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Preface


The sixth edition of Principles and Practice of Surgery continues to build on the success and popularity of previous editions and its companion volume Davidson’s Principles and Practice of Medicine. Many medical schools now deliver undergraduate curricula which focus principally on ensuring generic knowledge and skills, but the continuing success of Principles and Practice of Surgery over the last 25 years indicates that there remains a need for a textbook which is relevant to current surgical practice. We believe that this text provides a ready source of information for the medical student, for the recently qualified doctor on the surgical ward and for the surgical trainee who requires an up-to-date overview of the management approach to surgical pathology. This book should guide the student and trainee through the key core surgical topics which will be encountered within an integrated undergraduate curriculum, in the early years of surgical training and in subsequent clinical practice.


We have striven to improve the format of the text and layout of information. Considerable effort has also been put into improving the quality of the radiographs and illustrations.


It is our intention that this edition is relevant to doctors and surgeons practising in other parts of the world. The four editors welcome the contributions of Professors Venkatramani Sitaram and Pawanindra Lal whose remit as co-editors on our associated International Edition is to ensure the book’s content is fit for purpose in those parts of the world where disease patterns and management approaches may differ.


We remain indebted to the founders of this book, Professors Sir Patrick Forrest, Sir David Carter and Mr Ian Macleod who established the reputation of the textbook with students and doctors around the world. We are grateful to Laurence Hunter of Elsevier for his encouragement and enthusiasm and to Ailsa Laing for keeping our contributors and the editorial team in line during all stages of publication.


We very much hope that this edition continues the tradition and high standards set by our predecessors and that the revised content and presentation of the sixth edition satisfies the needs of tomorrow’s doctors.




OJG, AWB, JLRF, RWP


Edinburgh and Birmingham, 2012
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Section 1


Principles of Perioperative Care










1 Metabolic response to injury, fluid and electrolyte balance and shock




S.R. McKechnie, T.S. Walsh
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The metabolic response to injury


In order to increase the chances of surviving injury, animals have evolved a complex set of neuroendocrine mechanisms that act locoregionally and systemically to try to restore the body to its pre-injury condition. While vital for survival in the wild, in the context of surgical illness and treatment, these mechanisms can cause great harm. By minimizing and manipulating the metabolic response to injury, surgical mortality, morbidity and recovery times can be greatly improved.






Features of the metabolic response to injury


Historically, the response to injury was divided into two phases: ‘ebb’ and ‘flow’. In the ebb phase during the first few hours after injury patients were cold and hypotensive (shocked). When intravenous fluids and blood transfusion became available, this shock was sometimes found to be reversible and in other cases irreversible. If the individual survived the ebb phase, patients entered the flow phase which was itself divided into two parts. The initial catabolic flow phase lasted about a week and was characterized by a high metabolic rate, breakdown of proteins and fats, a net loss of body nitrogen (negative nitrogen balance) and weight loss. There then followed the anabolic flow phase, which lasted 2–4 weeks, during which protein and fat stores were restored and weight gain occurred (positive nitrogen balance). Our modern understanding of the metabolic response to injury is still based on these general features.









Factors mediating the metabolic response to injury


The metabolic response is a complex interaction between many body systems.






The acute inflammatory response


Inflammatory cells and cytokines are the principal mediators of the acute inflammatory response. Physical damage to tissues results in local activation of cells such as tissue macrophages which release a variety of cytokines (Table 1.1). Some of these, such as interleukin-8 (IL-8), attract large numbers of circulating macrophages and neutrophils to the site of injury. Others, such as tumour necrosis factor alpha (TNF-α), IL-1 and IL-6, activate these inflammatory cells, enabling them to clear dead tissue and kill bacteria. Although these cytokines are produced and act locally (paracrine action), their release into the circulation initiates some of the systemic features of the metabolic response, such as fever (IL-1) and the acute-phase protein response (IL-6, see below) (endocrine action). Other pro-inflammatory (prostaglandins, kinins, complement, proteases and free radicals) and anti-inflammatory substances such as antioxidants (e.g. glutathione, vitamins A and C), protease inhibitors (e.g. α2-macroglobulin) and IL-10 are also released (Fig. 1.1). The clinical condition of the patient depends on the extent to which the inflammation remains localized and the balance between these pro- and anti-inflammatory processes.


Table 1.1 Cytokines involved in the acute inflammatory response






	Cytokine

	Relevant actions






	TNF-α

	Proinflammatory; release of leucocytes by bone marrow; activation of leucocytes and endothelial cells






	IL-1

	Fever; T-cell and macrophage activation






	IL-6

	Growth and differentiation of lymphocytes; activation of the acute-phase protein response






	IL-8

	Chemotactic for neutrophils and T cells






	IL-10

	Inhibits immune function







(TNF = tumour necrosis factor; IL = interleukin)
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Fig. 1.1 Key events occurring at the site of tissue injury.











The endothelium and blood vessels


The expression of adhesion molecules upon the endo-thelium leads to leucocyte adhesion and transmigration (Fig. 1.1). Increased local blood flow due to vasodilatation, secondary to the release of kinins, prostaglandins and nitric oxide, as well as increased capillary permeability increases the delivery of inflammatory cells, oxygen and nutrient substrates important for healing. Colloid particles (principally albumin) leak into injured tissues, resulting in oedema.


The exposure of tissue factor promotes coagulation which, together with platelet activation, decreases haemorrhage but at the risk of causing tissue ischaemia. If the inflammatory process becomes generalized, widespread microcirculatory thrombosis can result in disseminated intravascular coagulation (DIC).









Afferent nerve impulses and sympathetic activation


Tissue injury and inflammation leads to impulses in afferent pain fibres that reach the thalamus via the dorsal horn of the spinal cord and the lateral spinothalamic tract and further mediate the metabolic response in two important ways:




1. Activation of the sympathetic nervous system leads to the release of noradrenaline from sympathetic nerve fibre endings and adrenaline from the adrenal medulla resulting in tachycardia, increased cardiac output, and changes in carbohydrate, fat and protein metabolism (see below). Interventions that reduce sympathetic stimulation, such as epidural or spinal anaesthesia, may attenuate these changes.


2. Stimulation of pituitary hormone release (see below).












The endocrine response to surgery


Surgery leads to complex changes in the endocrine mechanisms that maintain the body’s fluid balance and substrate metabolism, with changes occurring to the circulating concentrations of many hormones following injury (Table 1.2). This occurs either as a result of direct gland stimulation or because of changes in feedback mechanisms.




Table 1.2 Hormonal changes in response to surgery and trauma
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Consequences of the metabolic response to injury






Hypovolaemia


Reduced circulating volume often characterizes moderate to severe injury, and can occur for a number of reasons (Table 1.3):




• Loss of blood, electrolyte-containing fluid or water.


• Sequestration of protein-rich fluid into the interstitial space, traditionally termed “third space loss”, due to increased vascular permeability. This typically lasts 24–48 hours, with the extent (many litres) and duration (weeks or even months) of this loss greater following burns, infection, or ischaemia–reperfusion injury.





Table 1.3 Causes of fluid loss following surgery and trauma






	Nature of fluid

	Mechanism

	Contributing factors






	Blood

	Haemorrhage

	Site and magnitude of tissue injury
Poor surgical haemostasis
Abnormal coagulation






	Electrolyte-containing fluids

	Vomiting

	Anaesthesia/analgesia (e.g. opiates)
Ileus






	 

	Nasogastric drainage

	Ileus
Gastric surgery






	 

	Diarrhoea

	Antibiotic-related infection
Enteral feeding






	 

	Sweating

	Pyrexia






	Water

	Evaporation

	Prolonged exposure of viscera during surgery






	Plasma-like fluid

	Capillary leak/sequestration in tissues

	Acute inflammatory response
Infection 
Ischaemia–reperfusionsyndrome













Summary Box 1.1 Factors mediating the metabolic response to injury






The acute inflammatory response


Inflammatory cells (macrophages, monocytes, neutrophils)


Proinflammatory cytokines and other inflammatory mediators


Endothelium









Endothelial cell activation


Adhesion of inflammatory cells


Vasodilatation


Increased permeability









Nervous system


Afferent nerve stimulation and sympathetic nervous system activation









Endocrine


Increased secretion of stress hormones


Decreased secretion of anabolic hormones





Bacterial infection





Decreased circulating volume will reduce oxygen and nutrient delivery and so increase healing and recovery times. The neuroendocrine responses to hypovolaemia attempt to restore normovolaemia and maintain perfusion to vital organs.






Fluid-conserving measures


Oliguria, together with sodium and water retention – primarily due to the release of antidiuretic hormone (ADH) and aldosterone – is common after major surgery or injury and may persist even after normal circulating volume has been restored (Fig. 1.2).
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Fig. 1.2 The renin–angiotensin–aldosterone system.


(ACTH = adrenocorticotrophic hormone)




Secretion of ADH from the posterior pituitary is increased in response to:




• Afferent nerve impulses from the site of injury


• Atrial stretch receptors (responding to reduced volume) and the aortic and carotid baroreceptors (responding to reduced pressure)


• Increased plasma osmolality (principally the result of an increase in sodium ions) detected by hypothalamic osmoreceptors


• Input from higher centres in the brain (responding to pain, emotion and anxiety).





ADH promotes the retention of free water (without electrolytes) by cells of the distal renal tubules and collecting ducts.


Aldosterone secretion from the adrenal cortex is increased by:




• Activation of the renin–angiotensin system. Renin is released from afferent arteriolar cells in the kidney in response to reduced blood pressure, tubuloglomerular feedback (signalling via the macula densa of the distal renal tubules in response to changes in electrolyte concentration) and activation of the renal sympathetic nerves. Renin converts circulating angiotensinogen to angiotensin (AT)-I. AT-I is converted by angiotensin-converting enzyme (ACE) in plasma and tissues (particularly the lung) to AT-II which causes arteriolar vasoconstriction and aldosterone secretion.


• Increased adrenocorticotropic hormone (ACTH) secretion by the anterior pituitary in response to hypovolaemia and hypotension via afferent nerve impulses from stretch receptors in the atria, aorta and carotid arteries. It is also raised by ADH.


• Direct stimulation of the adrenal cortex by hyponatraemia or hyperkalaemia.





Aldosterone increases the reabsorption of both sodium and water by distal renal tubular cells with the simultaneous excretion of hydrogen and potassium ions into the urine.


Increased ADH and aldosterone secretion following injury usually lasts 48–72 hours during which time urine volume is reduced and osmolality increased. Typically, urinary sodium excretion decreases to 10–20 mmol/ 24 hrs (normal 50–80 mmol/24 hrs) and potassium excretion increases to > 100 mmol/24 hrs (normal 50–80 mmol/ 24 hrs). Despite this, hypokalaemia is relatively rare because of a net efflux of potassium from cells. This typical pattern may be modified by fluid and electrolyte administration.









Blood flow-conserving measures


Hypovolaemia reduces cardiac preload which leads to a fall in cardiac output and a decrease in blood flow to the tissues and organs. Increased sympathetic activity results in a compensatory increase in cardiac output, peripheral vasoconstriction and a rise in blood pressure. Together with intrinsic organ autoregulation, these mechanisms act to try to ensure adequate tissue perfusion (Fig. 1.3).
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Fig. 1.3 Summary of metabolic responses to surgery and trauma.







Summary Box 1.2 Urinary changes in metabolic response to injury


↓ urine volume secondary to ↑ ADH and aldosterone release


↓ urinary sodium and ↑ urinary potassium secondary to ↑ aldosterone release


↑ urinary osmolality


↑ urinary nitrogen excretion due to the catabolic response to injury.















Increased energy metabolism and substrate cycling


The body requires energy to undertake physical work, generate heat (thermogenesis) and to meet basal metabolic requirements. Basal metabolic rate (BMR) comprises the energy required for maintenance of membrane polarization, substrate absorption and utilization, and the mechanical work of the heart and respiratory systems.


Although physical work usually decreases following surgery due to inactivity, overall energy expenditure may rise by 50% due to increased thermogenesis, fever and BMR (Fig. 1.4).
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Fig. 1.4 Components of body energy expenditure in health and following surgery.




Thermogenesis: Patients are frequently pyrexial for 24–48 hours following injury (or infection) because pro-inflammatory cytokines (principally IL-1) reset temperature-regulating centres in the hypothalamus. BMR increases by about 10% for each 1°C increase in body temperature.


Basal metabolic rate: Injury leads to increased turnover in protein, carbohydrate and fat metabolism (see below). Whilst some of the increased activity might appear metabolically futile (e.g. glucose–lactate cycling and simultaneous synthesis and degradation of triglycerides), it has probably evolved to allow the body to respond quickly to altering demands during times of extreme stress.









Catabolism and starvation


Catabolism is the breakdown of complex substances to their constituent parts (glucose, amino acids and fatty acids) which form substrates for metabolic pathways. Starvation occurs when intake is less than metabolic demand. Both usually occur simultaneously following severe injury or major surgery, with the clinical picture being determined by whichever predominates.






Catabolism


Carbohydrate, protein and fat catabolism is mediated by the increase in circulating catecholamines and proinflammatory cytokines, as well as the hormonal changes observed following surgery.






Carbohydrate metabolism


Catecholamines and glucagon stimulate glycogenolysis in the liver leading to the production of glucose and rapid glycogen depletion. Gluconeogenesis, the conversion of non-carbohydrate substrates (lactate, amino acids, glycerol) into glucose, occurs simultaneously. Catecholamines suppress insulin secretion and changes in the insulin receptor and intracellular signal pathways also result in a state of insulin resistance. The net result is hyperglycaemia and impaired cellular glucose uptake. While this provides glucose for the inflammatory and repair processes, severe hyperglycaemia may increase morbidity and mortality in surgical patients and glucose levels should be controlled in the perioperative setting.









Fat metabolism


Catecholamines, glucagon, cortisol and growth hormone all activate triglyceride lipases in adipose tissue such that 200–500 g of triglycerides may be broken down each day into glycerol and free fatty acids (FFAs) (lipolysis). Glycerol is a substrate for gluconeogenesis and FFAs can be metabolized in most tissues to form ATP. The brain is unable to use FFAs for energy production and almost exclusively metabolizes glucose. However, the liver can convert FFAs into ketone bodies which the brain can use when glucose is less available.









Protein metabolism


Skeletal muscle is broken down, releasing amino acids into the circulation. Amino acid metabolism is complex, but glucogenic amino acids (e.g. alanine, glycine and cysteine) can be utilized by the liver as a substrate for gluconeogenesis, producing glucose for re-export, while others are metabolized to pyruvate, acetyl CoA or intermediates in the Krebs cycle. Amino acids are also used in the liver as substrate for the ‘acute-phase protein response’. This response involves increased production of one group of proteins (positive acute-phase proteins) and decreased production of another (negative acute-phase proteins) (Table 1.4). The acute-phase response is mediated by pro-inflammatory cytokines (notably IL-1, IL-6 and TNF-α) and although its function is not fully understood, it is thought to play a central role in host defence and the promotion of healing.


Table 1.4 The acute-phase protein response






	Positive acute-phase proteins (↑ after injury)






	



• C-reactive protein


• Haptoglobins


• Ferritin


• Fibrinogen


• α1-Antitrypsin


• α2-Macroglobulin


• Plasminogen












	Negative acute-phase proteins (↓ after injury)






	



• Albumin


• Transferrin













The mechanisms mediating muscle catabolism are incompletely understood, but inflammatory mediators and hormones (e.g. cortisol) released as part of the metabolic response to injury appear to play a central role. Minor surgery, with minimal metabolic response, is usually accompanied by little muscle catabolism. Major tissue injury is often associated with marked catabolism and loss of skeletal muscle, especially when factors enhancing the metabolic response (e.g. sepsis) are also present.


In health, the normal dietary intake of protein is 80–120 g per day (equivalent to 12–20 g nitrogen). Approximately 2 g of nitrogen are lost in faeces and 10–18 g in urine each day, mainly in the form of urea. During catabolism, nitrogen intake is often reduced but urinary losses increase markedly, reaching 20–30 g/day in patients with severe trauma, sepsis or burns. Following uncomplicated surgery, this negative nitrogen balance usually lasts 5–8 days, but in patients with sepsis, burns or conditions associated with prolonged inflammation (e.g. acute pancreatitis) it may persist for many weeks. Feeding cannot reverse severe catabolism and negative nitrogen balance, but the provision of protein and calories can attenuate the process. Even patients undergoing uncomplicated abdominal surgery can lose ~600 g muscle protein (1 g of protein is equivalent to ~5 g muscle), amounting to 6% of total body protein. This is usually regained within 3 months.












Starvation


This occurs following trauma and surgery for several reasons:




• Reduced nutritional intake because of the illness requiring treatment


• Fasting prior to surgery


• Fasting after surgery, especially to the gastrointestinal tract


• Loss of appetite associated with illness.





The response of the body to starvation can be described in two phases (Table 1.5).




Table 1.5 A comparison of nitrogen and energy losses in a catabolic state and starvation*
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Acute starvation is characterized by glycogenolysis and gluconeogenesis in the liver, releasing glucose for cerebral energy metabolism. Lipolysis releases FFAs for oxidation by other tissues and glycerol, a substrate for gluconeogenesis. These processes can sustain the normal energy requirements of the body (~1800 kcal/day for a 70 kg adult) for approximately 10 hours.


Chronic starvation is initially associated with muscle catabolism and the release of amino acids, which are converted to glucose in the liver, which also converts FFAs to ketone bodies. As described above, the brain adapts to utilize ketones rather than glucose and this allows greater dependency on fat metabolism, so reducing muscle protein and nitrogen loss by about 25%. Energy requirements fall to about 1500 kcal/day and this ‘compensated starvation’ continues until fat stores are depleted when the individual, often close to death, begins to break down muscle again.












Changes in red blood cell synthesis and coagulation


Anaemia is common after major surgery or trauma because of bleeding, haemodilution following treatment with crystalloid or colloid and impaired red cell production in bone marrow (because of low erythropoietin production by the kidney and reduced iron availability due to increased ferritin and reduced transferrin binding). Whether moderate anaemia confers a survival benefit following injury remains unclear, but actively correcting anaemia in non-bleeding patients after surgery or during critical illness does not improve outcomes.


Following tissue injury, the blood typically becomes hypercoagulable and this can significantly increase the risk of thromboembolism; reasons include:




• endothelial cell injury and activation with subsequent activation of coagulation cascades


• platelet activation in response to circulating mediators (e.g. adrenaline and cytokines)


• venous stasis secondary to dehydration and/or immobility


• increased concentrations of circulating procoagulant factors (e.g. fibrinogen)


• decreased concentrations of circulating anticoagulants (e.g. protein C).








Summary Box 1.3 Physiological changes in catabolism






Carbohydrate metabolism







• ↑ Glycogenolysis


• ↑ Gluconeogenesis


• Insulin resistance of tissues


• Hyperglycaemia












Fat metabolism







• ↑ Lipolysis


• Free fatty acids used as energy substrate by tissues (except brain)


• Some conversion of free fatty acids to ketones in liver (used by brain)


• Glycerol converted to glucose in the liver












Protein metabolism







• ↑ Skeletal muscle breakdown


• Amino acids converted to glucose in liver and used as substrate for acute-phase proteins


• Negative nitrogen balance





Total energy expenditure is increased in proportion to injury severity and other modifying factors.


Progressive reduction in fat and muscle mass until stimulus for catabolism ends.


















Factors modifying the metabolic response to injury


The magnitude of the metabolic response to injury depends on a number of different factors (Table 1.6) and can be reduced through the use of minimally invasive techniques, prevention of bleeding and hypothermia, prevention and treatment of infection and the use of locoregional anaesthesia. Factors that may influence the magnitude of the metabolic response to surgery and injury are summarised in table 1.6.


Table 1.6 Factors associated with the magnitude of the metabolic response to injury






	Factor

	Comment






	Patient-related factors






	Genetic predisposition

	Gene subtype for inflammatory mediators determines individual response to injury and/or infection






	Coexisting disease

	Cancer and/or pre-existing inflammatory disease may influence the metabolic response






	Drug treatments

	Anti-inflammatory or immunosuppressive therapy (e.g. steroids) may alter response






	Nutritional status

	Malnourished patients have impaired immune function and/or important substrate deficiencies. Malnutrition prior to surgery is associated with poor outcomes






	Acute surgical/trauma-related factors






	Severity of injury

	Greater tissue damage is associated with a greater metabolic response






	Nature of injury

	Some types of tissue injury cause a disproportionate metabolic response (e.g. major burns),






	Ischaemia–reperfusion injury

	Reperfusion of ischaemic tissues can trigger an injurious inflammatory cascade that further injures organs.






	Temperature

	Extreme hypo- and hyperthermia modulate the metabolic response






	Infection

	Infection is associated with an exaggerated response to injury. It can result in systemic inflammatory response syndrome (SIRS), sepsis or septic shock.






	Anaesthetic techniques

	The use of certain drugs, such as opioids, can reduce the release of stress hormones. Regional anaesthetic techniques (epidural or spinal anaesthesia) can reduce the release of cortisol, adrenaline and other hormones, but has little effect on cytokine responses











Anabolism


Anabolism involves regaining weight, restoring skeletal muscle mass and replenishing fat stores. Anabolism is unlikely to occur until the processes associated with catabolism, such as the release of pro-inflammatory mediators, have subsided. This point is often temporally associated with obvious clinical improvement in patients, who feel subjectively better and regain their appetite. Hormones contributing to this process include insulin, growth hormone, insulin-like growth factors, androgens and the 17-ketosteroids. Adequate nutritional support and early mobilization also appear to be important in promoting enhanced recovery after surgery (ERAS).















Fluid and Electrolyte Balance


In addition to reduced oral fluid intake in the perioperative period, fluid and electrolyte balance may be altered in the surgical patient for several reasons:




• ADH and aldosterone secretion as described above


• Loss from the gastrointestinal tract (e.g. bowel preparation, ileus, stomas, fistulas)


• Insensible losses (e.g. sweating secondary to fever)


• Third space losses as described above


• Surgical drains


• Medications (e.g. diuretics)


• Underlying chronic illness (e.g. cardiac failure, portal hypertension).





Careful monitoring of fluid balance and thoughtful replacement of net fluid and electrolyte losses is therefore imperative in the perioperative period.






Normal water and electrolyte balance


Water forms about 60% of total body weight in men and 55% in women. Approximately two-thirds is intracellular, one-third extracellular. Extracellular water is distributed between the plasma and the interstitial space (Fig. 1.5A).
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Fig. 1.5 Distribution of fluid and electrolytes between the intracellular and extracellular fluid compartments.


 A Approximate volumes of water distribution in a 70 kg man. B Cations and anions.




The differential distribution of ions across cell membranes is essential for normal cellular function. The principal extracellular ions are sodium, chloride and bicarbonate, with the osmolality of extracellular fluid (normally 275–295 mOsmol/kg) determined primarily by sodium and chloride ion concentrations. The major intracellular ions are potassium, magnesium, phosphate and sulphate (Fig. 1.5B).


The distribution of fluid between the intra- and extravascular compartments is dependent upon the oncotic pressure of plasma and the permeability of the endothelium, both of which may alter following surgery as described above. Plasma oncotic pressure is primarily determined by albumin.


The control of body water and electrolytes has been described above. Aldosterone and ADH facilitate sodium and water retention while atrial natriuretic peptide (ANP), released in response to hypervolaemia and atrial distension, stimulates sodium and water excretion.


In health (Table 1.7):




• 2500 to 3000 ml of fluid is lost via the kidneys, gastrointestinal tract and through evaporation from the skin and respiratory tract


• fluid losses are largely replaced through eating and drinking


• a further 200–300 ml of water is provided endogenously every 24 hours by the oxidation of carbohydrate and fat.







