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PREFACE
A working knowledge of the basic sciences of, anatomy, physiology and pharmacology is the
basis for the understanding and management of the critically ill patient. This year the Australian
Short Course on Intensive Care Medicine handbook has included a cursory look at the basic
sciences of the gastrointestinal system with chapters on physiology of nutrition, gastrointestinal
hormones and gastrointestinal endocrine tumors, abdominal disorders of the critically ill and
the multiple organ dysfunction syndrome and hepatic physiology. As with the previous
editions, the course registrants presentations (or those that have been submitted on time) have
also been included.
This handbook still remains the working document of the Australian Short Course on
Intensive Care Medicine and is designed to supplement the course. 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 trust that you will also find this edition useful.
Dr. L.I.G. Worthley
Adelaide, March 2002
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Chapter 1

PHYSIOLOGY OF NUTRITION

The normal adult diet contains approximately 220 g of carbohydrate (880 kcal or 3680 kJ),
90 g fat (810 kcal or 3390 kJ), and 80 g of protein (320 kcal or 1340 kJ), along with water,
electrolytes, vitamins, trace elements and fibre. The recommended daily allowance for an adult
ranges from 1800 - 2800 kcal for energy (7500 – 11700 kJ) and 44 - 56 g for protein. The body
energy reserve for an adult is recorded in table 1.1. During feeding, fasting and starvation, the
nutritional hormone status is substrate controlled (Table 1.2). The percentage of substrate used
to provide energy during feed/fast and starvation are listed in Table 1.3.
Table 1.1
Substrate

Body fuel reserves for 70 kg man
Organ
Weight (g)

Triglyceride

Adipose tissue

15 000

Skeletal muscle
Liver
Extracellular fluid

350
100
20

1 400
400
80

Skeletal muscle

6 000

24 000

Carbohydrate
Glycogen
Glucose
Protein

kcal

140 000

Table 1.2 Hormonal control and effects on nutrition
Hormone
Secretion stimulated by:
Stimulates

Inhibits

Insulin

Hyperglycaemia
Amino acids
(eg, arginine, leucine)

Glycogenesis
Lipogenesis
Protein synthesis

Gluconeogenesis
Ketogenesis
Proteolysis
Lipolysis

Glucagon

Hypoglycaemia
Sympathetic stimulation
Alanine

Gluconeogenesis
Ketogenesis
Glycogenolysis

Glycogenesis
Lipogenesis

Catecholamines Sympathetic stimulation
Hypoglycaemia

Glycogenolysis
Glucagon release
Lipolysis

Insulin release
Insulin effect

1
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Table 1.3 Percentage of substrate used and energy required for nutritional states
Nutritional state
Fed/fast
Starved

Carbohydrate
45

Lipid

Protein

40
70

15
5

Ketones

kcals/24 hr

25

2000
1600

Feeding
Normal nutrition involves an alternating system of feeding and fasting. During the fed state,
plasma glucose and amino acid levels increase, stimulating insulin secretion and decreasing
glucagon secretion. Glycogen reserves and protein synthesis increase, and the excess
carbohydrate, amino acids and fats are stored as lipid.
Fasting
During the fasted state, plasma levels of glucose and amino acids fall, reducing insulin
secretion and increasing glucagon secretion, stimulating gluconeogenesis and glycogenolysis.
After 24 hr of fasting, the hepatic glycogen is largely depleted, thereafter body protein is
utilised to meet the obligatory demand for glucose. The reduction in insulin levels permit an
increase in release of amino acids (mainly alanine and glutamine) from skeletal muscle (a
processes which is inhibited by insulin), which are transported to the splanchnic bed and kidney
for gluconeogenesis.1 The increase in glucagon enhances gluconeogenesis and inhibits the
formation of malonyl coenzyme A (CoA). The latter inhibits carnitine acyltransferase I, thereby
inhibiting the initial step in the long chain FFA oxidative sequence. Thus, low levels of malonyl
CoA releases the inhibition of carnitine acyltransferase I, which in turn augments hepatic
oxidation of long chain FFAs and stimulates ketogenesis.2 Ketogenesis will only occur if there
is also a reduction in serum insulin levels.3
Starvation4,5
During the starved state (i.e. fasting for longer than 72 hr), a further reduction in insulin and
increase in glucagon secretion occurs. Mild sympathetic activation stimulates hormonesensitive lipoprotein lipase (HS-LPL) increasing the release of FFAs from adipose tissue. Much
of the excess FFAs are converted by the liver to ketone bodies, which substitute for glucose as
energy substrates in brain and other organs. Ketosis decreases skeletal muscle protein
breakdown and amino acid release by reducing the obligatory demand for glucose from 150 to
50 g/day, thereby reducing protein breakdown from 75 to 20 g/day. With chronic starvation
glucagon levels return to their post absorptive levels and catecholamine levels decrease; the
decrease in protein catabolism is reflected by a reduction in urinary nitrogen excretion by 75%
(i.e. 400 to 100 mmol/24 hr). The basal metabolic rate (BMR) decreases due to a reduction in
peripheral conversion of thyroxine (T4) to triiodothyronine (T3).
Nutritional Requirements
Caloric
Energy expenditure (i.e. caloric requirement), depends on the activity of the patient and the
patient’s previous nutritional status (e.g. a patient who was previously on a low protein diet and
had a decreased body mass has a reduced thermogenic response).6
Carbohydrates: The three major sources of dietary carbohydrates are the sucrose (the sugar
disaccharide), lactose (the disaccharide in milk) and starches (the polysaccharides present in
2
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almost all foods, particularly grains). The polysaccharides and disaccharides are broken down
into monosaccharides by the amylases in saliva and pancreatic secretions and the small bowel
epithelial enzymes lactase, sucrase, maltase and isomaltase. The monosaccharides are then
taken to the liver by the portal circulation where they are stored as glycogen or converted to
glucose.
All body cells have the capacity to oxidise glucose to yield energy, either partially by
glycolysis to lactate (which is then returned to the liver to be recycled as glucose), or
completely to carbon dioxide and water by the citric acid cycle. The metabolism of glucose is
controlled largely through regulation of the enzyme phosphofructokinase, although other sites
of regulation are also present (Table 1.4). When completely oxidised by in vitro calorimetry,
dextrose (D-glucose) provides 4.182 kcal/g (17.5 kJ/g). However, in vivo, anhydrous glucose
yields only 3.75 kcal/g (15.7 kJ/g)7 utilising 746 mL of oxygen and producing 741 mL of
carbon dioxide (RQ 1.00). Lipogenesis of 1 g of glucose produces 0.346 g of fat, which
requires 45 mL of oxygen and produces 250 mL of carbon dioxide. When the fasting individual
is given glucose alone, the lowest level of negative nitrogen balance attained is approximately
1.8 g/m2 per day, or 20 g of protein in a normal adult.8
Table 1.4. Control sites for glucose metabolism
Tissue
Muscle,
liver &
adipocytes

Substance/hormone
Insulin
Insulin, G 6-P
Insulin
Insulin
Insulin
Insulin, F 1,6-P
Insulin, AMP, NAD
Insulin
Insulin
G 6-P
ATP, citrate, low pH
AMP, F 6-P, high pH
ATP, alanine, Gl, CA
ACoA, NADH, ATP

Enzyme
Hexokinase
Glycogen synthetase
Phosphofructokinase
G 6-PD
6-PGD
Pyruvate kinase
Pyruvate dehydrogenase
Citrate cleavage enzyme
Malic enzyme
Hexokinase
Phosphofructokinase
Phosphofructokinase
Pyruvate kinase
Pyruvate dehydrogenase

Effect
stimulates
stimulates
stimulates
stimulates
stimulates
stimulates
stimulates
stimulates
stimulates
inhibits
inhibits
stimulates
inhibits
inhibits

(glycogenesis (M & L only), lipogenesis)
(glycogenesis (M & L only))
(lipogenesis)
(lipogenesis)
(lipogenesis)
(glycolysis)
(lipogenesis)
(lipogenesis)
(lipogenesis)
(glycolysis, lipogenesis)
(glycolysis, lipogenesis)
(glycolysis, lipogenesis)
(glycolysis)
(glycolysis, lipogenesis)

Liver

Gl, GC & CA
Gl, GC, CA, & citrate
Gl, GC, CA, ACoA
Gl, GC & CA
Gl,
Insulin
Insulin, AMP, F 1,6-BP
Insulin
Insulin, AMP
Insulin

Glucose 6-phosphatase
Fructose 1.6-biphosphatase
Pyruvate carboxylase
PEP carboxykinase
Glycogen synthase
Glucose 6-phosphatase
Fructose 1.6-diphosphatase
PEP carboxykinase
Pyruvate carboxylase
Glucokinase

stimulate
stimulate
stimulate
stimulates
inhibits
inhibits
inhibits
inhibits
inhibits
stimulates

(gluconeogenesis)
(gluconeogenesis)
(gluconeogenesis)
(gluconeogenesis)
(gluconeogenesis)
(gluconeogenesis)
(gluconeogenesis)
(gluconeogenesis)
(gluconeogenesis)
(glygogenesis, lipogenesis)

G 6-PD = Glucose 6 dehydrogenase, 6-PGD = 6-Phosphogluconate dehydrogenase, PEP = Phosphoenolpyruvate, M =
muscle, L = liver, Gl = Glucagon., GC = Glucocorticoids, CA = catecholamines, ACoA = Acetyl CoA, F 1,6-BP =
fructose 1,6-biphosphate, G 6-P = glucose 6 phosphate, F 6-P = fructose 6 phosphate, NAD = nicotine adenine
dinucleotide (oxidixed form), NADH = nicotine adenine dinucleotide (reduced form), AMP = Adenosine
monophosphate, ATP = Adenosine triphosphate.

Excessive carbohydrate intake stimulates lipogenesis which generates excessive carbon
dioxide. The gas exchange for 1 kcal of carbohydrate is 199 mL of oxygen and 198 mL of
carbon dioxide (STPD), the gas exchange for 1 kcal of fat is 225 mL of oxygen and 158 mL of
carbon dioxide (STPD). When comparing fat with glucose, for similar quantities of energy,
3
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more oxygen is required for fat oxidation, a finding which has been observed clinically.9 The
respiratory exchange per kilocalorie (i.e. 4.1855 kJ) of substrate, and the energetics of the fuel
metabolism are shown in Tables 1.5 and 1.6, respectively.
Table 1.5
Substrate

Respiratory exchange per kilocalorie of substrate
CO2 produced
Reaction
Products
O2 consumed
(mL STPD)
(mL STPD)

RQ

Glucose
Intralipid
Glucose

Oxidation
CO2 + H2O
Oxidation
CO2 + H2O
Lipogenesis PSOG*

198
158
67

1.0
0.7
5.6

ATP/CO2

ATP/O2

199
225
12

*PSOG = palmitylstearyloleyl triglyceride

Table 1.6
Substrate

Energetics of fuel metabolism
Products
kcal/g
ATP/mol

ATP/kcal

Glucose
Lipid

H2O + CO2
H2O + CO2

0.057
0.057

3.75
9.0

38
138

6.3
7.9

6.3
5.5

Lipid: dietary lipid is acted upon by pancreatic lipase forming fatty acids and
monoglycerides which, in the presence of bile salts, form spherical aggregates known as
micelles. Micelles liberate fatty acids and monoglycerides at the brush border of the intestinal
mucosal cell which enter the cell by passive diffusion. Fatty acids containing less than 10 - 12
carbon atoms pass from the mucosal cell directly into portal blood, where they are transported
as free fatty acids bound largely to albumin. Fatty acids containing more than 10 - 12 carbon
atoms are re-esterified to triglycerides, and coated with lipoprotein, cholersterol and
phospholipid to form chylomicrons which leave the cell and enter the lymphatic system.
The triglyceride component of chylomicrons is cleared from the circulation by an
endothelial lipoprotein lipase to form free fatty acids and glycerol, which may enter adipose
tissue, liver or muscle to be re-esterified and stored as lipid or undergo oxidation (e.g. glycerol
is metabolised via the glycolytic pathway and FFAs are metabolised predominantly by
mitochondrial β-oxidation10). Chylomicrons depleted of their triglyceride remain in the
circulation as cholesterol-rich lipoproteins known as chylomicron reminants, which are
metabolised in the liver by a hepatic lipoprotein lipase.
Triglycerides and cholesterol synthesised by the liver are transported in the circulation by
very low density lipoproteins (VLDL or pre β-lipoproteins, which are high in triglyceride
content), intermediate-density lipoproteins (IDL or VDL remnants, formed during conversion
of VLDL to LDL by lipoprotein lipase), low-density lipoproteins (LDL or β-lipoproteins,
representing the final stage in the catabolism of VLDL and are the major cholesterol-carrying
particles in plasma) and high-density lipoproteins (HDL or α-lipoproteins).
Plasma lipoproteins also contain apolipoproteins which function to solubilise the cholesterol
esters and triglyceride, regulate the reaction of these lipids with enzymes such as lecethincholesterol transferase (LCAT) and lipoprotein lipase, and bind to cell surface receptors to
regulate degredation of other lipoprotein constituents (e.g. cholesterol). LDL are taken up by
cells by a LDL receptor mediated endocytosis and are metabolised to provide cholesterol to the
tissues. At the same time it reduces cellular cholesterol production by down regulating β4
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hydroxyl-β-methylglutaryl-coenzyme A (HMG CoA) reductase. LDL are also taken up by a
lower affinity system in macrophages, particularly when high levels of LDL prevail. When
overloaded with cholesterol esters these cells degenerate and leave cholesterol laden
atherosclerotic plaques.
Adipose tissue contains an intracellular hormone-sensitive lipase, which is activated rapidly
by catecholamines (via cAMP production), and activated slowly by growth hormone,
glucocorticoids and thyroid hormone ( via synthesis of new protein), to break down stored
triglyceride to FFAs and glycerol.11 The FFA concentration in plasma normally ranges from 0.4
to 0.8 mmol/L (most of which is bound to albumin) and seldom rise to more than 1 mmol/L.
The turnover of the plasma FFAs is extremely rapid (20% - 40% of the FFAs entering plasma
per minute undergo oxidation - usually by skeletal or myocardial muscle, re-esterification usually by liver, or conversion to other FFAs).
Lipids also provide essential fatty acids (i.e. linoleic acid and linolenic acid). In the absence
of essential fatty acids, a syndrome of diffuse scaly dermatitis (initially confined to face arms
and legs which then becomes generalised), alopecia,12 delayed wound healing, increased
susceptibility to infection, platelet dysfunction and fatty liver,13 may develop. Linoleic acid is
required for the formation of arachidonic acid and the FFAs of the ω6 series. The ω9
polyunsaturated fatty acids only become quantitatively significant when linoleic and linolenic
acids are withheld from the diet, because each series competes for the same enzyme systems,
and affinities decrease from the ω3 to ω9 series. In the absence of linoleic acid and linolenic
acids, the same enzyme sequence for the ω6 series will convert oleic acid to FFAs of the ω9
series, increasing the ratio of 20 : 3 ω9 (eicosatrienoic acid) to 20 : 4 ω6 (arachidonic acid).14
This ratio is known as the triene : tetraene ratio. A ratio of greater than 0.4 is usually taken as
biochemical evidence of an essential fatty acid deficiency, and is often found in patients who
are receiving parenteral nutrition without fat for longer than 4 weeks.15 The skin changes
usually appear within 2 months following fat-free parenteral nutrition.
While an enteral solution enriched with ω3 fatty acids (and arginine and ribonucleic acids)
used in intensive care unit patients did not reduce mortality, it appeared to reduce the length of
stay and the number of acquired infections.16,17 Recently, mixtures of medium- and long-chain
triacylglycerols have been infused in critically ill patients in an attempt to augment utilisation
of fatty acids as energy substrates via a carnitine-independent mechanism.18 These substances
have a mild ketogenic effect but have no additional benefits in comparison with standard lipid
solutions. Medium-chain triglycerides do not contain essential fatty acids.19
Protein
Dietary protein are broken down initially by gastric pepsin (which is most active at a pH of
2 and inactive at a pH > 5). Pancreatic enzymes (trypsin, chymotrypsin, and carboxypolypeptidase), hydrolyse the polypeptides to dipeptides and amino acids. The intestinal epithelium
also contain enzymes to sever the final links of the remaining dipeptides to be absorbed as
amino acids and transported via the portal system to the liver.
Because many of the amino acids released from body protein catabolism are recycled, the
normal adult needs an oral intake of only 20 g of protein with high biological value to meet the
daily protein requirements.20 Protein ingested in excess of this is used as energy. In the acutely
ill adult patient, the minimal quantity of protein required is unknown, although it is unlikely to
exceed 50 g/day, in patients who have no external protein loss.
During the catabolic phase of disease, skeletal muscle tissue serves as a protein reservoir
which is mobilised (due to circulating IL-1, TNF, catecholamines and glucocorticoids21,22) to
meet the specific metabolic needs of the body. Approximately 40% of the amino acids released
are glutamine and alanine (from the free glutamate pool and formed from transamination
5
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reactions involving branched chain amino acids [BCAA] and alpha-ketoglutarate or pyruvate)
providing the skeletal muscle with energy, the body with glucose (alanine is converted in the
liver to pyruvate and in turn to glucose by gluconeogenesis) and an abundant supply of
aminoacids to the liver for production of acute phase reactants.
Amino acids. Normal adults require twenty L-amino acids for protein synthesis, although
only leucine, isoleucine, valine, lysine, threonine, phenylalanine, methionine and tryptophan
can not be synthesised and so are essential (Table 1.7). The minimal daily requirement in a
normal adult is 0.25 g/day of tryptophan and approximately 1 g/day for all other essential
amino acids, although the safe recommended intake is double this.23 The BCAAs (i.e. leucine,
isoleucine and valine) are unique in that they bypass the liver and are metabolised almost
exclusively by the skeletal muscle. Leucine also stimulates skeletal muscle protein synthesis
and inhibits muscle proteolysis (even during sepsis).24 The BCAA requirements may be
increased by a factor of two (i.e. 2 - 4 grams/day of each) during surgical convalescence,25 and
in patients who have sepsis,26 trauma,27 or acute/chronic liver failure.28,29
Table 1.7 Protein L-amino acid requirements in adults
Indispensable
Dispensable
Essential
Valine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan

Alanine
Asparagine
Aspartic acid
Glutamic acid
Glycine (no D or L form)
Proline
Serine

Essential during disease
Histidine
Arginine
Cysteine
Tyrosine
Glutamine

During disease, other amino acids are also essential (e.g. histidine, cystine/cysteine,
glutamine, arginine and tyrosine). Histidine is essential in infants30 and in patients who have
renal failure.31,32,33 Cysteine is essential in premature infants,34 and in critically ill patients.
Glutamine is a precursor for renal ammonia production and a crucial substrate for the rapidly
dividing cells of both the gastrointestinal mucosa and the immune system.35,36,37 It is also
required for the production of the major cellular antioxidant glutathione, a requirement which is
increased in the critically ill patient.38 Parenteral glutamine also increases protein synthesis and
decreases protein breakdown in skeletal muscle,39 and preserves gastrointestinal mucosal
structure and permeability.40 Arginine is required in sufficient amounts to convert ammonia to
urea and is the precursor for endothelium derived relaxing factor (i.e., nitric oxide); it may also
enhance cell mediated immunity.41
To reduce the oxidation of amino acids (i.e. their use as an energy substrate), a source of
energy should be administered simultaneously with the amino acids in a ratio of 150 kcal (630
6
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kJ) for each 1 g of nitrogen. Normally, an effective nitrogen intake is prescribed by estimating
the patient's caloric requirements, and administering an amino acid nitrogen increment so that
the calorie : nitrogen (kcal : g) ratio is between 135 : 1,42 to 150 : 1,43 (i.e. approximately 1 g of
protein per kilogram weight).44 The nitrogen requirement has sometimes been performed by
measuring the 24 hr urinary urea excretion and administering a nitrogen intake of 1.25 this
amount (i.e. the urinary loss is assumed to represent 80% of the total urinary nitrogen loss).
However, the accuracy of such an estimation is poor, particularly in critically ill patients.45,46
Furthermore, the daily urea load may not be excreted in patients who have renal failure, and
other body protein losses (gastrointestinal, urine, body cavity drains) are not accounted for.47
Protein solutions. Albumin solutions have been used to supplement nutrition in the belief
that correction of hypoalbuminaemia will reduce the incidence of pulmonary oedema,
gastrointestinal oedema (with intolerance to enteral nutrition), peripheral oedema (with poor
wound healing and decubitis ulcers) and mortality.48 In critically ill patients with albumin levels
less than 25 g/L, albumin supplementation does not reduce the mortality rate, complication rate
or length of hospital stay and the use of albumin as treatment for hypoalbuminaemia does not
appear to be justified in this group of patients.49,50
Vitamins and trace elements
Vitamins are dietary compounds which act as cofactors for intermediary metabolism (Table
1.8). Because patients may develop a deficiency of the water soluble vitamins and vitamin K
within 4 weeks without intake, these vitamins should be administered routinely to all patients
receiving intravenous nutrition, in amounts to at least meet the recommended daily allowance
(RDA)51 (e.g. MVI-12 or Cernevit with additional vitamin K; Table 1.9). In the acutely ill
patient, the daily requirement for thiamine may increase up to 250 mg/day52,53 and for folic acid
up to 5 mg/day.54 As an increase in the RDA for ascorbic acid from 60 mg to 200 mg has been
suggested,55 vitamin C intake may also need to be increased (e.g. up to 500 mg/day) with
critical illness. The body stores of Vitamins A, D and E are usually sufficient for at least 3
months, and are only required in patients who require parenteral nutrition for longer than this
period. Other nutritional cofactors (e.g. carnitine 40 - 250 mg/day, coenzyme Q10 60 -90
mg/day) are only required during rare deficient states.56,57,58 Vitamin toxicity (particularly with
fat soluble vitamins) has also been described when excessive doses are administered (Table
1.10).59,60 Vitamin C should be taken in amounts less than 1 g daily.61
Apart from zinc, the body stores of the essential trace elements of zinc, copper, iodine, iron,
manganese, cobalt, selenium, chromium, fluoride and molybdenum are usually adequate to
meet the needs of patients requiring parenteral nutrition for less than 3 months.62 Normally,
zinc 2.5 mg/day will maintain the zinc balance although, patients who have small-bowel losses,
up to five times this amount may be required (e.g. an additional 12 mg/L of small bowel fluid
loss63). Large exudative losses of zinc and copper have also been described in burns
patients,64,65 and an improved copper, zinc and selenium status has been described in a group of
patients with 30% - 50% burns after a 12 hr infusion of 26.5 mg zinc, 2.4 mg copper and 82 ug
selenium.66 When patients require parenteral nutrition for longer than 3 months, trace elements
should be administered.

