
	
		
		    
			
			    
			
			
			    
			    
			    
			 
		    

		                     
				 Home
	 Add Document
	 Sign In
	 Register


			
			    
				
				    
					
					
					    
					

				    

				

			    

			

		    

		

	

	
    
	
	        	    
		    		Instant Clinical Pharmacology (Instant)    	    

	    	    	Home 
	Instant Clinical Pharmacology (Instant)


	

    




    
        
	    

	    
            
		

		
		        		    
    			
    			    
    			

    		    

		    		    
			
			    
				
				    ICPA01 21/5/05 12:12 PM Page i

Instant Clinical Pharmacology

 ICPA01 21/5/05 12:12 PM Page ii

 ICPA01 21/5/05 12:12 P...				

				    				
    				    Author: 
										    Evan J. Begg					    				

				
			    

			    
				

				 369 downloads
				 3523 Views
				    				 1018KB Size
								 Report
			    

			    
				
				This content was uploaded by our users and we assume good faith they have the permission to share this book. If you own the copyright to this book and it is wrongfully on our website, we offer a simple DMCA procedure to remove your content from our site. Start by pressing the button below!
				
 Report copyright / DMCA form

				
			    

			

			
			    
				
				     DOWNLOAD PDF
				

			    

			    
				
				    
				    
					
				    
				    
				    
					
				    
				

				
				    

				

			    

			

			

			

			

			
			
			
		    

		    
						    ICPA01 21/5/05 12:12 PM Page i
 
 Instant Clinical Pharmacology
 
 ICPA01 21/5/05 12:12 PM Page ii
 
 ICPA01 21/5/05 12:12 PM Page iii
 
 Instant Clinical Pharmacology Evan J. Begg BSc, MB, ChB (Auckland), MD (Otago), FRACP Professor in Medicine/Clinical Pharmacology Christchurch School of Medicine University of Otago Christchurch New Zealand
 
 ICPA01 21/5/05 12:12 PM Page iv
 
 © 2003 by Blackwell Publishing Ltd Blackwell Publishing, Inc., 350 Main Street, Malden, Massachusetts 02148-5018, USA Blackwell Publishing Ltd, Osney Mead, Oxford OX2 0EL, UK Blackwell Publishing Asia Pty Ltd, 550 Swanston Street, Carlton, Victoria 3053, Australia Blackwell Verlag GmbH, Kurfürstendamm 57, 10707 Berlin, Germany The right of the Author to be identiﬁed as the Author of this Work has been asserted in accordance with the Copyright, Designs and Patents Act 1988. All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or otherwise, except as permitted by the UK Copyright, Designs and Patents Act 1988, without the prior permission of the publisher. First published 2003 by Blackwell Publishing Ltd ISBN 1-4051-0275-6 Catalogue records for this title are available from the British Library and the Library of Congress Set in 9/12pt Sabon by Graphicraft Limited, Hong Kong Printed and bound in Great Britain by MPG Books Ltd, Bodmin, Cornwall Commissioning Editor: Fiona Goodgame Production Editor: Julie Elliott Production Controller: Chris Downs For further information on Blackwell Publishing, visit our website: www.blackwellpublishing.com
 
 ICPA01 21/5/05 12:12 PM Page v
 
 Contents
 
 Introduction, vi What is clinical pharmacology?, vii
 
 Inducers of drug metabolism/inhibitors of drug metabolism, 52 Drug/food interactions, 54
 
 1 Clinical pharmacokinetics, 1 General overview of pharmacokinetics, 2 Pharmacokinetics, 4 Drug clearance, 6 Volume of distribution, 8 The half-life, 10 Oral availability, 12 Protein binding, 14 pH and pharmacokinetics, 16
 
 4 Pharmacovigilance, 57 Drug development, 58 Therapeutic drug monitoring (TDM), 60 Drugs involved in therapeutic drug monitoring, 62 Overdose/poisoning, 64 Common poisonings, 66 Pharmacological aspects of drug dependence, 68
 
 2 Factors affecting dosing, 19 Drug metabolism, 20 Saturable metabolism, 22 Pharmacogenetics, 24 Dosing in liver disease and other disease states, 26 Renal drug elimination, 28 Dosing in renal impairment, 30 Dosing in the elderly, 32 Dosing in children, 34 Drugs in pregnancy, 36 Drugs in human milk, 38
 
 5 Optimal therapeutics, 71 Principles of drug action, 72 Applied pharmacology, 74 Compliance with medication, 76 Principles of therapeutics, 78 Patients and their drugs, 80 The drug profile, 82 Evidence-based medicine, 84 Pharmacoeconomics, 86 Drug information/resources, 88 6 Appendix, 91 Important equations in pharmacology, 92 The pharmacokinetic triangle, 93 Glossary/abbreviations, 94 Test questions, 96 Test answers, 98
 
 3 Altered drug effect, 41 Adverse drug reactions, 42 Drug-induced allergy, 44 Adverse drug events, 46 Preventing adverse drug events, 48 Drug/drug interactions, 50
 
 Index, 101
 
 v
 
 ICPA01 21/5/05 12:12 PM Page vi
 
 Introduction
 
 Any feedback would be appreciated, particularly in terms of improving the userfriendliness of the book. I acknowledge with warm gratitude the input and inspiration of all the members of my department, both past and present. The book is dedicated to my students, whose humour and wide-eyed enthusiasm makes teaching so worthwhile.
 
 This book is written mainly for medical students and doctors undergoing postgraduate training. Students of allied health professionals, such as pharmacy, nursing, dentistry and physiotherapy may also ﬁnd it useful. The aim is to provide essential information about the core topics in clinical pharmacology. There is general agreement across the world about what constitutes this core curriculum. These topics are covered, the emphasis reﬂecting my own biases. The book assumes a knowledge of basic pharmacology and does not embrace speciﬁc therapeutics. It aims to bridge the gap between basic pharmacology and the therapeutic use of drugs in humans. Some readers may be put off by the slightly mathematical nature of the initial section on clinical pharmacokinetics. I apologize for this, but unfortunately this is the basis of clinical pharmacology. The book gets easier after this.
 