Table 1.7 Normal daily losses and requirements for fluids and electrolytes


[image: image]




In the absence of sweating, almost all sodium loss is via the urine and, under the influence of aldosterone, this can fall to 10–20 mmol/24 hrs. Potassium is also excreted mainly via the kidney with a small amount (10 mmol/day) lost via the gastrointestinal tract. In severe potassium deficiency, losses can be reduced to about 20 mmol/day, but increased aldosterone secretion, high urine flow rates and metabolic alkalosis all limit the ability of the kidneys to conserve potassium and predispose to hypokalaemia.


In adults, the normal daily fluid requirement is ~30–35 ml/kg (~2500 ml/day). Newborn babies and children contain proportionately more water than adults. The daily maintenance fluid requirement at birth is about 75 ml/kg, increasing to 150 ml/kg during the first weeks of life. After the first month of life, fluid requirements decrease and the ‘4/2/1’ formula can be used to estimate maintenance fluid requirements: the first 10 kg of body weight requires 4 ml/kg/h; the next 10 kg 2ml/kg/h; thereafter each kg of body requires 1ml/kg/h. The estimated maintenance fluid requirements of a 35 kg child would therefore be:
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The daily requirement for both sodium and potassium in children is about 2–3 mmol/kg.









Assessing losses in the surgical patient


Only by accurately estimating (Table 1.8) and, where possible, directly measuring fluid and electrolyte losses can appropriate therapy be administered.


Table 1.8 Sources of fluid loss in surgical patients






	 

	Typical losses per 24 hrs

	Factors modifying volume






	Insensible losses

	700–2000 ml

	↑ Losses associated with pyrexia, sweating and use of non-humidified oxygen






	Urine

	1000–2500 ml

	↓ With aldosterone and ADH secretion;
↑ With diuretic therapy






	Gut

	300–1000 ml

	↑ Losses with obstruction, ileus, fistulae and diarrhoea (may increase substantially)






	Third-space losses

	0–4000 ml

	↑ Losses with greater extent of surgery and tissue trauma











Insensible fluid losses


Hyperventilation increases insensible water loss via the respiratory tract, but this increase is not usually large unless the normal mechanisms for humidifying inhaled air (the nasal passages and upper airways) are compromised. This occurs in intubated patients or in those receiving non-humidified high-flow oxygen. In these situations inspired gases should be humidified routinely.


Pyrexia increases water loss from the skin by approximately 200 ml/day for each 1°C rise in temperature. Sweating may increase fluid loss by up to 1 litre/hour but these losses are difficult to quantify. Sweat also contains significant amounts of sodium (20–70 mmol/l) and potassium (10 mmol/l).









The effect of surgery






The stress response


As discussed above, ADH leads to water retention and a reduction in urine volume for 2–3 days following major surgery. Aldosterone conserves both sodium and water, further contributing to oliguria. As a result, urinary sodium excretion falls while urinary potassium excretion increases, predisposing to hypokalaemia. Excessive and/or inappropriate intravenous fluid replacement therapy can easily lead to hyponatraemia and hypokalaemia.









‘Third-space’ losses


As described above, if tissue injury is severe, widespread and/or prolonged then the loss of water, electrolytes and colloid particles into the interstitial space can amount to many litres and can significantly decrease circulating blood volume following trauma and surgery.









Loss from the gastrointestinal tract


The magnitude and content of gastrointestinal fluid losses depends on the site of loss (Table 1.9):




• Intestinal obstruction. In general, the higher an obstruction occurs in the intestine, the greater the fluid loss because fluids secreted by the upper gastrointestinal tract fail to reach the absorptive areas of the distal jejunum and ileum.


• Paralytic ileus. This condition, in which propulsion in the small intestine ceases, has numerous causes. The commonest is probably handling of the bowel during surgery, which usually resolves within 1–2 days of the operation. Occasionally, paralytic ileus persists for longer, and in this case other causes should be sought and corrected if possible. During paralytic ileus the stomach should be decompressed using nasogastric tube drainage, and fluid losses monitored by measuring nasogastric aspirates.


• Intestinal fistula. As with obstruction, fistulae occurring high in the gut are associated with the greatest fluid and electrolyte losses. As well as volume, it may be useful to measure the electrolyte content of the fluid lost in order to determine the fluid replacement required.


• Diarrhoea. Patients may present with diarrhoea or develop it during the perioperative period. Fluid and electrolyte losses may be considerable.







Table 1.9 The approximate daily volumes (ml) and electrolyte concentrations (mmol/l) of various gastrointestinal fluids*
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Intravenous fluid administration


When choosing and administering intravenous fluids (Table 1.10) it is important to consider:




• what fluid deficiencies are present


• the fluid compartments requiring replacement


• any electrolyte disturbances present


• which fluid is most appropriate.







Table 1.10 Composition of commonly administered intravenous fluids
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Types of intravenous fluid






Crystalloids


Dextrose 5% contains 5 g of dextrose (d-glucose) per 100 ml of water. This glucose is rapidly metabolized and the remaining free water distributes rapidly and evenly throughout the body’s fluid compartments. So, shortly after the intravenous administration of 1000 ml 5% dextrose solution, about 670 ml of water will be added to the intracellular fluid compartment (IFC) and about 330 ml of water to the extracellular fluid compartment (EFC), of which about 70 ml will be intravascular (Fig. 1.6). Dextrose solutions are therefore of little value as resuscitation fluids to expand intravascular volume. More concentrated dextrose solutions (10%, 20% and 50%) are available, but these solutions are irritant to veins and their use is largely limited to the management of diabetic patients or patients with hypoglycaemia.
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Fig. 1.6 Distribution of different fluids in the body fluid compartments 30–60 minutes after rapid intravenous infusion of 1000 ml.




Sodium chloride 0.9% and Hartmann’s solution are isotonic solutions of electrolytes in water. Sodium chloride 0.9% (also known as normal saline) contains 9 g of sodium chloride dissolved in 1000 ml of water; Hartmann’s solution (also known as Ringer’s lactate) has a more physiological composition, containing lactate, potassium and calcium in addition to sodium and chloride ions. Both normal saline and Hartmann’s solution have an osmolality similar to that of extracellular fluid (about 300 mOsm/l) and after intravenous administration they distribute rapidly throughout the ECF compartment (Fig. 1.6). Isotonic crystalloids are appropriate for correcting EFC losses (e.g. gastrointestinal tract or sweating) and for the initial resuscitation of intravascular volume, although only about 25% remains in the intravascular space after redistribution (often less than 30–60 minutes).


Balanced solutions such as Ringers lactate, closely match the composition of extracellular fluid by providing physiological concentrations of sodium and lactate in place of bicarbonate, which is unstable in solution. After administration the lactate is metabolised, resulting in bicarbonate generation. These solutions decrease the risk of hyperchloraemia, which can occur following large volumes of fluids with higher sodium and chloride concentrations. Hyperchloraemic acidosis can develop in these situations, which is associated with adverse patient outcomes and may cause renal impairment. Some colloid solutions are also produced with balanced electrolyte content.


Hypertonic saline solutions induce a shift of fluid from the IFC to the EFC so reducing brain water and increasing intravascular volume and serum sodium concentration. Potential indications include the treatment of cerebral oedema and raised intracranial pressure, hyponatraemic seizures and ‘small volume’ resuscitation of hypovolaemic shock.









Colloids


Colloid solutions contain particles that exert an oncotic pressure and may occur naturally (e.g. albumin) or be synthetically modified (e.g. gelatins, hydroxyethyl starches [HES], dextrans). When administered, colloid remains largely within the intravascular space until the colloid particles are removed by the reticuloendothelial system. The intravascular half-life is usually between 6 and 24 hours and such solutions are therefore appropriate for fluid resuscitation. Thereafter, the electrolyte-containing solution distributes throughout the EFC.


Synthetic colloids are more expensive than crystalloids and have variable side effect profiles. Recognized risks include coagulopathy, reticuloendothelial system dysfunction, pruritis and anaphylactic reactions. HES in particular appears associated with a risk of renal failure when used for resuscitation in patients with septic shock.


The theoretical advantage of colloids over crystalloids is that, as they remain in the intravascular space for several hours, smaller volumes are required. However, overall, current evidence suggests that crystalloid and colloid are equally effective for the correction of hypovolaemia (EBM 1.1).





1.1 Crystalloid vs colloid to treat intravascular hypovolaemia








‘There is no evidence that resuscitation with colloids reduces the risk of death, compared to resuscitation with crystalloids, in patients with trauma, burns or following surgery.’


Perel P. et al., Cochrane Database Syst Rev. 2007 Oct 17;(4):CD000567











‘The use of 4% albumin for intravascular volume resuscitation in critically ill patients is associated with similar outcomes to the use of normal saline.’


Finfer S. et al. The SAFE study. New Engl J Med 2004; 350:2247–2256.


















Maintenance fluid requirements


Under normal conditions, adult daily sodium requirements (80 mmol) may be provided by the administration of 500–1000 ml of 0.9% sodium chloride. The remaining water requirement to maintain fluid balance (2000–2500 ml) is typically provided as 5% dextrose. Daily potassium requirements (60–80 mmol) are usually met by adding potassium chloride to maintenance fluids, but the amount added can be titrated to measured plasma concentrations. Potassium should not be administered at a rate greater than 10–20 mmol/h except in severe potassium deficiency (see section on hypokalaemia below) and, in practice, 20 mmol aliquots are added to alternate 500 ml bags of fluid.


An example of a suitable 24-hour fluid prescription for an uncomplicated patient is shown in Table 1.11; the process of adjusting this for a hypothetical patient with an ileus is shown in Table 1.12.


Table 1.11 Provision of normal 24-hour fluid and electrolyte requirements by intravenous infusion






	Intravenous fluid

	Additive

	Duration (hrs)






	500 ml 0.9% NaCl

	20 mmol KCI

	4






	500 ml 5% dextrose

	–

	4






	500 ml 5% dextrose

	20 mmol KCI

	4






	500 ml 0.9% NaCl

	–

	4






	500 ml 5% dextrose

	20 mmol KCI

	4






	500 ml 5% dextrose

	–

	4









Table 1.12 Estimating fluid (ml) and electrolyte (mmol) requirements in a patient with ileus*


[image: image]




In patients requiring intravenous fluid replacement for more than 3–4 days, supplementation of magnesium and phosphate may also be required as guided by direct measurement of plasma concentrations. The provision of parenteral nutrition should also be considered in this situation.









Treatment of postoperative hypovolaemia and/or hypotension


Hypovolaemia is common in the postoperative period and may present with one or more of the following: tachycardia, cold extremities, pallor, clammy skin, collapsed peripheral veins, oliguria and/or hypotension. Hypotension is more likely in hypovolaemic patients receiving epidural analgesia as the associated sympathetic blockade disrupts compensatory vasoconstriction. Intravascular volume should be rapidly restored with a series of fluid boluses (e.g. 250–500 ml) with the clinical response being assessed after each bolus (see below).












Specific water and electrolyte abnormalities






Sodium and water


Sodium is the major determinant of ECF osmolality (or tonicity) and so largely determines the relative ECF and ICF volumes. Hypo- and hypernatraemia reflect an imbalance between the sodium and, more often, water content of the ECF.






Water depletion


A decrease in total body water of 1–2% (350–700 ml) causes an increase in blood osmolarity and this stimulates brain osmoreceptors and the sensation of thirst. Clinically obvious dehydration, with thirst, a dry tongue and loss of skin turgor, indicates at least 4–5% deficiency of total body water (1500–2000 ml). Pure water depletion is uncommon in surgical practice, and is usually combined with sodium loss. The most frequent causes are inadequate intake or excessive gastrointestinal losses.









Water excess


For reasons explained above this is common in patients who receive large volumes of intravenous 5% dextrose in the early postoperative period. Such patients have an increased extracellular volume and are commonly hyponatraemic (see below). The increase in extracellular volume can be difficult to detect clinically as patients with water excess usually remain well and oedema may not be evident until the extracellular volume has increased by more than 4 litres. In patients with poor cardiac function or renal failure, water accumulation can result in pulmonary oedema.









Hypernatraemia


Hypernatraemia (Na+ > 145 mmol/l) results from either water (or hypotonic fluid) loss or sodium gain. Water loss is commonly caused by reduced water intake, vomiting, diarrhoea, diuresis, burns, sweating and insensible losses from the respiratory tract. It is typically associated with a low extracellular fluid volume (hypovolaemia). In contrast, sodium gain is usually caused by excess sodium administration in hypertonic intravenous fluids and is typically associated with hypervolaemia.


Hypovolaemic hypernatraemia is treated with isotonic crystalloid to rapidly restore intravascular volume followed by the more gradual administration of water to correct the relative water deficit. The latter can be administered enterally (oral or nasogastric tube) or intravenously in the form of 5% dextrose. Cells, particularly brain cells, adapt to a high sodium concentration in extracellular fluid, and once this adaptation has occurred, rapid correction of severe hypernatraemia can result in a rapid rise in intracellular volume, cerebral oedema, seizures and permanent neurological injury. To reduce the risk of cerebral oedema, free water deficits should be replaced slowly with the sodium being corrected at a rate less than 0.5 mmol/h.









Hyponatraemia


Hyponatraemia (Na+ < 135 mmol/l) can occur in the presence of decreased, normal or increased extracellular volume. The commonest cause is the administration of hypotonic intravenous fluids to replace sodium-rich fluid losses from the gastrointestinal tract or when excessive water (as intravenous 5% dextrose) is administered in the postoperative period. Other causes include diuretic use and the syndrome of inappropriate ADH secretion (SIADH). Co-morbidities associated with secondary hyperaldosteronism, such as cirrhosis and congestive cardiac failure, are potential contributing factors.


Treatment depends on correct identification of the cause:




• If ECF volume is normal or increased, the most likely cause is excessive intravenous water administration and this will correct spontaneously if water intake is reduced. Although less common in surgical patients, inappropriate ADH secretion promotes the renal tubular reabsorption of water independently of sodium concentration, resulting in inappropriately concentrated urine (osmolality > 100 mOsm/l) in the face of hypotonic plasma (osmolality < 290 mOsm/l). The urine osmolality helps to distinguish inappropriate ADH secretion from excessive water administration.


• In patients with decreased ECF volume, hyponatraemia usually indicates combined water and sodium deficiency. This is most frequently the result of diuresis, diarrhoea or adrenal insufficiency and will correct if adequate 0.9% sodium chloride is administered.





The most serious clinical manifestation of hyponatraemia is a metabolic encephalopathy resulting from the shift of water into brain cells and cerebral oedema. This is more likely in severe hyponatraemia (Na+ < 120 mmol/l) and is associated with confusion, seizures and coma. Rapid correction of sodium concentration can precipitate an irreversible demyelinating condition known as central pontine myelino-lysis and to avoid this, sodium concentration should not increase by more than 0.5 mmol/h. This can usually be achieved by the cautious administration of isotonic (0.9%) sodium chloride, occasionally combined with the use of a loop diuretic (e.g. furosemide). Hypertonic saline solutions are rarely indicated and can be dangerous.












Potassium


As about 98% of total body potassium (around 3500 mmol) is intracellular, serum potassium concentration (normally 3.5–5 mmol/l) is a poor indicator of total body potassium. However, small changes in extracellular levels do reflect a significant change in the ratio of intra- to extracellular potassium and this has profound effects on the function of the cardiovascular and neuromuscular systems.


Acidosis reduces Na+/K+-ATPase activity and results in a net efflux of potassium from cells and hyperkalaemia. Conversely, alkalosis results in an influx of potassium into cells and hypokalaemia. These abnormalities are exacerbated by renal compensatory mechanisms that correct acid–base balance at the expense of potassium homeostasis.






Hyperkalaemia


This is a potentially life-threatening condition that can be caused by exogenous administration of potassium, the release of potassium from cells (transcellular shift) as a





Summary Box 1.4 Aetiology of hyper- and hyponatraemia






Hypernatraemia


Hypovolaemic




• ↓ oral intake (e.g. fasting, ↓ conscious level) *


• Nausea and vomiting*


• Diarrhoea*


• ↑ Insensible losses (↑ sweating and/or ↑ respiratory tract losses)


• Severe burns*


• Diuresis (e.g. glycosuria, use of osmotic diuretics)





Euvolaemic




• Diabetes insipidus – central or nephrogenic





Hypervolaemic




• Excessive sodium load (hypertonic saline, TPN, sodium bicarbonate)


• ↑Mineralocorticoid activity (e.g. Conn’s syndrome or Cushing’s disease)












Hyponatraemia


Low extracellular fluid volume




• Diarrhoea*


• Diuretic use*


• Adrenal insufficiency


• Salt-losing renal disease





Normal extracellular fluid volume




• Syndromes of inappropriate ADH secretion (SIADH)


• Hypothyroidism


• Psychogenic polydipsia





Increased extracellular fluid volume




• Excessive water administration*


• Secondary hyperaldosteronism (cirrhosis, cardiac failure)


• Renal failure.










* Causes commonly encountered in the surgical patient are denoted with an asterisk.








result of tissue damage or changes in the Na+/K+-ATPase function, or impaired renal excretion.


Mild hyperkalaemia (K+ < 6 mmol/l) is often asymptomatic, but as serum levels rise there is progressive slowing of electrical conduction in the heart and the development of significant cardiac arrhythmias. All patients suspected of having hyperkalaemia should have an ECG for this reason. Tall ‘tented’ T-waves in the precordial leads are the earliest ECG changes observed, but as hyperkalaemia progresses more significant ECG changes occur, with flattening (or loss) of the P waves, a prolonged PR interval, widening of the QRS complex and eventually, asystole. Severe hyper-kalaemia (K+ > 7 mmol/l) requires immediate treatment to prevent this (Table 1.13).


Table 1.13 Management of severe hyperkalaemia (K+ >7 mmol/l)






	



1. Identify and treat cause. Monitor ECG until potassium concentration controlled.












	



2. 10 ml 10% calcium gluconate iv over 3 mins, repeated after 5 min if no response







	Antagonizes the membrane actions of ↑ K+ reducing the risk of ventricular arrhythmias






	



3. 50 ml 50% dextrose + 10 units short-acting insulin over 2–3 mins. Start infusion of 10–20% dextrose at 50–100 ml/h







	Increases transcellular shift of K+ of into cells






	



4. Regular salbutamol nebulizers







	Increases transcellular shift of K+ of into cells






	



5. Consider oral or rectal calcium resonium (ion exchange resin)







	Facilitates K+ clearance across gastrointestinal mucosa. More effective in non-acute cases of hyperkalaemia






	



6. Renal replacement therapy







	Haemodialysis is the most effective medical intervention to lower K+ rapidly














Hypokalaemia


This is a common disorder in surgical patients. Dietary intake of potassium is normally 60–80 mmol/day. Under normal conditions, the majority of potassium loss (> 85%) is via the kidneys and maintenance of potassium balance largely depends on normal renal tubular regulation. Potassium depletion sufficient to cause a fall of 1 mmol/l in serum levels typically requires a loss of ~100–200 mmol of potassium from total body stores. Potassium excretion is increased by metabolic alkalosis, diuresis, increased aldosterone release and increased losses from the gastrointestinal tract – all of which occur commonly in the surgical patient.








Summary Box 1.5 Hyper- and hypokalaemia












	Hyperkalaemia

	Hypokalaemia






	Consequences






	



• Arrhythmias (tented T waves, ↓ HR, heart block, broadened QRS, asystole)


• Muscle weakness


• Ileus







	



• ECG changes (flattened T-waves, U-waves, ectopics)


• Muscle weakness and myalgia












	Causes






	
Excess intravenous or oral intake
Transcellular shift – efflux of potassium from cells



• Metabolic acidosis*


• Massive blood transfusion*


• Rhabdomyolysis (e.g. crush and/or compartment syndromes)*


• Massive tissue damage (e.g. ischaemic bowel or liver)*


• Drugs (e.g. digoxin, β-receptor antagonists)





Impaired excretion




• Acute renal failure*


• Chronic renal failure


• Drugs (ACE inhibitors, spironolactone, NSAIDs)


• Adrenal insufficiency (Addison’s disease)





.

	
Inadequate intake*
Gastrointestinal tract losses



• Vomiting*


• Gastric aspiration/drainage*


• Fistulae*


• Diarrhoea*


• Ileus*


• Intestinal obstruction*


• Potassium-secreting villous adenoma*





Urinary losses




• Metabolic alkalosis*


• Hyperaldosteronism*


• Diuretics*


• Renal tubular disorders (e.g. Bartter’s syndrome, renal tubular acidoses, drug-induced)





Transcellular shift–influx of potassium into cells




• Metabolic alkalosis*


• Drugs* (e.g. insulin, β-agonists, adrenaline).













* Common causes in the surgical patient are denoted by an asterisk.


Oral or nasogastric potassium replacement is safer than intravenous replacement and is the preferred route in asymptomatic patients with mild hypokalaemia. Severe (K+ < 2.5 mmol/l) or symptomatic hypokalaemia requires intravenous replacement. While replacement rates of up to 40 mmol/h may be used (with cardiac monitoring) in an emergency, there is a risk of serious cardiac arrhythmias and rates exceeding 20mmol/h should be avoided. Potassium solutions should never be administered as a bolus.















Other electrolyte disturbances






Calcium


Clinically significant abnormalities in calcium balance in the surgical patient are most frequently encountered in endocrine surgery (See Chapter 24 of the 5th edition).









Magnesium


Hypomagnesaemia is common in surgical patients who have restricted oral intake and who have been receiving intravenous fluids for several days. It is frequently associated with other electrolyte abnormalities, notably hypokalaemia, hypocalcaemia and hypophosphataemia. Hypomagnesaemia appears to be associated with a predisposition to tachyarrhythmias (most notable torsades de pointes and atrial fibrillation), but many of the clinical manifestations of magnesium depletion are non-specific (muscle weakness, muscle cramps, altered mentation, tremors, hyper-reflexia and generalized seizures). As magnesium is predominantly intracellular, serum magnesium levels poorly reflect total body stores. Despite this limitation, serum levels are frequently used to guide (oral or parenteral) magnesium supplementation.









Phosphate


Phosphate is a critical component in many biochemical processes such as ATP synthesis, cell signalling and nucleic acid synthesis. Hypophosphataemia is common in surgical patients and if severe (< 0.4 mmol/l) causes widespread cell dysfunction, muscle weakness, impaired myocardial contractility and reduced cardiac output. Most hypophosphataemia results from the shift of phosphate into cells and most commonly occurs in malnourished and/or alcoholic patients commencing enteral or parenteral nutrition. The increased carbohydrate load leads to insulin secretion and this results in the rapid intracellular uptake of glucose and phosphate together with magnesium and potassium. For reasons that remain unclear, these changes are accompanied by fluid retention and an increase in ECF volume (refeeding syndrome). To avoid this syndrome, feeding should be established gradually and accompanied by regular measurement and aggressive supplementation of serum electrolytes (phosphate, magnesium and potassium). Micronutrient (notably B vitamin) deficiencies should also be corrected. Phosphate can be supplemented orally or by slow intravenous infusion.















Acid–base balance


There are two broad types of acid–base disturbance: acidosis (‘acidaemia’ if plasma pH < 7.35 or H+ > 45) or alkalosis (‘alkalaemia’ if plasma pH > 7.45 or H+ < 35). Both acidosis and alkalosis may be respiratory or metabolic in origin. While some meaningful data pertaining to acid–base balance can be derived from the analysis of venous blood, accurate assessment of acid–base disturbance relies on the measurement of arterial blood gases. This is frequently coupled with measurement of blood lactate concentration. Arterial blood gas analysis is a straightforward technique, with samples typically taken from the radial artery (Fig. 1.7) and rapidly analysed by near-patient or laboratory-based machines.
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Fig. 1.7 A blood gas sample being taken from the radial artery under local anaesthesia.




Common disturbances of acid–base balance encountered in the surgical patient are discussed below.






Metabolic acidosis


Metabolic acidosis is characterized by an increase in plasma hydrogen ions in conjunction with a decrease in bicarbonate concentration. A rise in plasma hydrogen ion concentration stimulates chemoreceptors in the medulla resulting in a compensatory respiratory alkalosis (an increase in minute volume and a fall in PaCO2).