7
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Table 1.8 Vitamins, cofactor function and clinical effects of deficiencies.
Vitamin
Cofactor function
Clinical effects of deficiency
A

D
E

Formation of carotenoid
proteins (vision) and
glycoproteins (epithelial
cell function)
Calcium metabolism
Antioxidant

Blindness (initially night blindness),
xerosis, keratomalacia,
hyperkeratotic dry skin

Osteomalacia, bone pain, myopathy
Peripheral neuropathy, ataxia, areflexia
opthalmoplegia, proximal myopathy.
K
Coagulation factors (II, VIII, Bleeding, osteoporosis
IX, X), bone formation
Oxidative decarboxylation
Beri-beri
B1
(thiamine)
of pyruvate, α-KG and
Wet beri-beri (cardiomyopathy),
keto analogues of the BCAA, Dry beri-beri (peripheral neuropathy)
and the transketolase reaction Shoshin beri-beri (shock, lactic acidosis)
Wernicke's encephalopathy
(i.e. opthalmoplegia, ataxia, confusion)
Oxidation reduction
Angular stamatitis, cheilosis, glossitis,
B2
(riboflavin)
reactions (FAD)
dermatitis, pruritus, anaemia
Amino acid metabolism
Peripheral neuropathy, paraesthesias,
B6
(pyridoxine)
anaemia, glossitis
Niacin
Oxidation reduction
Pellagra (dermatitis, diarrhoea, dementia)
reactions (NAD,
glossitis, stomatitis, abdominal pain,
NADH)
depression, dysphagia, photosensitivity
Folic acid
Protein and DNA synthesis
Megaloblastic anaemia, thrombocytopenia,
neutropenia, glossitis, diarrhoea
Protein and DNA synthesis
Megaloblastic anaemia, thrombocytopenia,
B12
neutropenia, glossitis, diarrhoea,
peripheral neuropathy, subacute
combined degeneration, depression
Biotin
Carboxylase reaction
Dermatitis, conjunctivitis, alopecia, ataxia,
myalgias
Pantothenic Incorporated in
Fatigue, headache, nausia, vomiting
acid
coenzyme A
paraesthesias
Ascorbic
Acts as a redox ion in many
Petechial haemorrhages, gum hyperplasia,
acid
oxidation reactions
perifolicular hyperkeratosis, purpura,
poor wound healing, joint haemorrhages,
Sjögren's syndrome, anaemia

8
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Table 1.8 Recommended dietary allowance (RDA) and intravenous (IV) requirements
of vitamins for adults in 24 hr and MVI-12 and Cernevit contents.
Vitamin
RDA (oral mg) RDA (IV mg) MVI-12 (mg) Cernevit (mg)
A
D
E
K
B1 (thiamine)
B2 (riboflavin)
B6 (pyridoxine)
Niacin
Folic acid
B12
Biotin
Pantothenic acid
Ascorbic acid

1
0.01
30
0.1
1.5
1.7
2.2
18
0.4
0.003
0.15
6
60

1
0.005
10
1
3
3.6
4
40
0.4
0.005
0.06
15
100

1
0.005
10
3
3.6
4
40
0.4
0.005
0.06
15
100

1.05
0.0055
10.2
3.51
4.14
4.53
46
0.414
0.006
0.069
17.25
125

Vitamin A, 1 IU = 0.3 µg; Vitamin E, 1 IU = 1 mg; Vitamin D3, 1 IU = 0.025 µg.

Table 1.10

Estimated trace-element needs in adult patients receiving enteral
nutrition (EN) or total parenteral nutrition (TPN)

mg/24 hr (µmol/24 hr)
EN
PN
Chromium
0.05 - 0.1
0.01 - 0.02
(1 - 2)
(0.2 - 0.4)
(given as B12)
Cobalt
(given as B12)
Copper
1-2
0.5 - 1.0
(16 - 32)
(8 - 16)
Fluoride
1-3
1-3
(0.05 - 0.16) (0.05 - 0.16)
Iodine
0.07 - 0.15 0.07 - 0.15
(0.6 - 1.2)
(0.6 - 1.2)
Iron
10 - 15
1 - 2.5
(180 - 270)
(18 - 45)
Manganese
1.5 - 5
0.07 - 0.15
(27 - 94)
(1.3 - 2.7)
Molybdenum
0.1 - 0.2
0.01 - 0.02
(1 - 2)
(0.1 - 0.2)
Selenium
0.04 - 0.08 0.04 - 0.08
(0.5 - 1.0)
(0.5 - 1.0)
Zinc
4 - 12
2-6
(62-184)
(31 - 92)

Clinical effects of deficiency
Glucose intolerance, peripheral neuropathy
B12 deficiency
Anaemia, leucopenia
Dental caries
Goitre
Anaemia
Vitamin K resistant prolongation in
prothrombin time, change in hair colour.
Intolerance to i.v. sulphur amino acids with
irritability, coma, tachycardia, tachypnoea
Cardiomyopathy, proximal muscle weakness,
myalgia
Dermatitis, diarrhoea, alopecia.
alteration in taste and smell
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Table 1.9 Vitamin toxicity and rare clinical disorders that may require an excess vitamin dose
Vitamin
Clinical effects of excess
Conditions for which a higher than
normal dose of vitamins are justified
A

Raised intracranial pressure
(‘pseudotumor cerebri’) causing headache, anorexia
nausea, vomiting, fatigue, somnolence, papilloedema
Desquamation of skin and mucous membranes
cheilitis, hair loss
Oedema, haemorrhage, epistaxis, petechiae, elevated INR
Long bone tenderness
Hepatomegaly, splenomegaly
Hypercalcaemia, elevated liver enzymes

Fat malabsorption

D

Hypercalcaemia (nephrolithiasis,
renal failure, metastatic calcification
Polydipsia, polyuria, hypertension
Abdominal pain, nausea, vomiting, constipation
Psychosis, polyneuropathy

Fat malabsorption

E

Increased anticoagulant effect of warfarin

Fat malabsorption

K

Neonatal jaundice, kernicterus,
Haemolytic anaemia

Fat malabsorption
(obstructive liver disease)
Critical illness

B1
B6

Peripheral neuropathy, ataxia, seizures
Decreased effect of L-dopa
Dependency

Pyridoxine dependency
Sideroblastic anaemia
Homocystinuria
INH poisoning

Niacin

Peptic ulcer, alopecia, dry skin
Hyperkeratosis (resembling acanthosis nigricans)
Elevated liver enzymes

Folic
acid

Congenital megaloblastic anaemia
Homocystinuria
Malabsorption
Pregnancy
Critical illness

B12

Juvenile pernicious anaemia
Transcobalamin II deficiency
Homocystinuria

C

Oxalate stones
Haemolytic anaemia (in G-6-PD deficiency)

Critical illness

As the abdorption of trace elements by the gut varies from 0.5% to 2% of the oral intake for
chromium to 75% or more for iodine, selenium and fluoride, the oral and intravenous
recommendations for trace elements differ. For example, the intravenous recommendations for
chromium, manganese, molybdenum and iron are aproximately 10% of the recommended
dietary allowance (RDA), the intravenous recommendations for zinc and copper are
approximately 50% of the RDA, and the intravenous recommendations for selenium, fluoride
and iodine are approximately 100% of the oral RDA. (Table 4.15).67,68,69,70,71,72,73 In children
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(and perhaps in adults74) manganese should be restricted to 0.018 umol/kg/day (i.e.
0.001mg/kg/day).75
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Chapter 2

GASTROINTESTINAL HORMONES and
GASTROINTESTINAL ENDOCRINE
TUMORS

Gastrointestinal hormones are peptides found in the gastrointestinal tract, are released by a
defined stimulus and have an effect on the gastrointestinal tract, pancreas or liver1,2. The
stimulus for their release and their actions are summarised in Table 2.1.
Table 2.1

Gastrin

CCK

Gastrointestinal hormones
Stimulus for release
Gastric distension,
amino acids and peptides,
and vagal activity
inhibited by:
low gastric pH,
CCK, secretin, VIP,
somatostatin, glucagon
Gastric amino acids and
peptides

Secretin

Reduction in pH of
duodenum

GIP

Carbohydrate and fat
in duodenum

VIP

Bombesin
Substance P
Motilin
Somatostatin
Enteroglucagon

Action
Gastric acid and pepsin release
gastrin cell growth and
insulin and glucagon secretion.

Gall bladder contraction,
enzyme-rich pancreatic secretion,
and potentiates action of secretin
Increases bicarbonate content of
pancreatic secretion, augments action
of CCK and inhibits gastrin
Inhibits gastric secretion and
motility
Increases intestinal secretion of
electrolytes and water,
peripheral vasodilator and
inhibits gastric acid secretion
Increases secretion of gastrin
Increases motility of small bowel
Increases gastric motility and secretion
Inhibits secretion of gastrin, VIP,
GIP, secretin, motilin
Glucagon action

CCK = Cholecystokinin, VIP = vasoactive intestinal peptide, GIP = Gastric inhibitory polypeptide
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Gastrin
Gastrin is a polypeptide hormone that circulates in many forms, a 14 amino acid form, a 17
amino acid form (i.e. heptadecapeptide gastrin or little gastrin) and a 34 amino acid form (i.e.
big gastrin), though the majority of the gastrin activity responsible for gastric acid secretion
resides in the 17 amino acid form.3 The 14 and 17 amino acid forms have half-lives of 2 - 3
min, whereas the 34 amino acid form has a half-life of 15 min; the major site of degradation is
the kidney (explaining the hypergastrinaemia in patients who have renal failure). The
production of gastrin by G cells in the antrum and duodenal bulb is stimulated by gastric
peptide and amino acid contents in the stomach, gastric distension and vagal stimulation, and its
secretion is inhibited by reduction in gastric pH, secretin, somatostatin, vasoactive intestinal
peptide (VIP), cholecystokinin (CCK) and glucagon. Its principal actions are stimulation of
gastric acid and pepsin secretion by interacting with a receptor on the parietal cell. This
receptor is blocked by secretin. Gastrin also stimulates insulin and glucagon secretion and the
growth of gastric mucosa.
Parietal cells
The normal human stomach contains approximately 1 billion parietal cells, which are
located in the walls of the mid section of the oxyntic glands and which make up most of the
mucosa of the fundus and the corpus of the stomach. These glands also contain chief, mucus,
endocrine and somatostatin cells.4 The parietal cell contains a unique H+/K+-ATPase that
exchanges hydrogen for potassium ions across the apical membrane. Parietal cells have gastrin,
histamine, prostaglandin and acetylcholine receptors on the basolateral membrane of the cell
(Figure 2.1).

Figure 2.1. A diagramatic representation of the parietal cell, the acetylcholine, histamine and gastrin receptors and the
site of action of omeprazole (Modified from Wallmark B. Scand J Gastroenterol Suppl 1989;166:12-18).

Histamine increases intracellular cAMP whereas acetylcholine and gastrin increase intracellular
calcium. Either effect stimulates the H+/K+-ATPase. The histamine receptor can be inhibited by
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H2-receptor inhibitors, and the response to cholinergic agents may be blocked by muscarinic
antagonists (e.g. atropine). Prostaglandins inhibit the secretion of gastric acid by blocking the
production of cAMP.1 Vagotomy decreases the basal secretion by 85%, and the selective
muscarinic M1 antagonist pirenzepine can inhibit gastric acid secretion by 50 - 60%.5 H2blockers may also decrease the resting H+ secretion by 80%, thus both histamine and vagal tone
are important in maintaining the basal H+ secretion. The normal H+ secretion is approximately
120 mmol/day, with a mean basal output of 2 mmol/hr, increasing up to a maximum of 20
mmol/hr. In duodenal ulcer patients the mean basal output ranges from 4 - 6 mmol/hr up to a
maximum of 40 mmol/hr; in patients who have Zollinger-Ellison syndrome, the mean basal
output may be in excess of 10 mmol/hr.
Cholecystokinin
Cholecystokinin (CCK) is a polypeptide hormone with a heterogeneous structure, with the
activity of all forms of the hormone residing in the C-terminal 8 amino acids. It is secreted by
cells in the duodenum and jejunum in response to a peptide, amino acid, or fatty acid meal. It
causes the gall bladder to contract, stimulates secretion of an enzyme-rich pancreatic juice,
inhibits gastric emptying, augments secretin in producing an alkaline pancreatic secretion,
exerts a tropic effect on the pancreas, and stimulates glucagon secretion. The half-life of CCK
is about 5 minutes. CCK is also found in the brain.
Secretin
Secretin is a peptide hormone of 27 amino acid residues which is secreted by mucosal cells
of the upper portion of the small intestine in response to the products of digestion and by acidbathing the mucosa of the upper small intestine. Its half-life is 5 min. It increases the secretion
and bicarbonate content of pancreatic juice and bile, antagonises the action of gastrin (i.e.
decreases gastric acid secretion) and augments the action of CCK in producing pancreatic
secretion of digestive enzymes.
Gastric inhibitory polypeptide
Gastric inhibitory polypeptide (GIP) is a polypeptide hormone of 43 amino acid residues
which is secreted by the mucosa of the duodenum and jejunum in response to glucose and fat in
the duodenum. It inhibits gastric secretion and motility.
Vasoactive intestinal peptide
Vasoactive intestinal peptide (VIP) is a polypeptide hormone of 28 amino acid residues; it is
found throughout the gastrointestinal tract. It has a half-life of 2 min. It increases intestinal
secretion of electrolytes and water, dilates peripheral blood vessels and inhibits gastric acid
secretion. It is also found in the brain, respiratory tract and many autonomic nerves, occurring
in the same neurones as ACh.
Somatostatin
Somatostatin is commonly recognised as growth hormone release inhibitor; however, the
major body store of somatostatin is in the gastrointestinal tract. It is secreted by D cells in the
gastric and intestinal epithelium, in the pancreatic islets, and in myenteric and submucosal
neural plexuses. Two major forms of somatostatin, derived from a common 112 amino acid
precursor, have been isolated. A 14 amino acid residue form which predominates in the
stomach and pancreas, and a 28 amino acid residue form which predominates in the intestine.
The circulating half-life of somatostatin is 3 min. Somatostatin inhibits the release and action of
gastrin, CCK, secretin, VIP, and motilin, and reduces splanchnic blood flow. It also inhibits the
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secretion of gastric acid, pepsin, pancreatic digestive enzymes and pancreatic fluid, and inhibits
gastric emptying, small intestine motor activity and gall bladder contractility.
Other hormones
Other gastrointestinal peptide hormones include motilin, which stimulates gastric acid
motility and secretion; substance P, which increases motility of the small intestine; bombesin,
which increases gastrin secretion (it is also the neurotransmitter which produces the vagally
mediated increase in gastrin secretion) and enteroglucagon, which are glucagon like peptides
found in gastrointestinal mucosa.
GASTROINTESTINAL ENDOCRINE TUMORS
Most of the gastrointestinal endocrine tumors (with the exception of carcinoids) arise from the
pancreas and may be found as part of the multiple endocrine neoplasia syndrome type I (MEN
I)6.
Carcinoids and carcinoid syndrome
The carcinoid syndrome is caused largely by a malignant tumor that slowly secretes
serotonin (5-hydroxytryptamine, which is metabolised by monoamine oxidase to 5hydroxyindoleacetic acid). In addition to serotonin, carcinoid tumors have been found to
secrete corticotropin, histamine, dopamine, substance P, neurotensin, prostaglandins, and
kallikrein, all of which are thought to be responsible for the clinical syndrome.7 While 50% of
small-bowel carcinoids produce the symptoms characteristic of the carcinoid, only 4% of lung
carcinoids, 1% of appendiceal and virtually no rectal carcinoids produce the syndrome. The
incidence of the tumor in the various organs are listed in Table 2.2.8 The appendiceal and
colorectal carcinoids are usually benign, whereas the small-bowel and bronchial carcinoids are
usually malignant.
Table 2.2 Organ incidence of carcinoid tumor
Organ
% incidence
Foregut
Lung and bronchi
10
Stomach
2
Duodenum
2
Jejunum
3
Midgut
Ileum
14
Appendix
44
Hindgut
Colon
8
Rectum
15

Clinical features
The clinical features and the mediators of carcinoid syndrome are listed in Table 2.3,9 and
characteristically include episodes of cyanotic flushing, diarrhoea, abdominal pain,
bronchoconstriction and hypotension. The cyanotic flushing appears typically as a sudden
appearance of a deep red or purple erythema of the face and neck (which may be associated
with facial oedema, pruritus, urticaria, lacrimation and salivation) lasting for 1 - 5 min, and may
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be precipitated by alcohol, emotion, exercise or the Valsalva manoeuvre. Later in the disease,
the flushes may last for hours. The diarrhoea and colic is caused by hypersecretion and
hypermotility and does not occur at the same time as the flushing. During an acute paroxysm,
hypotension occurs with the systolic blood pressure falling by 20 - 30 mmHg; hypertension is
rare and if it occurs during an attack it should cast doubt on the diagnosis. Pellagra or niacin
deficiency (dermatitis, dementia, diarrhoea) and protein malnutrition may rarely occur due to
tumor diversion of dietary tryptophan, as tryptophan is an essential precursor for protein and 1
mg of niacin can be formed from 60 mg of tryptophan.
In the long term, 5-hydroxytryptamine (5-HT or serotonin) stimulation of fibroblasts may
cause mesenteric vascular insufficiency, from mesenteric fibrosis, and right heart failure, due to
tricuspid insufficiency and pulmonary stenosis.
Table 2.3
Organ

Clinical features and mediators of the carcinoid syndrome
Features
Frequency (%)
Mediators

Skin

Flushing
Telangiectasia
Oedema
Cyanosis
Pellagra

94
25
19
18
7

5-HT, histamine, VIP, prostaglandins
Unknown
Kallikrein, substance-P
Kallikrein, 5-HT, histamine
Tryptophan depletion

