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‘Were we to believe all that has been said about this drug, we should welcome in it a

cure for all the ills that afflict humanity, the veritable panacea of the old dreamers.

Unfortunately we cannot do this. But it is an agent of wondrous properties, a remedy of

vast and varied power; perhaps, altogether, the most useful in our Pharmacopoeia. It is

the very prince of that class of remedies, unfortunately too few, that are capable of

entering the system, of grappling with a disease in the blood, and coming off victorious

in the struggle (Headland, 1859).

Introduction to pharmacovigilance

Definition

The word ‘pharmacovigilance’ was coined by the French as the ‘study of the undesirable

effects of drugs’. It is derived from the Greek ‘pharmakon’, a drug or medicine, and from

the Latin ‘vigilans’ watchful or careful. Pharmacovigilance has been defined as being ‘All

methods of assessment and prevention of adverse drug reactions. The framework of

pharmacovigilance is broader than that of post-marketing surveillance and includes clinical

and even pre-clinical development of drugs’ (Bégaud, 1993). An alternative, fuller,

description is given in an EEC directive: ‘System set up to collect information useful in

the surveillance of medicinal products, in particular with regard to adverse reactions in

human beings. The system contributes to ensuring the adoption of appropriate regulatory

decisions concerning the medicinal products authorised within the Community, having

regard to information obtained about adverse reactions to medicinal products under normal

conditions of use’ (Directive 75/319/EEC. Article 29A), with the latter phrase implying

that it applies to the post-marketing period. The proposed World Health Organization

(WHO) definition is the science and activities relating to the detection, evaluation, under-

standing and prevention of adverse drug reactions or any other drug-related problems

(Edwards, 2002). The International Society of Pharmacoepidemiology defines it as ‘a type

of continual monitoring for unwanted effects and other safety-related aspects of drugs that
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are already on the market. In practice, pharmacovigilance refers almost exclusively to the

spontaneous reporting systems which allow health care professionals and others to report

adverse drug reactions to a central agency’ (www.pharmacoepi.org/aboutpe.htm). One of

the most recent definition is ‘Pharmacovigilance involves the monitoring, detection,

evaluation and responding to drug safety hazards in humans during premarketing develop-

ment and post marketing’ (Shakir and Layton, 2002). However, Mann and Andrews

(2002), in Pharmacovigilance look upon it as being ‘the study of the safety of marketed

drugs under the practical conditions of clinical usage in large populations; the MCA,

meanwhile, defines it as ‘the process of evaluating and improving the safety of marketed

products, (Waller et al, 1996). The National Audit Office (UK) defines it as ‘The science

of medicines safety monitoring’. Confusion reigns. Let us hope that the WHO definition

prevails.

Aims

The aims of pharmacovigilance are:

• The identification and quantification of previously unrecognized adverse drug reactions

(ADR)s.

• The identification of sub-groups of patients at particular risk of ADRs (the risk relating

to dose, age, gender and underlying disease).

• The continued monitoring of the safety of a product, throughout the duration of its use,

to ensure that its risks and benefits remain acceptable. This includes safety monitoring

following significant newly approved indications.

• The comparative ADR profile of products within the same therapeutic class.

• The detection of inappropriate prescription and administration.

• The further elucidation of a product’s pharmacological/toxicological properties and the

mechanism by which it produces ADRs.

• The detection of significant drug–drug interactions between new products and co-

therapy with agents already established on the market, which may only be detected

during widespread use.

• The communication of appropriate information to health-care professionals (Rawlins

et al., 1992).

• The refutation of ‘false positive’ ADR signals arising in the professional or lay media,

or from spontaneous reports (Rawlins and Payne, 1997).
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The history of pharmacovigilance

ADRs must have started at the dawn of time, when man first used plants as medication and

learned to brew alcohol. The history of ADRs is sparse until this century, when it slowly

gathered pace until the end of World War II, since when there has been an explosion of new

drugs and the consequent increase in ADRs.

c. 4000 bc Sumeria recorded euphoric effect of the poppy.

c. 2000 bc The Babylonian code: a physician who caused the death of a patient should

lose his hands.

2000 bc Emperor Shin Nong. Ma Huang – ephedra sinica (ephedrine, pseudoephe-

drine) causing tachycardia and hypertension.

c.1700 bc The use of inhaled smoke (opium) to reduce pain, belladonna and colchicine

were mentioned in Ebers Papyrus (Atkins, 1995).

c. 1500 bc Dried myrtle leaves containing salicylates were rubbed on for relief from

rheumatism.

c. 950 bc Homer said ‘Many drugs were excellent when mingled and many were fatal’.

c. 500 bc Hippocrates said ‘Primum non nocere’. His oath includes ‘I will neither give a

deadly drug to anybody if asked for it nor will I make a suggestion to that

effect. Similarly I will not give to a women an abortive remedy’.

c. 450 bc Hippocrates speaks of scurvy (Jaramillo-Arango, 1953).

c. 400 bc Extract of poplar (salicylic acid) used to alleviate pain of childbirth.