Metabolic acidosis can occur as a result of increased production of endogenous acid (e.g. lactic acid or ketone bodies) or increased loss of bicarbonate (e.g. intestinal fistula, hyperchloraemic acidosis). The commonest cause encountered in surgical practice is lactic acidosis resulting from hypovolaemia and impaired tissue oxygen delivery (see section on shock). Treatment is directed towards restoring circulating blood volume and tissue perfusion. Adequate resuscitation typically corrects the metabolic acidosis seen in this context.





Summary Box 1.6 Metabolic acidosis






Common surgical causes


Lactic acidosis




• Shock (any cause)


• Severe hypoxaemia


• Severe haemorrhage/anaemia


• Liver failure





Accumulation of other acids




• Diabetic ketoacidosis


• Starvation ketoacidosis


• Acute or chronic renal failure


• Poisoning (ethylene glycol, methanol, salicylates)





Increased bicarbonate loss




• Diarrhoea


• Intestinal fistulae


• Hyperchloraemic acidosis












Acid–base findings


Acute uncompensated




• H+ ions ↑


• PaCO2 ↔


• Actual [image: image]↓


• Standard HCO3−↓


• Base deficit < −2





With respiratory compensation (hyperventilation)




• H+ ions ↔ (full compensation) ↑ (partial compensation)


• PaCO2 ↓


• Actual [image: image]↓


• Standard [image: image]↓


















Metabolic alkalosis


Metabolic alkalosis is characterized by a decrease in plasma hydrogen ion concentration and an increase in bicarbonate concentration. A rise in PaCO2 occurs as a consequence of the rise in bicarbonate concentration, resulting in a compensatory respiratory acidosis.


Metabolic alkalosis is commonly associated with hypo-kalaemia and hypochloraemia. The kidney has an enormous capacity to generate bicarbonate ions and this is stimulated by chloride loss. This is a major contributor to the metabolic alkalosis seen following significant (chloride-rich) losses from the gastrointestinal tract, especially when combined with loss of acid from conditions such as gastric outlet obstruction. Hypokalaemia is often associated with metabolic alkalosis because of the transcellular shift of hydrogen ions shift into cells and because distal renal tubular cells retain potassium in preference to hydrogen ions.


The treatment of metabolic alkalosis involves adequate fluid replacement and the correction of electrolyte disturbances, notably hypokalaemia and hypochloraemia.









Respiratory acidosis


Respiratory acidosis is a common postoperative problem characterized by increased PaCO2, hydrogen ion and plasma bicarbonate concentrations. In the surgical patient, respiratory acidosis usually results from respiratory depression and hypoventilation. This is common on emergence from general anaesthesia and following excessive opiate administration. Occasionally, respiratory acidosis occurs in the context of pulmonary complications such as pneumonia. This is more usual in very sick patients or those with pre-existing respiratory disease. Patients with this cause of respiratory acidosis frequently require ventilatory support as the hypercapnia observed reflects inadequate respiratory muscle strength to cope with an increased work of breathing.





Summary Box 1.7 Metabolic alkalosis






Common surgical causes


Loss of sodium, chloride and water




• Vomiting


• Loss of gastric secretions


• Diuretic administration





Hypokalaemia









Acid–base findings


Acute uncompensated




• H+ ions ↓


• PaCO2 ↔


• Actual [image: image]↑


• Standard [image: image] ↑


• Base excess > + 2





With respiratory compensation (hypoventilation)




• H+ ions ↔ (full compensation), ↓ (partial compensation)


• PaCO2 ↑


• Actual [image: image] ↑


• Standard [image: image]↑


















Respiratory alkalosis


Respiratory alkalosis is caused by excessive excretion of CO2 as a result of hyperventilation. PaCO2 and hydrogen ion concentration decrease. Respiratory alkalosis is rarely chronic and usually does not need specific treatment. It usually corrects spontaneously when the precipitating condition resolves.









Mixed patterns of acid–base imbalance


Mixed patterns of acid–base disturbance are common, particularly in very sick patients. In this situation acid–base nomograms can be very useful in clarifying the contributing factors (Fig. 1.8).





[image: image]

Fig. 1.8 Changes in blood [H+].


The rectangle indicates limits of normal reference ranges for [H+] and PaCO2. The bands represent 95% confidence limits of single disturbances in human blood in vivo. When the point obtained by plotting [H+] against PaCO2 does not fall within one of the labelled bands, compensation is incomplete or a mixed acid-base disturbance is present.







Summary Box 1.8 Respiratory acidosis






Common surgical causes


Central respiratory depression




• Opioid drugs


• Head injury or intracranial pathology





Pulmonary disease




• Severe asthma


• COPD


• Severe chest infection












Acid–base findings


Acute uncompensated




• H+ ions ↑


• PaCO2 ↑


• Actual [image: image]↔ or ↑


• Standard [image: image]↔


• Base deficit < −2





With metabolic compensation (renal bicarbonate retention)




• H+ ions ↔ (full compensation), ↑ (partial compensation)


• PaCO2 ↑


• Actual [image: image]↑


• Standard HCO– ↑↑














Summary Box 1.9 Respiratory alkalosis






Common surgical causes







• Pain


• Apprehension/hysterical hyperventilation


• Pneumonia


• Central nervous system disorders (meningitis, encephalopathy)


• Pulmonary embolism


• Septicaemia


• Salicylate poisoning


• Liver failure












Acid–base findings


Acute uncompensated




• H+ ions ↓


• PaCO2 ↓


• Actual [image: image]↔ or ↓


• Standard [image: image]↔


• Base excess > + 2





With metabolic compensation (renal bicarbonate excretion)




• H+ ions ↔ (full compensation), ↓ (partial compensation)


• PaCO2 ↓


• Actual [image: image]↓


• Standard [image: image]↓
























Shock






Definition


Shock exists when tissue oxygen delivery fails to meet the metabolic requirements of cells. An imbalance between oxygen delivery (DO2) and oxygen demand can result from a global reduction in oxygen delivery, maldistribution of blood flow, impaired oxygen utilization or an increase in tissue oxygen requirements. Left unchecked, shock will result in a fall in oxygen consumption (VO2), anaerobic metabolism, tissue acidosis and cellular dysfunction leading to multiple organ dysfunction and ultimately death. Although shock is sometimes considered to be synonymous with hypotension, it is important to realise that tissue oxygen delivery may be inadequate even though the blood pressure and other vital signs remain normal.









Types of shock









Hypovolaemic shock


This is probably the commonest and most readily corrected cause of shock encountered in surgical practice and results from a reduction in intravascular volume secondary to the loss of blood (e.g. trauma, gastrointestinal haemorrhage), plasma (e.g. burns) or water and electrolytes (e.g. vomiting, diarrhoea, diabetic ketoacidosis) (Table 1.14).


Table 1.14 Causes of haemorrhagic hypovolaemic shock






	Gastrointestinal haemorrhage






	



• Oesophageal varices


• Oesophageal mucosal (Mallory–Weiss) tear


• Gastritis


• Gastric and duodenal ulceration


• Cancer


• Diverticula












	Trauma






	Ruptured aneurysm






	Obstetric haemorrhage






	



• Ruptured ectopic pregnancy


• Placentia praevia


• Placental abruption


• Post-partum haemorrhage












	Pulmonary haemorrhage






	



• Pulmonary embolus


• Cancer


• Cavitating lung lesions e.g. TB, aspergillosis


• Vasculitits












	Major blood loss during surgery










Summary Box 1.10 Shock


Shock is an imbalance between oxygen delivery and oxygen demand. This results in cell dysfunction and ultimately cell death and multiple organ failure.












Septic shock


Septic shock results from complex disturbances in oxygen delivery and oxygen consumption and can be defined as sepsis-induced hypotension (systolic BP < 90 mmHg, mean arterial blood pressure [MAP] < 70 mmHg) and/or tissue hypoperfusion (elevated lactate or oliguria) that persist despite adequate fluid resuscitation (~30 ml/kg) (Fig. 1.9).





[image: image]

Fig. 1.9 The interrelationship between systemic inflammatory response syndrome (SIRS), sepsis and infection.


Adapted from The American College of Chest Physicians and Society of Critical Care Medicine Consensus Conference Committee definitions for sepsis 1992.





Sepsis usually arises from a localized infection, with Gram-negative (38%) and (increasingly) Gram-positive (52%) bacteria being the most frequently identified pathogens. The commonest sites of infection leading to sepsis are the lungs (50–70%), abdomen (20–25%), urinary tract (7–10%) and skin.


Infection triggers a cytokine-mediated proinflammatory response that results in peripheral vasodilation, redistribution of blood flow, endothelial cell activation, increased vascular permeability and the formation of microthrombi within the microcirculation. Cardiac output typically increases in septic shock to compensate for the peripheral vasodilation. However, despite a global increase in oxygen delivery, microcirculatory dysfunction impairs oxygen delivery to the cells. Compounding disturbances in oxygen delivery, mitochondrial dysfunction blocks the normal bioenergetic pathways within the cell impairing oxygen utilization.









Cardiogenic shock


This occurs when the heart is unable to maintain a cardiac output sufficient to meet the metabolic requirements of the body (pump failure) and can be caused by myocardial infarction, arrhythmias, valve dysfunction, cardiac tamponade, massive pulmonary embolism, and tension pneumothorax.









Anaphylactic shock


This is a severe systemic hypersensitivity reaction following exposure to an agent (allergen) triggering the release of vasoactive mediators (histamine, kinins and prostaglandins) from basophils and mast cells. Anaphylaxis may be immunologically mediated (allergic anaphylaxis), when IgE, IgG or complement activation by immune complexes mediates the reaction, or non-immunologically mediated (non-allergic anaphylaxis). The clinical features of allergic





Summary Box 1.11 Sepsis – definitions






Systemic inflammatory response (SIRS)


SIRS is defined as 2 or more of the following criteria:




• Temperature > 38C° or < 36°C


• Heart rate > 90 beats per minute


• Respiratory rate > 20 per minute or PaCO2 < 4.5 kPa


• White cell count > 12 or < 4 × 109/l or > 10% immature neutrophils





Bacteraemia




• The presence of viable bacteria in the blood. The presence of other pathogens in the blood is described in a similar way i.e. viraemia, fungaemia and parasitaemia.





Sepsis




• The systemic response to infection. Defined as SIRS with confirmed or presumed infection.





Severe sepsis




• Sepsis with evidence of organ dysfunction.





Septic shock




• Sepsis-induced hypotension and/or tissue hypoperfusion (e.g. oliguria, lactic acidosis) despite adequate fluid resuscitation.











and non-allergic anaphylaxis may be identical, with shock a frequent manifestation of both. Anaphylactic shock results from vasodilation, intravascular volume redistribution, capillary leak and a reduction in cardiac output. Common causes of anaphylaxis include drugs (e.g. neuromuscular blocking drugs, β-lactam antibiotics), colloid solutions (e.g. gelatin containing solutions, dextrans), radiological contrast media, foodstuffs (peanuts, tree nuts, shellfish, dairy products), hymenoptera stings and latex.









Neurogenic shock


This is caused by a loss of sympathetic tone to vascular smooth muscle. This typically occurs following injury to the (thoracic or cervical) spinal cord and results in profound vasodilation, a fall in systemic vascular resistance and hypotension.















Pathophysiology


In clinical practice there is often significant overlap between the causes of shock; for example, patients with septic shock are frequently also hypovolaemic. Whilst differences can be detected at the level of the macrocirculation, most shock (exception neurogenic) is associated with increased sympathetic activity and all share common pathophysiological features at the cellular level.






Macrocirculation


When assessing a patient with shock, it is useful to remember that mean arterial blood pressure (MAP) is equal to the product of cardiac output (CO) and systemic vascular resistance (SVR) (Table 1.15).


Table 1.15 Haemodynamic and oxygen transport parameters






	[image: image]
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MAP = mean arterial pressure; CO = cardiac output; SVR = systemic vascular resistance; DO2 = oxygen delivery; [Hb] = haemoglobin concentration in g/dl; SaO2 = arterial oxygen saturations; VO2 = oxygen consumption; SvO2 mixed venous oxygen saturations (sampled from pulmonary artery)


Shock (inadequate tissue oxygen delivery) can occur in the context of a low, normal or high cardiac output.


In hypovolaemic shock there is catecholamine release from the adrenal medulla and sympathetic nerve endings, as well as the generation of AT-II from the renin–angiotensin system. The resulting tachycardia and increased myocardial contractility act to preserve cardiac output, whilst vasoconstriction acts to maintain arterial blood pressure and divert the available blood to vital organs (e.g. brain, heart and muscle) and away from non-vital organs (e.g. skin and gut). Clinically this manifests as pale, clammy skin with collapsed peripheral veins and a prolonged capillary refill time. The resulting splanchnic hypoperfusion is implicated in many of the complications associated with prolonged or untreated shock.


In septic shock, circulating proinflammatory cytokines (notably TNF-α and IL-1β) induce endothelial expression of the enzyme nitric oxide (NO) synthetase and the production of NO which leads to smooth muscle relaxation, vasodilation and a fall in systemic vascular resistance. The (initial) cardiovascular response is a reflex tachycardia and an increase in stroke volume resulting in an increased cardiac output. Clinically this manifests as warm, well-perfused peripheries, a low diastolic blood pressure and raised pulse pressure. Fit young patients may compensate for these changes relatively well even though oxygen delivery and utilization is compromised at the cellular level. However, as septic shock progresses endothelial dysfunction results in significant extravasation of fluid and a loss of intravascular volume. Ventricular dysfunction also impairs the compensatory increase in cardiac output. As a result, peripheral perfusion falls and the clinical signs may become indistinguishable from those associated with the low-output state described above


In neurogenic shock, traumatic disruption of sympathetic efferent nerve fibres results in loss of vasomotor tone, peripheral vasodilation and a fall in systemic vascular resistance. Loss of cardiac accelerator fibres (T1–4) and anhydrosis as a result of loss of sweat gland innervation also frequently occur, with patients typically presenting with hypotension, bradycardia and warm, dry peripheries.


Cardiogenic shock typically presents with signs of a low-output state although, unlike hypovolaemic shock, circulating volume is typically normal or increased with increased circulating AT-II and aldosterone. If associated with left ventricular failure, there may be pulmonary oedema.









Microcirculation


Changes in the microcirculation (arterioles, capillaries and venules) have a central role in the pathogenesis of shock.


Arteriolar vasoconstriction, seen in early hypovolaemic and cardiogenic shock, helps to maintain a satisfactory MAP and the resulting fall in the capillary hydrostatic pressure encourages the transfer of fluid from the interstitial space into the vascular compartment so helping to maintain circulating volume. As described above, high vascular resistance in the capillary beds of the skin and gut results in a redistribution of cardiac output to vital organs.


If shock remains uncorrected, local accumulation of lactic acid and carbon dioxide, together with the release of vasoactive substances from the endothelium, over-ride compensatory vasoconstriction leading to pre-capillary vasodilatation. This results in pooling of blood within the capillary bed and endothelial cell damage. Capillary permeability increases with the loss of fluid into the interstitial space and haemoconcentration within the capillary. The resulting increase in blood viscosity, in conjunction with reduced red cell deformability, further compromises flow through the microcirculation predisposing to platelet aggregation and the formation of microthrombi.


In sepsis, there is up-regulation of inducible NO synthetase and smooth muscle cells lose their adrenergic sensitivity resulting in pathological arterio–venous shunting. Endothelial and inflammatory cell activation results in the generation of reactant oxidant species, disruption of barrier function in the microcirculation and widespread activation of coagulation. Microthombi occlude capillary blood flow and the consumption of platelets and coagulation factors leads to thrombocytopenia, coagulopathy and DIC (Fig. 1.10).





[image: image]

[image: image]

Fig. 1.10 The effect of septic shock on the microcirculation.


Photomicrograph from a video clip of the normal microcirculation A and the microcirculation in septic shock B Septic shock is associated with an increased number of small vessels with either absent or intermittent flow.











Cellular function


Under normal (aerobic) conditions, glycolysis converts glucose to pyruvate which is converted to acetyl-coenzyme-A (acetyl-CoA) and enters the Krebs cycle. Oxidation of acetyl- CoA in the TCA cycle generates nicotinamide adenine dinucleotide (NADH) and flavine adenine dinucleotide (FADH2), which enter the electron transport chain and are oxidized to NAD+ in the oxidative phosphorylation of adenosine diphosphate (ADP) to ATP.


The oxidative metabolism of glucose is energy efficient, yielding up to 38 moles of ATP for each mole of glucose, but requires a continuous supply of oxygen to the cell. Hypoxaemia blocks mitochondrial oxidative phosphorylation, inhibiting ATP synthesis. This leads to a decrease in the intracellular ATP/ADP ratio, an increase in the NADH/NAD+ ratio and an accumulation of pyruvate that is unable to enter the TCA cycle. The cytosolic conversion of pyruvate to lactate allows the regeneration of some NAD+, enabling the limited production of ATP by anaerobic glycolysis. However, anaerobic glycolysis is significantly less efficient, generating only 2 moles of ATP per mole of glucose and predisposing cells to ATP depletion (Fig. 1.11).





[image: image]

Fig. 1.11 Glycolysis.


Simplified diagram illustrating glycolysis, the Krebs cycle and oxidative phosphorylation. Aerobic metabolism yields up to 38 moles of ATP per mole of glucose oxidized. Anaerobic metabolism is considerably less efficient yielding only 2 moles of ATP per mole of glucose.




Under normal conditions, the tissues globally extract about 25% of the oxygen delivered to them, with the normal oxygen saturation of mixed venous blood being 70–75%. As oxygen delivery falls, cells are able to increase the proportion of oxygen extracted from the blood, but this compensatory mechanism is limited, with a maximal oxygen extraction ratio of about 50%. At this point, further reductions in oxygen delivery lead to a critical reduction in oxygen consumption and anaerobic metabolism, a state described as dysoxia (Fig. 1.12).





[image: image]

Fig. 1.12 The relationship between oxygen delivery, oxygen consumption and oxygen extraction (SaO2–SvO2).


As oxygen delivery falls in shock, oxygen extraction increases until it reaches maximal oxygen extraction (45–50%). Further reductions in oxygen delivery result in a fall in oxygen consumption and tissue dysoxia. As ATP supply falls below ATP demand this leads to cell dysfunction and ultimately to cell death.




Anaerobic metabolism leads to a rise in lactic acid in the systemic circulation. Indeed, in the absence of significant renal or liver disease, serum lactate concentration may be a useful marker of global cellular hypoxia and oxygen debt. Similarly, a fall in mixed venous oxygen saturations may reflect increased oxygen extraction by the tissues and an imbalance between oxygen delivery and oxygen demand.


In septic shock, cell dysoxia and lactate accumulation may reflect a problem with both oxygen utilization and oxygen delivery. The increased sympathetic activity occurring in sepsis leads to increased glycolysis and an increase in pyruvate generation. Coupled with dysfunction of the enzyme pyruvate dehydrogenase, this leads to accumulation of pyruvate and (hence) lactate. In addition, sepsis is associated with significant mitochondrial dysfunction and marked inhibition of oxidative phosphorylation. The phrase ‘cytopathic shock’ has been used to describe this condition.


The movement of sodium against a concentration gradient is an active process requiring ATP. Reduction in ATP supply leads to intracellular accumulation of sodium, an osmotic gradient across the cell membrane, dilation of the endoplasmic reticulum and cell swelling. When combined with the failure of other vital ATP-dependent cell functions and the reduction in intracellular pH associated with the accumulation of lactic acid, the result is disruption of protein synthesis, damage to lysosomal and mitochondrial membranes and ultimately cell necrosis.












The effect of shock on individual organ systems


As described above, shock leads to increased sympathetic activity. This results in a rise in CO, SVR and MAP. Preservation and redistribution of cardiac output, coupled with intrinsic organ autoregulation, helps to maintain adequate perfusion and oxygen delivery to vital organs (brain, heart, skeletal muscle). However, these compensatory mechanisms have limits, and in the case of severe, prolonged and/or uncorrected shock (‘decompensated’ shock), the clinical manifestations of organ hypoperfusion become apparent.


Shock also leads to the up-regulation of pro-inflammatory cytokines (TNF-α, IL-1β and IL-6) and the systemic inflammatory response syndrome (SIRS), organ dysfunction and multiple organ failure. Indeed, the clinical presentation may be determined as much by this host inflammatory response as the underlying aetiology.






Cardiovascular


As described above, cardiogenic shock leads to a fall in CO and neurogenic shock leads to vasodilation and reduced SVR. However, significant myocardial and vascular dysfunction frequently occur in other causes of shock.


Despite coronary autoregulation, severe (diastolic) hypotension results in an imbalance between myocardial oxygen supply and demand and ischaemia in the watershed areas of the endocardium. This impairs myocardial contractility. Hypoxaemia and acidosis deplete myocardial stores of noradrenaline (norepinephrine) and diminish the cardiac response to both endogenous and exogenous catecholamines. Acid–base and electrolyte abnormalities, combined with local tissue hypoxia, increase myocardial excitability and predispose to both atrial and ventricular dysrhythmias. As described above, circulating inflammatory mediators implicated in the pathogenesis of sepsis and SIRS depress myocardial contractility and ventricular function, increase endothelial permeability (resulting in intravascular volume depletion) and cause widespread activation of both coagulation and fibrinolysis (leading to DIC).









Respiratory


Tachypnoea driven by pain, pyrexia, local lung pathology, pulmonary oedema, metabolic acidosis or cytokines is one of the earliest features of shock. The increased minute volume typically results in reduced arterial PCO2 and a respiratory alkalosis as described above. Initially this will compensate for the metabolic acidosis of shock but eventually this mechanism is overwhelmed and blood pH falls.


In hypovolaemic states, there is reduction in pulmonary blood flow and this leads to underperfusion of ventilated alveolar units so increasing ventilation–perfusion (V/Q) mismatch. In cardiogenic shock, left ventricular failure and pulmonary oedema often compromises the ventilation of perfused alveolar units increasing the shunt fraction (Qs/Qt) within the lung. Increased V/Q mismatch and shunt fraction also occur in sepsis. The net result is hypoxaemia that may be refractory to increases in inspired oxygen concentration.


Sepsis and hypovolaemic shock are both recognized causes of acute lung injury and its more severe variant, the acute respiratory distress syndrome (ARDS). This is characterized by the influx of protein-rich oedema fluid and inflammatory cells into the alveolar air spaces and appears to be cytokine-mediated (notably IL-8, TNF-α, IL-1and IL-6).









Renal


As a result of the mechanisms discussed above, reduced renal blood flow results in the production of low volume (< 0.5 ml/kg/h), high osmolality and low sodium content urine. If shock is not reversed, hypoxia leads to acute tubular necrosis (ATN) characterized by oligo-anuria and urine with a high sodium concentration and an osmolality close to that of plasma. With a fall in glomerular filtration, blood urea and creatinine rise; hyperkalaemia and a metabolic acidosis are also usually present.


Renal failure occurs in about 30–50% of patients with septic shock. In addition to the mechanisms responsible for the simple pre-renal failure described above, there is an imbalance in pre- and postglomerular vascular resistance, mesangial contraction and microvascular injury leading to glomerular filtration failure.









Nervous system


Due to the increased sympathetic activity, patients may appear inappropriately anxious. As compensatory mechanisms reach their limit and cerebral hypoperfusion and hypoxia supervene, there is increasing restlessness, progressing to confusion, stupor and coma. Unless cerebral hypoxia has been prolonged, effective resuscitation will usually correct the depressed conscious level rapidly. In septic shock, the clinical picture may be complicated by the presence of an underlying (septic) encephalopathy and/or delirium.









Gastrointestinal


As described above, the redistribution of cardiac output observed in shock leads to a marked reduction in splanchnic blood flow. In the stomach, the resulting mucosal hypoperfusion and hypoxia predispose to stress ulceration and haemorrhage. In the intestine, movement (translocation) of bacteria and/or bacterial endotoxin from the lumen to the portal vein and then systemic circulation is thought to be a key mechanism underlying the development of SIRS and multiple organ failure.