GIT

Diarrhoea
Colic

78
51

5-HT, VIP, kallikrein, histamine
5-HT, VIP, kallikrein

Heart

Valve lesions
Right heart
Left heart
Hypotension

40
13
25

5-HT, kallikrein

Respiratory

Bronchospasm

19

5-HT, histamine

Joints

Arthritis

7

Unknown

5-HT

5-HT = 5-Hydroxytryptamine (serotonin)
Investigations
The diagnosis is confirmed by finding elevated levels of urinary 5-hydroxyindoleacetic acid
(i.e. > 80 µmol, or 15 g, per 24 hr), provided that no serotonin-containing foods (e.g. bananas,
pineapple, walnuts, plums, avocados) or levodopa, aspirin or phenothiazines (which may cause
false negative results10) have been ingested during the urine collection. Abdominal ultrasound
or CT scan will detect hepatic metastases. Scintography imaging with labled somatostatin or
octreotide is used to detect primary and secondary tumors. Measurement of other gut hormones
(e.g. neuropeptide K, gastrin, substance P, calcitonin, glucagon, VIP, pancreatic polypeptide)
may be useful to exclude other types of neuroendocrine tumor.
Treatment
Life style. Alcohol, spicy foods and strenuous exercise can provoke an attack and should be
avoided
Surgery. Surgical removal of the tumor is the only curative treatment for carcinoid and is
usually performed if metastatic spread is absent. However, most patients have metastatic
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disease and require symptomatic treatment. Hepatic artery embolisation may reduce symptoms
in patients with large hepatic tumors.
Somatostatin and somatostatin analogues (e.g. octreotide, lanreotide and vapreotide).
Somatostatin (i.e. growth hormone release inhibitor) acts on specific membrane receptors (five
somatostatin receptor subtypes have been characterised, all of which when activated reduce
intracellular cyclic 3',5'-adenosine monophosphate (cAMP) through a G protein mediated
inhibition of adenylyl cyclase11) and may abort the flushing, diarrhoea and hypotension, and
reduce tumor growth. However, in clinical practice, the longer acting synthetic analogue
octreotide (which binds with a high affinity to the somatostatin receptor subtype 2 and subtype
5, with moderate affinity to subtype 3 but not to subtype 1 or 4) is often used to abort the
flushing, diarrhoea and hypotension (e.g. 100 µg intravenously followed by 25 µg/hr or 100 200 µg subcutaneously 8-hourly). Vapreotide has a high affinity for somatostatin receptor
subtype 2 and subtype 5, with moderate affinity to subtype 4.12
Somatostatin has a plasma half life of 2 - 3 min and vapreotide has a half life of 30 minutes
whereas octreotide has a plasma half-life of 90 - 115 min (although the clinical effects of
octreotide peak at 2 hr after injection and may last for up to 12 hr13,14). Lanreotide is a
somatostatin analogue with a slow-release formulation and is effective when given as a 30 mg
intramuscular injection every 2 weeks. Sandostatin LAR is another long-acting somatostatin
analogue that is effective when given as a 20 mg intramuscular injection every 4 weeks.10
Octreotide also has been used to alleviate the symptoms of other gastrointestinal
neuroendocrine tumors (e.g. VIPoma, gastrinoma) and to treat headaches associated with
acromegaly and benign intracranial hypertension.15 It has also been used to treat the dumping
syndrome,16 variceal bleeding (25-50 µg octreotide/hr i.v. for 2-5 days),17 gastrointestinal
fistula (e.g. small bowel, pancreatic) loss,18 ruptured thoracic duct with chylous ascites,19 and
diarrhoea associated with short bowel syndrome, amyloidosis, diabetes and AIDS, and has been
used to reduce the complication rate associated with pancreatic resection (100 µg before and
100 µg 8-hourly for 7 days thereafter),20 to treat nausea, bloating and abdominal pain caused by
small bowel bacterial overgrowth in patients with scleroderma (by improving nocturnal
intestinal motility21), and to hasten the resolution of pancreatic pseudocysts.22 Octreotide is of
no benefit in the treatment of acute pancreatitis,23 acute peptic ulcer bleeding,24 or reducing
complications (it may even increase the incidence of pancreatitis25) associated with endoscopic
retrograde cholangiopancreatography (ERCP).26
The adverse effects of octreotide are rare and include colic, abdominal bloating, nausea,
flatulence, gastritis, steatorrhoea, hepatitis, hyperbilirubinaemia and gallstone formation with
prolonged administration (due to the tripple defect of production of a supersaturated bile with a
cholesterol saturation index of > 1.0, facilitation of cholesterol microcrystal formation and
inhibition of gallbladder contraction).27,28 It may even cause alopecia29 and octreotide
administration30 and withdrawal31,32 has been associated with pancreatitis. Diabetic patients
may also require a reduction in insulin requirements, as glucagon and growth hormone
secretions are inhibited,33 although in normal individuals, glucose intolerance may occur as
insulin secretion is also inhibited.
Receptor-targeted therapy. High dose 111In-octreotide has been used sucessfully in
metastatic carcinoid syndrome.10
Other agents. The antiserotonin agent ketanserin (10 mg as an intravenous bolus with 5
mg/hr) has also been used to treat the gastrointestinal symptoms (e.g. diarrhoea, colic) and
hypertensive crisis during anaesthesia associated with carcinoid syndrome, although it has little
effect on flushing which may be treated with beta-blocking agents, phenothiazines and H1- and
H2-inhibitors. The antiserotonin agent cyproheptadine has also been used with inconsistent
results. Ondansetron may be more effective but has not yet been subjected to clinical trials.34
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Aminophylline may be used to treat bronchospasm whereas beta-adrenergic agonists are
avoided because they may precipitate a carcinoid attack.
Gastrinoma syndrome (Zollinger-Ellison syndrome)
The Zollinger-Ellison syndrome is caused by a pancreatic gastrin secreting tumor, and
presents with severe peptic ulcer disease and a secretory diarrhoea. Surgical treatment consists
of total gastrectomy, with or without removal of the primary pancreatic tumor, and debulking
of metastatic deposits. Medical management consists of omeprazole, 20 - 360 mg daily (mean
80 mg) to reduce the basal acid output to < 10 mmol/hr, or < 5 mmol/hr with severe
oesophagitis,35,36 which may also require high-dose H2-blockers, i.e. ranitidine up to 9600 mg
daily). Chemotherapy agents, streptozotocin or 5-FU, are used with extensive metastatic
disease.37,38 Recently therapy with the somatostatin analogue (octreotide) has been found to
alleviate the symptoms of a gastrinoma and even cause temporary tumor regression,39 and is
now believed to be the treatment of choice in patients who have metastatic disease.
VIPoma syndrome (Watery-diarrhoea syndrome)
The VIP syndrome is caused by a pancreatic VIP secreting tumor. It presents with a large
volume secretory diarrhoea, hypokalaemia, metabolic acidosis, and hypochlorhydria. Surgical
excision of the tumor is the treatment of choice. In the case of metastatic disease, subcutaneous
octreotide (100 - 200 µg 8-hourly) is used to relieve the symptoms.
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Chapter 3

ABDOMINAL DISORDERS OF THE
CRITICALLY ILL and the MULTIPLE
ORGAN DYSFUNCTION SYNDROME

ABDOMINAL TRAUMA
Abdominal contents are poorly protected from trauma. Damage may occur with minimal
external evidence of injury and is often masked by the presence of head, chest or spinal injury.
Abdominal viscera may be lacerated, ruptured or become infarcted, and the major immediate
hazards are uncontrolled bleeding and peritonitis.
Cause
Abdominal trauma may be classified as either penetrating or blunt.
Blunt abdominal trauma
Motor vehicle accidents account for 75% of cases of blunt abdominal trauma, with splenic
damage occurring in 46%, hepatic damage in 33% and mesenteric damage in 10% of cases.1
Associated injuries to head, chest or limbs are common. Blows to the abdomen account for
14% (some of which are associated with CPR2) and falls account for 10% of cases of blunt
abdominal injury.
Penetrating abdominal trauma
Penetrating abdominal injury is usually caused by stab or gunshot wounds and more than
25% have simultaneous involvement of both abdominal and thoracic cavities.3 The common
penetrating abdominal injuries include vessel and visceral laceration and perforation.
Investigation
The investigations include:
1. Haematocrit: this is performed with the understanding that it reflects the balance of acute
blood loss, interstitial plasma refill and crystalloid or colloid resuscitation.4 Serial
measurements are often helpful to monitor continuous haemorrhage.
2. X-rays: lateral cervical spine (with all seven vertebrae seen), skull, chest, abdominal X-rays
(vide infra) and pelvic X-rays should be taken in all patients with major trauma.5
3. Peritoneal lavage: as the clinical signs of the abdomen are difficult to interpret in the
trauma patient, peritoneal lavage is often performed if there is any suspicion of abdominal
visceral damage. Before lavage is performed, the stomach and bladder are emptied. A
peritoneal dialysis catheter is introduced 2 cm below the umbilicus, into the abdominal
cavity and manoeuvred into the rectal pouch. If free blood or enteric contents are
immediately aspirated then the tap is diagnostic, otherwise, 1 litre of saline is infused over 5
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- 10 min. At the completion of the infusion, the abdomen is gently ballotted and the
peritoneal fluid is drained by inverting the infusion bottle and placing it (with the giving set
still attached) on the floor alongside the patient's bed. At least 100 mL of drainage fluid is
examined for amylase, RBC and WBC count.6 An elevated WBC count is usually indicative
of a perforated viscus, as it evokes a migration of leucocytes (which may be delayed for 3
hr after the injury) into the peritoneal cavity.7 An elevated amylase is indicative of
pancreatic trauma. The criteria for a positive peritoneal tap are listed in Table 3.1.8,9
Table 3.1 Criteria for diagnostic lavage
positive
Red blood cells
White blood cells
Enzymes
Amylase
Alkaline phosphatase
Bile

4.

5.

6.
7.

8.

> 100,000/mm3
> 500/mm3

equivocal
> 50,000/mm3
> 200/mm3

> 20 IU/L
> 3 IU/L

A diagnostic peritoneal lavage has an accuracy of greater than 95% and a complication rate
of less than 1% in expert hands. Relative contraindications include a gravid uterus, prior
abdominal surgery and massive obesity.
Ultrasound: this has the advantage of being able to be performed at the bedside and is
valuable in detecting disorders in the right or left upper quadrants or in the pelvis. The
effectiveness of ultrasound is reduced in obese patients and in patients who have open
wounds and gaseous bowel distension.10 It is of most use in diagnosing intraperitoneal fluid
in blunt abdominal trauma, subhepatic collections, biliary tree and ureteric obstruction
rather than in the diagnosis of visceral trauma.11,12
Computerised tomography: while CT should ideally be performed before peritoneal lavage
so that the interpretation is not obscured by fluid or air introduced by the lavage,13 CT scans
should complement clinical and peritoneal lavage studies rather than act as a primary
diagnostic tool in the patient with abdominal trauma. The patient often has to be sedated,
transported away from the resuscitation unit, and 'streaking' artifact is common with these
patients.14 However, unlike peritoneal lavage the CT scan allows the diagnosis of the
damaged organ before the laparotomy is performed. The CT scan may also be of value in
delineating the extent of spinal and pelvic fractures.
Nuclear scintigraphy: this has a higher diagnostic yield than CT scans in diagnosing splenic
injury,15 and should be performed in patients with lower left rib injuries, particularly if the
patient has splenomegaly.
Contrast studies:
a. Gastrograffin: instillation of 250 mL of Gastrograffin into the stomach at the bedside
and rolling the patient into the right lateral decubitus position, may confirm duodenal or
gastric perforations.
b. Angiography: this is useful if there is continuous haemorrhage greater than 2 mL/min. It
also allows the selective embolisation of a bleeding vessel (e.g., bleeding lumbar vessel
in massive retroperitoneal haemorrhage associated with pelvic fractures).
Laparoscopy: while some believe that there is no place for laparoscopy in the investigation
of the acute abdomen,16 others believe that even though the spleen is not seen very well, it
may be useful in investigating the obscure acute abdominal problem.17
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9. Diagnostic laparotomy: this may be performed in the event of a positive peritoneal lavage,
or when 'hidden' blood loss or clinical signs of an acute abdomen persist. It may be the only
way to diagnose bowel infarction.
Treatment
The treatment includes:
1. Resuscitation: resuscitation with fluid and blood, maintaining an adequate airway with
satisfactory ventilation and oxygenation, is necessary for all trauma victims, and these
manoeuvres should occur at the same time as an assessment of the patient's injury and
should not unduly delay surgery.
2. Laparotomy: less than 20% of gunshot abdominal wounds are not associated with visceral
injury, therefore all penetrating gunshot wounds require abdominal exploration.18 Stab
wounds of the abdomen and blunt abdominal trauma require abdominal exploration if there
are clinical signs of an acute abdomen (e.g. hypotension, tachycardia, tenderness, guarding,
rigidity or rebound tenderness), evidence of free gas in the abdominal X-ray, or a positive
peritoneal lavage.
a. Splenic injury: the increased risk of developing overwhelming pneumococcal infection
following splenectomy, has led to the management of patients who have splenic injury
changing from routine splenectomy to either close observation or laparotomy with
splenic preservation.19 As nonoperative management of splenic trauma has a failure rate
approaching 70%,20 operation with splenic preservation is considered to be the treatment
of choice.21 Splenectomy is now only performed if there is uncontrolled haemorrhage or
the spleen can not be repaired.22 Splenectomised patients tend to have a greater
postoperative pyrexia, than normal. Pneumococcus is the most frequent organism to
cause fulminant post splenectomy infections, followed by Meningococcus and
Haemophilus influenzae.23 Accordingly, polyvalent pneumococcal vaccine (0.5 mL, s.c.
or i.m., and repeat every 5 - 10 years), H. influenzae type B (Hib) vaccine (0.5 mL, s.c.
or i.m.), and meningococcal polysaccharide vaccine for N. meningitidis type A and C
(0.5 mL, s.c. or i.m.) are administered postoperatively to all splenectomised patients.24 In
susceptible patients, penicillin 250 mg twice daily for life is also recommended.
b. Hepatic injury: while many traumatic hepatic injuries do not require operative repair,
they are often associated with other significant intra-abdominal injuries. Accordingly,
laparotomy is commonly performed in patients who have liver trauma, to allow a clear
assessment of the degree of intra-abdominal injury.25
c. Renal injury: this usually presents with haematuria. An intravenous pyelogram will
detect the injury and a CT scan usually allows an assessment of the extent of the injury.
Most patients who have renal trauma can be managed conservatively.
d. Hollow viscera injuries: injuries to duodenum, small and large intestine are commonly
due to penetrating rather than blunt trauma. Duodenal rupture often carries a high
morbidity due to a delay in the diagnosis, as the leak is often restricted to the
retroperitoneal space. Treatment involves operative repair and drainage and 5 - 7 day i.v.
course of antibiotics (e.g. ampicillin 1 g 6-hourly, metronidazole 500 mg 8-hourly and
gentamicin 3 - 5 mg/kg daily - guided by plasma levels and renal function). While
intraoperative peritoneal lavage using sterile saline or antiseptic solutions is commonly
performed when gut perforation and peritoneal soiling has occurred, it has not been
shown to be of any benefit.26 Intra-abdominal fresh frozen plasma (300 mL) at the end
of the operation may reduce the incidence of postoperative abdominal infection.27
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e. Retroperitoneal haemorrhage: retroperitoneal haemorrhage due to bleeding lumbar
vessels is best dealt with by correcting the coagulation disorder, selective embolisation
of a bleeding vessel and immobilising the fractured pelvis (when associated with pelvic
fractures). Laparotomy with operative ligation of the retroperitoneal vessels is often
unsuccessful and may worsen the bleeding.
THE ACUTE ABDOMEN IN THE INTENSIVE CARE PATIENT
The acute abdomen is commonly caused by visceral infection, infarction, obstruction,
haemorrhage or perforation, and in a previously fit and healthy patient is characterised by
severe abdominal pain and signs of tenderness, rebound guarding and rigidity.28 In the critically
ill patient, abdominal disorders may only be heralded by an unexplained and persistent
tachycardia, hypotension, pyrexia, and unexpected progressive renal, hepatic, cardiac and
respiratory failure.
Causes
Causes of abdominal disorders in the acutely ill patient are listed in Table 3.2.
Table 3.2 Causes of abdominal disorders in the critically ill
Postoperative
Leaking anastomosis
Abscess
Splanchnic hypoperfusion
Mesenteric artery insufficiency (occlusive or non occlusive)
Acalculous cholecystitis
Adynamic ileus
Paralytic ileus, acute gastric dilation
Intestinal pseudo-obstruction, megacolon
Trauma associated with CPR
Ruptured oesophagus, stomach, colon
Laceration of oesophagogastric mucosa, liver, spleen
Pneumoperitoneum
Primary peritonitis
Pneumococcal, Streptococcal
Coincident abdominal disease
Appendicitis, cholecystitis, diverticular abscess
volvulus, obstruction, torsion, perforation
Peptic ulceration
Acute gastric erosions, acute peptic ulcer
Pancreatitis
Thoracic disease
Perforated oesophagus, strangulated hiatus hernia
Myocardial infarction, pneumonia, pulmonary embolism
Medical disorders
Clinical features
While the clinical signs may be masked in the critically ill patient, the clinical method must still
be employed in an attempt to assess the abdomen. Inspection of the abdomen may reveal
obvious areas of distension. Palpation may also reveal areas of tenderness, guarding, rigidity
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and rebound. Vital signs of pyrexia and tachycardia may be modified. For example, sepsis in
the immunosuppressed, alcoholic, cirrhotic or elderly patient may present with hypothermia
(which is a poor prognostic sign).29,30 Tachycardia may not occur in the patient who is treated
with beta blockers, who has a high spinal injury, or in the elderly or diabetic patient with
autonomic neuropathy. A rectal examination is performed and often most useful in the
diagnosis of faecal impaction or pelvic abscess. In female patients a vaginal examination is
performed in the undiagnosed shocked patient to detect, septic abortion, salpingitis, ruptured
ectopic pregnancy or toxic shock syndrome.
Investigations
The investigations include:
1. White cell count: while leucocytosis with a ‘shift to the left’ and toxic granulation may be
observed in patients with an acute abdomen, it may also occur in patients who have shock
from any cause, without indicating sepsis.
2. Abdominal X-ray: air in the peritoneal cavity may take up to 10 min before it accumulates
under the diaphragm after positioning the patient upright.31 For the acutely ill patient, the
standard views involve the supine abdominal X-ray and the left lateral decubitus views
(right side uppermost for at least 10 min). Gas within the peritoneal cavity may persist for 7
- 24 days, although it is usually absent after 10 days.32 The method of review of the
abdominal X-ray is outlined in Table 3.3. Free fluid within the peritoneal cavity (ascites,
blood) may obscure the soft-tissue outline of liver, spleen and psoas margins. In upright or
decubitus views of the abdomen, fluid levels are normally only seen in the stomach. With
bowel obstruction, dilated loops of bowel and multiple fluid levels are often seen. The
distinction between the small- and large-bowel shadows are listed in Table 3.4. Uncommon
causes of pneumoperitoneum are listed in Table 3.5.33
Table 3.3 A system to review the abdominal X-ray
Soft tissue
Liver edge, splenic tip, psoas margins, renal outlines
Gas shadows
Within bowel lumen
Outside bowel lumen
peritoneal cavity
other sites (subcutaneous, biliary tree, renal system, uterus)
Bone outline
Abnormalities of vertebra, transverse processes, ribs
Abnormal shadows
Calcification, or foreign body
3. Contrast studies, ultrasound, CT studies, peritoneal lavage and laparoscopy: these are
reviewed with the investigations of abdominal trauma. Spiral CT has been useful in
diagnosing appendicitis and ureteric colic.34
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Table 3.4 Distinction between small- and large-bowel shadows
Small bowel
Large bowel
Number of loops
Distribution of loops
Haustra
Diameter
Radius of curvature
Solid faeces

Many
Central
Absent
3 - 5 cm
Small
Absent

Few
Peripheral
Present
> 5 cm
Large
Present

Table 3.5 Pneumoperitoneum without visceral perforation
Thoracic barotrauma
IPPV (particularly with high airway pressures and PEEP)
Tension pneumothorax
Asthma
Emphysema.
The Valsalva manoeuvre (coughing straining)
Abdominal barotrauma
Postoperative
Penetrating abdominal injury
Peritoneal lavage
Peritoneal dialysis
Infective (gas-forming organism)
Pneumatosis cystoides intestinalis
Air introduced via female genital tract

4. Nuclear scintigraphy (Gallium scan, WBC scan): While gallium-67 citrate scans have been
used to detect occult infection, the disadvantages of a 2 - 4 day delay, poor resolution
images, and masking by bowel activity have led many to use radiolabled (indium-111 or
technetium-99m) WBC’s scans, which are more convenient and have a greater sensitivity
and specificity when compared to gallium.35,36
5. Diagnostic laparotomy: this should be considered as an emergency in all patients who are
rapidly deteriorating due to blood loss. It may also be justified in the previously stable
critically ill patient who begins to deteriorate with progressive renal, hepatic, cardiac and
respiratory failure (i.e. multiple organ failure) unexplained by extra-abdominal
abnormalities, particularly if the CT scan and ultrasound have not excluded abdominal
pathology such as an anastomotic leak, infarcted or perforated bowel with localised soiling
or acalculous cholecystitis.37,38 An untreated abdominal septic focus has a high mortality,
whereas mortality is not altered by a negative laparotomy.39
Management
The management varies depending on the disorder being treated. For example:
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Postoperative disorders
A leaking duodenal stump, or breakdown of gastric, small or large bowel anastomosis may
occur 5 - 7 days postoperatively, producing sudden abdominal pain, tachycardia, pyrexia and
hypotension. If a leak occurs which subsequently seals, or peritoneal fluid from the operation
becomes infected from another source, then abscess formation may occur in the subphrenic,
subhepatic, pelvic or interloop spaces. In the intensive care patient the abscess usually presents
as pyrexia, leucocytosis and progressive deterioration in organ function. Management of
peritoneal soiling requires the use of systemic Gram-negative and anaerobe antibiotics, control
of the source of infection, and drainage of the contaminants.
Splanchnic hypoperfusion
Non occlusive mesenteric arterial insufficiency producing areas of ischaemia or infarcted
bowel may follow any condition that is associated with hypotension, particularly in the
presence of pre-existing diffuse arterial narrowing of mesenteric vessels.40 Characteristically,
the ischaemia occurs at the splenic flexure where the superior and inferior mesenteric arteries
anastomose, although in practice any part of the bowel may be involved.
Occlusive mesenteric arterial insufficiency may occur following aortic aneurysm resections,
aortic dissection and diseases with embolic manifestations (e.g. bacterial endocarditis, acute
myocardial infarction, cardiomyopathy and atrial fibrillation). Management involves resection
of the infarcted bowel (which may require a 'second look' after 24 hr to review the viability of
the remaining bowel) and anticoagulation in the case of arterial embolism.
Acute acalculous cholecystitis
This is an acute necrotising cholecystitis that may occur spontaneously in any critically ill
patient. It has a multifactorial aetiology which is believed to consist of one or all of the
following:41,42,43,44,45
- Reduction in cystic artery perfusion
- Increase in viscosity of bile in the dehydrated patient
- Bile stasis due to absence of an enteral diet, in association with total parenteral nutrition
(TPN) or with octreotide.46,47
The patient may present with a tender mass in the right upper quadrant, or progressive
jaundice with multiple organ failure and shock. Ultrasound may demonstrate gallbladder
‘sludge’ (consisting of cholesterol monohydrate crystals, mucin glycoprotein and calcium
bilirubinate granules48), and an enlarged and oedematous gallbladder, although a normal gall
bladder and biliary tree does not exclude the diagnosis. Treatment requires cholecystectomy,
although in some critically ill patients, non operative drainage of the gall bladder by a
radiologically guided percutaneous transhepatic cholecystotomy, may be of value.
The biliary precipitation which may occur during ceftriaxone therapy (due to the formation
of a calcium salt of ceftriaxone49) has not yet been reported to cause cholelithiasis, cholecystitis
or gastrointestinal disease and is fully reversible upon discontinuation of therapy.50,51
Adynamic ileus
Ileus may be defined as a nonsurgical impairment of the distal propulsion of intestinal
contents. It may occur as a postoperative paralytic ileus, intestinal pseudo-obstruction, toxic
megacolon, or acute gastric dilatation.
Acute colonic pseudo-obstruction (Ogilve’s syndrome). This refers to marked dilation of
the colon in the absence of mechanical obstruction. It often follows severe surgical conditions
such as recent surgery or trauma or severe medical or severe medical conditions (e.g. renal,
hepatic or cardiovascular disease, due to an alteration in intestinal neuromuscular activity
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caused by metabolic or electrolyte disturbances or by concomitant treatment by drugs which
inhibit colonic motility.52 Causes of pseudo-obstruction are listed in Table 3.6.
Table 3.6

