Medicine

1998 Handbook

Editor
L.I.G. Worthley

Published in 1998 by
The Australasian Academy of Critical Care Medicine
Department of Critical Care Medicine
Flinders Medical Centre, Bedford Park
South Australia 5042
ISSN 1327-4759
1998 The Australasian Academy of Critical Care Medicine
Requests to reproduce original material should be addressed to
the publisher.
Printed by Gillingham Printers Pty Ltd
153 Holbrooks Road
Underdale
South Australia 5032

CONTENTS
page
1

Bleeding oesophageal varices
L. Worthley
Adrenocortical failure
A. Vedig

11

Management of hydrostatic pulmonary oedema
A. Bersten

21

Status epilepticus
L. Worthley

31

Ventricular arrhythmia
A. Holt

41

Antibiotics in the critical care unit
E. Everest

59

Paediatric circulatory failure
N. Matthews

67

Guidelines for presentation of scientific work
J. Myburgh

73

Cerebral haemorrhage
L. Worthley

81

The vasculitic syndromes
L. Worthley

89

Trainee Presentations

95

Index

127

iii

iv

1998 SHORT COURSE PROGRAMME
March

1015

30th
FMC
Travel to
FMC
Lecture
The FICANZCA
Pt. II examination.
Present & Future
R.L
Lecture

1130

Microbiology
Update
E.E.
Clinical cases

L.W.
Lecture

A.V L.W A.B A.H
ABC GHI MNO STU
DEF JKL PQR VWX

Outcome
Prediction
J.M

ARDS update
M.C
Lunch

A.V
Interactive
Haematology
&
Microbiology
L.W
Travel to WCH

Interactive

Lecture

Lecture

Lecture

ECG's

Interpreting the
haemodynamic
profile

Organ donation

Paediatric
ventilation
W.B
Lecture
Common
paediatric
ICU problems
N.M
Short questions

0815
0900

31st
QEH
Travel to
QEH
Interactive

April 1st
RAH

Clinical
vignettes
L.W.
Interactive

Management of
adult neurotrauma
J.M
Clinical cases
M.C
J.M

X-rays

Lecture

ABCDEF

1400

1515

1630

L.W
Lecture
Understanding
Fluid &
Electrolytes
L.W
Interactive

Interactive

L.W

Asthma and
COPD update
R.R
Lecture
The
unconscious
patient
P.M

Travel To RAH

Travel to RAH

Path Forms

1745

P.M

R.Y
Clinical cases
R.Y
M.F
MNOPQR STUVWX

Trauma vignettes
B.G.
Lecture
Inotropic agents

FMC = Flinders Medical Centre
WCH = Women’s and Children's Hospital
DINNER:

Path forms

GHIJKL

Trauma vignettes
B.G.
Lecture

1245

2nd
FMC
Travel to
FMC
Lecture
Mechanisms and
management of
Cardiac Failure
A.B
Interactive

J.M

3rd
FMC
Travel to
FMC
Lecture
Acute liver
failure
A.H
Interactive
Acid base &
Blood gases
L.W
Interactive
Presentations
L. W

N.M.
S.K
ABCDEF MNOPQR
GHIJKL STUVWX

**

QEH = Queen Elizabeth Hospital
RAH = Royal Adelaide Hospital

Thursday 2nd 7 pm: 22 William St, Hawthorn
(registrants at RAH accommodation block will be picked up at 6.45 pm)

v

REGISTRANTS
Code
A.
B.
C.
D.
E.
F.
G.
H.
I.
J.
K.
L.
M.
N.
O.
P.
Q.
R.
S.
T.
U.
V.
W.
X.

Name
Dr. P. W. Cheung
Dr. A. K. H. Leung
Dr. N. Thomas
Dr. N. Corkeron
Dr. P. Harrigan
Dr. S. Newell
Dr. C. Schneider
Dr. M. O'Leary
Dr. D. Cooper
Dr. P. Sharley
Dr. J. Torrance
Dr. E. Moyle
Dr. A-M. Pellizzer
Dr. R. Sistla
Dr. S. Green
Dr. C. A. Y. Cheng
Dr. D. Chu
Dr. H. Playford
Dr. E. Connolly
Dr. M. Kilminster
Dr. V. Pellegrino
Dr. R. Calcroft
Dr. D. Durham
Dr. P. Seal

Institution
Intensive Care Unit, St George Hospital, New South Wales
Intensive Care Unit, Queen Elizabeth Hospital, Hong Kong
Intensive Care Unit, Queen Elizabeth Hospital, South Australia
Intensive Care Unit, Sir Charles Gairdner Hospital, Western Australia
Intensive Care Unit, John Hunter Hospital, New South Wales
Intensive Care Unit, Gold Coast Hospital. Queensland
Intensive Care Unit, Southland Hospital, New Zealand
Intensive Care Unit, St George Hospital, New South Wales
Intensive Care Unit, John Hunter Hospital, New South Wales
Intensive Care Unit, Royal Adelaide Hospital, South Australia
Intensive Care Unit, Waikato Hospital, New Zealand
Intensive Care Unit, Albury Hospital, New South Wales
Intensive Care Unit, Alfred Hospital, Victoria
Intensive Care Unit, Alfred Hospital, Victoria
Intensive Care Unit, Gold Coast Hospital, Queensland
Intensive Care Unit, Prince of Wales Hospital, Hong Kong
Intensive Care Unit, Princess Alexandra Hospital, Queensland
Intensive Care Unit, Princess Alexandra Hospital, Queensland
Intensive Care Unit, Flinders Medical Centre, South Australia
Intensive Care Unit, Liverpool Hospital, New South Wales
Intensive Care Unit, Alfred Hospital, Victoria
Intensive Care Unit, Prince of Wales Hospital, Hong Kong
Intensive Care Unit, Wairau Hospital, New Zealand
Intensive Care Unit, The Geelong Hospital, Victoria

FACULTY
QEH
RAH
WCH
Dr. M.O’Fathartaigh (M.O’F) Dr. J. Myburgh (J.M) Dr. N. Matthews (NM)
Dr. J. Moran
(J.M)
Dr. M. Chapman (M.C) Dr. S. Keeley (S.K)
Dr. S. Peake
(S.P)
Dr. B. Griggs
(B.G) Dr. A. Slater
(A.S)
Dr. R. Ruffin
(R.R)
Dr. R. Young
(R.Y)
Dr. M. Finnis
(M.F)

FMC
Dr. L. Worthley
Dr. A. Vedig
Dr. A. Bersten
Dr. A. Holt
Dr. E. Everest

(L.W)
(A.V)
(A.B)
(A.H)
(E.E)

GUESTS
Dr. R. Lee

(R.L) Dr. P. Morley

(P.M)

Dr. W. Butt

vi

(W.B)

PREFACE
The Australian Short Course on Intensive Care Medicine is a teaching programme with lectures
and interactive seminars. This handbook includes the one page summaries of the 5 minute talks
given by the registrants as well as many of the subjects dealt with in the lectures and seminars.
This handbook is designed to be a working text. During the sessions, you may find it useful to
mark and note the text to facilitate your recall and review of the course at a later date. Along
with the previous editions I hope that you find this edition useful.
Dr. L.I.G. Worthley
Adelaide, March 1998
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BLEEDING OESOPHAGEAL VARICES
L.I.G. Worthley, FRACP, FANZCA, FFICANZCA
Consultant Intensivist,
Department of Critical Care Medicine,
Flinders Medical Centre, Bedford Park,
SOUTH AUSTRALIA 5042

The anastomosis between splanchnic and systemic venous systems occur at the
gastroesophageal junction (via thin-walled submucosal oesophageal veins channelling blood to
the azygous and hemiazygous veins), in the retroperitoneal space between the kidneys and
spleen, between the mesenteric and gonadal veins, and around the umbilicus, diaphragm and
rectum (Fig 1).

Fig 1. Sites of portosystemic circulation in cirrhosis of the liver

Portal venous pressures normally range from 5 to 10 mmHg, and portal hypertension is
present if the direct portal vein pressure is greater than 12 mmHg.1 The risk of oesophageal
variceal bleeding is unlikely when the differences in portal vein and inferior vena cava
pressures are less than 12 mmHg,2 with the portal venous pressures ranging from 12 to 40
mmHg in patients who have bleeding oesophageal varices.3
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Portal hypertension is often classified according to the site of obstruction to portal blood
flow. For example, presinusoidal (which may be prehepatic, e.g. portal and splenic vein
thrombosis;4 or intrahepatic, e.g. schistosomiasis, myelofibrosis, leukaemic infiltration,
sarcoid), sinusoidal (e.g. cirrhosis), and postsinusoidal (e.g. Budd-Chiari syndrome).
Sixty percent of patients with cirrhosis develop oesophageal varices, and 66% of these
bleed (i.e. 40% of confirmed cirrhotic patients develop variceal haemorrhage),5 usually from
vessels in the lower 5 cm of the oesophagus.6 Portal hypertension may also cause gastric
bleeding from portal hypertensive gastropathy (a condition which can cause diffuse gastric
mucosal bleeding and may follow sclerotherapy)7 or gastric varices.
Treatment
While asymptomatic oesophageal varices do not require treatment,6,8 variceal bleeding requires
therapy to control the acute bleeding episode as well as to reduce the incidence of rebleeding,
as rebleeding occurs in 70% or more of cirrhotics who have survived their first variceal
haemorrhage.9 Endoscopy should be performed in all patients who have upper gastrointestinal
bleeding and oesophageal varices, as a non variceal source of bleeding (e.g. gastric erosions, or
chronic ulceration) may be found in up to 50% of patients.10 The percentage of patients in
whom bleeding is controlled, and the mortality associated with the various treatments for acute
variceal haemorrhage are listed in Table 1.6,9,11,12,13,14,15,16
Table 1.
Treatment

Treatment of acute variceal bleeding in alcoholic cirrhosis
% control
% rebleed
Hospital mortality (%)
of acute haemorrhage
Child's A
C
No therapy
40
70
10
80
Sclerotherapy
95
30
3
50
60
40
5
60
Somatostatin 250 µg/h
Vasopressin 0.4 u/min
50
50
7
60
Balloon tamponade
90
60
15
80
Percutaneous portacaval shunt
95
10
3
50
Emergency portacaval shunt
90
10
15
95
Resuscitation
This involves blood transfusion, correction of coagulation abnormalities (e.g. FFP, platelets)
and correction of vitamin deficiencies that may cause coagulation abnormalities (e.g. Vitamin
K and folic acid)
Endoscopic variceal sclerosis (sclerotherapy)
Sclerotherapy has often been used for both acute oesophageal variceal haemorrhage (once
resuscitation is complete and temporary haemostasis has been achieved, which may require
intravenous octreotide, vasopressin, or balloon tamponade)17 and rebleeding prevention.18,19 It
has a greater success rate than balloon tamponade in controlling acute oesophageal variceal
haemorrhage (e.g. 90% for sclerotherapy, compared with 60% for balloon tamponade) and the
6-month survival rate is better (e.g. 84% for sclerotherapy compared with 45% for balloon
tamponade).5 It also has a lower incidence of portosystemic encephalopathy when compared to
transjugular intrahepatic portosystemic shunts.20 The combination of sclerotherapy and
octreotide (25 µg/h for 5 days) is more effective than sclerotherapy alone in controlling acute
variceal bleeding.21
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Sclerotherapy is performed during endoscopy, using a sclerosant (e.g. alcohol,
ethanolamine) injected into the varix (if the varix is actively bleeding), or adjacent submucosa
(if the varix is not actively bleeding). This may be repeated at weekly intervals, causing
intraluminal thrombosis, fibrous organisation and progressive variceal obliteration.22
While gastric varices decrease in the majority of patients after eradication of oesophageal
varices, sclerosis is ineffective in controlling acute bleeding from gastric varices or from portal
hypertensive gastropathy.23 Prophylactic sclerotherapy in patients who have oesophageal
varices which have not bled is of no benefit,8,19,24 and in one report was associated with an
increase in mortality.25
Complications of sclerotherapy include dysphagia, retrosternal pain, fever, rebleeding,
bacteraemia, mediastinitis, pleural effusions, empyema, paraoesophageal abscess, aspiration,
pneumonia, ARDS, portal vein thrombosis, spinal cord paralysis, oesophageal ulceration,
oesophageal perforation, and oesophageal strictures.26
Endoscopic variceal ligation
Endoscopic variceal ligation by the application of small elastic 'o' rings over variceal
channels, is a technique which has been recently introduced to manage oesophageal variceal
bleeding. The method appears to have results that are at least equal to sclerotherapy, with lower
rates of rebleeding, lower mortality and fewer serious complications.27,28,29 However, the major
disadvantage of variceal ligation is the need to withdraw the endoscope and load the bands
individually. This requires the passage of an over-tube which is uncomfortable and may
traumatize the oesophagus,30 although newer devices have been developed which allow up to
six-band ligations without the need for reloading or an overtube.31
A recent meta-analysis of studies comparing endoscopic ligation with sclerotherapy for
treatment of oesophageal variceal bleeding concluded that ligation should be considered the
endoscopic treatment of choice for patients with oesophageal variceal bleeding.32 Also the
combination of endoscopic ligation and octreotide (50 µg bolus followed by 50 µg/h for 5
days) is more effective than endoscopic ligation alone in controlling acute variceal bleeding.33
Vasopressin
Intravenous vasopressin at 20 u in 200 ml of 5% dextrose in 20 min followed by
0.2 - 0.8 units/min for 24 h, will often reduce portal pressure and allow temporary control of
variceal haemorrhage in 50% patients.5 However, rebleeding is frequent. As intra-arterial
vasopressin at 0.05-0.4 u/min is no more effective than intravenous vasopressin,34,35 and as it is
associated with a greater number of complications,3 the intravenous route is usually preferred.
The side-effects of vasopressin include diarrhoea, colic, hypertension, bowel ischaemia and
coronary ischaemia. Bowel and coronary ischaemia and hypertension may be reduced by
simultaneously infusing glyceryl trinitrate at 40 - 400 µg/min (or one tablet sublingually every
hour for 6 h);6,36 however, it does not improve the efficacy of vasopressin.11 In one study, 2 mg
of glypressin (a synthetic analog of vasopressin which is slowly broken down to lysinevasopressin) intravenously, 6-hourly, had a higher success rate in controlling acute variceal
haemorrhage when compared to vasopressin at 0.4 u/min.37 However, the prolonged vasomotor
side-effects of glypressin may be disadvantageous when compared to vasopressin.11
Somatostatin and Octreotide
Somatostatin and octreotide reduce portal pressure, and have been found to be more effective in
controlling acute variceal haemorrhage than vasopressin, and are associated with fewer adverse
effects.38,39 Octreotide (50 µg intravenously followed by 25-50 µg/h for 48 h, i.e. 500 µg of
octreotide in 50 ml of 5% dextrose at 2.5-5 ml/h) has also been found to be equally as effective
3
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as emergency sclerotherapy40 and balloon tamponade.41 However, one randomised, controlled
trial and meta-analysis of two trials failed to show a clinical benefit of somatostatin in the
emergency treatment of bleeding oesophageal varices.42
Beta-blockers
Propranolol is contraindicated in a patient with actively bleeding varices. However, it reduces
the incidence of variceal rebleeding, and may be used after the first bleed at 40 - 360 mg/day
(mean 160 mg/day) to reduce the resting pulse rate by 25%,43,44,45 in the well compensated
cirrhotic patient (e.g. Child's class A), who has no contraindications for propranolol use.1,5
Studies comparing chronic sclerotherapy with beta-blockers have shown that the two treatments
are equivalent for rebleeding and mortality, and that combination therapy with sclerotherapy
and beta-blockers shows no advantage.59 However, a recent study comparing sclerotherapy
with a combination of a beta blocker and a vasodilator (nadolol 80 mg daily initially and
adjusted to decrease the heart rate by 25% or no less than 55 per minute and isosorbide-5mononitrate added after the nadolol had been adjusted and increased up to 40 mg 12-hourly,
unless side effects appeared), demonstrated that the combination drug therapy significantly
decreased the risk of rebleeding with a trend towards improved survival.46 On the basis of these
reports, beta-blockers (with or without isosorbide dinitrate) are advocated as the treatment of
choice in the prevention of rebleeding.
Other drugs
Pentagastrin, and metoclopramide constrict the lower oesophageal sphincter and have been
reported to control acute variceal bleeding in more patients than in a control group.6 Isosorbide5-mononitrate has been suggested as an alternative to beta-blockers for variceal haemorrhage
prophylaxis, particularly in patients intolerant to beta blockade.30
Balloon tamponade
Balloon tamponade should be reserved for acute variceal bleeding uncontrolled by
sclerotherapy, octreotide, or vasopressin.12 The incidence of rebleeding after removing the
balloon is about 50%.12 The Linton-Nachlas tube has a single lumen which is inflated in the
gastric fundus and compresses the varices at the gastric side of the oesophagogastric junction.
The Sengstaken-Blakemore tube has an oesophageal balloon as well as a gastric balloon, for
both oesophageal and gastric compression. The Minnesota tube has four lumens; two are used
to inflate the oesophageal and gastric balloons; the remaining ones allow for gastric and
oesophageal aspiration. The Minnesota tube is often the preferred tube for balloon tamponade
management.
Technique. Before inserting the tube, the balloons are checked for leaks. The gastric
balloon is inflated progressively by 100 ml amounts of air, and the pressure is recorded with
each 100 ml inserted (enabling one to monitor the gastric balloon inflation pressure on
insertion, to check that the balloon is not in the oesophagus). The tube is placed through the
nose (as nasal insertion is tolerated better and is associated with less aspiration than oral
insertion). If oral insertion of the tube is required, the patient requires endotracheal tube
intubation with a cuffed tube to protect the airway. The tip of the tube is inserted up to the 60
cm mark before the gastric balloon is inflated. The gastric balloon is filled with 200-500 ml of
air and gently drawn up to the fundus of the stomach. The tube is then firmly secured to the
face by taping, or by traction of no greater than 1 kg (usually 500 - 1000 ml of saline is used as
gravity traction). It is seldom necessary to inflate the oesophageal balloon if the gastric balloon
is correctly placed.47 The stomach should be continuously aspirated to assess bleeding control.
If bleeding continues, the oesophageal balloon is inflated with air to a pressure of 40 mmHg.
4
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The positions of the balloons are checked radiologically. Pharyngeal aspiration should be
continuous when the oesophageal balloon is inflated. If bleeding is controlled, the oesophageal
balloon is left inflated for 24 h only (deflating the oesophageal balloon for 30-60 min every 8
h). The gastric-balloon tamponade can be maintained continuously for 48-72 h, after which it is
deflated and bleeding assessed before it is removed. If bleeding continues, the patient should be
considered for a surgical procedure (e.g. sclerotherapy, portosystemic shunt or oesophageal
transection) or a transjugular intrahepatic portosystemic shunt. The complications associated
with balloon tamponade include, aspiration pneumonia, upper airway obstruction, oesophageal
rupture and hiccups.
Surgical management
Surgical management may be divided into those methods which involve decompression of the
splanchnic circulation (e.g. central or selective portosystemic shunts), a direct attack on the
varices (e.g. endoscopic or transhepatic sclerosis, transection by stapling, transoesophageal
ligation, devascularization) or replacement of the diseased liver (i.e. hepatic transplantation).
Rebleeding after a variceal decompressive shunt usually indicates a technical failure
(duplex sonography is often used to confirm shunt occlusion).
Child developed a classification to assess the hepatic reserve to tolerate a major operation
and consequence of a diminished portal flow to the liver.48 The risk of operation is good with
class A (postoperative mortality 5-15%), moderate with class B (postoperative mortality 1530%) and poor with class C (postoperative mortality 30-60%). Child's classification has
subsequently been modified by including prolongation of prothrombin time, excluding the
'excellent', 'good' and 'poor' nutritional classification and classifying a patient with a score. A
score of 5 or 6 is class A, 7, 8 or 9 is class B, and 10 to 15 is class C (i.e. Child-Pugh class.
Table 2).49
Table 2.

Child-Pugh classification of hepatic functional reserve
points scored for abnormality
1
2
3
Encephalopathy (grade)
None
1 and 2
3 and 4
Ascites
None
Easily controlled
Poorly controlled
35 - 50
> 50
Total serum bilirubin (µmol/l) < 35
Serum albumin
(g/l)
> 35
30 - 35
< 30
INR
< 1.3
1.3 - 1.5
> 1.5
Central portosystemic (i.e portacaval) shunts.
1. Surgical: four prospective randomized trials comparing central portosystemic (i.e.
portacaval) shunting with medical therapy for patients who have cirrhosis and confirmed
variceal haemorrhage, concluded that shunting prevented rebleeding. However, survival rates
were not significantly different. Central shunting seemed to alter the mode of death from
exsanguination to hepatic failure and encephalopathy.50,51,52,53
2. Percutaneous: a transjugular intrahepatic portosystemic shunt (TIPS), using a
balloon-expandable stent has made the decompression of portal vein hypertension extremely
simple (by reducing the difference between portal venous and inferior vena cava values to 12
mmHg), reducing the patient's postprocedure stay to a few days (Fig. 2).
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Fig. 2 Transjugular intrahepatic portacaval shunt. Top left: a needle is advanced from the hepatic to portal vein via a
transjugular approach. Top right: a guidewire is advanced through the needle into the portal vein. Centre left: an
angioplasty balloon is advanced over the guidewire and expanded across the hepatic parenchymal tract. Centre right: a
stent mounted on the angioplasty balloon, is expanded to bridge the hepatic and portal veins. Lower final: appearance of
the intrahepatic shunt with the stent in place (Zemel G, Katzen BT, Becker GT, Benanati JF, Sallee S. Percutaneous
transjugular portosystemic shunt. JAMA 1991;266:390-393).