 How to use the book Mindful of the ﬁckle nature of the learning process, I have tried to keep things simple and to encapsulate each topic within two facing pages. Hopefully, this will enable the reader to complete a topic in a short learning session before the inevitable build-up of boredom! Happy learning! Evan J. Begg
 
 vi
 
 ICPA01 21/5/05 12:12 PM Page vii
 
 What is Clinical Pharmacology?
 
 For example, once a diagnosis has been made and drug therapy is considered appropriate, a particular drug must be chosen. The ideal drug is chosen, based on the best evidence. This drug is then examined to see if it is appropriate for this patient. • Is the patient allergic to this drug or class? • Are there any potential interactions with the patient’s other drugs? • Does the patient have other diseases that might be made worse (or better) by the addition of the new drug? • Is compliance likely to be a problem? If the drug passes this ﬁrst test, then a dosage regimen must be chosen. The starting point is the ‘normal’ dose regimen that would be appropriate for the ‘average’ patient. This dosage regimen is then adjusted to tailor it to this patient. • Is the patient old? (may need a lower dose) • Is there any renal impairment/liver impairment? (may need a lower dose or a longer dose interval) • Are there any drug interactions that might require dose alteration?
 
 Clinical pharmacology is concerned with the rational, safe and effective use of medicines.
 
 Clinical pharmacology The principles behind the prescribing process
 
 as opposed to
 
 Therapeutics The process of medical treatment
 
 Clinical pharmacology involves the complex interaction between the patient and the drug. The patient is a unique individual, with many distinguishing features that need to be taken into account during prescribing. The patient can be described in terms of the patient proﬁle. The drug, likewise, is unique, with its own distinguishing features. It may be described in terms of the drug proﬁle. Good prescribing involves tailoring the drug and dosing regimen to the unique patient. Clinical pharmacology provides the basis of this.
 
 Problems with these ‘ideals’ Patient profile Age Weight Sex Race Allergies Smoking history Alcohol history Diseases Pregnant/lactating Current therapy Intelligence
 
 Drug profile Name (generic) Class Action Pharmacokinetics Indications Contraindications/ precautions Interactions Side effects Dosing regimen Monitoring Overdose
 
 It is easy to preach a ‘holier than thou’ approach to therapeutics, but harder to achieve this in practice. Individualizing drugs to the patient may be different in different settings. Prescribing in outback Australia is likely to be very different from prescribing in central Sydney. Access to laboratories and medical follow-up will be different. The ideal drug, based on evidence, may be totally impractical for your particular patient.
 
 vii
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 What is Clinical Pharmacology?
 
 to respect the patient’s choice. The word ‘rational’ is relevant here, denoting not only scientiﬁc rationality, but also situational rationality.
 
 The ‘rational, safe and effective use of medicines’ must be tolerant of all this. Prescribers should not be expected to achieve perfection, but to pursue the greatest possible effectiveness, with minimal risks, and
 
 viii
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 Clinical pharmacokinetics
 
 1
 
 General Overview of Pharmacokinetics
 
 General Overview of Pharmacokinetics The aim of drug therapy is to achieve efﬁcacy without toxicity. This involves achieving a plasma concentration (Cp) that is above the minimal effective concentration (MEC), but below the minimal toxic concentration (MTC). Clinical pharmacokinetics is about all the factors that determine the Cp and its timecourse, i.e. it is about variability. The various factors are dealt with in subsequent chapters.
 
 In order to achieve early effect (e.g. treating status epilepticus with phenytoin) it is important to get the Cp up to the effect zone as soon as possible. This is achieved with a loading dose. The factor determining the loading dose is the volume of distribution (Vd).
 
 Oral dosing
 
 MTC
 
 Constant IV infusion MEC
 
 Cp MTC CpSS Cp
 
 MEC Dose
 
 Time
 
 Dose Dose Time
 
 Dose
 
 The curve reﬂects assimilation and elimination, and intermittent administration.
 
 The Cp rises to reach the desired steady state concentration (CpSS). The main determinant of the CpSS is the dose and the clearance (Cl).
 
 Cp higher than desired
 
 Loading dose (IV injection followed by a constant infusion)
 
 MTC CpSS Cp
 
 MEC
 
 MTC CpSS Cp
 
 MEC Time
 
 The two factors involved are excessive dosage and/or decreased Cl.
 
 Time 2
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 General Overview of Pharmacokinetics
 
 • • • • • • • •
 
 Clinical pharmacokinetics
 
 Factors causing decreased Cl are: normal variation saturable metabolism genetic enzyme deﬁciency renal failure liver failure old age very young age (neonate) enzyme inhibition.
 
 This is determined by the t1/2 of the drug. It takes 4 × t1/2 to achieve >90% of the steadystate concentration.
 
 Time for drug elimination MTC 1.0 Cp
 
 Cp lower than desired
 
 Drug stopped MTC
 
 –1 0
 
 0.25 0.125
 
 1 2 3 Half-lives
 
 CpSS Cp
 
 MEC
 
 0.5
 
 0.0625
 
 4
 
 5
 
 MEC
 
 This is determined by the t1/2 of the drug. It takes 4 × t1/2 for concentrations to reduce to 68 weeks
 
 5% 10% 33% 50% 66% 100%
 
 Volume of distribution (Vd): The infant has more body water and less fat than an adult as a percentage of total weight, i.e. up to 85% water in the premature neonate (cf 60% in an adult). The Vd is therefore increased for water soluble drugs and decreased for lipid soluble drugs. However, these effects are small compared with the changes in Cl in this age group, and doseadjustment, if any, is small.
 
 There are seven distinct age groups that are associated with different drug Cl and hence dosing requirements. Note that four of these ages are related to the paediatric age group. This reﬂects that the child is a continually changing pharmacokinetic and pharmacodynamic environment. The younger the child, the greater the rate of change. Dosing in children under 6 months of age is very complicated a specialist advice is usually needed.
 
 Protein binding (PB): PB is decreased in neonates due to decreased albumin, decreased binding capacity and the presence of displacers such as free fatty acids and bilirubin. However, this has little signiﬁcance apart from in the interpretation of drug concentrations (see Protein Binding, page 14).
 
 Pharmacokinetics Clearance (Cl): The major mechanisms of drug elimination begin to develop during fetal life and continue to develop postpartum. Functional maturity is reached between 6 months and 1 year of age. After this, Cl is actually greater than that of adults on a mg/ kg basis. It then relates better to surface area. The major metabolic pathways, p450 oxidation and glucuronidation, and the renal pathways, all mature at a similar rate and can be considered together in their effects on drug Cl and dosage.
 