120 bc Mithridates VI, King of Pontus, concocted ‘Mithridatium’, a panacea for

almost all ills (Shah, 2001).

AD 230 Hoa-Tho (Wei dynasty) administered fumes of aconite, datura and hyoscyamus

(Atkins, 1995).

361 Licensing system for practising physicians was established in Constantinople.

c. 994 ‘New remedies should first be tried in animals’ (Half Abbas).

980–1037 Avicenna (Abu ‘Ali al-Husayn ‘Abd Allah ibn Sina) wrote ‘Al-Qanun fi al-

Tibb’ describing 760 medicinal plants and drugs. Also laid out the basic rules

of clinical drug trials. (http://users.erols.com/gmqm/euromed1.html).

1123 St Bartholomew’s Hospital (London) founded.
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1386 Chaucer depicted a man called ‘placebo’ in Canterbury Tales and defines him

as a sycophant or servile flatterer (De Deyn, 2000).

1460 Mercurial ointment used for syphilis.

1498 College of Physicians of Florence published a pharmacopoeia (Ricetario).

1538 Paracelsus (Teofrasto Bombasto di Hoenheim) said ‘All things are a poison

and none is without poison, only the dose makes that a thing is a poison’.

Obviously, he did not know about type B reactions.

1540 Discovery of digitalis by Leonhard Fuchs of Tubingen.

1541 Dispensatorium Pharmacopoearum published at Lyon.

1640 Introduction of cinchona bark (containing quinine) from Peru (Sneader, 2000).

1617 Establishment of The Worshipful Society of the Art and Mistery of Apothec-

aries from the Guild of Grocers (Mann, 1988).

1618 First edition of London Pharmacopoeia by Royal College of Physicians.

1634 First reference to rickets in London Bills of Mortality.

1658 ‘Remedies often make disease worse . . . It takes a wise doctor to know when

not to prescribe’. Baltasar Gacian 1601–58, The Art of Worldly Wisdom.

1662 The original randomized clinical trial (Rose, 1982.).

1665–66 Great plague of London caused approximately 56 000 deaths.

Late 1600s Friedrich Hoffman (1660–1742) described adverse effects of ergot (Borghi

and Canti, 1986) and its use was prohibited in some European countries (the

first official drug withdrawal).

17th century Voltaire ‘They poured drugs of which they knew little into bodies of which

they knew less’.

1709 Dover’s powder: potassium sulphate and nitrate, each 40 parts, plus dry opium

powder and ipecacuanha powder, each 10 parts. Thomas Dover 1660–1742.

1712 A Compleat History of Drugs, written in French by Monsieur Pomet, ‘chief

druggist to the present French King; done into English from the originals’.

1714 Short report on variolation using purulent matter to prevent smallpox (Ema-

nuele Timoni).
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‘Cur’d yesterday of my disease, I died last night of my physician’ (Matthew

Prior).

1721 Nathanel Bailey’s Universal Etymological Dictionary lists several English

words to describe the mis-prescribing of amateur doctors:

Empirick, a physician by bare practice;

Mountebank, a pretender to Physick (from montimbanco, Italian, i.e. soapbox

salesman);

Quack or Quacksalver, a bold and ignorant Pretender to the Art Of Physick.

Quack-salver possibly from Old Dutch ‘Quacker’ (to prattle and ‘salf’ (healing

ointment).

1753 Lind JA. described a comparative study in scurvy (N ¼ 12) with six different

groups: a quart of cider daily, 25 drops of elixir vitriol (dilute sulphuric acid)

tds, two spoonfuls of vinegar, half pint of sea water, two oranges and one

lemon daily, electuary of herbs (Lind, 1753).

1763 Rev. Edmund Stone published ‘An account of the success of the bark of willow

in the cure of the agues’, i.e. use of salicylic acid.

1785 William Withering wrote ‘Account of the foxglove and some of its medical

uses’, including ‘Foxglove when given in large and quickly repeated doses

occasions sickness, vomiting, giddiness, confused vision, objects appearing

green or yellow’.

The New Medical Dictionary described placebo as ‘a commonplace method or

medicine (De Craen et al., 1999).

1796 Jenner first ‘vaccinates’ against smallpox.

1799 Introduction of nitrous oxide.

1801 Possibly the first placebo-controlled trial (De Craen et al., 1999).

1810 Hahnemann introduced homeopathy.

1820 First US Pharmacopoeia. Pierre Joseph Pelletier isolated colchicine from

autumn crocus for gout.

1839 First observation of anaphylaxis in rabbits by Magenta (Borghi and Canti,

1986).

1845 On 12 March Francis Rynd gave the first hypodermic injection at Dublin’s

Meath Hospital.
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1846 First use of ether (16 October 1846) at Massachusetts General Hospital by

dentist William Morton.