The procedure does not preclude liver transplantation at a later date (although difficulty in
removing the stent from the inferior vena cava and portal vein thrombosis have been reported)54
and in skilled hands has become treatment of choice (irrespective of the patient's Child
classification) in reducing portal venous pressure in the management of difficult variceal
bleeding (i.e. continued oesophageal bleeding despite two sclerotherapy sessions or bleeding
caused by gastric varices or portal hypertensive gastropathy).16,23,55,56 It has also been used to
treat refractory ascites.57 The shunt is often reviewed on a three month basis using duplex
sonography, and the stent is redilated if there is greater than 50% reduction in shunt flow.23
While TIPS is more effective than endoscopic treatment (i.e. sclerotherapy and/or banding
ligation) plus propranalol in prevention of variceal rebleeding, it is associated with an increased
incidence of hepatic encephalopathy (particularly if the portal pressure is reduced excessively)
and the mortality at 12 months is no different.58
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As TIPS creates a side to side portosystemic shunt, hepatic encephalopathy and
deterioration in liver function occur in up to 25% of cases,59 and shunt malfunction (e.g.
stenosis) occurs in more than 50% after 6 months.58 Other problems related to the procedure
include perforation of the hepatic capsule with intra-abdominal haemorrhage and visceral
perforation, infection, arrhythmias, thrombosis, misplaced or migrating stents, renal failure and
haemolytic anaemia.60
Selective portosystemic (i.e. distal splenorenal) shunts. The creation of a distal splenorenal
shunt (i.e. Warren shunt), selectively decompresses varices by separating the splanchnic
circulation into two components, the portomesenteric and the gastrosplenic. The latter is
decompressed into the systemic venous circulation via the left renal vein, which reduces
pressure in the oesophageal varices and prevents haemorrhage. Because the portomesenteric
circulation is separate and not decompressed, portal perfusion and thus hepatic function is
preserved. The incidence of postshunt encephalopathy in some studies has been greatly
reduced.61,62 This procedure does not preclude liver transplantation at a later date. The
procedure is technically more difficult than the standard portacaval shunt. However, while the
procedure is associated with acceptable mortality, is efficacious in controlling haemorrhage and
has minimal propensity for precipitating hepatic encephalopathy; most prospective randomized
trials to date have shown no difference in mortality when compared to the central shunt
procedures.63,64 Some trials have even shown no difference in encephalopathy rate when
compared to central portosystemic shunt procedures.65
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ADRENOCORTICAL FAILURE
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Adrenocortical insufficiency may present as an insidious, occult disorder, unmasked by
conditions of stress, or as a catastrophic syndrome that may result in death. Empirical treatment
may be required before the diagnosis is confirmed by investigations.
ANATOMY AND PHYSIOLOGY1,2,3,4,5,6,7
The adrenal cortex synthesizes and secretes three major types of hormones:
- glucocorticoids (e.g. cortisol)
- mineralocorticoids (e.g. aldosterone, 11-deoxycorticosterone)
- androgens (e.g. dehydroepiandrosterone)
The major pathogenic effects of disease result from cortisol and aldosterone deficiency.
Anatomically, the adrenal gland is unique in that the arteries and veins do not run in parallel.
There is a rich autonomic innovation and vascular supply with the venous drainage being
limited to one or two veins which have an eccentric muscular arrangement, making the gland
sensitive to stress states and coagulopathy. Histologically, the adrenal cortex is divided into
three major zones: zone fasciculata, zone glomerulosa and zone reticularis.
Zona fasciculata
This thickest, intermediate layer secretes cortisol, which affects intermediary metabolism via a
type II glucocorticoid receptor. Cortisol regulates protein, carbohydrate, lipid and nucleic acid
metabolism, resulting in increased gluconeogenesis and enhanced catabolism and lipolysis.
Antiinflammatory activity is related to the inhibition of neutrophil and macrophage migration.
Free water clearance is facilitated, and there is a permissive effect on peripheral vascular
responses to endogenous vasoconstrictors.
Cortisol secretion is directly controlled by adrenocorticotropic hormone which is, in turn,
regulated by corticotrophin-releasing hormone (CRH). Release of these hypothalamic-pituitary
hormones is influenced by circulating levels of cortisol or cortisol-like glucocorticoids, stress,
antidiuretic hormone (ADH), sleep-wake cycles, and circulating levels of interleukin-1.
Adrenocorticotropic hormone (ACTH) is derived from the precursor molecule proopiomelanocortin (POMC). β-Lipotropin and several other POMC derivatives have
melanocyte-stimulating activity.
Zona glomerulosa.
This thin outermost layer secretes aldosterone. The hormone increases sodium conservation and
potassium loss by the kidney, sweat glands and gastrointestinal tract; and is a major regulator of
extracellular fluid volume. These actions are mediated by the type I glucocorticoid receptor.
Fluid and electrolyte abnormalities of primary adrenal gland insufficiency are mostly due to
aldosterone deficiency.
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Most glucocorticoids have some mineralocorticoid-like activity. Prolonged administration
of glucocorticoids results in adrenal atrophy and hyposecretion of endogenous glucocorticoid
and androgens, although aldosterone responsiveness to sodium depletion is maintained.
Aldosterone secretion is controlled by the renin-angiotensin system, serum potassium
concentration and ACTH (although the latter only plays a minor role).
Zona reticularis.
This innermost layer of the adrenal cortex secretes androgens (e.g. dehydroepiandrosterone).
Deficiency produces a decrease in body hair in female patients, while male patients notice little
or no change because of gonadal testosterone production. Androgen deficiency in females may
contribute to anaemia and osteoporosis.
DISEASES
Primary adrenocortical insufficiency (Addison's disease)1,2,4,8
This is a rare disorder that occurs equally in males or females at any age. If symptoms are
present, most of the adrenal gland (i.e. 90% or greater) is destroyed. More than 80% of cases
are idiopathic, 50% of whom have anti-adrenal antibodies present. Other immune disorders are
commonly associated with adrenocortical insufficiency. Tuberculosis accounts for a lesser
proportion than previously, but is more likely (i.e. > 50%) if adrenal calcification is present.9
Cryptococcosis, other fungi and cytomegalovirus (CMV) infections occur rarely, except in
patients with acquired immunodeficiency syndrome (AIDS).10,11 CMV adrenalitis is a common
abnormality present in autopsy specimens of patients with AIDS,12 although clinically less than
5% have overt adrenal insufficiency. Individual patients with known CMV infection have a
higher rate of adrenal infarction.13
Destruction of the gland may occur with metastatic neoplasms,14,15 and rarely with
granulomatous or amyloid infiltration, irradiation or haemochromatosis. Other causes include
haemorrhage, congenital adrenal hyperplasia and drugs such as ketoconazole.16,17 fluconazole,18
and those used to treat hyperadrenalism (e.g. metyrapone). More recently, thrombosis and
infarction of the adrenal glands have been recognised in patients with the antiphospholipid
(anticardiolipin) syndrome,19,20,21 who may present in the critically ill patient with
thromboembolic disease. Physical destruction of the adrenal glands will result in varying
degrees of glucocorticoid, mineralocorticoid and androgen deficiency. Specific diseases and
drugs may result in a preponderance of glucocorticoid or mineralocorticoid insufficiency.
Secondary adrenocortical insufficiency1,2,4,8
This condition may be due to ACTH deficiency from pituitary and hypothalamic disease, or to
hypothalamic-pituitary-adrenal (H-P-A) gland suppression by exogenously administered
corticosteroid. Adrenocortical insufficiency associated with corticosteroid therapy occurs
frequently. The type of steroid, dose, route and duration of therapy influence the likelihood of
H-P-A suppression. Prednisolone (or other equivalent) in excess of 7.5 mg/day for longer than
2-3 weeks may suppress the H-P-A, and with continued use, may result in adrenal atrophy.
Suppression may continue for months after the cessation of therapy, during which time acute
deficiency may occur if the patient is stressed. Suppression may occur with topically applied,22
inhaled,23 and depot-type preparations.24 Neither the dose and duration of corticosteroid
therapy, nor basal cortisol levels can reliably predict the functional reserve.25
Pituitary dysfunction as a cause of secondary adrenocortical insufficiency occurs rarely, and
may be due to neoplasms, infections, haemorrhage, infarction, radiation and granulomatous
infiltration. Aldosterone secretion continues normally (as it is not controlled predominantly by
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ACTH), but severe fluid losses may reveal a subnormal aldosterone secretory capacity. Isolated
mineralocorticoid deficiency due to reduced renin activity is uncommon. If panhypopituitarism
exists, hypogonadism, growth retardation and hypothyroidism may be present. Secondary
hormonal deficiencies (e.g. hypothyroidism) may further complicate glucocorticoid
metabolism.
Clinical presentation of adrenocortical insufficiency
There may be few symptoms. The only physical sign apparent in Addison's disease may be
hyperpigmentation of skin which is exposed to light, friction or pressure. Gingival, scar, nipple,
freckle, tongue and genital pigmentation may also be present, secondary to the combined
effects of, β-lipotropin and melanocyte-stimulating hormone. Clinical features common to
primary and secondary adrenocortical deficiency include asthenia, muscle weakness, malaise,
fever,26 anorexia, abdominal pain (which may be severe), vomiting, alternating diarrhoea and
constipation and weight loss. Postural and supine hypotension also occur, as do salt craving,
myalgias, arthralgias, vitiligo, flexural contractures, alteration in personality, mental confusion
and psychosis. There is increased sensitivity to central nervous system depressant drugs,
including opioids.
Signs of reactive or fasting hypoglycaemia may be present (more common in pituitary
insufficiency). In advanced disease, there may be hyponatraemia and/or hyperkalaemia, which
may lead to a life-threatening ascending neuromyopathy. Hypercalcaemia is rarely present. A
small heart may be demonstrated radiographically. Haemodynamic measurements may reveal
increased cardiac output and low systemic vascular resistance.27,28 Eosinophilia, relative
lymphocytosis and normocytic anaemia also occur. Although cortisol has a permissive role in
haemosynthesis, androgen deficiency is responsible for the anaemia. Since the features of
adrenocortical deficiency are non-specific and common in other severe debilitating disease, it is
important to maintain a high index of suspicion.
Secondary insufficiency is more difficult to diagnose than primary insufficiency.
Hyperpigmentation is absent. Major findings, in order of prevalence, are hypoglycaemia,
weight loss, hypotension, anaemia, weakness and fatigue, hair loss, nausea, vomiting and
hyponatraemia.29 Stiff-man syndrome, delirium30 and fever31 are also described.
Acute adrenocortical insufficiency (Addisonian crisis)1,2,4,8
Aetiology
Acute adrenal insufficiency may present as an intensification of chronic hypoadrenalism, where
there is insufficient resource to meet the stress requirements of trauma, infection or surgery.32,33
Sudden cessation or too rapid reduction of chronic exogenous steroids may also precipitate an
acute crisis. Unrecognized, inappropriately low-level therapy with corticosteroid drugs may
result from drug interactions which increase steroid metabolism (e.g. with rifampicin,
barbiturates and phenytoin).34,35,36 Also, drugs such as ketoconazole that inhibit steroid
synthesis when given in the setting of stress (it also binds to the glucocorticoid receptor) may
precipitate a crisis in patients with congenital adrenal hyperplasia or decreased adrenocortical
reserve.
Sudden destruction of glands due to haemorrhage,37 although unusual, may occur with severe
sepsis, anticoagulant therapy (particularly heparin-induced thrombocytopenia).38,39,40 burns,
surgery, or trauma. The classical Waterhouse-Friederichsen syndrome was associated with
meningococcaemia, but may occur with either Gram-positive or Gram-negative septicaemia.
Chest,41 abdominal or investigational trauma has caused an Addisonian crisis secondary to
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haemorrhage. Surgical removal of a single gland,42 postpartum pituitary infarction (Sheehan's
syndrome) and pituitary apoplexy may cause acute adrenal insufficiency.
Infusions of the anaesthetic agents etomidate43 and alfathesin (althesin) probably contributed
to the adrenocortical insufficiency ascribed to critically ill patients without other recognized
precipitating factors. In critically ill patients, there is correlation between cortisol
concentrations and the degree of illness and mortality.44
Clinical features
Patients present usually in shock (e.g. hypotensive, tachycardic, poor peripheral perfusion) with
a history of worsening prodromal symptoms of hypoadrenalism. Malaise, weakness, tiredness,
anorexia, nausea, vomiting, mental disturbance, fever and severe abdominal pain are common
presenting complaints. Precipitating events such as surgery or septicaemia may be elicited.
Sudden flank or epigastric pain suggests adrenal haemorrhage. Anticoagulant induced
haemorrhage is more common in the middle-aged to elderly and thrombocytopenic patients.
Although hypovolaemia is not so obvious with secondary insufficiency, severe dehydration,
hypotension and peripheral circulatory failure are evident terminally, and are refractory to
treatment without steroid administration. The diagnosis of Addisonian crisis should be
suspected in all shocked patients if they remain refractory to usual treatment, and when the
cause of their condition is not apparent.
Investigations1,2,4,8
Those which assist diagnosis and management include the following.
Plasma pituitary and adrenal hormones Baseline plasma cortisol levels < 500 ηmol/1 with
marked stress are suggestive of insufficiency. Plasma ACTH (high in primary, but low or
normal with secondary adrenocortical insufficiency), plasma aldosterone, plasma renin and
other pituitary hormone measurements may be indicated. The short ACTH (Synacthen) test will
confirm adrenocortical insufficiency.
Biochemical and haematological. Hyponatraemia and hyperkalaemia (Na+:K+ ratio of
< 25:1) are very suggestive of Addison's disease. Hypoglycaemia is common. Serum calcium
may be elevated, although the ionized calcium is usually normal (but may rarely be increased).
Metabolic acidosis and respiratory failure may be present. Evidence of hypovolaemia (e.g.
postural hypotension) is common, and high urinary sodium excretion may occur despite
hypovolaemia. Moderate neutropenia with relative eosinophilia and lymphocytosis may be
seen. Antibodies to adrenal gland and other organs may be detected.
Electrocardiogram. Low voltage and slow conduction are present in severe
hypoadrenalism.
Radiology. Chest X-rays may show evidence of old tuberculosis. The heart is small in
chronic insufficiency. Abdominal computed tomography scan will indicate adrenal gland size
and may reveal calcification, haemorrhage, and some infiltrates.
Management1,2,4,8
Treatment must be immediate, and should be initiated prior to confirmation of the diagnosis.
Precipitating factors. if not apparent, should be sought and treated appropriately (e.g. sepsis and
thrombocytopenia)
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Corticosteroids
Acute management
If adrenal crisis is suspected, corticosteroids must be given without delay; results of plasma
cortisol assays will not readily be available. The short ACTH test may be undertaken together
with treatment, provided that there is no undue delay in corticosteroid administration. Blood is
taken for baseline cortisol concentrations, and other hormone and electrolyte estimates.
Dexamethasone 10 mg IV is given, together with tetracosactrin 250 µg (Synacthen, Cortrosyn).
Dexamethasone begins replacement therapy rapidly without interfering with the cortisol assay.
Cortisol concentrations are taken at 0, 30 and 60 min. If there is any delay in blood
sampling, basal cortisol concentrations may be suppressed by dexamethasone. Cortisol levels of
> 700 ηmol/1 disprove glucocorticoid insufficiency. Basal plasma ACTH concentrations of >
200 ηg/1 establish the diagnosis. The 30-min response to ACTH is the most reliable parameter
for assessing adrenal response.45 Measurement of plasma aldosterone at 0, 30 and 60 min after
ACTH may also be helpful. Plasma aldosterone levels less than 14 000 pmol/1 indicate
insufficiency.46 Corticosteroid treatment is continued as hydrocortisone 100 mg IV 6-hourly.
The initial bolus may be 250 mg IV if the short ACTH test is omitted. On day 2, 100 mg
hydrocortisone is given 8-hourly IM, then 12-hourly, and changed to an oral maintenance
regimen. Hydrocortisone has sufficient mineralocorticoid activity in higher doses (> 120
mg/day) to allow omission of mineralocorticoid replacement.
Maintenance47,48
When the crisis has been successfully treated, appropriate investigations help formulate a
corticosteroid maintenance regimen, which will involve giving cortisol or its equivalent twice
daily (on waking and at 18:00 h) to mimic circadian rhythm. Oral fludrocortisone 50-100 mg
daily or every other day provides mineralocorticoid support if required. The choice of
corticosteroid and dosage will depend on the degrees of insufficiency of the two essential
hormones. Although adrenal insufficiency is usually permanent when the glands have been
destroyed by haemorrhage and infarction, recovery is possible.49,50
Prevention
If stress is predictable or occurring (e.g. acute illness, temperature > 38°C, elective operations),
the glucocorticosteroid maintenance regimen must be increased. The oral dose may be doubled,
if this route is appropriate and the stress is mild. Vomiting or diarrhoea are indications for
parenteral therapy. Hydrocortisone succinate 50 mg IM every 6 h should be given if the patient
is not acutely ill. If stressed (e.g. pneumonia, major operation) 100 mg hydrocortisone is given
IM or IV 6-hourly until the recovery phase, or at least for 72 h. For minor operations. 100 mg
parentally 6-hourly for 24 h, and for minimal procedures e.g. cystoscopy), a single dose of 100
mg IM prior to the procedure is given. The doses suggested may have to be doubled if the
patient is taking concomitant enzyme-inducing drugs.
Monitoring and general supportive measures
These include oxygen therapy, and assessment and management of metabolic and respiratory
acidosis. Opioid and sedative drugs should be avoided. Frequent electrolyte (in particular,
potassium) and glucose determinations will be required. Continuous electrocardiogram (ECG)
and frequent arterial and central venous pressure measurements and attention to fluid balance
are essential. Repeated urinary electrolytes may be helpful. More invasive haemodynamic
monitoring and inotropic drugs may be required in managing the precipitating event, or if
shock remains unresponsive to appropriate fluid replacement.
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Intravenous fluids
Normal saline is infused rapidly, without awaiting monitoring urinary or central venous
catheter placement. The infusion rate could be one litre or more in the first 30 min. Subsequent
infusion may be in the order of 1 litre/h, but is determined by the response to initial infusion
and monitoring of clinical signs. The volume deficit in acute adrenal crisis is seldom greater
than 10% of total body water. Dextrose should be given at the same time as the saline infusion,
as 5% dextrose in normal saline, or separately. Hypertonic dextrose can be given via a central
line to treat hypoglycaemia. About 50 g (300 mmol) of dextrose may be required in the first 1-2
h.
Corticosteroid therapy3,51,52
Apart from substitution therapy in adrenocortical deficiency, the use of corticosteroids is
largely empirical and palliative by virtue of the anti-inflammatory effects. A single dose (even a
large one) or a few days of therapy is unlikely to produce harm, unless specific
contraindications exist. In the long-term. the likelihood of disabling and potential lethal effects
increases in proportion to the extent that the dose exceeds substitution therapy. Sudden
cessation may precipitate an Addisonian crisis, or unmask an underlying disease. This may
occur even with topically or rectally applied, inhaled and locally injected glucocorticoids.
Alternate-day dosing with the shorter-acting steroids minimizes H-P-A suppression, but in
acute situations, at least daily dosing must be used. Selection and dosing regimens are based on
antiinflammatory potency, mineralocorticoid activity and duration of action (Table 1). The
pharmacodynamic effects of the corticosteroid drugs are more relevant than plasma half-lives
when considering dosing schedules.
Table 1 Corticosteroid and synthetic analogues
Drug

Equivalent dose Sodium-retaining
activity
Cortisone
25
++
Hydrocortisone (cortisol)
20
++
Prednisone, prednisolone
5
+
Methylprednisolone
4
0
Dexamethasone
0.75
0
Betamethasone
0.60
T1/2 (h) = half life in hours

Plasma
T1/2 (h)
1.5
1.5
>3
>3
>3
>3

Biological
T1/2 (h)
8-12
8-12
> 18
> 18
> 36
> 36

HYPOALDOSTERONISM1,4,7
Inherited hypoaldosteronism
Inherited hypoaldosteronism (congenital adrenal hyperplasia) is most commonly due to
21-hydroxylase deficiency. This autosomal recessive disorder occurs in 1 in 10 000 - 15 000
births. Infants present with hyponatraemia and hyperkalaemia, which can progress to shock and
death. Girls usually have masculinized genitalia. Mineralocorticoids and glucocorticoids
control the salt wasting. Aldosterone synthase deficiency occurs less commonly, as does
pseudo hypoaldosteronism .
Acquired hypoaldosteronism
In the presence of normal glucocorticoid synthesis, acquired hypoaldosteronism may occur
during prolonged heparin or heparinoid therapy, and following operative removal of
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aldosterone-secreting adenomas, and is common with critical illness. Patients are unable to
increase aldosterone secretion appropriately in response to sodium restriction or hypovolaemia.
Unexplained hyperkalaemia is the commonest presenting feature. Once transcellular shifts of
potassium have been excluded, hypoaldosteronism should be considered in patients with
hyperkalaemia.
Hyporeninaemic hypoaldosteronism53
This is most frequently seen in adults with diabetes mellitus and mild renal failure, where the
hyperkalaemia and metabolic acidosis are disproportionate to the degree of kidney impairment.
Renin production is low, as is the aldosterone level in relationship to the degree of
hyperkalaemia. Other associated diseases include gout, pyelonephritis, nephrosclerosis and
amyloid.
Hyperreninaemic hypoaldosteronism
Hyperreninaemic hypoaldosteronism is common with prolonged, severe illness54,55 Plasma
renin activity and angiotensin II levels are elevated.56 The pathogenesis is unknown, but may
result from prolonged stimulation of the adrenal cortex by ACTH, resulting in a shift from
mineralocorticoid
to
glucocorticoid
production.
The
aldosterone
precursor
18-hydroxycorticosterone is frequently elevated, hypotension is common, and there is an
associated increased mortality. Although mild hyponatraemia is often seen, normokalaemia is
usual. In the stressed critically ill patient, the high cortical concentrations may inhibit the
development of hyperkalaemia. Disorders associated with hyperreninaemic hypoaldosteronism
include heparin therapy,57,58,59 diabetes mellitus,60 AIDS,61 and secondary carcinoma of the
adrenal gland.62 Hyperkalaemia is well-recognized in association with prolonged heparin
therapy, and seems more common in less severely ill patients.
Both
hyporeninaemic
and
hyperreninaemic
hypoaldosteronism
respond
to
mineralocorticoids. Hydrocortisone administration results in marked improvement in
cardiovascular status, with dramatic reduction in inotropic requirement in hypotensive critically
ill patients. Basal and ACTH-stimulated plasma cortisol levels are frequently very high. The
patients with renal insufficiency often respond to a reduction in sodium intake and to
administration of frusemide, which improves the hyperkalaemia and metabolic acidosis.
Plasma cortisols/occult hypoadrenalism in the critically ill
Plasma cortisol concentrations63 and response to the short ACTH stimulation test have been
reported in critically ill patients.44,64,65 Prognosis in patients with low concentrations has
generally been poor.44,63 Basal cortisol concentrations appear to be related to the degree of
stress. Patients with gastrointestinal bleeding have lower concentrations (600 ηmol/l) compared
with those who have respiratory failure or sepsis (1200 ηmol/1).44,66 Where basal cortisol
concentrations are high, no correlation between outcome and cortisol concentrations has been
demonstrated.66
More recently, a poor response (< 250 ηmol/l rise in cortisol concentrations) to parenteral
ACTH has been linked to very poor outcomes, although basal cortisol concentrations were
similar in survivors and nonsurvivors.64 A degree of secondary adrenal insufficiency is
postulated,65,67 but where high unstimulated cortisols exist, interpretation is difficult.68
Certainly, impressive pressor responses to administration of corticosteroids are a frequent
clinical observation, and are well-described in both adults64,65,66,68 and neonates.69,70 The precise
mechanisms of these physiological responses and how they fit with the pressor responses
observed in patients with isolated hypoaldosteronism, is currently unclear.
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Introduction
Acute pulmonary oedema is an extremely common clinical problem, often resulting in severe
respiratory failure. The alveolocapillary membrane performs an extraordinary task, since it
partitions blood in the pulmonary capillaries from the airspace across a membrane 0.1-0.2µ
thick and 50-100 m2 in area. Oedema fluid tends to accumulate in the interstitial space since the
permeability of the epithelium is normally some 10 fold less than that of the endothelium, with
estimated pore sizes of 0-5-0.9 nm and 6.5-7.5 nm respectively (Figure 1). With alveolar
flooding, surfactant is inactivated by protein, resulting in alveolar collapse, hypoxaemia and an
increase in the work of breathing. When the primary cause of the pulmonary oedema is an
increase in pulmonary microvascular pressure (Pc) the condition is termed hydrostatic or
cardiogenic pulmonary oedema, and when the primary cause is an increase in microvascular
permeability, in concert with a complex inflammatory response, the term acute lung injury
(ALI) is used. However, this is an artificial separation as there is considerable overlap between
these dominant mechanisms.
Control of alveolocapillary fluid balance
The determinants of fluid balance across any capillary are summarised by the Starling equation:
Jv = LpS[(Pc - Pint) - σ (πc- πint)]
where Jv is the fluid filtered, Lp is the hydraulic conductivity, S is the capillary surface area,
Pc - Pint is the hydrostatic pressure gradient, πc - πint the oncotic pressure gradient, and σ is the
reflection coefficient to protein which can vary from 1 to 0. When σ is 1 it implies
impermeability to protein, and when it is 0 solute permeability is equal to water. Normally, the
lung is slightly permeable with σ equal to 0.8.
Pc can be estimated from the Garr equation1 as:
Pc = PLA + 0.4 (PPA - PLA)
where PLA is left atrial pressure, and PPA is mean pulmonary artery pressure. The 0.4 value
represents the mean ratio of pulmonary artery and pulmonary venous impedance. While it is
rare for acute rises in the PPA - PLA gradient to cause pulmonary oedema in isolation, an
elevated gradient may well contribute in critically ill patients.
It was originally thought that there was normally no net fluid filtered across the pulmonary
circulation, with the oncotic forces and interstitial pressure balancing Pc. However, since there
is a continuous drainage of lung lymph from healthy, chronically cannulated sheep, the
interstitial pressure is no longer thought to be as negative as initially proposed. It is only when
the capacity to increase lymphatic drainage is exceeded that extravascular lung water markedly
increases. Of note, haemorrhagic shock increases the pumping action of the lymphatics, and
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sepsis results in a lymphoparesis, similar to that seen in the systemic microcirculation, that
reduces the ability to increase lymphatic flow. As depicted in Figure 1, estimates of the protein
content of interstitial fluid is about 40-50% of that in the circulation, with epithelial lining fluid
(ELF) about 20-30%. Some 60-80% of the ELF is derived from plasma, with the rest locally
secreted products. On the basis of estimates of epithelial pore size, albumin with a
hydrodynamic radius of 3.5 nm should be excluded from ELF; however, albumin comprises
35-50% of the ELF protein. Consequently, more recent modelling predicts epithelial pores with
radii of 1, 40, and 400 nm, accounting for 68, 30, and 2% of total fluid flux into the alveolus
during oedema formation.2
Since fluid is being continuously filtered and reabsorbed in the healthy lung, it would seem
unlikely that alveolar oedema could be passively cleared. Indeed, saline instilled into isolated,
non-perfused lungs is rapidly reabsorbed despite the absence of pulmonary blood flow. There is
now a large body of evidence demonstrating active absorption of alveolar by Na+ pumps at the
luminal and basolateral membranes of type II cells, leaving H2O to flow down an osmotic
gradient through specific water channels (aquaporins) present in both type I and type II cells
(Figure 1).3 This can be upregulated with β2-agonists, TGF-α and TNF-α Protein clearance is
slow (1-2%/h), and occurs predominantly by diffusional absorption across the alveolar wall.4
Consistent with this bidirectional protein flux, we have found elevated circulating levels of
surfactant proteins-A & -B in ARDS and hydrostatic pulmonary oedema patients, that correlate
with their physiologic disturbance.5,6

Normal

Air

Hypophase (10 - 20 g/L)
H2O
epithelium (0.5 - 0.9 nm)

H2O

H2O
Na+

Interstitium (30 - 40 g/L)

endothelium (6.5 - 7.5 nm)

Capillary (76 g/L)

Figure 1: The normal alveolocapillary membrane, with sites of active Na+ reabsorption and passive water movement
through aquaporins.

Surfactant proteins are uniquely suited to function as sensitive biomarkers of lung
permeability. Unlike other lung specific proteins they are present in the alveolar hypophase in
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high concentrations (1-3 g/L) and synthesised and secreted directly into the alveolus where they
can diffuse down their vast concentration gradients (~1:1500 and 1:7000 for SP-A & -B
respectively) reflecting alveolocapillary permeability. The proteins vary markedly in size (~20
to 650 kDa) and changes in their relative amounts appears diagnostic with regards to changes in
pore size and severity of the permeability deficit. The alveolar levels are remarkably constant in
the face of underlying respiratory disease, and, unlike the plasma proteins, their flux can only
be unidirectional into the plasma. Since we have estimated half-lives of around 20 min their
circulating levels acutely reflect changes in lung function.
Notionally, hydrostatic pulmonary oedema is purely due to an increase in Pc, with no
change in alveolocapillary permeability. Why then are circulating SP-A & -B elevated in these
patients? A growing body of data suggests that alveolocapillary permeability is increased,
albeit less than in ARDS, during hydrostatic pulmonary oedema. The total protein or albumin
oedema fluid (measured from aspirated frank oedema fluid) to plasma ratio is about 0.5 in
patients with hydrostatic pulmonary oedema and > 0.8 when frank pulmonary oedema is due to
severe acute lung injury. However, in microlavage studies the normal ratio is ~ 0.25. Consistent
with this, there is a graded increase in bronchoalveolar lavage protein content from ventilated
controls through hydrostatic pulmonary oedema to ARDS patients.7 The mechanism of this
increase in lung permeability is uncertain, but rapid rises in Pc can result in stress failure of
pulmonary capillaries8, and there is evidence for oxidative injury in the alveolus9 with altered
surfactant composition, and elevated cytokines in the systemic circulation10 in hydrostatic
pulmonary oedema.
Finally, pulmonary oedema may also result from an increase in capillary surface area or a
more negative interstitial pressure. In high lung flow states in neonatal and paediatric practice it
is common to see pulmonary oedema which primarily reflects an increase in the normal volume
of fluid filtered due to an effective increase in pulmonary capillary surface area. It is likely that
similar mechanisms contribute in high output states such as sepsis and liver failure, and
following pneumonectomy. An increase in the work of breathing due to conditions such as
asthma, parenchymal lung disease and upper airway obstruction is accompanied by a more
negative pleural pressure, hence a more negative interstitial pressure, and an increase in the
pressure gradient favouring filtration.
Factors elevating Pc
Left atrial pressure is clearly the major influence on Pc, and PLA is determined by the pressurevolume relations of the left ventricle (LV). PLA may be increased because of LV systolic failure
with a secondary increase in end-diastolic volume, or due to a decrease in LV diastolic
compliance (Table 1). Pure diastolic failure is not associated with any change in contractility;
however, a combination of systolic and diastolic failure is the most common cause of an
increase in PLA.
Following systole a rapid energy dependent flux of Ca2+, mainly into the sarcoplasmic
reticulum, occurs against a 10,000 fold concentration gradient. This dynamic relaxation is
essential for diastolic filling, and is extremely vulnerable to energy depletion. Wall stretch,
α-adrenergic stimulation and alkalosis impair dynamic relaxation, and factors that increase cAMP enhance relaxation. Consequently, acute ischaemia results in reversible diastolic failure,
which may be superimposed on longstanding changes due to hypertrophy, ischaemic fibrosis or
post-infarct remodelling.
Strategies to lower Pc
The appropriate strategies to treatment will depend on the predominant mechanism elevating
Pc. Since this will often be diastolic failure due to myocardial ischaemia, restoration of
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coronary blood flow through use of thrombolytics, anticoagulants, PTCA and stenting, or
surgical revascularisation must proceed concurrently. Lusitropic agents such as β-adrenergic
agonists and phosphodiesterase inhibitors, and reduced LV pressure load may also improve LV
compliance.
Table 1: Causes of a decrease in LV compliance
Factors extrinsic to left ventricular chamber
Pericardial constraint
• Increased intrapericardial volume
• Increased pericardial thickness
• Increased pericardial stiffness
Right ventricular distension
Increased coronary turgor
Structural change in the left ventricular wall
Myocardial hypertrophy
• Chronic pressure load
• Regional hypertrophy associated with left ventricular remodelling after injury
Myocardial fibrosis
• Following ischaemia
• Hypertrophy due to pressure load
• Hypertrophy due to volume load
Myocardial infiltrative disorders
• Amyloidosis
• Haemosiderosis
Impaired dynamic myocardial relaxation
Acute ischaemia
Myocardial hypertrophy
Pressure load
Reduction of central blood volume through the use of diuretics, venodilators or venesection
has been a time-honoured strategy for the treatment of hydrostatic pulmonary oedema. In
chronic congestive heart failure with the compensatory mechanisms of Na+ and H2O retention,
this may dramatically reduce Pc. However, in diastolic failure, blood volume may be relatively
normal and these strategies may result in hypovolaemia and a reduction in stroke volume. This
is probably fairly common since the ischaemic event precipitating pulmonary oedema has often
passed, with an already normal Pc, when treatment begins.
Specific Drugs
1. Venodilators
Nitrates are the most specific venodilators used clinically, and may improve LV relaxation
through arterial vasodilation and amelioration of myocardial ischaemia if present. Provided the
patient is not hypotensive, sublingual administration is an easy rapid mode of administration
that rapidly reduces Pc with concurrent clinical improvement.11 In comparison with frusemide
and morphine for the prehospital treatment of acute pulmonary oedema, sublingual
nitroglycerin was superior, and morphine was associated with poorer outcomes.12 Similarly,
high dose nitrates with low dose (target 40 mg) frusemide resulted in a lower incidence of
myocardial infarction and intubation than low dose nitrates and high dose frusemide in patients
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with acute pulmonary oedema presenting to mobile emergency units.13 In critically ill patients
nitrates should be infused, usually with invasive monitoring of the arterial pressure.
2. Diuretics
In addition to reduction in blood volume, frusemide is a potent venodilator with an early (5 min
after i.v. dose) reduction in Pc, in patients with LV failure following myocardial infarction.14
However, in patients with congestive heart failure an associated increase in neurohumoral
activity results in an early decrease in stroke volume and cardiac output, and an increase in both
peripheral resistance and Pc.15 Indeed, this may well explain why high-dose frusemide was
shown to have an unacceptably high intubation rate in a recent publication.13 Plasma volume is
increased by ∼30% despite frusemide following an episode of pulmonary oedema16, and
recovery appears unrelated to diuresis17, suggesting that diastolic dysfunction, not
hypervolaemia, is the principal cause of the increase in Pc. It is also important to differentiate
acute pulmonary oedema, where there may be a normal extracellular volume premorbidly, from
worsening chronic congestive heart failure where homeostatic Na+ and water retention result in
an expanded extracellular volume. Irrespective, frusemide continues to be used. With normal
renal function the maximum diuretic effect is achieved with 1 mg/kg, and addition of a thiazide
diuretic, with its proximal tubular action, should be considered if further diuresis is needed.18
3. Vasodilators
While arterial vasodilation will reduce LV afterload, with an increase in stroke volume
reducing Pc due to a leftward shift along the diastolic compliance curve, an independent
improvement in diastolic relaxation also occurs.19 Initially a titratable agent such as sodium
nitroprusside or nitroglycerin should be used, with nitroglycerin usually preferred since it may
preferentially reduce myocardial ischaemia. Angiotensin converting enzyme inhibitors have
been demonstrated to reduce mortality in congestive heart failure, but there are no particular
short term advantages. Their use is usually reserved for ongoing treatment when there is greater
haemodynamic stability.
4. Positive inotropic agents
Independent lusitropic effects have been demonstrated for agents that increase c-AMP, such a
β-adrenergic agonists and milrinone.20 However, caution must be used as these agents may
increase myocardial work and ischaemia. Digoxin impairs diastolic relaxation through
inhibition of the Na+ - K+ pump, and a secondary increase in diastolic intracellular Ca2+ via
sarcolemmal Na+ - Ca 2+ exchange.21 Consequently, despite its documented improvement in
systolic function, the use of digoxin should be avoided when diastolic failure predominates.
Acute Respiratory Failure
Acute respiratory failure is a common presentation of acute pulmonary oedema. There is
usually a sudden onset of dyspnoea, tachypnoea, tachycardia, diaphoresis, and cyanosis.
Respiratory work is markedly increased due to both an increase in elastic work and resistive
work. With the sudden increase in lung water there is alveolar instability and collapse, and a
reduction in diameter of the conducting airways. In chronic congestive heart failure there is
also an increase in bronchoconstrictor responsiveness. In addition to hypoxaemia, there is a
marked lactic acidosis, and hypercapnoea commonly results in profound acidaemia. Urgent
respiratory support is required in the more severe cases, to prevent cardiorespiratory arrest and
to allow time clearance of pulmonary oedema once Pc has been reduced.
Although it is commonly claimed that the mechanism of action of positive airway pressure
is its action in opposing Pc, this is not the case. An increase in intrathoracic pressure will be
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distributed both to the pulmonary microcirculation and the interstitial and alveolar spaces.
Alveolar capillaries experience no net change in filtration pressure will occur; however, at
extra-alveolar vessels an increase in Pc may result in an increase in fluid filtered. Indeed,
measures of extravascular lung water are unchanged or increased when PEEP is applied.22,23
Possibly, the reduction in both pleural pressure swing and negativity when CPAP is applied
during spontaneous breathing may reduce the filtered load, but this notion has not been
examined. More importantly, correction of hypoxia and hypercapnoea, reduction in respiratory
work, and reduction in diastolic dysfunction may be the major beneficial effects of respiratory
support.
Mask CPAP
Over 50 years ago Poulton and Oxon24 and Barach et al.25 described the sudden relief of
dyspnoea in patients with pulmonary oedema following the application of CPAP applied via a
tight-fitting face mask (mask CPAP). Despite these reports, mask CPAP has been infrequently
used in patients with acute respiratory failure, and it is only the current resurgence of interest in
noninvasive ventilatory techniques and a greater understanding of the effects of positive airway
pressure on the cardiorespiratory system that has led to its increased use. Nasal CPAP offers the
advantages of comfort and has been used in pulmonary oedema26; however, in our practice few
critically ill patients are cooperative enough to benefit from nasal CPAP, and when applied
with an open mouth, nasal CPAP fails to raise intrathoracic pressure.27 Other noninvasive
techniques such as pressure support with PEEP may be tried, but the inability of most
ventilators to trigger correctly at the high respiratory rates found in these patients means that
specifically designed continuous flow CPAP circuits continue to be used.
We use a high fresh gas flow CPAP circuit, weighted reservoir bag, and a tight fitting face
mask with a threshold resistor CPAP valve. This imposes minimal respiratory work28 and can
compensate for gas leaks around the face mask. Circuits that fail to maintain an almost constant
airway pressure increase imposed respiratory work and are less effective at increasing the endexpiratory lung volume, recruiting alveoli, redistributing lung water, and improving
oxygenation.29 Lenique et al.30 studied the effects of mask CPAP (5 and 10 cm H2O) in patients
with stable congestive heart failure and found a progressive reduction in the work of breathing
due to a decrease in resistive work with a trend to an increase in dynamic compliance. The
reduction in resistive work is likely due to an increase in lung volume, rather than any
bronchodilator effect of CPAP. Since heart failure patients having both reduced respiratory
muscle strength and endurance,31,32 this reduction in respiratory work is likely to be central to
the beneficial effects of mask CPAP.
CPAP will also decrease venous return and LV afterload. If LV contractility is normal, any
increase in cardiac output due to a reduction in afterload will be small compared with the
reduction in venous return; in contrast, if LV contractility is markedly impaired, a reduction in
afterload will tend to overcome the concomitant decrease in venous return and result in an
increase in cardiac output.33 While Lenique et al.30 found no change in cardiac output with the
application of CPAP, Bradley et al.34 reported that an increase in both cardiac output and stroke
volume in patients with congestive heart failure was only found in those patients with an
elevated pulmonary artery wedge pressure, and Rasanen et al.35 found a reduction in pulmonary
artery occlusion pressure when CPAP was applied to patients with acute myocardial infarction
and LV dysfunction.
Clinical studies of mask CPAP
Despite the numerous potential benefits of mask CPAP, few prospective studies have
demonstrated benefit. Rasanen et al.36 found a more rapid fall in respiratory rate and a higher
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PO2 with mask CPAP as compared with 30% oxygen alone, but no difference in the need for
intubation or hospital stay. In a cohort of more severely ill patients, we found that 10 cm H2O
mask CPAP prevented the need for intubation and reduced intensive care stay and costs as
compared with oxygen alone.37,38 Further, mask CPAP was associated with a more rapid
improvement in the respiratory rate, heart rate, arterial pH, PCO2 and PO2, which is seen within
30 minutes. Our study entry criteria of respiratory distress plus a PO2 below 70 mmHg, or a
PCO2 above 45 mmHg despite pharmacologic treatment and oxygen by facemask, remain a
reasonable indication for mask CPAP in acute pulmonary oedema.
Mechanical Ventilation
Compared to mask CPAP, mechanical ventilation with muscle paralysis reduces systemic O2
consumption by 20%, reducing myocardial O2 demand,39 and potentially myocardial ischaemia.
By abolishing respiratory work, and the potentially large component of cardiac output this
demands, mechanical ventilation may redistribute flow to vital organs.40 However, this only
appears to be a major issue with severely impaired systolic function, and we commonly see
significant haemodynamic instability during the institution of mechanical ventilation.
Consequently, mask CPAP still appears to be the current technique of choice; however, with
the development of ventilators better able to track high respiratory rates, PEEP with pressure
support ventilation applied non-invasively may be shown to be more beneficial in severely
hypercapnoeic patients.
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Status epilepticus describes a state of prolonged or repetitive convulsive or nonconvulsive
seizures that occur without a period of recovery between attacks and last for longer than 30
minutes
CAUSES
Seizures may be caused by any of the disorders listed in Table 11. The differential diagnosis of
epilepsy include pseudoseizures, syncope and transient ischaemic attacks (TIAs).
Pseudoseizure is one of the commonest hysterical conversion syndromes. It is a simulated
seizure which may be differentiated from a seizure by features such as atypical movements (e.g.
asynchronous thrashing of all limbs, pelvic thrusting, rolling movements), resistance to eye
opening, presence of a lash reflex during or immediately after a seizure, retained awareness or
vocalization during a seizure, or resistance to dropping of the patient's hand onto his or her
face2,3. Pseudoseizures are often recurrent, and commonly present as 'pseudostatus
epilepticus'6,4.
INVESTIGATIONS
The investigations include:
1. Serum biochemistry and drug screening: serum glucose, sodium, calcium, magnesium,
phosphate, pH and PaCO2, and drug levels5 (particularly in overdose patients or patients who
are known epileptics who are suddenly not controlled by their current medication), should be
measured.
2. ECG and echocardiography: echocardiography and ECG may be performed to determine
whether a cardiac syncopal element or cardiac embolic focus, exists.
3. EEG: the EEG remains the primary diagnostic tool for evaluating patients with known or
suspected seizure disorders. It may also help to differentiate secondary generalization of focal
seizures from primary generalized seizures.
4. CT scan: cerebral CT or MR studies are used to identify structural brain disorders
causing a seizure.
TREATMENT
Treatment is directed at preventing the generation and conduction of an abnormal neural
discharge, by using antiepileptic drugs, and eliminating the cause of the seizure (Table 1), by
correcting the metabolic disorder, drug toxicity or structural abnormality (e.g. surgical excision
of an epileptic focus in patients who have resistant seizures6).
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Table 1