 Drug availability: The extent of oral availability is not altered signiﬁcantly. Skin absorption of some compounds may be enhanced because of a thinner stratum corneum, and a higher degree of hydration of the skin. Drugs should be applied sparingly.
 
 e.g.
 
 theophylline (p450 oxidation) chloramphenicol (glucuronidation) gentamicin (glomerular ﬁltration) These are all impaired in the neonate. 34
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 Dosing in Children
 
 Factors affecting dosing
 
 2 Without nomograms: A useful guide is:
 
 Pharmacodynamics Paediatric patients may be more sensitive to the effects of some drugs, e.g. aspirin toxicity. The blood–brain barrier is slow to develop enabling enhanced CNS effects with some drugs, e.g. increased transport of bilirubin into the brain may result in kernicterus. There may be paradoxical reactions, e.g. stimulation with benzodiazepines; control of hyperactivity with amphetamines.
 
 SA
 
 10 20 30 40
 
 0.5 0.75 1.0 1.25
 
 Interpolate and extrapolate as necessary and use in above equation. 3 Using a calculator: In the absence of an estimate of surface area, an adjusted body weight can be used as follows:
 
 Dosing guidelines Under 6 months Specialist advice necessary.
 
 Maintenance dose =
 
 6 months–12 years Use surface area (SA) approach 1 Using nomograms: Read SA from a nomogram
 
 Maintenance dose =
 
 Body weight (kg)
 
 Wt[kg] 0.7 × adult dose 70
 
 This equation is derived from the fact that weight to the power of 0.7 (wt0.7) relates better to surface area than to weight alone.
 
 SA[m2] × adult dose 1.73 m2
 
 35
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 Factors affecting dosing
 
 Drugs in Pregnancy
 
 Drugs in Pregnancy
 
 2
 
 (a) Teratogenicity: This is difﬁcult to predict prior to marketing. Information comes from retrospective studies and/or animal data (often unreliable). The FDA classify drugs (see below), in increasing order of potential toxicity. (b) Pharmacological risks: These are risks that are generally predictable based on the known pharmacology of the drug, e.g. NSAIDs may cause premature closure of the ductus arteriosus in the latter stages of pregnancy (patency requires the presence of prostaglandins). At term, excessive effects (e.g. tricyclics) and withdrawal syndromes (e.g. opiates, selective serotonin reuptake inhibitors [SSRIs]) may be seen in neonates following maternal use.
 
 All drugs pass across the placenta to some extent, and therefore some fetal exposure will occur
 
 Up to 95% of women take four or more drugs (not counting vitamin supplements) at some stage during pregnancy. There are two major considerations regarding drugs in pregnancy. 1 The effects that the drugs have on the pregnancy. 2 The effects that the pregnancy has on the drugs.
 
 Effects of drugs on the pregnancy The majority of drugs attain concentrations in the fetus similar to those of maternal plasma. It is important to remember that approximately 3–5% of all live births are associated with a fetal abnormality. Drugs are thought to be responsible for only 1–5% of these (i.e. 0.03–0.25% of all malformations). Association does not necessarily imply causation. Exposure during the ﬁrst 16 weeks of pregnancy is associated with an increased incidence of physical malformations. However, less obvious effects such as decreased neuronal function or impaired intellectual development may occur following exposure at any time during pregnancy.
 
 Effects of pregnancy on drugs Clearance (Cl): Pregnancy is generally a hyperdynamic physiological state. Drug clearance may be increased, whether it be via renal elimination or liver metabolism. The maternal cardiac output is increased by up to 30% during pregnancy, increasing the renal blood ﬂow and GFR. The hormonal state in pregnancy is also associated with enzyme induction of some drugs. Maintenance doses of drugs often need to be
 
 • Category A — Controlled studies in animals and women have not shown risk. • Category B — Animal studies have not shown risk but there are no controlled studies in pregnant women or animal studies have shown risk but controlled studies in women have not. (e.g. paracetamol, β-lactams, methyldopa, NSAIDs [NSAIDs not safe in 3rd trimester]). • Category C — Animal studies have shown risk but studies in women have not done so. (e.g. antipsychotics, most cardiac medicines, laxatives, antihistamines). • Category D — Positive evidence of some human risk exists but benefits may in some circumstances outweigh risk. (e.g. anticonvulsants, ethanol, warfarin, antidepressants, tetracyclines, diuretics, lithium). • Category X — Too dangerous — contraindicated. (e.g. thalidomide, vitamin A analogues, some cytotoxics).
 
 36
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 Drugs in Pregnancy
 
 Factors affecting dosing
 
 Drugs associated with teratogenicity. Drug
 
 Outcome
 
 Alcohol Anticonvulsants carbamazepine
 
 Fetal alcohol syndrome
 
 phenobarbitone phenytoin
 
 sodium valproate Antithyroid drugs Cytotoxics Diethylstilboestrol Lithium Penicillamine Tetracyclines Thalidomide Vitamin A derivatives retinoic acid tretinoin etretinate Warfarin
 
 Fetal carbamazepine syndrome • similar to fetal hydantoin syndrome • microcephaly, short nose Similar to fetal hydantoin syndrome Fetal hydantoin syndrome • impaired growth, craniofacial defects, mental deficiency, hypoplastic phalanges/nails Neural tube defects Goitre, hypothyroidism Multiple abnormalities, especially craniofacial/skeletal Masculinized genitalia Vaginal adhesions/carcinoma Ebstein’s anomaly (structural cardiac deformity) Skin hyperelasticity Tooth staining in offspring Phocomelia (limb reduction defects) Spontaneous abortion Craniofacial abnormalities Fetal warfarin syndrome • skeletal abnormalities • hypoplastic nose
 
 increased during pregnancy, to compensate for increased Cl.
 
 Binding, page 14). Assessment requires specialist advice.
 
 Volume of distribution (Vd): Vd may be increased by ~20% for both lipid- and water-soluble drugs. Increased loading doses may be required because of an increase in both body fat and water.
 