Causes of intestinal pseudo-obstruction

Multiple organ dysfunction syndrome
Myxoedema
Autonomic neuropathy
Diabetes
Parkinson's disease
Drugs
Opiates, phenothiazines, tricyclic antidepressants,
anticholinergics
beta-adrenergic agonists, antihypertensives, vinca alkaloids
barium sulphate, ferrous sulphate, antacids
Electrolyte abnormalities
Hypokalaemia
Hypercalcaemia
Hypophosphataemia
Radiation enteritis
Multiple sclerosis
Rare
Hypoparathyroidism, scleroderma, dermatomyositis
SLE, polyarteritis nodosa, myotonia dystrophica

Traditionally it has been believed that all abdominal operations are followed by a 48 hr
period of intestinal inactivity, due to exposure and handling of the intestine during the
operation. It is now understood that the small intestine is largely unaffected by the operation
and may accommodate feeding almost immediately following an operation.53 Gastric emptying,
however, is often impaired for 24 hr following a laparotomy,54 and the colon remains inert for
48 hr and it is a further 24 hr before it behaves normally.55,56 Thus, postoperative ileus is a
colonic problem, with colonic and (in the presence of an incompetent iliocaecal valve) small
intestine gas shadows often seen on the abdominal X-ray. When stomach motility returns, fluid
and gas move from the small bowel to the colon and bowel sounds are heard. When colon
motility returns, flatus is passed. While perforation may occur with severe dilation, perforation
or ischaemia of the colon has not been observed if the diameter of the caecum is less than 12
cm.57
Treatment requires treatment of precipitating causes (Table 3.6) With prolonged ileus, if
mechanical obstruction or faecal impaction has been excluded, cisapride (a 5-HT4 receptor
agonist related to metoclopramide, which acts as a prokinetic agent by promoting release of
acetylcholine in the myenteric plexus58) 5 - 10 mg orally or i.v. 8-hourly, metoclopramide 10
mg i.v. 4-hourly, erythromycin 250 mg i.v. 8-hourly (acting as a motilin receptor agonist59) or
neostigmine 1 mg i.v. may be effective.60 In one study neostigmine 2.0 mg i.v. over 3 - 5
minutes gave prompt colonic decompression in up to 90% patients within 4 minutes.61 As
cisapride is metabolised by the cytochrome P450 system, coadministration of drugs which
inhibit this system (e.g. clarithromycin, erythromycxin, troleandomycin, fluconazole,
ketoconazole, nefazodone, indinavir, ritonavir) should be avoided. The side effects of cisapride
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are uncommon and include abdominal pain, diarrhoea, worsening of Parkinsons disease62 and
long QT syndrome.63
If faecal impaction exists manual fragmentation and extraction of the faecal mass is
indicated first before a sodium-phosphate enema is used.64
Acute gastric dilation. A large air-filled stomach may occur postoperatively in the absence
of a nasogastric tube particularly in diabetic patients or in patients who have renal or hepatic
failure. It often occurs following CPR, or patients treated with mechanical ventilation, due to
air swallowing. Gastric decompression is performed by inserting a nasogastric tube to 55 cm
(the distance from nose to the cardia is 45 cm), which may be facilitated in intubated patients
by lifting the thyroid cartilage forward.65 The position of the nasogastric tube is confirmed by
chest X-ray.
If the pseudo-obstruction has a precipitating factor, then it will resolve with the resolution
of the disorder. In some cases, colonoscopic decompression66 or operative decompression67
may be required.
Toxic megacolon. Toxic megacolon may occur with Crohn's disease, ulcerative colitis and
pseudomembranous colitis and may require treatment by surgical excision.
Spontaneous bacterial peritonitis68,69,70
Spontaneous bacterial peritonitis may develop in patients with cirrhosis, nephrotic
syndrome, cardiac failure, peritoneal carcinomatosis and in immunosuppressed patients with
ascites. In cirrhotic patients it is more likely to develop in ascitic fluid with a low protein
content (i.e. < 10 g/L),71 as opsonic activity of ascitic fluid parallels the ascitic fluid protein
concentration. Infections with Escherichia coli, Klebsiella pneumoniae, Pneumococcus and
Streptococcus predominate in the nephrotic and the cirrhotic patient, whereas Candida and
other opportunistic infections may occur in the immunosuppressed patient. An anarobe
infection causing a spontaneous bacterial peritonitis is rare. A mixed infection or anaerobe
infection usually only occurs when there is a secondary peritonitis (e.g. bowel perforation,
intra-abdominal abscess, appendicitis).
Ascitic fluid aspiration (10 mL into blood culture bottles and a specimen for cytology),
blood and urine cultures should be performed on all patients in whom spontaneous bacterial
peritonitis is suspected. Other tests on the ascitic fluid (e.g. ascitic glucose:plasma glucose
ratio, pH, lactate, protein and LDH measurements) will not increase the sensitivity of the test.
An ascitic fluid aspiration that has a white cell count greater than 250/mm3, a positive culture
and the absence of a primary source of infection is diagnostic of a primary bacterial peritonitis.
If the white cell count is less than 250 /mm3 and the ascitic fluid has a positive culture (i.e. a
bacteriascites or monomicrobial nonneutrocytic bacterascites); this may clear spontaneously or
may be an early phase of spontaneous peritonitis. If the white cell count is greater than
250/mm3 and the culture is negative with no prior antibiotic therapy (i.e. culture-negative
neutrocytic ascites), when there is no surgically treatable or induced source of infection (e.g.
penetrating duodenal ulcer) this may indicate peritoneal carcinomatosis, pancreatitis, or
tuberculous peritonitis.72
The optimal time for a repeat paracentesis is 48 hr after initiating appropriate antibiotic
therapy, as sucessful therapy is signified by a white cell count less than the initial count and a
sterile culture. Antibiotic therapy is continued for 5 days.73 Patients who have cirrhosis with
ascites and spontaneous bacterial peritonitis, apart from antibiotic therapy (e.g. ceftriaxone 1
gm 12-hourly) renal impairment may be prevented and mortality may be reduced (from 29% to
10%) by intravenous albumin (1.5 g/kg bodyweight within 6 hours of detecting the infection
and 1 g/kg on day three).74
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While appropriate antibiotic therapy is often effective in treating the episode of spontaneous
bacterial peritonitis, oral norfloxacin 400 mg daily is often used to reduce the frequency of
recurrent episodes, which often occur if prophylactic treatment is not prescribed.75
Bacterial peritonitis secondary to spontaneous perforation of a viscus
This is usually associated with polymicrobial infection, and may occur due to perforation of
a peptic ulcer, small or large bowel, gall bladder, diverticulum or apendiceal obstruction.
Treatment consists of surgical drainage (with or without lavage) and a 5 - 7 day course of i.v.
antibiotics to manage the peritonitis (e.g. ampicillin 1 g 6-hourly, metronidazole 500 mg 8hourly and gentamicin 3 - 5 mg/kg daily - guided by plasma levels and renal function).76
Acute peptic ulceration
An acute duodenal or gastric ulcer may develop in the acutely ill patient and may rarely
perforate.77 Gastric ulcers perforate into the peritoneal cavity and may present with hiccups
(due to diaphragmatic stimulation) and an unexplained hypotension requiring a large amount of
fluid due to peritoneal fluid loss. A duodenal ulcer may perforate into the retroperitoneal space
or directly onto the pancreas. Both disorders may be diagnosed by contrast studies and both
require surgical treatment and a 5 - 7 day couse of antibiotic therapy.
Thoracic disease
If abdominal pain is caused by pneumonia, myocardial infarction, or pulmonary embolism
then it is usually due to diaphragmatic pleural irritation and is epigastric or right-upper quadrant
in distribution. Shoulder-tip pain may also be present. However, abdominal pain following
acute myocardial infarction may also be due to embolic bowel infarction or hepatic congestion
(pulmonary embolism may also cause hepatic congestion). Strangulation of a hiatus hernia and
perforation of the oesophagus can also present with epigastric pain.
Oesophageal perforation may be caused by iatrogenic instrumentation, diseases of the
oesophagus (e.g. neoplasm) or spontaneous rupture during retching or vomiting (Boerhaave's
syndrome, where the rupture usually occurs just above the diaphragm and in the postero-lateral
wall).78 Oesophageal perforation causes a sudden severe epigastric, retrosternal or left chest
pain, which may be pleuritic in nature (similar to pulmonary embolism), mediastinal
emphysema (with palpable subcutaneous crepitus in the neck), and left pleural effusion and
pneumothorax. Pleural aspiration reveals gastric contents, and a radiopaque contrast swallow
may delineate the site of the rupture. Treatment includes surgical drainage and repair with
prolonged parenteral or small bowel enteral nutrition.
Corrosive injury of the oesophagus may occur with acid or alkali injestion either
accidentally (usually in children) or due to a suicidal intent. Oesophageal necrosis and
perforation may occur acutely, whereas oesophageal stricture, and antral stenosis are delayed
complications. Oesophageal carcinoma may also occur after 40 years. X-rays of the chest and
abdomen are performed initially to determine any evidence of perforation, and endoscopy
carefully performed to determine the extent of the injury. Gastric lavage is contraindicated as it
may cause gastric or oesophageal perforation. Patients are treated conservatively with nothing
by mouth for 10 - 14 days with nutrition being maintained parenterally or enterally using an
enterostomy. Corticosteroids are of no value.79
Medical disorders
Medical disorders that can cause signs and symptoms of an acute abdominal disorder
include those listed in Table 3.7.
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Table 3.7 Medical acute abdomen
Addison's disease
Acute visceral congestion
(e.g. pulmonary embolism, cardiac tamponade, acute cardiac
failure)
Pneumonia
Diabetic keto- and lactic acidosis
Herpes zoster
Porphyria
Lead poisoning
Lactose intolerance
Food allergy
Hereditary angio-oedema
Polyarteritis nodosa
Systemic lupus erythematosus
Fabry’s disease
Familial Mediterranean fever
Tabes dorsalis

DIARRHOEA
Diarrhoea is defined as three or more liquid stools per day and occurs in 25% of patients
who receive enteral nutrition. In the acutely ill patient, the cause is often multifactorial and may
include bacterial enteritis, pre-existing gastrointestinal disease (e.g. ulcerative colitis, regional
enteritis), enteral tube feeds (hyperosmolality, lactose intolerance, food allergy, absence of
dietary pectin, feed contamination), vitamin B12, folate, nicotinic acid or zinc deficiency,
antibiotics, spurious, short bowel syndrome, blind loop, small intestinal bacterial overgrowth,
pelvic abscess and autonomic neuropathy (e.g. in patients who have diabetes).
Diarrhoea due to Clostridium difficile results from two toxins produced by Clostridium
difficile (toxin A and toxin B) which cause a pseudomembranous enteritis (in patients who do
not develop serum IgM and IgG antitoxin antibodies80) and is treated for 10 days with oral (or
intravenous) metronidazole 250 mg 6-hourly or oral vancomycin 125 mg 6-hourly.81
Clostridium difficile enteritis occurs in up to 1% of patients treated with clindamycin,
lincomycin, ampicillin, amoxycillin and cephalosporins. If Clostridium difficile or a bacterial
enteritis (e.g. Salmonella, Shigella, Escherichia coli, Campylobacter,82 Candida,
Staphylococcus aureus) are excluded, then treatment for diarrhoea in the critically ill patient
may require codeine phosphate to reduce transit time, cholestyramine to bind bile acids, or H2blockers or somatostatin (or its synthetic analogue, octreotide) to reduce hypersecretion.
The faecal osmotic gap [i.e faecal osmolality - 2 x (faecal Na+ + faecal K+)] has been used
to classify diarrhoea into secretory (osmotic gap < 50 mOsm/kg) or osmotic (osmotic gap > 150
mOsm/kg), with the latter suggesting laxative abuse,83 although others have not found this
classification clinically useful.84
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Short bowel syndrome
Small intestinal resection of up to 50% is usually tolerated without impairment of nutrient
absorption. However, if more than 75% of the small bowel is resected, then malabsorption of
nutrients will occur. The most common disorders resulting in short bowel syndrome are
massive intestinal resection following a vascular insult or radiation insult (radiation enteritis) to
the small intestine, regional enteritis with multiple bowel resections and jejunoileal bypass for
obesity. In patients who have 15 - 20% of their normal bowel length (i.e. 60-80 cm) left,
refeeding should be progressive with a view to achieving a normal diet85.
The degree of nutritional impairment depends on length and site of the resection, the
condition of remaining bowel, liver and pancreas, presence of the ileocaecal valve, and extent
of intestinal adaptation. The clinical features and the treatment of the short bowel syndrome are
listed in Table 2.8.86 The cause of the diarrhoea may be due to rapid small intestine transit,
gastric hypersecretion, or bile salt colitis.
Table 3.8
The clinical features and treatment of the short bowel syndrome
Clinical features
Treatment
Codeine, loperamide, H2-blockers
cholestyramine, octreotide, ketanserin

Diarrhoea
Malabsorption of:
Calcium
Magnesium, zinc
Other trace metals
(e.g. copper, selenium
chromium, manganese)
Folate, B12, Iron
Fat-soluble vitamins
Nephrolithiasis
(hyperoxaluria)
Gastric acid hypersecretion
(peptic ulceration, diarrhoea)
D-lactic acidosis (anion gap)
due to small bowel overgrowth
Bicarbonate losing acidosis (non-anion gap)
due to diarrhoea
Gall stones

Calcium, 1,25(OH)2D3
Magnesium, zinc supplements
Trace metal supplements
Folate, B12, Iron supplements
Vitamin K, A, D, E supplements
Cholestyramine
H2-blockers, octreotide, omeprazole
ketanserin
Metronidazole, vancomycin
Sodium citrate, acetate

VOMITING
Vomiting (or emesis) is the forceful oral expulsion of gastric contents, differing from
regurgitation which refers to the passive movement of gastric contents to the oropharynx.
Nausea is the feeling of an imminent desire to vomit. Retching is the rhythmical contraction of
respiratory and abdominal musculature often associated with severe nausea and vomiting.
The act of vomiting can be divided into preejection, ejection and postejection phases.87 The
preejection phase comprises of the prodromal symptoms of nausea, along with the autonomic
signs of pallor, diaphoresis, hypersalivation, swallowing, defecation and tachycardia. The
ejection phase consists of vomiting and retching. Vomiting is a coordinated act which involves
relaxation of the gastric fundus and oesophageal sphincter, contraction of the pylorus and a
rapid increase in intraabdominal pressure caused by contraction of the abdominal wall muscles
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and the diaphragm. The increased intraabdominal pressure and intrathoracic pressure forces the
gastric contents into the oesophagus and into the mouth. Elevation of the soft palate prevents
the gastric contents from entering the nasopharynx and closure of the glottis and reflex apnoea
prevents aspiration. The postejection phase consists of autonomic and visceral responses that
return the body to a quiescent phase, with or without residual nausea.
The emetic centre is the final common pathway that controls and integrates the act of
vomiting. It is located in the dorsal portion of the lateral reticular formation of the medulla and
receives input from higher brainstem and cortical structures, vestibular afferents, visceral
afferents (e.g. pharyngeal stimulation, visceral distension) and the chemoreceptor trigger zone
(CTZ). The CTZ is located in the area postrema in the floor of the fourth ventricle. It is rich in
dopamine, opioid and serotonin receptors and appears to be an emetic chemoreceptor as it is
activated by chemical stimuli only.
Table 3.9 Causes of vomiting
Gastrointestinal
Postoperative ileus, bowel obstruction
Bowel dysmotility (diabetes, pseudoobstruction), gastritis, peptic ulcer
Pancreatitis, hepatitis, cholecystitis, bowel infarction
Hepatic congestion (cardiac failure, acute myocardial infarction)
Neurological
Migraine, Meniere's disease, motion sickness
Raised intracranial pressure, hypertensive encephalopathy
Encephalitis, meningitis
Endocrine
Pregnancy, diabetic ketoacidosis, uraemia
Addison's disease, thyrotoxicosis, hypercalcaemia
Drugs
Digoxin, aminophylline, opiates
Chemotherapeutic agents (cisplatin, nitrogen mustard,
cyclophosphamide)
Toxins
Bacterial toxins (septicaemia, urinary tract infection, food poisoning)
Radiation
Psychogenic

Complications caused by vomiting include fluid and electrolyte problems of dehydration,
hypokalaemia, and metabolic alkalosis; mechanical problems with rupture of the oesophagus,
intramural haematoma (where haemorrhage occurs between the mucosa and muscle layers of
the oesophagus - which usually presents with sudden onset of dysphagia and resolves with
conservative treatment), mucosal tear (i.e. Mallory-Weiss syndrome which presents with
haematemesis, caused by submucosal tears which are usually at the cardio-oesophageal
junction, is diagnosed by endoscopy, and resolve with conservative treatment);88 and
respiratory problems (e.g. aspiration pneumonia, pulmonary abscess and ARDS which are
usually found in unconscious or bulbar palsy patients who have suppressed glottic reflexes).
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Causes
The causes of nausea and vomiting include those disorders listed in Table 3.9. In critically
ill patients vomiting is often postoperative and due to intestinal obstruction (pseudoobstruction
or a mechanical lesion) or due to raised intracranial pressure.
Treatment
Treatment of vomiting includes, resuscitation (i.e. fluid and electrolyte therapy),
management of the underlying disorder and symptomatic therapy (e.g. antiemetic drugs).89
Dopaminergic (DA2), cholinergic (muscarinic), histaminic (H1) and serotonergic (5-HT3),
receptors appear to play an important role in mediating the emetic response and antiemetic
agents often act on one or more of these receptors.90 (Table 3.10)
The side effects of the 5-HT3 receptor inhibitor ondansetron, include headache, myocardial
ischaemia and myocardial infarction.91
Table 3.10. Dose and site of action of the commonly used antiemetic drugs
Class of drug
Drug
Site of action
Dosage (oral or i.m:* = i.v. also)
Antihistamine
Anticholinergics
Phenothiazines
Butyrophenones
Substituted
benzamides
Serotonin antagonists
Corticosteroids
Benzodiazepines
Cannabinoids

Diphenhydramine CTZ
Cyclizine
Scopolamine
C
Prochlorperazine
CTZ
Chlorpromazine
Haloperidol
CTZ
Metoclopramide
CTZ, PCh
Cisapride
Ondansetron
Dexamethasone
Lorazepam

PCh
CTZ
C
C
C

25 - 50 mg 12-hourly*
50 mg 8-hourly
0.2 - 0.4 mg 8 - 12 hourly
12.5 - 25 mg 4 to 6-hourly
25 - 50 mg 6 to 8-hourly
2.5 - 5 mg 4-hourly*
10 - 20 mg 4 to 6-hourly*
(high dose: 2 mg/kg IV 2-hourly
up to five doses)
5 - 10 mg 6 to 8-hourly
4 - 8 mg 8-hourly*
2 - 4 mg 8-hourly*
1-2 mg 8 to 12-hourly

CTZ = Chemoreceptor trigger zone, PCh = Peripheral cholinergic effect, C = Cortex