Causes of seizures

Idiopathic
Multiple sclerosis
Acute disseminated encephalomyelitis
Alzheimer's disease
Febrile convulsion
Electrocution, electroconvulsive therapy
Eclampsia
Pancreatitis
Cerebrovascular diseases
Hypertensive encephalopathy
Embolism, infarction, AV malformation
Subarachnoid haemorrhage
Cerebral arterial or venous thrombosis, SLE, TTP
Structural cerebral defect
Trauma, neoplasm, abscess, infarct
Meningitis, encephalitis (particularly herpes simplex)
Metabolic abnormality
Hypo: glycaemia, natraemia, calcaemia
magnesaemia, phosphataemia
Metabolic or respiratory alkalosis
Uraemia, dialysis disequilibrium, hepatic failure,
Pyridoxine deficiency
Porphyria (e.g. intermittent acute porphyria, variegate porphyria)
Drug withdrawal
Antiepileptics, alcohol, barbiturates, benzodiazepines
Opiates, corticosteroids
Drug toxicity
Aminophylline, local anaesthetics (e.g. lignocaine)
Tricyclics, phenothiazines, antihistamines, lithium, quinidine
Amphetamines, cocaine, lysergic acid diethylamide
Beta lactam antibiotics
penicillin (CSF penicillin > 10 u/ml or 6 µg/ml)
imipenem
Isoniazid (due to pyridoxine deficiency)
Insulin (due to hypoglycaemia)
Organophosphates
Naladixic acid, quinolone antibiotics
Cyclosporine, tacrolimus
Treatment of status epilepticus
Grand mal status epilepticus is an emergency and should be controlled within 60 min, as the
patient is in danger of developing permanent brain damage from hypoxia, and renal failure
from rhabdomyolysis due to hyperpyrexia and prolonged muscle activity. This requires
resuscitation and antiepileptic therapy.
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Resuscitation
Immediate treatment requires both oxygen and airway maintenance (between seizures, an oral
airway is inserted and the tongue is manoeuvred away from the teeth). An intravenous cannula
is inserted and blood is taken for anticonvulsant drug levels, biochemical analysis and blood
gas analysis. Dextrose, calcium, hypertonic saline, magnesium or phosphate should be
administered
intravenously
if
hypoglycaemia,
hypocalcaemia,
hyponatraemia,
hypomagnesaemia or hypophosphataemia exists.
Antiepileptic therapy
All CNS neurones have receptors for the excitatory synaptic transmitters, glutamate or
aspartate, and the inhibitory transmitter gamma-aminobutyric acid (GABA). Many epileptic
disorders are caused by excessive excitation and/or deficient inhibition of cerebral neurones,
which may be reversed by the antiepileptic agents (Table 2)7. Phenytoin, carbamazepine and
sodium valproate, however, act largely by limiting the frequency of repetitive firing of
neurones, by acting on impulse formation and transmission, through voltage- and usedependent blockade of sodium channels8. Barbiturates modify the GABA receptor to increase
the duration of opening of the chloride ionophore by GABA, whereas benzodiazepines increase
the frequency of the chloride channel opening by GABA. Vigabatrin acts by irreversibly
inhibiting the principal catabolic enzyme of GABA (i.e GABA aminotransferase), thereby
increasing cerebral GABA concentrations9,10,11.
Table 2

Actions of antiepileptic drugs

Decrease impulse
generation
Phenytoin
x
Carbamazepine
x
Phenobarbital
Clonazepam
Sodium Valproate
x
Ethosuximide
Vigabatrin
Lamotrigine

Inhibit excitatory
transmitter release
x
x
x

Enhance GABA
action
x
x
x
x
x
x

x

A first-choice antiepileptic agent (Table 3) will achieve control in up to 95% of
patients12,13,14. Trough plasma drug levels (usually measured before the morning dose and after
a steady state has been reached, i.e. after four to five times the half-life if a loading dose has not
been given) are used to monitor therapy (e.g. assess the probability of therapeutic or toxic
effects of a drug) and assess compliance15. If seizures persist when the drug has reached the
'therapeutic plasma level', the dose should be increased until seizures stop or toxic side-effects
develop16,17,18,19. Thereafter, if seizures are uncontrolled, a second antiepileptic agent is added.
When the therapeutic level of the second drug is achieved, if seizures are controlled, the first
drug may be gradually reduced. If seizures are not controlled, a third drug may be added and
the second drug is gradually withdrawn16.
In patients in whom difficult control is a feature, alcohol, stress or poor compliance may be
causative factors. The basic pharmacological features of the common antiepileptic drugs are
shown in Table 420. All of these agents are metabolized by the liver (apart from vigabatrin
which is excreted largely unchanged by the kidney).
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Table 3

Drugs of first choice in seizures

Primary or secondary generalized
Tonic-clonic (grand mal)
Sodium Valproate
Carbamazepine
Phenytoin
Phenobarbital
Status epilepticus (grand mal)
Diazepam
Phenytoin
Phenobarbitone
Magnesium sulphate
Thiopentone
Partial (focal)
Psychomotor
Carbamazepine
Phenytoin
Absence (petit mal)
Sodium Valproate
Ethosuximide
Myoclonic
Clonazepam
Sodium Valproate
Diazepam. An intravenous bolus of diazepam (0.1 mg/kg or 5 mg/70 kg) is administered
and may be repeated every 5 min until a total of 0.3 mg/kg (or 20 mg/70 kg) has been infused.
Phenytoin. After the first dose of diazepam, phenytoin 18 -20 mg/kg at 50 mg/min (1000 1500 mg/70 kg over 20 min) is administered to patients who have not received phenytoin
previously, which will achieve a full anticonvulsant effect within 10 min of the completion of
the infusion21. For those who have been treated with phenytoin previously an intravenous dose
of 300 - 500 mg/70kg may be used. Slow administration is advised because phenytoin can
cause AV block or hypotension.
Phenobarbitone. If the seizure is not controlled within 20 - 60 min, intravenous
phenobarbitone (3mg/kg or 200mg/70kg every 30 to 60 minutes up to 15mg/kg or
1000mg/70kg), or magnesium sulphate (see below) may be used. Thereafter, if the seizure is
not controlled, an infusion of thiopentone or midazolam or muscle relaxants (after endotracheal
intubation and mechanical ventilation) may be used (see below).
Thiopentone. Intravenous thiopentone 5 - 10 mg/kg over 10 min (in 200 mg/70 kg
amounts) followed by an infusion at 2 - 7 mg/min, is administered to achieve a blood level of
160 - 480 µmol/l22.
Midazolam. Intravenous midazolam 0.1 - 0.3 mg/kg over 2 - 5 min (8 - 20 mg/70 kg),
followed by 0.05 - 0.4 mg.kg-1.h-1 (4 - 30 mg/70 kg/hr) may be administered until the
proconvulsive processes (e.g. tricyclic or aminophylline toxicity) are remedied23.
Magnesium sulphate. This is often used to control seizures associated with eclampsia,
beginning with 10 - 15 mmol of magnesium sulphate administered intravenously over 5 min,
followed by an infusion of 4 mmol/h, to achieve blood levels of 2.0 - 3.0 mmol/l (normal
plasma levels are 0.7 - 0.9 mmol/l). Magnesium sulphate has also been used as an antiepileptic
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agent for seizures unrelated to eclampsia24. Respiratory paralysis may occur at plasma levels of
greater than 5.0 mmol/l25.
Muscle relaxation. If seizures can not be controlled after 60 min by phenytoin,
phenobarbitone, magnesium sulphate, thiopentone or midazolam, muscle relaxants may be
required to avert the metabolic consequences of continued convulsions (i.e. rhabdomyolysis,
acidosis, hyperkalaemia, DIC, and cerebral oedema).
Table 4 Basic pharmacology of the common antiepileptic drugs
Daily dose
half-life
(mg/70 kg) (mg/kg)
(h)
Phenytoin
Carbamazepine
Phenobarbitone
Clonazepam
Sodium Valproate
Ethosuximide
Vigabatrin
Lamotrigine

100 - 700
1 - 10
400 - 1200 6 - 15
60 - 200
2-4
1 - 12
0.02 - 0.15
500 - 3000 7 - 40
750 - 1500 10 - 20
1000 - 4000 15 - 60
75 - 400
1-6

24
15
90
36
15
60
7
24

therapeutic
serum level
10 - 20 mg/l (40-80 µmol/l)
4 - 12 mg/l (20-50 µmol/l)
10 - 30 mg/l (45-130 µmol/l)
5 - 70 µg/l (80-240 ηmol/l)
50 - 120 mg/l (350-830 µmol/l)
40 - 100 mg/l (280-700 ηmol/l)
2 -14 mg/l ( 8 - 55 µmol/l)

% protein
bound
90
75
50
50
90
0
0
54

Maintenance therapy
Phenytoin
Because of its long half-life, phenytoin is administered as a once daily dose of 4 - 6 mg/kg
(e.g. 300 - 400 mg/70 kg/day). Control is most often achieved when a steady state plasma
concentration of 10 - 20 mg/l (40 - 80 µmol/l) is reached, although some patients remain free of
seizures with concentrations well below 10 mg/l (40 µmol/l), and others will tolerate more than
30 mg/l (120 µmol/l) with improved control, without developing neurotoxicity.
Side-effects include, headache, confusion, nystagmus, ataxia and dysarthria which are often
dose related and usually (although not always) develop at plasma concentrations in excess of 30
mg/l. Other side-effects include dysmorphic effects (e.g. gum hypertrophy, acne, coarsening of
facial features and hirsutism), lymphadenopathy, cerebellar ataxia (cerebellar degeneration may
occur with prolonged use), vitamin D antagonism (causing osteomalacia), vitamin K
antagonism, folic acid antagonism (phenytoin competes with pteroyl glutamic acid for intestinal
transport), peripheral neuropathy, rash, hyperkeratosis, erythema multiforme, fever and
hepatitis. Unlike carbamazepine and phenobarbital, drowsiness is not a feature with phenytoin
toxicity.
Carbamazepine
Carbamazepine between 10 - 20 mg.kg-1.day-1 (i.e. 600 - 1200 mg/70 kg/day) in divided doses
is equally effective as phenytoin in controlling grand mal seizures and has fewer side-effects. It
is usually initiated at low doses of 3 - 6 mg.kg-1.day-1 (i.e. 200 - 400 mg/70 kg/day) and
increased by 200 mg/day increments every 14 days until the maintenance dose is reached which
controls the seizure activity completely8. It is often used as the drug of choice in children,
adolescents and women. Phenytoin, phenobarbital and carbamazepine (after the first few weeks
of treatment) increases the metabolism or carbamazepine, reducing its half-life from 15 to 8 10 h. Carbamazepine also decreases the steady state levels of phenytoin, clonazepam,
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theophylline and warfarin, and reduces the metabolism of cimetidine, diltiazem, isoniazid and
verapamil26
Side-effects include dizziness, diplopia, headache, drowsiness, nausea, nystagmus, ataxia,
rash, granulocytopenia, anaemia, oedema, SIADH, hepatotoxicity and complete heart block.
Patients who continue to have seizures or have syncopal episodes following carbamazepine
administration, may have a carbamazepine induced AV conduction defect causing StokesAdams attacks (particularly the elderly female) which occurs in the presence of therapeutic or
only modestly elevated carbamezepine levels. Accordingly, all patients who are greater than 50
years old should have an ECG performed before and after carbamazepine administration, and a
reduction in dose or an alternative therapy given if cardiac conduction abnormalities exist27,28.
Massive carbamazepine overdose (particularly in the young) usually causes sinus tachycardia28.
Phenobarbitone
Phenobarbitone between 1 - 4 mg/kg (i.e. 60 - 200 mg/70 kg/day) in divided doses is an
effective antiepileptic agent; however, it may produce drowsiness and a dulling of the intellect
which often leads to poor patient compliance.
Clonazepam
Clonazepam between 0.1 and 0.2 mg/kg (i.e., 1 - 12 mg/70 kg/day) in divided doses is
particularly useful for myoclonic seizures. Side-effects include drowsiness and ataxia.
Sodium valproate
This is the drug of choice for primary generalized seizures. The dose ranges from 30 to 60
mg.kg-1.day-1 (i.e. 1000 - 3000 mg/70 kg/day) usually starting with 500 mg once or twice
daily. As sodium valproate can take several weeks to become fully effective, the dose should
only be increased after several weeks. It is the only major anticonvulsant that does not induce
hepatic mono-oxygenase enzymes29, and may even inhibit the metabolism of other antiepileptic
agents such as phenytoin, phenobarbitone, carbamazepine and ethosuximide.
Side-effects include hepatotoxicity, thrombocytopenia (usually at doses greater than 2.5
g/day), pancreatitis, hypofibrinogenaemia, transient alopecia, tremors, nausea, vomiting and
weight gain. Platelet counts and liver function tests should be determined before therapy and
every 2 weeks during the first 6 months of treatment.
Ethosuximide
Ethosuximide between 20 - 40 mg.kg-1.day-1 (i.e. 750 - 1500 mg/70 kg/day) is the drug of
choice for petit mal. Side-effects include nausea, vomiting, fatigue, lethargy, headache,
dizziness and eosinophilia.
Vigabatrin
Vigabatrin is used as adjunctive therapy for most refractory seizures, resulting in greater than
50% reduction in frequency of seizures in approximately half of adults given > 2 g/day.
However, it may worsen myoclonic and absence seizures30. The usual adult dosage is 1 - 3
g/day (15 - 45 mg.kg-1.day-1) given orally in 1 or 2 divided doses and increased in increments
of 0.5 g/day up to 4 g/day. There is no direct correlation between plasma concentration and
efficacy of vigabatrin, and duration of effect is thought to be dependent more on the rate of
GABA aminotransferase resynthesis rather than plasma concentration of the drug. As it is
excreted largely by the kidneys, dosage reduction should occur in patients with renal failure.
Side effects include weight gain, sedation, fatigue, headache, dizziness, confusion, delirium,
aggression, ataxia, diplopia, memory impairment, psychosis and insomnia. Drug interactions
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are rare, as vigabatrin does not induce the hepatic cytochrome P450 enzymes and is not
extensively metabolised or plasma protein bound. However, plasma concentrations of
phenytoin are decreased by 20 to 30% by vigabatrin therapy, and plasma alanine
aminotransferase activity (ALT) is reduced, making ALT an unreliable marker of liver function
in patients taking vigabatrin31.
Lamotrigine
Lamotrigine is believed to exert its anticonvulsant effects by blocking the voltage-dependent
sodium channels, thus stabilizing the synaptic membrane and preventing the release of
excitatory neurotransmitters (predominantly glutamate)32. It is most effective as add-on therapy
to patients with resistant partial seizures with or without secondary generalized seizures,
although it may also be used as monotherapy for primary generalized (tonic-clonic) seizures.
The dosage ranges from 75 - 400 mg/day, and varies depending on concomitant anticonvulsant
therapy33. Lamotrigine has a plasma half life of 25 hours and is 54% protein bound. Drug
interactions are common, with sodium valproate prolonging the half-life from 25 h to 60 h and
enzyme inducers (e.g. carbamazepine, phenytoin, barbiturates) reducing the half-life of
lamotrigine to 15 h33.
Side effects include headache, nausea, vomiting, dizziness, ataxia, tremor, diplopia, skin
rash, fever, arthralgias and eosinophilia. In < 1% of patients, Stevens-Johnson syndrome
develops.
Gabapentin
Gabapentin is a structural analogue of GABA with an uncertain mode of action as it appears
not to interact with GABA receptors and does not interfere with GABA metabolism (it may
enhance the release or action of GABA)34. It is most active as add-on therapy to patients with
refractory partial seizures with or without secondary generalized seizures35. The dosage ranges
from 600 - 1800 mg/day, beginning at 300 mg/day and increasing every 1- 3 days36.
Gabapentin is not protein bound, is not metabolised (it is excreted by the kidneys) and does not
induce hepatic enzymes. It has a half life of 6 h which is increased in patients with renal failure.
Monitoring of gabapentin is unnecessary and the dose is adjusted according to the clinical
response36. Side effects include somnolence, fatigue, dizziness, ataxia and gastrointestinal
upset. There are no interactions with other antiepileptic drugs.
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MECHANISMS OF VENTRICULAR ARRHYTHMIA
Ventricular arrhythmia results from abnormalities of impulse generation, impulse conduction or
a combination of both.1,2
Abnormal Impulse Generation
1. Normal Automaticity
While abnormally enhanced phase 4 spontaneous depolarisation can be responsible for atrial
and AV node tachycardia, increased “normal” automaticity (pacemaker activity occurring at
high or normal levels of membrane potential) does not contribute to ventricular tachycardia or
ventricular fibrillation (VT/VF).
2. Abnormal Automaticity
In contrast to normal automaticity, abnormal automaticity is generated in fibres with a higher
(or less negative) resting membrane potential (RMP) of -60 to -50 mV (c/f. the normal RMP of
-65 to -80 mV depending on the type of myocyte). This less negative RMP is associated with
inactivation of the normal ionic currents of phase 4 depolarisation, namely the inward Na+
current activated on hyperpolarisation and the background inward rectifying K+ current. At this
membrane potential, the pacemaker potential results from inward Na+ and Ca2+ currents and is
not readily susceptible to overdrive suppression from normal pacemaker activity. The abnormal
automatic fibres, due to their less negative membrane potentials inactivate the phase 0 fast
inward Na+ current, resulting in an impaired rate of impulse conduction (as well as
contractility) which further contributes to arrhythmia generation. The major inward current on
depolarisation in these fibres is carried by Ca2+.
3. Triggered Activity
Abnormal impulse generation from triggered activity originates from oscillations in the
membrane potential that are initiated or triggered by a preceding action potential. There are 2
types of oscillations, early after-depolarizations (EADs) and delayed after-depolarizations
(DADs). EADs occur during phase 2 or 3 of the action potential, whereas DADs occur after the
termination of repolarisation. EADs that occur during the phase 2 plateau which attain
threshold, induce an action potential via an inward Ca2+ current (at this level of membrane
potential fast inward Na+ channels are inactivated). After-depolarisations can be detected by the
signal-averaged ECG (see below).
a) EADs: can appear as subthreshold humps during the plateau or repolarisation phases. On
reaching threshold, single or multiple action potentials can be induced. Plateau EADs are
caused by an increased inward Ca2+ current and produce slow rising and propagating action
potentials. Phase 3 EADs are caused by reduction in outward K+ currents and produce
relatively rapidly rising and propagating action potentials. EAD amplitude and likelihood of
triggered arrhythmia increases as driving rate decreases. EADs can be experimentally
induced by hypoxia, hypercapnia and high levels of catecholamines. Drugs such as
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quinidine can also induce EADs. Tachyarrhythmias induced by EADs are more likely to
occur on the background of a bradycardia.
b) DADs: are produced by Na+-Ca2+ exchanger current induced oscillations in inward calcium
current [Ca2+]i . These oscillations are caused by [Ca2+]i overload saturating sarcoplasmic
reticulum sequestration mechanisms leading to Ca2+ induced Ca2+ release. DADs unlike
EADs depend on previous rapid rhythm for their initiation. DADs are associated with
cardiac glycoside toxicity, increased [Na+]i , decreased [K+]o , elevated [Ca2+]o and
catecholamine administration. Diseased myocardium, subendocardium post infarction and
hypertrophied myocardium, also produce DADs presumably related to [Ca2+]i overload.
Abnormal Impulse Conduction
Abnormal impulse conduction may cause an arrhythmia by the phenomena of reentry. Reentry
describes the reexcitation of an area or entire heart by a circulating impulse. While the classic
“bifurcating Purkinje fibre” model of Schmitt and Erlanger has given way to a much more
complex picture, the essential electrophysiological requirements for reentrant excitation
remain3: i.e.,
• Conduction block
• Slowed conduction
• Specific pathway for impulse propagation
With these properties, the chance of a circulating impulse producing reentrant excitation
depends on pathway geometry, the electrical properties and length of the depressed area and
conduction velocity within each component. The resulting reentrant impulse can be selfterminating or lead to an arrhythmia that can degenerate into VT/VF.
Ordered reentry describes reentry that occurs along anatomically defined pathways. This
may involve “macroscopic” loops (i.e. macroreentry) or “microscopic” loops (i.e. microreentry,
which occurs at the level of single fibres) where antegrade and retrograde impulse propagation
occurs in parallel fibres.
Random reentry refers to the generation of a circulating impulse, not from a fixed pathway
but from constantly changing electrophysiologically distinct fibres or pathways created by the
circulating impulse itself.
The cellular properties that lead to impaired conduction include a less negative RMP and
cellular uncoupling. The inactivation of the fast inward Na+ current associated with a less
negative RMP has been discussed previously. Inactivation of the phase 0 fast inward Na+
current reduces both the magnitude and rate of propagation of any resultant action potential.
Another important determinant of conduction velocity is the resistance to conduction, which is
determined by the degree of inter-cellular coupling. The greater the degree of inter-cellular
uncoupling the greater is the resistance to current flow, thereby reducing conduction velocity.
Inter-cellular coupling has been shown to be reduced by factors associated with ischaemia,
[Ca2+]i overload and acidosis.
ELECTROPHYSIOLOGICAL EFFECTS OF ISCHAEMIA
Both components of ischaemia (i.e. hypoxia and acidosis) are implicated in the production of a
less negative RMP. Ischaemia results in loss of K+ from the cell and a rise in extracellular K+.
As the ratio of [K+]o / [K+]i is the major determinant of the RMP, K+ loss results in a less
negative RMP. The consequences of this are abnormal automaticity and inactivation of the fast
inward Na+ current which slows the conduction velocity. Ischaemic K+ efflux is mediated by a
reduction of the ATP-dependent K+ inward channel and Na+-K+ channel activity.
Experimentally induced acidosis without hypoxia also causes an elevation in [K+]o.
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Accumulation of lysophospholipids due to ischaemic alteration in fatty acid metabolism also
results in a less negative RMP and a reduction in the conduction velocity.
ELECTROLYTE ABNORMALITIES AND VENTRICULAR ARRHYTHMIA4
Hyperkalaemia
The arrhythmogenic effects of a rise in extracellular K+ are due to the less negative RMP
causing inactivation of the fast inward Na+ current slowing the conduction velocity. This
reduction in conduction velocity causes the characteristic diffuse widening of the P wave and
QRS complex of hyperkalaemia. Rapid repolarisation is also accelerated suppressing
automaticity. The types of arrhythmia generated by a rise in extracellular K+ include, sinus
node suppression and AV block (depressed automaticity) and VF (depressed conduction and
reentry excitation). The rise in extracellular K+ may be caused by a pathological extracellular
shift K+ associated with ischaemia, which is the major factor contributing to ventricular
reentrant arrhythmia in this setting.
Hypokalaemia
A decrease in extracellular K+ and resultant hyperpolarisation of the resting membrane, causes
an increase in pacemaker activity in the Purkinje and ventricular fibres. There is also
prolongation of the rapid repolarisation phase which leads to the characteristic changes in the
ST segment, T and U waves. This dispersion of pacemaker activity and effect on repolarisation
are similar to the electrophyiological effects of cardiac glycosides and β-adrenergic agonists,
and it is not surprising that a combination of these factors is associated with an increased
incidence of arrhythmia.
The increased risk of death in hypertensive patients treated with thiazide diuretics, reported
in the Multiple Risk Factor Intervention Trial, has been attributed to a hypokalaemic (and
possibly hypomagnesaemic) induced arrhythmia. The onset or increased ventricular ectopy due
to thiazide induced hypokalaemia in these patients, is worsened by exercise5. The association of
VF/VT with hypokalaemia in the setting of acute myocardial infarction has been extensively
studied. The increased incidence of VF/VT with a serum K+ less than 3.5 mmol/L is clearly
established with the probability of VT in patients with acute myocardial infarction increasing as
the serum K+ decreases. In one study of patients with acute myocardial infarction the incidence
of VF/VT was 15% at 4.5 mmol/L, 38%, at 3.5 mmol/L, 55% at 3.0 mmol/L, and 67% at 2.5
mmol/L6.
Magnesium
The antiarrhythmic properties of Mg2+ are clearly established. An increase in extracellular Mg2+
has many reported electrophysiologic effects, including blocking voltage dependent L-type
Ca2+ channels and prevention of EADs induced by proarrhythmic drugs7,8. Mg2+ is effective in
the treatment of atrial and ventricular tachyarrhythmias, particularly in the presence of cardiac
glycosides, and torsade de pointes induced by type 1 antiarrhythmic drugs9,10. Prophylactic
administration of Mg2+ after an acute myocardial infarction appears to reduce VT/VF and
mortality in the first 24 hours11.
However, a causal relationship between hypomagnesaemia and arrhythmia is largely
circumstantial. A decreased extracellular Mg2+ by itself has little effect on the
electrophysiological properties of myocytes or the ECG. Nonetheless, hypomagnesaemia has
been implicated in the genesis of VT/VF in patients with hypertension and heart failure
receiving thiazide or loop diuretics, acute alcohol intoxication or withdrawal and possibly with
acute myocardial infarction. Perhaps the strongest evidence for its role in arrhythmia genesis is
the finding that the product of K+ and Mg2+ is the best predictor of arrhythmia in hypertensive
patients taking thiazide diuretics12.
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Changes in extracellular Na+ and Ca2+ that cause electrophysiological changes that may
contribute to ventricular arrhythmia are rarely encountered clinically.
AUTONOMIC NERVOUS SYSTEM AND VENTRICULAR ARRHYTHMIA13
Animal models have demonstrated the significant effect the autonomic nervous system,
particularly vagal tone, has on the occurrence of post myocardial infarction VF. Vagal tone can
be measured by the relationship between heart rate (RR interval) and blood pressure rise
induced by the pressor agent, phenylephrine. When measured before and after myocardial
infarction, animals that improved could be identified as those having the highest vagal tone.
This group were also less susceptible to exercise induced VF with new ischaemia postinfarction. Post myocardial infarction exercise training results in an increased vagal tone which
inhibits induced VF. Implantable electrical vagal stimulation and muscarinic agents, including
edrophonium, are also protective. The protection is not heart rate related as the protection
remains even when atrial pacing is used to maintain the heart rate. The administration of
atropine increases the likelihood of developing VF.
Assessment of vagal tone in humans has been performed using both the phenylephrine
method and the analysis of heart variability from ambulatory monitoring. The greater the ‘beat
to beat’ variability, the greater the vagal tone. The correlation of the 2 measures is significant
but weak, although when measured nocturnally it is stronger (perhaps related to the higher
vagal tone at night). Heart rate variability is considered a measure of tonic vagal activity
whereas the phenylephrine method is considered a measure of magnitude of the vagal reflex in
response to stimulus. A reduced vagal tone has been found post-infarction in humans which
returns to normal over a 3 to 6 month period. This reduced vagal tone has also been shown to
be predictive of mortality and inducibility of arrhythmia at EPS.
The autonomic tone is not just a reflection of ventricular function as there is no relationship
between vagal tone and ejection fraction. The origin of the reduced vagal tone post-infarction
appears to be due to afferent stimulation in response to necrotic tissue and impaired cardiac
geometry associated with an area of non-contracting myocardium. Whether estimates of vagal
tone, particularly heart rate variation, can be used to define a post-infarction patient group in
need of intervention, is currently under investigation.
LONG QT SYNDROME14,15,16
The traditional criteria of prolonged QT, heart rate corrected (Bazett’s formula, QT divided by
the square root of the R-R interval), QTc greater than 0.44 seconds, needs to be adjusted for
age and gender. The causes of long QT syndrome (LQTS) can be divided into acquired and
idiopathic (Table 1)
The postulated genetic basis of idiopathic LQTS alters the myocellular channel protein that
regulates potassium flux during repolarization. Regardless of whether it is acquired or
idiopathic the resultant delayed and differential repolarization creates the substrate for random
reentry, giving rise to polymorphous VT (classically of the torsade de pointes type) particularly
under condition of acute adrenergic arousal.
Clinical features of idiopathic LQTS
Thirty percent of patients with idiopathic LQTS present with unexplained syncope or aborted
sudden death (which is often not the first episode). The majority (i.e. 60%), are identified when
family members are screened after syncope or cardiac arrest in a family member. Ten percent
are detected on routine evaluation of ECG. The majority of episodes of syncope or sudden
death (60%) are precipitated by emotions, physical activity or auditory stimuli causing acute
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adrenergic arousal. The degree of QTc prolongation is not predictive of syncope or sudden
death.
Table 1. Causes of Long QT syndrome
Acquired LQTS
Cardiomyopathy
Myocardial ischaemia/infarction
Acute myocarditis
Mitral valve prolapse
Acute cerebral injury
Hypothermia
Hypokalaemia
Drugs : Class Ia antiarrhythmic drugs (quinidine, procainamide)
ClassIII antiarrhythmic drugs (amiodarone, sotalol)
Phenothiazines
Antihistamines
Macrolide antibiotics (erythromycin)
Tricyclic antidepressants
Idiopathic
Familial. 90%. Linked to a DNA marker on the short arm of chromosome 11.
Autosomal dominant in most cases, although in some cases linked
to congenital deafness autosomal recessive.
Sporadic, non-familial. 10%. Possibly related to new gene mutation.
Management of LQTS
The first line of management of polymorphous VT is DC shock, with magnesium being the
anti-arrhythmic of choice. Unresponsive rhythms or recurrence despite magnesium require
pharmacological (isoproterenol or adrenaline depending on blood pressure), or electrical
pacing. Factors associated with acquired LQTS need to be identified and eliminated.
Strategies for prevention of recurrence in idiopathic LQTS depend on the presentation.
Patients who present with or have a history of syncope or aborted sudden death have a high risk
of recurrence (e.g. 5% per year). β-Blockers are the first line of treatment with the goal to
reduce the exercise heart rate to less than 130 beats/minute. Symptomatic bradycardia
following adequate β-blockade requires a permanent pacemaker.
Patients with recurrence, despite these measures and those with an early malignant course,
need stellate sympathetic ganglionectomy. In 5% of these high risk patients “triple therapy”
fails and an implantable defibrillator is required. Asymptomatic patients with incidental LQTS
(< 0.5% per year) and asymptomatic family members (0.5% per year) have a very low risk of
syncope or sudden death. It is also very rare for the first episode to be fatal in these 2 groups so
prophylactic measures are generally not required and close follow-up is sufficient.
ANTI-ARRHYTHMIC DRUG PROARRHYTHMIA
The possibility that patients suddenly dying during antiarrhythmic drug therapy and being due
to the proarrhythmic effects of these drugs, has long been recognised. These effects occur with
therapeutic drug concentrations. The problem has been well documented by the Cardiac
Arrhythmia Suppression Trial (CAST), where post-myocardial infarction patients receiving
flecainide or encainide had an excess of arrhythmic deaths compared to placebo17. The
definition of proarrhythmia had previously been an increase in frequency of premature
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ventricular beats or aggravation of the target arrhythmia. However, the CAST study has
demonstrated that neither flecainide or encainide had any of these effects despite their
significant proarrhythmia effects.
Experimentally, using surface mapping of the heart, a number of electrophysiological
mechanisms have been proposed. Heterogeneity and dispersion duration of epicardial potential
duration, beat to beat variability of points of epicardial activation and variability of epicardial
direction and velocity of epicardial activation have been identified. When variability of these
parameters exceed certain levels, arrhythmia occurs. These effects appear to be correlated with
drug induced QT prolongation and time constant of recovery of sodium channel blockade.
Isolated heart models have also been used to quantify proarrhythmia of various drugs18. Agents
with short time constants of sodium channel block where sodium channel blockade is more
pronounced at fast heart rates (e.g. lignocaine and mexiletine), are less proarrhythmic than
drugs with long time constants (e.g. flecainide and propafenone). Class III drugs and quinidine
proarrhythmia correlate with degree of QT prolongation.
INCIDENCE OF VENTRICULAR ARRHYTHMIA
The incidence of VT/VF depends on the patient population. Ventricular arrhythmia that
requires treatment in a general critical care unit is unusual, i.e. 0.5%, compared with 15% of
patients who develop atrial tachyarrhythmia requiring treatment (Flinders Medical Centre data
over 12 month period). However, survivors of sudden cardiac death are frequently admitted to
critical care units and the initial management is often dominated by their degree of central
nervous system anoxia. In patients who recover, evaluation and subsequent implementation of a
prevention strategy is paramount. VT/VF are common after myocardial infarction, with the
significance and management of these arrhythmias depending on the phase of recovery. Postcardiac surgical patients frequently require treatment for ventricular arrhythmias, with an
incidence in the order of 25%. All these clinical settings have multiple components that create
the substrate for VT/VF as shown in figure 1.
Structural influences
Functional influences
1. Myocardial
infarction
• Acute
• Healed
• Aneurysm
2. Hypertrophy
3. Myopathic
ventricle
• Dilation
• Fibrosis