 The risk/benefit ratio must be considered when drugs are used in pregnancy
 
 General advice
 
 Protein binding (PB) [see page 14]: Maternal albumin concentrations decrease throughout pregnancy to a low at term. Measured drug concentrations of highly proteinbound drugs (e.g. phenytoin) may be lower, but this is usually unimportant, as free concentrations are not affected (see Protein
 
 1 Avoid all drugs if possible, including social drugs (e.g. smoking, alcohol, caffeine) 2 Avoid drugs in the ﬁrst trimester 3 Choose drugs of proven safety or least toxicity 4 Use short courses and the smallest doses.
 
 37
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 Factors affecting dosing
 
 Drugs in Human Milk
 
 Drugs in Human Milk The infant dose can be estimated from the maternal plasma concentration, the M/P ratio and the volume of milk (Vmilk) ingested (150 mL/kg/day).
 
 All drugs diffuse into breast milk to some extent — it is the extent that is important
 
 2 Infant exposure to drugs during breast feeding is almost always less than exposure during pregnancy
 
 Doseinfant = Cmat * M/P * Vmilk A better index of dose is the actual amount of drug present in the milk over the maternal dosage interval. The infant dose can be put into clinical perspective by comparison with the maternal dose (mg/kg), or with doses used therapeutically in the infant. The weight-adjusted maternal dose (WAMD) is the dose the infant receives via milk, compared with the mother’s dose, corrected for respective weights. It is usually expressed as a percentage, which if 68 weeks
 
 5% 10% 33% 50% 66% 100%
 
 wise even if the likely concentration in the infant is low. For other drugs, an arbitrary decision has to be made as to ‘safe’ concentrations in the infant. Predicted infant plasma concentrations of 10% of maternal concentrations are a useful cut-off point.
 
 General advice regarding drugs in milk 1 Avoid drugs if possible 2 Weigh up the risk/benefit ratio 3 Exercise more caution with toxic agents 4 Feed baby just prior to the next dose 5 Alternate breast feeding with bottle feeding to decrease possible exposure
 
 The potential toxicity of the drug in the infant Breast-feeding during maternal ingestion of even small amounts of some very toxic drugs (e.g. antineoplastic drugs), is probably not
 
 Drugs considered to be ‘safe’ when breast-feeding full-term healthy babies. (This table is a guide only, consult experts readily.) Drug classes
 
 Individual drugs
 
 ACE inhibitors Antihistamines Benzodiazepines b-lactam antibiotics Calcium antagonists Oral contraceptives NSAIDs (except piroxicam) Phenothiazines Tricyclic antidepressants
 
 aciclovir 5-aminosalicylic acid carbamazepine chlorothiazide citalopram clarithromycin codeine cotrimoxazole digoxin domperidone erythromycin famotidine heparin insulin labetalol lignocaine
 
 39
 
 mebendazole methadone methyldopa metoprolol moclobemide morphine nefopam nitrofurantoin paracetamol paroxetine phenytoin propranolol trimethoprim valproic acid warfarin
 
 2
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 Factors affecting dosing
 
 Drugs in Human Milk
 
 Drugs considered to be ‘unsafe’ during breastfeeding.
 
 2
 
 Amiodarone Antineoplastic drugs Ergotamine Fluoroquinolones Immunosuppressants Iodine-containing agents lithium Retinoids Tetracyclines Social drugs, e.g. alcohol, cannabis, Illegal drugs
 
 40
 
 ICPC03 21/5/05 12:14 PM Page 41
 
 3 Altered drug effect Adverse drug reactions, 42 Drug-induced allergy, 44 Adverse drug events, 46 Preventing adverse drug events, 48 Drug/drug interactions, 50 Inducers of drug metabolism/inhibitors of drug metabolism, 52 Drug/food interactions, 54
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 Altered drug effect
 
 Adverse Drug Reactions
 
 Adverse Drug Reactions • slow hydroxylator a perhexiline peripheral neuropathy • saturable kinetics a phenytoin ataxia • drug interactions a erythromycin/terfenadine torsades de pointes.
 
 An ADR is any response to a drug which is noxious, unintended, and occurs at doses used in man for prophylaxis, diagnosis or therapy. WHO, 1976
 
 3
 
 Adverse drug reactions (ADRs) are a signiﬁcant cause of morbidity and mortality and are responsible for around 5% of hospital admissions. Patients predisposed to ADRs are the elderly, females, and those with multiple disease, taking other drugs, and with a history of previous adverse reactions.
 
 Pharmacodynamic mechanisms: Some patients experience a type A ADR at a normal concentration, while others do not, reﬂecting natural variability. Similarly, underlying disease may shift the concentration–response curve to favour an ADR at a normal concentration, e.g. sedation in hepatic encephalopathy.
 
 Classification Prevention Type A (Augmented) Predictable Dose-dependent High incidence (90% ADRs) May respond to dose adjustment
 
 Type B (Bizarre) Unpredictable Dose-independent Low incidence Often serious Generally need to stop drug
 
 • Take a careful history for predisposing factors. • Use as small a dose as possible commensurate with desired effect. • Adjust dosage to therapeutic end-points, e.g. BP or INR. • Adjust dosage to optimum plasma concentrations, e.g. digoxin. • Adjust dosage in relation to renal function, hepatic function, other disease states, or other drugs.
 
 Type A (Augmented) These reactions are predictable from the known pharmacology of the drug. They may result from an excessive desired response (e.g. hypotension from an antihypertensive) or non-speciﬁcity (e.g. anticholinergic effects with tricyclic antidepressants).
 
 Management • Decrease dose • Substitute drug with different pharmacokinetics (e.g. metoprolol (metabolized) by atenolol (renally cleared)) • Consider alternative route of administration (e.g. transdermal vs oral) • Substitute a more speciﬁc agent (e.g. moclobemide for tranylcypromine) • Add drugs (carefully) to antagonize unwanted effects (e.g. addition of decarboxylase inhibitor to levodopa therapy (e.g. Sinemet, Madopar)
 
 Pharmacokinetic mechanisms: Any patient with higher plasma concentrations than usual, due to inappropriate dosage or impaired clearance, is liable to type A adverse reactions. Examples are: • renal dysfunction a aminoglycoside nephro/ototoxicity • hepatic failure a prolonged sedation with benzodiazepines • slow acetylator a isoniazid peripheral neuropathy 42
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 Adverse Drug Reactions
 
 Altered drug effect
 
 • Do not rechallenge • Notify CARM (Centre for Adverse Reaction Monitoring) • Consider a Medic-Alert bracelet.
 