1847 First use of chloroform (Turk, 1994), invented by Samuel Guthrie in 1831.

Used by James Young Simpson on 5 November 1847.

1864 First British Pharmacopoeia.

1869 Chloral hydrate first used.

1877 British Medical Association (BMA) met to investigate the sudden deaths

associated with chloroform (Royal, 1973).

1880 Toxicology of anaesthetics reported (Anon., 1880).

1883 First use of paracetamol.

1884 Introduction of phenacetin.

1896 First injection of anti-typhoid serum by Almroth Wright.

1898 Anaphylaxis ‘discovered’ by Richet.

First randomised clinical trial: diphtheria treated with serum and standard

treatment versus standard treatment alone (Hróbjartsson et al., 1998).

1899 Introduction of acetylsalicylic acid (Aspirin) by F. Bayer and Co.

1902 Biologics Control Act passed following deaths in 10 children in St Louis,

USA, caused by diphtheria antitoxin contaminated with live tetanus bacilli

(Roberts, 1996).

1903 Introduction of barbital.

1905 Discovery of arsphenamine for spirochaetal disease (replacing mercury for the

treatment of syphilis) by Paul Erlich (1854–1915).

1906 Pure Food and Drugs Act (USA) concerned labelling and adulteration.

Clemens Von Pirquet coined the term ‘allergy’.

1916 First placebo-controlled clinical trial (Delay and Pichol, 1973); see 1801.

1922 Insulin discovered.

1925 Therapeutic Substances Act (USA) regulated the manufacture and sale of

substances requiring biological testing.

1926 Insulin was produced.
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1927 Thyroxine synthesized.

1928 Fleming discovered penicillin.

1933 Dinitrophenol found to cause weight reduction but caused sclerosing cataracts,

leading to blindness, and fatal hyperthermia. Forced off the market by the Food

and Drugs Administration (FDA) in 1935 (Hecht, 1987).

1935 First use of prontosil red (sulphamidochrysoidine) (Turk, 1994).

Cortisone and ergometrine isolated.

1937 Elixir Sulfonamide containing 72 per cent diethylene glycol (DEG) given to 353

patients during the period of a week. There were 105 deaths, including 34

children, due to renal failure caused by the DEG (Geiling and Cannon, 1938). In

1969, in South Africa, seven children died of renal failure due to DEG. In 1986

there were 14 deaths in Bombay. In 1990, 47 children died similarly in Nigeria

(Wax, 1995). In 1995 there were 51 deaths due to DEG (Hamif et al., 1995). In

Haiti, 88 children died as a result of paracetamol syrup being contaminated with

14.4 per cent DEG (O’Brien et al., 1998). In 1998, a cough syrup containing

DEGwas implicated in 33 deaths in India (WHO, 2001). And so it goes on.

1938 Federal Food, Drug and Cosmetics Act (USA) as a result of the DEG ‘epi-

demic’.

1941 First patient (a policeman with septicaemia) treated with penicillin, but he died

because they ran out of penicillin (Ellis, 1997).

1947 Recognition that mercury in teething and worming powders caused Pink

disease (Black, 1990).

1948 Introduction of chloramphenicol. It was found to cause aplastic anaemia in

between 1 in 58 000 and 1 in 75 000 patients and was removed from the French

market in 1987, but it remains in other markets for very restricted use.

Vitamin B12 isolated.

1948 First modern randomized clinical trial of Streptomycin by the Medical

Research Council (MRC).

Creation of UK National Health Service.

1952 First book on ADRs: Meyler’s Side Effects of Drugs.

1953 Renal damage by phenacetin suspected.

DNA structure proposed by Watson and Crick.

1954 ‘Stalinon’ an organic compound of tin (diethyltin di-iodide + vitamin K) used

in the treatment of boils, had impurities that were alleged to have killed 102

patients in France (British Medical Journal 1958; Gruner, 1958).
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1961 McBride and Lenz reported phocomelia due to thalidomide (Distillers Com-

pany, 1961; McBride, 1961; Lenz, 1962, 1966, 1989; Lenz and Knapp, 1962;

Mellin and Katzenstein, 1962; Burley, 1988). The FDA delayed marketing

approval of thalidomide because its toxicity in acute animal studies was

questioned by Dr Frances Oldham Kelsey in view of clinical reports of

polyneuritis (D’Arcy and Griffin, 1994). It had not been tested in pregnant

animals, but the same effect was found in mice, rats, hamsters, rabbits,

macaques, marmosets, baboons and rhesus monkeys. The first case was born

on 25 December 1956.

1961–67 Asthma deaths due to high isoprenaline nebulizer usage (Inman and Adelstein,

1969).

1962 Kefauver–Harris Amendments (USA). All clinical testing of investigational

drugs to be reviewed and subject to veto by the FDA. New drugs to be effective

as well as safe before marketing. This was as a result of the thalidomide

disaster.

Medicines Act (UK). Both the Committee on Safety of Drugs (CSD) and the

Medicines Act were delayed responses to the thalidomide disaster.