SYSTEMIC INFLAMMATORY RESPONSE SYNDROME
The systemic inflammatory response syndrome (SIRS) describes a clinical syndrome including,
but not limited to, two or more of the following:
1. a body temperature of > 38°C or < 36°C
2. a heart rate of > 90 beats/min
3. respiratory rate > 20 breaths/min or PaCO2 of < 32 mmHg
4. a WBC count of > 12,000 /mm3 or < 4000 /mm3 or the presence of > 10% immature
neutrophils
which is caused by widespread inflammation due to infectious and noninfectious (e.g.
pancreatitis, trauma, burns, ischaemia, biliary peritonitis) processes, and may progress to the
multiple organ dysfunction syndrome.92 The definition of clinical syndromes due to infection
include:93,94
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Sepsis: this is SIRS caused by infection.
Severe sepsis: this is sepsis associated with organ dysfunction, hypoperfusion (including
lactic acidosis, oliguria, altered mental status) or hypotension.
Septic shock: this is sepsis which is associated with hypotension and perfusion
abnormalities (including lactic acidosis, oliguria, altered mental status), despite adequate fluid
resuscitation.
The term infection is defined as a microbiological phenomenon characterised by an
inflammatory response to the presence of microorganisms or the invasion of normally sterile
host tissue by those organisms, and bacteraemia is defined as the presence of viable bacteria in
the blood (viraemia, fungaemia, parasitaemia are described similarly). The term septicaemia is
no longer recommended.
In one study of patients with the systemic inflammatory response syndrome, 26% developed
sepsis, 18% developed severe sepsis and 4% developed septic shock, and the mortality rates
associated with SIRS, sepsis, severe sepsis and septic shock was 7%, 16%, 20% and 46%,
respectively.95 A survival advantage has been demonstrated in patients with SIRS in whom
interleukin-1 receptor antagonist (IL-1ra) was infused intravenously.96 In another study, the
overall mortality rate in patients with SIRS receiving high dose IL-1ra (2 mg/kg/hr for 72 hr)
was 29%, compared to 34% in patients receiving placebo (p = 0.22), and a post hoc an analysis
of outcome as a function of predicted risk for mortality suggested that the survival advantage
with IL-1ra, increased with increasing severity of illness.97 Nevertheless, it is likely that
blockade of a combination of cytokines will be required to attenuate all the adverse effects of
SIRS.98
However, while the clinical criteria that define the systemic inflammatory response
syndrome are sensitive they are also nonspecific and allow the inclusion of patients without
systemic inflammation.99 One study of 100 critically ill patients with SIRS concluded that
quantifying phagocyte CD11b expression and serum levels of IL-6 and C-reactive protein
concurrently provided a means to discriminate SIRS patients with systemic inflammation from
patients without systemic inflammation.100
MULTIPLE ORGAN DYSFUNCTION SYNDROME
The multiple organ dysfunction syndrome (MODS), or multiple organ failure, is the
progressive (and sometimes sequential) dysfunction of physiologic systems in the presence of
SIRS. Organ failure is usually defined as an altered organ function (which is often reversible)
such that homeostasis cannot be maintained without intervention. MODS is believed to be
caused by the excessive and persistent effects of inflammatory mediators (e.g. interleukins,
TNF, platelet activating factor, leukotrienes, thromboxane A2, complement, kinins, etc.) which
are liberated by infectious and noninfectious stimuli.101,102,103,104
Sepsis is the commonest cause of MODS, which may be overt (e.g. peritonitis, pneumonitis,
meningitis, endocarditis) or covert (e.g. translocation of bacteria from the gastrointestinal
tract).105,106,107 The latter is proposed to occur with a reduction in the circulation of the
gastrointestinal mucosa in critically ill patients, which alters the intestinal barrier to endotoxin
and bacteria, which in turn allows bacteria and endotoxin to translocate from the bowel lumen
to the portal and systemic circulations.108,109 However, as organ failure may occur in the
absence of gastrointestinal translocation,110,111 translocation of bacteria and endotoxin may
simply be an association rather than a cause for multiple organ failure.
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The proposed mechanisms underlying the mediator disruption of cellular metabolism
include, tissue hypoxia (due to a flow dependent oxygen uptake, microvascular thrombi, and
maldistribution of blood112), cytotoxicity and a chronic energy deficit (due to tissue
hypermetabolism and an increased need for substrates such as branched chain amino acids and
ketones113,114,115).
Using the criteria in Table 3.11 for defining organ failure,116 mortality rates ranging from 80
-100% have been reported in patients who have three or more organ-system failures existing for
5 or more days,117 and a mortality rate of 50% when two or more organ failures exist118. An
increase in mortality has been shown to be related to the severity of septic encephalopathy (as
documented by the Glasgow coma score).119 Hepatic, coagulation, gastrointestinal, and
metabolic organ-system failures have been added to the five organ failures although they have
not been verified as indicators of mortality.
Recently, a scaling of organ failures using PaO2/FIO2 (respiratory), platelet count
(coagulation), serum bilirubin (liver), hypotension (cardiovascular), GCS (CNS) and serum
creatinine (renal) values, has been proposed to standardise the severity of the organ
dysfunction.120 However, the validity of such a score between different diseases has yet to be
determined.121
Table 3.11
Organ or system

Criteria for organ failure
Disease
Criteria

Circulation

Shock, cardiac failure
Arrhythmia

Lung

ARDS, pneumonia

Kidney

Acute renal failure

CNS

Metabolic encephalpathy

Haematology

Pancytopenia

Mean arterial pressure < 60 mmHg
VT, VF, or bradycardia < 55
Serum pH < 7.25 with PaCO2 < 50 mmHg
P(A-a)O2 > 350 mmHg
(P(A-a)O2 = 713 x FIO2 - PaCO2 - PaO2)
PaCO2 > 50 mmHg with a pH < 7.45
Respiratory rate < 6 or > 48
Serum creatinine > 0.30 mmol/L
Serum urea > 16 mmol/L
Urine output < 500 mL/24 hr or
< 160 mL/8 hr
Glasgow coma score < 6
(in the absence of sedative agents)
WBC < 2000 x 103/mm3
Platelets < 50 x 103/mm3
Haematocrit < 20%

Treatment of MODS largely relies upon organ support and management of the underlying
cause (e.g. surgery, antibiotics). In patients who have Gram-negative sepsis, two studies
concluded that resolution of MODS may be hastened by the use of monoclonal IgM antibody to
endotoxin.122,123 While haemofiltration techniques (e.g. continuous arteriovenous
haemofiltration, continuous venovenous haemofiltration ) have also been used in an attempt to
reduce circulating inflammatory mediators in patients with MODS, there have been no studies
to date which have shown that these techniques are associated with a significant reduction in
mortality.124,125
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COMPENSATORY ANTI-INFLAMMATORY RESPONSE SYNDROME (CARS)
While SIRS and MODS are believed to be caused by the effects of uncontrolled
proinflammatory mediators, it is believed that normal proinflammatory modulation occurs via
anti-inflammatory mediators (e.g. IL-4, IL-10, IL-11, IL-13), transforming growth factor β,
colony stimulating factors, soluble receptors to TNF, and IL-1 receptor antagonists.126
However, if the compensatory anti-inflammatory response is severe, it may manifest clinically
as anergy or an increased susceptibility to infection (CARS).127 In one study of monocytes from
patients with septic shock, persistent release of IL-10 was recorded at a time that TNF-α
downregulation.128
If there are multiple episodes of SIRS followed by CARS the term mixed antagonistic
response syndrome (MARS) has also been coined.
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Chapter 4

HEPATIC PHYSIOLOGY

HEPATIC MORPHOLOGY
The traditional microscopic unit of the liver is the hepatic lobule with the central hepatic
venule, peripheral portal triad (i.e. portal vein, hepatic artery and bile duct) and intervening
sinusoids. The physiologically functional unit, however is probably the hepatic acinus which
begins with the portal vein and hepatic artery emptying blood into sinusoids in zone 1, which
flows sequentially through zone 2 and zone 3 of the acinus where it finally drains into the
hepatic venule. The structural arrangement gives rise to gradients in oxygen, substrate and
hormones between the inflow and outflow regions of the acinus. As blood passing from zone 1
to zone 3 contains progressively less oxygen, the hepatocytes in zone 3 are more vulnerable to
hypoxic injury.1
HEPATIC BLOOD FLOW
The hepatic blood flow at rest in a 70 kg man is 1500 mL/min, two-thirds of the flow is
portal and one-third is from the hepatic artery. Approximately 40% of the oxygen is supplied
by the hepatic artery.
HEPATIC FUNCTION
Hepatic function includes, energy balance (e.g. glycolysis, glycogenesis, glycogenolysis,
lipogenesis, lipolysis, ketone formation, gluconeogenesis and urea formation), synthesis (e.g.
plasma protein synthesis), bile formation (for fat absorption and cholesterol excretion),
detoxification (e.g. inactivation of toxins, drugs and hormones) and immunological functions.
Energy balance
Amino acids may be used for protein synthesis or transaminated to a keto-acid and oxidised
with the formation of urea. The liver can store up to 80 - 100 g of carbohydrate as glycogen,
and up to 5% of the hepatic weight is due to lipid which is stored mainly as triglyceride.
Further aspects of nutrition are recorded in Chapter 1.
Synthesis
The liver synthesises the majority of plasma proteins including plasma transport proteins
(e.g. albumin, transferrin, thyroxine-binding globulin, transcortin, lipoproteins, haptoglobin,
ceruloplasmin), haemostatic proteins (although Factor VIII is synthesised in all structures
containing vascular endothelium), ferritin, alpha-1-antitrypsin and complement.
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Bile
Bile is formed in the hepatocyte and is actively transported into the bile canalicular lumen,
where it is transported along ductules to the common hepatic duct and finally concentrated (x
10) and stored in the gall bladder. With contraction of the gall bladder (largely in response to
cholecystokinin and usually 5 - 30 min after a meal), bile passes through the bile duct and is
secreted into the second part of the duodenum. Approximately 500 mL of bile is secreted daily
in an adult. The function of bile is to facilitate the digestion of fat by emulsifying it, and to
excrete of a portion of the body pool of cholesterol. Bile consists of bile salts, lecithin,
cholesterol, bilirubin, hormones, an alkaline electrolyte solution and a variety of miscellaneous
compounds (e.g. food dyes, preservatives, artificial sweeteners, tranquillisers, diuretics, and
antibiotics).2
Bile salts
The bile salts are sodium and potassium salts of bile acids (i.e. cholic and chenodeoxycholic
acid), which are conjugated with glycine or taurine. Approximately 95% of the bile salts are
absorbed from the terminal ileum, which are then returned to the liver and re-excreted in bile.
The daily bile salt synthesis is 0.2 - 0.4 g, and the total bile salt pool is 3.5 g, which recycles
twice per meal (i.e. six to eight times a day). In the absence of bile salts, 25% of dietary fat is
not absorbed and fat soluble vitamins (i.e., vitamins A, D, K and E) are malabsorbed.
Bilirubin
In a normal adult, approximately 7.5 g of haemoglobin/day is catabolised, producing 250
mg (i.e. 440 µmol) of bilirubin a day (1 mole of haem yields 4 moles of bilirubin, and 1 g of
haemoglobin yields 34 mg, 59 µmol, of bilirubin). Approximately 80% of bilirubin is derived
from the destruction of senescent RBCs, the remainder being derived from young but defective
RBCs, hepatic haem, myoglobin and tissue enzymes.3 Normal liver has the capacity to generate
up to 850 µmol/day of bilirubin (i.e. that which is generated by the degradation of 15 g of
haemoglobin), and haemolysis has to be twice normal before the plasma bilirubin level rises. In
the circulation, free bilirubin is loosely bound to albumin. Because one mole of albumin can
bind 2 moles of bilirubin, the theoretical bilirubin-binding capacity of albumin (at 45 g/L) is
1300 µmol/L.
Bilirubin enters the hepatocyte and is conjugated in the hepatocyte microsomes in a twostep process, changing from the monoglucuronide to the diglucuronide. Approximately 85% of
the bilirubin is excreted as the diglucuronide and 15% as the monoglucuronide, both of which
are more water soluble than free bilirubin. Thereafter, the conjugated bilirubin is transported in
an energy-dependent step into the bile, although some escapes into the blood to be excreted in
the urine. With any hepatocellular disease there may be interference in any of the three major
steps of bilirubin metabolism (i.e. uptake, conjugation or excretion). However, as bilirubin
excretion is the rate-limiting step, a conjugated hyperbilirubinaemia often predominates in
many hepatic disorders. Bilirubin exposed to ultraviolet light will cause it to change to a polar
compound, allowing it to be excreted in bile without having to be conjugated first.
When measured by the van den Bergh reaction the normal range for total plasma bilirubin is
6 - 24 µmol/L and for conjugated bilirubin is 1 - 4 µmol/L.
Jaundice. Hyperbilirubinaemia usually produces jaundice when the total plasma bilirubin
exceeds 35 - 45 µmol/L, although jaundice is often detected clinically with a predominantly
conjugated hyperbilirubinaemia at lower bilirubin levels (i.e. > 35 µmol/L) than with a non
conjugated hyperbilirubinaemia (i.e. > 45 µmol/L). A predominantly conjugated
hyperbilirubin-aemia is present if more than 50% of the total bilirubin is conjugated, and a
predominantly unconjugated hyperbilirubinaemia occurs if less than 20% of the total bilirubin
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is conjugated (as tested by the van den Bergh reaction, even though approximately 10% of the
unconjugated bilirubin gives a direct reaction). The causes of jaundice are listed in Table 4.1.
The drug/toxin hepatic disorders have been classified as either inducing a hepatitis (including
direct, idiosyncratic, toxic allergic reactions and alcoholic hepatitis like reactions) or cholestatic
(including cholestatic and granulomatous reactions), although hepatic fibrosis or cirrhosis alone
may occur with methotrexate, methyldopa and vitamin A toxicity.4
Table 4.1

Causes of jaundice

Unconjugated hyperbilirubinaemia
- overproduction of bilirubin
haemolysis, ineffective erythropoiesis, rhabdomyolysis
- decreased hepatic conjugation
Gilbert's syndrome
(mild decrease in glucuronyl transferase)
Crigler-Najjar type I
(moderate decrease in glucuronyl transferase)
Crigler-Najjar type II (absent glucuronyl transferase)
Hepatitis
viral
drugs/toxins
direct hepatotoxic (eg, CCL4, paracetamol, phosphorous, mushroom poisoning)
hepatitis like (e.g. INH, phenytoin, methyldopa, MAOI, halothane, valproate
methotrexate, chlorambucil, sulphonamides, ketoconazole
norfloxacin, allopurinol, quinidine, propylthiouracil, carbimazole)
Conjugated hyperbilirubinaemia
- impaired intrahepatic excretion
Sepsis
Dubin-Johnson syndrome, Rotor syndrome
Cholestatic jaundice of pregnancy
Hepatocellular disease (viral, drugs)
Hepatic infiltrative diseases (e.g. amyloid, sarcoid)
Drug induced cholestasis (e.g. methyltestosterone, chlorpromazine, clavulanic acid
erythromycin estolate, flucloxacillin, oral contraceptives
carbamazepine, indomethacin, chlorpropamide, tolbutamide)
- impaired extrahepatic excretion
mechanical obstruction (e.g. stones, tumor)

Overproduction of bilirubin due to haemolysis rarely causes total bilirubin to rise more than
70 µmol/L. With complete obstruction the conjugated bilirubin level plateaus at 600 - 680 µ
mol/L due to the activity of non hepatic excretory pathways.
When jaundice is pronounced, the bronze coloured skin may take on a greenish hue due to
the oxidation of bilirubin (particularly conjugated bilirubin) to biliverdin. Both conjugated and
unconjugated bilirubin are bound to tissue elastin, giving an icteric appearance to the sclera,
palms of hands and skin. The colour is also related to the blood supply, causing scar tissue to be
less icteric than the adjacent normal skin. With prolonged obstructive jaundice, some of the
conjugated bilirubin binds covalently with albumin and is not excreted in urine, remaining
bound to albumin until albumin is metabolised (explaining why jaundice may remain longer
than bilirubinuria in patients with resolving obstructive jaundice5). The disparity between the
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depth of jaundice and bilirubin levels at the stage of recovery from jaundice also relates to the
tight bilirubin attachment to the elastin of sclera and subcutaneous tissues. Scratch marks due to
an itchiness from high levels of bile salts may also be observed with obstructive jaundice.
Xanthoma due to high cholesterol levels are usually only noted with chronic obstructive
jaundice.
Toxin/drug metabolism and excretion
Biotransformation renders many toxic lipid soluble substances water-soluble and therefore
more readily excreted in the urine.
Immunologic functions
A large portion of the body's reticuloendothelial system resides in the liver. The Kupffer
cells (macrophages derived from bone marrow precursors) line the sinusoidal space and clear
endotoxin, bacteria and particulate matter from sinusoidal blood. Plasma IgA is also secreted in
bile, which blocks mucosal binding of enteric viruses, bacteria and endotoxins.
LIVER FUNCTION TESTS
Liver function tests are a group of blood tests which measure plasma proteins (e.g. albumin,
globulins), enzymes (LDH, AAT, gamma-glutamyl transferase, alanine amino transferase) and
bilirubin. Plasma values in a healthy adult are listed in Table 4.2. The reference range (RR)
describes the test limits, and are taken from the range of values covered by a predefined
proportion (usually 95%) of the results of tests performed on a group of healthy subjects.
Imprecision is the measure of the laboratory to achieve the same value for a compound when it
is reanalysed. Generally the error is within 2% for inorganic ions (Na+, K+, Cl-, Ca2+, etc.),
within 5% for organic substances of creatinine urea and uric acid, and within 10% for enzymes.
Conjugated bilirubin, however, has an imprecision of 25%. One international enzyme unit (IU)
is that amount of enzyme that brings about the reaction of 1 µmol of substrate per min. Liver
function test patterns for the common hepatic diseases are listed in Table 4.3.
Table 4.2 Liver function tests: plasma values in a healthy adult
95% Reference ranges
Imprecision (%)
(at the mean RR)
Albumin
39 - 48
g/L
1.5
(1 g)
Globulins
22 - 34
g/L
4.4
(2 g)
Conjugated bilirubin
1-4
µmol/L
25
(1 µmol)
Total bilirubin
6 - 24
µmol/L
2.5
(1 µmol)
Gamma Glutamyl (GGT) (males)
0 - 50
IU/L
4.2
(3 IU)
Transferase
(females)
0 - 30
IU/L
Alkaline Phosphatase (ALP)
30 - 110 IU/L
2.5
(3 IU)
Lactate Dehydrogenase (LDH)
110 - 230 IU/L
4.2
(10 IU)
Aspartate Amino Transferase (AST)
10 - 45
IU/L
8.4
(5 IU)
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Table 4.3

Hepatic diseases and patterns of liver function tests

Plasma

Acute hepatitis

Bilirubin
Total
Conjugated
Enzymes
ALP, GGT
Transaminases, LDH
Protein
Albumin
Globulins
Prothrombin

Cirrhosis

Biliary Obstruction

+++
+

+
+

+++
+++

++

+
++++

+

+
--

-++
--

+++
+
N
N
-*

N = normal, * = Vitamin K responsive

Albumin
Plasma albumin is commonly measured by allowing albumin and bromcresol green to bind
at a pH 4.2 and estimating the absorption of the bromcresol green to albumin,
spectrophotometrically. At a pH of 4.2, albumin acts as a cation to bind the anionic dye.
Acute-phase reactants (e.g. C-reactive protein, fibrinogen) may also bind to the bromcresol
green and falsely elevate the albumin by up to 10 g/L in inflammatory or malignant conditions.6
Using the reagent bromcresol purple, the accuracy of albumin estimation is improved, although
difficulties in performing routine calibrations have restricted its use.7 Plasma albumin can also
be measured immunologically (e.g. immunoturbidimetry) which is not affected by acute-phase
reactants, although the technique is labour intensive, and has not yet been adapted for use on
multichannel analysers.8
Approximately 50% of total body albumin resides within the vascular space, the remainder
resides in the interstitial space. Low plasma albumin levels often reflect reduced production
(e.g. malnutrition, chronic renal failure), increased loss or catabolism (e.g. nephrotic syndrome,
cirrhosis due to third space loss with ascites, pancreatitis, burns, sepsis) or increased interstitial
deposition (e.g. rest in bed, sepsis)
Globulins
These are usually not measured directly but are calculated from the difference between the
total protein and albumin. Increased plasma globulin levels may be polyclonal (reflecting
plasma cell activity against an immunological stimulus, e.g. cirrhosis, infection and auto
immune disease) or monoclonal (e.g. myeloma, lymphomas). A decrease in globulin levels may
occur with malignancy, plasmapheresis, or malnutrition.
Gamma-glutamyl transferase
Gamma glutamyl transferase (GGT) is a glycoprotein that occurs in the cells of bile
canaliculi where it is concerned with amino acid transport across the cell membrane, associated
with glutathione metabolism. Elevation of the serum level is often a nonspecific indicator of
hepatobiliary dysfunction (i.e. the 'ESR' of liver disease) although the highest levels are usually
associated with obstructive liver disorders. The enzyme is also present in the brush border of
the renal tubule and in the pancreas. An isolated elevation of GGT usually indicates an
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excessive and chronic intake of ethanol. It may also be raised in patients taking prolonged
antiepileptic drugs (e.g. phenobarbitone or phenytoin).
Alkaline phosphatase
Plasma alkaline phosphatase (ALP) originates from liver, bone, intestine and placenta. On
rare occasions it originates from malignant tumors (Regan isoenzyme) which is
immunologically indistinguishable from placental ALP. The normal plasma ALP in adults is
mainly of liver origin, with up to 20% arising from the gastrointestinal tract. In adolescents the
majority of plasma ALP arises from bone (produced by osteoblasts), increasing occasionally up
to 800 IU/L. The hepatic ALP is produced from cells of the bile duct (on the exterior surface of
the bile canalicular portion of the plasma membrane) and is excreted in the bile. Striking
elevations are usually confined to patients with cholestatic disorders and is due to both an
increased synthesis and reduced biliary excretion of ALP.9 The ALP level is not elevated to any
great degree in patients with viral hepatitis or massive hepatic necrosis. While an ALP value of
250 IU/L has been used to differentiate whether the liver disorder is cholestatic or not, 20% of
patients with a cholestatic disorder will have levels below this value.10 Elevation of the ALP
during pregnancy arises from the placenta. An elevated ALP in the absence of an elevated GGT
usually indicates a nonhepatic cause for the elevated ALP. Causes of an elevated plasma ALP
are listed in Table 4.4.
Table 4.4