 • Add another drug to allow reduced dose (e.g. diuretics + β-blockers).
 
 Type B (Bizarre) These are less common, less predictable, may be severe and result from various mechanisms. Examples are: • immunologic a penicillin allergy • pseudoallergy a asthma with NSAIDs • genetic a haemolysis in G6PD deﬁciency • disease a amoxycillin rash in glandular fever • idiosyncratic a malignant hyperpyrexia in anaesthesia.
 
 Assessing an ADR The probability increases if the reaction: • is appropriate to timing of drug administration • follows a recognized pattern of response • disappears on withdrawal of the drug • reappears on rechallenge with drug • responds appropriately to a speciﬁc antidote • has happened before with the same or like drug • is supported by measured toxic concentrations • cannot be explained otherwise.
 
 Prevention • Take a careful drug history, especially of allergies • Family history a allergies and genetic disease • Avoid drugs susceptible to ADRs in particular disease states, e.g. clozapine in bone marrow depression.
 
 Reporting an ADR (to centre of adverse reactions) The following information is needed: • Case identiﬁcation and patient data • Description of ADR and its outcome • Patient’s diagnosis • Concomitant drugs • Predisposing/contributing factors • Estimation of probability of drug causing the ADR • The reporting doctor/pharmacist.
 
 Management • Stop drug and treat symptomatically • Avoid drugs with chemically similar groups, e.g. sulphonylureas and thiazide diuretics
 
 43
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 Altered drug effect
 
 Drug-Induced Allergy
 
 Drug-Induced Allergy Type III (immune complex)
 
 Drug allergy is an adverse reaction, type B, mediated by an immunological mechanism
 
 3
 
 Mediated by IgG immune complexes and complement. The immune complexes block small blood vessels and cause a local inﬂammatory response. Serum sickness (urticaria, arthralgia, lymphadenopathy and fever), is a classical presentation (e.g. serum sickness due to sulphonamides or penicillins). Extreme form a Stevens–Johnson syndrome.
 
 Drug-induced allergy results from previous sensitization to a particular chemical, or one that is structurally similar. The term ‘hypersensitivity’ is sometimes used for ‘allergy’ but has a broader meaning. Drug allergy is under-recognized, under-reported and probably represents about 20% of ADRs. Most drugs have small molecular weights (often ~300 D) and are too small to be antigenic in themselves. They act as ‘haptens’, binding to endogenous proteins to form antigenic complexes that incite antibody production. This process usually takes 1–2 weeks. Reexposure to the chemical results in an antigen–antibody interaction that provokes the typical manifestations of allergy a release of mediators (e.g. histamine) cell damage or cell death.
 
 Type IV (cell mediated) Mediated by T-lymphocytes and macrophages. Sensitized cells release cytokines on contact with antigen (e.g. contact dermatitis by poison ivy).
 
 Drug-induced autoimmune disease This is not conveniently classiﬁable into the above. The drug alters a protein in the body so that the protein is no longer recognized as ‘self’ (e.g. drug-induced SLE).
 
 Types of allergic reactions Type I (immediate, anaphylactic)
 
 Pseudoallergic reactions (anaphylactoid)
 
 Mediated by IgE and involves release of histamine, leukotrienes and prostaglandins causing vasodilation, oedema and a generalized inﬂammatory response (e.g. anaphylaxis, urticaria and bronchospasm due to penicillin).
 
 These are sometimes indistinguishable clinically from type I reactions. They are, however, mediated pharmacologically and not immunologically (e.g. aspirin and NSAIDs in asthma). The fact that they do not occur in everyone indicates some predisposition (e.g. genetic). This is why this type of reaction is considered to be type B rather than type A. Cross-sensitivity occurs with drugs which have the same action, but not structure, cf. true allergy.
 
 Type II (cytotoxic) Mediated by IgG and IgM through complement activation. The major targets are cells in the circulatory system (e.g. penicillin haemolytic anaemia, quinidine thrombocytopenia, sulphonamide neutropenia).
 
 44
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 Drug-Induced Allergy
 
 Altered drug effect
 
 morphine). Others may sensitize topically without a systemic reaction (e.g. muscle relaxants). • False negatives: Some drugs may not react topically, while producing a reaction systemically, e.g. allergy due to the metabolite rather than the drug (e.g. penicillin).
 
 Important points about druginduced allergy • May be due to the drug itself, a metabolite, or an excipient in the formulation. • Usually highly speciﬁc to a chemical, but there may be cross-reactivity within a drug class, e.g. penicillins ~50% chance. • The probability of cross-reactivity with chemically unrelated drugs is low. • Patients with atopy may be predisposed to type I reactions. • Many patients develop antibodies to drugs, but only a few develop clinically evident allergy. • There is no correlation with known pharmacological properties of the drug. • There is no consistent relationship with drug dose (although severity varies with dose). • Usually resolves on cessation of drug. • Reappears on rechallenge (often worse). • Short-term desensitization is sometimes possible. • It is unclear how long allergy may last, ?life-long, ?10–20 years. • Assessment as for ADRs (page 42).
 
 Prevention • Avoid the use of drugs where cross-sensitivity is likely, especially if previous reaction to a chemically similar drug was severe. • Use a small test dose. • Have treatment ready, e.g. adrenaline, antihistamine, steroids. For example, if a patient about to be treated reports an allergy to penicillin, it is important to determine what reaction actually occurred (e.g. mild rash versus anaphylaxis), and how long ago it happened. This will help decide whether a penicillin or other β-lactam (e.g. cephalosporin) could be used if they are drugs of choice for the condition. If the previous reaction was anaphylaxis, then both penicillins and cephalosporins (reported 5–10% cross-sensitivity) would be contraindicated. If, however, the previous reaction was minor, then a cephalosporin, or even a penicillin, might be considered reasonable. Of course in these circumstances a small test dose should be used, and treatment (e.g. adrenaline) should be readily available.
 
 Percutaneous testing Skin testing is theoretically attractive but has problems: • May cause a severe reaction. • False positives: Some drugs cause skin irritation, resembling wheal and ﬂare (e.g.
 
 45
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 Altered drug effect
 
 Adverse Drug Events
 
 Adverse Drug Events ence is increasing. More important, however, is that most of these are preventable.
 