Abnormal automaticity
Slowed impulse conduction

Premature ventricular
contractions

1. Transient
ischaemia/reperfusion
2. Systemic factors
• Hypoxia
• Acidosis
• Electrolyte abnormalities
3. Neurophysiological factors
• Autonomic tone
• Endogenous
catecholamines

VT/VF

4. Toxicity
• Proarrthyhmic drugs
• Exogenous catecholamines
Figure 1 Pathogenic factors for ventricular tachycardia/fibrillation
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MANAGEMENT OF VENTRICULAR ARRHYTHMIA
Emergency Management
The American Heart Association and the Australian Resuscitation Council have published
guidelines dealing with the initial management of VF and pulseless VT19,20. There is now
considerable concordance between the 2 guidelines, with the major difference being the less
structured recommendations for antiarrhythmic drug use in the American Heart Association
guidelines. The evolution of this stance from previous guidelines represents a shift in the
emphasis to early, multiple and effective D.C. shocks and endeavours to maintain coronary
perfusion pressure (effective chest compression and administration of vasopressors) rather than
largely unproved benefits of antiarrhythmic drugs.
The recommended drugs include, lignocaine, bretylium, magnesium and procainamide.
Amiodarone is not specifically mentioned in either guidelines although a number of clinical
trials are defining its role. There are no controlled data confirming any agents benefit and
therefore they are only classified as “acceptable” or “possibly helpful” by the American Heart
Association guidelines. There are, however, some helpful conclusions to be made from some
studies. Apart from magnesium for polymorphous VT, there are no efficacy data supporting
one agent compared to another. “High” dose amiodarone (i.e. 150mg over 10 min., 1mg per
min. for 6 hours, followed by 0.5mg per min. with supplemental doses of 150mg for arrhythmia
break through) is required if it is to be as effective as bretylium for VT/VF, (bretylium,
however is consistently associated with more hypotension21). This is in sharp contrast to the
efficacy of lower dose amiodarone for atrial tachyarrhythmias. Lignocaine or magnesium
sulphate are often used to treat persistent or recurrent VF/pulseless VT, often because of their
favourable adverse effects profiles.
The guidelines for pharmacological treatment of clinically stable monomorphic VT are
similar to that for emergency management of VF and pulseless VT; with lignocaine of proven
benefit, and preferred over the second line drugs of bretylium or procainamide (largely because
of its lower propensity to cause hypotension). More recently the American College of
Cardiology/American Heart Association Task Force on Practise Guidelines, has replaced
bretylium with high dose amiodarone for this problem22. The likely efficacy of magnesium in
terminating monomorphic VT is not mentioned in the guidelines and it’s recommended role is
confined to polymorphous VT. As many of these patients may have temporary pacemakers,
termination by programmed stimulation and overdrive pacing also deserves mention.
Amiodarone and Ventricular Arrhythmia23
Amiodarone is used widely for the treatment of both atrial and ventricular arrhythmia.
However, unlike atrial tachyarrhythmia where relatively low dose (i.e. 2 - 3 mg/Kg) is often
rapidly effective (and the acute myocardial depressant effects tend to be minimal) larger doses
are required for ventricular arrhythmia control. While recommended loading doses have been
reduced somewhat (the initial recommendation was 5 mg/Kg load and 15 mg/Kg over the 24
hour period), current high dose recommendation can still be associated with significant
myocardial depression (which is important as ventricular arrhythmia is usually associated with
impaired left ventricular function). The current recommended dosing reduces the initial load to
150 mg. The total dose is 1 mg per Kg per hour for 6 hours and then 0.5 mg per Kg per hour
for the first 24 hours. Thereafter the rate remains similar (i.e. 0.5 mg per Kg per hour) or
higher.
The rate of arrhythmia control is often slower with ventricular arrhythmia and may take
several days to achieve. This delay appears to be independent of dose. The pharmacodynamic
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basis for this relates to fact that much of the class III or K channel blocking activity is due to
the amiodarone metabolite, desethylamiodarone, whereas, the predominant actions of acute
administration of amiodarone are due to it’s class I and class II activity. The full potency of the
class III activity requires several days, at least, for the effects of desethylamiodarone to appear.
MANAGEMENT OF VENTRICULAR ARRHYTHMIA FOLLOWING MYOCARDIAL
INFARCTION
Management strategies to prevent VF/VT following acute myocardial infarction depend on the
timing, as risk is very time-dependent. During the acute phase, variously defined as anything
between the first 24 hours and resolution of the acute ischaemic attack, ventricular arrhythmia
is common with the reported incidence being as high as 30%. During this period, prophylactic
administration of antiarrhythmics is unhelpful and potentially deleterious. This holds true even
for the period of reperfusion following thrombolytics when the incidence of ventricular
arrhythmias is even higher22. However, it must be emphasised that some of the postulated
benefits of strategies shown to improve survival may be mediated by reducing arrhythmic
deaths. The early, within 12 hours, administration of β-Blocker is one such strategy. The
recommendation to administer magnesium in patients in whom thrombolytics is contraindicated
may be another. Aggressive attempts to eliminate ongoing ischaemia will also remove an
important component of arrhythmia substrate and remains the corner-stone of post-infarction
arrhythmia prevention.
In patients who suffer an episode of VF/VT during this early phase, evidence would favour
a short period of antiarrhythmic prophylaxis for 6 to 24 hours. Thereafter the antiarrhythmic
drug should be stopped and the need for ongoing treatment reassessed. Antiarrhythmic
treatment for ectopy, couplets and non-sustained VT is of no proven benefit and is potentially
harmful.
Patients who survive a delayed or late episode of VF/VT following myocardial infarction
require full evaluation for preventative strategies, as do survivors of sudden cardiac death
(SCD). All patients following myocardial infarction are at an increased risk for SCD. However,
the ability to predict those who will (with sufficient accuracy to enable appropriate evaluation
for preventative strategies) is lacking. Risk factors that have been shown to be associated with
increased risk of a subsequent episode of VF/VT after myocardial infarction include24,25:
1. Age
2. Holter monitoring and demonstration of non-sustained VT, couplets and frequent ectopy
(i.e. >10 per min.)
3. Impaired left ventricular function (i.e. ejection fraction less than 30 % to 40%)
4. Signal-average ECG and detection of delayed after-potentials. In patients presenting with
SCD after myocardial infarction, 68-87% have an abnormal signal-average ECG. However
the positive predictive value is poor at 15-25%.
5. EPS demonstrated inducibility of VT post-infarction is associated with increased risk of
SCD. However, the positive predictive value is again poor at 20-30%.
Combinations of these risk factors have been evaluated to predict risk after infarction. The
combination of delayed potentials on signal-average ECG, left ventricular ejection fraction of
less than 40% and non-sustained VT on Holter monitor has been shown to be associated with
up to 50% risk of SCD. However, currently there is no agreement on which patients require
primary preventative strategies for VF/VT following myocardial infarction.
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β-BLOCKERS AND VENTRICULAR ARRHYTHMIA
β-Blockers deserve special mention. They have been shown to reduce the mortality following
myocardial infarct (some of which is due to a reduction in SCD26,27) an effect that contrasts
with the poor results with class I antiarrhythmic agents in studies like CAST.
The antiarrhythmic properties of β-blockers are not potent, and presumably another
mechanism is responsible for their prevention of SCD. Patients at risk for SCD usually have
elevated levels of catecholamines (particularly those with heart failure) and the beneficial
effects of reducing the catecholamine contribution to arrhythmia substrate is obvious.
Furthermore, prevention of new episodes of ischaemia, for which β-blockers are particularly
effective, will also be of benefit.
Electrophysiological studies show that levels of antiarrhythmic drugs required to suppress
arrhythmias are increased when new ischaemia is induced. All β-blockers, except those with
significant intrinsic sympathetic activity, appear to be of equal benefit in these areas. In an
animal model of ischaemia and SCD, the lipophilic metoprolol was more effective than the
hydrophilic atenolol in preventing SCD. This finding associated with the enhanced CNS effects
of metoprolol (associated with a significant higher RR interval) suggests an increase in vagal
tone, and indicates that CNS activity and beneficial vagal effects may be important28.
MANAGEMENT OF VENTRICULAR ARRHYTHMIA FOLLOWING CARDIAC
SURGERY
Ventricular arrhythmia requiring treatment is common following cardiac surgery as these
patients have many structural and functional components of arrhythmia substrate. In one study
the majority of serious arrhythmias requiring D.C. shock and occurring in the first 36 hours was
associated with advanced age, failure to use an internal mammary artery conduit (which is
likely to reflect preoperative assessment of high risk) and atrial dysrrhythmia. In this study the
incidence was not related to previous myocardial infarction, ejection fraction of less than 50 %,
prolonged operative time, perioperative myocardial infarction or fewer number of vessels
bypassed29.
Many episodes occur early on return from surgery, most often frequent or complex ectopy
associated with adrenergic effects during recovery from anaesthesia. The threshold to treat
these arrhythmia varies with clinicians. However, as there is often an accompanying emergent
hypertension, the vasodilating properties of magnesium provides an ideal profile at this stage.
Patients with VT/VF requiring D.C. shock who are haemodynamically stable should have
prophylactic antiarrhythmic cover until adrenergic stimulation associated with awakening and
weaning from mechanical ventilation is past. Lignocaine is probably the agent of choice, as
maintaining antiarrhythmic levels of magnesium may not be conducive to weaning from
ventilation. Extrapolating from post-myocardial infarct data would support the conversion to βblockers if there is no contraindication.
A smaller proportion of patients develop malignant VF/VT, most often in association with
poor left ventricular function and a post-operative low cardiac output state requiring
catecholamine infusions. High dose amiodarone is often required, which may work best in
addition to antiarrhythmic levels of magnesium (1.5 -2.0 mmol/L) and lignocaine (rather than
instead of). Many patients need an intra-arterial balloon pump to defend coronary artery
perfusion pressure, not only because of the likely poor left ventricular function and low output
state, but to minimise the adverse affects of antiarrhythmic drugs and recurrent D.C. shocks.
Pacing, ideally by epicardial leads, may be required to counteract bradyarrhythmia associated
with escalating doses of antiarrhythmic drugs. Pacing at faster rates (90 - 110 beats per minute,
which may be not ideal from a cardiac output point of view), may be protective against
recurrent episodes (e.g. promotes homogeneity of depolarisation and suppresses abnormal
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automaticity). The presence of epicardial or transvenous pacing wires enables bedside
programmed stimulation and overdrive pacing for termination of recurrent VT which has less
deleterious effects than recurrent D.C. shocks.
SUDDEN CARDIAC DEATH (SCD)
Arrhythmic causes of SCD can be divided into 3 categories:
1. Primary VT or VF.
2. Primary supraventricular tachycardia with a very rapid ventricular rate. This is usually
associated with the development of atrial fibrillation or flutter in the presence of an
accessory atrioventricular connection (but can occasionally be due to enhanced conduction
over the normal AV conduction system).
3. Bradycardia or asystole. Usually the result of an inadequate escape pacemaker mechanism
associated with either a high degree AV block or severe sinus node dysfunction. In addition,
some patients with sinus node dysfunction have paroxysmal supraventricular arrhythmia
(tachycardia-bradycardia syndrome) that on termination, results in an exaggerated overdrive
suppression of both the sinus node and escape pacemakers such that the prolonged pause
evolves into asystole or VF.
VT/VF are by far and away the most common reasons for SCD. The causes of these arrhythmia
can be divided into 3 general categories:
1. Ischaemic heart disease. VT/VF may arise in the setting of acute myocardial ischaemia,
acute myocardial infarction or old myocardial infarction.
2. Non-ischaemic heart disease. Cardiomyopathy, valvular heart disease, congenital heart
disease, ventricular hypertrophy and cardiac trauma.
3. No apparent structural heart disease. Primary electrical disease, electrolyte
abnormalities, prolonged QT syndromes and drugs.
Contributing factors are often multi-factorial, particularly the combination of structural heart
disease, pro-arrhythmic drugs and electrolyte abnormalities.
EVALUATION OF A SURVIVOR OF SCD
For the purposes of primary prevention, previous discussions have highlighted the difficulties
in selecting patients at risk. The major thrust of current clinical practise is to evaluate patients
with the view to putting in place strategies for secondary prevention. Regardless of the
aetiology of the SCD, the reported recurrence rate is high, at least 30-40% at 1 year. Therefore,
in-hospital assessment is critical to establish the underlying cause to guide therapy. Obviously a
history and examination is important to determine the presence and severity of structural heart
disease, exposure to drugs that affect cardiac rhythm and conduction, and identifiable
predisposing factors to SCD.
CORONARY ARTERY DISEASE AND SCD30
Extensive atherosclerotic coronary artery disease is the most common pathological finding in
survivors and non-survivors of SCD. Less than 30% have evidence of a recent acute
myocardial infarction. A larger proportion (up to 50%) have evidence of coronary artery
thrombosis or plaque fissuring and rupture. In those patients not having an acute myocardial
infarction, the majority (75%) have coronary artery stenosis (> 50% of lumen), and 60% have
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three-vessel disease. Approximately 50% have evidence of an old myocardial infarction. The
fact that the typical pathological background for SCD is severe epicardial coronary artery
disease, with or without an old myocardial infarction and evidence of a new ischaemic
syndrome, underlines the ubiquitous role that coronary artery disease plays in SCD.
Investigations
1. Chest x-ray: Cardiac size, presence of pulmonary oedema.
2. 12-lead ECG: Acute ischaemia, previous infarction, ventricular aneurysm or left ventricular
hypertrophy. Abnormalities of rate, rhythm, conduction or sinus node dysfunction. PR
interval, QRS complex duration, or QT interval. Changes of electrolyte abnormalities.
3. Plasma electrolytes: Potassium, magnesium and calcium. Potassium levels may be difficult
to interpret after a period of resuscitation.
4. Cardiac enzymes: Serial creatinine phosphokinase with myocardial band fractionation and
lactate dehydrogenase to establish presence of an acute myocardial infarction.
5. Plasma blood levels of drugs that affect cardiac rhythm or conduction: While
proarrhythmic effects of drugs are more likely at high levels, it should be emphasised that
proarrhythmia can occur at normal or low plasma drug levels.
6. Toxicology screen: Substance abuse or drug overdose (cocaine, psychotropic drugs),
particularly in patients without overt structural heart disease.
7. 24 hour Holter monitor ECG: Quantitate frequency of arrhythmia and detect silent
myocardial ischaemia.
8. Assessment of left ventricular function: Left ventricular ejection fraction determined by
either gated pool scan or echocardiogram. Gated pool scan may give a better estimate of
global left ventricular systolic function, however echocardiogram will give added diagnostic
information such as valvular disease and myocardial hypertrophy. Both studies will detect
segmental wall motion abnormalities.
9. Exercise tolerance test: Standard exercise ECG or Thallium-201 scans. Echocardiogram
immediately following exercise may be as informative.
10. Signal-average ECG: This test averages between 100 and 400 heart beats, reducing random
noise and enabling amplification of signal and identification of low amplitude electrical
signals. “Late potentials” are low amplitude electrical signals that occur at the terminal
portion of the QRS complex which cannot be seen on the 12-lead ECG. These are
associated with an increased risk of spontaneous and inducible ventricular arrhythmia,
particularly in patients with coronary artery disease and a previous myocardial infarction.
11. Cardiac catheterisation and coronary angiogram: In most cases this should be performed
too most accurately quantify the degree of coronary artery disease.
12. Electrophysiological testing (EPS): Virtually always indicated to document and characterise
ventricular tachyarrhythmia. The initial baseline EPS should be performed in the absence
of any antiarrhythmic drugs unless the SCD is thought to be due to drug proarrhythmia.
This is particularly important as an inability to induce VT is an immediate indication for an
implantable cardioverter defibrillator (ICD). The reason for this is the absence of any
mechanism to ensure arrhythmia suppression by antiarrhythmic drugs. A programmed
stimulation protocol known to yield a 90% sensitivity for induction of VT in patients with
documented VT and a prior myocardial infarction, includes the introduction of single,
double and triple ventricular extra-stimuli after delivering a basic drive train using at least
2-3 drive train cycle lengths31. The rate of the differing drive trains should differ by at least
20 beats per minute. Pacing sites should include the right ventricular apex, outflow tract,
and if indicated, include left ventricular sites. In most cases, if the standard protocol fails to
induce a tachyarrhythmia, the protocol should be repeated during an infusion of
isoproterenol.
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The sensitivity of the programmed stimulation protocol will be lower in patients with
non-ischaemic heart disease or in those with no apparent structural heart disease. The
inducibility of VT/VF is less common in survivors of SCD (44%) than patients who present
with recurrent sustained VT. In patients with sustained monomorphic haemodynamically
stable VT, electrophysiological mapping techniques are used to determine the possibility of
surgical or catheter ablation.
The EPS is also important in other arrhythmic causes of SCD other than VT/VF.
Patients with ventricular preexcitation (Wolff-Parkinson-White syndrome), require
localisation and characterisation of the accessory pathway. Assessment of AV conduction
may be indicated if enhanced AV conduction is suspected (short PR interval). Ventricular
rates are determined during rapid atrial pacing or induced atrial fibrillation or flutter.
Propensity to develop complete heart block can be assessed by a His bundle
electrocardiogram. Suspected sinus node dysfunction and prolonged asystole after
spontaneous termination of a supraventricular tachycardia (tachycardia-bradycardia
syndrome) can also be assessed by observation for abnormal overdrive suppression of both
sinus node and escape pacemakers after short periods of rapid atrial pacing.
PREVENTION OF RECURRENT VENTRICULAR ARRHYTHMIA IN SURVIVORS
OF SCD
Myocardial Revascularisation and SCD
Bypass coronary artery surgery appears to have a role in primary prevention of SCD and total
cardiac mortality. The data from the 13,476 patients in the CASS registry with significant
operable coronary artery disease showed an incidence of SCD of 5.2% in the medical arm
compared to 1.8% in those assigned to surgery32. The precise mechanism of the benefit of
surgery is unclear but will almost certainly involve prevention of recurrent episodes of
ischaemia, however there is no data to suggest arrhythmic deaths are prevented. The role of
coronary artery bypass grafting in preventing recurrent SCD is less clear, with only
uncontrolled data available. Series of SCD survivors undergoing surgery and preoperative EPS
showing non-inducible VT or inducible VF have favourable long term mortality rates. If there
is preoperative inducible VT, the inducibility remains in 80% following surgery33. Also results
with recurrent monomorphic VT with myocardial scaring from previous infarction are poor and
while surgical excision or ablation may improve results somewhat, persistence of inducibility
usually remains. Angioplasty and its high restenosis rate makes it a less attractive option in this
setting, although angioplasty with stenting may change this. Currently, however surgery
remains the revascularisation technique of choice in survivors of SCD with critical coronary
stenosis.
In summary, the near universal practise of surgical revascularisation in survivors of SCD
with critical coronary artery disease is based on data from primary prevention of SCD (and the
central role that coronary artery disease and ischaemia plays in arrhythmia substrate), rather
than from data demonstrating arrhythmia control.
Antiarrhythmic Drugs and SCD34
The CAST study has clearly demonstrated the poor results of antiarrhythmic drug therapy alone
in the prevention of arrhythmic SCD. Despite fulfilling the entry criteria of full suppression of
complex ectopy, SCD was more common in the treated groups (flecainide and encainide) than
in the control.
As suppression, determined by Holter monitoring, is insufficient at predicting treatment
success, EPS have been increasingly used to evaluate the likely success of drug therapy. The
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problem with this technique is that about 40% of SCD survivors do not have inducible
sustained VT at initial EPS and therefore it is impossible to assess therapy. Data from studies in
survivors of SCD using amiodarone are conflicting, but generally poor, even with EPS
confirmation of lack of inducibility. Some studies show an improved outcome on amiodarone,
even with persistent inducibility. Others studies have demonstrated that the benefit from
prevention of SCD is eroded by morbidity and mortality from side effects of amiodarone. More
recent studies show 1 year recurrence rates as high as 9 -31%. Certainly patients with an
ejection fraction less than 30% do poorly on amiodarone alone35.
The primary role of antiarrhythmic drugs in the secondary prevention of SCD has all but
disappeared. Ideally all survivors of SCD would receive ICD, and drugs would play an
secondary role in improving the function of ICD. However, in the current setting of limited
availability of ICD, antiarrhythmic drugs as sole therapy remains necessary in some patients.
Accordingly it would seem reasonable to use amiodarone alone, if there is demonstrable
suppression of inducible VT at EPS and the patient has an ejection fraction greater than 30 to
40%.
Surgical and Catheter Ablation Techniques and SCD
Based on the principle that most sustained ventricular arrhythmias arise from a scar within the
myocardium, early surgical attempts were made to completely excise these areas. The first
described procedure, encircling endocardial ventriculotomy, involved a near full thickness
endocardial to epicardial incision. However, these procedures (including aneurysmectomy)
have had a high operative mortality due to the resulting severe compromise to ventricular
function. The success rate in prevention of arrhythmias by these procedures were low probably
because the site of origin of arrhythmia was at the border of scar and normal myocardium, and
therefore not necessarily excised. Further refinements involving preoperative and intraoperative
localisation by endocardial and epicardial mapping has improved the results. Operative
mortality has been reported between 6 and 23%, with success rates, defined as lack of EPS
inducible VT, varying between 59 and 98%36.
Catheter ablation techniques for VT are suitable in only a minority of patients who have a
relatively haemodynamically stable VT and can withstand prolonged mapping techniques.
Furthermore, most patients have areas of myocardium where there are multiple sites of
potential arrhythmogenic sites. Currently, the success rates for ablative techniques are such that
a significant number still need additional preventative therapies.
Implantable Cardioverter Defibrillators (ICD) and SCD
The reduction in SCD and overall cardiac mortality with ICD has been so spectacular and the
results of previous therapies so poor that ICD have been introduced with little randomised
controlled data. However, examining the comparative data of empirical antiarrhythmic drugs,
EPS guided drug therapy and surgical ablation has repeatedly shown the superiority of ICD in
survivors of SCD. Representative data from several studies37, including the very best published
results of surgical ablation over a 2 year period are shown in table 2.
Table 2. Morbidity and mortality data for the various treatment regimens for SCD
ICD
Empirical
EPS-directed
Surgery
amiodarone
drug treatment
Sudden Death %
3.5
12
14
3.7
Total Mortality % 13.6
34
24+
37

53

Ventricular Arrhythmia
The benefit of ICD on survival persists for at least 8 years, which is the limit of current data.
Current indications are expanding, but the benefit is clear in the following groups of survivors
of SCD and patients with documented VT/VF outside of the early post-infarct phase.
1. Non-inducible VT/VF at EPS
2. Inducible VT/VF resistant to treatment
3. VT/VF in patients with left ventricular ejection fractions less than or equal to 30%
regardless of results of EPS-directed drug therapy
The evolution of the capabilities of programmable ICD is proceeding at a rapid rate. The tiered
capabilities currently available are demonstrated in figure 338.

Figure 3. Recordings of idealized antitachycardia therapy. Top trace: Overdrive pacing with a programmed adaptive
burst. Middle trace: Overdrive pacing with adaptive burst precipitating acceleration of VT thereby initiating a low
energy (2J) cardioversion shock that leads to VF. Bottom trace: Termination of VF by 30 J shock followed by rescue
antibradycardia pacing until sinus rhythm returns.