Hepatobiliary


Despite its dual blood supply, ischaemic hepatic injury is frequently seen following hypovolaemic or cardiogenic shock. An acute, reversible elevation in serum transaminase levels indicates hepatocellular injury, and typically





Summary Box 1.12 Clinical effects of shock


Nervous system




• Restlessness, confusion, stupor, coma


• Encephalopathy and/or delirium common in sepsis





Renal




• Renal hypoperfusion → activation of rennin–angiotensin system


• Oliguria (< 0.5 ml/kg/h urine) → anuria


• Acute renal failure → ↑ urea, ↑ creatinine, ↑ K+ & metabolic acidosis





Respiratory




• Tachypnoea


• ↑ Ventilation/perfusion (V/Q) mismatch & ↑ shunt → hypoxia


• Pulmonary oedema (common in cardiogenic shock) → hypoxia


• Acute lung injury and acute respiratory distress syndrome → hypoxia





Cardiovascular




• ↓ Diastolic pressure → ↓ coronary blood flow


• ↓ Myocardial oxygen delivery → myocardial ischaemia → ↓ contractility & ↓ CO


• Acidosis, electrolyte disturbances and hypoxia predispose to arrhythmias


• Widespread endothelial cell activation → microcirculatory dysfunction





Gastrointestinal




• Splanchnic hypoperfusion → breakdown of gut mucosal barrier


• Stress ulceration


• Translocation of bacteria/bacterial wall contents into blood stream → SIRS


• Acute ischaemic hepatitis.








occurs 1–3 days following the ischaemic insult. Increases in prothrombin time and/or hypoglycaemia are markers of more severe injury. Significant ischaemic hepatitis is more frequent in patients with underlying cardiac disease and a degree of hepatic venous congestion.












Management






General principles


The management of shock is based upon the following principles:




• identification and treatment of the underlying cause


• the maintenance of adequate tissue oxygen delivery.





As with most clinical emergencies, treatment and diagnosis should occur simultaneously with the immediate assessment and management following an Airway, Breathing, Circulation (ABC) approach.


The early recognition and treatment of potentially reversible causes (e.g. bleeding, intra-abdominal sepsis, myocardial ischaemia, pulmonary embolus, cardiac tamponade) is essential and may be facilitated by a detailed history, a thorough clinical examination (Table 1.16) and focused investigations.


Table 1.16 Clinical assessment of shock






	Conscious level

	Restlessness, anxiety, stupor and coma are common features and suggest cerebral hypoperfusion






	Pulse

	Low volume, thready pulse consistent with low-output state; high volume, bounding pulse with high-output state






	Blood pressure

	Changes in diastolic may precede a fall in systolic blood pressure, with ↓ diastolic in sepsis and ↑ in hypovolaemic and cardiogenic shock






	Peripheral perfusion

	Cold peripheries suggest vasoconstriction (↑ SVR); warm peripheries suggest vasodilation (↓ SVR)






	Pulse oximetry

	Hypoxemia common association of all forms of shock and ↓tissue O2 delivery






	ECG monitoring

	Myocardial ischaemia commonest cause of cardiogenic shock but common in all forms of shock






	Urine output

	< 0.5 ml/kg/h suggestive of renal hypoperfusion






	CVP measurement

	Low CVP with collapsing central veins consistent with hypovolaemia






	Arterial blood gas

	Metabolic acidosis and ↑ lactate consistent with tissue hypoperfusion







In isolation, single measurements are not helpful. Measurements are far more useful when used in combination with the findings of a detailed clinical examination. Observation of trends over time, together with the response to therapeutic interventions (e.g. a fluid challenge) is key to the successful management of shock.


Whilst shocked patients may be more sensitive to the effects of opiates, there is no justification for withholding effective analgesia if indicated and this should be titrated intravenously (e.g. morphine in 1–2 mg increments) to response during the initial assessment and treatment.


Most patients with shock will require admission to a high dependency (HDU) or intensive care unit (ICU).






Airway and breathing


Hypoxaemia must be prevented and, if present, rapidly corrected by maintaining a clear airway (e.g. head tilt, chin lift) and administering high flow oxygen (e.g. 10–15 litres/min). The adequacy of this therapy can be estimated continuously using pulse oximetry (SpO2), but frequent arterial blood gas analysis allows a more accurate assessment of oxygenation (PaO2), ventilation (PaCO2) and indirect measures of tissue perfusion (pH, base excess, [image: image] and lactate). In patients with severe hypoxaemia, cardiovascular instability, depressed conscious level or exhaustion, intubation and ventilatory support may be required.









Circulation


Initial resuscitation should be targeted at arresting haemorrhage and providing fluid (crystalloid or colloid) to restore intravascular volume and optimize cardiac preload. It is common practice to use blood to maintain a haemoglobin concentration > 10 g/dl (haematocrit around 0.3) during the initial resuscitation of shock if there is evidence of inadequate oxygen delivery, such as a raised lactate concentration or low central venous saturations (measured from a central venous catheter). A reduction in tachycardia, increasing blood pressure, and improving peripheral perfusion and urine output in response to a series of 250–500 ml fluid challenges indicate ‘fluid responsiveness’ and suggest that further fluid and optimization of preload may be required. Once parameters stop improving it is unlikely that further fluid will be beneficial, particularly if there is an associated fall in oxygen saturation and the development of pulmonary oedema. As resuscitation continues, more invasive monitoring allows the acid–base status, central venous pressure (CVP), pulmonary artery wedge pressure (PAWP), CO and mixed (SvO2) or central (ScvO2) venous oxygen saturations to be used to further assess the response to fluid (Fig. 1.13).





[image: image]

Fig. 1.13 Frank–Starling curve.


Demonstrating the relationship between ventricular preload and stroke volume.




If blood pressure remains low and/or signs of inadequate tissue oxygen delivery persist despite fluid resuscitation and the optimization of preload, then inotropes and/or vasopressors may be required. Although there is a degree of crossover in their mechanism of action, vasopressors (e.g. noradrenaline) cause peripheral vasoconstriction and an increase SVR while inotropes (e.g. dobutamine) increase myocardial contractility, stroke volume and cardiac output. The initial choice of inotrope or vasopressor therefore depends upon the underlying aetiology of shock and an understanding of the main physiological derangements (Table 1.17). Adrenaline, which has both vasopressor and inotropic effects, is a useful first line drug in the emergency treatment of shock. Vasoactive drug administration should be continuously titrated against specific physiological end-points (e.g. blood pressure or cardiac output).




Table 1.17 Effects of commonly used vasoactive drugs
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Hypovolaemic shock


The commonest cause of acute hypovolaemic shock in surgical practice is bleeding due to trauma, ruptured aortic aneurysm, gastrointestinal and obstetric haemorrhage (Table 1.14).


Normal adult blood volume is about 7% of body weight, with a 70 kg man having an estimated blood volume (EBV) of around 5000 ml. The severity of haemorrhagic shock is frequently classified according to percentage of EBV lost where class I (< 15%) represents a compensated state (as may occur following the donation of a unit of blood) and class IV (> 40%) is immediately life threatening (Table 1.18). The term ‘massive haemorrhage’ has a number of definitions including: loss of EBV in 24 hours; loss of 50% EBV in 3 hours; blood loss at a rate ≥ 150 ml/min.




Table 1.18 Estimated blood loss and presentation of hypovolaemic shock


[image: image]




Arrest of haemorrhage and intravascular fluid resuscitation should occur concurrently; there is little role for inotropes or vasopressors in the treatment of a hypotensive hypovolaemic patient. As described above, fluid therapy should be titrated to clinical and physiological response.


In the emergency situation, before bleeding has been controlled, a systolic blood pressure of 80–90 mmHg is increasingly used as a resuscitation target (permissive hypotension) as it is thought less likely to dislodge clot and lead to dilutional coagulopathy. Once active bleeding has been stopped, resuscitation can be fine-tuned to optimize organ perfusion and tissue oxygen delivery as described above. It remains unclear whether permissive hypotension is appropriate for all cases of haemorrhagic shock but it appears to improve outcomes following penetrating trauma and ruptured aortic aneurysm.


Rapid fluid resuscitation requires secure vascular access and this is best achieved through two wide-bore (14- or 16-gauge) peripheral intravenous cannulae; cannulation of a central vein provides an alternative means.


As discussed above, the type of fluid used (crystalloid or colloid) is probably less important than the adequate restoration of circulating volume itself. In the case of life-threatening or continued haemorrhage, blood will be required early in the resuscitation. Ideally, fully cross-matched packed red blood cells (PRBCs) should be administered, but type-specific or O Rhesus-negative blood may be used until it becomes available. A haemoglobin concentration of 7–9 g/dl may be sufficient to ensure adequate tissue oxygen delivery in stable (non-bleeding) patients, but a haemoglobin target of > 10 g/dl may be more appropriate in actively bleeding patients. Massive transfusion can lead to hypothermia, hypocalcaemia, hyper- or hypokalaemia and coagulopathy.


The acute coagulopathy of trauma (ACoT) is well recognized and multifactorial. Dilution of clotting factors and platelets as a result of fluid resuscitation, combined with their consumption at the point of bleeding, results in clotting factor deficiency, thrombocytopaenia and coagulopathy. Hypothermia, metabolic acidosis and hypocalcaemia also significantly impair normal coagulation. Resuscitation strategies aggressively targeting the ‘lethal triad’ of hypothermia, acidosis and coagulopathy appear to significantly improve outcome following military trauma and observational studies support the immediate use of measures to prevent hypothermia, early correction of severe metabolic acidosis (pH < 7.1), maintenance of ionized calcium > 1.0 mmol/l and the early empirical use of clotting factors and platelets.


Where possible, correction of coagulopathy should be guided by laboratory results (platelet count, prothrombin time, activated partial thromboplastin time and fibrinogen concentration). Thromboelastography (TEG) or rotational thromboelastometry (ROTEM) provide near-patient functional assays of clot formation, platelet function and fibrinolysis and are also now widely used to guide the management of coagulopathy. Clotting factor deficiency is normally treated by the administration of fresh frozen plasma (FFP) (10–15 ml/kg), thrombocytopenia or platelet dysfunction by the administration of platelets (usually one ‘pool’ or adult dose containing 2–3 × 1011 platelets). Fibrinogen deficiency (< 1.0 g/l) is best treated with fresh frozen plasma or cryoprecipitate (usually one ‘pool’ of 10 single donor units). The antifibrinolytic, tranexamic acid, can be used to inhibit fibrinolysis and has been shown to reduce mortality from bleeding when used early (< 3 hours) and empirically following major trauma. Early administration is important for its beneficial effect.


In the case of rapid haemorrhage, it is often not possible to use traditional laboratory results to guide the correction of coagulopathy because of the time delay in obtaining these results. This has lead to a formula-driven approach to the use of PRBC, FFP and platelets targeting the early empirical treatment of coagulopathy. Although the evidence for these strategies is still emerging, current military guidelines advocate the administration of warmed PRBC and fresh frozen plasma (FFP) in a 1:1 ratio as soon as possible in the resuscitation of major haemorrhage following trauma in conjunction with platelet transfusions to maintain platelets > 100 × 109.


A recombinant form of activated factor VII (rVIIa) is approved for the management of bleeding in haemophiliacs with inhibitory antibodies to factors VIII or IX. Although rVIIa has been used effectively in the treatment of life-threatening haemorrhage in other patient groups, its use is associated with a significant rate of arterial thromboembolic events and it remains unclear whether its unlicensed use in these groups is justified.









Septic shock


The principles guiding the management of septic shock are:




• the identification and treatment of underlying infection


• early goal-directed therapy to optimize tissue oxygen delivery.





The Surviving Sepsis Campaign has published evidence-based guidelines on the management of severe sepsis and septic shock: http://www.survivingsepsis.org .


Early recognition of severe sepsis and septic shock is critical. This requires a high index of suspicion together with a detailed history and examination to identify signs of organ dysfunction and potential sources of infection. Hospital-acquired infection should always be considered as a cause of clinical deterioration in surgical patients.


As with all forms of shock, the initial assessment and management of septic shock should follow an A, B, C approach. However, in patients with septic shock there is evidence that protocolized early goal-directed therapy (EGDT) improves survival (EBM 1.2) and this should be started as soon as signs of sepsis-induced tissue hypoperfusion are recognized (hypotension, elevated lactate, low central venous saturations or oliguria). The widely accepted resuscitation goals for the first 6 hours of this strategy are:




• Central venous pressure (CVP) of 8–12 mmHg


• Mean arterial blood pressure ≥ 65 mmHg


• Urine output ≥ 0.5 ml/kg/h


• Central venous (superior vena cava) O2 saturation (ScvO2) ≥ 70% or mixed venous (pulmonary artery) O2 saturation (SvO2) ≥ 65%.








1.2 Early goal-directed therapy in severe sepsis








‘Goal-directed therapy in the first six hours of resuscitation significantly reduces the mortality of patients with severe sepsis or septic shock.’


Rivers E, et al. N Engl J Med 2001; 345: 1368–1377.








As described above, septic shock is associated with both relative and absolute hypovolaemia as a result of profound vasodilation and extravasation of fluid from the intravascular space. Both crystalloid and colloid can be used to restore intravascular volume although HES solutions should probably be avoided because of concerns about inducing acute renal failure. Current guidelines suggest a target CVP of ≥ 8 mmHg and this frequently requires large volumes of fluid. Persistent hypotension (MAP < 65 mmHg) following restoration of circulating volume is best treated with a vasopressor such as noradrenaline in the first instance. While the titration of fluid and vasopressor to a MAP ≥ 65mmHg should be sufficient to preserve tissue perfusion in most patients, this may not be the case in all patients (e.g. those with hypertension) and it is important to supplement these simple resuscitation end-points with additional markers of global tissue perfusion (lactate and central venous saturations) to determine whether oxygen delivery is adequate. If serum lactate is elevated (> 2 mmol/l) and central venous saturations are low (< 70%) in the context of septic shock this suggests inadequate tissue oxygen delivery with increased oxygen extraction from the blood and anaerobic metabolism. In this situation, oxygen delivery can be increased by transfusion of PRBC to achieve a haemoglobin concentration of about 10 g/dl (haematocrit around 0.3) and/or increasing cardiac output using an inotrope such as dobutamine.


In patients with hypotension unresponsive to fluid resuscitation and vasopressors, intravenous hydrocortisone has been shown to promote reversal of shock. However, this does not appear to translate into a mortality benefit and the use of corticosteroids is associated with an increased risk of secondary infections. Because of this, the use of corticosteroids in the treatment of refractory septic shock remains contentious.


Treatment of infection involves adequate source control and the administration of appropriate antibiotics. Source control includes the removal of infected devices, abscess drainage, the debridement of infected tissue and interventions to prevent ongoing microbial contamination such as repair of a perforated viscus or biliary drainage. This should be achieved as soon as possible following initial resuscitation and should be performed with the minimum physiological disturbance; where possible, percutaneous or endoscopic techniques are preferable to open surgery.


Intravenous antibiotics must be administered as soon as possible (EBM 1.3), preferably in discussion with a microbiologist. The choice depends on the history, the likely source of infection, whether the infection is community- or hospital-acquired and local patterns of pathogen susceptibility. Covering all likely pathogens (bacterial and/or fungal) usually involves the use of empirical broad-spectrum antibiotics in the first instance, with these rationalized or changed to reduce the spectrum of cover once the results of microbiological investigations become available.





1.3 Early administration of antibiotics








‘In the presence of septic shock, each hour delay in the administration of effective antibiotics is associated with a measurable (~8%) increase in mortality.’


Kumar A, Roberts D, Wood KE, et al: Duration of hypotension prior to initiation of effective antimicrobial therapy is the critical determinant of survival in human septic shock. Crit Care Med 2006; 34:1589–1596.








One or more (peripheral) blood cultures should be taken prior to the administration of antibiotics but this must not delay therapy. Culture of urine, cerebrospinal fluid, faeces and bronchoalveolar lavage fluid may also be indicated. Targeted imaging (CXR, ultrasound, computed tomography) may also help identify the source of infection.


In septic patients at high risk of death, most of whom will have an Acute Physiology and Chronic Health Evaluation (APACHE) II ≥ 25 or multiple organ failure, there is some evidence that the early use of recombinant activated protein C (rhAPC) reduces mortality. However, it is clear that the use of rhAPC is associated with a significant risk of serious bleeding complications and this risk may be higher in surgical patients. This expensive therapy should only be used under the supervision of an intensive care specialist.









Cardiogenic shock


The commonest cause of cardiogenic shock is acute (anterior) myocardial infarction. As with other forms of shock, the management of cardiogenic shock is based upon the identification and treatment of reversible causes and supportive management to maintain adequate tissue oxygen delivery. This involves active management of the four determinants of cardiac output: preload, myocardial contractility heart rate, and afterload.


Routine investigations to identify the cause of cardiogenic shock include serial 12-lead ECGs, troponin or creatinine kinase-MB (CK-MB) levels and a CXR. A transthoracic echocardiogram may provide useful information on (systolic and diastolic) ventricular function and exclude potentially treatable causes of cardiogenic shock such as cardiac tamponade, valvular insufficiency and massive pulmonary embolus.


General supportive measures include the administration of high concentrations of inspired oxygenation. In patients with cardiogenic pulmonary oedema, there is some evidence that continuous positive airway pressure (CPAP) improves oxygenation, reduces the work of breathing and provides subjective relief of dyspnoea. It remains unclear whether these advantages translate into a significant survival benefit.


For patients with acute myocardial ischaemia, intravenous opiates should be titrated cautiously to control pain and reduce anxiety. In addition to providing analgesia, opiates reduce myocardial oxygen demand and reduce afterload by causing peripheral vasodilation.


As with all forms of shock, correction of hypovolaemia and optimization of intravascular volume (preload) is of central importance in maximizing stroke volume, cardiac output and tissue oxygen delivery. However, the management of fluid balance in cardiogenic shock can be challenging. Patients with acute heart failure and cardiogenic shock are usually normovolaemic or relatively hypovolaemic as a result of intravascular fluid loss into the lungs and the development of pulmonary oedema. In contrast, patients with chronic heart failure are usually hypervolaemic as a result of long-standing activation of the renin–angiotensin system and salt and water retention. The key point is that some patients in cardiogenic shock are hypovolaemic and require fluid resuscitation. This is best achieved by careful titration of a fluid challenge and assessment of the clinical response in an appropriately monitored environment (see above). Once hypovolaemia has been corrected and cardiac preload optimized, refractory hypotension and/or signs of inadequate tissue perfusion may require treatment with vasoactive drugs. This frequently requires a careful balance of vasodilator, inotrope and vasoconstrictor.


The major derangements in cardiogenic shock are a reduction in cardiac output and a compensatory increase in systemic vascular resistance. The use of a vasodilator such as glyeryltrinitrate (GTN) may reduce SVR (afterload) and improve cardiac output, but vasodilation frequently results in a significant reduction in blood pressure compromising tissue perfusion. Adrenaline, an α- and β-agonist with both inotropic and vasoconstricting actions, is frequently used in the emergency management of cardiogenic shock, increasing both myocardial contractility and SVR. However, while adrenaline may increase blood pressure, it significantly increases myocardial workload, potentially worsening myocardial ischaemia and profound vasoconstriction further reduces already-compromised tissue perfusion. Frequently, the most appropriate choice of vasoactive drug in cardiogenic shock is one that has both inotropic and vasodilating properties such as the β-agonist dobutamine. Alternative ino-dilating agents include the calcium sensitizer levosimendan and the phosphodiesterase inhibitor milrinone. Noradrenaline is also an effective treatment for cardiogenic shock under some circumstances. Whenever a vasoactive drug is given the patient requires monitoring in a high dependency or critical care area.


The intra-aortic balloon pump (IABP) is increasingly used as an adjunct in the supportive management of cardiogenic shock. This device works by inflating a balloon in the thoracic aorta during diastole, with deflation occurring in systole. Inflation during diastole augments the diastolic blood pressure improving coronary perfusion and myocardial oxygen delivery; deflation in systole reduces afterload. While it still remains unclear which patient groups benefit from insertion of an IABP, they are generally used as a bridge to more definitive treatment such as percutaneous coronary intervention (PCI), coronary artery bypass grafting (CABG) or mitral valve repair.









Anaphylactic shock


The management of anaphylactic shock is illustrated in Table 1.19.


Table 1.19 The management of anaphylaxis






	



1. Stop administration of causative agent (drug/fluid)


2. Call for help


3. Lie patient flat, feet elevated


4. Maintain airway and give 100% O2


5. Adrenaline (epinephrine)



• 0.5–1.0 mg (0.5–1.0 ml of 1:1000) IM orIf experienced using IV adrenaline




• 50–100 μg (0.5–1.0 ml of 1:10 000) IV titrated against response


6. Intravascular volume expansion with crystalloid or colloid


7. Second-line therapy


Antihistamine: Chlorphenamine 10–20 mg slow IV


Corticosteroid: Hydrocortisone 200 mg IV
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Introduction


Blood transfusion can be life-saving and many areas of surgery could not be undertaken without reliable transfusion support. However, as with any treatment, transfusion of blood and its components carries potential risks, which must be balanced against the patient’s need. The magnitude of risk depends on factors such as the prevalence of infectious disease in the donor population, the resources and professionalism of the organization collecting, processing and issuing the blood and plasma products, and the care with which the clinical team administers these products.









Blood donation


In the UK, whole blood is donated by healthy adult volunteers over the age of 17 years with normal haemoglobin levels. The standard 480 ml donation contains approximately 200 mg of iron, the loss of which is easily tolerated by healthy donors. Blood components (red cells, platelets and plasma) can be separated from the donated blood or obtained from the donor as separate products by the use of a cell separator, in a process called apheresis.


Strict donor selection and the testing of all donations are essential to exclude blood that may be hazardous to the recipient, as well as ensuring the welfare of the donor. All donations are ABO-grouped, Rhesus (Rh) D-typed, antibody-screened, and tested for evidence of hepatitis B, hepatitis C, human immunodeficiency virus (HIV) I and II, human T-cell leukaemia virus (HTLV) I and II and syphilis, using tests for antibody to the virus, viral antigen or nucleic acid. Some donations are also tested for antibody to cytomegalovirus (CMV), so that CMV-negative blood can be provided for patients such as transplant recipients and premature infants. Dependent on epidemiology, other testing may be required, e.g. malaria, West Nile virus.


Due to concerns regarding transmission of variant Creutzfeldt–Jakob disease (vCJD) by transfusion, a number of new precautions have been introduced. Since 1999 all blood donated in the UK has been filtered to remove white blood cells (leucodepletion), UK plasma has been excluded from fractionation, and since April 2004 people who have received a blood or blood product transfusion in the UK after 1980 have been excluded from donating blood. Some countries currently exclude donations from individuals who resided in the UK during the time of the bovine spongiform encephalitis (BSE) epidemic. There is currently no blood test for vCJD.









Blood components


The components that can be prepared from donated blood are shown in Figure 2.1 and their descriptions follow.





[image: image]

Fig. 2.1 Products that can be obtained from a unit of donated whole blood.











Red blood cells in additive solution


Donated whole blood is collected into an anticoagulant (citrate) and nutrient (phosphate and dextrose) solution (CPD). Centrifugation removes virtually all of the associated plasma, and a solution of saline, adenine, glucose and mannitol is then added to provide optimal red cell preservation. The red cell concentrate is then run through a leucodepletion filter to reduce the white cells to a concentration of less than 5 × 106/l. The final product has a haematocrit of 55–65% and a volume of approximately 300 ml. The blood cannot be sterilized, so that blood transfusion can transmit organisms not detected by donor screening. Red cell concentrates must be stored at +4°C ± 2°C.