 An adverse drug event (ADE) is actual or potential damage resulting from medical intervention related to medicines
 
 Why do ADEs occur?
 
 3
 
 Terminology is a problem here, because of confusion with adverse drug reactions (ADR) (see page 42). Other terms such as ‘medication error’ have been used but adverse drug event (ADE) seems to have been adopted the most widely. ADE covers a wider spectrum than adverse drug reaction and involves doctors, pharmacists, nurses, caregivers and patients themselves. Omitting a dose is an ADE, while a rash is an ADR.
 
 ‘ADEs are primarily a result of system problems, not people problems’. Dr Lucian Leape, Harvard School of Public Health
 
 On the surface ADEs appear to be the result of human error. However human error abounds when systems predispose. Major systems failures: (from JAMA, 1995; 274: 35–43). The following are responsible for over 70% of errors: • Lack of knowledge about drugs e.g. failure to recognize that a drug is renally cleared. • Lack of information about patient e.g. failure to recognize that a patient has renal failure. • Violation of rules: e.g. incomplete prescription such as route not stated. • Slips and memory lapses e.g. doctor forgets to prescribe post-op analgesia. • Transcription errors e.g. wrong dose. • Faulty drug identiﬁcation e.g. moclobemide for metoclopramide.
 
 What comprises an ADE? Prescribing error: • incorrect drug selection • incorrect dose or frequency • incorrect route of administration • inappropriate duration of therapy • incorrect prescription • incomplete prescription • illegible prescription • unforeseen drug interaction. Medication error: • transcription error • dispensing error • infusion error • failure to uplift prescription • non-compliance • inadequate monitoring.
 
 Preventing errors Efforts that focus on the individual who made the error (‘shoot the messenger’) are usually unfruitful. The essence is to alter systems to minimize the chance of errors occurring. Each of the above system failures should be addressed. • Drug knowledge: Information about all aspects of the drug proﬁle must be readily available at the time the drug is prescribed/ used.
 
 Why are ADEs important? ADEs are common and result in signiﬁcant morbidity and mortality. Alarming statistics from the US, UK and Australia suggest that ADEs may be one of the leading causes of death (behind heart disease, cancer and stroke). The cost of this is huge and the incid46
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 Adverse Drug Events
 
 Altered drug effect
 
 programs with ‘no blame’ should be encouraged. • Transcription errors: Single point of data entry should be encouraged. • Drug identity: Avoid illegibility e.g. UPPER CASE letters for drug names. A computerized prescribing system linked to drug and patient information databases could ﬁx many of the above problems. Unfortunately, this requires quite a commitment both ﬁnancially and from top-level management. It is also complex to develop.
 
 • Patient information: Clinical information, results of laboratory tests, drug history and allergies, current medications and doses must be accessible and known at the time of using the drug. • Following the rules: Poor prescribing should not be tolerated and ‘covered for’ by pharmacists. Quality assurance programs with feedback can assist. See Preventing Adverse Drug Events, page 48. • Slips and memory lapses: Excessive workloads should be avoided. Quality assurance
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 Preventing Adverse Drug Events An ADE is any event (or potential event) that occurs as a result of an error in any part of the process of drug administration
 
 3
 
 Examples of medication errors that have caused death
 
 •
 
 • Wrong drug: frusemide instead of ﬂutamide. Outcome a death from acute renal failure. • Wrong dose: mg instead of mcg. Outcome a death from overdose. • Wrong route: vincristine into intrathecal space. Outcome a death from neurotoxicity. • Wrong instructions: chronic lorazepam withdrawn over 3 days instead of 3 weeks. Outcome a rebound panic/anxiety causing suicide.
 
 •
 
 •
 
 •
 
 Some reasons for medication errors
 
 •
 
 • Prescriber: Poor knowledge about patient (e.g. history of allergy, serum creatinine);
 
 Poor knowledge of drug, e.g. cleared renally, but dose not adjusted; Missed drug interactions; Poor prescription: illegible, incomplete, prescriber unidentiﬁable. Pharmacist: Mis-reading prescription; Transcribing error; Dispensing error. Nurse: Drug given to wrong patient; Wrong drug given; Wrong dose given. Patient: Failure to uplift prescription; Non-compliance. Adverse prescribing culture: Understafﬁng; False economies; Poor communication; Tolerance of laxity. Modern drug therapy: increasing complexity; multiple medications; drug interactions.
 
 Examples of common errors in prescribing (all aggravated by illegibility). qd (once daily) confused with qid (4 times daily) IU (international units) confused with IV (intravenous) U (units) confused with 0 (zero) pm (afternoon or night) confused with prn (as required) 2.0 mg (2 mg) confused with 20 mg .5 mg (half a mg) confused with 5 mg mg (microgram) confused with mg (milligram) < or > (less or greater than) confused with 4 or 7
 
 48
 
 use qid write ‘I units’ write ‘units’ use nocte write 2 mg write 0.5 mg write mcg write in full
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 • Encouraging compliance: Medication card; Patient Information leaﬂets; Unit dose packaging devices.
 
 How to avoid errors • Acknowledge the problem: Allow for human nature; Non-punitive reporting system. • Cooperative approach between: doctor/pharmacist/nurse. • Encourage favourable behaviour patterns. • Computerized prescribing system.
 
 Acceptable abbreviations bd a Twice daily tds a Three times daily qid a Four times daily qXh a Every X hours mane a in the morning nocte a at night prn a As required ac a Before food pc a After food im a Intramuscular iv a Intravenous po a Oral pr a Rectal sc a Subcutaneous
 
 Risk reduction strategies (see Patients and their drugs, page 80) • Prescriptions: Avoid abbreviations where possible (write in full); Only use acceptable, non-ambiguous abbreviations; Write clearly; Provide adequate detail (speciﬁc instructions); Use UPPER CASE letters for drug names; Write prescriber’s name in UPPER CASE alongside signature; Do not alter a prescription a rewrite it; Take particular care with decimal points.
 
 If ambiguity is possible in a prescription, write the details out in full
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 Drug/Drug Interactions Altered elimination
 
 A drug interaction occurs when the effects of one drug are increased or decreased by the previous or concurrent administration of another
 
 • Patients on six or more drugs have an 80% chance of a drug interaction. (NB: hospital in-patients receive, on average, around six drugs at any one time). • Consequence of a drug interaction is that dose alteration may be necessary, or alternative medications prescribed. • Interactions are most important for drugs with a low therapeutic index. • The sicker the patient, the greater the risk of a drug interaction. • Not all interactions are bad.
 