MER/29 (Triparanol) cataract disaster. The FDA found falsified laboratory

data concerning cataracts in rats and dogs (Rheingold, 1968).

1963 CSD formed in the UK ‘to advise whether a new drug should be submitted for

clinical trials, to advise whether a drug should be released for marketing and to

study adverse reactions to drugs already in use’ (Mann, 1988).

Epidemiology of adverse drug reactions first mentioned (Cluff et al., 1964).

Finney (1963) called for a detailed study of persons given a specific drug to

detect any untoward development even though apparently unassociated with

the drug given.

1966 First description of ‘torsades de pointes’ (Dessertenne, 1966).

1967 WHO resolution 20.51 laid basis for international system of monitoring ADRs

(Venulet, 1993).

1968 Professor Jan Venulet, one of the founders of pharmacovigilance, becomes

head of the WHO pilot research project for international drug monitoring set

up in Alexandria, VA, USA.

1970 Thromboembolic disease with high dose oestrogen oral contraceptives

discovered (Inman et al., 1970).

Sub-acute myelo-optic neuropathy (SMON) due to halogenated hydroxyqui-

nolones, clioquinol or enterovioform, given for non-specific gastro-enteritis

(Tsubaki et al., 1971; Kono, 1980). There were more than 11 000 Japanese

victims between 1955 and 1969. It had been produced in Switzerland by

Ciba-Geigy in 1900 and used since 1930. There had been two case reports

published in Argentina in 1935 (Barros, 1935; Grawitz, 1935). At first Ciba-
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Geigy said that it could not cause SMON as it was essentially insoluble

and, therefore, not absorbed. This was incorrect. Finally removed from the

market in 1985.

1971 Diethylstilboestrol given for threatened abortion produced vaginal carcinoma

in the daughters of the recipients 10–20 years later (Herbst et al., 1971).

Committee on Safety of Medicines (CSM) replaced the CSD to advise the

licensing authority on the safety, efficacy and quality of the medicinal products

on which advice was needed.

1973 The French pharmacovigilance system was implemented.

1974 Pertussis vaccine and encephalopathy (see p. •).
The first use of the term ‘epidemiological pharmacology’ (pharmacoepide-

miology) with a description of objectives and methods of work of the new

discipline (Venulet, 1974, 1978, 1999).

1975 European Committee for Proprietary Medicinal Products (CPMP) set up.

Practolol caused the oculomucocutaneous syndrome (Wright, 1975; Nicholls,

1977; Tierny, 1977).

1976 First attempt at gene replacement therapy (Rogers, 1976; Nevin, 1998).

1978 WHOADR monitoring moved to Uppsala, Sweden.

Halcion (triazolam) fiasco. Dr C. Van der Kroef gave details of four patients

with severe psychiatric symptoms, including anxiety, derealization and para-

noid ideas (Van der Kroef, 1979; Lasagna, 1980). Subsequent studies showed

that it could cause anxiety (Oswald, 1989) and next-day memory impairment

(Bixler, et al., 1991).

1981 Recognition of AIDS – pneumocystic pneumonia.

Benoxaprofen Opren/Oraflex disaster (Abraham, 1995). It caused cholestatic

jaundice, photosensitivity, Stevens–Johnson syndrome, erythema multiforme,

renal failure and thrombocytopenia. Lilly pleaded guilty to criminal charges

for not reporting ADR occurring overseas. Lilly were fined US$25 000 and Dr

William I. Shedden, the former chief medical officer, fined US$15 000.

Deaths in premature neonates due to benzyl alcohol, used as a preservative for

injectable drugs, not being metabolized by the immature liver (Roberts, 1996).

Fatalities in neonates due to untested parenteral vitamin E preparation contain-

ing benzyl alcohol (Martone, et al., 1986) and also benzyl alcohol in saline

and water used for irrigating through intravenous (IV) catheters (Hiller et al.,

1986). Its toxicity had been reported earlier (Brown et al., 1982; Gershanik et

al., 1982).

1983 HIV identified.

1988 European Rapid Alert system started (Wood, 1992).
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1989 Fenoterol – beta agonists linked to deaths in asthmatics in case-control study

(Pearce, et al., 1995; McEwan, 1999).

1993 Fialuridine caused hepatic deaths in patients with chronic hepatitis B in pre-

marketing trial (FDA Task Force, 1993; Anon, 1994; Horton, 1994; Manning

and Swartz, 1995; McKenzie et al., 1995; Nickas, 1997).

Soruvidine, an anti-viral agent for shingles, interacted with 5-fluorouracil

causing severe neutropenia, killing 15 patients (Ross, 1994; Hirokawa, 1996).

Nippon Shoji charged with failing to report two deaths out of three in Phase III

studies.

Professor Duilio Poggiolini, Chairman of the CPMP, accepted bribes from

more than 12 Italian companies and was jailed for 12 years; his wife was jailed

for 6 years.