Causes of an increased plasma alkaline phosphatase

Hepatic
Cholestasis (intrahepatic and extrahepatic)
Bone
Physiological (puberty)
Paget's disease
Fracture of bone
Carcinoma of bone (primary or secondary)
Hyperparathyroidism (primary, secondary or tertiary)
Osteomalacia from calcium or phosphorous deficiency
(e.g. malabsorption, renal tubular acidosis, Vitamin D deficiency)
Placenta
Last trimester of pregnancy
(returning to normal by the second post partum week)

Lactic acid dehydrogenase
Plasma lactic acid dehydrogenase (LDH) activity is due to five isoenzymes (i.e. LDH-1 to 5). LDH-1 and -2 are elevated in the presence of haemolysis or myocardial damage, LDH-3, -4
and -5 are elevated in the presence of hepatic parenchymal disease or skeletal muscle damage.
While lung (i.e. LDH-2 and -3) and kidney (i.e., LDH-1 and -2) damage may also liberate
LDH, damage to these organs is a rare cause of elevated plasma levels. With severe ARDS the
LDH levels may increase, indicating severe lung damage. The LDH-1 : LDH-2 ratio is
normally less than 1, this ratio is reversed in patients who have myocardial or renal infarction
or haemolysis.11
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Transaminases
The cytosolic and mitochondrial enzyme, aspartate aminotransferase (AST) is also referred
to as serum glutamic oxaloacetic transaminase (SGOT), and the cytosolic enzyme alanine
aminotransferase (ALT) is also known as serum glutamic pyruvic transaminase (SGPT). These
enzymes leak into the circulation when hepatocytes or their cell membranes are damaged.
Striking elevations of both enzymes may be observed in acute viral hepatitis, acute drug- or
toxin-induced liver damage, and ischaemic hepatitis, although the degree of elevation does not
correlate well with the extent of liver damage evident on liver biopsy (i.e. it has no predictive
value).12,13 Hepatic damage caused by a toxin or virus, causes the transaminase levels to remain
elevated for weeks or months (i.e. until resolution of the primary disorder occurs), whereas
ischaemic liver damage (e.g. associated with cardiac failure or shock) is often associated with a
rapid return of transaminase levels when cardiac failure or shock is corrected. Elevation of the
AST is greater than the ALT (by a ratio of 2:1) in alcoholic hepatitis,14 and in this disorder the
elevation of either to greater than 500 IU/L, is unusual.
Alanine amino transferase
ALT is found in the cytoplasm predominantly of the liver (i.e. is a more specific marker of
hepatocellular injury compared with AST), with small amounts occurring in skeletal muscle,
pancreas, brain spleen and lung. High blood levels are usually indicative of liver damage. The
half-life of ALT is 48 + 12 hr). Plasma alanine aminotransferase activity (ALT) is reduced in
patients taking vigabatrin, making ALT an unreliable marker of liver function in these
patients.15
Aspartate amino transferase
AST is found in both the cytoplasm and mitochondria of the liver, kidney, myocardium, and
skeletal muscle cells (with lesser amounts found in RBCs, lung, brain and pancreas) and has a
half-life of 30 + 18 hr. Elevation of plasma levels of AST for prolonged periods indicates
continuing tissue damage. False lowering of the AST may occur in patients with azotaemia and
with pyridoxine deficiency.
Prothrombin
The prothrombin time is often used to asses the severity of the hepatic damage and to
monitor the progress of hepatic disease. The levels before and after vitamin K are used to assess
whether the liver is responsive to vitamin K.
Ammonia
The nitrogen of aminoacids that are deamidated and deaminated, is normally converted to
urea via the hepatic urea cycle. In hepatic disease, the amino acid nitrogen remains as ammonia,
increasing plasma ammonia levels.
URINE TESTS IN LIVER DISORDERS
Urobilinogen
In the intestine, bacteria produce urobilinogens from conjugated bilirubin, 80% is excreted
with the faeces (i.e. stercobilinogen), and 20% is reabsorbed. Approximately 90% of the
reabsorbed urobilinogen is excreted in the bile and 10% is excreted in the urine. Complete
absence of urinary urobilinogen implies absence of bilirubin in the intestine and strongly
suggests complete obstruction of the common bile duct, whereas increased urinary urobilinogen
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occurs when the liver is unable to excrete the absorbed urobilinogen, or if there is an increased
biliary excretion of bilirubin (e.g. haemolysis or portosystemic shunting). However, urinary or
faecal urobilinogen measurements are often not performed as faecal measurements are difficult
and urinary excretion of urobilinogen is unreliable because it is dependent upon urinary pH.
Urine bilirubin
Normally the urine contains no bilirubin because unconjugated bilirubin is tightly bound to
albumin and is not filtered at the glomerulus. Conjugated bilirubin is less tightly bound to
albumin and 5% is free and filtered at the glomerulus, thus urinary excretion occurs in patients
who have conjugated hyperbilirubinaemia.
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TRAINEE PRESENTATIONS
Each registrant has prepared a five minute talk and summary on the topics listed below. The
summaries that were received in time for publication have been included (unedited).
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Discuss the indications and side effects of
aminophylline
Discuss the emergency management of a patient who
has severe upper airway obstruction.
Discuss the indications for intravenous magnesium
sulphate.
Discuss the management of a patient with a serum
sodium of 119 mmol/l who has status epilepticus.
Discuss the clinical features and management of a
patient with an acute left ventricular aneurysm.
List the indications and complications of intravenous
N-acetylcysteine.
Discuss the management of a patient with
myoglobinuric acute renal failure.
Discuss the conditions where unfractionated heparin is
preferable to low-molecular-weight heparin.
Discuss the management of a patient with Wegners
granulomatosis and respiratory failure.
Discuss the diagnosis and management of a patient
with a closed head injury and elevated inracranial
pressure.
Compare and contrast the effects of inhaled NO and
nebulised prostacyclin (PGI2) in a patient with ARDS.
Discuss the management of a patient who has acute
iron poisoning.
Discuss the indications and complications of
intravenous amiodarone.
Discuss the causes, clinical features and diagnosis of
an acute encephalitis.
Discuss the composition and indications for a lactate
free dialysis fluid.
Discuss the clinical presentation and management of a
patient who has an acute Budd-Chiari syndrome.
Discuss the clinical features and management of a
patient who has an acute acalculus cholecystitis.
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DISCUSS THE INDICATIONS AND SIDE EFFECTS OF INTRAVENOUS
AMINOPHYLLINE
Dr. N. Orford, Intensive Care Unit, The Geelong Hospital, Victoria
Indications
1. Asthma
Theoretical benefits of methylxanthines include;
• Down regulation of inflammatory and immune response in airway inflammation.
Attenuates late phase increase in airway obstruction and airway responsiveness to
histamine, and decreases allergen induced migration of activated eosinophils into
the bronchial mucosa.
• Discontinuation in chronic users results in increased nocturnal symptoms and
increase in T-lymphocyte number and activation in airway mucosa.
• Bronchial smooth muscle relaxation
• Prolong bronchodilator effect of Β-agonists
• Decrease microvascular leakage of plasma into airways
• Increases mucociliary clearance
• Positive inotropic effect
• Diuretic effects
• Induction of catecholamine release from adrenal gland
• Vagolytic effect
• Pulmonary and systemic vasodilation
• Central respiratory drive stimulation
• Enhanced diaphragmatic contractility

2.

3.

Clinical trials
• Aminophylline less effective than Β-agonists as single agent. As a result Βagonists and corticosteroids have largely supplanted methylxanthines in treatment
of acute asthma due to increased toxicity of methylxanthines.
• Trials of severe asthma not responding to Β-agonists and corticosteroids have
conflicting results. However patient selection, methodological problems make
interpretation difficult. In both adults and children some evidence for beneficial
effect.
Summary
• Role of IV aminophylline in severe acute asthma refractory to Β-agonists and
corticosteroids.
COAD
Similar theoretical benefits as for asthma. In particular reduction in pulmonary vascular
resistance and pulmonary artery pressure, positive inotropic effect may reduce symptoms
of biventricular failure. Bronchodilator effect, enhanced diaphragmatic contractility, and
respiratory centre stimulation may reduce symptoms of breathlessness. IV aminophylline
may be used as loading before converting to oral theophylline in patients hospitalised with
severe COAD. However clinical trials small and evidence of efficacy lacking.
Apnoea of pre-term infants
used as treatment of recurrent apnoeas in pre-term infants. Cochrane meta-analysis
concluded doxapram and methylxanthines (theophylline, aminophylline, caffeine) equally
efficacious as short-term therapy.
58

4.

5.
6.

Renal protection
Animal evidence of adenosine induced renal vasoconstriction contributing to fall in GFR
following various renal injuries. In animal models IV theophylline has protective effect
due to non-specific adenosine receptor antagonism. Similar reno-protective effects in
studies of neonates with perinatal asphyxia, and adult ICU patients in reducing contrast
induced nephropathy. Pilot study to determine reno-protective effect of preoperative IV
aminophylline in major abdominal surgery showed trend to increase diuresis.
Bradyarrhythmia
use in atropine resistant atrioventricular block following AMI & dipyridamole exercise
testing as treatment for bradycardia / asystole.
Cardiac arrest
Evidence that adenosine accumulation during prolong VF role in post cardioversion
asystole and EMD. Animal models and out-of-hospital cardiac arrest shown no increase in
return of spontaneous circulation with IV aminophylline

Side-effects
The side-effect profile of aminophylline is characterised by a narrow therapeutic range, variable
pharmacokinetics, and serious complications. A combination that has been responsible for its
decline in use since the introduction of the safer Β -sympathomimetic agents since the early
1970’s.
1.

2.

3.

4.
5.

Cardiovascular
• Supraventricular tachycardia, ventricular ectopics, ventricular tachycardia,
ventricular fibrillation.
• Hypotension, peripheral vasodilatation.
GIT
• nausea, vomiting, diarrhoea
• vomiting multiple aetiologies, both central and peripheral
• hypersecretion gastric acid, gastrin, pepsin cause mucosal irritation
• relaxation lower oesophageal centre
• central stimulation chemoreceptor trigger zone.
CNS
• Agitation, vomiting, stimulation respiratory centre and respiratory alkalosis.
• Irritability, insomnia, reduced fine motor skills.
• Seizures, usually tonic-clonic, may be single, mostly multiple. Typically
recalcitrant to conventional anticonvulsants.
• Acute overdose related neurological toxicity occurs at lower serum concentrations
in chronic users compared to nonusers.
Metabolic
hyperglycaemia, hypokalaemia, hypercalcaemia, hypophosphataemia, metabolic acidosis
Musculoskeletal
Skeletal muscle tremor, coarse, may include myoclonic jerks.

Serum Concentration
serum concentration not reliable indicator of clinical side effects. Pattern of ingestion, i.e.
acute, acute on chronic, chronic important factor in clinical consequences.
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Acute
55-110 µm/L (10 –20 ug/ml)
• Therapeutic range
• Headaches, irritability, anxiety
110-200 µm/L (20 – 40 ug/ml)
• Nausea and vomit
• Tachycardia
>200 µm/L (>40 ug/ml)
• Agitation, tremor
• Arrhythmias
• Seizures
Chronic
• No correlation between serum concentration and side-effects
• Seizures and arrhythmias may occur at lower concentrations, or in therapeutic
range.
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DISCUSS THE EMERGENCY MANAGEMENT OF A PATIENT WHO HAS SEVERE
UPPER AIRWAY OBSTRUCTION
Dr. M. Edwards. Intensive Care Unit, Auckland Hospital, New Zealand
Upper airway obstruction (UAO) can result from a large number of causes & occurs in patients
of all ages in diverse clinical settings. It often represents a life-threatening emergency. Early
recognition and a well-planned approach to management is vital.
Anatomically, the upper airway starts at nose & mouth & ends at the carina1.
Anatomical sites of obstruction include:
supraglottic, especially hypopharynx (most common)
glottic
infraglottic (below cords to carina)
Clinical conditions associated with UAO can be divided into functional causes and mechanical
causes. These are listed elsewhere1,5.
Unfortunately, there is no universal recipe for management. Each patient has to be considered
according to the level & nature of the obstruction and the individual clinical circumstances.
Overall management priorities are to:
• maintain adequate oxygenation
• establish and maintain a patent airway
• diagnose and treat the underlying cause of UAO
It is necessary to establish & secure the airway definitively if there are actual or potential
problems with oxygenation & airway patency or protection that cannot be solved other ways
(eg draining a retropharyngeal abscess under local anaesthesia may eliminate the need to secure
the airway).
Assessment & management of patient:
a) General:
• Any patient with actual or potential UAO requires prompt assessment & management.
• Diagnosis & management tend to occur concurrently. Management may be required before
a definitive diagnosis is made.
• Urgency of management depends on patient state.
• Clinical circumstances will dictate management in most cases (eg UAO from drug
overdose different from penetrating neck trauma different from acute epigolttitis)
b) Initial assessment & management:
The patient should preferably be managed in an OR or alternatively a well-equipped ED or ICU
- circumstances & available equipment will dictate. Be wary of transporting a deteriorating
patient. A wide range of equipment for dealing with difficult airways should be available in
addition to standard airway equipment3,7. All the steps below usually occur concurrently:
1. Complete a rapid clinical assessment. The aim of this should be to answer the questions
below (see ‘establishing the airway’ below). It should also give some idea as to diagnosis.
• Position patient initially in posture that they are most comfortable (will often be sitting up).
Cervical spine protection needs to be considered if circumstances dictate.
• Apply monitors ( SpO2, ECG, BP are the minimum; some measure of expired CO2 should
be available).
61

•
•
•
•

100% oxygen via self-inflating bag. Simple airway manoeuvres (chin lift, jaw thrust,
oro/nasopharyngeal airways) may be of value in some patients.
Establish reliable iv access.
Summon experienced help. This will generally be surgical (with surgical airway skills ±
rigid bronchoscopy skills) &, depending on experience & skill level, further intensive care
or anaesthetic assistance.
Role of special investigations: assessment is primarily clinical. Radiology should not be
used unless non-severe or stable UAO. CT may have a place in assessment of abscess
adjacent to the airway, retropharyngeal & infraglottic lesions but patient must be stable &
plans for securing the airway should deterioration occur during transport/scan must be
made before the patient leaves ED/ICU. Patient must be monitored appropriately & skilled
medical staff should be in attendance at all times.

c) Establishing the airway:
Many techniques to establish & secure the airway are available. The chosen technique will
depend on clinical circumstances, the level of UAO and the experience of the clinicians
involved. Available techniques are detailed in the references1,6,7. 3 key questions in planning
approach:
1.

2.

3.

•
•

•

How much time is there?
Is immediate intervention required now, soon (next few minutes) or is there time for
planning & investigations before definitive management (next few hours). Immediate
intervention is needed if the patient is apnoeic, choking, exhausted, making ineffectual
respiratory effort, comatose, cyanotic. Usually there will be time to plan a strategy.
Will anything ‘buy time’ prior to definitive airway attempts?
Examples include nebulised adrenaline, helium/oxygen mixtures, opening skin sutures
in a post-op neck wound, occasionally a wide-bore cannula through cricothyroid
membrane to establish oxygenation. In general these measures are temporary while
definitive attempts are organised or help arrives, as they don’t relieve the underlying
problem.
What is the optimum approach to securing the airway?
These are arguably the most important issues:
i) Initial non-surgical vs surgical approach.
ii) Patient awake vs anaesthetised.
iii) Maintenance vs abolition of spontaneous ventilation.
iv) What are the back-up plans should initial approach fail?
An initial surgical approach may be appropriate in certain clinical conditions eg
penetrating neck trauma, severe maxillofacial trauma with UAO, obstructing laryngeal
lesion, patient considered not able to be intubated from above.
Any doubt about the ability to secure the airway should lead to awake attempts (which may
be surgical or non-surgical). The exception to this is difficulty with patient co-operation
(eg children, intoxicated, head injury). An awake look with a 27mm fibreoptic viewing
scope (if available) via the nose or with direct laryngoscopy after topicalisation may assist
the decision in some cases.
Where possible, maintenance of spontaneous ventilation is preferable (ie awake patient or
inhalational induction) as ‘no bridges are burned’ (ie it is more difficult to end up with a
can’t intubate, can’t ventilate scenario). A surgeon scrubbed & ready to perform an
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•

immediate surgical airway (ie neck prepped & draped, pack open) or rigid bronchoscopy
should the airway become unmanageable is desirable.
Alternative techniques should always be available and should be instituted if initial
attempts are unsuccessful. The clinician should use those that are familiar. Again, surgical
approaches may be appropriate as back-up.

d) After the airway is secured:
• always confirm airway placement with clinical signs and presence of expired carbon
dioxide.
• obtain a CXR
• treat the cause of UAO (eg antibiotics for epiglottitis).
• some complications that can occur & may require treatment after relief of UAO are:
aspiration pneumonitis
negative pressure pulmonary oedema
pneumothorax
Final comments4:
It is important to remember that an awake fibreoptic approach to intubation is not the answer to
solving all upper airway problems. Bleeding in the airway may make the technique impossible.
In some situations of critical airway obstruction it may have serious complications associated
with its use. Even though ‘the awake patient maintains his/her own airway’ is true for the
patient in whom conventional intubation is impossible for anatomical reasons, it doesn’t
necessarily apply to the patient who has severe pathological obstruction from a lesion in the
periglottic area (cancer, infection) – these patients whose breathing is increasingly
compromised by upper airway pathology usually present for the very reason that they cannot
maintain their own airway. In addition, conditions that contribute to smooth conduct of the
technique are difficult to achieve in a patient who has UAO from infection or tumour – can’t
sedate, topical anaesthesia is difficult/ineffectual & may provoke coughing & laryngeal spasm
further compromising an already precarious airway. It may be technically difficult to visualise
the larynx (friable tissue, bleeding, distortion), plus difficult to railroad a tube through the
glottis. Finally, there is no reliable back-up plan (an emergency tracheostomy with an
inadequately preoxygenated, half awake, hypoxic, struggling patient is not really a plan).