 Enzyme induction Strong enzyme inducers affect many drugs and include: • anticonvulsants (phenytoin, carbamazepine) • rifampicin • smoking and alcoholism. Enzyme induction involves increased synthesis of the enzyme involved. Most types of metabolism are inducible, although there are notable exceptions, e.g. CYP2D6. The effect of enzyme induction is to increase ﬁrst-pass metabolism, increase clearance, decrease t1/2 and lower average steady-state concentrations.
 
 Mechanisms • Pharmacokinetic • Pharmacodynamic • Pharmaceutic
 
 Pharmacokinetic A change in blood concentration occurs causing a change in effect.
 
 Rate of reaction
 
 3
 
 Interactions may occur at metabolic or renal sites of elimination. Metabolic interactions include enzyme induction or inhibition. These happen especially with drugs metabolized by cytochrome-P450-mediated metabolism.
 
 Altered availability • Chelation within the gut e.g. tetracyclines/Ca2+ → ↓ [tetracycline] • Altered motility e.g. metoclopramide/digoxin → ↓ [digoxin] • Altered ﬁrst-pass metabolism e.g. oestrogens/ascorbic acid → ↑ [oestrogen] • Altered bacterial ﬂora e.g. antibiotics/sulphasalazine → ↓ cleavage of sulphasalazine in large intestine.
 
 Enzyme induction (same Km, higher Emax)
 
 Cp
 
 Enzyme inhibition Strong enzyme inhibitors affect many drugs and include: • erythromycin • selective serotonin reuptake inhibitors (SSRIs) 50
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 • • • •
 
 ketoconazole amiodarone cimetidine grapefruit juice. Enzyme inhibition causes less ﬁrst-pass metabolism, decreased clearance, longer t1/2 and higher average steady-state concentrations.
 
 • Competition for active secretion in proximal tubule e.g. probenecid/penicillin → ↑ [penicillin] • Competition for ionic cotransport e.g. Li+/Na+ → Li+ accumulation with diuretics.
 
 Pharmacodynamic Drug effect is altered through receptor, cellular or other physiological mechanisms. Enhancement or antagonism may occur. e.g. β-agonist/β-blocker-mutual competition at receptor site.
 
 Rate of reaction
 
 Enzyme inhibition (competitive) (higher Km, same Emax)
 
 Pharmaceutic Enzyme inhibition (non-competitive) (same Km, lower Emax)
 
 Physicochemical interactions may occur ‘prior’ to systematic availability e.g. inactivation of phenytoin within IV giving sets if pH is 1 in 100 or thereabouts.
 
 The clinical evidence (Phase I, II, and III) is evaluated for approval to allow the drug to be marketed.
 
 Ethical considerations At all stages of drug development (including animal studies) ethical approval is required before a study can proceed. General ethical guidelines were drawn up in 1947 under the Nurenburg Code. In 1964 the Declaration of Helsinki was adopted by the World Medical Association. This has been revised three times since then and remains the cornerstone of ethical principles behind drug studies. The process, while clearly laudable and politically correct, has become increasingly stringent, and is in danger of actually preventing advancement. This must be guarded against.
 
 Post-marketing surveillance (sometimes termed phase IV) During clinical development insufﬁcient patients have been studied to detect rare and perhaps serious adverse events. There are intensive monitoring schemes in most countries to detect such events. In addition,
 
 59
 
 4
 
 ICPC04 21/5/05 12:14 PM Page 60
 
 Pharmacovigilance
 
 Therapeutic Drug Monitoring
 
 Therapeutic Drug Monitoring (TDM) Indications for TDM
 
 TDM describes the monitoring of concentrations of drugs in body fluids, usually plasma, for therapeutic purposes
 
 (a) Improvement in efficacy ‘Prophylactic’ drugs a some drugs such as antiarrhythmics and anticonvulsants are used to prevent undesired effects. Waiting for an end-point to occur such as ventricular tachycardia is too dangerous.
 
 Why?
 
 Drugs with pharmacokinetic problems a drugs with a poor dose–concentration relationship have a poor dose-effect relationship (e.g. phenytoin a non-linear kinetics).
 
 Theoretical basis and assumptions For some drugs the relationship between dose and effect is so variable that the choice of dose regimen is difﬁcult.
 
 Drug interactions or disease states (especially liver of renal dysfunction) may alter the dose–concentration relationship.
 
 Therapeutics
 
 (b) Avoidance of toxicity Drugs with a low ‘therapeutic index’ require individualized dosing.
 
 Pharmacokinetics Pharmacodynamics
 
 (i) Low therapeutic index Low therapeutic index 100 Dose
 
 Cp
 
 Effect % Effect
 
 4
 
 Therapeutic drug monitoring (TDM) helps (for relevant drugs) to increase efﬁcacy, to decrease toxicity, and to assist diagnosis.
 
 Measurement of plasma concentrations (Cp) gets us closer to the ‘effect compartment’. • Assumption a Equilibrium exists between plasma and tissue concentrations. NB: When plasma concentrations are measured, the Cp refers to total drug in plasma, including protein bound drug, unless speciﬁcally stated:
 
 Desired effect 50 Adverse effect 0 log concentration
 
 Cp = bound drug + unbound drug
 
 60
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 % Effect
 
 (ii) High therapeutic index High therapeutic index 100
 
 Some drugs, e.g. gentamicin, may require measurement of two concentrations within the dosing interval, to assess peak and trough concentrations, or to calculate an AUC. Steady-state concentrations (i.e. >4 halflives after dose initiation or change in dose) are relevant to chronic therapy.
 
 Desired effect 50 Adverse effect 0
 
 The ‘therapeutic range’
 
 log concentration
 
 This is the range of drug concentrations associated with a reasonable probability of efﬁcacy, without undue toxicity in the majority of patients. In practice this ‘range’ is not well established for most drugs, and is a guide only.
 