The example highlights the need for backup defibrillator capabilities, programmed stimulation
to overdrive results in acceleration of VT or VF 20% of the time.
Further developments currently taking place include:
1. Transvenous catheter placement and subcutaneous patch avoiding the need for thoracotomy
2. Dual chamber sensing to improve discrimination between SVT and VT that can be difficult
on rate criteria alone, particularly in patient with intraventricular conduction delay
3. Technological advances reducing size, cost and increasing battery life.
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While one of the proposed advantages of ICD is the avoidance of the side-effects, particularly
the myocardial depressant effects of antiarrhythmic drugs, current practise usually combines
ICD with low dose amiodarone. This enables improved arrhythmia control by reducing atrial
tachyarrhythmia and slowing VT rate, and prolonging battery life by reducing the frequency of
arrhythmia.
SUMMARY
The following diagram (Fig. 3) demonstrates the management of the SCD survivor in setting
ICD being freely available, particularly if one’s interpretation of the emerging data relating to
monotherapy with amiodarone as being unacceptably poor.
SURVIVOR of SUDDEN CARDIAC DEATH
Evaluation

Clearly reversible causes
- Electrolyte abnormalities
- Drugs

Coronary angiogram
Surgical revascularization
of critical coronary artery
stenosis
EPS
VT/VF 40%
Non inducible
ICD

VT/VF 60%
inducible
ICD + antiarrhythmic drugs

Figure 3 Management of sudden cardiac death survivor

However, the reality is that currently there is not sufficient resources for the required
widespread utilisation of ICD. Selected patients with EPS confirmation of loss of inducibility
of arrhythmia on amiodarone and ejection fraction > 30%, can be managed with amiodarone
alone (demonstrated in Fig. 4). Given the current lack of available ICD, some advocate
restriction to patients less than 75 years.
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VT/VF INDUCIBLE AT EPS
Ejection fraction > 40%

Ejection fraction < 40%

Repeat EPS on antiarrhythmic drug
Non-inducible

Antiarrhythmic drug

Remains inducible

ICD + antiarrhythmic drug

ICD + antiarrhythmic drug

Figure 4 Management of VT/VF inducible at EPS based on the ejection fraction
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Infection is either the cause of, or becomes a major problem in patients admitted to intensive
care units. Antibiotic usage remains high but at times they have not be used in the most
effective manner.
Aminoglycosides
Streptomycin was discovered in 1944 but the wider use of aminoglycosides occurred with the
introduction of the more broad spectrum gentamicin into clinical practice in 1963. Gentamicin
was extremely successful in the treatment of a number of infections, especially pseudomonas,
that had up to that point defied treatment. Despite their nephro- and oto-toxicity
aminoglycosides remain a very effective drug and are unlikely to be replaced in clinical
practice. The potential for toxicity was graphically demonstrated in the fifth person treated with
gentamicin. The patient with marked renal impairment secondary to polycystic kidneys, had a
recalcitrant pseudomonal pyelonephritis. After several days of treatment, which did cure the
pseudomonas infection she complained of tinnitus. Serum gentamicin levels were in excess of
20mg/ml and took several days to decline. Unfortunately she was left with severe tinnitus.
Since the introduction of gentamicin, considerable research has occurred, and especially
over the last 15 years a greater understanding of the interaction between Gram negative bacteria
and aminoglycosides has caused changes of dosing patterns which have resulted in a more
efficient antibacterial action while reducing toxicity.
Pharmacokinetics of aminoglycosides
Moore in the mid 1980’s produced two of papers showing an increase in survival in patients
with Gram negative bacteraemia where the aminoglycoside concentration was greater than
5mg/L, and in Gram negative pneumonia when the drug concentration was greater than
6mg/L1,2. These patients were given a loading dose of only 2mg/kg and in view of the data on
increased volume of distribution, the improved survivor rates with higher aminoglycoside
levels could have been due to the patients being less unwell.
In the late 1980’s, data from critically ill patients demonstrated an increased volume of
distribution for aminoglycosides during episodes of shock. This has also been shown for
imipenem and presumably meropenem3. This confirmed earlier studies showing an increased
volume of distribution (Vd) in patients with burns, obstetric complications, acute pancreatitis
and haematological malignancies. Tringer et al found the average Vd in 40 critically ill patients
was 0.43L/kg, which fell to 0.29 after seven days of treatment4. Beckhouse et al, studied
aminoglycosides pharmacokinetics in 49 patients admitted to Intensive Care5. They found a
mean Vd of 0.24L/kg, which decreased to 0.18L/kg on recovery 14-21 days later.
Hickling et al demonstrated that a pharmacokinetic computerised method more accurately
predicted aminoglycoside dosage in critically ill patients than nomograms or physicians best
guess6. In a subsequent paper his group demonstrated that during their acute illness critically ill
patients had a variable non renal clearance of aminoglycosides, of up to 30ml/minute7.
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Bactericidal activity.
Aminoglycosides have a biphasic bactericidal profile8. The first peak is due to an ionic
interaction between the positively charged cationic moieties of the antibiotic and the negatively
charged residues in the lipopolysaccharide of the bacterial cell membrane. The amount of drug
bound is directly proportional to the concentration of the antibiotic, with a one tenth log
increase in aminoglycoside concentration resulting in a one log increase in bacterial kill rate.
This process is energy independent and non saturable, with bacterial death resulting from lysis
of the cell membrane.
The second peak is slower, independent of drug concentration, and involves two energy
dependent systems, EDP-I and EDP-II, to transport bound drug into the bacteria. During the
EDP I phase the uptake is relatively slow but following a period of protein synthesis phase two
is entered with an accelerated uptake of drug. Bactericidal activity seen during this phase
reflects internalisation of the drug, binding to the bacterial ribosomes and inhibiting bacterial
protein synthesis
The dosing regimen for aminoglycosides was based on data obtained in the late 1940’s by
Eagle, using penicillin and streptococcus. He found that for the most effective antimicrobial
action, the concentration of the antibiotic should be continually kept above the minimum
inhibitory concentration (MIC) of the organism. Penicillin has a short half life and a wide
therapeutic index, so doses that resulted in very high serum concentrations, but allowed a
dosing interval of 4 hours, became usual clinical practice. With the introduction of gentamicin
the principle of always maintaining serum antibiotic levels above the MIC was applied but with
the realisation that it did have a narrow therapeutic window and levels need to be controlled.
Unfortunately this concept with aminoglycosides was incorrect, and has resulted in an
inappropriate administration schedule that only in the last few years has been questioned and is
starting to be resolved.
Post antibiotic effect (PAE) describes the phenomena seen in the laboratory when bacterial
killing continues after a culture of bacteria exposed to an aminoglycoside is washed to remove
the antibiotic. This is due the membrane binding and internalisation of the antibiotic. Does it
have a clinical significance? For aminoglycosides it does occur and has been postulated as a
possible mechanism that could safely justify the concentration of the antibiotic to fall below the
MIC of the organism. In 1990 Daikos9 reported series of experiments which showed that
pseudomonas surviving an initial exposure to aminoglycoside, were rendered temporality
insensitive to the effects of additional aminoglycoside until there had been a period of growth
in an antibiotic free environment. An overnight culture of pseudomonas was incubated with
netilmicin at a concentration eight times the MIC. After one hour the culture was centrifuged
and resuspended in fresh media three times, to remove any free aminoglycoside and
reincubated in fresh media. At hourly intervals, aliquot’s of culture were removed and reexposed to netilmicin at 4 x MIC. For the first two hours bactericidal activity continued
consistent with a post antibiotic effect. Between 2-3 hours, bactericidal activity decreased while
from 3-5 hours, despite the presence of 4 x MIC of netilmicin, there was no decrease in
bacterial numbers. From 6 hours onwards, sensitivity to the aminoglycoside returned. If the
resuspending media contained 1 x MIC of netilmicin, the bacterial numbers decreased for the
first two hours consistent with a post antibiotic effect, but instead of regaining sensitivity the
culture from 5 hours showed a growth parallel to the control culture despite the netilmicin at
4 x MIC.
Barclay10 et al using a dynamic in vitro model which mimicked in vivo clearance
(aminoglycoside half life of 2.5 hours), found that the development of adaptive resistance was
directly proportional to the concentration of drug the bacteria was exposed to and took between
36 and 43 hours to fully reverse. By 24 hours there was a partial return of sensitivity. Using an
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in vitro dynamic model I found that adaptive resistance developed after a second dose of
aminoglycoside given 24 hours after the first. By 9 hours after the second dose there was total
resistance to further doses of 9mg/L of gentamicin with the growth rate parallelling the control
culture. Other groups have also demonstrated the effect in vitro - but does it occur in vivo?
Barclay11 et al subsequently demonstrated that adaptive resistance in the sputum of cystic
fibrosis patients developed within 1-4 hours of a single 80mg nebulised dose of tobramycin.
Full susceptibility returned after 24-48 hours. In a pseudomonas rabbit model of endocarditis
Xiong found the presence of adaptive resistance within 8-16 hours, with partial reversal by 24
hours12.
Toxicity
Oto- and nephro- toxicity have been a concern since the introduction of the aminoglycosides.
Nephrotoxicity appears to be related to the concentration of the drug accumulating in the renal
cortex and to the type of aminoglycoside administered. Uptake of drug appears to be saturable
at relatively low serum concentrations. A continuous infusion of a relatively low dose of
aminoglycoside induces the most nephrotoxicity.
Although considerable emphasis is placed on nephrotoxicity, renal function does recover
with cessation of the drug, however permanent loss of hearing and vestibular function can
occur. Like nephrotoxicity, ototoxicity also appears to be related to the concentration of the
drug accumulating in the cochlear hair cells and vestibular apparatus, although there is some
doubt whether it is the actual drug or a metabolite. Aminoglycosides that cause damage in vivo
are not necessarily toxic in vitro13,14. Crann et al have proposed that the toxicity is due to the
product of a metabolic pathway in the hepatic cytosol15. The metabolite has a molecular size of
about 500 daltons. Garetz16 have found that sulfhydryl compounds and vitamin C protect the
outer cochlear hair cells from damage by the gentamicin metabolite. The exact nature of the
metabolite is yet to be elucidated
Optimal dosing
There has been an increasing trend based on the above data for higher doses and longer dose
intervals. This would result in greater initial killing and reduce toxicity. Most centres are now
using once daily dosing. This ensures that adequate peak levels are obtained - but what should
the trough concentration be?
While the use of higher doses with a longer dose interval has been readily accepted, there
has been a reluctance to allow trough levels to fall below 1-2mg/L. The total amount of drug
that the patient is exposed to can be calculated by the area under the concentration-time curve.
A trough concentration at 24 hours of 1-2mg/L would represent a total exposure of 2.5 times
the dose compared with the traditional 8 hour dosing schedule. Using a 24 hour dose interval
the concentration must be very low at 24 hours. In patients with normal renal function, the
serum concentration should be in the order of 0.05mg/L. The limit of detection in the
commercially available aminoglycoside analysis kits is about 0.25 -0.3mg/L. This raises a
problem on how to determine the dose and dosage intervals in patients with renal impairment as
the desired trough level is below detection levels of the assay.
Begg et al have suggested using an area under the concentration-time curve with
calculations of two levels 30 minutes after the end of the dose administration and between 2.5
and 5 half lives later17. Trough levels can be extrapolated and the dose or dosage interval
adjusted to obtain the correct dose exposure. But what is the correct dose schedule and how
should in be adjusted for renal impairment?
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Dosing hypothesis
• Bacterial kill rate appears to related not to the height of the peak but rather to the area
under the concentration time curve. In a dynamic in vitro model increasing the half
life to five hours resulted in a substantially greater kill rate.
• Toxicity is also likely to be related to area under the curve but is probably saturable.
• All Gram negative bacteria develop adaptive resistance to some extent, with
psuedomonas being the most prevalent.
• The development and reversal of adaptive resistance is a function of the area under
the concentration time curve.
• Adaptive resistance becomes significant 3-6 hours after administration. Doses given
in the period of adaptive resistance will have no antibacterial effect.
• Patients with decreased aminoglycoside clearance have a greater area under the
concentration curve.
Taking the above points, the optimal dosing schedule would be one that ensures the greatest
area under the curve above the MIC of the organism, and left of the line of adaptive resistance
development. The ideal drug would be an aminoglycoside with a very short half life that could
be given as a short infusion. This would allow high peak levels, increased concentration
dependent killing and post antibiotic effect while limiting the development of toxicity and
adaptive resistance. It is unlikely this will occur in the near future as all efforts are directed at
finding antibiotics with long half lives.
Pharmacokinetic principles state that loading doses are not adjusted for clearance. However
this principle can be called into question in the dosing of aminoglycosides in patients with a
reduced aminoglycoside clearance. A smaller loading dose will still allow sufficient area under
the curve for optimal bacterial killing, but will decrease the time for the levels to become
sufficiently low enough for the adaptive resistance to reverse and may also reduce toxicity. For
the frail elderly female patient 120-160mg of gentamicin may give the same area under the
concentration time curve as 7mg/kg in a fit young male. While most centre are now using once
daily dosing adjustments of the dose to obtain very low trough levels and consideration of
adaptive resistance is still some time off.
Beta-lactam antibiotics
The beta lactams have a different pharmacokinetic profile from the aminoglycosides. They
have a wide therapeutic index, do not show concentration dependent killing and the only
substantial post antibiotic effect is by the carbepemens against Gram Negative bacteria.
Following the introduction of penicillin in the 1940’s, supply problems limited the amount
of drug available for clinical use. However, it was shown to be effective at dose intervals which
resulted in the concentration of the drug falling below that which is now regarded as the MIC.
Eagle in 1953 reported that penicillin is most effective if the concentration at the focus of
infection remains continuously in excess of that necessary to kill the organism at the maximum
rate18. The limit of effectiveness at increasing the drug levels appears to be at about 4-5 times
above the MIC. As the beta lactams have a wide therapeutic index, most dosing schedules are
designed so that the dose given results in a high peak ,which provides no greater bactericidal
activity but provides a serum level of the drug, or any active metabolite, to remain above the
MIC of the organism for a substantial time. With this type administration the total dose of the
drug is far greater than that which would be required if it were given by a continuous infusion
at a rate to maintain a level 4-5 times above the MIC. While their are advantages in patient
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freedom and drug preparation there are some indications where a continuous infusion would be
useful. Penicillin has a short half life and for serious streptococcal infections a continuous
infusion could provide potential benefits (e.g. ensuring the level of antibiotic was always above
the MIC). However, in some infections inoculum size is an important consideration. In a Group
A streptococcus myositis model in mice, Eagle found that penicillin was ineffective if the
infection was allowed to develop, or a greater inoculum of bacteria was used18. In clinical
practice the traditional management of streptococcal myositis/ fasciitis has been with high dose
penicillin without much success. Mortality rates are often in excess of 85%19. Once the
organism is well established, growth rate slows resulting in decreased efficacy of the penicillin
which requires actively growing cells to be effective. This phenomena has been termed the
‘Eagle’ effect. Stevens et al demonstrated in a mouse thigh myositis model, that clindamycin
was superior to penicillin20. Modern management of severe streptococcal infections would be a
combination of penicillin and clindamycin. In Australia, lincomycin is considerably cheaper,
has similar antimicrobial properties but no studies have been performed comparing it with
clindamycin in severe streptococcal infections.
Vancomycin remains the antibiotic of choice for MRSA and coagulase negative
staphylococcal infections. Traditionally it has been thought to have ototoxicity and
nephrotoxicity problems, almost equivalent to the aminoglycosides. This has resulted in the
publication of therapeutic ranges to limit high peaks but ensure adequate troughs. However, the
evidence for (or relationship between) peak levels and ototoxicity is lacking, with most reports
being anecdotal (with a maximum of three cases in any series). Similarly the evidence for
nephrotoxicity is lacking, although it is clear that vancomycin has synergy to the nephrotoxicity
of aminoglycosides and amphotericin21. As well as the need for peak monitoring, others have
questioned the need, in some cases (e.g. normal renal function), for trough levels22.
Like beta lactams, vancomycin demonstrates time dependent killing23. Using a dynamic in
vitro model Duffull compared a constant infusion of 8 and 16 microgram/ml dose of 30
microgram/ml 12 hourly and a one day dose of 60 microgram/ml24. There was no difference
between the groups in the rate or extent of bacterial killing. The optimal dosing method appears
to be one that maintains levels constantly above the MIC. This may require dosing 4 times per
day rather than once daily. The treatment of methicillin resistant Staphylococcus aureus
nosocomial pneumonia can be treated with nebulised vancomycin with a successful eradication
in over 80% of patients. Serum vancomycin levels in seven patients were unmeasurable 2 hours
post inhalation. This route also provides an alternative method of administering vancomycin in
patients with renal failure.
The use of antibiotics continues to climb as does the bacterial resistance. It behoves
Intensive Care Practitioners to use these powerful drugs in the most appropriate manner to
maximise the beneficial effects and limit toxicity.
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Introduction
Circulatory function depends on blood volume, vascular tone and cardiac function, and
circulatory failure results from disturbances in one or more of these. Management in the
paediatric patient requires knowledge of differences in anatomy, physiology, and
pathophysiology for the spectrum of age groups.
Determinants of myocardial performance are different in the paediatric patient. The
newborn heart functions at a higher diastolic volume, has limited diastolic reserve, and is less
responsive to increases in preload1. Augmentation of contraction over baseline is limited2. The
ability to develop myocardial wall tension is reduced as afterload increases, and ventricular
compliance is reduced because non-contractile elements are disproportionately high compared
to contractile components3. Oxygen consumption and cardiac output are relatively high and
limit systolic reserve4. The overall result is a reduced response to changes in preload,
contractility and afterload, with relatively more dependence on heart rate to maintain cardiac
output.
Normal values of monitored parameters change with age. The following are values for
systolic blood pressures5.
1 month
6 months
2 years
7yrs
15 years

85 mmHg
85 mmHg
95 mmHg
100 mmHg
110 mmHg

Respiratory rate and heart rate also change normally with age6.

Respiratory rate
Heart rate

Newborn
40-60
100-200

To 3 years Over 3 years
20-30
15-20
100-180
70-150

Circulatory Failure
The causes of circulatory failure in paediatrics are listed in table 1:
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Table 1.

Causes of circulatory failure in paediatrics

A.

Preload
1. Hypovolaemia
- blood (trauma)
- water (vomiting, diarrhoea, renal failure, diabetic ketoacidosis)
- plasma (burns, nephrotic syndrome)
2. Obstruction to venous return
- positive airway pressure
- pericardial effusion
- tension pneumothorax or pneumopericardium
3. Loss coordinated atrio-ventricular contraction
B. Loss of peripheral resistance
- sepsis (see below)
- drugs
- anaphylaxis
- central nervous system injury (cerebral or spinal)
C. Loss of effective pumping
1. Primary
- congenital heart disease
- cardiomyopathy
- myocardial ischaemia (anomalous left coronary artery,
Kawasaki's disease)
2. Secondary
- hypoxic ischaemic insult
- sepsis (see below)
- acidosis, electrolyte disturbances
- drugs (verapamil)
- tamponade
D. Heart rate
- bradycardia (hypoxia) or tachycardia (SVT)
Sepsis frequently causes circulatory failure, especially in neonates. The common organisms are
as follows7.
A. Neonates: Group B beta haemolytic Streptococci, enteric organisms, Listeria
monocytogenes, Staphylococcus aureus;
B. Infants and children: Haemophilus influenzae, Streptococcus pneumoniae, Neisseria
meningitidis, Staphylococcus aureus, enteric organisms; and
C. Immunocompromised patients: enteric organisms, Staphylococcus aureus, pseudomonas
species, Candida albicans.
In paediatric patients, early diagnosis and treatment is necessary, and it is important to
recognise clinical signs of low cardiac output. Shock is initially compensated by an increase in
heart rate and vasoconstriction, with preservation of blood pressure. Decompensation can occur
suddenly when changes in preload, contractility, afterload and heart rate fail to maintain cardiac
output.
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The early signs of reduced cardiac output are:
1. tachycardia;
2. vasoconstriction which reduces skin blood flow, peripheral temperature, capillary refill,
mesenteric blood flow and bowel sounds;
3. loss of volume in peripheral pulses; and
4. reduced urine output and increased urine specific gravity.
A moderate fall in cardiac output causes:
1. further increase in heart rate;
2. reduced pulse pressure;
3. loss of peripheral pulses;
4. peripheral cyanosis;
5. tachypnoea;
6. a lethargic, agitated or combative state; and
7. oliguria and near maximum urine specific gravity.
With shock there is need for urgent therapy. The following clinical signs
are present:
1. hypotension;
2. tachycardia and tachypnoea;
3. central pulses are difficult to palpate;
4. skin is pale, mottled and cold;
5. capillary refill is difficult to determine; and
6. unconsciousness and anuria are present.
Management of Low Cardiac Output
Management is aimed at treating the underlying insult, improving pulmonary and systemic
blood flow, and reducing excessive demand for blood flow. Clinical assessment should
evaluate the severity of circulatory failure with regard to:
1. blood pressure, pulse rate and respiratory rate;
2. intensity of peripheral pulses;
3. temperature and colour of extremities;
4. rate of capillary refill;
5. urine output; and
6. level of consciousness.
When hypotension for age is present, urgent and immediate resuscitation is more important
than investigation. Blood pressure should be restored first by volume (20 mls/kg). If response is
poor repeat the volume load and consider an inotrope. Dobutamine is useful because it can be
given peripherally until a central line is inserted, and adrenaline added if blood pressure
remains low. For respiratory support, IPPV improves left ventricular preload and afterload8,
and reduces oxygen consumption and work of breathing, but may reduce venous return.
Investigations include arterial blood gas, glucose, haemoglobin, haematocrit, coagulation
screen, electrolytes, renal and liver function, cross match blood, and cultures of blood, urine,
and tracheal aspirate. Chest Xray assesses lung volume and pulmonary vascular markings, and
demonstrates atelectasis, consolidation, contusion, pneumothorax, and placement of tubes,
lines, and pacing wires. An echocardiogram can be done serially to demonstrate structural
abnormalities in congenital heart disease, direction and volume of blood flow, ventricular size,
69

Circulatory Failure in Paediatrics
fractional shortening, cardiac output, and tamponade. Pulse oximetry monitoring is routine in
all age groups. Previously measured core-peripheral temperature gradients do not accurately
trend changes in cardiac output9.
With regard to invasive monitoring, the following should be noted. Central venous lines and
pulmonary artery catheters are inserted as for adults. However, excessive flushing of arterial
lines following sampling, may result in cerebral insults due to retrograde flow into cerebral
vessels. Because blood sugar determination is important, normal saline is commonly used as
the fluid column, to allow accurate glucose measurement from sampled blood. Cardiac output
changes markedly with age and weight, and thus cardiac output is described in terms of cardiac
index (normal 3.0-5.0 l/min/M2)10 to account for normal variation. Cardiac output is measured
by thermodilution via pulmonary artery catheter (useful even in small patients)11, but is not
accurate where intracardiac shunts are present; and dye dilution via central venous injection of
dye and peripheral artery sampling. The latter is not easily performed but is important in
congenital heart disease when intracardiac shunts need to be demonstrated.
Manipulation of Cardiac Output
Algorithms to improvement cardiac output incorporate steps to optimise preload, contractility,
afterload and heart rate. These four parameters are interrelated, and manipulation of one effects
each of the others, and constant reassessment is necessary.
Preload is assessed by measurement of atrial pressures from a central venous line,
pulmonary wedge pressure from a pulmonary artery catheter, or left atrial pressure from a line
inserted during cardiac surgery. Rate of change in pressure with volume (ventricular
compliance) is as important as the absolute pressure measured, and normal values are as for
adults. Preload is corrected by volume load, diuresis or relief of tamponade. Cardiac tamponade
from pericardial fluid restricts ventricular filling. Clinical signs are reduced cardiac output,
increased central venous pressure, reduced systolic blood pressure, increased heart rate, pulsus
paradoxus, and reduced heart sounds. It is confirmed by chest xray and echocardiogram, and
treated by increasing preload and removal of fluid by needle aspiration, percutaneous catheter
or surgical intervention.
Afterload is estimated by arterial and venous pressure differences across the systemic and
pulmonary circulations, and cardiac output. It is increased by hypoxia, acidosis, hypothermia,
and pain, and is reduced by vasodilators (nitroprusside, nitroglycerine). Note that all
vasodilators are also venodilators and reduce preload. Aortic balloon counterpulsation reduces
systemic afterload and improves myocardial perfusion. It has been used in children12, but is
technically difficult and it's use has been superseded by ventricular assist devices.
Increased pulmonary vascular resistance is common in some congenital heart lesions (left to
right shunts, large VSD, ASD, patent ductus arteriosus, A-V canal, truncus arteriosus), and
with persistent fetal circulation. In addition, neonates have a reactive pulmonary vascular bed
compared to older patients, and this can result in severe pulmonary vasoconstriction in response
to increased sympathetic tone. Where this causes right ventricular failure and reduced cardiac
output, treatment includes hyperoxia, mild hyperventilation, sedation, muscle relaxation, and
vasodilation (nitroprusside, nitroglycerine, tolazoline, isoproterenol, alpha blockers,
prostaglandin).
Contractility is difficult to assess clinically, but can be serially estimated from shortening
fractions measured with an echocardiogram. The inotrope most commonly used in children is
dopamine, but dobutamine, isoproterenol, adrenaline, noradrenaline and amrinone are also used
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depending on the need for alpha and/or beta action. Ventricular assist devices and
extracorporeal membrane oxygenation are used where available on patients with intractable
circulatory failure and reversible disease.
Heart rate is important when either too slow, too fast or not coordinated between the atrium
and ventricle due to arrhythmias. The causes of arrhythmias in paediatrics are:
-

hypoxia, hypercarbia, acidosis;
electrolyte disturbance;
hypotension;
excessive vagal stimulation;
drugs;
cardiomyopathies;
congenital: aberrant pathways, complex congenital heart disease;
long QT syndrome;
heart transplantation;
hypothermia;
cardiothoracic surgery;
cardiac catheterisation; and
malignant hyperthermia.