Transfused blood must be ABO- and RhD-compatible with the recipient and transfused through a sterile blood administration set with an in-line macroaggregate filter, designed for the procedure. The set should be primed with saline and no other solutions transfused simultaneously. This product is indicated for acute blood loss and anaemia and is the most widely available form of red cells for transfusion.









Platelets


Platelet concentrates can be made either from centrifugation of whole blood or from an individual donor using apheresis. An adult dose is manufactured from four separate donations pooled together or one apheresis collection. In the UK it is advised that over 80% of platelets are procured by apheresis in order to minimize the number of donors a patient is exposed to. Platelets are currently concentrated in plasma rather than an optimal additive solution and carry a greater risk of bacterial contamination as they cannot be refrigerated but must be stored at 22°C ± 2°C. For this reason many platelet concentrates are now tested for bacterial contamination prior to release.


Platelets are infused through a standard blood-giving set over less than 30 minutes. As the concentrate contains some red cells and plasma, it should ideally be ABO- and RhD-compatible with the recipient. RhD-negative girls and women of child-bearing potential must receive RhD-negative platelets or, if only RhD-positive platelets are available, prophylactic RhD immunoglobulin should also be given. An adult dose should raise an adult platelet count by 20–40 × 109/l.


Platelet concentrates are indicated in thrombocytopenia, when platelet function is defective, and in patients receiving massive blood transfusions when there is microvascular bleeding (oozing from mucous membranes, needle puncture sites and wounds).









Fresh frozen plasma (FFP)


Some 200–300 ml of plasma can be removed from a unit of whole blood and stored frozen at −30°C. FFP contains albumin, immunoglobulins and, most importantly, all of the coagulation factors. FFP can be stored at −30°C for a year and is thawed to 37°C before issue. FFP must be ABO-compatible with the recipient and should be transfused within 4 hours of thawing. The average adult dose is 3–4 units. Imported, virally inactivated plasma (treated with methylene blue or solvent detergent) is available for use in children up to the age of 16 years and patients who require repeated exposure to FFP, such as patients undergoing plasma exchange for thrombotic thrombocytopenic purpura.


FFP is used when there are multiple coagulation factor deficiencies (e.g. disseminated intravascular coagulation, DIC) associated with severe bleeding. It may be indicated in selected patients who are over-anticoagulated with warfarin, but there are now prothrombin complex concentrates which should usually be used in preference for this purpose. In the case of massive blood loss arising during or after surgery, the decision whether to use FFP and, if so, how much to use, should be guided by timely tests of coagulation. FFP should not be used to correct prolonged clotting times in patients who are not bleeding or who are not about to undergo immediate surgery.









Cryoprecipitate


A single unit of cryoprecipitate can be removed from 1 unit of FFP after controlled thawing. After resuspension in 10–20 ml plasma, the cryoprecipitate is frozen once more to –30°C, in which condition it can be stored for up to a year. It is enriched in high molecular weight plasma proteins such as fibrinogen, factor VIII, von Willebrand factor, factor XIII and fibronectin. A normal adult dose is 10 units. ABO-compatible units should be given, and the product infused as soon as possible after thawing. Cryoprecipitate is used when fibrinogen levels are low, as in DIC. However the pooling required to manufacture cryoprecipitate does lead to high donor exposure per dose and many countries do not produce this product, preferring instead to use higher volumes of FFP or fibrinogen concentrates to reverse hypofibrinogenaemia.















Plasma products


Fractionated products are manufactured from large pools (several thousand donations) of donor plasma that undergo some form of viral inactivation stage through the manufacturing process. Virus inactivation processes now mean that these products should not transmit HIV I and II or hepatitis B and C, but this may not apply to heat-resistant viruses that have no lipid envelope (e.g. hepatitis A) or to prions.









Human albumin


Albumin is prepared by fractionation of large pools of plasma that, at the end of processing, is pasteurized at 60°C for 10 hours. There are no compatibility requirements.


Solutions of 4.5 or 5% are used to maintain plasma albumin levels in conditions where there is increased vascular permeability, e.g. burns, and are sometimes used in acute blood volume replacement, although crystalloid or non-plasma colloid solution would be the recommended first-line volume expander. Randomized controlled trials on the use of albumin suggest that there is no clear advantage from the use of albumin solutions in the treatment of hypovolaemia over judicious use of saline or colloid solutions. Resuscitation with crystalloid requires volumes of fluid three times greater than with colloid (see chapter 7).


Twenty per cent albumin solutions can be used when hypoproteinaemia is associated with oedema or ascites which is resistant to diuretics (e.g. liver disease, nephrotic syndrome). Twenty per cent albumin is hyperoncotic, so that there is a risk of acutely expanding the intravascular space and precipitating pulmonary oedema.









Factor VIII and Factor IX concentrates


Factor VIII and IX concentrates have been widely used in the treatment of haemophilia. In the UK these have almost completely been replaced by recombinant products to reduce, inter alia, the vCJD transmission risk.









Prothrombin complex concentrates


These products contain factors II, IX and X, and may also contain factor VII (vitamin K-dependent clotting factors). Their use is indicated in the prophylaxis and treatment of bleeding in patients with single or multiple deficiencies of these factors, whether congenital or acquired. They are used to reverse the anticoagulant effect of warfarin when there is major bleeding. Care must be taken in patients with liver disease as this therapy may be thrombogenic.









Immunoglobulin preparations (90% IgG)


These are prepared from fractionation of large pools of plasma from unselected donors or from individuals known to have high levels of specific antibodies. Some products are administered intramuscularly. The indications for some of the more commonly used immunoglobulins are shown in Table 2.1 e.g. hyperimmune globulin against hepatitis B, herpes zoster, tetanus and RhD. Intravenous IgG was originally developed as replacement therapy for immunodeficiency states, but is also used to treat immune thrombocytopenia and other rare diseases such as Guillain–Barré syndrome.


Table 2.1 Indications and doses for the most commonly used specific immunoglobulins






	Problem

	Patients eligible for IgG

	Preparation

	Dose






	Hepatitis B

	Needle-stick or mucosal exposure victims 
Should also be immunized

	Hepatitis B IgG

	1000 iu for adults and 500 iu for children < 5 years






	Tetanus-prone wounds

	Non-immune patients with heavily contaminated wounds
Toxoid should be administered with IgG

	Tetanus IgG

	250 iu routine prophylaxis 500 iu if > 24 h since injury or heavily contaminated wound



















Red cell serology


The red cell membrane is a bilipid layer that contains over 400 red cell antigens that have been classified into 23 systems.






ABO antigens


Nearly all deaths from transfusion error are due to ABO-incompatible transfusion. ABO are carbohydrate antigens present on the majority of cells of the body. Their presence depends on the pattern of inheritance of genes encoding glycosyltransferases. Since carbohydrate antigens are widely expressed by other organisms including bacteria, individuals who lack A or B antigens will produce anti-A and anti-B antibodies, respectively. These are usually IgM antibodies (naturally occurring) and are present from the age of 3–6 months. ABO antibodies can react at body temperature and activate complement, and are of major clinical significance as a cause of rapid intravascular haemolysis. For example, transfusion of group A blood to a group B patient results in haemolysis of the transfused red cells because of the anti-A antibodies present in the recipient. Similarly, group O individuals have both anti-A and anti-B antibodies in their plasma that will react with any red cells apart from group O (Table 2.2). Group O blood (Universal donor) can be used in the majority of recipients because it will not be destroyed by anti-A or anti-B antibodies and because processing removes most of the plasma from the unit and hence reduces the donor antibodies contained within.




Table 2.2 The antigens and antibodies of the ABO blood group system


[image: image]











Rhesus antigens (RH)


Allelic genes at two closely linked loci on chromosome 1 code for this complex blood group system. Phenotypes termed Rhesus D positive or negative (complete absence of D expression), and biallelic C,c and E,e antigens exist. RhD is by far the most immunogenic of the Rhesus antigens and is the only one for which blood is routinely grouped. Individuals who are RhD-negative do not normally have anti-RhD in their plasma unless they have been immunized by previous transfusion or pregnancy. Antibodies to RhD are IgG antibodies do not activate complement, although they do cause extravascular haemolysis. RhD antibodies can cause transfusion reactions and haemolytic disease of the newborn (HDN). It is therefore essential that RhD-negative girls and women of child-bearing potential are not transfused with RhD-positive blood to avoid the stimulation of antibodies to RhD.









Other red cell antigens


Many different blood group antigens exist against which antibodies can be formed of varying clinical significance, depending on their propensity to cause intra- or extravascular haemolysis and HDN. The most important of these are those of the Kell, Kidd and Duffy systems.












Pretransfusion testing


Pretransfusion testing consists of three steps:




1. Blood grouping involves determining the patient’s ABO and RhD type. The donors’ blood groups will already be determined by the Blood Service at the time of taking the donation.


2. Antibody screening involves the use of a panel of cells to screen a sample of the patient’s serum for the presence of clinically significant antibodies. Around 2% of a patient population are likely to have red cell antibodies and where present the specificity of these is identified using further, more detailed, cell panels. The sample is then retained for up to 7 days.


3. Cross-matching involves checking the compatibility of the donor units with the patient’s serum. This can take three forms:







• If the patient has an antibody, donor blood negative for the offending antigen(s) is identified and an Indirect Antiglobulin Test (IAT) cross-match carried out. This process may take several hours, depending on the population incidence of the antigen(s) in question.


• If the patient has no abnormal antibodies, then blood can normally be released much more quickly after a rapid-spin cross match which effectively only checks for ABO incompatibility.


• Some laboratories are able to release blood by electronic issue where there is accurate patient identification, a historic blood group and antibody screen, no serum antibodies and a secure blood bank testing and computer system that can reliably select and issue blood of compatible type. These systems allow very rapid release of blood.












Maximal Surgical Blood Ordering Schedule (MSBOS)


Cross-matched units are then allocated to the individual patient and held in reserve for 48 hours either in the hospital blood bank or in a local blood fridge. The hospital MSBOS lists the number of units of blood routinely cross-matched preoperatively for elective surgical procedures. This surgical tariff is based on retrospective analysis of actual blood use. The aim is to correlate as closely as possible the number of units cross-matched to the numbers of units transfused. It does not account for individual differences in blood transfusion requirements of different patients undergoing the same procedure, nor does it identify over-transfusion.


Under electronic cross-match, it is often possible to release blood on an ‘as required’ basis, again either from the blood bank or from a ‘remote issue’ blood fridge. In this situation the MSBOS becomes redundant and blood wastage improves.


.





Summary box 2.1 Ordering blood in an emergency







• Immediately take samples for cross-matching, ensuring that the sample and the request form are clearly and correctly labelled and are the same on subsequent requests. If the patient is unidentified, then some form of emergency admission number is the best identifier


• Inform the blood bank of the emergency, the volume of blood required, and where blood is to be delivered


• One individual should take responsibility for all communications with the blood bank, and should ensure that it is clear who will be responsible for blood delivery


• In cases of exsanguination, use emergency group O Rh(D)-negative blood


• Do not ask for cross-matched blood in an emergency.








In an emergency the laboratory must be told of the urgency and quantity of blood needed as soon as possible, and asked what they can provide in the time available. Group O RhD-negative blood is available in all hospitals for emergencies where the blood group of the patient is unknown. Patient samples can be rapidly ABO- and RhD-typed, and compatible blood released after a rapid test of ABO compatibility while the antibody screen is ongoing and group O RhD-negative blood is being transfused.















Indications for transfusion


The decision to transfuse is a complex one. Clinical judgment plays a vital role, as there is no consensus on the precise indications for red cell transfusion. The clinician prescribing any blood component should consider the risks and benefits of transfusion for each individual patient. Tolerance of anaemia is dependent on a number of factors, including the speed of onset, age, level of activity and co-existing disease. In chronic anaemia, fatigue and shortness of breath, although subjective, are still useful in determining the need for transfusion. In acute anaemia (usually secondary to blood loss), the effects of hypovolaemia need to be differentiated from those of anaemia. Healthy adults can tolerate significant blood loss (30–40% of circulating volume) without adverse effects and would not normally require transfusion. This is largely due to adaptive mechanisms such as a compensatory rise in cardiac output and peripheral vasodilatation, which act to maintain tissue oxygen delivery. The actual haemoglobin concentration is not a reliable clinical indicator in acute haemorrhage and does not in itself indicate a definite need for transfusion; however, it can act as a prompt for the clinician to seek other features that suggest transfusion is required. In a clinically stable situation, red cell transfusion is usually not required with a haemoglobin concentration of ≥ 100 g/l.


Generally, in healthy individuals, a transfusion threshold of 70–80 g/l is appropriate, as this leaves a margin of safety over the critical level of 40–50 g/l, at which point oxygen consumption becomes limited by the amount that the circulation can supply. For elderly patients or those with cardiovascular or respiratory disease, who may tolerate anaemia poorly, transfusion should be considered at a haemoglobin concentration of ≤ 80 g/l to maintain a haemoglobin level of around 100 g/l. In the intensive care setting, some studies have shown that maintaining a lower haemoglobin threshold may be associated with better patient outcomes, at least in some patient groups. The best available evidence for this is the randomized, controlled TRICC trial (EBM 2.1), which compared a liberal transfusion strategy (Hb 100–120 g/l) with a restrictive one (Hb 70–90 g/l). Overall in-hospital mortality was significantly lower in the restrictive group, although the 30-day mortality rate was not significantly different. However, the 30-day mortality rate was significantly lower in the restrictive transfusion group for those patients who were less ill (APACHE < 20) or younger (< 55 years of age). These data show that a restrictive strategy is at least equivalent, and in some patient groups is superior, to a more liberal transfusion strategy.





2.1 Red cell transfusion in the correction of a low haemoglobin in critically ill patients








‘A single large RCT of red cell transfusion in patients in intensive care showed that patients who were maintained with an Hb in the range of 70–90 g/l had a lower mortality and morbidity compared to those with an Hb maintained in the range of 100–120 g/l. The former groups received approximately half the number of red cell units.’





For further information: [image: image]

www.transfusionguidelines.org.uk
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www.sign.ac.uk


Hebert PC, et al. with the Canadian Transfusion Requirements in Critical Care Group. N Engl J Med 2004; 340:409–417.












Blood administration


Avoidable errors in the requesting, supply and administration of blood lead to significant risks to patients. Multiple errors contribute to more than 50% of ‘wrong blood’ incidents reported to the UK Serious Hazards of Transfusion (SHOT) scheme. Of these, 70% occur in clinical areas and 30% occur in laboratories. Acute haemolytic transfusion reactions due to ABO incompatibility can be fatal and are most often caused by errors in identification of the patient at the time of blood sampling or administration (EBM 2.2).





2.2 Risks of fatal transfusion reactions–cases reported to national reporting systems








‘In the UK between 1996 and 2000 there were 33 reports of death attributed to transfusion. During this period approximately 10 million units of blood components were supplied. The largest cause of major morbidity remains transfusion of the incorrect unit of blood, leading to an incompatible red cell transfusion reaction.’





For further information: www.shotuk.org and www.transfusionguidelines.org.uk


Love EM, Soldan K. Serious hazards of transfusion, Annual report 1999–2000. Manchester: SHOT; 2009.





The British Committee for Standards in Haematology has produced a guideline for the administration of blood and blood components and the management of transfused patients. This contains a number of recommendations that should be adhered to in order to minimize transfusion error. These include the following:




1. It is crucial that the identity of the patient is established verbally (if possible) and by checking the patient identification wristband before blood is taken. The sample must be labelled fully (in handwriting) before leaving the bedside. (Sample tubes must never be pre-labelled.)


2. The blood request form should be completed and should provide, as a minimum, the patient’s full name, date of birth and hospital number. Each patient must have a unique identification number. The location of the patient, number and type of blood or blood components and time when required, the patient’s diagnosis and the reason for the request are also essential.


3. Before transfusion is commenced, the following details must be checked by two individuals, at least one of whom must be a State Registered Nurse (SRN) or medical officer:



a. Full patient identity on the patient wristband against the compatibility label on the unit of blood.



b. ABO and Rh(D) type on the pack compatibility label.



c. Donation number on the pack compatibility label.



d. Expiry date of the pack.



e. Examination of the pack to ensure that there are no leaks or evidence of haemolysis.





If there are any discrepancies, the blood must not be transfused and the laboratory must be informed immediately.




4. As a minimum, the patient’s pulse rate, blood pressure and temperature should be recorded prior to commencing the transfusion, 15 minutes after commencement of each unit (as this is when transfusion reactions are most likely), and on completion of the transfusion. The vital signs should be rechecked if the patient feels unwell during the transfusion.


5. A permanent record of the transfusion of blood and blood components and the administration of blood products must be kept in the medical notes. This should include the sheets used for the prescription of blood or blood components and those used for nursing observations during the transfusion. An entry should also be made in the case notes, documenting the date, the indication for transfusion, the number and type of units used, whether or not the desired effect was achieved, and the occurrence and management of any adverse effects.








Summary Box 2.2 Safety checks for blood administration


Before administering blood, two staff members (one of whom must be a doctor or trained staff nurse) must check:




• the patient’s full identity (wristband, and verbally if possible)


• the blood pack, compatibility label and report form (noting donation number and expiry date)


• the blood pack for signs of haemolysis or leakage from the pack.





Any discrepancies mean that the blood must not be transfused and that the laboratory must be informed immediately.












Adverse effects of transfusion


A voluntary anonymised reporting scheme for serious hazards of transfusion (SHOT) has been in place in the UK since 1996, and the incidence of reported hazards is shown in Figure 2.2. The greatest concern for most patients is the risk of transfusion-transmitted infection, but by far the most common risk is the transfusion of an incorrect blood component.





[image: image]

Fig. 2.2 SHOT report for 1996–2009 (n = 6653) showing the rate (%) of serious hazards of transfusion reported in the UK.


(ATR = acute transfusion reaction; HTR = haemolytic transfusion reaction; IBCT = incorrect blood component transfused; TACO = transfusion associated circulatory overload; TAD = transfusion associated dyspnoea; PTP = post-transfusion purpura; TA-GVHD = transfusion-associated graft-versus-host disease; TRALI = transfusion-related acute lung injury; TTI = transfusion-transmitted infection; I&U = inappropriate and unnecessary transfusion; HSE = handling and storage errors)




Transfusion reactions can be divided into those that occur early (acute transfusion reactions, or ATRs, occurring within 24 hours of commencing but usually during the transfusion) and those that occur late (delayed transfusion reactions, or DTRs, occurring more than 24 hours after commencing the transfusion and often once the patient has been discharged). Acute adverse reactions to blood transfusion require urgent investigation and management, as they may be life-threatening. The major acute causes frequently have similar symptoms and signs, and blind treatment may initially be necessary until the exact cause becomes apparent. Acute and delayed adverse effects of transfusion are listed in Tables 2.3 and 2.4, respectively. The risks of infection from blood transfusion are listed in Table 2.5. Management of acute transfusion reactions is illustrated in Figure 2.3




Table 2.3 Acute transfusion reactions
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Table 2.4 Delayed transfusion reactions
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Table 2.5 Risks of a single red cell unit transmitting disease in the UK






	Infection

	Estimated risk (per unit transfused)






	Hepatitis B

	1:50 000–1:200 000






	Hepatitis C

	1:200 000






	HIV

	1:2 500 000






	HTLV

	1:10 000 – 100 000






	vCJD

	Unknown, not zero






	Bacterial

	1:2000–10 000










[image: image]

Fig. 2.3 Management of an acute transfusion reaction.


(DIC = disseminated intravascular coagulation; LVF = left ventricular failure; TRALI = transfusion-related acute lung injury)







Summary Box 2.3 Transfusion errors







• Almost all deaths from transfusion reaction are due to ABO incompatibility


• Errors in patient identification at the time of blood sampling or administration are the major cause (occurring in at least 1:1000–1:2000 transfusions)


• When taking the initial blood sample:



Check the patient’s identity verbally and on the wrist identification band



Label the sample fully before leaving the bedside



Make sure that the blood request form is clearly and accurately completed.















Autologous transfusion


As immunological and infective complications can result from donated blood, the use of the patient’s own blood may be considered in certain situations to try to reduce the need for allogeneic blood.






Preoperative donation


Autologous blood can be collected from otherwise fit patients preoperatively and stored for 35 days preoperatively. These units are subject to the same testing and processing as allogeneic donations. There is no evidence to show a reduction in allogeneic transfusion in patients who have donated autologous blood and in fact some which may suggest that these individuals require more following autologous donation. This being the case, the use of autologous predeposit has diminished and UK guidance indicates it is really only of use in individuals where they are of such a rare blood type and it may be difficult to identify suitable donations.









Isovolaemic haemodilution


This technique is restricted to patients in whom significant blood loss (> 1000 ml) is anticipated. Following induction of anaesthesia, up to 1.5 litres of blood is withdrawn preoperatively into a clearly labelled blood pack containing a standard anticoagulant, and replaced by saline to maintain blood volume. The fall in haematocrit reduces the loss of red cells (and haemoglobin) during surgical bleeding while maintaining optimal tissue perfusion. The withdrawn blood can be re-infused, either during surgery or postoperatively, with transfusion complete before the patient leaves the responsibility of the anaesthetist. Blood is maintained at the point of care, minimizing the risk of administrative or clerical errors, although standard pre-transfusion checks should be carried out to ensure the correct pack(s) are re-infused.









Cell salvage


Blood can be collected from the operation site either directly during surgery or by the use of collection devices attached to surgical drains. During surgery, blood can be collected by suction, processed by a cell salvage machine in which it is anticoagulated while the cells are washed to remove clots and debris, and then returned to the patient. The process is contraindicated in patients with malignancy or sepsis, and is only appropriate when there is substantial blood loss. Several litres of blood can be salvaged intraoperatively, far more than with other autologous techniques. Postoperative drainage can be returned to the patient, most commonly not washed. This process does require some positive suction pressure, and in some circumstances this may lead to increased blood loss. The other main disadvantage is that salvaged blood is not haemostatically intact, as there may have been clotting in the wound leading to consumption of clotting factors and platelets. Cell salvage can significantly reduce the exposure of patients to allogeneic blood and is used extensively in cardiac surgery, trauma surgery and liver transplantation.












Transfusion requirements in special surgical settings






Massive transfusion


Massive transfusion denotes the transfusion of the equivalent of the circulating blood volume within a 24-hour period (i.e. 10–12 units in an adult). It is needed most often in severe trauma and in bleeding from the gastrointestinal tract or various obstetric disorders. Although massive transfusion restores circulating blood volume and oxygen-carrying capacity, it is frequently complicated by dilutional coagulopathy, which may be exacerbated by consumptional coagulopathy in patients with an underlying disorder such as liver disease or DIC. Table 2.6 outlines some of the complications of massive transfusion.


Table 2.6 Complications of massive transfusion






	Complication

	Mechanism

	Management






	Thrombocytopenia

	Consumption/DIC
Dilutional after 1.5–2.0 blood volumes replaced

	In patients with acute bleeding, transfuse platelets to maintain count > 50 × 109/l (> 100 × 109/l if acute trauma or CNS injury)






	Coagulopathy

	Consumption/DIC
Dilutional after 1.0 blood volume replaced

	If continued blood loss and PT or APTT ratio > 1.5 × control levels, give FFP 10–15 ml/kg. If fibrinogen < 1.0 g/l, cryoprecipitate is also indicated






	Hypocalcaemia

	Citrate anticoagulant binds to ionized Ca, lowering plasma levels (only problematic in neonates and liver disease)

	If ECG shows signs of hypocalcaemia, give 5 ml Ca gluconate (or equivalent paediatric dose) over 5 mins. Repeat if ECG remains abnormal






	Hyper- or hypokalaemia

	Red cell degeneration during storage increases plasma K+. Following transfusion, red cells rapidly normalize Na/K equilibrium, which may lead to ↑ K+


	Careful monitoring of K+ levels in massive transfusion






	Hypothermia

	Transfusion of blood at 4°C lowers core temperature

	Prevent by use of blood warmer when transfusion rate > 50 ml/kg/h in adults (15 ml/kg/h in children)






	ARDS

	Multifactorial

	Minimize risk by maintaining tissue perfusion, correct hypotension and avoid over-transfusion







(APTT = activated partial thromboplastin time; ARDS = acute respiratory distress syndrome; DIC = disseminated intravascular coagulation; FFP = fresh frozen plasma; PT = prothrombin time)









Cardiopulmonary bypass


Platelets and coagulation factors may be activated or lost in the extracorporeal circulation during cardiopulmonary bypass at open heart surgery, so that FFP and platelet transfusion may be needed to deal with postoperative bleeding. The platelet count may be normal but the platelets are likely to be dysfunctional, having been activated by the extracorporeal circuit. Platelet transfusion is indicated if there is microvascular bleeding, or if the bleeding cannot be corrected surgically after the patient is off bypass and once heparin has been reversed with an appropriate dose of protamine sulphate. Coagulation screens should be performed to assess required therapy prior to infusion of coagulation factors in all but life-threatening haemorrhage. Near-patient testing of coagulation, e.g. thromboelastography, may also guide decisions on the need for blood component therapy.