 (c) Diagnosis Failure of therapy: TDM helps distinguish between genuine drug resistance (inappropriate agent), non-compliance, and adverse effects that mimic the disease state. Overdose: Cp measurement may distinguish drug-induced from organic disease (e.g. coma caused by sedative overdose). A decision to use an antidote can be assisted and prognosis assessed by using nomograms that relate Cp to likely toxicity, e.g. paracetamol.
 
 % Effect
 
 100
 
 Drug abuse: Conﬁrmation of abstinence, e.g. narcotic treatment programmes, athletic screening.
 
 50
 
 Therapeutic range
 
 Mild toxicity
 
 Severe toxicity
 
 0 log concentration
 
 For which drugs?
 
 Problems with TDM
 
 See page 62.
 
 The illusion of scientiﬁc accuracy, the dubious validity of some therapeutic ranges, laboratory variation, active (unmeasured) metabolites, and failure of the basic assumptions all make the use of TDM difﬁcult. Consult readily.
 
 When to measure? The timing of blood sampling and the last dose is critical and must be recorded. A trough concentration (i.e. just prior to the next dose) is the usual measure of drug accumulation. Occasionally, sampling at the time of symptoms may detect ‘peak’ concentration toxicity.
 
 Treat the patient, not the laboratory value
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 Drugs Involved in Therapeutic Drug Monitoring Remember: • therapeutic drug monitoring only assists clinical judgement • most reference ranges refer to trough concentrations
 
 • check units of measurement (mg/L vs µmol/L) • consult readily.
 
 Drugs that should be monitored ‘routinely’.
 
 4
 
 Class
 
 Reference range
 
 Comment
 
 Aminoglycosides Gentamicin # Tobramycin $ Netilmicin # $ Amikacin
 
 AUC 70–100 mg/L.h Trough 800 mmol/L
 
 Lithium
 
 Acute mania 0.8–1.2 mmol/L Prophylaxis 0.4–0.8 mmol/L
 
 Phenytoin
 
 40–80 mmol/L 10–20 mg/L Free 4–8 mmol/L
 
 Saturable kinetics In hypoalbuminaemia measure free concentrations
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 Drugs for which monitoring may be useful. Class
 
 Reference range
 
 Comment
 
 Amiodarone
 
 1–4 mmol/L (parent), 0.5–2.5 mg/L
 
 Very long t1/2
 
 Aspirin
 
 Rheumatic fever 250–400 mg/L Overdose >400 mg/L
 
 Saturable kinetics at higher doses
 
 Carboplatin
 
 AUC 80–120 mg/L.h AUC 50–80 mg/L.h
 
 Ovarian/testicular cancer
 
 Chloramphenicol
 
 15–20 mg/L
 
 Dose-related toxicity
 
 Digoxin
 
 1–2.5 nmol/L, 0.8–2 mg/L
 
 Trough concentration or >8h post-dose
 
 Flecainide
 
 0.2–1 mg/L
 
 Subject to slow CTP2D6 polymorphism
 
 Isoniazid
 
 1–7 mg/L, Toxic >20 mg/L
 
 Itraconazole
 
 Trough >250 g/L
 
 Monitor for efficacy
 
 Lamotrigine
 
 3–14 mg/L
 
 Revised upwards from 1–4 mg/L
 
 Lignocaine
 
 1.5–5 mg/L, Toxic >9 mg/L
 
 Toxic metabolite
 
 Methadone
 
 0.3–1.3 mmol/L 100–400 mg/L
 
 Considerable variation
 
 Methotrexate
 
 Toxic >10−6 mmol/L at 48 h Rx leucovorin
 
 Monitor during high-dose therapy
 
 Paracetamol
 
 Toxic >1 mmol/L, >150 mg/L
 
 Treatment level for N-acetylcystein (NAC)
 
 Perhexiline
 
 0.54–2.16 mmol/L, 0.15–0.6 mg/L
 
 Subject to CYP2D6 polymorphism
 
 Phenobarbitone
 
 65–130 mmol/L, 15–30 mg/L
 
 Long t1/2
 
 Tacrolimus
 
 5–20 g/L (whole blood) 0.5–2 mg/L (plasma)
 
 Teicoplanin
 
 10–20 mg/L 20–30 mg/L for deep infection
 
 Theophylline
 
 55–110 mmol/L, 10–20 mg/L
 
 Valproic acid
 
 50–100 mg/L, 350–700 mmol/L
 
 Poorly established
 
 Vancomycin
 
 Trough 5–10 mg/L
 
 Value of peaks not well established
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 Overdose/Poisoning Diagnosis (see page 66)
 
 ‘All substance are poisons . . . It is only the amount that distinguishes a poison from a remedy’.
 
 Circumstantial evidence a pills, bottles, needles. Clinical features a skin colour, pupils, BP, convulsions. Laboratory a gastric aspirate, vomitus, blood, urine.
 
 Paracelsus
 
 Poisoning accounts for ~1% of all admissions. Of these, 0.6 (first-pass) Vd: 2450 L/70 kg (770–3290) P.B: 0.94 t1/2: 53 hr (12–94) [6.4±2.5days — norfluoxetine] fu: < 0.03 Cl: 40 L/hr/70 kg (11–69) Metabolism: CYP2D6, 3A4 FLUOXETINE → NORFLUOXETINE → INACTIVE METABOLITES CYP2D6 (active) CYP3A4 Hepatic disease: ↓ Cl in cirrhosis Genetics: subject to CYP2D6 polymorphism (5–10% Caucasian, 1–3% Asians slow) depression*, obsessive compulsive disorder*, bulimia*, ?panic disorder, premenstrual tension MAOIs, ↓ dose in liver disease Pregnancy: FDA — B [Animal studies haven’t shown a risk but no controlled studies in humans OR animal studies have shown an ADR not confirmed in controlled studies in women in 1st trim + no evidence of risk in later trimesters’; 1st trim — ↑ spontaneous abortions; 3rd trim — perinatal complications] Lactation: % maternal dose (wt adjusted): 6–13% [includes norfluoxetine and fluoxetine] >10% CNS: headache, nervousness, insomnia, drowsiness GI: nausea, diarrhoea, dry mouth 1–10% CNS: anxiety, dizziness, fatigue, sedation Endo: SIADH, hypoglycaemia, hyponatraemia GI: anorexia, dyspepsia, constipation Misc: sweating, rash, pruritis, tremor, sexual dysfunction, weight loss					    
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