UK Medicines Information Bill sabotaged by Pharma Group (Glaxo, ICI,

Fisons, Smith Kline Beecham, Boots, Wellcome) despite the bill’s backing

from the BMA and Patients’ Association.

The European Society of Pharmacovigilance was founded.

1995 Establishment of the European Medicines Evaluation Agency (EMEA).

Third-generation oral contraceptives and venous thromboembolism contro-

versy (McPherson, 1996; McEwan, 1999).

1997 The Erice Declaration on communicating drug safety information (www.who-

umc.org/publ.html). Unfortunately, those who had the power to effect the

proposals were not there 1998–2002.

Mumps, measles and rubella (MMR) vaccine: autism controversy.

2000 Formation of the International Society of Pharmacovigilance.

2002 The concern about MMR does not die away, but yet another paper denies any

association with autism (Mäkelä et al., 2002).

Under-reporting of adverse drug reactions

One might expect that reporting of adverse events (AEs) during clinical trials would be

complete; but some investigators are prone to fail to document and report AEs, and there

have been cases where the investigator chose not to report AEs because it was too much

effort or they were deliberately attempting to defraud. In addition, some investigators are

confused as to what constitutes an AE (Mackintosh and Zepp, 1996). ‘Both Japanese and

US published reports of drug clinical trials are inadequate for assessing drug safety’

(Hayashi and Walker, 1996); see Chapter 4.

It has been suggested that once a drug is marketed only about 10 per cent of its ADRs are

reported (Inman, 1972). This estimate was based on the pertussis vaccine ADRs and the

thromboses with the oral contraceptive. There is evidence that the deaths attributable to

excessive use of bronchodilating aerosols were under-reported (Inman and Adelstein, 1969),

as were the thromboembolic deaths due to the oral contraceptive (Beral, 1977; Crooks,
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1977) and the practolol eye problems (Tierny, 1977). Poor reporting is not confined to the

UK. The USA (Hemminki, 1980), France (Bader, 1981), Spain (Alvarez-Requejo et al.,

1994), Italy (Conforti et al., 1995), Denmark (Hallas et al., 1992) and Germany (Schonho-

fer, 1981) have reported similar experiences. Reporting of ADRs is compulsory in Sweden

and France.

Studies on under-reporting

It is only rarely that the number of cases of a reaction that really occurred, as opposed to

reported, can be known; but with certain diseases it is possible:

• In aplastic anaemia with phenylbutazone/oxyphenbutazone only five out of 44 (11 per

cent) deaths were reported (Inman, 1986). Of the 32 fatal blood dyscrasias with

phenylbutazone only four (12.5 per cent) were reported (Inman, 1977).

• Practolol. Only one case of conjunctivitis was reported in clinical trials, but it was soon

followed by nearly 200 cases within 5 weeks of the first publication of a series of cases.

In Uppsala, Sweden. All known cases of cytopenias were collected from hospital discharge

notes. Only 33 per cent of thrombocytopenias, 34 per cent of aplastic anaemias, and 25 per

cent of agranulocytoses in the years 1966–70 were reported. Several assumptions had to be

made in order to derive these figures (Bottiger and Westerholm, 1973). Of the 84

hospitalized cases of drug-associated neutropenias only 29 (35 per cent) had been reported

(Arneborn and Palmbled, 1982).

• Oral contraceptives and fatal thromboembolism. Only 15 per cent were reported. (Beral

et al., 1977; Crooks, 1977).

• A Rhode Island (USA) survey, cited in a recent report, suggests that the average

physician sees one serious ADR and seven moderate ADRs per year. The FDA only

receive 12 reports of any type for every 100 US physicians involved in patient care

(Baum et al., 1988).

• Sweden. Eighty per cent of all children who developed osteitis after BCG vaccination

were reported. This was derived from the number of positive Mycobacterium bovis

BCG cultures in bacteriology laboratories (Bottiger et al., 1982).

• The use of protamine in patients undergoing cardiopulmonary bypass was monitored in

a US hospital during 1990–91:

the incidence of serious ADR was 6.6 per cent (confidence interval (CI 5.1 to 8.4

per cent)

the chart records showed was 1.7 per cent (CI 1.0 to 2.8 per cent)

the incidence of ADRs reported to the hospital ADR program was 0.3 per cent (CI

0.07 to 0.9 per cent) (Kimmel et al., 1995).
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• Monitoring an Italian 72-bed ward for a year disclosed 89 AEs (7.4 per cent of patients),

none of which had been reported to the official national drug surveillance system in the

previous year. Of 120 randomly chosen patients, 22 had AEs that were considered as

constituting expected AEs but only nine were actually reported (Maistrello et al., 1995).

• In the UK, 14 cases of fibrosing colonopathy with high-strength pancreatic enzyme

preparation were all reported on ‘yellow cards’ (Smyth et al., 1995).

• Three studies in France gave figures for serious reactions actually reported as 5.26 per

cent, 4.16 per cent and 4.75 per cent (Bégaud et al., 2002).