Aspirin is commonly administered to patients awaiting bypass surgery. This drug has a prolonged inhibitory effect on platelet function (5–7 days), and should therefore, where possible, be stopped 7 days before surgery and commenced immediately postoperatively, when it significantly helps graft patency.












Methods to reduce the need for blood transfusion


Large variations in transfusion practice are currently seen in the European Union. This is due to many factors, including differences in the patient populations treated, surgical and anaesthetic techniques, and attitudes to and availability of blood, as well as differences in pre- and postoperative care. Such differences in transfusion practice have not been shown to be associated with significant differences in mortality. These findings indicate that it may be possible to reduce blood transfusion through various interventions without impacting negatively on clinical outcomes.






Acute volume replacement


Non-plasma colloid volume expanders of large molecules, such as dextran, are a relatively inexpensive colloidal alternative to plasma in first-line management of patients who are volume-depleted as a result of bleeding.


In the initial resuscitation of patients with haemorrhagic shock, the adequacy of volume replacement is usually of much greater importance than the choice of fluid. A reasonable guide in adults is 1000 ml of crystalloid (0.9% saline or Ringer’s lactate solution), followed by 1000 ml of colloid, and then replacement with red cells. In the elderly and those with cardiac impairment, red cell replacement should be started earlier to maintain oxygen-carrying capacity without causing fluid overload.









Mechanisms for reducing blood use in surgery






Preoperative


When surgery is elective, significant reductions in blood use can be made by ensuring that the patient has a normal haemoglobin and by correcting any pre-existing anaemia, e.g. iron or folic acid deficiency. Drugs that interfere with haemostasis, e.g. non-steroidal anti-inflammatory drugs, aspirin and warfarin, should be stopped where appropriate. An abnormal clotting screen or platelet count should be investigated and corrected prior to surgery. To ensure optimal management, these issues should be addressed 4–6 weeks prior to surgery at preoperative assessment clinics.









Intraoperative


The training, experience and competence of the surgeon performing the procedure are the most crucial factors in reducing operative blood loss. The importance of meticulous surgical technique, with attention to bleeding points, cannot be underestimated. Other techniques, such as posture, the use of vasoconstrictors and tourniquets, and avoidance of hypothermia, should always be considered, as these can have a significant impact on perioperative blood loss. Certain pharmacological agents, e.g. antifibrinolytics such as tranexamic acid, may significantly reduce the requirements for blood and are indicated in certain operative procedures.


Fibrin sealant mimics the final stage in the coagulation cascade, in which fibrinogen is converted to fibrin in the presence of thrombin, factor XIII, fibronectin and ionized calcium. Freeze-dried sterilized fibrinogen, fibronectin and factor XIII can be delivered from one barrel of a double-barrelled syringe while thrombin, calcium and aprotinin are delivered from the other. If the two mixtures meet at a surgical bleeding site the solution clots almost immediately, the clot resolving over a period of days. Fibrin sealant has been used in vascular, cardiac and liver surgery and in situations where even small amounts of bleeding can be problematic (e.g. middle ear surgery).


Acute normovolaemic haemodilution and intraoperative blood salvage are two of the autologous methods of blood conservation that can be employed during surgery to reduce exposure to transfusion. They are described in the section on autologous programmes.









Postoperative


Postoperative cell salvage (see above) can reduce the need for allogeneic transfusion.


The decision to transfuse postoperatively should depend on several factors (see ‘Indications for transfusion’). Blood transfusion should be limited to the amount of blood required to raise the haemoglobin above the transfusion threshold and/or achieve clinical stability, even if this is only 1 unit. Appropriate use of antifibrinolytic drugs such as tranexamic acid and the routine prescribing of iron and folic acid also reduce postoperative transfusion. A reduction in transfusion has been shown to result from the introduction of simple protocols that give guidance on when the haemoglobin should be checked and red cells transfused.















Better blood transfusion


In recent times, attention has been focused on blood transfusion practice for a number of reasons. These include concerns about the transmission of vCJD by blood transfusion, increased costs associated with new safety measures such as leucocyte depletion, documented variations in transfusion practice and recommendations arising from the SHOT scheme. Better Blood Transfusion (BBT) programmes have been established in many countries with the purpose of promoting the safe, efficient and appropriate use of blood components and plasma derivatives. The aims of BBT are to establish protocols and guidelines to nationally approved standards, implement accredited learning programmes, audit transfusion practice and achieve a reduction in inappropriate blood use.









Future trends


Whilst the demand for blood has fallen over the past few years, ever more stringent donor selection guidelines and social and economic changes are impacting negatively on the donor base. Furthermore it is predicted that demand will rise again over the next few decades as an increasingly elderly population requires more healthcare. This means that blood should be considered a scarce and valuable commodity that should be responsibly prescribed.


Although red cell substitutes are under development, fluorocarbon oxygen carriers have found limited clinical application and concerns have been raised around potential toxicity of haemoglobin solutions


Recombinant human erythropoietin raises haemoglobin levels in patients with chronic renal failure but its use in the wider clinical setting has been limited.


The objective in managing surgical patients should be to minimize anaemia and bleeding and hence the need for transfusion. Although it is clear that no patient should be transfused unnecessarily, it is equally certain that no patient should be allowed to exsanguinate because of concerns regarding blood safety.













3 Nutritional support in surgical patients




K.C.H. Fearon, G.L. Carlson







Chapter contents




Introduction 38 


Assessment of nutritional status 38 


Assessment of nutritional requirements 40 


Causes of inadequate intake 40 


Methods of providing nutritional support 40 


Monitoring of nutritional support 44 












Introduction


It goes without saying that without food there can be no life, that food is a basic human right, and that it behoves every doctor to pay attention to the nutritional needs of their patients. Nevertheless, approximately one-third of all patients admitted to an acute hospital will have evidence of protein-calorie malnutrition and two-thirds will leave hospital either malnourished or having lost weight. Against this background it is important to recognize that in Western Society there is now an epidemic of obesity. Whilst obese individuals generally have a matching increase in lean body mass, there is a subgroup with underlying muscle wasting (sarcopenic obesity) who are at high risk of metabolic syndrome and postoperative complications. Patients with sarcopenic obesity are difficult to recognize clinically due to the fact that their muscle wasting is obscured by overlying fat.


Malnutrition has damaging effects on psychological status, activity levels and appearance. Paradoxically, in the surgical patient a low body fat content may sometimes be viewed as an advantage, making technical aspects of surgery easier. There is, however, clear evidence that patients with severe protein depletion have a significantly greater incidence of postoperative complications, such as pneumonia and wound infection, and a prolonged hospital stay.


Nutritional disorders in surgical practice have two principal components. First, starvation can be initiated by the effects of the disease, by restriction of oral intake, or both. Simple starvation results in progressive loss of the body’s energy and protein reserves (i.e. subcutaneous fat and skeletal muscle). Second, there are the metabolic effects of stress/inflammation; namely, increased catabolism and reduced anabolism. These result in a variety of changes, including a low serum albumin concentration, accelerated muscle wasting and water retention. Although malnutrition may be the result of starvation, in most surgical patients it results from a combination of reduced food intake and metabolic change (Fig. 3.1).
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Fig. 3.1 Mechanisms linking the effects of disease/surgery on patient outcomes.











Assessment of nutritional status


The main energy reserves in the body are found in subcutaneous and intra-abdominal fat. Loss of fat reserves does not usually impair function. In contrast, there are no true protein reserves in the body. Thus, in the face of starvation or stress, structural tissues such as skeletal muscle and the gut are autocannibalized to liberate amino acids, resulting in functional impairment that can eventually impede recovery.


The key elements of nutritional assessment include current food intake, levels of energy and protein reserves, and the patient’s likely clinical course (Fig. 3.2). Patients who have not eaten for 5 days or more require nutritional support, and those with symptoms such as anorexia, nausea, vomiting or early satiety are at risk of a reduced food intake and hence undernutrition. Levels of energy reserves are most easily assessed by examining for loss of subcutaneous fat (skinfolds), whereas protein depletion is most commonly manifest as skeletal muscle wasting (Fig. 3.3). A history of weight loss of more than 10–15% is highly significant. Patients can also be assessed according to their body mass index – BMI = weight (kg)/height (m2). The normal BMI is 18.5–24.9. A value less than 18 is suggestive of significant protein-calorie undernutrition. Finally, it is important to recognize that in assessing the nutritional status of patients, knowledge of their likely clinical course is vital (Fig. 3.4). For example, if patients are well nourished, they should be able to withstand the brief period of fasting associated with major surgery. However, if patients are severely malnourished (e.g. weight loss of 15%, BMI 17), then even a short further period of starvation or catabolism may make them so critically undernourished that this may become life-threatening in itself. Taken together, a patient’s food intake, level of reserve and likely clinical course should alert the astute clinician to the need for nutritional support and should be part of the routine daily appraisal of every patient during a surgical ward round.
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Fig. 3.2 Nutritional assessment in surgical patients.
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Fig. 3.3 Protein-energy malnutrition in a surgical patient, illustrating depleted muscle and subcutaneous fat stores.
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Fig. 3.4 Alterations in nutritional status associated with weight loss.







Summary Box 3.1 Body mass index (BMI)


BMI = weight (kg)/height (m2)


< 18.4Underweight for height


18.5–24.9Ideal weight for height


25–29.9Over ideal weight for height


30–39.9Obese


> 40Very obese








Summary Box 3.2 Nutritional status







• Nutritional status in surgical patients may be adversely affected by starvation (effects of disease such as oesophageal cancer, restricted intake), the effects of inflammation (increased catabolism) and the effects of the operation itself (stress/inflammatory response)


• Nutritional status is assessed by current food intake, levels of reserves and likely clinical course.















Assessment of nutritional requirements


Energy and protein/nitrogen requirements vary, depending on weight, body composition, clinical status, mobility and dietary intake. For most patients, an approximation based on weight and clinical status is sufficient. Relevant values are given in Table 3.1. Few adult patients require more than 25–30 kcal/kg/day (approximately 1800–2200 kcal in an adult of average body mass). Additional calories are unlikely to be used effectively and may even constitute a metabolic stress. Particular caution must be exercised when refeeding the chronically starved patient because of the dangers of hypokalaemia and hypophosphataemia (notably cardiac dysrhythmias).


Table 3.1 Estimation of energy and protein requirements in adult surgical patients






	 

	Uncomplicated

	Complicated/stressed






	Energy (kcal/kg/day)

	25

	30–35






	Protein (g/kg/day)*


	1.0

	1.3–1.5







* Grams of protein can be converted to the equivalent amount of nitrogen by dividing by 6.25.


The most common method for assessing protein/nitrogen requirement is based on body weight (Table 3.1). Although more accurate assessment for patients receiving nutritional support can be derived from measurement of 24-hour urinary urea excretion, which can be converted to an estimate of 24-hour urinary nitrogen loss, this is seldom necessary in routine clinical practice.


Enteral diets will usually provide protein whereas parenteral nutrition provides the nitrogen (N) in the form of amino acids. The nitrogen equivalent of protein can be calculated by multiplying nitrogen requirement by a conversion factor of 6.25. In practice, nitrogen requirements are usually estimated based upon predicted calorie intake and the level of metabolic stress. Most patients will require 1gN per 200 kcal of energy provided daily (typically 10gN) in the absence of sepsis but this may increase to as much as 18–20g N in critically ill, catabolic and septic patients. Even if losses are in excess of this, more than 18 g nitrogen/day (equivalent to 112 g protein) is seldom given because it is unlikely to be used effectively. It is usually impossible to prevent substantial loss of protein reserves and lean body mass in critically ill patients and the aim of meeting requirements in such patients is primarily to limit losses resulting from catabolism.









Causes of inadequate intake


The ideal way for surgical patients to take in enough nutrients is for them to eat or drink palatable food. Unfortunately, the catering budget is often far too low for the provision of appetizing food, and wastage of unwanted food can account for up to 40% of that served. Other reasons for a poor food intake include the patient being too weak and anorexic, or having a mechanical problem such as obstruction of the gastrointestinal tract. Patients with increased metabolic demands may have some difficulty in taking sufficient food to meet such demands. Patients with a normal functional gut may also have a reduced food intake due simply to the cumulative effects of repeated periods of fasting to undergo investigations such as endoscopy or radiology.


Some patients suffer from what is best described as ‘intestinal failure’, i.e. a state in which the amount of functioning gut is reduced below a level where enough food can be digested and absorbed for nourishment. Intestinal failure can be acute (when it is usually reversible) or chronic (when it is frequently permanent). Acute intestinal failure is relatively common, especially after abdominal surgery when it commonly results from the development of surgical complications, whereas chronic intestinal failure is comparatively rare. The principal causes of acute intestinal failure are mechanical intestinal obstruction and paralytic ileus, frequently associated with abdominal sepsis, as well as intestinal fistula formation, in which bowel content is lost externally or short-circuited (internal fistula) before it can be adequately digested and absorbed. Chronic intestinal failure may result from short bowel syndrome, following extensive small bowel resection, extensive small bowel disease, such as Crohn’s disease, and motility disorders, such as chronic intestinal pseudo-obstruction. In some patients with short bowel syndrome, the remaining intestine may adapt over a period of months or years by a process of progressive dilatation and mucosal hyperplasia, allowing the patient to regain nutritional independence. Reconstructive surgery may also improve the function or even be employed to increase the functional length of remaining intestine in selected cases.


Specialized nutritional treatment is required in patients with intestinal failure if the patient is to remain adequately nourished. The provision of nutrition in many patients with acute intestinal failure is further complicated by the metabolic consequences of ongoing inflammation or sepsis. As a general rule, this results in increased energy requirements and impaired ability to utilize administered nutrients, rendering nutritional support less effective. The priority in providing effective nutritional support for such patients is therefore to simultaneously eliminate sepsis.









Methods of providing nutritional support


Nutrients can be given via the gastrointestinal tract, i.e. enteral nutrition, or intravenously, i.e. parenteral nutrition (Fig. 3.5). Parenteral nutrition is indicated only when enteral feeding is not feasible. Very few patients are not suitable for some form of enteral feeding, which is both safer and cheaper than parenteral nutrition (EBM 3.1). Certainly, all those who have a normal length of functioning gastrointestinal tract, and most of those who have a reduced amount, can be fed by this route. Furthermore, the ingestion of even suboptimal amounts of food may help maintain the gut function, which may have beneficial metabolic and immunological consequences. A flexible and pragmatic approach, which employs a combination of both enteral and parenteral nutrition, tailoring the route of nutrient provision to the patient’s ability to tolerate and benefit from it, is desirable.
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Fig. 3.5 Routes of enteral nutrition.







3.1 Enteral vs parenteral nutrition in surgical patients








‘Enteral nutrition should be first choice for nutritional support in the critically ill surgical patient.’


Gramlich L, et al. Nutrition 2004; 20:843–848.












Enteral nutrition






Oral route


As stated previously, it is essential to provide warm, appetizing food on the wards, to make sure there are enough nursing and auxiliary staff available to help elderly/infirm patients take their food, and to encourage nursing staff to be aware of the nutritional needs of all patients. It is against this basic background of nutritional care that the need for artificial nutritional support should be considered.


Many patients suffer from early satiety (feeling full after a meal), and encouraging them to eat small amounts frequently or to sip an oral supplement between meals can help overcome this symptom. Oral supplements come in cartons of about 250 ml and each contains about 250 kcal and 10 g of protein. These should be available to all patients who require them. There is a range of flavours and the texture can be changed if chilled, for example. Most patients manage to take one or two cartons per day if required. However, fatigue with such supplements is commonplace and leads to reduced efficacy in the long run.


There are numerous reasons why surgical patients may suffer from anorexia (i.e. poor appetite) (Table 3.2). Before embarking on tube enteral feeding, it is important to manage actively any symptoms that can be treated (e.g. oral thrush with nystatin, nausea with anti-emetics, provision of adequate dental hygiene or artificial dentures) and thus boost spontaneous oral intake. For patients who are unable to swallow, or for those whose anorexia is resistant to other therapy, nasoenteral feeding via a fine-bore tube should be used.


Table 3.2 Causes of anorexia in surgical patients






	



• Intestinal obstruction


• Ileus


• Cancer anorexia


• Depression, anxiety, pain


• Drugs, e.g. opiates


• Oral ulceration/infection


• General debility/weakness




















Methods of administration of enteral feeds






Nasogastric or nasojejunal tubes


If patients cannot drink or sip a liquid feed for mechanical reasons, or if they are unconscious or on a ventilator, enteral nutrition can be given by a fine-bore nasogastric or nasoenteric tube. The position of the tube tip should be checked radiologically, or by aspirating gastric content and confirming the presence of acid by litmus paper, before nutrients are infused. Patients who need prolonged enteral feeding can learn to pass a fine-bore tube each evening and feed themselves overnight. When carried out at home, this is known as home enteral nutrition.









Gastrostomy and jejunostomy


If nasogastric feeding is impossible due to disease or obstruction of the upper alimentary tract, nutrients may be given through a tube placed into the gastrointestinal tract below the lesion (Fig. 3.6). Thus a patient with pseudobulbar palsy or an oesophageal fistula can be fed through a gastrostomy, and a patient with a gastric or duodenal fistula can be fed through a jejunostomy.
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Fig. 3.6 Patient with feeding gastrostomy.




Specially designed gastrostomy tubes can now be inserted by a combined percutaneous and endoscopic (PEG) method, and are particularly valuable for prolonged feeding when there is no impairment of gastric emptying (e.g. stroke patients). Feeding jejunostomy tubes can be inserted at the time of laparotomy if the surgeon anticipates that prolonged nutritional support will be needed postoperatively (e.g. in patients undergoing oesophagectomy and gastrectomy for cancer, or necrosectomy for severe pancreatitis).












Complications of enteral nutrition


Just because enteral feeds are administered directly into the gastrointestinal tract, it cannot be assumed that this technique is free from complications. Indeed, complications of enteral nutrition may be at least as common as with parenteral





Summary Box 3.3 Enteral nutrition







• If patients cannot eat adequate amounts of food, they should be reviewed by the ward dietitian


• If oral supplements fail, a fine-bore tube can be used for supplemental or total enteral nutrition


• Most patients tolerate a whole-protein feed (1 kcal/ml), which can be escalated to 100 ml/hour and thus supply about 2400 kcal/day and 14 g nitrogen/day


• If a tube cannot be passed down the oesophagus, gastrostomy and jejunostomy feeding should be considered


• The main complications of enteral feeding relate to patient tolerance (nausea, vomiting and diarrhoea) and to the insertion site (gastrostomy or jejunostomy).








nutrition and can be equally life-threatening. Diarrhoea is more common with nasogastric than with nasoenteric feeding. It may be managed by reducing the rate of infusion and by ensuring the patient is not on broad-spectrum antibiotics. In some cases, selection of lower osmolarity feed (such as an elemental feed rather than semi-elemental or peptide feeds may help). Vomiting can be managed by reducing the rate of feeding and by the use of prokinetic drugs such as metoclopramide or erythromycin. Monitoring of fluid and electrolyte balance is important, at least in the acute phase of a patient’s illness (for metabolic complications, see ‘Parenteral nutrition’). It can be extremely difficult to monitor the adequacy of enteral feeding, particularly in the presence of diarrhoea and/or vomiting. A significant proportion of patients receiving enteral feeding are unable to tolerate the rate of calorie infusion required for effective nutritional support. Excessive infusion of nasogastric feed may cause marked abdominal bloating, resulting in splinting of the diaphragm and impaired respiratory function.


Complications also occur because of difficulty in placing the tubes. Examples include a fine-bore nasogastric tube inserted wrongly into the respiratory tract, or early accidental removal of a jejunostomy tube, with intraperitoneal leakage. The fixation of the jejunum to the abdominal wall required to minimize the risk of intraperitoneal leakage associated with feeding jejunostomy may in turn increase the risk of small bowel volvulus. As with other areas of nutrition supplementation, attention to detail is paramount.












Parenteral nutrition


Intravenous feeding is indicated when patients have intestinal failure (see above).


Parenteral nutrition can provide the patient’s total needs for protein, energy, electrolytes, trace metals and vitamins, i.e. total parenteral nutrition (TPN). The need to restrict volume means that concentrated solutions are used. As such solutions are irritant and thrombogenic, they are usually administered through a catheter positioned in a large high-flow vein, such as the superior vena cava.






Indications for TPN


The chief indication for TPN is intestinal failure. TPN can be both effective and life-saving when postoperative complications develop, especially when these prevent enteral nutrition or are associated with infection. Situations in which TPN is invaluable include prolonged paralytic ileus, high output proximal small intestinal fistula, abdominal sepsis, and in dealing with the increased metabolic demands that follow severe injury.


TPN should continue until intestinal function has recovered sufficiently to allow nutrition to be maintained by the oral or enteral route. In cases of high-output, proximal small bowel fistula, parenteral feeding is continued until the fistula has closed spontaneously or has been closed surgically.









Composition of TPN solutions


TPN is usually provided in pre-prepared all-in-one bags containing 3 litres or more. TPN is compounded in the pharmacy under strict sterile conditions, and its contents usually infused over 18–24 hours using a volumetric infusion pump. Most pharmacies have three or four standard regimens available for compounding, according to patient requirements. The solutions contain fixed amounts of energy and nitrogen, and typically provide 1400–2400 kcal (50% glucose, 50% lipid) and 10–14 g nitrogen.


Fluid and electrolyte needs are also catered for. Many patients on TPN need additional water, sodium and potassium because of excess loss from, for example, a high-output fistula. Trace elements and vitamins can also be incorporated, and the demands created by infection and excessive loss can be met. An example of a standard TPN regimen is given in Table 3.3.


Table 3.3 Standard parenteral nutrition regimen






	Constituent

	Quantity






	Non-protein energy

	2200 kcal






	Nitrogen

	13.5 g






	Volume

	2500 ml






	Sodium

	115 mmol






	Potassium

	65 mmol






	Calcium

	10 mmol






	Magnesium

	9.5 mmol






	Phosphate

	20 mmol






	Zinc

	0.1 mmol






	Chloride

	113.3 mmol






	Acetate

	135 mmol






	(Adequate vitamins and trace elements)














Administration of TPN


TPN solutions are typically very hypertonic and acidic (because of the glucose and amino acid content). They therefore have to be infused relatively slowly into a vein with a high blood flow in order to prevent chemically induced thrombophlebitis and secondary venous thrombosis. Vascular access to the superior vena cava (SVC) is normally obtained directly through the internal jugular or subclavian vein, or indirectly via a peripherally inserted central (PIC) line. The catheter tip is usually sited, using radiological guidance, at the junction of the SVC and right atrium, as the blood flow is maximum at that point.