Cardiac output for infants and neonates is rate dependent. With regard to bradycardia, it
should be recognised and treated quickly because it most commonly results from hypoxia.
Bradycardia is treated by correction of hypoxia and hypotension, and where due to third degree
heart block an intravenous beta agonist or cardiac pacing. Tachycardia of more than 230/min is
usually supraventricular in origin (SVT). It causes decreased diastolic filling time, decreased
coronary blood flow, and increased myocardial energy expenditure. Treatment of SVT involves
measures to increase vagal tone (carotid sinus massage; initiation of diving reflex with iced
water on face), digoxin (digitalising dose 20-30ug/kg over 8-12hrs), verapamil (over 1 year age
0.1 mg/kg), and cardioversion if other measures fail or the patient is haemodynamically
compromised. Verapamil is poorly tolerated under one year age and contraindicated13.
Ventricular arrhythmias are treated as for adults with lignocaine (1mg/kg), bretylium 5mg/kg
(over 1 hour), or magnesium, and defibrillation (2-5 joules/kg). Surgical approaches are
performed where intractable arrhythmias occur after cardiac surgery or where other therapy
fails, notably unacceptable side-effects from drugs. Techniques involve cardiac pacing, catheter
ablation, and surgical excision.
General supportive measures need also to be taken into consideration, with emphasis on
nursing care and nutrition. In the presence of oliguria or anuria, fluid management is facilitated
by dialysis or continuous haemofiltration.
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The presentation of a paper at a national or international meeting is an intimidating experience,
not only for first time speakers, but also for seasoned campaigners. Indeed, accomplished
speakers on the international “circuit” give the appearance of someone completely at ease
speaking in a public forum on a topic or range of topics about which they are expert and totally
familiar. Whilst this is so, the attainment of such a level of confidence only comes after an
enormous amount of preparation and practice1.
There are many ways of presenting a talk and the end product will depend upon the
personality, flair and confidence of the presenter, the nature of the meeting and the title of the
topic. The aim of this monograph is to outline some of the principles of preparing a
presentation so that this process is made somewhat easier and more effective.
Submission and preparation of abstracts
The first step in the process of submitting work for presentation begins with preparation and
submission of an abstract. Generally, this is a 200 – 250 word essay summarising the work in a
concise fashion. Superfluous statements rapidly erode into the allowable word-count so that
careful planning of only the essential facts and data is essential2,3.
Prior to preparing an abstract, carefully read and follow the instructions to presenters issued
by the scientific convenors. In particular, do not exceed the allowable word-count. In heavily
subscribed meetings, failure to comply with an abstract format may result in disqualification.
Ensure that the version of the abstract submitted is accurate and complete, as there is usually no
allowance for subsequent editing. This is particularly important if abstracts are subsequently
published in a journal as a collection of meeting proceedings. Where appropriate, approval
from institutional ethics committees is mandatory before submitting papers of clinical or animal
studies. Ideally, abstracts submitted for presentation should closely resemble an abstract or
summary of a completed paper ready for publication.
General principles
Abstracts should be written in the past tense - ie should state what was done, not what is being
or will be done. While many, journals will have editorial styles that are characteristic for their
publication, there are some standard rules.
Do not font sizes less than 10 point. Keep font styles simple: courier, arial or times roman
are standard. If abstract proformas or pre-printed abstract boxes are used, ensure that the typed
text fits within the specified or printed boundaries. These abstracts are usually copied directly
into a book of abstracts and information may be lost if the submitted abstract is too large. Use
SI units for units of measurement, except for pressure, which may be expressed as mmHg or
cmH2O with kPa expressed in parentheses as an option, if presenting at international meeting.
Use only standard abbreviations found in uniform requirements for manuscripts submitted to
journals.4
Non standard abbreviations should be kept to a minimum and defined in parentheses in the
text. As a general rule no more than two non-standard abbreviations should be used to replace
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words appearing four or more times in the text. Avoid complex non-standard scientific
abbreviations eg expiratory pause pressure is more easily read in full. If words are a premium,
EPP is preferable than PEPP, particularly when there is multiple similar parameters.
Title
Carefully word the title so that it accurately reflects the results or key message of the work.
Where appropriate, think of a short provocative title, which may be useful in drawing attention
to the paper. Avoid defining abbreviations in the title.
Authorship
Only authors actively involved in the study should be included on the abstract5. The first author
is the person who has been responsible for the overall design, coordination, analysis and
writing of the study6. Subsequent authors should appear according to their contribution7. If
there is equal contribution, alphabetical order is appropriate.
As a general rule, honorary authorship is discouraged: statisticians, reviewers or heads of
academic departments or Units should not be included unless these individuals have made a
significant contribution to the design, conduct, analysis and subsequent writing of the paper8.
Check the instructions to authors as some meetings will only permit a maximum number of
authors due to space constraints. When preparing the authorship, check whether the title,
authors and addresses are included in the permissible word-count. If not stipulated, it is usually
assumed that this is excluded from the word-count.
Formats.
These may either be structured in specific sub-headings (structured abstracts) or divided into
paragraphs addressing the following sections4. Check the required format in the instructions to
presenters. An increasing number of conferences now request structured abstracts along the
lines of those submitted for publication.
Formats will differ depending on the nature of the paper – either scientific for quantitative
or qualitative studies addressing a hypothesis or specific aim; or descriptive for review papers
or non-scientific studies.
Scientific studies
a). Introduction:
This is usually one or two statements about principles of the related subject and potential
areas of study or controversy. Keep it as brief as possible.
b). Study objectives:
State the hypothesis that is being studied or the aim of the study in clear unambiguous
terms.
c). Methods:
Outline the generic format of the study eg: retrospective case note review, prospective nonrandomised longitudinal trial, multicentred, randomised, placebo-controlled trial,
prospective survey, etc. Define the setting or institution where the study was performed.
Define the subjects or studies sample – eg normal volunteers, critically ill patients, animals.
If appropriate, specify power statistics (α or β values) for the sample size.
In interventional or observational studies, define outcome measures or end-points where
appropriate. Primary outcome measures are quantifiable end-points primarily related to the
hypothesis and caused by an intervention over a specified time period eg 30-day mortality,
6 month Glasgow Outcome Score, change in physiological variable in response to an
intervention or drug. Secondary outcome measures are quantifiable end-points, usually of
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different duration and magnitude to the primary endpoint, which may or may not be
primarily, related to the original intervention. Specify interventions and define
measurements or observations that pertain to the results and conclusion of the study. Do not
outline methods that were performed but subsequently had no bearing on the interpretation
of the study in the abstract – these are discussed in the presentation and/or subsequent
publication.
d). Results:
In general, summarise the demographics of the studied population(s) at the beginning of the
results section. Keep this format brief: eg 20 patients (11M, 9F), mean age 67±5yrs,
APACHE II 27. Ensure that results relate directly to the method and appear in a logical
sequence that relates to the methodology. When using numerical data to define a result,
ensure that these data appear at the end of a phrase or sentence in parentheses, so that the
correct syntax of the sentence is maintained. As a guide, the sentence which contains
bracketed data should read normally if the brackets are removed.
Keep statistical data to a minimum and record only those that pertain to the overall
results – details of statistical analysis will appear in the presentation or paper. Statistical
data that appear will depend on the analysis but the following abbreviations are acceptable
for abstract submission without definition: – correlation coefficients (r or r2) standard error
of mean (SEM), standard deviation (SD), confidence intervals (CI), significance level (p),
analysis of variance (ANOVA). Record important negative results if these occur. Tabulate
data or use graphs if this is permitted in the abstract format where possible as much more
information can be displayed. However, if graphs and tables are permitted, do not use
gridlines, complex formats or graphics, as data may be lost in transcription.
e). Conclusion:
In many ways, this is the most important part of an abstract, as people will usually scan an
abstract and read the conclusion for the “take home message”. This will prompt the reader
to read the abstract in full, attend the session or seek out the author for discussion. It is
crucial that the conclusion is clearly written, unambiguous and relates to the aim of the
study and results. As a general rule, state one conclusion or statement per sentence. Do not
include new information in the conclusion that does not appear in the text. Do not include
statements stating “will be discussed / described / presented”.
Descriptive studies or reviews.
Many of the guidelines outlined above pertain to descriptive papers with the following
differences9.
a). Introduction:
This is usually one or two statements about principles of the related subject and potential
areas of study or controversy. Keep it as brief as possible.
b). Objectives of report or review:
Outline the principle aim of the review and briefly outline the structure of the talk in terms
of areas that will be discussed in concise terms.
c). Description of content:
Summarise the key points of the review in a logical order. Avoid complex sentences with
too much information: keep statements brief and concise so that each sentence relates to a
particular issue.
Include statements of substantiation when appropriate to emphasise important issues and
if appropriate, grade statements so that the key issues are addressed at the end of this
section. This will set up for a clear conclusion.
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d). Conclusion(s):
As above for scientific papers.
Verbal presentations
The principle in delivering a verbal presentation is to convey succinct, clear information in a
relatively short time interval so that the audience will leave the presentation with one or two
concise messages10. These may be the conclusion of a scientific study, a principle of
methodology or in the case of a review paper, key points of a subject and an incentive to read
further on the highlighted topics11.
Planning and preparation.
Verbal presentations are prepared from the audience’s perspective. The presenter will have
intimate knowledge of the study or subject, but the audience will usually be hearing the work or
the presenter for the first time. It is important that the talk is pitched at the appropriate level so
that the audience is introduced to the topic in an orderly and logical fashion. This allows the
speaker to explore detailed areas or to explain complex issues whilst maintaining the interest of
the audience. To this aim, find out about the nature and composition of the expected audience
and tailor the level of complexity or assumed knowledge accordingly12.
Familiarise yourself thoroughly with the instructions to presenters issued by the scientific
convenors. Most importantly, ensure that the talk conforms to the specified time as papers that
overextend not only reduce the opportunity for questions but also affect subsequent speakers
and concurrent sessions. Remember that it is the prerogative of the chairperson to terminate a
presentation that is running overtime.
Further practical aspects of preparing a presentation relate to the nature of the meeting. For
example, find out about co-speakers and other concurrent sessions to ensure that your
presentation will not clash with another speaker. If presenting an invited paper, liaise with the
scientific convenor of the meeting. If presenting a free paper, try to familiarise yourself with the
abstracts of the other speakers as soon as possible. Establish who the chairperson is to pre-empt
questions during discussion time. Finally consider "environmental" factors such as the time of
day for the paper. For example, the first session after lunch is frequently disrupted by
latecomers; the last session of a particular day may have a dwindling, often soporific audience.
Subtle aids to revitalise an audience, such as humour, may be useful in the latter provided it
does not compromise timing.
Slides
Slides are used to complement the talk, maintain the interest of audience and re-inforce key
issues13. However, slides are only an adjunct to the presentation and should not detract from the
talk or confuse the audience14. A general anecdote is that final preparation and coordination
with the verbal presentation takes one hour per slide. What this emphasises is that preparation
of slides is not a rushed exercise and should be done ideally after the work is complete, data
analysed and the abstract written. In other words, make the slides fit the talk and not vice
versa15,16.
General preparation.
a). The talk must relate directly to the abstract.
The aim is to convey a clear message and aim, not to overload the audience with other
information, which does not apply to the title of the paper or the published abstract. Divide
the talk into sections. Have separate, titled slides for the introduction, aim, methodology or
description, results and conclusions. Use secondary titles for subsequent slides in this
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section. In planning the total number of slides, a rule of thumb is one slide every 45 secs: eg
a maximum of 15 slides + title slide for a 10 minute talk. Any more is too many and unless
the information displayed on additional slides are very basic and easily absorbed, the
audience will be overloaded with information.
b). Avoid double projection.
Whilst this is a popular technique in providing more information per “slide”, it seldom adds
to the clarity of the presentation, often detracts from the verbal presentation and doubles the
chance of a projection mishap. Dual projection that goes out of synchrony is usually a
debacle that erodes the time that the presenter has to deliver the paper, detracts and disrupts
the flow of a talk and leaves plaques on the speaker’s coronary arteries!
As a general rule, avoid travelogue or scenic slides as companion slides in dual
projection. Whilst these are usually entertaining and may have a place in some talks to
emphasise a point with humour or lateral thinking, they are usually a distraction,
particularly in short free papers. These type of slides are used to best effect as single
projection, usually in longer, review type presentations, either at the start as a means of
introducing the speaker and/or the topic of the presentation or at the conclusion.
Specifics of slide preparation.
With the advent of Powerpoint and Slidemaker, there is almost an irresistible temptation to
have complex and fancy slides with flamboyant colours and sideshows. All this tells the
audience is that you have a computer and ultimately detracts from the message. In short: keep it
simple. The most effective speakers use very basic, clear uncluttered slides, 2 or 3 colours or
even black and white. Remember, the audience has come to hear a presentation about a topic,
not to see a fireworks show.
a). Colours:
Background: keep simple and homogenous. If using a graded background, only use vertical
gradients with the dark area at the top to highlight the title. Use dark colours such as blue,
green or black. Ensure that the slide format is constant throughout. If possible, redraw “old”
slides or slides of different formats. Text: use yellow, white or pale blue/green. Do not use
red text: 15% people are colour blind and will not read red. Also, if the room is not that
dark, red will not project well.
Font: use plain typographical fonts: arial is most effective: times roman and other
cursive fonts do not project well. As a guide, use 44 point for titles of slides, 28 or 32 point
for text. References or subscripts are placed at the bottom right hand corner in 20 - 22 point.
Do not capitalise: use upper and lower case in all sections as it is easier to read. Do not
underline or use italics: these do not project well and are often difficult to read.
b). Layout and content:
Avoid insert headers and footers on each slide such as institutional logos, talk titles or
computer information. They often do not add information and usually distract from the
content. Avoid frames, bubbles and background bitmaps : these are distractions, reduce
available display area and may make superimposed graphics difficult to read. No more than
5 - 6 lines per slide + title. If there is more information, then make another slide. Avoid nonstandard abbreviations throughout. Keep graphics simple – avoid complex algorithms and
busy slides. Label all graphics in clear text. Avoid long bulletted or multilevel lists. Keep
references simple: the author, journal and year will usually suffice (eg, Brown NEJM 1998).
Key references may be quoted in full. If a photo of the actual title page of the reference is
used as a slide, ensure that the author, journal and year are legible.
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Conclusion slides are most important. Place one conclusion per slide and try to leave the
last slide for the “take home” message. Simple statements or an evocative image are most
impressive.
c). Graphs and tables.
Keep graphs simple: do not use 3D graphs or triaxial graphs unless there are three data sets.
Simple bar graphs are the best. Avoid gridlines to graphs. Keep statistical information to a
minimum: all that is usually required is a number (n), p value or r-value. Label each graph
and axis clearly in legible fonts. Tables: Avoid gridlines and use different colours for
headings of columns.
Presentation
Write out the entire talk in preparation and co-ordinate the text with the slides. Ensure that the
talk is well rehearsed. Ask colleagues who are both familiar and unfamiliar with the content to
critique the talk. Ensure that the rehearsed time is under the allocated time. There is always a
tendency to speed up during a presentation. Slides should “flow” during the talk. Pausing while
the slide changes is effective when wishing to emphasise a point or to indicate a change in
section or emphasis. Use notes if it is felt that this will assist in timing. These are recommended
for inexperienced speakers and are useful to perfect timing or as a prompt when the adrenaline
is pumping! Take the audience through each slide and address each point on the slide: if you
don’t refer to a point on a slide: leave it out.
Explain all graphs and tables carefully: outline the axes and data sets. Remember the audience
is not familiar with the work and need time to absorb the data. If you rush through, impact will
be lost. This will erode into the time but is essential to do properly. Use laser pointers carefully.
Only point to a part of the slide that is being referred to and avoid wild arcs and “scribbling”
with the pointer over the slide area particularly when using the pointer to explain graphs or
complex graphics. If using a picture or cartoon that has a caption, read the caption to the
audience unless it is short and clearly legible.
Finally, the preparation of a paper suitable for publication in a refereed journal should be
the ultimate aim of a study. The conversion of a study from presentation to print is a long and
arduous process with a large percentage of studies ending up as published abstracts and/or
never submitted or accepted for publication in a peer reviewed journal. The effort in preparing
a talk for a meeting is substantial so make sure the effort becomes worthwhile with a
publication
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Hypertensive intracerebral haemorrhage, subarachnoid haemorrhage due to berry aneurysms
and A-V malformations, trauma, neoplasms and haemorrhage associated with coagulation
disorders account for most cerebral haemorrhages that present as a stroke.
Acute hypertensive intracerebral haemorrhage
Hypertensive haemorrhage accounts for approximately one-third of intracerebral haemorrhages,
60% of which occur in the basal ganglia, 20% the pons and 10% the cerebellum, the remaining
involve temporal, frontal, parietal or occipital lobes. Rupture and seepage of blood into the
ventricular system may also occur. This disorder has an abrupt onset and evolves steadily over
minutes or days but commonly reaches a maximum at 1 - 24 h. Normally the onset occurs while
the patient is up and active and only rarely occurs during sleep. A severe headache occurs in
50% cases and the patient often vomits with the onset of the haemorrhage. If subarachnoid
bleeding occurs, then signs of meningism appear. If there are no coagulation abnormalities,
then, unlike berry aneurysms, rebleeding is rare.
Surgical treatment with removal of the clot is seldom beneficial, unless the clot is near the
surface, the patient is conscious, and there are CT signs of intracerebral shift (i.e. greater than 5
mm). With acute cerebellar haematoma, surgical evacuation of the clot is the treatment of
choice, particularly within the first 1 - 2 days. Corticosteroids are of no benefit.
Acute subarachnoid haemorrhage
Ruptured saccular (berry) aneurysms are the commonest cause of an acute subarachnoid
haemorrhage. The aneurysms are small thin walled pouches which vary from 2 mm to 3 cm in
diameter (they are usually > 1 cm when they rupture) and are thought to be the result of
developmental defects in the media and elastica of cerebral vessels. The aneurysms often
protrude from the arteries, or major branches, of the circle of Willis, and are usually positioned
at the arterial bifurcations. Approximately 80 - 85 percent arise from the anterior part of the
circle of Willis, usually at the junction of the internal carotid and posterior communicating
artery, and 15 - 20 percent arise from the vertebrobasilar system, usually at the bifurcation of
the basilar artery or at the junction of the vertebral and posterior inferior cerebellar artery.
Patients who have berry aneurysms have a higher incidence of coarctation of the aorta,
polycystic disease of the kidney and Marfan’s syndrome and a higher incidence of first and
second degree relatives with a confirmed intracranial aneurysm. Cigarette smoking, high
alcohol consumption and hypertension increase the incidence of aneurysmal rupture. In 20 - 30
percent of patients there is more than one aneurysm (usually two or three), and each year new
aneurysms develop in at least 2 percent of patients with previously ruptured aneurysms1.
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Clinical features
Prodrome
Before rupture, the aneurysms may be asymptomatic, although in up to 50% of patients a minor
haemorrhage may present as an instantaneous, generalized and severe headache (i.e. unlike a
migraine or tension headache, which are less severe and have a gradual onset)2. The
uncharacteristic severity of the headache is often the reason why medical advice is sought. The
site of the headache is usually a poor localizing symptom for the aneurysm, with the exception
of internal carotid posterior communicating aneurysms, in which the headache is often
ipsilateral and retro-orbital2.
Symptoms and signs of motor weakness and speech disturbances (middle cerebral artery
aneurysm), nausea and vomiting (anterior communicating artery aneurysm), impaired
extraocular muscle function (internal carotid aneurysm causing a 3 rd nerve palsy) as well as
neck pain and photophobia may occur at this stage (neck stiffness may take 6 hours to
develop3). The prodromal episode often precedes the devastating rupture by a few days or
weeks and warrants urgent investigation by MRI angiography, CT scan or lumbar puncture2,4.
Rupture
Rupture usually occurs with strenuous activity and often during sexual intercourse, when the
patient is severely hypertensive. The patient presents with sudden and excruciating headache
and a brief period of confusion, 12% of these patients lapse into a coma and die, and a further
40% will die within the first two weeks unless treated correctly5. Signs of meningism are found
and cerebral motor posturing may appear in patients who lose consciousness. Subhyloid
haemorrhages may be observed on fundoscopy. The patients are often clinically graded
according to their conscious state6 (Table 1).
Table 1
Grade
I
II
III
IV
V

Clinical grading of consciousness with ruptured saccular aneurysm
Signs
Fully conscious, no neurological deficits
Drowsy, no neurological deficits
Drowsy and confused, with focal neurological deficits
Stupor, moderate or severe neurological deficits
Coma, usually moribund patient with extensor rigidity

Investigations
These include:
1. CT scan: this usually demonstrates subarachnoid blood, the berry aneurysm and
sometimes intracerebral damage due to the rupture. Helical CT angiography has also been used
to detect an intracranial aneurysm and is useful in detecting new aneurysms in patients in whom
MRI angiography is contraindicated (e.g. prior intracranial ferromagnetic clips).
2. Angiography: this is usually delayed for 1 - 3 days until the patient becomes stable.
3. MRI angiography: this may detect aneurysms of 5 mm or greater, and is often used to
screen for intracranial aneurysms (e.g. in patients who have a strong family history of cerebral
aneurysm) or if angiography is contraindicated. It may also detect an intracranial aneurysm
with a thrombus in the aneurysmal sac which may not be visualized by angiography.
4. Lumbar puncture: this is performed only if the CT scan fails to demonstrate CSF
haemorrhage4 (although to allow the development of xanthochromia, it should be delayed until
12 hours after the onset of the headache3).
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Complications
1. Rebleeding: this has a peak incidence at 3 - 10 days following the initial bleed, and
occurs in 25% of cases7, a 40% mortality occurring with the second haemorrhage.
2. Cerebral vasospasm: this occurs in 40 - 60% of all patients with subarachnoid
haemorrhage. It is due to smooth muscle contraction in cerebral vessels, caused by intrathecal
oxyhaemoglobin, which is released by red blood cells in close proximity to the vessel8. It
produces a delayed deterioration in conscious state, with an onset of 3 days, a peak incidence at
7 days and resolution 14 days after the sub arachnoid haemorrhage. The spasm occurs largely
in the cerebral arteries near the source of the subarachnoid haemorrhage9, and if severe it will
produce cerebral infarction.
3. Cerebral oedema.
4. Acute hydrocephalus: this occurs in 30% of patients with an acute subarachnoid
haemorrhage10, being particularly common with aneurysms of the anterior communicating
artery. It is caused by blood obstructing the arachnoid villi, or clot obstructing the lateral
ventricles, aqueduct of Sylvius or the foramen of Magendie and Luschka, and 7% of patients
require surgical treatment10,11.
5. Seizures.
6. Neurogenic pulmonary oedema.
7. Cardiovascular abnormalities: Cardiac arrhythmias (e.g. supraventricular and ventricular
tachycardias, ventricular fibrillation and heart block), and ECG abnormalities of T wave
changes (e.g. peaked, flattened or deeply inverted T waves), prominent U waves, QT
prolongation, depressed ST segments, elevated ST segments, and even transient Q waves have
all been reported12. These usually occur immediately on cerebral insult, last for as long as 11
days, and are thought to be due to hypothalamic stimulation causing an imbalance in autonomic
outflow leading to either an increase in local release of norepinephrine or intravascular release
of autonomic mediators12. Prolonged sympathetic stimulation has been associated
experimentally with subendocardial ischaemia, and corresponding transient regional wall
abnormalities have been demonstrated by echocardiography13. Reversible cardiogenic shock
has also been reported14.
Treatment
Antihypertensive agents
These are used to control the blood pressure so that the systolic is no greater than 120 mmHg or
the MAP is no greater than 90 mmHg.
Antifibrinolytic agents
While antifibrinolytics may lower the rebleeding rate, they increase the rate of hydrocephalus
and ischaemic deficits, and have no effect on mortality associated with ruptured saccular
aneurysms15,16. Therefore, until methods are found to limit ischaemic complications,
antifibrinolytic agents should not be used to treat ruptured saccular aneurysms15,16.
Fibrinolytic agents
Locally infused fibrinolytic agents have been used in patients with cerebral haemorrhage. In six
patients, intraventricular haemorrhage was treated with urokinase 10,000 U into the lateral
ventricle followed by 1 hr of drain clamping once or twice daily for 1 to 10 days. No rebleeding
occurred and, on average, both the third and fourth ventricles became clear on the third day
following treatment17. Stereotactic guided thrombolysis has also been reported in four patients
with cerebral haemorrhage18 and in 14 patients with cerebellar haemorrhage19.
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In a case report, intraventricular tPA (8 mg daily for two days) was used successfully to lyse
an intraventricular haematoma which developed following the clipping of a cerebral
aneurysm20.
Surgery
Clipping the aneurysm is the preferred treatment, and with experienced operators the mortality
for a good-risk patient should be less than 5%. Surgery for good-risk patients (i.e. grade I - III)
is now being performed early (i.e. within the first 3 days21,22,23,24). Some have also advocated
early clipping and evacuation of intracerebral haematoma in moribund patients (i.e. grade V)25.
Endovascular therapy
Intravascular techniques with coil embolization have been used successfully in selected patients
in whom surgical clipping is not technically feasible1.
Treatment of vasospasm
Prophylactic calcium-antagonist therapy.
1. Nimodipine: the calcium-channel blocker nimodipine, if administered within the first 3
days of the subarachnoid haemorrhage at 0.25 µg.kg-1.min-1 (i.e. 1 mg/h/70 kg) for 2 h,
increasing to 0.5 µg.kg-1.min-1 (i.e. 2 mg/h/70 kg) for 7 - 10 days, and thereafter orally (60 mg
4-hourly) for 21 days, or at least for 5 days after clipping of the aneurysm, reduces the delayed
ischaemic deficit and improves the outcome in patients with aneurysmal subarachnoid
haemorrhage26,27,28,29,30. The reason for the protective effect of nimodipine is unknown, and
may not be related to relaxation of the cerebral vessels (as it does not affect the severity of
angiographically observed vasospasm31) but due to a protective effect on neurones due to a
reduction in the intracellular calcium level32.
2. AT877: the calcium antagonist AT877, unlike nimodipine, inhibits the action of free
intracellular calcium. An intravenous dose of 30 mg over 30 min 8-hourly for 14 days
following surgery has been reported to significantly reduce the incidence of symptomatic
vasospasm, comparable to that of nimodipine, with a reduction in angiographically
demonstrable vasospasm31.
3. Tirilazad mesylate: the 21-aminosteroid, tirilazad mesylate, reduces cerebral vasospasm
in experimental animals. In a large randomised, double-blind controlled trial of patients with
aneurysmal subarachnoid haemorrhage, intravenous nimodipine and tirilazad mesylate (6 mg
daily for 10 days), was associated with a reduction in mortality and morbidity at 3 months33.
Haemodynamic support. Initial management of patients with vasospasm often relies upon
methods to increase cardiac output and expand the intravascular volume in an attempt to
increase cerebral perfusion and promote cerebral blood flow9. However, no prospective
randomised controlled trials have yet been performed confirming the efficacy of this
treatment21, and haemorrhagic infarction and cerebral oedema may even be exacerbated if
hypervolaemic therapy is used34.
Nimodipine. While some report that treatment with nimodipine once cerebral vasospasm is
established has no effect35 others have reported a beneficial effect36.
Magnesium sulphate. Intravenous and intrathecal magnesium sulphate has been used to
successfully reverse experimental cerebral vasospasm37. However, human studies have not yet
confirmed these effects.
Endothelin receptor inhibitors. These have been shown to prevent or reduce cerebral
vasospasm occurring after experimental subarachnoid haemorrhage, although, human studies
have not yet been performed38.
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Other vasodilators. Ketanserin, phenoxybenzamine, phentolamine, chlorpheniramine,
propranolol, salbutamol, theophylline, superoxide dismutase, atropine and methysergide have
consistently failed to reverse cerebral vasospasm8.
Intrathecal rt-PA. In a primate model of subarachnoid haemorrhage and vasospasm,
treatment with intrathecal rt-PA prevented vasospasm39. In 40 patients who underwent surgical
clipping of a ruptured aneurysm within 72 h of the subarachnoid haemorrhage, postoperative
intrathecal rt-PA (i.e. 3, 5, 10 or 13 mg, administered at the end of the operation) or 0.5 mg 8hourly for three doses, reduced the incidence of vasospasm40,41. In another study of 105 patients
who underwent surgery within 48 h of the subarachnoid haemorrhage, intrathecal rt-PA 2 mg
on the day after surgery and daily for 5 days (to a total of 10 mg), reduced the incidence of
vasospasm42.
Angioplasty. Vasospasm unresponsive to hypervolaemic hypertensive therapy has also been
treated by angioplasty of the narrowed cerebral arteries in the belief that cerebral vasospasm
resistance is caused by structural changes of the cerebral arteries due to collagen deposition43.
In another study, angioplasty was followed by a selective intra-arterial papaverine infusion (1
ml of 0.2% papaverine over 10 seconds) into the cerebral artery just proximal to the site not
accessible to the angioplasty balloon44.
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THE VASCULITIC SYNDROMES
L.I.G. Worthley, FRACP, FANZCA, FFICANZCA
Consultant Intensivist,
Department of Critical Care Medicine,
Flinders Medical Centre, Bedford Park,
SOUTH AUSTRALIA 5042

The vasculitic syndromes are a group of disorders in which inflammation of (and damage to)
blood vessels results in multiple organ system (e.g. pulmonary, renal, skin) abnormalities due to
thrombosis and/or haemorrhage. The vasculitis may be infectious or noninfectious in origin;
unrelated to (i.e. primary, or idiopathic), or accompanying (i.e. secondary) a known underlying
disease; and systemic or isolated (i.e. limited to one organ)1. They are often classified on the
presence or absence of underlying disease (i.e. primary or secondary) and on the basis of the
size of the vessel involved (Table 1), although there is often considerable overlap in type of
vessel involved when classifying the noninfectious vasculitis on the size of the vessel involved
(Fig 1)1,2,3,4,5.
Deposition of immune complexes in tissues is the most widely accepted pathogenic
mechanism, where antigen-antibody complexes are formed in the presence of antigen excess
and are deposited in vessel walls which have an increased permeability. The deposition of
complexes results in inflammation, causing damage and obstruction to the vessel walls.

Fig 1. Usual sites of vascular involvement by the vasculitidies
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PRIMARY VASCULITIS
Large vessel vasculitis
Giant cell (temporal arteritis)
This is a granulomatous arteritis of the aorta and its major branches and characteristically
involves one or more branches of the extracranial branches of the carotid artery, particularly the
temporal artery. It usually occurs in patients older than 50 and presents with night sweats,
headaches, weight loss, arthralgia, myalgia (particularly of the shoulder girdle - polymyalgia
rheumatica), claudication of the jaw and tongue and even blindness, stroke and myocardial
infarction.
Diagnosis is by a temporal artery biopsy and confirmed by a dramatic response to
glucocorticoids (e.g. prednisolone 40 - 60 mg daily reducing to 5 - 10 mg daily, then 5 - 10 mg
alternate-day). The patient’s response is monitored clinically and by serum CRP levels.
Table 1

Classification of vasculitic syndromes

Primary vasculitidies
Large vessel vasculitis
Giant cell (temporal) arteritis
Takayasu's arteritis
Medium-sized vessel vasculitis
Polyarteritis nodosa
Kawasaki disease
Small vessel vasculitis
ANCA associated
Wegener's granulomatosis
Microscopic polyangiitis
Churg-Strauss disease
Immune-complex
Henoch-Schönlein purpura
Essential cryoglobulinaemic vasculitis
Cutaneous leukocytoclastic angiitis
Goodpasture's syndrome
Behçet's disease
Secondary vasculitidies
Drug induced vasculitis
Penicillin, sulphonamides, quinidine, phenytoin, hydralazine, captopril
Serum sickness
Infection-related vasculitis
Streptococcus, staphylococcus, adenovirus, herpes zoster, cytomegalovirus, HIV
HBV
Neoplasm-related vasculitis
Lymphomas, carcinomas
Connective tissue disease vasculitis
Rheumatoid arthritis, Sjögren’s syndrome, systemic lupus erythematosus
Dermatomyositis
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Takayasu's arteritis (aortic arch syndrome)
This is a granulomatous arteritis of the aorta and its major branches characterised by stenotic
vascular lesions in patients younger than 50. Clinical features include nonspecific symptoms of
night sweats, fever, weight loss, arthralgias, anorexia, and malaise. Hypertension, cardiac
failure, absence of peripheral pulses (particularly in the upper limbs and in young females) with
syncope, stroke and ocular symptoms and signs are also characteristic. The disease is usually
diagnosed clinically with angiographic demonstration of irregular vessel walls, stenosis and
aneurysmal dilation. Treatment is with prednisolone (1 mg/kg/day) and in refractory cases
cyclophosphamide is used.
Medium sized vessel vasculitis
Polyarteritis nodosa
This is a necrotizing vasculitis of small and medium sized muscular arteries (not arterioles,
capillaries or venules), involving skin, renal (but not a glomerulonephritis), musculoskeletal,
peripheral nervous system, central nervous system, cardiac and gastrointestinal tract arteries.
Characteristically, pulmonary arteries are not involved and an allergic diathesis are not part of
the classic syndrome.
The clinical features are often nonspecific (e.g. fever, tachycardia, weight loss, malaise) or
relate to the organ involved (Table 2). While the ESR (usually greater than 100 mm/h), Creactive protein, rheumatoid factor, urinary casts, antinuclear factor, immunoglobulins,
cryoglobulins, immune complexes, platelet count and white cell count (predominantly
neutrophils. An eosinophilia is rare and if present, suggests Churg-Strauss disease) are
elevated, and hepatitis B surface antigenaemia is present in one-third of patients, there are no
specific serological tests for polyarteritis nodosa. The diagnosis is usually made by detecting
the characteristic vasculitic changes in the biopsy material of an involved organ (e.g. skin,
kidney). Angiography may reveal obliteration or aneurysmal dilation of arteries.
Treatment is usually with prednisolone (1 mg/kg/d) and cyclophosphamide (2 mg/kg/d),
with disease activity being monitored by ESR and C-reactive protein levels.
Table 2

Clinical symptoms of polyarteritis nodosa relating to organ involvement

Organ system

Clinical features

Skin

Rash, purpura, nodules, cutaneous infarcts, ulcers
livedo reticularis, Raynaud's phenomenon
Hypertension, renal failure,
Arthritis, arthralgia, myalgia
Peripheral neuropathy, mononeuritis multiplex
Cerebral vascular accident, seizures
Pericarditis, myocardial infarction, cardiac failure
Abdominal pain, nausea, vomiting, bowel bleeding,
infarction or perforation, pancreatitis, hepatic infarction.

Renal
Musculoskeletal
Peripheral nervous system
Central nervous system
Cardiac
Gastrointestinal tract