• All patients commenced on a black triangle drug in a Division of Psychiatry at

Manchester Royal Infirmary over the previous month were investigated. Of the 22

patients, 16 (60 per cent) suffered an ADR, two of which were serious. No yellow cards

were completed (Brown and Faloon, 2001).

• In the USA 27 cases of haemorrhagic stroke associated with phenylpropanolamine were

found in a 5 year project, but none had been reported to the FDA (La Grenade et al.,

2001).

Under-reporting in general practice

There may be under-reporting by the patient to their doctor.

• A study in the Netherlands compared the responses from a questionnaire that had been

sent to all dispensing GPs and to all their patients who had been prescribed sumatriptan.

(Ottervanger et al., 1995):

The doctor response was 86 per cent and the patient response was 70 per cent.

• Patients in general practice were asked ‘Have any medicines or tablets ever disagreed

with you or caused an allergy?’ and ‘Are you able to take aspirin or penicillin?’ These

questions identified 97 reactions. Of these, 76 per cent were likely to be related to the

drug. The doctors only recorded half of them and did not preferentially record well-

established reactions (Cook and Ferner, 1993).

Doctors Patients

Dizziness 30 (1.7%) 96 (8.1%)

Nausea/vomiting 26 (1.5%)

Drowsiness/sedation 25 (1.4%)

Chest pain 23 (1.3%) 94 (7.9%)

Paraesthesia 139 (11.7%)

Feeling of heaviness 95 (8.0%)
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• In order to discover the degree of under-reporting in UK general practice, a survey was

undertaken in 1986 of 24 training practices. Only 6 per cent of AEs were reported

(Lumley et al., 1986). It is not possible to extrapolate from training practices to all

practices, and even this figure is doubtful since the GPs knew that they were being

monitored and were asking the patients leading questions. It also depended on the GP’s

diagnosis of a suspected ADR.

• A random sample of 100 French GPs was surveyed to obtain data on AEs observed.

Overall, 81 GPs agreed to enter data during three consecutive days and these were

compared with the spontaneous reports received from GPs at the Bordeaux pharmacov-

igilance centre during the reference period. The average number of AEs observed per

day was 1.99. The under-reporting coefficient was 24 433 (95 per cent CI 20 702–

28 837). This was equivalent to only one out of every 24 433 ADRs being reported to

the centre (Moride et al., 1997).

• A survey of hospital records in five English districts showed that five times more cases

of idiopathic thrombocytopenic purpura occurred following the MMR vaccination than

were reported to the UK CSM (Farrington et al., 1995).

• When the reporting on 10 new drugs subject to Prescription Event Monitoring (PEM)

was compared with reporting to the CSM only 9 per cent had been reported to the CSM

and it was highest (31.1 per cent) for serious/unlabelled reactions and lowest (6.5 per

cent) for non-serious/labelled reactions (Martin et al., 1998).

• In the Netherlands, a survey showed the following reasons for not reporting:

72 per cent were uncertain whether the reaction was caused by the drug

75 per cent thought the ADR too trivial

93 per cent thought the ADR too well known

18 per cent were not aware that they should report it

22 per cent did not know how to report it

38 per cent did not have enough time

36 per cent thought reporting was too bureaucratic

26 per cent knew which ADR to report (Eland et al., 1999).

• Of 188 hepatic ADRs reported in northeastern England almost half were almost

certainly unrelated (Guruprasad et al., 1999).

• In the UK, 9 per cent (CI 8.0–9.8 per cent) of the reports received by PEM were

reported to the CSM, but for serious reactions the figure was 53 per cent (CI 39–67 per
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cent) (Heeley et al., 2001). However, this figure is biased by the fact that only 59.4 per

cent of doctors who prescribed the drug sent reports to PEM and that the doctors were

reporting adverse events to PEM but ADRs to the CSM.

Factors affecting reporting

The following factors have been suggested as affecting direct reporting:

• Severity of the reaction. Too trivial (Hasford et al., 2002).

• The length of time that the drug has been on the market (Tubert-Bitter et al., 1998).

• Attribution by the patient. One in four outpatients did not discuss their symptoms with

their providers (Klein et al., 1984). A patient survey showed that 42.9 per cent would

not consult their GP for a serious ADR associated either with a conventional drug or a

herbal preparation (Barnes et al., 1998). Those with poorer self-assessed health status

reported ADR experience at a higher rate than others. Choice of contact regarding

ADR: physician, 93 per cent; pharmacist, 45 per cent; nurse, 21 per cent; emergency

room, 5 per cent; friends, 3.8 per cent; family members, 3.8 per cent and nobody, 2 per

cent (DeWitt and Sorofman, 1999). Patients of 65 years and older who reported ADRs,

with the name of the medication, had their report confirmed by documentation in 94 per

cent of cases (Chrischilles et al., 1992).

• Whether the reaction has previously been seen by the doctor.

• Legal implications.