Cannulae are made of silastic or polyurethane and are of fine bore. For longer-term feeding, catheters are tunnelled subcutaneously to reduce the risk of infection. For very long term (including home) parenteral feeding a Hickman catheter is used; this type of silastic catheter has a Dacron cuff, which secures it in the subcutaneous fat. With good care, a correctly positioned Hickman catheter can remain in place for several months or years (Fig. 3.7).
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Fig. 3.7 Total parenteral nutrition (TPN).


A Malnourished patient receiving TPN. B Chest X-ray of patient with indwelling Portacath for long-term TPN. The subcutaneous catheter hub is accessed using a Huber needle.











Complications of TPN






Catheter problems


Percutaneous insertion of a catheter may damage adjacent structures and can cause pneumothorax, air embolus and haematoma. Catheter placement under ultrasound guidance helps avoid such problems. Incorrect catheter positioning is excluded by taking a chest X-ray prior to commencing infusion.









Thrombophlebitis


Thrombosis is common when long lines are used, when the catheter tip is not in an area of high flow, and when very hypertonic solutions are infused. The telltale signs are redness and tenderness over the cannulated vein, together with swelling of the whole limb and engorgement of collateral veins if the thrombosis is more proximal. Occasionally, a superior mediastinal syndrome develops in patients with superior vena cava thrombosis. If major vessel occlusion is suspected, the diagnosis is confirmed by venography and anticoagulation is commenced with heparin. If vascular access has to be maintained, an attempt can be made to lyse the clot with urokinase or plasminogen activator. If the clot cannot be dissolved, the cannula must be removed and a new one positioned in an unoccluded vein. The patient may need to remain on long-term anticoagulation.









Infection


Catheter related sepsis and blood stream infection are the most frequent complications of TPN. The usual offending organisms are coagulase-negative staphylococci, Staphylococcus aureus and coliforms, but the incidence of fungal infection is increasing, possibly because many of the patients requiring TPN are immunocompromised or receiving broad-spectrum antibiotics. Catheter infections are completely avoidable and almost always the result of poor line care, with infection usually introduced via the catheter hub as a result of deficient aseptic technique. The insertion site must be protected with an occlusive dressing and should be cleansed on alternate days with an antiseptic agent. The line must only be used for infusion of nutrients and never for taking or giving blood or administering drugs. Great care is taken to avoid contamination when changing bags. A nutrition support nurse is invaluable in avoiding catheter sepsis and supervising all aspects of catheter care. If the patient receiving TPN develops pyrexia, the protocol outlined in Table 3.4 should be followed. While catheter related sepsis in short term TPN is generally managed by removing the catheter, an attempt is usually made to salvage the catheter and treat the infection with antibiotics in patients receiving long term TPN via tunneled catheters, because repeated catheter removal eventually results in loss of venous access. Provided there is no evidence of septic shock, polymicrobial or fungal catheter infection (in which case the catheter is removed), the catheter is salvaged by ‘locking it’ twice daily for up to 14 days with a solution of vancomycin and urokinase, while intravenous antibiotics appropriate to the causative organism are continued. An alternative route for provision of TPN is employed until serial cultures confirm that the catheter infection has resolved.


Table 3.4 Detection and treatment of catheter related sepsis






	If a pyrexia > 38°C develops, or there is a further rise in temperature if already pyrexial






	



• Stop parenteral nutrition and check for other sources of pyrexia (e.g. chest or urinary tract infection)


• Take peripheral and central line blood cultures


• Administer intravenous fluids


• Heparinize catheter


• Consult senior medical staff












	If blood culture is negative






	



• Restart parenteral nutrition and continue to monitor for signs of sepsis












	If blood culture is positive






	



• Remove catheter and send tip for bacteriological analysis


• Administer appropriate antibiotic therapy


• If necessary, replace catheter and restart parenteral nutrition within 24–48 hours












	Where central access must be preserved






	



• Seek specialist advice from hospital nutrition team




















Metabolic complications


Metabolic complications include under- or overhydration. Patients with co-existing medical conditions (e.g. cardiac failure) should be carefully monitored. There is a physiological upper limit to the amount of glucose that can be oxidized (4 mg/kg/min) and prolonged glucose infusion in excess of this rate may lead to hyperglycaemia and fatty infiltration of the liver with disordered liver function. Mildly abnormal liver enzymes in patients receiving TPN are common. However, severe and progressive abnormalities and, in particular, biochemical or clinical jaundice should lead to a prompt re-evaluation of the feeding regimen. Excessive administration of glucose may also aggravate respiratory failure as a consequence of the need to eliminate larger amounts of carbon dioxide consequent upon increased carbohydrate oxidation. Intolerance of glucose is particularly likely in sepsis and critical illness as a result of insulin resistance. Hyperglycaemia may require a reduction of the glucose load, concomitant infusion of insulin via a separate pump, or both.


Hypokalaemia and hypophosphataemia are common when severely malnourished patients are re-fed after a long period of starvation because of the large flux of potassium and phosphate into the cells; correction is by further supplementation. Abnormal liver function tests may occur in severely stressed or septic patients. If the changes are marked and progressive, the overall substrate load should be reduced and discontinuation of parenteral nutrition considered.












Peripheral venous nutrition


TPN solutions can be compounded specifically to facilitate administration via a peripheral vein, using lipid emulsions and less hypertonic solutions of amino acids. These solutions are less likely to provoke thrombophlebitis but are still usually suitable only for short term use and conventional techniques should be employed if long-term nutritional support is needed. Peripheral catheters require





Summary Box 3.4 Parenteral nutrition







• Parenteral feeding is indicated if the patient cannot be fed adequately by the oral or enteral route


• The need to restrict volume when using total parenteral nutrition (TPN) means that concentrated solutions are used, which may be irritant and thrombogenic. TPN is therefore infused through a catheter in a high-flow vein (e.g. superior vena cava)


• TPN is usually given in an ‘all-in-one’ bag with a mixture of glucose, fat and l-amino acids combined with fluid, electrolytes, vitamins, minerals and trace elements


• The major complications with TPN can be classed as catheter-related, septic or metabolic. A multidisciplinary approach to the management of TPN patients by a nutrition team will minimize such complications.








the same level of care as central catheters, and the patient must still be monitored for signs of infection or metabolic complications.















Monitoring of nutritional support


Patients receiving nutritional support are monitored to detect deficiency states, assess the adequacy of energy and protein provision, and anticipate complications. Patients receiving enteral feeding require less intense monitoring but are prone to the same metabolic complications as those fed intravenously.


Pulse rate, blood pressure and temperature are recorded regularly, an accurate fluid balance chart is maintained (including insensible losses), and the urine is checked daily for glycosuria. Body weight is measured twice weekly.


Serum urea and electrolytes are measured daily, as are blood glucose levels if there is glycosuria. Full blood count, liver function tests, and serum albumin, calcium, magnes-ium and phosphate are monitored once or twice weekly. In patients where there is a concern about failure to respond to an apparently adequate nutritional regimen or there is ongoing electrolyte imbalance, urine may be collected over one or two 24-hour periods each week to measure nitrogen or electrolyte losses respectively. For patients on long-term enteral nutrition or TPN (i.e. longer than 2–3 weeks) less intense monitoring is appropriate once they are stable.
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Importance of infection


In the latter half of the 19th century Louis Pasteur hypothesized that bacteria caused infection by being carried through the air (germ theory of disease). Aware of Pasteur’s work, in 1865, Joseph Lister first used carbolic acid (phenol) as a spray in the operating theatre to successfully prevent and treat infection in compound fractures. In the early part of the 20th century, with the advent of sterilized instruments, surgical gowns and the first rubber gloves, antisepsis was replaced by modern aseptic surgical techniques which were championed by Birmingham surgeon Robert Lawson Tait. Penicillin was discovered by Alexander Fleming in 1928 and first used clinically in 1940 by Howard Florey. The prevention and treatment of surgical infection was further transformed by the many different classes of antibiotics that were discovered through the latter part of the 20th century. Nevertheless, control of infection in surgical practice remains an important and challenging issue due to the emergence of antibiotic-resistant organisms and the rise in the numbers of elderly, co-morbid and immunocompromised patients undergoing increasingly complex surgical interventions that frequently involve the use of implants. The risk of infection is related to the type of surgery (Table 4.1). Postoperative infections impact on patient outcomes and increase the length of hospital stay, which in turn increases the cost of surgery. In the UK, there is now a legal duty on hospitals to do all they can to minimize the risk of healthcare associated infections (HCAI) in patients.


Table 4.1 Classification of operative wounds and infection risk with prophylaxis






	 

	% Infection rate with prophylaxis*







	
Clean
(e.g. non-traumatic wound, respiratory / gastrointestinal /genitourinary tracts intact)

	


 0.8






	
Clean-contaminated
(e.g. non-traumatic wound, respiratory / gastrointestinal /genitourinary tracts entered but insignificant spillage)

	


 1.3






	
Contaminated
(e.g. fresh traumatic wound from dirty source, gross spillage from gastrointestinal tract or infected urine/bile or major break in aseptic technique)

	


10.2







* Based on data from: Olson M, O’Connor M, Schwartz ML. Surgical wound infections. A 5-year prospective study of 20,193 wounds at the Minneapolis VA Medical Center. Ann Surg. 1984 Mar;199(3):253–259.









Biology of infection


Many body surfaces are colonized by a wide range of micro-organisms, called commensals, with no ill effects (Fig. 4.1). However, once the normal defences are breached in the course of surgery, such as skin (e.g. Staphylococcus aureus) and bowel (e.g. Bacteroides spp. and Escherichia coli) commensals can then cause infection. Infection is defined as the proliferation of micro-organisms in body tissue with adverse physiological consequences. The factors involved in the evolution of infection are shown in Figure 4.2.





[image: image]

Fig. 4.1 Distribution of normal adult flora.


Mucosal or skin breaches may allow normal flora to infect usually sterile sites. Overgrowth by potentially pathogenic members of the normal flora may occur with changes in normal composition, e.g. after antimicrobial treatment, local changes in pH (vagina and stomach) or defective immunity (e.g. AIDS or immunosuppressive treatment). The most common yeast is Candida albicans. *Staphylococcus epidermidis is the most common ’coagulase-negative staphylococcus’ frequently found on skin. Density of colonization varies greatly with age and site.







[image: image]

Fig. 4.2 Factors important in the development of infection and their inter-relationship.








Bacterial factors


The size of the inoculum is important with smaller numbers of bacteria being more easily removed by the host’s immune response. Bacteria with greater pathogenic potential (virulence) in soft tissue (e.g. Streptococcus pyogenes versus Escherichia coli) will require a lower inoculum to establish infection. Pathogenic bacteria release a wide variety of exotoxins that can act locally, regionally and systemically having spread via the bloodstream, lymphatics and along nerves (e.g. tetanospasmin which causes tetanus). Other bacterial pathogenicity factors which are released include haemolysins which destroy red blood cells; streptokinase, elastase and hyaluronidase which damage connective tissues. Endotoxin (lipopolysaccharide, LPS), a component of the cell wall, is liberated when Gram-negative bacteria break up (lysis). LPS stimulates endothelial cells and macrophages to release cytokines which mediate the inflammatory response and produce septic shock. Lipoteichoic acid is the equivalent molecule in Gram-positive bacteria.









Host defence systems


Commensals limit the potential virulence of pathogens by depriving them of nutrients, preventing their adherence and by producing various cell signalling substances that interfere with their activities. Administration of broad-spectrum antibiotics can lead to the replacement of commensals with a pathogen; for example, Clostridium difficile in the colon which is a common cause of, potentially life threatening, diarrhoea in postoperative patients.


Man has evolved a wide range of defences that act at the interface with the surrounding environment. Skin provides a dry, inhospitable mechanical barrier to organisms and also secretes fatty acids in the sebum that kill or suppress potential pathogens. Tears and saliva contain a range of antibacterial substances such as lysozyme; and the low pH of gastric secretions kills many ingested pathogenic bacteria. Many mucosal surfaces are covered in secreted mucus which both acts as a physical barrier and binds bacteria via specific receptors.


Macrophages, neutrophils and complement provide innate immunity through phagocytosis and bacterial lysis. The complement system (a cascade of bioactive proteins) which is activated when required attracts the phagocytic cells, directly lyses pathogens and increases vascular permeability. Immunity can also be acquired through antibody and cell mediated mechanisms. There are two types of T-lymphocytes involved in cell mediated immunity; CD4 help macrophages kill phagocytosed bacteria and CD8 kill cells infected with intracellular pathogens, especially viruses. The five classes of antibody (IgA, IgM, IgG, IgD and IgE) are secreted by B-lymphocytes, usually following stimulation via T cells. Antibodies, with or without complement, bind to and opsonize, lyse or kill the pathogen.


Cytokines (small peptide molecules) are released by leucocytes and facilitate the interaction between immune cells. Over activation of this cytokine cascade leads to the Systemic Inflammatory Response Syndrome (SIRS). Typically, a patient presents with signs of severe infection but instead of improving with antibiotic treatment develops worsening fever, hypotension, tissue hypoxia, acidosis and multiple organ failure.


A number of host factors make infection more likely:




• Old age, obesity, malnutrition, cancer and immunosuppressive agents (e.g. steroids) and diabetes


• The presence of dead tissue; for example, burned flesh or haematoma provide a rich source of nutrients for bacteria and hamper the local immune response


• Poor vascularity; in the leg this is often associated with peripheral arterial disease and diabetes


• Foreign material present in tissues either as a result of trauma (e.g. broken glass, clothing, shrapnel) or surgical procedure (e.g. joint replacements, heart valves, vascular prostheses).















Preventing infection in surgical patients


All UK hospitals now have infection prevention programmes which include measures to minimize risks to patients and staff from infections which may be acquired during and after surgery.






Preoperative MRSA screening


Since 2008 hospitals in England have been required to screen all elective surgical patients for methicillin-resistant Staphylococcus aureus (MRSA). Carriers receive decolonization treatment (nasal mupirocin cream and antiseptic skin wash) and appropriate antibiotic prophylaxis, usually a glycopeptide antibiotic (e.g. teicoplanin) prior to surgery. This policy reduces MRSA transmission in surgical wards (EBM 4.1). Screening for nasal carriage of Staphylococcus aureus followed by decolonization also reduces surgical wound infection (EBM 4.2). These hospitals now screen emergency admissions although the timing of available results will determine whether this has an impact on management and outcomes.





4.1 Preventing MRSA transmission in surgical patients by rapid polymerase chain reaction (PCR) screening for MRSA








‘A prospective, cluster, two-period cross-over design trial where all MRSA positive patients were decolonized and isolated (only for 17% patients). Infection control practices were the same in both groups.


13 952 patient wound episodes included and results showed that patients on wards using conventional screening were 1.49 times (p = 0.007) more likely to acquire MRSA. It was concluded that rapid PCR screening and decolonization reduces transmission of MRSA.’





Hardy K, et al. Reduction in the rate of methicillin-resistant Staphylococcus aureus acquisition in surgical wards by rapid screening for colonization: a prospective, cross-over study. Clin Microbiol Infect. 2010; 16:333-9.








4.2 Preventing surgical site infections in nasal carriers of Staphylococcus aureus








‘A randomized, double-blind, placebo-controlled, multicentre trial over 20 months where a total of 6671 patients were screened for S. aureus nasal carriage using PCR. The subgroup of surgical-site infections caused by S. aureus was reduced by 60% among those in the active treatment group (nasal mupirocin ointment plus chlorhexidine wash) as compared to those in the placebo group.’





Bode LG, et al. Preventing surgical-site infections in nasal carriers of Staphylococcus aureus. N Engl J Med. 2010; 362:9-17.









Aseptic technique


The term ‘aseptic technique’ refers to specific practices performed immediately before and during a surgical procedure to reduce postoperative infection. These include hand washing, surgical scrub, skin preparation of the patient, maintaining a sterile field and using safe operating practices.









Hand decontamination


The operating team should wash their hands prior to each operation on the list using an aqueous antiseptic surgical solution, with a single-use brush for the nails. The ‘six-step hand hygiene technique’ is now widely adopted (Fig. 4.3). Hospitals will have policies for which antiseptic agents are used. Where hands are not soiled, alcohol hand gel is a suitable alternative for decontamination on the wards.





[image: image]

Fig. 4.3 Six-step hand hygiene technique.











Personal protective equipment (PPE) for staff


The operating team should wear sterile gowns and gloves during the operation. Consideration should be given to wearing two pairs of gloves when there is a high risk of perforation and the consequences of contamination may be serious (e.g. in patients known or suspected to be infected with blood-borne viruses, (BBV)). Visors and goggles can be worn to protect from splash inoculation with body fluids.









Skin preparation


Although it is not possible to sterilize the skin, antiseptics such as chlorhexidine or povidone-iodine applied to the surgical site prior to incision reduce the number of resident organisms and so the risks of wound infection. Antiseptics containing alcohol must be allowed to evaporate completely before using diathermy.









Surgical instruments


To prevent cross-infection only sterile instruments are used. Sterilization is usually undertaken in Sterile Services Departments (SSD) in hospitals.






Terminology







• Decontamination: a process which removes or destroys infectious or unwanted material


• Cleaning: the physical removal of soil and organic matter


• Disinfection: the removal or destruction of some micro-organisms but not bacterial spores


• Sterilization: the complete destruction of all micro-organisms including spores.





Used surgical instruments are first thoroughly washed in automated washer disinfectors which reach temperatures of 85–95°C (thermal disinfection), remove organic matter and kill most micro-organisms except spores. Instruments can then be packed and processed in a steam sterilizer or autoclave to destroy any remaining micro-organisms and their spores. Pressures above atmospheric are used so that higher temperatures can be achieved (e.g. 121°C for 20 minutes; 134°C for 5 minutes).












Creutzfeldt–Jakob disease (CJD) and other prion diseases


These normal decontamination processes do not destroy prions (infectious agents composed only of protein) and so patients known to have, or at risk of, CJD must be identified prior to surgery. Wherever possible, disposable surgical instruments are used. Whether disposable or not, all instruments used on such patients must be subsequently destroyed by incineration.








Summary Box 4.1 Prevention of infection







• Preoperative screening of patients for MRSA, and subsequent decolonization of carriers, is now an integral part of surgical care in UK hospitals


• The routine practices of hand washing, surgical scrub, skin preparation of the patient and maintaining a sterile field are collectively known as ‘aseptic technique’


• The practice of aseptic technique is an important component in preventing surgical site infections


• Sterility of surgical instruments is critical to preventing cross-infection. This may be achieved by decontamination of instruments in SSDs or by using sterile, disposable instruments.





















Prophylactic use of antibiotics


Antibiotic prophylaxis is defined as their use before, during, or after a diagnostic, therapeutic, or surgical procedure to prevent infectious complications. The evidence base and guidance can be found at www.sign.ac.uk/pdf/sign104.pdf and in the British National Formulary (BNF).









Timing and dose


The aim is to achieve high concentrations of drug at the surgical site from the time of incision. In most situations this involves a single parenteral dose at induction. If the surgery is prolonged or blood loss high then a second intraoperative dose may be advised.









Antibiotic choice


The antibiotic chosen must cover the expected pathogens for that operative site. Most hospitals have policies that take into account local resistance patterns. In recent years, co-amoxiclav has largely replaced cefuroxime because of the latter’s propensity to cause C. difficile infection. Information on antibiotic prophylaxis in special circumstances e.g., prevention of endocarditis; joint prostheses and dental treatment may be found in the BNF.









Carriage of resistant organisms and prophylaxis


This should be recognized as a risk factor for surgical site infection following high risk operations, especially when a surgical implant is being used, e.g., vascular graft, prosthetic joint, etc. Where carriage of MRSA or Extended Spectrum Beta Lactamase (ESBL)-producing Escherichia coli is known or suspected, appropriate antibiotics should be used for prophylaxis; if in doubt, seek expert advice from a microbiologist.









Prophylaxis for immunosuppressed patients


The choice of agent will depend on individual circumstances and expert microbiological help should be sought. Splenectomized patients are at increased risk of infection with encapsulated bacteria and protozoa and should be:




• commenced on lifelong antibiotic prophylaxis with penicillin or amoxicillin


• immunized against pneumococcus, Haemophilus influenzae type b (Hib), Group C meningococcus.





For elective splenectomy, the vaccines should be given 2–4 weeks prior to the procedure and for emergency procedures, 2–4 weeks after. In addition, travellers to areas endemic for meningococcus groups A, W135 or Y infection or for malaria should take expert advice.








Summary Box 4.2 Prophylactic antibiotics







• Antibiotic prophylaxis in surgical practice aims to prevent infection by achieving high concentrations of antibiotic at the incision and site of operation during surgery


• The choice of antibiotic must cover the likely pathogens for the operation site


• A single dose of antibiotic is usually adequate for prophylaxis, although during prolonged procedures or where there is excessive blood loss, a second dose may be required


• In some circumstances, e.g. colonization with multi-resistant bacteria or immunocompromised patients, the antibiotic choice may need to be modified and expert advice should be sought.





















Management of surgical infections


Surgical infections are of two types; those that occur in patients who:




• have undergone a surgical procedure


• present with sepsis and require surgery as part of their management.









Diagnosis


Infections in the early postoperative period (< 48 hours) are most likely to be respiratory or urinary; wound infections usually becoming evident later. Implant-related infections may not be evident for weeks, months or even years. Leakage of a gastrointestinal anastomosis usually presents after 5–6 days with low grade pyrexia and abdominal symptoms and signs; there may also be leakage of bowel content from surgical drains. Questioning for cough, dysuria and abdominal pain is important. Tachycardia, tachypnoea and pyrexia are all indicators of infection. Should hypotension and signs of septic shock be present, urgent resuscitation and assessment by the critical care unit outreach team is required. Whenever possible, the focus of infection should be identified (e.g. plain x-ray, ultrasound, computed tomography, (CT), or magnetic resonance imaging, (MRI)) and cultures taken (e.g. urine, sputum) before commencing antibiotic treatment. Aspiration of pus from deep seated infections (e.g. subphrenic abscess) followed by Gram staining to guide empirical therapy is helpful. Intravenous lines should be removed and cultured together with blood in any patient suspected of having bacteraemia. If indicated, urine and sputum should also be cultured. Serious sepsis in the surgical patient often arises from intra-abdominal infections (IAI). Approximately 30% of patients admitted to the ICU with IAI die, and if peritonitis develops mortality rises to 50%. Early diagnosis and treatment is essential but clinical examination is often unreliable, even misleading. CT, or MRI, preferably with contrast, should be performed to detect peritoneal leaks and collections of pus and can be life-saving. An integrated and logical approach to patient management should be followed as described in the surviving sepsis guidelines which are summarized in Tables 4.2 and 4.3.


Table 4.2 Screening for sepsis and severe sepsis






	Are any two of the following present?






	



• Temperature < 36 or > 38.3°C


• Heart rate > 90bpm


• WCC > 12 or < 4 × 109/I







	



• Respiratory rate > 20/min


• Acutely altered mental state


• Hyperglycaemia in the absence of diabetes












	If yes:






	Does the patient have a history or signs suggestive of a new infection?






	



• Cough/sputum/chest pain


• Abdominal pain/distension/diarrhoea


• Line infections







	



• Dysuria


• Headache with neck stiffness


• Cellulitis/wound infection/septic arthritis












	
If yes, patient has SEPSIS







	Are there any signs of organ dysfunction?






	



• SBP < 90 mmHg or MAP < 65 mmHg


• Urine output < 0.5 ml/kg/hr for 2 hrs


• INR > 1.5 or APTT > 60s


• Bilirubin > 34 mmol/l







	



• Lactate > 2 mmol/l


• New need for oxygen to keep SpO2 > 90%


• Platelets < 100 × 109/l


• Creatinine > 177 mmol/l












	
NO: Treat for SEPSIS:

	YES: Patient has SEVERE SEPSIS






	



• Oxygen


• Blood cultures


• IV antibiotics


• Fluid therapy


• Reassess for SEVERE SEPSIS with hourly observations







	Start
SEVERE SEPSIS CARE PATHWAY
(Table 4.3)







WCC, white cell count; MAP, mean arterial pressure, SBP systolic blood pressure; INR, international normalized ratio; APTT, activated partial thromboplastin time.


http://www.survivingsepsis.org/


Table 4.3 Severe sepsis care pathway






	



1. Oxygen: high flow 15 l/min via non-rebreathe mask. Target saturations > 94%


2. Blood cultures: take at least one set plus all relevant blood tests e.g. FBC, U&E, LFT, clotting, glucose


Consider urine/sputum/swab samples.