63

SUMMARY
Background:
Life threatening
Occurs in all ages
Many causes - can classify as functional, mechanical
Anatomically - supraglottic, glottic, infraglottic
No universal recipe for management
Each patient has to be considered according to the level and nature of the obstruction
and the individual clinical circumstances.
Management priorities
- Maintain adequate oxygenation
- Establish and maintain a patient airway
- Diagnose and treat the underlying cause of the acute airway obstruction
Concurrent assessment & management:
- Urgency depends on patient state
- Clinical circumstances, clinician experience/expertise, equipment dictate
management strategy
a) Initial assess / management:
location (ED vs OR vs ICU)
clinical assess, position, monitors, O2, iv access ± simple manoeuvres, help
b)
•
•
•

Establishing / securing airway:
How much time
Will anything ‘buy time’
Approach – i) non-surgical vs surgical
ii) awake vs anaesthetised
iii) maintenance vs abolition of spontaneous ventilation
iv) back-up plan

c) After securing the airway
Final Comments:
awake fibreoptic intubation is not the answer to all upper airway obstruction problems
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DISCUSS THE INDICATIONS FOR INTRAVENOUS MAGNESIUM SULPHATE
Dr. K. Ellem. Intensive Care Unit, John Hunter Hospital, Newcastle, NSW
Indications
Established
Hypomagnesaemia
Pre-eclampsia
line
Eclampsia
Torsade de pointes
Digoxin related arrhythmias
Refractory hypokalaemia
Possible
Atrial tachyarrhythmias (AF, Flutter, SVT)
Premature labour
Seizures
Autonomic dysreflexia
Tetanus
Debated
VT
Asthma
Alcohol withdrawal
Myocardial infarction
Contraindications
Absolute
Hypermagnesaemia

Notes
- normal values 0.7 - 1.1 mmol/L
- hypotensive and anticonvulsant actions, first
- less recurrent seizures than valium or phenytoin
- increases AV nodal refractory period

- not first line or preventative
- tocolytic action, not first line
- causes other than eclampsia
- used in quadraplegic women in labour (case report)
- inhibits catecholamine release and decreases
baroreceptor sensitivity
- AHA ACLS guidelines
- bronchodilator, no controlled studies
- decreases need for benzodiazepines
- decreases risk of arrhythmias, ? evidence
Awaiting Magnesium in Coronaries (MAGIC) trial

Effect
Serum magnesium level (mmol/L)
Normal
0.7 - 1.1
Loss of tendon reflexes
5.0
Increased PR or heart block
5.0 - 7.5
Respiratory paralysis
7.5
Cardiac arrest
12.5

Loss of deep tendon reflexes
Heart block - MobitzII or Complete heart block
Lack of monitoring facilities (e.g. ECG, reflexes, respiratory status)
Precipitates in solution with Calcium salts, bicarbonate, phosphate, dobutamine,
hydrocortisone, clindamycin
Relative
Within 2 hours of delivery of foetus
- causes neonatal respiratory depression
Lactating mothers
- concentration in breast milk twice that of serum
Renal failure (CrCl < 20 mL/min)
- poorly excreted therefore increased risk of toxicity
Non depolarising muscle relaxants
- increases blockade
CNS depressant drugs
- enhances effect
Nefidipine
- potentiates hypotension
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DISCUSS THE MANAGEMENT OF A PATIENT WITH A SERUM SODIUM OF 119
MMOL/L WHO HAS STATUS EPILEPTICUS
Dr. S-S. Ho. Intensive Care Unit, Prince of Wales Hospital, Hong Kong
Cerebral metabolic decompensation occurs after approximately 30 min of uncontrolled
convulsive activity, and the window for treatment is therefore limited. In addition, there is
evidence that the longer an episode of status epilepticus continues, the more refractory to
treatment it becomes and the greater is the likelihood of chronic epilepsy.
Therapy should proceed simultaneously on four fronts: termination of status epilepticus;
prevention of seizure recurrence once status epilepticus is terminated; management of
precipitating causes of status epilepticus; management of complications.
Emergency Medical Management
The essential principles of emergency management are those of basic life support, namely
maintenance of the airway and breathing and ensuring an adequate circulation. In status
epilepticus, the airway must be maintained from the earliest stages and tracheal intubation will
usually be required while seizures are being controlled. This should ensure adequate ventilation
and oxygenation and will prevent the pulmonary aspiration of gastric contents. The use of
neuromuscular blockade is clearly essential to aid tracheal intubation, but should not be
extended beyond this period because it will obscure clinical seizure activity. There are few
other indications for the use of neuromuscular blocking drugs in status epilepticus, although if
longer-term neuromuscular blockade is indicated, continuous EEG monitoring must be initiated
to allow confirmation of the continued absence of seizures.
Cerebral autoregulation becomes disrupted after approximately 30 min of status epilepticus
and systemic blood pressure must be maintained at normal or supranormal levels to ensure an
adequate cerebral perfusion pressure. This is vital to maintain adequate brain perfusion at a
time of high cerebral metabolic demand.
Blood samples should be taken for urgent analysis of electrolytes, blood glucose, arterial
blood gases and anti-epileptic drug levels (if the patient is on long-term therapy). Liver
function tests, a toxicology screen and measurement of creatine kinase levels should also be
performed.
A bedside measurement of blood glucose should be made. If significant hypoglycaemia is
present, glucose 50% 50 ml should be administered without waiting for the formal laboratory
result to become available. However, it is important that hypoglycaemia is confirmed before
glucose is administered because hyperglycaemia may exacerbate neuronal damage caused by
status epilepticus.
Bicarbonate should only be given if the pH is low enough to be of immediate concern. It is
unlikely that status epilepticus-induced acidosis results in permanent injury and it is possible
that acidosis may be neuroprotective. Furthermore, administration of large volumes of
bicarbonate may result in a residual alkalosis when the seizures have been controlled, as well as
comprising a large fluid load.
Pharmacological therapy
The fundamental goal of drug therapy is the rapid and safe termination of the
electroencephalographic seizure and prevention of its recurrence. This should be attained if
possible without adverse effects on the cardiovascular or respiratory systems and without
altering the level of consciousness.
A recent 5-year, randomised, multicentre study compared four options for initial
intravenous therapy. In this study, lorazepam 0.1 mg/kg was effective as initial therapy in 65%
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of patients, phenobarbital 15 mg/kg in 58%, diazepam 0.15 mg/kg followed by phenytoin 18
mg/kg in 56% and phenytoin 18 mg/kg in 44%. Only the difference in efficacy between
lorazepam and phenytoin was statistically significant. However, this trial did not include a
lorazepam plus phenytoin treatment arm, which is a favoured regimen.
Treatment of Refractory Status Epilepticus
Status epilepticus that does not respond to a benzodiazepine, phenytoin, or phenobarbital is
considered refractory and requires more aggressive treatment. Continuous intravenous
infusions with anesthetic doses of midazolam, propofol, or barbiturates are the most useful
treatments.
The use of midazolam (0.2 mg/kg administered by slow intravenous bolus injection,
followed by 0.75 to 10 microg/kg/minute) or propofol administered intravenously (1 to 2
mg/kg, followed by 2 to 10 mg/kg/hr) to induce anesthesia for the treatment of refractory status
epilepticus has become very popular in recent years. Both drugs have the substantial advantage
over barbiturates of rapid clearance, and midazolam has less pronounced hypotensive effects.
The infusion is typically maintained for 12 to 24 hours and is then withdrawn gradually while
the patient is observed for clinical or electrographic evidence of seizure recurrence. If seizures
continue, the therapy should be resumed for progressively longer periods, as needed.
Midazolam may be associated with tachyphylaxis, leading to the need for exceedingly high
doses. Seizures have been observed during the induction of anesthesia with propofol and
emergence from it, but the importance of these proconvulsant effects in the management of
status epilepticus is unknown.
Thiopental and pentobarbital are potent antiseizure drugs that have potential, though
unproved, cerebral protective effects in the management of status epilepticus. In adequate doses
these drugs will almost always control seizures, but severe hypotension requiring pressor
therapy limits their safety. Therefore, prefer to reserve anesthesia with barbiturates for patients
in whom midazolam or propofol fails. Thiopental has pharmacokinetic disadvantages,
including saturable metabolism, an active metabolite (pentobarbital), and the fact that it
accumulates in lipid tissues during prolonged infusions, with resultant delays in postinfusion
recovery. Pentobarbital (10 to 15 mg/kg administered intravenously over a period of one hour,
followed by a dose of 0.5 to 1 mg/kg/hr) is highly effective, but cardiovascular toxicity is
occasionally life-threatening and postinfusion weakness may delay weaning from ventilatory
support.
Management of Hyponatraemia
Clinical examination is directed towards identifying signs of underlying illness, such as
Addison's disease, hypopituitarism and hypothyroidism, and to determining the extracellular
fluid volume status of the patient. The 'spot urinary sodium', while not as accurate, is available
quickly and is a useful immediate guide to management, pending the result of the 24 h
collection. Thyroid function and glucocorticoid reserve should be shown to be normal before a
diagnosis of SIADH is made.
A routine chest X-ray may help to classify the fluid status of the patient and diagnose lung
pathology causing SIADH. Further radiological investigations should be directed according to
the clinical presentation of the patient; patients with SIADH and a normal chest X-ray should
be considered for CT scan of the thorax, to exclude retrocardiac or retrosternal tumours. CT
scanning of brain or abdomen may also be indicated, according to clinical presentation.
The severity of symptoms and signs depends on the degree of hyponatraemia and the
rapidity of the fall in plasma sodium. The nature of the underlying illness also determines the
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severity of symptoms, with neurological manifestations of hyponatraemia occurring at higher
plasma sodium concentrations in the presence of intracranial disease or pyrexial illnesses.
In hypovolaemic hyponatraemia, the aim of treatment is restoration of blood volume, by
intravenous fluid replacement with isotonic saline or, in patients with profound hypotension,
with colloid. Diuretics should be discontinued and treatment directed to any underlying
disorder. Treatment of cerebral salt wasting syndrome (CSWS) involves aggressive fluid
replacement with isotonic saline until the transient excess natriuresis associated with CSWS
resolves.
In hypervolaemic hyponatraemia, treatment is directed at the underlying disease. In heart
failure or liver failure, patients may need a combination of fluid restriction and diuretics, in
order to reduce total body water. Treatment of secondary hyperaldosteronism, for instance with
spironolactone or angiotensin converting enzyme inhibition, is useful.
In euvolaemic hyponatraemia, hypothyroid and glucocorticoid insufficiency treated with
appropriate hormone replacement often require no other specific measures. The treatment of
choice for SIADH and chronic asymptomatic hyponatraemia is fluid restriction to one litre of
fluid per day, which ensures a daily negative fluid balance of approximately 500 mls and a
gradual rise in plasma sodium. If fluid restriction alone does not restore normonatraemia, the
agent of choice is demeclocycline, which inhibits the action of vasopressin on the distal
collecting tubule of the kidney and induces nephrogenic diabetes insipidus. Demeclocycline
can take up to 4 days to work, and treatment may be complicated by photosensitivity and
nephrotoxicity, particularly in patients with cirrhosis. Specific antagonists to the actions of
vasopressin on the distal collecting ducts may be more effective than demeclocycline in treating
SIADH. OPC - 31260 is a nonpeptide specific antagonist of the V2-receptor which inhibits the
antidiuretic effect of vasopressin. Human studies have shown that a single intravenous dose of
OPC-31260 can increase urinary volumes and lower urinary osmolality, independent of an
increase in urinary solute excretion, in patients with SIADH. This aquaresis was associated
with a significant increase in serum sodium by approximately 3 mmol/l. These agents have the
potential for useful therapeutic options in the management of SIADH.
Patients with chronic symptomatic hyponatraemia are at high risk of cerebral demyelination
if rapid correction of the plasma sodium occurs. Study showed neurological complications
almost exclusively occurred in patients with chronic hyponatraemia, when the plasma sodium
was corrected at a rate of greater than 0.5 mmol/l/hour. If plasma sodium is corrected rapidly,
there is a rapid restoration of intracellular sodium and potassium, within hours, but organic
solutes may take 5-7 days to return to normal levels. There then develops a hypertonic
extracellular compartment, which induces an extracellular shift of water, leading to
intramyelinic oedema, osmotic endothelial injury and local release of myelinotoxic factors. This
results in oligodendrocyte degeneration and pontine and extrapontine demyelination.
Myelinolysis, usually occurs in the central pontine area, but in 10% of cases can affect
extrapontine areas, the cerebellum, thalamus, midbrain and lateral geniculate body.
Because of the risk of development of CPM associated with rapid elevation of plasma
sodium concentration, the use of hypertonic saline infusion to correct chronic hyponatraemia is
controversial, and is recommended only if neurological symptoms are present.
Patients with acute symptomatic hyponatraemia are at high risk of cerebral oedema, cerebral
herniation and death. They require prompt treatment in an effort to prevent cerebral oedema by
inhibiting the formation of a critical osmotic gradient between the brain and the plasma.
Hypertonic saline (3% NaCl) can be infused at a rate to increase the plasma sodium by 1-2
mmols/l/hour. Some authors recommend the hypertonic saline infusion to be given in
combination with a loop diuretic such as frusemide, which enhances free water excretion and
therefore increases plasma sodium, but beware of that adjunctive frusemide therapy can cause
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rapid elevation in plasma sodium. The appropriate infusion rate can be calculated from the
formula, assuming that total body water is 60% of the body weight:
**Total body water x desired correction rate = rate of sodium replacement **
The risk of CPM is less likely in the reversal of acute hyponatraemia, but the same
precautions should be observed as in the treatment of chronic hyponatraemia. The infusion of
saline should be stopped when the patient becomes asymptomatic, regardless of the degree of
the hyponatraemia. The rate of change of plasma sodium should be less than 12mmols over 24
h and should not exceed 25mmols over 48 h; the infusion should also be stopped when the
plasma sodium is greater than 120mmols/l or when the total magnitude of correction is
25mmols. During any infusion with hypertonic saline, it is important to check the electrolytes
every 2 h so that the infusion can be stopped at the appropriate end points.
Management of Complications
Complications can arise as a consequence of status epilepticus itself or as a result of the
drugs used to treat it.
Pulmonary aspiration is not uncommon and neurogenic pulmonary oedema has been
reported. The major systemic complications of status epilepticus include hyperthermia and
rhabdomyolysis. Hyperthermia occurs in the majority of cases and is related to increased
muscle activity during seizure activity. It usually resolves when seizures are brought under
control but active cooling should be applied if core temperature exceeds 40 °C. Patients should
be screened for myoglobinuria and the serum creatine kinase measured. Forced diuresis and
urinary alkalinisation should be considered in the presence of myoglobinuria or significantly
elevated serum creatine kinase levels, in an attempt to prevent acute tubular necrosis and renal
failure. Arrhythmias are not infrequently encountered and ECG monitoring is mandatory to
allow early recognition and treatment. Many of the pharmacological therapies effective in
terminating status epilepticus cause sedation, respiratory depression and hypotension. Artificial
ventilation will be required if seizures are not brought under rapid control and is mandatory if
anaesthetic agents are used to treat status epilepticus. It is also important to maintain systemic
blood pressure at normal or supranormal levels to ensure adequate cerebral perfusion. Fluid
resuscitation and vasopressor or inotropic support should be directed using appropriate invasive
cardiovascular monitoring.
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CLINICAL FEATURES AND MANAGEMENT OF A PATIENT WITH AN ACUTE
LEFT VENTRICULAR ANEURYSM
Dr. K. Deshpande. Department of Critical Care Medicine, Flinders Medical Centre, SA
Definition: A segment of ventricular wall that exhibits paradoxical (dyskinetic) systolic
expansion.
Incidence: Depends on incidence of transmural MI and CCF in the population studied.
Aetiology: Myocardial infarction either ischaemic or secondary to blunt chest trauma.
Location: 1. Anterolateral near the apex - 80 %, often associated with total occlusion of LAD
and a poor collateral blood supply.
2. Posterior - 5-10 %
75 % of patients with aneurysm have multivessel CAD.
Composition: 3 patterns
1. Thin scar tissue
2. Mixture of scar tissue and viable myocardium
3. Chronic fibrous tissue
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Classification:
Functional: Protrudes during ventricular systole but not during diastole.
Consists of fiberous tissue with or without myocardial fibres.
Anatomical: Protrudes during both systoleand diastole
True anatomical: 1. Mouth as wide as or wider than maximal diameter
2. Has a wall that was formerly the wall of LV and is composed of
fibrous tissue with or without residual myocardial fibers.
3. May or may not contain thrombus
4. Almost never ruptures once the wall is healed.
False anatomical: 1. Mouth is considerably smaller than the maximal diameter
2. Represents myocardial rupture site
3. Wall made up of parietal pericardium
4. Always contains thrombus
5. Often ruptures
Clinical features:
1. Symptoms of heart failure with or without associated angina in 50 %
2. Severe angina alone in 33 %
3. Symptomatic ventricular arrhythmias (may be intractable and life threatening) in
15 %
4. Mural thrombi in 50%, systemic embolic events - more common within initial 4-6
months after infarction.
Diagnosis:
ECG: persistent ST segment elevation on resting ECG (in the absence of chest pain).
CXR: characteristic bulge of the silhouette of LV.
(Above findings when clear-cut, are relatively specific but have limited sensitivity)
Radionuclide ventriculography
2-D echocardiography: also helpful in distinguishing between true and false aneurysms, based
upon demonstration of a narrow neck in relation to cavity size.
Color-flow echocardiography: detects flow "in and out" as well as abnormal flow within
aneurysm. Pulsed Doppler imaging can reveal a "to-and-fro" pattern with characteristic
respiratory variation of peak systolic velocity.
CT and MRI: reliable noninvasive techniques
Biplane left ventriculography: most precise method available for
Outlining true LV aneurysm
Assessing septal motion
Determining quantity of functioning residual myocardium
Management
Medical:
Diuretics, digoxin, ACEI for heart failure
Antiarrhythmics for arrhythmias
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Aspirin, nitrates for angina
Anticoagulation for LV thrombus, etc
Surgical:
LV aneurysmectomy + / - coronary revascularisation
Indication: large LV aneurysm with symptoms of heart failure, particularly if angina pectoris is
also present.
Operative mortality rate: 10 % (range 2-19 %).
High-risk group for surgery:
Severe heart failure
Low output state
Akinesis of interventricular septum on echo
Akinesis or dyskinesia of posterior basal segment of LV
Significant right coronary artery stenosis
Risk factors for early death:
Poor LV function
Recent MI
Mitral regurgitation
Intractable ventricular arrhythmias
Akinesis or dyskinesia of posterior basal segment of LV
Significant right coronary artery stenosis
Risk factors for late post-op mortality
Incomplete revascularisation
Impaired systolic function of basal segment and septum not involved by
aneurysm.
Large aneurysm with small quantity of residual viable myocardium
Severe cardiac failure as a presenting feature
Pseudoaneurysms rupture frequently and should be resected on an urgent basis as soon as
diagnosis is established.
True aneurysms do not rupture and operative excision is carried out to improve clinical
manifestations, most often heart failure, but sometimes also angina, embolization, and
life threatening tachyarrhythmias.
Benefits of surgery: Improvement in LV function
Improvement in exercise performance
In patients carefully selected for surgical treatment, 70-80 % of survivors are in NYHA Class I
or II after 5 years, with a 10-year actuarial survival of 69 % in patients undergoing LV
aneurysmectomy and revascularization, compared with 57 % in those undergoing LV
aneurysmectomy alone.
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Surgical technique:
New surgical approaches are designed to restore normal LV geometry by using an alternative
method of epicardial closure and/or an endocardial patch to divide the area of aneurysm from
the remainder of the ventricular cavity.
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LIST THE INDICATIONS AND COMPLICATIONS OF INTRAVENOUS NACETYLCYSTEINE
Dr. C. Hourigan. Department of Critical Care Medicine, Auckland Hospital, New Zealand
Mechanism of action
N-acetylcysteine (NAC) acts as a direct oxygen radical scavenger and sulphydryl donor to
replete glutathione, a natural intracellular antioxidant. Glutathione is reduced in certain states
such as septic shock, and in particular in the liver with paracetamol toxicity. Paracetamol
metabolites deplete glutathione at toxic levels. NAC also increases cGMP levels to cause
vasodilation and inhibit platelet and neutrophil aggregation. Vasodilation also occurs due to the
sulphydryl donor regenerating endothial-derived relaxing factor. Formation of proinflammatory
cytokines such as IL-8 and TNF- are reducedClinical benefits in critically ill patients have
included improved ventilatory requirement and reduced oxidative stress in acute lung injury,
improved hepatosplanchnic blood flow in septic shock, and improved whole body oxygen
consumption.
Indications
NAC was first introduced as a mucolytic agent for chronic obstructive pulmonary disease,
by inhalation, oral, or intravenous administration. Primary use in the intensive care unit relates
to the treatment of paracetamol toxicity and related hepatic failure. Used within 12 hours of
ingestion paracetamol hepatotoxicity is prevented and there may be benefit beyond this time
frame, including fulminant hepatic failure. NAC has potential application in the treatment of
shock and acute lung injury but as the evidence of improved outcome is conflicting, it remains
largely experimental in this regard. Some evidence exists of benefit for fulminant hepatic
failure unrelated to paracetamol.
Paracetamol Toxicity
“Treatment lines” are based on the observations of untreated patients and are presented as a
semi-logarithmic plot of plasma paracetamol concentration versus time (hours) after ingestion.
A paracetamol level is taken 4 hours or more post ingestion and the nomogram provides
guidance as to whether to treat. The Matthew-Rumack nomogram is one example but more
recent nomograms are more cautious, recommending treatment at lower levels (150 mg/L at 4
hours). These nomograms predict likelihood of transaminase elevation, not life or death.
Certain patients are at high risk and may warrant treatment at lower levels. Alcoholism and
starvation (eating disorder) leads to a reduction of glutathione stores. Patients on enzyme
inducing drugs such as anticonvulsants and isoniazid may be at greater risk.
The “treatment lines” have no application to patients who ingest multiple overdoses of
paracetamol in a short time, and in these patients treatment should be considered irrespective of
paracetamol concentration. Other aspects of management include the administration of
activated charcoal 50 g if presentation within an hour after substantial overdose. If the ingestion
is of greater than 150 mg/kg paracetamol or levels will not be available by 8 hours then
treatment should be commenced, and may be ceased according to the paracetamol level. If
patient remains asymptomatic and investigations are normal then the patient may be discharged
after treatment. If patients have derrangements clinically or on laboratory findings then the
NAC infusion should continue for a longer time.
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Administration
NAC mixed in 5% dextrose:
150 mg/kg in 200ml over 15 min
50 mg/kg in 500 ml over 4 hours (12.5 mg/kg/h)
100 mg/kg in 1000 ml over 16 hours (6.25 mg/kg/h)
Treatment beyond this time period guided by transaminases, prothrombin time, bilirubin, acidbase status, and renal function. There is evidence of reduced mortality with prolonged
administration in fulminant hepatic failure (6.25 mg/kg/h).
Complications
Adverse effects have been reported in up to 15% of patients. NAC is a small molecule (MW
160) that is structurally similar to amino acids plus most patients do not have prior exposure
making true anaphylaxis (IgE mediated) an unlikely mechanism for adverse reactions. The
vasodilatory action of NAC may explain the frequent occurance of flushing. Histamine release
(anaphylactoid) also contributes to adverse effects. Atopy does not appear to cause increased
risk of reaction.
Nausea, flushing, urticaria, and pruritis are amongst the most common reactions, with
angiooedema, wheezing, respiratory distress, hypotension, and hypertension occuring less
commonly. Significant hypotension and death are rare. Minor reactions often resolve after the
peak rate of infusion. More serious reactions should be managed by stopping the infusion and
administering an antihistamine. Corticosteroids are seldom necessary. The infusion should then
be restarted after 60 minutes. The reaction is dose related and as such repeat doses of
antihistamine are not required. If the reaction is life-threatening then consideration should be
given to the administration of an H2-antagonist and adrenaline. An alternative option is to
administer oral methionine.
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SUMMARY:
Mechanism of action
Antioxidant - direct & sulphydryl donor to replete glutathione
Other effects include:
-

vasodilation
inhibition of platelet & neutrophil aggregation
reduced IL-8 & TNF-

Indications
Paracetamol toxicity & related hepatic failure
? Treatment of shock, acute lung injury, & other fulminant liver failure
Paracetamol Toxicity
“Treatment lines” - semi-logarithmic plot plasma paracetamol vs time
-

predict likelihood of transaminase elevation, not life or death
alcoholism & starvation lead to reduction glutathione
enzyme inducing drugs increase risk
no application to multiple overdoses in short time