• Unusual nature of the event (Milstein et al., 1986). However, 90 per cent of reports to

the FDA come from the pharmaceutical companies, and there is considerable variation

between them (Baum et al., 1987).

• The religion of the area. Countries with a predominant Catholic population report less

than those with a predominant Protestant population (Dukes and Lunde, 1979). This

may be related to the greater literacy of the Protestants due to increased study of the

Bible.

• The regulations of the country (Griffin and Weber, 1986).

• The year of the reporting (Sachs and Bortnichak, 1986). Dr J. C. P. Weber plotted the

mean number of ADR reports for seven non-steroidal anti-inflammatory drugs

(NSAIDs) over the first 5 years of marketing and showed that they peaked at 2 years

and then declined rapidly. This has been called the Weber curve (Weber, 1984). It

cannot be presumed that it will apply in all circumstances; but it did apply to anti-

infective, endocrine, pulmonary and cardiovascular drugs (Brodovicz et al., 2001).

When 10 drugs on the French market, which gave rise to approximately 100 sponta-

neous reports each during the first 4 years of marketing, were examined the reports

peaked at 1 year and then decreased (Haramburu et al., 1997).
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• The physician’s age, specialty and years qualified (Spiers et al., 1984; McGettigan et

al., 1996).

• Whether in hospital practice (more ADRs, cancer and haematology) or not (newer

drugs, metabolism and nutrition) (Vega et al., 1996). From four hospitals in Lombardy,

Italy, 40.5 per cent female doctors had reported an ADR compared with 29.4 per cent

for males. Those graduating after 1985 reported half the amount of those graduating

before then (Cosentino et al., 1999).

• Nationality (Sachs and Bortnichak, 1986; Belton and European Pharmacovigilance

Research Group, 1997). For one Pfizer product the relative reporting rate (patients per

106 patient-months) was one in Germany, 9.8 in Sweden, six in the UK, and three in the

USA (Gordon, 1985). In clinical trials, Australia, Canada, Sweden and the UK had

reporting rates of more than 50 per cent, whereas Denmark, Finland, France, Hong

Kong, the Netherlands and Norway had between 35 and 45 per cent. Belgium, Germany

and Italy were below 30 per cent (Joelson et al., 1997). France seems to be refuting the

religious trend. In Germany, 75–85 per cent of physicians never reported to the health

authorities (Hasford et al., 2002).

• Media publicity (Rawlins, 1988a, b). Following publicity of the neuropsychiatric effects

of mefloquine (Lariam) the reporting increased six- to seven-fold (Bhasin et al., 1997).

• The seriousness of the ADR (Griffin and Weber, 1986; McGettigan et al., 1996).

• The ADR mechanism (Milstein et al., 1986).

• The cumulative total of prescriptions (Rawlins, 1988a, b).

• Doctor’s lack of familiarity with the regulations (Scott et al., 1990) in Ireland

(McGettigan and Feely, 1995), Belgium (Kurz et al., 1996), Netherlands (Eland et al.,

1998) and the UK (NAO, 2003).

• Local health district, in the UK (Bateman et al., 1991).

• Notoriety of the ADR in France (Tubert-Bitter et al., 1998);

ADR well known (Hasford et al., 2002).

• Availability of report form in Ireland (McGettigan and Feely, 1995; McGettigan et al.,

1996), Belgium (Kurz et al., 1996) and the UK (NAO, 2003).

• Misconception that confidence in diagnosis was important in Belgium (Kurz et al., 1996).

• Lack of time in Belgium (Kurz et al., 1996), the Netherlands (Eland et al., 1998) and

Ireland (McGettigan et al., 1996); PEM (Key et al., 2002).

• Uncertainty about the causal relationship between a suspected drug and an ADR in

Germany (Göttler et al., 1998) and the Netherlands (Eland et al., 1998).
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In 1986, the relatively large number of reports for Piroxicam produced a defensive report

from Pfizer in which they gave evidence that there were reporting biases present for drugs

that are:

• in the first few years of marketing

• launched after 1980 in the USA or 1976 in the UK

• vigorously marketed by the sales force

• subject to publicity

• distributed by one manufacturer worldwide

• used on a long-term basis

• used in a population with a high background risk

• used in conjunction with other therapy (Sachs and Bortnichak, 1986).

Calculation of the degree of under-reporting

Under-reporting was quantified by the under-reporting coefficient U, calculated as the ration

between the number of effects actually observed by physicians and those spontaneously

reported to the pharmacovigilance system, according to the following formula:

U ¼ m

k 3 n=N

where m is the number of AEs observed in the survey, n=N is the sampling fraction (n is the

number of GP days in the sample, N is the total GP days in the catchment area), and k is the

number of AEs spontaneously reported to the pharmacovigilance centre during the reference

period.

Recommended reading: ‘Analyse d’incidence en Pharmacovigilance-application á la

notification spontanée’ Second edition. Published by ARME-Pharmacovigilance in 1992.