3. IV antibiotics as per hospital guidelines


4. Fluid resuscitate: if hypotensive give boluses of 0.9% saline or Hartmann’s 20 ml/kg up to a max of 60 ml/kg


5. Serum lactate and haemoglobin (Hb): Ensure Hb > 7g/dl


6. Catheterize and commence fluid balance chart












	Plus






	



a. Call Outreach Team if appropriate


b. Discuss with Consultant













http://www.survivingsepsis.org/









Antibiotic therapy


Antibiotics are almost inevitably an adjunct to surgical treatment in surgical infections e.g. drainage of abscesses, debridement, excision of infected tissue or lavage of a serous cavity.




• Antibiotic policies – each hospital has its own antibiotic formulary and this should be consulted. The principles behind such policies are shown in Table 4.4.


• Specimens for culture and sensitivity testing should always be obtained if possible and then specific antibiotics used as suggested in Table 4.5. It is not always possible to await these results if the patient is seriously ill and empirical therapy should be started immediately according to Table 4.6.


• When using some antibiotics such as gentamicin and vancomycin, therapeutic drug monitoring is needed to (i) establish adequate serum concentrations and (ii) identify toxic concentrations before renal or neurological damage develops. Specific protocols are available from microbiology/pharmacy departments at individual hospitals.


• Advice should be sought early about antibiotic treatment regimens from microbiologists/infectious diseases specialists, particularly when the diagnosis is not certain and/or the patient is critically ill.





Table 4.4 Principles underlying antibiotic policy






	



• Antibiotics should be avoided in self-limiting infections and due consideration should be given to expense, toxicity and the need to avoid the emergence of resistant strains


• Choice of therapy is determined positively by knowledge of the nature and sensitivities of the infecting organism(s). Therapy may be initiated on clinical evidence, but must be reviewed in the light of culture/sensitivity reports


• Restrict the use of antibiotics to which resistance is developing (or has developed)


• Single agents are preferred to combination therapy, and narrow-spectrum agents are preferred to broad-spectrum agents whenever possible


• Adequate doses must be given by the recommended route at correct time intervals


• Antibiotics that are used systemically must not be used topically


• Antibiotics used for prophylaxis are not used for treatment


• The side effects of antibiotics should be known by the prescriber and monitored


• Expensive antibiotics are not used if equally effective and cheaper alternatives are suitable


• With few exceptions (e.g. lung abscess), antibiotics should not be used to treat abscesses unless adequate surgical or radiological drainage has been achieved


• Policies may include automatic ‘stop’ orders













Table 4.5 Antibiotics in surgery: suggestions for specific therapy






	Organism

	First choice

	Alternative






	Methicillin-sensitive Staphylococcus aureus (MSSA)


	Flucloxacillin

	Clarithromycin






	Methicillin-resistant Staphylococcus aureus (MRSA)*


	Vancomycin

	Linezolid
Daptomycin






	Coagulase-negative staphylococci

	Vancomycin

	Linezolid
Daptomycin






	Streptococcus pneumoniae

	Benzylpenicillin

	Clarithromycin






	
Streptococcus pyogenes (group A β-haemolytic streptococcus)

	Benzylpenicillin
Clindamycin

	Clarithromycin






	Enterococci

	Amoxicillin

	Vancomycin






	Bacteroides species

	Metronidazole

	Co-amoxiclav






	
Escherichia coli 



1. Sepsis, including bacteraemia


2. Urinary tract infection







	


Piperacillin-Tazobactam
Trimethoprim

	


Meropenem
Co-amoxiclav






	Haemophilus influenzae

	Amoxicillin

	Co-amoxiclav






	
Klebsiella spp

	Co-amoxiclav

	Meropenem






	
Proteus species

	Co-amoxiclav

	Meropenem






	Pseudomonas aeruginosa

	Piperacillin-Tazobactam

	Meropenem






	
Clostridium spp

	Benzylpenicillin + metronidazole

	Metronidazole






	Clostridium difficile

	Stop predisposing antibiotic
Metronidazole

	Vancomycin, oral, re-treat relapse







These suggestions should be considered in the light of local epidemiology, sensitivities, drug availability, site and severity or infection.


* Gould FK et al. Guideline (2008) for the prophylaxis and treatment of methicillin-resistant Staphylococcus aureus (MRSA) infections in the UK. J. Antimicrobial Chemotherapy 2009;63:849-861


Table 4.6 Empirical therapy for acute infections






	Type of Infections

	Antimicrobial

	Alternative






	
Chest infection
Uncomplicated
Community-acquired pneumonia
‘Aspiration’ pneumonia
Hospital-acquired/postoperative

	


Amoxicillin
Benzyl penicillin + clarithromycin
Co-amoxiclav
Piperacillin-tazobactam

	


Clarithromycin
Levofloxacin + clarithromycin
Levofloxacin + metronidazole
Meropenem + vancomycin






	
Urinary tract infection
‘Lower’ infection 
Acute pyelonephritis
Prostatitis

	


Trimethoprim
Co-amoxiclav
Ciprofloxacin

	


Amoxicillin
Gentamicin






	
Wound infection
Cellulitis
Abscess

	


 Penicillin + flucloxacillin
Drain collection

	


Clarithromycin
Flucloxacillin






	Intra-abdominal sepsis

	Amoxicillin + metronidazole + gentamicin

	Meropenem






	Cholecystitis-cholangitis

	Co-amoxiclav

	Meropenem






	Pelvic inflammatory disease

	Azithromycin + metronidazole + gentamicin

	Doxycycline + piperacillin-tazobactam






	Amputations and gas gangrene

	Benzylpenicillin + metronidazole

	Metronidazole






	Septicaemia and septic shock

	Amoxicillin + metronidazole + gentamicin/ciprofloxacin

	Piperacillin-tazobactam, meropenem






	Severe Pseudomonas infections

	Piperacillin-tazobactam + gentamicin

	Meropenem ± gentamicin






	
Candida sepsis

	Fluconazole

	Caspofungin







Note The suggestions are for occasions when immediate treatment is necessary. Amendments may be necessary in the light of local epidemiology.












Specific infections in surgical patients






Surgical site infection (SSI)


All surgical wounds are contaminated by microbes but in most cases infection does not develop because of innate host defences. A complex interplay between host, microbial, and surgical factors ultimately determines whether infection takes hold and how it progresses (Fig. 4.2, EBM 4.3 and see Table 4.1).





4.3 SSI classification








‘Superficial incisional SSI: Infection involves only skin and subcutaneous tissue of incision.


Deep incisional SSI: Infection involves deep tissues, such as fascial and muscle layers. This also includes infection involving both superficial and deep incision sites and organ/space SSI draining through incision.


Organ/space SSI: Infection involves any part of the anatomy in organs and spaces other than the incision, which was opened or manipulated during operation.’





Horan TC, et al. CDC definitions of nosocomial surgical site infections, 1992: a modification of CDC definitions of surgical wound infections. Infect Control Hosp Epidemiol. 1992; 13:606-8.









Diagnosis


Superficial SSIs can be identified by pyrexia, local erythema, pain and excessive tenderness, and sometimes discharge. Deeper infection may present more insidiously with pyrexia, leucocytosis, and organ dysfunction such as prolonged postoperative ileus. Diagnosis may require radiological imaging and sometimes exploratory laparotomy.









Treatment


Cellulitis can be treated with antibiotics but an abscess will require drainage as antibiotics will not penetrate pus. Drainage may involve simply laying open the wound and healing by secondary intention. Deeper, more complex collections will need formal drainage either radiologically (under ultrasound or CT guidance) or by means of open surgery.









Prevention


The risks of SSI can be reduced by:




• Careful surgical technique to minimize tissue damage, bleeding and haematoma


• Appropriate antibiotic prophylaxis


• Avoidance of infective surgical complication e.g. anastomotic leak.















Urinary tract infections (UTI)


These are common and may range from simple cystitis to pyelonephritis or even perinephric abscess. Catheterized patients are at increased risk of infection. The most common organisms are Escherichia coli, Klebsiella species, Enterococcus faecalis and Pseudomonas aeruginosa. Multi-resistant organisms such as ESBL-producing E. coli and MRSA are increasingly being seen and can be difficult to treat. Symptoms include dysuria, fever and, in patients who are not catheterized, frequency and nocturia. Cystitis may not give rise to any clinical signs. Pyelonephritis is typically associated with rigors, renal angle pain and tenderness. Urine samples must be sent for microscopy and culture. In catheterized patients the urine frequently contains organisms but not white cells. This does not require antibiotics unless there are signs of systemic illness. The urine will not become sterile until the catheter is removed. Trimethoprim, gentamicin and co-amoxiclav are reasonable antibiotic choices until sensitivities become available. Fluoroquinolones (e.g. ciprofloxacin) may be used although C. difficile infection is a risk particularly in elderly patients. Expert advice should be sought in the case of multi-drug resistant pathogens. Aseptic introduction and meticulous care of the urinary catheter helps to prevent bacteria entering the urinary tract (Fig. 4.4).





[image: image]

Fig. 4.4 Routes of entry of uropathogens into the catheterized urinary tract.











Respiratory tract infections


This comprises upper and lower respiratory tract infection, lung abscess and empyema. The commonest causes are Streptococcus pneumoniae and Haemophilus influenzae. Gram-negative organisms (e.g. Escherichia coli, Pseudomonas aeruginosa) and MRSA can be implicated, especially during and after mechanical ventilation. Symptoms include fever, tachypnoea, cough, increased respiratory secretions, breathlessness and confusion. Diagnosis is made on the basis of history, examination, arterial blood gases, chest X-ray, cultures (blood, sputum and bronchial washings) and sometimes specialist radiology (e.g. CT). A positive sputum culture without clinical symptoms and signs of infection does not automatically merit antimicrobial therapy. Antibiotic treatment should follow the local hospital policy; penicillin plus clarithromycin is a typical choice until sensitivities becomes available. Abscess or empyema should be drained. Physiotherapy, early mobilization and adequate pain relief in the postoperative period will help prevent respiratory infection.









Clostridium difficile infection (CDI)


This occurs when the normal colonic microflora is disturbed by the administration of antibiotics in patients either pre-colonized with or exposed after antibiotic treatment to C. difficile (an anaerobic spore-forming bacillus). Some antibiotics are particularly prone to cause CDI: clindamycin (the first identified in 1978), cephalosporins and fluoroquinolones. The disease is much more common in the elderly and in hospitals with poor cleaning. The bacterium produces two cytotoxins A and B (some strains only produce B) that destroy the colonic mucosal cell cytoskeleton. A spectrum of disease is seen ranging from abdominal discomfort to profuse watery diarrhoea (one of the commonest features), severe abdominal cramps and rarely toxic dilatation of the colon leading to rupture. At colonoscopy characteristic yellow plaques, bleeding mucosa and islands of normal tissue are seen, which is called pseudomembranous colitis. Surgical patients can acquire CDI as a consequence of antibiotic treatment or prophylaxis. Infrequently patients with severe CDI may require urgent surgical referral. Emergency colectomy in patients with fulminant colitis can be life saving although mortality is high. Diagnosis of CDI is by identification of the toxins in faeces by enzyme immunoassay (EIA) or the more sensitive and specific PCR detection of the toxin genes. Treatment of mild/moderate disease is with oral metronidazole, with severe disease responding better to oral vancomycin. Control is aimed at isolating patients with diarrhoea, reducing the environmental burden of spores by cleaning with bleach solutions and reducing the selective pressure from high risk antibiotics by antibiotic stewardship. Current UK guidelines are available in the document ‘Clostridium difficile – how to deal with the problem’ (www.dh.gov.uk); (www.hpa.org.uk).









Fungal infections


These are increasing in incidence; the main risk factors include: immunocompromise (e.g. leukaemia, HIV infection), prolonged ICU stay, gastrointestinal tract surgery, central venous catheters and use of total parenteral nutrition (TPN), and prolonged use of multiple or broad spectrum antibiotics. The most common organism is Candida albicans. Nystatin can be given orally to treat infections of the oropharynx. Fluconazole, voriconazole and caspofungin are available for treatment of systemic infection.









Infections of prosthetic devices


In many fields of surgery the use of implants has become routine and affords huge clinical benefit. Nevertheless, there is a small risk of device-related infection which can be catastrophic for the patient. Bacteria, often commensals such as coagulase-negative staphylococci can be introduced at the time of surgery and form a biofilm of extracellular material (glycocalyx) around the device which is resistant to the body’s defences and the penetration of some antibiotics. Alternatively, the implant can be ‘seeded’ via the bloodstream months, even years, later from a bacteraemia arising from another source e.g. Staphylococcus aureus skin sepsis or E. coli UTI. Antibiotics alone are often unsuccessful and removal of the device is frequently necessary to eradicate the sepsis. Such surgery may be difficult and associated with significant morbidity and mortality.








Summary Box 4.3 Management of surgical infection







• The risk of surgical site infection rises in direct proportion to the degree of microbial contamination of the wound


• Whenever possible, the focus of infection should be identified by careful history-taking, clinical examination, imaging and microbiological culture


• Collections of pus should be drained


• In many surgical infections, antibiotics are often an adjunct to surgical treatment, e.g. drainage of abscesses, debridement, excision of infected tissue or lavage of a serous cavity


• Tetanus immunization status of patients must be determined prior to elective surgery or following trauma.


















Infections primarily treated by surgical management









Abscess


This is a localized collection of pus containing neutrophils, dead tissue and organisms that can develop anywhere in the body. The commonest pathogen is Staphylococcus aureus. Abscesses in the abdomen or pelvis often contain a mixture of gut bacteria e.g. E. coli, enterococci and anaerobic bacteria. Abscesses close to the skin are often painful and the overlying skin will be raised, red and hot to the touch. Large or multiple skin abscesses may cause systemic upset. Deeper abscesses may present with a ‘swinging’ pyrexia, systemic upset and symptoms relating to pressure on surrounding tissues. The pus must be drained and sent for microscopy and culture. This can be achieved through needle aspiration (e.g. breast), radiologically under ultrasound or CT guidance (e.g. subphrenic), or via open surgery (e.g. perianal). Antibiotics do not usually penetrate into abscesses but may be required for treatment if the patient is systemically unwell or for prophylaxis if a surgical wound is being made in the course of drainage.









Necrotizing fasciitis


This is an uncommon but severe, life-threatening infection of skin and subcutaneous tissues characterized by necrosis of deep fascia (Fig. 4.5). There are two main types depending on causative organisms.




• Type I: Polymicrobial aetiology which is also known as synergistic bacterial gangrene; Fournier’s gangrene is a special type affecting the perineal area


• Type II: Single organism infection, usually by β-haemolytic Group A streptococci (Streptococcus pyogenes).








[image: image]

Fig. 4.5 Necrotizing fasciitis of the lower limb.


(Courtesy of the Medical Microbiology Dept., University of Edinburgh.)





The infection usually starts at a site of (often minor) trauma and can spread very quickly as bacterial exotoxins and enzymes lead to necrosis of fat and fascia and eventually overlying skin. The patient is usually febrile, toxic and in severe pain. Initially, the overlying skin may appear deceptively normal but as the infection progresses there is oedema, discoloration and crepitus (due to gas production). Urgent surgical debridement of all necrotic tissue is essential and several visits to theatre may be required. Initial antibiotic choice is usually empirical with a combination of broad-spectrum agents against likely pathogens e.g. carbapenems, clindamycin and metronidazole. Antibiotic therapy can later be tailored according to the results of pus and tissue cultures.









Diabetic foot infections


Infections involving the feet in diabetic patients range from cellulitis to complex skin and soft tissue infection to chronic osteomyelitis. Clinical diagnosis is based on the presence of cellulitis, purulent discharge, pain, tenderness and gangrene. Signs of systemic toxicity may be present in severe infection. Microbiological diagnosis is best achieved by culture of tissue and bone biopsy samples as culturing surface swabs merely indicates which microorganisms are colonizing the ulcer/wound. Radiological investigation for osteomyelitis includes plain X-rays and MRI. Antibiotic therapy is usually the first line of treatment although a multidisciplinary team approach including vascular and general surgeons may be invaluable. Surgical involvement is required for debridement, drainage of abscess and/or amputation in chronic osteomyelitis.









Gas gangrene


This is rarely seen in civilian practice and is typically associated with the battlefield. Clostridium perfringens, a spore-forming anaerobic bacterium normally found in soil and faeces, is the main cause; other species include Clostridium novyi and Clostridium septicum. Patients become rapidly and profoundly septic as exotoxins lead to rapidly spreading muscle necrosis with overlying skin discolouration, oedema and crepitus (Fig. 4.6). Even with urgent wide surgical excision of all necrotic tissue and high-dose antibiotics (penicillin and metronidazole) the disease still carries a high mortality.





[image: image]

Fig. 4.6 Gangrene developing in the foot of a diabetic.


(Courtesy of Mr A.S. Whyte FRCS.)












Infections following trauma


Risk of infection will be related to the amount of tissue damage and contamination with extraneous material (e.g. soil, clothing, etc). Heavily contaminated wounds need thorough cleaning and debridement of all non-viable tissue; failure may lead to severe infections including gas gangrene. A short course of broad spectrum antibiotics have been shown to reduce the incidence of early infection in open limb fractures. It is essential to determine the patient’s tetanus immunization status.









Tetanus


This is caused by Clostridium tetani, a spore-forming anaerobic organism which enters the body through soil or animal faecal contamination of a wound, injury or burn and then multiplies anaerobically in tissues, if the wound is not adequately cleaned or debrided. The incubation period varies from 4 to 21 days. Tetanospasmin (a neurotoxin) spreads along nerves from the site of infection and causes generalized rigidity and spasm of skeletal muscles. The muscle stiffness usually involves the jaw (lockjaw) and neck and then becomes generalized. The mortality ranges from 10 to 90%, being highest in infants and the elderly. Antibiotic treatment is with penicillins or, for penicillin allergic patients, clarithromycin but is only an adjunct to correct surgical care of wounds and further specialized medical treatment. Tetanus can be prevented by immunization. In the UK, all young children are offered the tetanus vaccine as part of the routine NHS childhood vaccination programme (www.nhs.uk/conditions/Tetanus); current advice is to have five doses over a life time. For non-immune individuals who have suffered a tetanus-prone injury, Human Tetanus Immunoglobulin (HTIG) is given to provide immediate protection together with wound debridement, active immunization and antibiotic treatment.















Healthcare associated infections (HCAI)


In 2006 a survey of 190 acute hospitals in England showed that 8.2% of patients had developed a HCAI (previously known as a nosocomial infection), most commonly SSI, GI infections, UTI, and pneumonia. The UK Health Act of 2006 (revised 2008) places a legal duty on hospitals to do all they can to minimize the risk of HCAI. The hospital infection control team are most closely involved in the design and delivery of the HCAI programme and will liaise with the microbiology laboratory to ensure that infections caused by important pathogens are identified at an early stage and that trends in antibiotic resistance are monitored. However, all staff members and students have a duty to take responsibility for this very important aspect of patient care. In recent years, there has been a national focus on reducing MRSA and C. difficile infections in England using a multi-faceted approach; Figure 4.7 shows the successful reduction in England of MRSA bloodstream infections (bacteraemia) from 2006 to 2010 but continuing high levels of MSSA bacteraemia. Monitoring SSI is also an important quality indicator. The Nosocomial Infection National Surveillance Service (NINSS), a national programme of SSI surveillance, was established in the UK in 1997. Participation in the scheme is voluntary (except for orthopaedic surgery) but provides hospitals with useful benchmarking data for the main types of surgery. This systematic collection of infection data (surveillance) is by nurse follow-up of all patients who have undergone surgery during a given period. Surveillance nurses will inspect surgical wounds for any signs of infection and often also follow-up the patient once discharged home to detect infection. This enables the early identification of increased incidences of infection so that measures can be taken to prevent further infections. These measures could include suspension of further surgery; deep cleaning of theatres; change in antibiotic treatments and isolation of infected patients.





[image: image]

Fig. 4.7 Numbers of MRSA and MSSA bacteraemia (quarterly) in England, derived from HPA Surveillance Data.







Summary Box 4.4 Healthcare associated infection (HCAI)







• All hospitals must have effective programmes for prevention and control of HCAI


• The hospital infection control team design and deliver the HCAI programme, but all staff working in healthcare must take responsibility for preventing HCAI


• Monitoring for trends in surgical site infection is an important indicator of the quality of patient care.
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Implicated

Cause ‘components Clinical features
Immunologlcal
Acute haemolytic ABO-Incompatible RCC Develops within minutes. Chills, fevers, rigors, chest
transfusion reaction transfusion resuiting in Platelets tightness, Infusion site pain, hypotension, shock, DIC and
acute intravascular FFP acute renal fallure. May be fatal.
haemolysis Cryo
Transfuslon-assoclated  HLA or neutrophil Abs in Any plasma-containing  Develops within 4 hours of transfusion.
acute lung Injury donor plasma react with component (RCC, FFP,  Dyspnoea, cough, fever, hypoxia, pulmonary infiltrates

recipient leucocytes aryo, latlets) (ARDS).
With supportive care, Improvement over 2-4 days In
80% of patients.
Febrile non-haemolytic  Neutrophil Ab In reciplent RCC Develops late In course of transfusion.
transfusion reaction plasma reacts with donor Platelets Usually mild. Full recovery expected.
leucocytes FFP
Cryo
Allergic reactions Reaction to plasma proteins  Any plasma-containing  Urticaria/itch within minutes of start of transfusion.
component. (Occasionally severe with anaphylaxis.
Usually full recovery with appropriate management.
Non-Immunological
Bacterlal contamination  Contamination during Platelets most Symptoms/signs of sepsls develop early in course of
collection or storage. Rarely, ~ commonly RCC transfusion. May be fatal.
bacteraemic donor
Transfusion- Over-transfusion Any Symptoms/signs of acute left ventricular failure. Resolves

assoclated clrculatory
overload

with appropriate managemert.

(Ab =antibody, Ag

tigen; ARDS = acuterespiatcy ditrss syndrome; Cryo = cryoprechlate; DIC =

ffozen plasma; HLA = human leucocyte antigen; RCC = red cel concentrate)

Isseminated infravescular coaguiation; FFP = fresh
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Volume (ml) Na+ (mmol) K+ (mmol)

Urine 2000 80 60
Insensible losses 700 - -
from skin and

respiratory tract

Faeces 300 B 10
Less water created 300 - -
from metabolism

Total 2700 80 70
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+Ringerslactate  + Starches
« Hartmann's « Gelofusine
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Wet hands under warm running water, apply soap, then follow this procedure

1. Rub palm-to-paim 3. Rub the back of both hands 3. Rub palm-to-paim
(right palm over left back interlacing the ingers
and then vice versa)

4. Rub the backs of fingers 5. Rub the thumbs 6.Rub palms wih fingertips
by interlocking the hands (rotational rubbing of right thurmb. (rotational rubbing of right fingers
clasped in the left paim, and onleftpaim, and then vice versa)

then vice versa)

Rinse the hands under running water, and dry thoroughly

i s g e
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Bacterialinvasion.

Macrophage activation
+ Phagocytosis

+ Cytokine release

+ Prostanoid release.
+ Protease release

Neutrophil acoumulation.
+ Phagocylosis

+ Cytokine release

+ Protease release

Neutrophil-endothelial
coll adherance and
neutrophil migration

Endothelial actvation
+ Vasodilatation

+ Increased capillary
Dermeehily

Stimulation of afferent
nerve impulses.

Plasma cascades activated
+ Coagulation/platelets.
* Complement