Kawasaki disease
This is an acute (usually benign and self limiting) febrile multisystem disease of children,
characterized by a nonsuppurative cervical adenitis, oedema of mucus membranes (e.g.
conjunctiva, oral cavity, lips) erythema of palms and desquamation of finger tips. In
approximately 25% of cases coronary artery vasculitis (producing coronary artery aneurysms)
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occur and may cause death in 1% - 2% of patients. Intravenous gamma globulin (2g/kg as a
single infusion over 10 hours) with aspirin reduces the incidence of coronary artery
abnormalities.
Small vessel vasculitis
Wegener's granulomatosis
This is characterized by a granulomatous vasculitis of medium sized and small arteries of the
upper and lower respiratory tracts and a glomerulonephritis caused by antineutrophil
cytoplasmic antibodies (ANCA)6. The lung involvement often appears as multiple, bilateral,
nodular cavity infiltrates. Granuloma formation also occur in the sinuses which may present
with a purulent or bloody nasal discharge, and nasal mucosal ulceration. Nasal septal
perforation may result in a saddle nose deformity. Eye involvement (e.g. episcleritis, scleritis),
skin lesions (e.g. vesicles, papules, subcutaneous nodules, purpura), gastrointestinal
involvement (perforation, haemorrhage, pancreatitis), neurological involvement (peripheral
neuropathy, cerebral infarction), and cardiac involvement (myocarditis, coronary arteritis,
pericarditis, conduction defects) may also occur7. Characteristic laboratory findings include an
elevated ESR, C-reactive protein, immunoglobulins (particularly IgA), antineutrophil
cytoplasmic antibodies (particularly cytoplasmic antineutrophil cytoplasmic antibodies i.e. cANCA, with proteinase 3 specificity8. Perinuclear antineutrophil cytoplasmic antibodies or pANCA may be an artifact of fixation9,10), rheumatoid factor, urinary casts, and white cell count.
Treatment is with cyclophosphamide and prednisolone. Cyclophosphamide is started at 2
mg/kg/day (but may be increased up to 5 mg/kg/day), and is usually adjusted to keep the
neutrophil count greater than 1500 x109/l and continued for 12 months. Thereafter, it is slowly
weaned by 25 mg decrements every two to three months. Prednisolone at 1 mg/kg/day is
continued for 4 weeks and then tapered to 60 mg alternate days, to be completely weaned
within 12 months6. During therapy, the disease activity may be monitored by measuring Creactive protein, ESR and c-ANCA titres11, although monthly c-ANCA titres appear to be
superior to CRP and ESR levels in detecting relapse12. Monoclonal antibody13, cyclosporine14,
plasmapheresis15 and intravenous immunoglobulin16 have also been used in resistant cases with
varying degrees of success.
Sulphamethoxazole (800 mg) and trimethoprim (160 mg) twice daily prevents relapses
occurring in patients who have Wegener’s granulomatosis and who are in remission17.
Microscopic polyangiitis
This disease is characterised by a necrotizing (non-granulomatous) vasculitis with few or no
immune deposits affecting small vessels causing a glomerulonephritis and a pulmonary
capillaritis. The clinical features include 'flu like syndrome' with fever, myalgia, arthralgias, and
malaise. Perinuclear antineutrophil cytoplasmic antibodies or p-ANCA (rather than c-ANCA)
are often found. Treatment is similar to Wegener’s granulomatosis5.
Churg-Strauss disease
This disease is characterized by a granulomatous vasculitis of many organ systems and a strong
association with severe asthma and peripheral eosinophilia. The clinical features are similar to
polyarteritis nodosa except that the lung and the skin are usually the predominant organs
involved causing pulmonary infiltrates, bronchospasm, purpura and subcutaneous nodules.
Treatment with prednisolone alone is often adequate, although refractory or relapsing disease
may require the addition of cyclophosphamide5.
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Henoch-Schönlein purpura
This is the most distinctive subgroup of the hypersensitive vasculitidies and is characterized by
palpable purpura (usually over the buttocks and lower extremities), arthralgias, abdominal pain,
vomiting, diarrhoea, melaena, glomerulonephritis and an elevated serum IgA. It usually has an
intermittent course which often ends with spontaneous resolution.
Behçet's disease
This is a disorder of unknown aetiology characterized by recurrent oral ulcers, genital ulcers
and uveitis, and an increased incidence of HLA-B51 antigen. Inflammatory reactivity to skin
scratches or intradermal saline (pathergy test), erythema nodosum, arthritis (usually knees and
ankles), pulmonary vasculitis (presenting with cough, dyspnoea, haemoptysis and chest x-ray
infiltrates) and thrombosis may also occur. The activity of the disease is often monitored by
plasma C-reactive protein levels. While prednisolone, azothioprine and cyclosporine have been
used to treat severe uveitis, and colchicine has been used to treat arthritis, the response to
treatment is unpredictable. Interferon alfa-2a (3 MU subcutaneously three times per week,
gradually increased to 12 MU until a total dose of 216 MU is administered during the first 2
months, continuing in 50% of patients with 9 MU interferon alfa-2a once a month) has also
been used with success18. Recently oxpentifylline (600 mg/day for two weeks followed by
300 mg/day) has been used successfully to treat resistant cases19.
SECONDARY VASCULITIS
Drug induced vasculitis
These are characterized by fever, skin lesions (e.g. 'palpable' purpura, macules, papules,
vesicles, subcutaneous nodules, ulcers and urticaria), polyarthralgias and lymphadenopathy 710 days after primary exposure or 2-4 days after secondary exposure to a foreign substance
(e.g. protein, penicillin). Serum sickness reactions associated with the intravenous
administration of animal protein is included in these disorders.
The diagnosis is usually made by demonstrating the vasculitis on biopsy of skin lesions.
Most cases resolve spontaneously particularly when the initiating agent is removed. Rarely a
short course of corticosteroids, cyclophosphamide and even plasmapheresis have been used.
MISCELLANEOUS CONDITIONS
Buerger's disease (Thromboangiitis obliterans)
This is an inflammatory occlusive peripheral vascular disease which characteristically affects
both small and medium sized arteries and veins in the distal upper and lower extremities
(presenting with Raynaud’s phenomena, claudication and migratory superficial vein
thrombophlebitis), although cerebral, coronary and visceral vessels may also be effected.
Thrombosis of the vessel is most likely the primary event with the vascular inflammation being
a secondary response. While the cause of the disease is unknown there is a strong association
with cigarette smoking and an increased incidence of HLA-B5 and HLA-A9 antigens.
Treatment is largely supportive with abstinence from cigarette smoking.
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TRAINEE PRESENTATIONS
Each registrant has prepared a five minute talk and a one page summary (with one reference
only), on the topics listed below. The one page summaries that were received in time for
publication have been included (unedited).
List the;
1. reasons why one would choose an H2 blocker instead of
a proton pump inhibitor in a patient with peptic
ulceration.
2. ideal features of a severity scoring system.
3. causes and management of haemoptysis in a patient who
had a percutaneous tracheostomy performed 24 hr
previously.
4. clinical features characteristic of hypertrophic
obstructive cardiomyopathy (HOCM).
5. clinical features and management of lithium poisoning.
6. actions, complications, and indications of i.v.
omeprazole.
7. causes, clinical features and treatment of hyponatraemia.
8. clinical features and management of the 'TURP'
syndrome.
9. causes, clinical features and treatment of a metabolic
alkalosis.
10. causes and treatment of haemorrhagic fever viruses
11. physiological and pathological factors that may be
responsible for oliguria in a patient with normal blood
pressure and pulse rate.
12. causes, clinical features, and treatment of a metabolic
acidosis.
13. differences in aetiology, clinical features, and
management of the serotonin syndrome and the
neuroleptic malignant syndrome.
14. indications for and the complications associated with
carotid endarterectomy.
15. clinical features and management of a patient with acute
ischaemic vertebro-basilar stroke.
16. actions, indications, dosage and monitoring of hirudin
17. clinical differences in a cholinergic and myasthenic
crisis in a patient with myasthenia gravis.
18. actions, indications and complications of nifedipine.
19. clinical features and management of a patient with
phaeochromocytoma.
20. clinical features and management of a patient with the
fat embolism syndrome.
21. differences in clinical features between an acute
pulmonary embolism and an acute cardiac tamponade.
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22. differences between intravenous verapamil and
intravenous adenosine for supraventricular tachycardia.
23. circumstances, clinical features and management of a
patient with hypermagnesaemia.
24. aetiology, clinical features and management of acute
myocarditis.
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LIST THE REASONS WHY ONE WOULD CHOOSE H2 BLOCKERS INSTEAD OF A
PROTON PUMP INHIBITOR IN A PATIENT WITH PEPTIC ULCERATION
Dr. P. W. Cheung, Intensive Care Unit, The St. George Hospital, Kogarah, New South Wales
Introduction
In general, a proton pump inhibitor is more effective in acid suppression than an H2 blocker,
but it is used less as a first line treatment for peptic ulceration for the following reasons:Cost
US$ 150-200/month for 20 mg qd for omeprazole (cf: US$ 90-100/month for 150 mg bd
for ranitidine)
Efficacy
Proton pump inhibitors are only slightly better than H2 blockers
Acid control less important than infection control even in H. pylori related duodenal ulcer
Side effects
Bacterial overgrowth
• Increase in nitrosamine production increase ?? CA
• Diarrhoea (change in normal flora in small intestine)
• ? Infection
Malabsorption
• B12 absorption
• Fe absorption
Hypergastrinemia
• Enterochromaffin-like cell hyperplasia (rat studies only: higher gastrin response and
density of ECLcells)
• Gastric carcinoids (more in pernicious anaemia; other factors like MEN-I syndrome
or pseudohyperplasia responsible, omeprazole unlikely to be single important factor)
• Colorectal adenocarcinoma & polyps (not well shown)
Redistribution of H. pylori from antrum to fundus
• Correlated with decrease in activity of antral gastritis (?Clinical significance/?
Eradication of organism)
Drug interactions
Effects on P450 system in the liver (imidazole ring): prolongs the elimination
• Diazepam, warfarin, phenytoin
Suppression on acid secretion & impairment of absorption
• Ampicillin ester, ketoconazole
Inhibition of renal ATPase
• Methotrexate delayed elimination
Age
Less experience in children
Safety
Less long term safety studies
Overdose
Not removed from haemodialysis due to irreversible binding to ATPase
Reference
Freston JW. Long-term acid control and proton pump inhibitors: interactions and safety issues
in perspective. Am-J-Gastroenterol. 1997;92(4 Suppl):51S-55S; discussion 55S-57S.
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LIST THE IDEAL FEATURES OF A SEVERITY SCORING SYSTEM
Dr. A. Leung, Intensive Care Unit, Queen Elizabeth Hospital, Hong Kong
1. As an instrument to measure the mortality and morbidity-related outcome in intensive care.
a) Reliability: It should result in the same score if measured in a stable patient at two
different times.
b) Criterion validity: It should be measuring what they are supposed to be measuring
according to an independent standard.
c) Content validity: It should be comprehensive, according to the intended purpose.
d) Responsiveness: It should detect change in patients who are changing over time.
e) Discrimination: It should discriminate between individuals with the same condition, but
with different degrees of severity.
f) Relative simplicity and ease of administration.
2. The outcome prediction can be used for the purpose of an audit, quality assurance and
clinical evaluation.
a) Audit and quality assurance: To compare the performance of one particular ICU over
time (internal audit) or the performance of different ICUs (external audit).
b) Reviewing established policies: To create general guidelines concerning admission and
discharge criteria for the ICU.
3. To complement clinical assessment in providing appropriate, and avoiding useless, therapy.
a) Triage decision: As an ICU as a resource is limited, it is important to select patients
who can benefit most from ICU care. Hence, the ideal scoring system should
incorporate triage decision.
b) Withhold or withdraw treatment: In providing an accurate probability of survival and
projected quality of life, if the patient survives, it can complement clinical assessment in
withdrawing support in the patient who is unlikely to survive.
Reference
Predicting outcome in ICU patients. 2nd European Consensus Conference in Intensive Care
Medicine. Intensive Care Med. 1994;20:390-397.
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CAUSES AND MANAGEMENT OF HAEMOPTYSIS IN A PATIENT WHO HAD A
PERCUTANEOUS TRACHEOSTOMY PERFORMED 24 HR PREVIOUSLY
Dr. N. Thomas. Intensive Care Unit, Queen Elizabeth Hospital, South Australia
Causes
1. Stomal bleeding
Moderate bleeding
Severe bleeding

Management
(50 ml)
(100 ml)

Local compression
Orotracheal intubation and compression

2. Tracheal mucosal laceration
Anterior
Posterior

Cuff of tracheostomy tube to be positioned distally
Care during tracheo-bronchial suctioning

3. Crust formation

Constant humidification

4. Tracheitis

Sterile technique, antibiotics

5. Excessive irritation of tracheal
from non-essential suctioning

Care during routine suctioning

6. Coagulopathy
Thrombocytopaenia
Sepsis, DIC

Platelet transfusion if platelet count
< 30,000
Underlying causes to be corrected, heparin, FFP

Renal failure

DDAVP, premarine, FFP, replacement of factors

7. Rupture of tracheobronchial
vasculature due to laryngospasm

Avoid laryngeal mask airway during procedure

Reference
Petros S, Engelmann L. Percutaneous dilatational tracheostomy in a medical ICU. Intensive
Care Med 1997;23:630-634.
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LIST THE CLINICAL FEATURES CHARACTERISTIC OF HYPERTROPHIC
OBSTRUCTIVE CARDIOMYOPATHY (HOCM).
Dr. M. Corkeron. Intensive Care Unit, Sir Charles Gairdner Hospital, Western Australia
Hypertrophic cardiomyopathy is characterized by asymmetric left ventricular hypertrophy not
secondary to other cardiovascular disease (hypertension, aortic valve disease) and left
ventricular diastolic dysfunction. Only 25% of patients with hypertrophic cardiomyopathy
demonstrate outflow tract obstruction. Asymmetric septal hypertrophy, predominantly at the
superior portion of the interventricular septum, and systolic anterior motion of the anterior
mitral valve leaflet account for the "obstructive" component of the disease.
History:
•
•
•
•
•

Family history positive in 50%
Sudden death in young adults, especially exercise related.
Dyspnoea
Presyncope and syncope
Angina

Examination:
•
•
•
•

Double or triple apex beat (if systolic obstruction is present)
Sharply rising central pulses
Fourth heart sound
Murmurs)
- Late systolic ejection murmur
- Best heard at left lower sternal edge
- Increased by exercise (increased contractility), Valsalva manoeuvre and after standing
(decreased ventricular volume with increased obstruction in systole)
- Decreased by sustained handgrip manoeuvre (increased afterload), leg raising (increased
ventricular volume)
- Often associated with mitral regurgitation with typical apical pansystolic murmur

Investigations:
• ECG: left ventricular hypertrophy (LVH), widespread Q waves.
• Echocardiogram: LVH, septal thickness > 1.3 times that of posterior LV free wall is
characteristic. +/- "ground glass" appearance of septum due to fibrosis and disorganised
myofibrillar architecture. Systolic anterior motion of the mitral valve may be seen.
• Chest Xray- often normal. LVH may be apparent.
• Holter monitoring often shows atrial and ventricular tachyarrhythmias.
Reference:
Wynne J and Braunwald E. The Cardiomyopathies and Myocarditides. In Harrison's Principles
of Internal Medicine 14th ed 1997 pp 1329-1331.
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LIST THE CLINICAL FEATURES AND MANAGEMENT OF LITHIUM POISONING
Dr. P. Harrigan, Intensive Care Unit, John Hunter Hospital, New South Wales
Level (mmol/l)
0.5
1.0
1.5
2.0
2.5
3.0
4.0

Observed Effects
Nil
Mild Tremor
Coarse Tremor, Nausea, Diarrhoea
Hyperreflexia, Dysarthria, Drowsiness, Polyuria, Vertigo, Weakness
Myoclonic and other Involuntary Movements, Ataxia, Confusion,
Incontinence, Restlessness followed by Stupor
Marked Delirium, Coma, Seizures, Arrhythmias
Hypotension, Cardiovascular Collapse

Acute vs Chronic Toxicity
Toxicity
Correlation of levels with
clinical signs
GIT Effects (N&V,
diarrhoea)
Seizures/CNS Effects

Acute

Chronic

Poor

Good

42%

20%
Common at >2.0mmol/l

Renal Effects
ECG Changes

Delayed, less
common.
Usually insignificant
Usually nil

Thyroid Disease

Nil

Recovery

Rapid and usual

Universal
Prolonged QT interval usual.
Ventricular arrhythmias and sinus
node dysfunction may occur
20% Hypothyroid. Goitre very
common.
Delayed up to 2-3 weeks. Long term
disability in 10%

Treatment
General Support: Usual ABCs. Generous fluid replacement with normal saline. Monitor
electrolytes and renal function. Cease interacting drugs. Those with abnormal ECGs should be
monitored. Potassium chloride useful for sinus node dysfunction and prolonged QT interval.
Admit to ICU: All requiring haemodialysis and those with ECG changes.
GIT Decontamination: Charcoal ineffective. Use gastric lavage and/or polyethylene glycol
whole bowel lavage. Use in those presenting within 4 hours of ingestion, or up to 12 hours if
sustained release preparations have been taken.
Enhance Elimination: Haemodialysis. Use for those with a level >4mmol/l in acute poisoning,
seizures, coma, hypotension not responding to fluids or renal failure. Continue until levels 6-12
hours post dialysis are <1mmol/l.
Reference
Okusa MD, Crystal LJT. Clinical manifestations and management of acute lithium intoxication.
Am J Med 1994;90:383-389.
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LIST THE ACTIONS, COMPLICATIONS, and INDICATIONS of I.V.
OMEPRAZOLE.
Dr. Sean Newell. Intensive Care Unit, Gold Coast Hospital. Queensland
Actions
• irreversible binding to H+ /K+ ATPase in gastric parietal cells - final step of acid
production
• potent inhibition of acid production [ potentially > 95% ] irrespective of stimulus [ H2, Ach,
etc ]
• sufficient dosing can reliably increase mean 24hr gastric pH > 4.5 [ most studies pH 5's &
6's] without tachyphylaxis [ as with H2 antagonists]
• very specific to this enzyme - binding site specificity & drug activated only at pH < 5 hence almost nil pharmacological action elsewhere
• acid suppression half-life ~ 24hr, full regeneration acid secretion 3 -5 days
• usually rapid healing peptic ulceration and symptom relief
• negligible / nil effect on gastric volume, motility, emptying or oesophageal function
• stimulate increased gastrin levels [ 2 -4 times in usual oral doses ] - not a specific effect of
PPI's clinical significance so far nil
• some interference with hepatic oxidative / cP 450 systems - diazepam Cl. down to 50%,
minor effect warfarin & phenytoin
Complications
• generally well tolerated, minor SFX uncommon, major SFX rare
• GIT upset [ N & V, etc] up to 5%
• CNS [ headache, somnolence, vertigo] 1-2%
• occasional increase LFT's of no significance
• isolated/ rare reports - dermatological, hypersensitivity, exacerbation of encephalopathy,
haematological
• animal studies - very high doses - carcinoid /etc [ not specific to PPI's] -no clinical human
significance
• drug interactions as above, protein displacement effect [ 95 % bound] doesn't seem
significant
• bacterial overgrowth in upper GIT [ demonstrated ] - ? increase risk noscocomial
pneumonia
• general complications of IV therapy [ infection, phlebitis, air embolus ,etc ]
Indications
• where omeprazole indicated above other agents but not able to be given orally - ileus
/obstruction pyloric ulcer with oedema causing gastric outlet obstruction - severe
oesophagitis with dysphagia
• generally accepted indications - severe oesophageal disease, ZE syndrome, resistant PUD
• as medical Rx of acute upper GIT bleeding [ non variceal] - role uncertain but some
encouraging data - probably some situations / subsets of benefit
1. where expert endoscopic management not available or possible - eg. rural / less
developed countries
2. possibly as adjunct to endoscopic Rx [injection / cautery] - ? for endoscopically high
risk or persistently oozing lesions
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3. definite subsets unsuitable for sole Rx with PPI's - spurting artery
• ? stress ulcer prophylaxis in ICU - PPI's certainly FXV, probably better than H2
antagonists, but oral Rx often feasible, theoretical concern of bacterial overgrowth /
pneumonia [not seen thus far clinically]
• aid metabolic restoration of hypochloremic alkalosis in gastric outlet obstruction
Note
• IV prep. 40mg / $ 10.30 [ QLD ]
• oral prep. Enteric coated granules in gel cap. - acid labile - can be given NG by flushing
granules or dissolving in sodium bicarbonate 10ml / 20mg
Reference
Khuroo MS, Yattoo GN, Javid G, Khan BA, Shah AA, Gulzar GM, Sodi JS. A comparison of
omeprazole and placebo for bleeding peptic ulcer. N Engl J Med 1997;336:1054-1058
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LIST the CAUSES, CLINICAL FEATURES and TREATMENT of HYPONATRAEMIA
Dr. C. Schneider. Intensive Care Unit, Southland Hospital, New Zealand
Physiology
Basic mechanisms of hyponatraemia:
- shift of H2O from cell (hyperglycaemia. mannitol)
- shift of Na+ into the cell (K+ loss)
- retention of H2O (SIADH, oedematous states)
- loss of Na+ Kidney, GI tracts skin)
Mechanisms for maintenance of hyponatraemia:
- excessive H2O intake (polydipsia, dextrose infusions)
- reduced renal H2O excretion
advanced renal failure
excessive ADH, increased sensitivity to ADH
distal trickle effect
Distal trickle effect: low GFR and enhanced proximal reabsorption of salt and H20 limit
delivery of urine to collecting duct leading to further concentration in absence of ADH.
Seen in states with reduction of effective arterial volume (CHF, cirrhosis with ascites)
Clinical causes
Pseudohyponatraemia (normal osmolality): hyperlipidaemia, hyperproteinaemia
(misapplication of laboratory technique)
Hyponatraemia with increased effective osmolality: hyperglycaemia, mannitol accumulation
Hyponatraemia with normal effective osmolality: gamma globulins, lithium, THAM
Hyponatraemia with low effective osmolality
- Hyponatraemia win low EAV:
Hyponatraemia with oedema (Na+ excess}: CHF, nephrotic syndrome, cirrhosis
of liver, hypoalbuminaemia due to malnutrition)
Hyponatraemia due to Na+ depletion: renal or extra renal salt wasting
Hyponatraemia with myxoedema and glucocorticoid deficiency
- Hyponatraemia witty normal or expanded EAV:
Syndrome of inappropriate ADH secretion (SIADH)
H2O intoxication (primary polydipsia ‘TURP syndrome’ dialysis
accident, dextrose infusion)
H2O overload in advanced renal failure
Renal vascular disease and inflammation of kidney
Syndrome of inappropriate ADH:
Different types - erratic secretion of ADH, no relationship to plasma osmolality
- ADH secretion, normal relationship to plasma osmolality at
normal and high plasma osmolality, not suppressed at low plasma
osmolality
- lower resetting of osmostat
- undetectable ADH concentration: increased sensitivity of tubule
to ADH or unidentified ADH-like substance
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Clinical causes: - Tumours (cancer of lung, pancreas, duodenum) lymphoma,
thymoma, mesothelioma
- intrathoracic causes (pneumonia, chest trauma, etc)
- CNS abnormalities
- surgical and emotional states
- endocrine
- idiopathic
- drugs (tolbutamide, clofibrate, vincristine, carbamazepine,
narcotics)
Clinical features
Cell hypo-osmolality responsible for all clinical manifestations of hyponatraemia;
Speed of development and magnitude important determinants of clinical symptoms;
Muscle cramps, weakness, fatigue
Mental confusion, convulsions, coma
Diagnosis
Urine volume
Urine osmolality: appropriate: < 100 mosm/l
inappropriately high urine osmolality caused by:
advanced renal failure
action of ADH
distal trickle effect
Vast majority of patients with hypo-osmolality and hyponatraemia have either
appropriate or inappropriate ADH secretion; main distinguishing feature: effective
arterial volume
Treatment
Speed and method depend on severity of symptoms and status of extracellular volume
Dangers of severe symptomatic hyponatraemia: cerebral oedema, uncontrolled
seizures
Dangers of rapid correction: central pontine myelinolysis
Opinion widely divided concerning danger and benefit of rapid correction.
Rapid correction: > 0.6 mmol/1 per hour increase in serum Na+
Danger of central pontine myelinolysis with rapid treatment increases with increasing
duration of hyponatraemia probably safe with duration <48 h.
Treatment principles: addition of Na+, removal of H2O or both
Acute hyponatraemia (TURP syndrome etc: hypertonic saline + loop diuretic
Calculation: Na+ required (mmol/l) = dNa+ x TBW (dNa+ = desired-actual Na+)
Estimation of increase in serum Na+:
increase in Na+ = ({ i.v. fluid Na+ - serum Na+] x i.v. fluid volume) / TBW
Slow correction in volume-expanded subjects: H2O RESTRICTION +/- loop diuretic
Reference
Oh MS, Carroll HJ. Disorders of sodium metabolism: Hypernatremia and hyponatremia. Crit
Care Med 1992;20:94-103
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LIST THE CLINICAL FEATURES AND MANAGEMENT OF THE 'TURP'
SYNDROME
Dr. M. O'Leary. Intensive Care Unit, St George Hospital, New South Wales
Definition: Syndrome following TURP caused by absorption of irrigating fluid through open
prostate vessels. Characterised by hypervolaemia, dilution, intracellular oedema and specific
effects associated with the irrigant and its metabolites.
Prevalence: 10-15% TURP; mortality 0.2-0.8%. Also described following other procedures
involving irrigation with hypotonic solutions.
Clinical features: No stereotypical presentation. List in order of appearance
Cardiopulmonary
Laboratory
CNS
Hypertension
Hyperglycinaemia
Nausea & vomiting
Bradycardia
Hyperammonaemia
Confusion & restlessness
Arrhythmia
Hyponatraemia
Blindness
Respiratory distress
Hypoosmolality
Twitches & seizures
Cyanosis
Haemolysis & anaemia
Lethargy, paralysis
Hypotension
Acute renal failure
Dilated + non reactive pupils
Shock
Coma
Death
Death
Risk factors: Open prostatic sinuses;
High irrigation pressure (> 30 mmHg)
Hypotonic irrigants (glycine, mannitol, ethanol)
Lengthy resection (> 60 minutes)
Mechanisims:Hypervolaemia (absorption)
LVF, pulm'y oed., cardiovasc. collapse
Hyponatraemia (hypotonic)
Pulmonary & cerebral oedema,
Encephalopathy, seizures
Hypoosmolality
Haemolysis, acute renal failure
Hyperammonaemia (glycine)
Encephalopathy, visual changes
Hyperglycinaemia
& seizures
Management:
Prevention: Intra-op:
Limit intravesical pressure (irrig. bag height < 40 cms)
Limit no./time open prostatic sinuses (< 60 min)
Monitor serum Na/osmolality; CVP; fluid bal./weight
Care with i.v. fluids/diuretics/spinal anaesthesia
Treatment: Supportive A/B/C
hypervolaemia - diuretics + saline (to avoid hypoNa)
hyponatraemia - diuretic + saline/2N/saline
hyperglycinaemia - Magnesium, NMDA or glycine antagonist
hyperammonaemia - i.v. L-arginine
seizures - supportive, magnesium
Reference
Gravenstein D. TURP syndrome: a review of the pathophysiology and management. Anesth
Analg 1997;84:438-446..
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LIST THE CAUSES, CLINICAL FEATURES AND TREATMENT OF A METABOLIC
ALKALOSIS
Dr. D. Cooper. Intensive Care Unit, John Hunter Hospital, New South Wales
Causes
1. Hydrogen on loss"
(i) Gastrointestinal → Cl- losing diarrhoea
→ Removal of gastric secretions (vomiting or NG suction)
(ii) Renal → loop or thiazide diuretics
→ mineralocorticoid excess
→ following chronic hypercapnia
→ hypercalcaemia
→ high dose i.v. penicillins
→ Bartter's syndrome
2. Bicarbonate retention:
→ Massive blood transfusion (citrate = bicarbonate precursor)
→ Administration of large amounts of NaHCO3
→ Milk-alkali syndrome
3. Contraction alkalosis
→ Diuretics
→ Loss of high Cl-/low HCO3- GIT secretions
(vomiting and some diarrhoeal states)
4. Hydrogen movement into cells:
→ Hypokalaemia
→ Refeeding syndrome
Clinical features
- Often mild and non-specific owing to gradual onset of intracellular alkalosis
(unlike respiratory alkalosis)
- Related to volume depletion → weakness, muscle cramps, postural
dizziness
- Related to hypokalaemia → muscle weakness, polydipsia, polyuria
- Classical alkalaemia symptoms (carpopedal spasm, paraesthesias, lightheadedness, neuromuscular excitability) are rare.
Treatment
1. Indirect:
1) Inhibition of renal mechanisms maintaining alkalosis;
→ Proximal - increased functional ECF (saline, blood, plasma infusions or inotropic
agents)
→ Distal - KCl
- Aldosterone inhibition
2) Following metabolism to urea and HCl;
- Arginine or lysine hydrochloride
- NH4Cl
2. Direct: intravenous HCl
Reference:
Black RM. Metabolic alkalosis. In Rippe JM, Intensive Care Medicine 3rd Ed, pp 993-999.
107

LIST THE CAUSES AND TREATMENT OF HAEMORRHAGIC FEVER VIRUSES
Dr. P. Sharley. Intensive Care Unit, Royal Adelaide Hospital, South Australia
Causes;
Viral direct damage to vascular system the exceptions are Hanta and Dengue where immune
response plays the major role. Specifics listed.
Treatment;
a. supportive;
Judicious fluids
Pressors as indicated to maintain organ perfusion (esp renal)
Treat coagulopathy with platelets and clotting factors
b. strict barrier nurse/infection control to protect staff and spread of disease
c. specific - listed individually
1.

Lassa fever-aerosol from chronically
infected rodents, person to person

2.

South American HF syndromes (Argentine,
Bolivian, Venezuelan, and Brazilian) aerosol from chronically infected rodents,
person to person
Rift Valley fever - mosquito borne virus,
viral pool of infected sheep cattle goats.
Aerosol and blood contact from these
animals.
Crimean Congo HF-Hyaloma ticks from
livestock bite humans. Epidemics associated
with slaughter of these animals.
HF with Renal syndrome - virus infected
aerosol from rodent reservoirs
Hantavirus Pulmonary syndrome - rodent
exposure
Yellow Fever - mosquito transmission (cycle
can involve monkeys)
Dengue HF - mosquito transmission.
Previous exposure to different serotype
required to develop immune complex
inflammatory response
Kyasanur Forrest Disease and Omsk HF tick borne
Filovirus HF (Marburg and Ebola) monkey to human via blood. Human to
human via needle, perspiration, urine, sexual
contact.

3.

4.
5.
6.
7.
8.

9.
10.

If AST > 150 IU/ml i.v. ribavirin for 10
days. Load 32 mg/kg then 16 mg/kg QID
for 4 days then 8 mg/kg for 6 days
Passive antibody (convalescent phase
plasma) if not available ribavirin as
above.
Live attenuated vaccine
No proven therapy.
Vaccination livestock and humans.
Ribavirin.
No vaccination
Ribavirin
Possibly ribavirin
Vaccination
Nil

Nil
Nil

Reference
Harrison's Principles of Internal Medicine. 14th Ed Chapters 200 and 201.
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LIST THE PHYSIOLOGICAL AND PATHOLOGICAL FACTORS THAT MAY BE
RESPONSIBLE FOR OLIGURIA IN A PATIENT WITH NORMAL BLOOD
PRESSURE AND PULSE RATE.
Dr. J Torrance. Intensive Care Unit, Waikato Hospital, New Zealand
Acute oliguria
Ischaemia
Postoperative (cardiac surgery, post aortic cross-clamping)
Acute bilateral cortical necrosis
Atheroemboli
Toxins
Myoglobin
Radiocontrast
Drugs (e.g. aminoglycosides, amphotericin B. NSAIDs, chemotherapeutic agents
Cyclosporin A, ACE inhibitors)
Heavy metals
Organic solvents
Metabolic states
Hypercalcaemia, hyperuricaemia
Renal vascular diseases
Major vessel disease (renal artery or vein thrombosis or embolism)
Microvascular disease (atheroembolism, vasculitidies, SLE, RA, scleroderma)
Malignancy related
Obstructive uropathy
Tumour lysis syndrome
Hypercalcaemia
Chemotherapeutic toxicity
Myelomatosis (several causes)
Renal dysfunction secondary to hepatic disease
Pre-renal azotemia
Acute tubular necrosis
Hepatorenal syndrome
Acute obstruction
Compression of ureters secondary to tumour
Retroperitoneal fibrosis
Post surgical,
Renal stones
Acute pyelonephritis (especially in previously damaged kidney)
Chronic oliguria
Chronic glomerulonephritis
Chronic pyelonephritis
Analgesic abuse
Diabetes
Hypertension
Urinary tract obstruction
Incomplete recovery from ARF
Biochemical abnormalities (e.g. hypercalcaemia, hyperuricaemia)
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Autoimmune disease
Amyloidosis, Myeloma
Polycystic kidney disease
Numerous insults may cause hypovolaemia and renal ischaemia but will be accompanied by
haemodynamic changes. However, the oliguria may persist after correction of the primary
insult.
Other insults may injure one kidney, and will therefore not usually cause oliguria unless
both kidneys are injured or there is only one functioning kidney.
Reference
Cohen AJ, Clive MD. Acute renal failure in the intensive care unit, In Rippe JM, Irwin RS,
Fink MP, Cerra FB. Intensive care medicine. 3rd Ed 1996 p 1000 - 1022.
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LIST THE CAUSES, CLINICAL FEATURES AND TREATMENT OF A METABOLIC
ACIDOSIS
Dr. E. Moyle. Intensive Care Unit, Albry Hospital, New South Wales
Causes
1. Normal anion gap = hyperchloraemic acidosis = Na+ - (Cl- + HCO3) < 18
= Bicarb loss or H+ gain
- beware that Ca, K, Mg, Li may falsely raise the gap
- Hypoalbuminaemia, myeloma, hyperlipidaemia & hyperviscosity may falsely lower the
anion gap
(a) HCl gain - Metabolic release of acid (e.g. Arginine, lysine
- Direct release i.v. HCl
(b) HCO3 loss
- Renal Tubular acidosis
Carbonic anhydrase inhibition
- GI
Small bowel loss
Cholestyramine
Urethro enterostomy
2. Large anion gap = acid accumulation
(a) Increased production
- keto acids
- lactic acid
Shock, poor hepatic clearance, hereditary
- poisoning
(b) decreased excretion
- renal failure
Clinical features. The features of the disease overwhelm the features of the acidosis
- Kussmaul respiration
- Fatigue, confusion, coma
- decreased myocardial contractility, vasodilation
Treatment
1. Emergency support of vital functions.
2. History, examination, and investigations
- Urine analysis for pH, volume, glucose, ketones, concentration, drugs, metabolic screen
- Blood for Na, K, HCO3, Cl, Urea, creatinine, lactate, keto acids, drug screen, alcohol
glucose, culture, LFT's, amylase, FBC
3. Treat underlying problem
4. Consider using alkali therapy if;
- hyperkalaemic
- urinary alkalinisation needed (e.g. myoglobin, salicylates)
- hypoperfusion despite appropriate measures.
5. Experimental (e.g. dichloroacetate, Na2CO3/NaHCO3, dialysis)
Reference
Worthley LIG. Hydrogen ion metabolism. Anaes Intens Care 1977;5:347-360.
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LIST THE DIFFERENCES IN AETIOLOGY, CLINICAL FEATURES, AND
MANAGEMENT OF THE SEROTONIN SYNDROME AND THE NEUROLEPTIC
MALIGNANT SYNDROME.
Dr. A-M. Pellizzer, Intensive Care Unit, Alfred Hospital, Victoria

Cause

Mechanism
Time course
Diagnostic
criteria

Clinical
features in
addition to
diagnostic
criteria

Serotonin Syndrome
Usually 2 or more types of drug
known to increase 5-HT:
MAOI & TCA’s, SSRI’s (esp
fluoxetine), L-tryptophan,
pethidine, dextromethorphan
SSRI’s alone, and SSRI’s & Ltryptophan
Clomipramine alone.
Other drugs & combinations of
drugs
Excess 5-HT, (receptor involved:
5-HT1A)
75% of cases occur within 24 hours
of addition of culprit drug
1. Recent addition or increase in
dosage of an agent that
increases 5-HT activity
2. Absence of abused substances
as well as metabolic or
infectious causes
3. No recent addition or increase
in the dose of a neuroleptic. At
least 3 of following symptoms
and signs: Altered mental
status. Agitation Tremor
Shivering Diaphoresis
Diarrhoea Hyperreflexia
Myoclonus Ataxia Fever
Conscious state usually mildly
impaired
BP: hyper- or hypotension can
occur. ↑HR
Hyper- or hypoventilation
Myoclonus a prominent feature, esp
of lower limbs
Diarrhoea more common
Rhabdomyolysis can occur,
(hyperkalaemia, acidosis and ARF)
Nystagmus occurs
DIC, seizures, ventricular
dysrhythmias
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Neuroleptic Malignant Syndrome
Neuroleptic dugs, most commonly
haloperidol
Concomitant drug therapy which put
patients at increased risk:
lithium
TCA’s
MAOI’s
Antiparkinsonian drugs / withdrawal of
anti-parkinsonian drugs
Most likely antidopaminergic
3-9 days following addition of neurolept
1.
2.