NAC if 150 mg/kg paracetamol or levels not available by 8 hours
Ongoing treatment guided by transaminases, PT, bilirubin, acid-base, renal function
Complications
Anaphylaxis unlikely – likely direct vasodilation & histamine (anaphylactoid)
Common reactions:
- nausea, flushing, urticaria, pruritis
Uncommon reactions:
- angiooedema, wheezing, respiratory distress, hypotension, hypertension
Rare reactions
- significant hypotension & death
Treatment:
-

minor reactions resolve after peak rate infusion
stop infusion 60 minutes & administer antihistamine
corticosteroids seldom necessary
H2-antagonist & adrenaline considered if life threatening
alternative option oral methionine
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DISCUSS THE MANAGEMENT OF A PATIENT WITH MYOGLOBINURIC ACUTE
RENAL FAILURE
Dr. R. Brockett, Intensive Care Unit, Royal Brisbane Hospital, Queensland
Background
Myoglobin is a 153 amino acid peptide that binds oxygen avidly to deliver to the oxidative
sites within striated muscle cells under the low oxygen tensions that apply (- 1 to 2 mmHg). It
shares 24 aminoacid homology with haemoglobin and has one haeme group. It comprises 1 to
2% of the wet weight of muscle.
It is readily filtered, with a molecular weight of 17.8 kDa, but mostly reabsorbed by the process
of endocytosis with subsequent proteolysis within the proximal tubular cells.
It is released by a number of causes: muscle trauma from crush injury, burns or electricity;
ischaemia from thrombosis, compartment syndrome or compression; excessive activity such as
epilepsy or sports; drugs such as stating, cocaine, ethanol, opiates, tricyclics, amphetamines,
neuroleptics, ecstasy; infection; toxins such as hemlock, snake and insect venoms;
inflammation (myositides); metabolic conditions such as diabetic ketoacidosis, hyperosmolar
coma, hypokalaemia and hypophosphataemia; inherited conditions; and extremes of
temperature.
Associated with myoglobin release is the release of potassium and pooling of extravascular
water in the muscle compartment leading to hypovolaemia and compartment syndrome. At the
same time, creatinine kinase (CK), urate and phosphate are released. DIC, hypocalcaemia and
metabolic acidosis often ensue. CK levels are roughly correlated with myoglobin levels!. The
half-life, with normal renal function, is 1 to 3 hours for myoglobin, but 36 hours for CK.
Therefore, CK has better utility for late presentations. In the presence of renal failure, both
accumulate.
It causes damage by intensifying and prolonging the renal vasoconstriction produced by
other causessuch as shock and hypovolaemia. Exactly how is not known - most likely by
generating free radicals, but possibly by activating endothelin or upregulating its receptors or
by scavenging nitric oxidel. It has been postulated that the tubular casts formed upon
combination of the myoglobin with Tamm-Horsfall protein, at low intraluminal pH, may cause
obstructive nephropathy.
MANAGEMENT ISSUES
Diagnosis is crucial and can be problematical. There are no signs of muscle injury in 50%
of patients. Myoglobinuria is often overlooked as a cause for the positive dipstick urine for
blood. There are several methods for determining whether the positive test is haemoglobin or
myoglobin, but the "gold-standard" is an immunoassay. Normal urinary levels are < 10 ug/1
and levels above 300 give the urine the characteristic "Coca-Cola" colour. The exact urinary
level that corresponds to the highest risk of renal failure is not known precisely, but it has been
suggest to use 1000ug/1 as a cut off2. In this case series of 8 patients, 80% of patients with
levels above the cut-off developed ARF, whereas, none out of the 3 patients (levels 20 to 275
ug/1) developed ARF. There was also a significant difference between the group's serum
creatinine (0.56 mM versus 0.19 mM). It has also been suggested that a CK level below 5000
for the first 3 days after the initial insult carries a low risk for ARFi. A high index of suspicion
is necessary and the following, not uncommon, clinical scenarios should ring alarm bells:
immobility, especially if due to alcohol or drugs; drug ingestion; heat stroke; sepsis.
In terms of treatment, a number of modalities have been suggested: alkalinization of the
urine, diuresis, fluid loading with saline, desferroxamine, dialysis/filtration and mannitol. What
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little literature there is on the subject of therapy of myoglobinuria is predominately either
opinion, based on physiology, case studies or animal study data (the rat model after injection of
glycerol to cause muscle breakdown). Most agree that fluid loading is necessary to restore
intravascular volume, real or relative, to minimize the renal vasoconstriction. The amount and
composition of fluids are not critical - providing intravascular volume is restored - hence
normal saline is usually used. Compartment syndrome is a very real threat as acomplication of
therapy. One target quoted is 150 mls/h of urine output4. The same source recommends the use
of diuretics, bicarbonate and mannitol.
Some have advocated the use of low dose dopamine3 - this was successful in a case series
of 3 patients all with high levels of myoglobin. However, all had taken cocaine, a potent renal
vasoconstrictor.
Desferroxamine is not used commonly any longer - but it was once used to bind out the iron
released within the tubules and thereby prevent generation of hydroxyl radicals5. In the rat
model it had an additive effect with mannitol.
The same, animal (rat), study demonstrated that mannitol did not have any therapeutic effect
beyond the diuretic response (i.e. it had no intrinsic antioxidant activity).
CVVHF has been used to remove myoglobin6. In this paper, standard ICU CRRT (2 to 3 l/h
exchanges, with an AN69 filter) cleared 22ml/min of myoglobin.
SUMMARY:
1. Establish the diagnosis firmly.
2. Fluid load with normal saline, especially in interim.
3. Frusemide to maintain urine output - 150 mls/h or 2 mls/kg/h.
4. Bicarbonate if acidotic (?pH < 7.2) - though this is controversial and leaves unresolved the
question: alkalinize the urine or the plasma or both. CVVHDF if in established oliguric renal
failure.
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DISCUSS THE CONDITIONS WHERE UNFRACTIONATED HEPARIN IS
PREFERABLE TO LOW-MOLECULAR-WEIGHT HEPARIN
Dr. G. Comodira, Intensive Care Unit, Royal Brisbane Hospital, Queensland
Pharmacology of Heparins
Pharmacodynamics:
 Unfractionated Heparin {Heparin} = Mwt 12-15000
 Low Molecular Wt Heparin has a molecular weight of, 6000 U
 Antithrombin is a natural anticoagulant and it slowly inactivates clotting factors. Heparin
binds to ATIII and produces a rapid increase in the speed of the inactivation. Of
IIa>Xa>Ixa>Xia>XIIA.
 The interaction of IIA requires Heparin to bind to ATIII and Thrombin.
 The inactivation of Xa requires Heparin to bind only to ATIII.
 The Low Molecular weight Heparins all have < 18 Saccharide units as a chain. This
mandates that they cannot bind to Thrombin.
 Heparin with > 18 Saccharide unit chains can bind to thrombin.
 Both Heparin and Low Molecular Wt Heparin release tissue factor pathway inhibitor
inhibiting the extrinsic pathway.
 Heparin and Low Molecular Wt Heparin release TPA.
 Heparin and Low Molecular Wt Heparin release Prostocyclin.
Summarized are comparisons of the pharmacology of Heparin and the LMW Heparins
Parameter
Heparin
LMW Heparin
Significance
Weight
18000
5000
Saccharide units >18
<18
Binding to Xa
Xa:IIa action
1:1
4:1
Protein binding
High but variable Low and
Enhanced bioavailability for
and unpredictable predictable
Low Molecular Wt Heparin
Macrophage
High
Low
Enhanced bioavailability for
binding
Low Molecular Wt Heparin
Inactivation Xa
Low
High
Increased potency
Platelet
interaction
Decreased
platelet count
Dose response
Platelet factor
neutralizers

Yes

Weak

Common

Less common

Not predictable
Present

Predictable
Not present

? decreased bleeding

Enhanced anti thrombosis
activity

Pharmacokinetics
 Low Molecular Wt Heparin have less protein binding compared with Heparin.
Unfractionated Heparin protein binding is unpredictable making the bioavailibility less
predictable than LMWt Heparin
 Heparin metabolism is zero order in the liver and 1st order in the renal system.
 Low Molecular Wt Heparin is 1st order in the kidneys only however the half-life can
become increased if there is renal impairment.
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Heparin and like drugs can be used for both treatment and for prophylaxis.
Treatment
♦ Deep Venous Thrombosis: Low molecular weight Heparins have allowed for the safe
management of DVT at home. There is no evidence to suggest that there is an increase in
bleeding. All studies conclude that the process is at least as safe as a Heparin infusion with
respect to death or morbidity.
Unless there is a concern as to the need to reverse the heparin then there is no compelling
reason to prefer heparin to LMWT Heparins.
♦ Pulmonary Embolus: Meta-anylsis of the studies confirms that there is no increased risk of
major complications or of pulmonary embolus. The value of monitoring the anti Xa
activity has not been shown to be superior to a weight-based regimen.
Unless there is a concern as to the need to reverse the heparin then there is no compelling
reason to prefer heparin to LMWT Heparins.
♦ Acute Coronary Syndromes: The ESSENCE trial group showed that Low molecular
weight Heparins produced a significant decrease in the need for revascularization
compared with Heparin. There was no significant increase in the bleeding rate. There is no
demonstrated advantage of Unfractionated heparin in these patients.
Prophylaxis:
General Surgery:
♦ Minor Surgery in the < 40 year old with no risk factors requires no prophylaxis. No
form of heparin is required.
♦ Moderate risk patients demonstrate similar outcomes with respect to Heparin v/s Low
molecular weight Heparins Vs placebo. Thus Low molecular weight Heparins 1/day is
as efficacious as s/c Heparin bd. The choice in this group can be made on a cost/
convenience basis.
♦ High-risk surgery: Unfractionated Heparin to achieve the same reduction in DVT
mortality requires that the APTT be titrated to high normal levels. BD LMW Heparin
produces a similar profile at BD weight dosing.
The analysis of the studies shows that LMWt Heparin does not produce an increase in the
bleeding rate.
The orthopedic studies confirm this with respect to hip and knee surgery. The results are
achieved with no reference to laboratory monitoring as opposed to the use of Heparin to titrated
the upper end of normal APTT or low dose warfarin.
Randomized trials of neurosurgery patients reveal
♦ Spinal Injures: no prophylaxis preduces DVT rates quoted at <100% and PE rates
of 15-30 %. Low molecular weight Heparins produce a significant decrease in the
rate of DVT, better than Heparin titrated to APTT, and greater than
Unfractionated Heparin not titrated. There is no increase in the unwanted bleeding
rate.
Trauma:
♦ The quoted DVT rates are 50% and a PE rate of 5%
♦ Low molecular weight Heparins at a weight related dose produces a significant
decrease in the DVT rate as compared with Heparin.
♦ There is no increase in the hemhorage rate, laparotomy rate, and transfusion rate.
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Anesthesia:
♦ 1997 the FDA issued a caution with respect to Low molecular weight Heparins
Heparins and spinal anesthesia. This can be considered as the 12/2 rule: No
spinal/epidural until > 12 hours after the Low molecular weight Heparins. No low
molecular weight Heparins at < 2 hours post removal of the catheter. Low
molecular weight Heparins can be given whilst the catheter is in situ.
Epidural hematoma has been described with Unfractionated Heparin but much
less frequently.
Monitoring
♦ Low molecular weight Heparins has been shown to be as accurate with weight
based assessment of doses as per assays of peak factor Xa activity. However in
renal failure the dose profile changes such that the effect is not as predictable.
This necessitates laboratory monitoring. As renal failure is common in the ICU
and is not stable such a circumstance removes much of the advantage of the Low
molecular weight Heparins.
Reversal
♦ Unfractionated Heparin can be reversed with protamine. In theory so too can Low
molecular weight Heparins. However although this appears to work in rabbits
isolated case reports in the clinical setting fail to show that the response is
predictable in humans. Thus although the risk of bleeding is no higher with Low
molecular weight Heparins the result if it happens is not one of guaranteed
reversal.
♦ Unfractionated heparin although unpredictable in its half-life is generally 10 to 30
min dependent on the age and renal status.
♦ The serum half life of the Unfractionated Heparins is of a up to 4.5 hours in those
patients in whom bleeding would be a concern if it occurred then the cost of
heparin administration even with monitoring can be justified against the
complication of bleeding and difficult reversal.
Hemodialysis:
♦ There a number of options with respect to the anticoagulation of the dialysis
patient. These include Low molecular weight Heparins and Unfractionated
Heparin. The common ICU patient in whom hemodialytic therapy is used has
multiple organ failure. These patients are inherently unstable and the use of a long
acting non-predictably reversible drug would seem to be contraindicated.
♦ However there are reports of Low molecular weight Heparins being used
successfully for dialysis.
Platelet Effects
♦ Low molecular weight Heparins do not produce HITS with the same frequency as
Unfractionated Heparin (<2%cf>2%) but the development of HITS prevents
either agent being subsequently used
♦ Both preparations can produce hypersensitivity reactions
Costs: Low molecular weight Heparins are cheaper to the health system only if they are not
monitored.
Thus the place of the Unfractionated Heparin can be summarized as follows
 Prophylaxis:
 Moderate risk surgery
 High risk surgery where the 12/2 rule applies for the anaesthetic
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Fluctuating renal function
Concerns re bleeding and the need to reverse same
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DISCUSS THE MANAGEMENT OF A PATIENT WITH WEGENER’S
GRANULOMATOSIS AND RESPIRATORY FAILURE
Dr R. Frengley. Intensive Care Unit, Christchurch Hospital, New Zealand
Introduction
 Characterised by granulomatous vasculitis of upper and lower respiratory tracts together
with glomerulonephritis.
 Granuloma may also involve skin, heart, CNS, peripheral nerves and other organs.
 Mean age of onset approximately 40yrs. Male 1:1 Female.
 85-90% present with symptoms referable to upper respiratory tract (sinusitis, otitis, rhinitis
etc).
Respiratory
 Pulmonary symptoms are found in 60-80% of patients and include cough, dyspnoea,
haemoptysis and chest pain.
 Lung involvement typically appears as multiple, bilateral, nodular cavitatory infiltrates.
 Catastrophic (massive) pulmonary haemorrhage is uncommon but is associated with >50%
mortality
 The subglottic region of the trachea is often affected (16%) and can result in significant
tracheal stenosis and airway obstruction.
Diagnosis
 Early diagnosis is imperative as pulmonary haemorrhage is invariably fatal without
aggressive cytotoxic therapy
 Diagnosis is clinicopathological based on biopsy material showing granulomatous
vasculitis.
 Pulmonary tissue (via open lung biopsy) gives the greatest diagnostic yield (though
contraindicated in severe resp failure).
 Upper airway biopsy may not reveal vasculitis (only granuloma or necrosis may be seen).
 Renal biopsy while not specific is useful to:
1) Support diagnosis (focal segmental glomerulonephritis).
2) Exclude other diagnoses
3) Define the extent of the disease
4) Prognosticate
 Serum antinuclear cytoplasmic antibodies (ANCA) help in the diagnosis.
 cANCA has a high specificity (>90%), and in the setting of active disease a sensitivity
>70%.
 cANCA does not however eliminate the need for biopsy.
 Differential diagnosis includes:
1) Granulomatous diseases (Tb, histoplasmosis, sarcoidosis)
2) Neoplastic processes (lymphoma, metastatic carcinoma)
3) Pulmonary-renal syndromes (Goodpastures syndrome, Churg-Strauss syndrome, Strep
pneumonia complicated by glomerulonephritis)
4) Collagen vascular disorders (SLE)
Treatment
 Oxygen.
 Intubation and ventilation as required.
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 Selective lung intubation, selective arterial embolisation, and surgery are not options as
pulmonary haemorrhage is diffuse.
 Specific treatment:
1) Cyclophosphamide 2-4mg/kg/day for 3 days then 1-2mg/kg/day thereafter and adjusted
to keep total WCC >3.0 and neutrophils >1.5 (nadir usually 7-10 days after
commencement).
2) Methylprednislone 15mg/kg/day for 3 days (then reducing to 1mg/kg/day), or:
3) Plasmapheresis 50ml/kg plasma exchanges with 5% albumin for 7-10 exchanges over 14
days.
 In patients unresponsive to this therapy intravenous immunoglobulin has been successfully
used.
 Maintenance therapy usually includes oral cyclophosphamide and prednisone, though
methotrexate (for remission induction), and azathioprine (for remission maintenance) are
occasionally used for those intolerant to cyclophosphamide.
 Trimethoprim-sulfamethoxazole may be useful for remission maintenance.
 Novel new therapies include antithymocyte globulin and monoclonal antibodies against T
lymphocytes.
Additional Note
 Infectious pulmonary disease may simulate or exacerbate underlying Wegener’s
Granulomatosis.
 Evaluation of the presentation, measurement of ANCA levels, and obtaining appropriate
samples for staining ad culture (including BAL, transbronchial brushings and biopsy), and
even open lung biopsy may be required to distinguish Wegener’s Granulomatosis from
infectious complications
 Pneumocystis pneumonia may occur in patients treated with cyclophosphamide.
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Eicosatrienoic acid, 5
Energy
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Energy expenditure, 3
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Fasting, 1, 2
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Liver function tests, 52
Low molecular weight heparin, 82
Lysine, 6
Magnesium sulphate
intravenous, 66
Malonyl CoA, 2
Maltase, 3
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half-life, 20
Oedema
gastrointestinal, 8
peripheral, 8
pulmonary, 7
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treatment of, 21
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diagnostic, 25
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Phosphofructokinase, 3
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Polysaccharides, 3
Prostaglandin
receptors, 17
Prostaglandins, 18
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daily intake, 7
dietary, 6
Protein synthesis, 2
Prothrombin time, 55
Pseudo-obstruction, 32
Pulmonary stenosis, 19
Pyruvate, 6
Ranitidine, 22
Renal injury
treatment of, 27
Retroperitoneal haemorrhage, 28
Right heart failure, 19
Sandostatin LAR, 21
Secretin, 16, 17
Selenium, 8
Sepsis
definition of, 39
Septic shock
definition of, 39
Serotonin, 18
Severe sepsis
definition of, 39
Short bowel syndrome, 36
Somatostatin, 16, 18, 20
half-life, 18, 20
Splenic injury
treatment of, 27
Spontaneous bacterial peritonitis, 33
Starch, 3
Starvation, 1, 2
Streptozotocin, 22
Substance P, 18
Sucrase, 3
Sucrose, 3
Systemic inflammatory response
syndrome, 39
Threonine, 6
Toxic megacolon, 33
Trace elements, 11
Transaminases, 55
Transamination, 6
Trauma
abdominal, 25
investigations, 25
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treatment of, 27
blunt abdominal, 25
penetrating abdominal, 25
Tricuspid insufficiency, 19
Triene/tetraene ratio, 5
Triglycerides, 4
Trypsin, 6
Tryptophan, 6, 19
Tyrosine, 7
Upper airway obstruction
management of, 61
Urinary urea, 7
Urobilinogen, 56
Vagotomy, 17
Valine, 6
Valsalva manoeuvre, 19
van den Bergh reaction, 51
Vapreotide, 20
half-life, 20
Variceal bleeding

treatment of, 21
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treatment of, 21
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aetiology, 38
treatment of, 38
Watery-diarrhoea syndrome, 22
Wegener's granulomatosis, 86
Zinc, 8
Zollinger-Ellison syndrome, 17, 21
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