3.

Hyperthermia
Extrapyramidal dysfunction
(generalized muscular rigidity,
catatonic behaviour, hystonia,
pseudoparkinsonism)
Autonomic instability (tachycardia,
labile BP, profuse diaphoresis,
dyspnoea, urinary incontinence)

Conscious state usually severely
impaired, but may be alert
More likely to be febrile, and fever likely
to be higher
Toxic state usually more severe
Myoclonus uncommon-rigidity is more
of a lead pipe quality
Usually young male
Rhabdomyolysis
Nystagmus very rare
Cardiac dysrhythmias, especially
ventricular

Lab criteria

Absolute drug levels of little value,
most are within acceptable limits

Differential
diagnosis

Sepsis, esp meningitis, neuroleptic
malignant syndrome,
sympathomimetic overdose,
anticholinergic toxicity, heat stroke,
fatal catatonia
Withdraw offending agent(s)
General supportive measures
including volume resuscitation and
cooling
Drugs are not dialysable
Benzodiazepines (esp clonazepam)
to limit muscle rigidity; paralysis
and intubation if necessary
? beta blockers
Specific 5-HT blockers
(methysergide, cyproheptadine)
Benadryl, chlorpromazine
Generally self-limiting once
offending agent has been
withdrawn
70% recover within 24 hrs,
although 40% admitted to ICU and
25% intubated Mortality rate~11%

Therapy

Course and
Prognosis

↑CK, WCC and LFT’s, myoglobinuria
Altered E&U consistent with degree of
acidosis and dehydration
Serotonin syndrome, meningitis,
encephalitis, tetanus, strychnine
poisoning,
vascular CNS events, malignant
hyperthermia, heatstroke, fatal catatonia
Withdraw neuroleptics
General supportive measures including
adequate ventilation, rehydration, relief
of muscle rigidity, reversal of
hyperthermia
Drugs are not dialysable
Benzodiazepines +/- neuromuscular
paralytic drugs for muscular rigidity
Bromocryptine (DA agonist) and
dantrolene (direct skeletal muscle
relaxant)
Lasts 5-10 days after drug withdrawal
Mortality 10-20%, usually associated
with aspiration pneumonia or respiratory
failure

Reference:
LoCurto MJ. The Serotonin Syndrome. Emergency Medicine Clinics of North America 1997;
15:665-675.
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LIST THE INDICATIONS FOR AND THE COMPLICATIONS ASSOCIATED WITH
CAROTID ENDARTERECTOMY.
Dr. R. Sistla, Intensive Care Unit, Alfred Hospital, Victoria
Indications for Carotid Endarterectomy in Cerebrovascular Insufficiency
Elective operation
• Stable stroke, recent or old
• Transient cerebral ischaemia
• Asymptomatic stenosis
• Chronic cerebral ischaemia (rare)
Emergency operation (rarely necessary)
Frank stroke
• Disappearance of bruit
• Slowly worsening
• Fluctuating
Transient cerebral ischaemia
• Severe stenosis, especially if bilateral
• Disappearance of bruit
• Crescendo TlAs
Carotid thrombosis immediately following
• arteriography (or) endarterectomy
Complications of carotid endarterectomy
Related to anaesthesia, general or local:
• Cardiac problems
• Airway problems
• Hypotension
Related to cervical wound:
• Infection
• Haematoma
• Nerve pareses
1. Vagus
2. Hypoglossal
3. Marginal branch of facial
4. Superior laryngeal
5. Glossopharyngeal
• Parotitis
• Tracheal obstruction
Related to carotid artery:
• Disruption
• False aneurysms
• Carotid-cavernous fistula
• Infection
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Production or aggravation of neurologic deficits:
Intraoperative causes
Embolism
Cerebral ischaemia
Postoperative causes
Thrombosis of endarterectomized segment
Hypotension
Intracerebral haemorrhage or oedema Hypertension
Miscellaneous
• Postoperative headache
• Cerebral oedema
• Seizures or convulsions
Reference
Jesse E, Thomson, Clement M.Talkington. Carotid Endarterectomy. Advances in
Surgery,Vol.26, 1993.
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LIST THE CLINICAL FEATURES AND MANAGEMENT OF A PATIENT WITH
ACUTE ISCHEMIC VERTEBRO-BASILAR STROKE
Dr. S. Green. Intensive Care Unit, Gold Coast Hospital, Queensland
Definition
• Sudden onset of neurological symptoms &/or signs caused by insufficient
nutrient supply to part or all of the posterior part of the brain normally
supplied by the vertebro-basilar system.
Aetiology
• Majority thrombotic, ~10% Embolic, rarely Dissection
• Risk factors as for Atherosclerosis - Male/Hypertension/Diabetes
Epidemiology
Epidemiology
• 2/1000 autopsy
• 25% incidence of anterior circulation occlusion
• Mortality 50-90%
• rarely regain Functional Independence
Clinically
• Prodromal TIA in >50% for >2 weeks
• ~50% present in coma
• Generally relate to brain stem, Cerebellar and Cranial nerve signs
• Midbrain (Thalamic )
• Loss of all body Sensation
• Choreothetosis
• Intention Tremor
• Hemiparesis
• Later spontaneous pain
• Pontine
• Ataxia
• Cranial nerve signs
• Impaired sensation
• Medulla (Lateral commoner )
• Ataxia
• Ipsilateral Palatal Paralysis
• Ipsilateral Horner's syndrome
• Ipsilateral Spinothalamic sensory loss in face
• Contralateral Spinothalamic sensory loss in body
• Medulla- Medial ( uncommon)
• Ipsilateral XII
• Contralateral Pyramidal tract
• Contralateral impaired sensation (fine touch and proprioception)
Diagnosis
• Clinical Signs
• MRI
• Angiogram
• Ct scan less useful
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Management
• Intensive care more likely to be involved due the vital structures at risk
• Supportive
• Airway protection important in view of lower CN dysfx
• Breathing Ventilation useful to maintain oxygenation and normo carbia
• Circulation trend to H/T in early stage to over come increased ICP /
Vasomotor ischaemia
• Nutrition / Pressure care / Avoid Sepsis
• Specific
• Thrombolysis undergoing trials
• Mortality still 50-75% (though reduced in those with successful
recanulation)
• Longer "window of opportunity" period compared with anterior
circulation
Prognosis
• awful
• Consideration for intensive care dependent on
• Local resources
• Patient co-morbidities
Reference:
Becker KJ,Purcell LL, Hacke W. & Hanley DF. Vertebrobasilar Thrombosis:
diagnosis, management & the use of Intra-arterial Thrombolytics. Crit Care
Med 1996;24,:l729-1741
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LIST THE ACTIONS, INDICATIONS, DOSAGE AND MONITORING OF HIRUDIN
Dr. C. A. Y. Cheng. Intensive Care Unit, Prince of Wales Hospital, Hong Kong
Hirudins are a group of 65- or 66-amino acid polypeptides from the medicinal leech Hirudo
medicinalis. Hirudin is a direct thrombin inhibitor, highly specific, nearly irreversible and
represents the most potent known naturally occurring anticoagulant.
Actions
Antithrombotic agent, interacts directly with thrombin and equally active against clot-bound
and free thrombin. Hirudin forms a tight stoichiometric complex with thrombin (1:1 ratio),
abolishing all its known biological activities:1). Coagulation - thrombin cleaves fibrinogen, factors V to Va and VIII to VIIIa.
Inhibition results in prolongation of clotting times ie. APPT, PT and TT.
2). Effects on cell responses - hirudin prevents thrombin receptor activation on many cells, thus
inhibiting the mitogenic and stimulatory effects of thrombin on endothelial cells, the retraction
of neurites by neuronal cells, chemotaxis and activation of mononuclear phagocytes, and partial
activation of fibroblasts, smooth muscle cell retraction, migration and proliferation.
3). Platelet effects - inhibition of platelet aggregation, thromboxane A2 biosynthesis and
secretion, and expression of procoagulant phospholipids on platelet surface.
Indications
As an alternative to heparin. Trials of hirudin usage in:
• Acute coronary syndromes - treatment of unstable angina, Q or non-Q wave AMI.
• Adjunct to thrombolysis
• Adjunct to PTCA
• Prophylaxis against DVT and thromboembolism
• Cardiothoracic and vascular anaesthesia (eg. Cardiopulmonary bypass, vascular
reconstructive surgery.
• Haemodialysis in patients with heparin induced thrombocytopenia.
Dosage
Dose varies depending on the thrombin content of the thrombotic state or lesion. Clot lysis for
hirudin demonstrate a step-function rather than a dose-response curve; no clear cut benefit
beyond the infusion level of 0.1 mg/kg/hour.
In acute coronary syndromes; GUSTO Iia trial-0.6 mg/kg bolus and 0.2 mg/kg/hour
infusion associated with increased haemorrhagic stroke (Circulation 4:90, Oct 1994)
GUSTO Iib trial: 0.1 mg/kg bolus with 0.1 mg/kg/hour infusion associated with small
advantage over heparin in risk reduction in AMI without increase risk of major bleeding.
(NEJM 778,Sept 12,1996)
In DVT prophylaxis after total hip replacement; 15 mg s.c. bd hirudin was more effective
than enoxaparin 40 mg s.c. daily (NEJM 19:337,Nov 6,1997)
Monitoring
APPT used to monitor and titrate dose of hirudin (TT too sensitive and PT too insensitive).
Target range is APTT of 60 - 85 seconds, higher rate of catastrophic haemorrhage when APTT
> 100 seconds.
Reference
Wallis RB. Hirudins: From leeches to man. Seminars in Thrombosis and Hemostasis - Vol
22,No 2, 1996:185-196.
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LIST THE CLINICAL DIFFERENCES IN A CHOLINERGIC AND MYASTHENIC
CRISIS IN A PATIENT WITH MYASTHENIA GRAVIS
Dr. D. Chu. Intensive Care Unit, Princess Alexandra Hospital, Queensland
Cholinergic Crisis
Rare

Myasthenic Crisis
Common

Excess cholinesterase

Intercurrent infections
Drugs:

Aminoglycosides
Antiarrhythmics
ND Muscle relaxant
Electrolyte abnormalities
Recent diagnosis
Overt autonomic activity

No autonomic overactivity

Diarrhoea
Urinary retention
Miosis
Bronchorrhoea, bradycardia
Emesis, abdominal cramps
Lacrimation
Salivation
Sweating
Fasciculations

No fasciculations

Altered thermoregulation

Normothermia

Weakness after anticholinesterase
Improved with discontinuation

Weakness improved with anticholinesterase
Worsen with discontinuation

It is more important in managing the respiratory failure than differentiating between the crises
Reference:
Saunders DB. Myasthenia gravis and myasthenic syndromes. Neurologic Clinic 1994;12:3.
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LIST THE ACTIONS, INDICATIONS AND COMPLICATIONS OF NIFEDIPINE
Dr. H. Playford. Intensive Care Unit, Princess Alexandera Hospital, Queensland
Actions
Dihydropyridine-derivative calcium-channel blocker. Inhibit the transmembrane influx of
extracellular calcium ions across the membranes of myocardial cells and vascular smooth
muscle cells, without changing serum calcium concentrations.
Inhibit contractile process of cardiac and vascular smooth muscle.
• dilates main coronary and systemic arteries.
• ↑ myocardial oxygen delivery.
• ↓ systemic vascular resistance.
• modest ↓ systemic blood pressure.
• ↓ afterload.
• small reflex ↑ in heart rate.
• ↑ cardiac index.
• little or no effect on sinoatrial or atrioventricular nodal conduction.
• little negative inotropy (reflex ↑ heart rate compensates).
Indications
1. Angina
Drug of choice for Prinzmetal variant angina. In chronic stable angina, nifedipine as effective
as β blockers and/or oral nitrates but nifedipine is only indicated if patient intolerant to these
agents.
2. Hypertension
Used as monotherapy or in combination with other agents. Only extended-release formulations
currently recommended. Reserved for patients who failed to respond to non-pharmacological
therapy. Has been used in past if failed to respond to β blockers or diuretics.
Hypertensive Crises: In the past, short acting nifedipine was used for rapid control. Not
recommended as severe hypotension and potential complications (cerebrovascular
ischaemia/infarction, myocardial ischaemia/infarction, death). Extended release nifedipine is
not recommended as a substitute in the urgent treatment of hypertension.
3. Raynaud's Phenomenon
Drug of choice in reducing the frequency, duration and severity of attacks. Limited by side
effects.
4. Preterm Labour
Used as second line agent (after β agonists and MgSO4). With little data on safety and efficacy.
Complications
1. Concerns re safety of short acting formulation
Based on case-control study indicating that increased risk myocardial infarction by 60% if use
short acting calcium channel blocker (of diuretic or β blocker) in hypertension. May be dose
dependent.
Contentious recommendation to 1) use other antihypertensives as first line (diuretics and β
blockers) and 2) avoid short acting preparations of nifedipine.
2. Cardiovascular
Common (up to 25%): dizziness, flushing, headache
Less common: hypotension, weakness, peripheral oedema, palpitations
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Rare: ↑ frequency, intensity and duration of angina, myocardial infarction, congestive heart
failure, acute pulmonary oedema, ventricular arrhythmias, conduction defects.
3. Other
Common: nausea, heartburn, muscle cramps, nervousness and mood changes, dyspnoea, cough,
wheezing, nasal congestion and sore throat.
Rare: diarrhoea, constipation, cramps, irritation, bleeding, flatulence, insomnia, blurred vision,
paraesthesia, tinnitus, inflammation, myalgia, arthralgia, ↓ Plt, ↓ Hb, ↓WCC, purpura.
Pregnancy: no adequate studies.
4. Acute Toxicity
Extension of usual adverse effects (esp hypotension)
5. Drug Interactions
May ↑ serum digoxin concentration, ↓ phenytoin metabolism, ↓ quinidine concentration.
Hypotension with β blockers and fentanyl.
Reference
Moulds RFW. Calcium Antagonists: the current controversy. Australian Prescriber 1996;19:35.
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LIST THE CLINICAL FEATURES AND MANAGEMENT OF A PATIENT WITH
PHAEOCHROMOCYTOMA
Dr. E. Connolly, Intensive Care Unit, Flinders Medical Centre, South Australia
Tumour arising from neurochromaffin cells
Phaeochromocytoma: adrenomedullary tissue
Paraganglioma:
extra-adrenal tissues
90% sporadic
10% hereditary: may be associated with MEN types 2a and 2b; von Hippel-Landau,
Sturge-Weber
10-13°/o malignant
Clinical features are secondary to the secretion of catecholamines or, less commonly, a variety
of biochemically active peptides such as V.I.P., Neuropeptide Y, endothelin gastric, serotonin,
histamine, etc.
Symptoms/signs may be classically paroxysmal or persistently present.
Hypertension - resistant to treatment with, or exacerbated by β-blockers, and ganglion blockers
Postural hypotension - intravascular volume contraction, α-receptor down regulation
Palpitations, headaches, dizzy spells, visual disturbances, acute CCF, seizures, abdominal pain,
chronic constipation/diarrhoea, sweating, pyrexia.
Physical examination may be entirely normal or may demonstrate features of uncontrolled
hypertension, tachy/bradyarrhythmias, or features of intravascular volume contraction. Very
occasionally an abdominal tumour may be palpable.
First presentation may be as an acute life-threatening crises, e.g. during surgery or parturition,
or following administration of precipitating drugs e.g. tricyclic antidepressants.
Management:
l. Definitive diagnosis
History
Biochemistry:
Urinary catecholamines or urinary catecholamine metabolites
(less sensitive + specific)
Plasma catecholamines
Suppression tests: useful in patients with equivocal catecholamine levels
Provocative tests: only in presence of α+β-blockers
Venous sampling
Tumour localization: Ultrasonography, CT, MRI, MIBG
2. Control of disease
Ultimate aim: surgical removal. Initially: control of BP and other symptoms.
Two weeks of medical therapy required prior to surgery or investigations involving I.V.
contrast or provocative testing.
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Control of B.P.: α-blockade e.g. phenoxybenazamine
β- blockade e.g. propranolol (never, β-blockade alone)
+ I.V. phenoxybenazamine x 2 days prior to procedure
calcium channel blockers may he useful
Adequate hydration + intravascular volume resuscitation
Intra-operatively - aggressive invasive haemodynamic monitoring
Hypertension:manipulation of tumour- phentolamine, SNP, β-blockade
Hypotension: when tumour removed - intravascular volume expansion,
rarely presser agents required
Post-operatively - blood pressure usually returns to normal levels within 24-48 hours
Failure to do this suggestsadditional tumour tissue
another cause of hypertension
Follow up:

All patients - B.P. monitoring
yearly urinary free catecholamine levels
screening for medullary thyroid carcinoma.
Patients with lesions not amenable to surgery or metastatic malignant tumours:
chemotherapy.
131-IMIBG

Reference
Bravo EL. Phaeochromocytoma: New concepts and future trends Kidney Int 1991;40:544-556
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LIST THE CLINICAL FEATURES AND MANAGEMENT OF A PATIENT WITH
THE FAT EMBOLISM SYNDROME
Dr. M. Kilminster, Intensive Care Unit, Liverpool Hospital, New South Wales
Definition:
Fat embolism syndrome is a constellation of signs and symptoms produced by embolic fat
globules in pulmonary and systemic vascular beds. Clinical features occur as a result of acute
obstruction or from endothelial cell toxicity from FFA released when the globules are degraded
by lipases.
Clinical features:
- adults
- history - recent trauma or orthopaedic surgery, usually with long bone/pelvic fractures
- other non traumatic causes eg sickle cell disease, pancreatitis, decompression
sickness.
- timing - 80% occur in first 24 hours.
- can be immediate - 2 weeks
- wide spectrum of presentations - mild hypoxia, to severe ARDS and MOF, sudden death.
Major features (Gurd):
Resp: CNS Skin -

tachypnoea, SOB, cyanosis, hypoxia, hypo/hypercarbia, bilateral infiltrates on CXR
occurs in 75%, 10% require mechanical ventilation
global - drowsy, confusion, coma, seizures, cerebral oedema and raised ICP
focal - hemiplegia, scotomata, apraxia, aphasia - often secondary to haemorrhage
occurs in 85%, usually reversible
petechiae (anterior chest/neck, mouth, axilla, conjunctiva, occur in 50-60%

Minor features (Gurd's criteria underlined)
CVS - tachycardia and hypotension, signs of acute right heart failure
Eyes - blindness, exudates and haemorrhages
GUS - oliguria, anuria, lipiduria, proteinuria, priapism
HPS - anaemia, thrombocytopenia, DIC, raised ESR/CRP, high fever common
GIT - jaundice, coagulopathy
Metabolic - hypocalcaemia, metabolic acidosis
Endocrine - stress response
Management:
Resuscitation, support and monitoring
- intubate and ventilate for severe hypoxia, respiratory failure or GCS < 9
- ? routine obs on ward for all leg/pelvic fractures should include - resp/neuro/SaO2
- O2 to keep PaO2 > 60
- analgesia to reduce stress resp
- support circulation - iv colloids/blood products/inotropes
- ARDS and MOF adjuncts - NO, pulmonary dilators, PC, ECMO, CVVHD etc
- nutritional and pressure area care
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- monitoring as required for resuscitation and ongoing therapy - CVL, PAC, IBP, ICP
Investigations
- diagnosis is clinical, no reliable tests
- CXR, ABG, EUCs, LFT's, FBC, COAGs - findings as above
- urine/serum/sputum - fat - not very sensitive or specific
- bronchoalveolar lavage - > 5% fat laden macrophages - moderate sens, not specific
- improve sens - serial lavage,
- improve spec - > 35% fat laden macrophages
- PAC - evidence PHT, RHF,
- pulm capillary blood fat - sens and spec.
- TOE - useful at time of emboli/evidence of PHT and RHF
- v. sens, poor spec.
- CT head - often nil/oedema/diffuse petechiae/ischaemia
- MRI head - high signal intensity lesions in watershed areas of all vascular territories
- Organ biopsy)
- fat globules in vessels surrounded by perivascular haemorrhages
- Autopsy)
oedema, polymorphs and fibrin clot.
Specific
Preventative - reduced incidence

- early immobilisation of fractures
- operative fixation 5% vs non-op 22%
- treatment of hypovolaemia
- controversial - early fixation
- probable reduced overall resp Cx

- worse outcome in haemodynamically unstable
- type of fixation - reamed vs non reamed
- steroids - reduction in incidence of FES - but who?
Therapeutic - steroids - no evidence
- Heparin/albumin/ethanol/NSAIDs/insulin and glucose - no value
Reference
ten-Duis HJ. The fat embolism syndrome. Injury. 1997; 28: 77-85.
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INDEX
Acute adrenal insufficiency. See
Addisonian crisis
Acute lung injury, 21
Acute respiratory failure, 25
Acute variceal bleeding, 2
Adaptive resistance, 61
Addisonian crisis
causes of, 13
Chest X-ray in, 14
clinical features, 14
ECG in, 14
investigations, 14
treatment of, 14
Addison's disease, 12
causes of, 12
Adrenal cortex
anatomy, 11
Adrenocortical insufficiency, 11
clinical features, 13
Adrenocorticotropic hormone, 11
Afterload
in paediatrics, 70
Aldosterone, 11
Alveolar flooding, 21
Alveolar oedema, 22
Alveolocapillary fluid balance
control of, 21
Alveolocapillary membrane, 21
Alveolocapillary permeability, 23
Aminoglycoside
clearance, 60
toxicity, 61
Aminoglycosides, 59
bactericidal activity, 60
Gram-negative pneumonia, 59
nephrotoxicity, 59, 61
optimal dosing, 61
ototoxicity, 59, 61
pharmokinetics of, 59
Amiodarone
"high dose", 47
Androgens, 11
Aortic arch syndrome, 91
ARDS, 23
Arrhythmia
generation of, 41

Automaticity
abnormal, 41
normal, 41
Balloon tamponade, 4
technique, 4
Behçet's disease, 93
Beta-lactam antibiotics, 62
Bronchoalveolar lavage, 23
Budd-Chiari syndrome, 2
Buerger's disease, 93
Bypass coronary artery surgery, 52
Ca2+ current
inward, 41
Carbamazepine, 35
side-effects, 36
Cardiac Arrhythmia Suppression Trial, 45
Cardiac Output
in paediatrics, 70
Carotid endarterectomy, 114
CAST, 52, See Cardiac Arrhythmia
Suppression Trial
Child-Pugh classification, 5
Churg-Strauss disease, 92
Circulatory failure in paediatrics, 67
Clindamycin, 63
Clonazepam, 36
Connective tissue disease vasculitis, 90
Contractility
in paediatrics, 70
Coronary artery disease
investigations, 51
Corticotrophin-releasing hormone, 11
Cortisol, 11
CPAP, 26
clinical studies of, 26
DADs, 42, See delayed afterdepolarizations
Delayed after-depolarizations, 41
Descriptive studies or reviews, 75
Diazepam, 34
Diuretics, 25
Dobutamine, 69
Drug induced vasculitis, 90, 93
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EADs, 41, See early after-depolarizations
Eagle effect, 63
Early after-depolarizations, 41
Electrophysiological testing, 51
Encainide, 45
Endoscopic variceal ligation, 3
EPS. See Electrophysiological testing
Ethosuximide, 36

investigation, 69
treatment of, 69
ICD. See Implantable cardioverter
defibrillators
Imipenem, 59
Implantable cardioverter defibrillators, 53
Impulse conduction
abnormal, 42
Impulse generation, 41
Infection-related vasculitis, 90
Ischaemia
electrophysiological effects of, 42
Isosorbide-5-mononitrate, 4

Fat embolism syndrome, 124
Flecainide, 45
Gabapentin, 37
side-effects, 37
Gamma-aminobutyric acid, 33
Garr equation, 21
Gastric varices, 2, 3
Gentamicin, 59
Giant cell arteritis, 90
Glucocorticoids, 11

K+ current
inward rectifying, 41
Kawasaki disease, 91
Lamotrigine, 37
side-effects, 37
Large vessel vasculitis, 90
Left atrial pressure, 23
Left ventricle
pressure-volume relationship, 23
Left ventricular compliance, 24
Left ventricular diastolic failure, 23
Left ventricular systolic failure, 23
Lincomycin, 63
Linton-Nachlas tube, 4
Lithium poisoning, 101
Low cardiac output
management in paediatrics, 69
LQTS. See Prolonged QT syndrome
Lung lymph, 21
Lusitropic agents, 24

H2 blockers, 97
Haemorrhagic fever viruses, 108
Heart
newborn, 67
Heart rate
in paediatrics, 71
Henoch-Schönlein purpura, 93
Hirudin, 118
Hyperkalaemia
arrhythmogenic effects of, 43
ECG effects of, 43
Hyperpolarisation, 41
Hypertrophic obstructive cardiomyopathy,
100
Hypoadrenalism in the critically ill, 17
Hypoaldosteronism, 16
acquired, 16
hyperreninaemic, 17
hyporeninaemic, 17
inherited, 16
Hypokalaemia
arrhythmogenic effects of, 43
ECG effects of, 43
Hypomagnesaemia
arrhythmic effect of, 43
Hyponatraemia, 104
Hypotension
in paediatrics, 69

Magnesium
after myocardial infarction, 43
antiarrhythmic effects of, 43
prophylactic administration of, 43
Magnesium sulphate, 34
Mechanical Ventilation, 27
Meropenem, 59
Metaboic alkalosis, 107
Metabolic acidosis, 111
Metoclopramide, 4
Microscopic polyangiitis, 92
Midazolam, 34
128

Mineralocorticoids, 11
Minnesota tube, 4
Monomorphic VT
treatment of, 47
Multiple Risk Factor Intervention Trial, 43
Muscle relaxation, 35
Myasthenia gravis, 119
Myasthenic crisis, 119

central, 5
selective, 7
Positive inotropic agents, 25
Post antibiotic effect, 60
Preload
in paediatrics, 70
Preparation of abstracts, 73
authorship, 74
formats, 74
title, 74
Primary adrenocortical insufficiency. See
Addison's disease
Primary vasculitis, 90
Proarrhythmia, 45
Prolonged QT syndrome, 44
causes of, 44
clinical features, 44
management of, 45
prevention, 45
stellate sympathetic ganglionectomy
and, 45
sudden cardiac death and, 45
Pro-opiomelanocortin, 11
Propranolol, 4
Proton pump inhibitors, 97
Pseudoseizures, 31
Pulmonary blood flow, 22
Pulmonary capillaries, 21
Pulmonary capillary
hydrostatic pressure gradient, 21
oncotic pressure gradient, 21
surface area, 23
Pulmonary interstitial space, 21
Pulmonary oedema
acute, 21
cardiogenic, 21
hydrostatic, 23
treatment of, 24
Pulmonary vascular resistance
in paediatrics, 70

Na+ current, 41
fast inward, 42
Nadolol, 4
Neoplasm-related vasculitis, 90
Neuroleptic malignant syndrome, 112
Nifedipine, 120
Octreotide, 3
Oesophageal variceal bleeding, 1
Oesophageal varices, 2
surgical management, 5
treatment of, 2
Oliguria
causes of, 109
Omeprazole, 102
Pacemaker activity, 41
Pacemaker potential, 41
Paediatric circulation, 67
diastolic performance, 67
oxygen consumption, 67
Pentagastrin, 4
Peptic ulceration, 97
Percutaneous tracheostomy, 99
Persistent fetal circulation, 70
Phaeochromocytoma, 122
Phase 0, 41
Phase 4 depolarisation, 41
Phenobarbitone, 34, 36
Phenytoin, 34, 35
side-effects, 35
Polyarteritis nodosa, 91
clinical features, 91
treatment, 91
Polymyalgia rheumatica, 90
Portal hypertension, 1, 2
Portal hypertensive gastropathy, 3
Portal venous pressures, 1
Portosystemic encephalopathy, 2
Portosystemic shunts

Reentry, 42
ordered, 42
random, 42
Respiratory failure, 21
Resting membrane potential, 41
SCD. See Sudden cardiac death
Scientific studies, 74
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Sclerotherapy, 2
prophylactic, 3
side-effects, 3
Secondary adrenocortical insufficiency, 12
Secondary vasculitis, 93
Seizures
causes of, 31
grand mal, 32
investigations of, 31
maintenance therapy, 35
treatment of, 31
Sengstaken-Blakemore tube, 4
Sepsis in neonates, 68
Serotonin syndrome, 112
Severity scoring system, 98
Sheehan's syndrome, 13
Short Synacthen test, 14
Slides, 76
preparation, 77
Somatostatin, 3
Status epilepticus, 31
treatment of, 32
Sudden cardiac death, 48, 50
ablation techniques, 53
antiarrhythmic drugs and, 52
coronary artery disease and, 50
investigations, 51
management of a survivor, 50
myocardial revascularisation and, 52
Surfactant, 21, 22

Vagal tone
phenylephrine and, 44
RR interval and, 44
Valproate, 36
side-effects, 36
Vancomycin, 63
Vasculitic syndromes, 89
classification of, 89
Vasculitis, 89
Vasodilators, 25
Vasopressin, 3
side-effects, 3
Venodilators, 24
Ventricular arrhythmia
autonomic nervous system and, 44
beta blockers and, 48
cardiac surgery and, 49
incidence of, 46
management of, 47
mechanisms, 41
myocardial infarction and, 48
vagal tone and, 44
Ventricular Arrhythmia
amiodarone and, 47
Verbal presentations, 76
planning and preparation, 76
Vertebro-basilar stroke, 116
VF and pulseless VT
management of, 47
Vigabatrin, 36
side-effects, 36

Takayasu's arteritis, 91
Temporal arteritis, 90
Thiopentone, 34
Thromboangiitis obliterans, 93
Transient ischaemic attacks, 31
Transjugular intrahepatic portosystemic
shunt, 5
Transjugular intrahepatic portosystemic
shunts, 2
Triggered activity, 41
TURP syndrome, 106

Warren shunt, 7
Waterhouse-Friederichsen syndrome, 13
Wegener's granulomatosis, 92
treatment, 92
Wolff-Parkinson-White syndrome, 52
Work of breathing, 21, 23
Zona fasciculata, 11
Zona glomerulosa, 11
Zona reticularis, 12
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