The ‘comité de redaction’ is headed by Professor B. Bégaud, Hôpital Pellegrin, 33076

Bordeaux, Cédex, France.

In Bordeaux the number of cases of cough with ACE inhibitors was estimated at 3925 for

the region based on a pilot study of 60 practitioners, but only three cases were reported to

the pharmacovigilance centre. The under-reporting coefficient U was 1305 (Bégaud et al.,

1994), but when the Bordeaux team looked at a sample of ADRs seen by 81 GPs during

three non-consecutive days the under-reporting coefficient was 24 433, i.e. only one case out

of every 24 433 ADRs was reported to the local pharmacovigilance centre. The figure for

serious and unlabelled effects was 4610 and for recently marketed drugs it was 12 802

(Moride et al., 1994, 1997), whereas the U figure for Spain was 1144 (95% CI: 941–1347)

(Alvarez-Requejo et al., 1994).
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Conclusion

It is clear that no general figure can be given for under-reporting and that the best estimate

can be obtained by a study in a sample of the relevant population.

Incidence of adverse drug reactions

There are many factors that will affect any incidence figure:

• National prescribing habits.

• Definition used for ADR and the causality method.

• Method used to detect AEs.

• Locality, type of institution, specialty.

• The under-reporting of the numerator (see above) and the extrapolation of the

denominator from: amount of drug produced, sales figures, defined daily dose,

prescribed daily dosage, market research audits (St George, 1996). However, all these

are open to many biases which may be exploited.

The latter calculation has been described as ‘more of an art than a science’ (CIOMS V

2001). The problem is well described by Bégaud et al. (1993: 51–70) and (CIOMS V: 163–

185).

National prescribing habits

In France, 90 per cent of consultations will be followed by a prescription for 4.2 products

(average), compared with the European average of 0.8 (Dawalibi, 2002). The total sales in

France and in Germany are approximately twice as high as those in the UK or USA and are

nearly three times as high as in New Zealand (Figure 1.1). Presumably, these last three

countries do not suffer from under-medication; presumably, the increased levels in France

Figure 1.1 Total sales of pharmaceutical products per inhabitant, in US dollars (After Dawalibi,

2002). Reproduced by permission of Le Figaro Economie

17INCIDENCE OFADVERSE DRUG REACTIONS



and Germany are due to non-essential drugs. Non-essential drugs are less likely to cause

type-A ADRs, since they are likely to be less efficacious. This implies that the increase in

ADRs due to the increased prescribing will not be in proportion to the sales figures.

UK

• A survey of a Yorkshire general practice showed that 1 in 40 (2.6 per cent) consultations

were ‘iatrogenic consultations’; these included surgical adverse events. The figure for

ADR consultations was 1.5 per cent. Some ADRs required more than one consultation,

so this is not an ADR rate (Mulroy, 1973).

• Another survey, this time in Derbyshire (UK), showed that 25 per cent of the practice

population may have had an ADR of some kind and that 41 per cent of the patients

receiving drugs had a certain or probable ADR, 90 per cent occurring by the fourth day.

Patients completed a questionnaire (Martys, 1979).

• A survey of a single practice in Scotland over 6 months showed a consultation rate of

1.7 per cent for ADRs (probables, 72 per cent; possibles, 28 per cent), 272 in 16 253

consultations for a practice size of 11 201 patients, i.e. 1 in 60 consultations (Millar,

2001).

• A study of 36 470 consultations showed that 1.7 per cent (1 in 59) of consultations were

for suspected ADRs: 0.6 per cent in the 0–20 year olds, 1.3 per cent for 21–50 year

olds and 2.7 per cent for the over 50s. The responses were to the question ‘Is the

medicine suiting you?’ (Lumley et al., 1986).

Netherlands

Extrapolating from a Dutch study, in general practice approximately 2.6 per cent (1 in 38) of

the population were seen with an ADR, with only 4.8 per cent being serious. Almost all the

ADRs were known (Hoek et al., 1995).

Sweden

Between 1994 and 1999, a survey of 2018 patients, between the ages of 20 and 85 years,

from 16 of Sweden’s 24 counties showed that 32 per cent (n ¼ 651; 1 in 3.1) had reported a

total of 882 specific ADRs. Of the patients with ADRs, 15 per cent were hospitalized. The

patients had been asked if they had ever experienced an ADR regardless of confirmation

from a treating physician (Sundström et al., 1998, 2000a, b).

France

• A study over 2 months in a sample of 254 GPs found 13 serious ADRs, two of which

were fatal, giving an average of 2.6 cases per GP per year (Lacoste-Roussillon et al.,

2001). The figure given by a group of French GPs was two ADRs per day, per doctor

(Moride et al., 1997).
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• A 3 month study by three urban physicians found 20 ADRs from 2094 patients seen.

Prevalence rate was 1 per cent of visits (2.2 ADRs per GP per month) (Montastruc

et al., 1995).

• Over 1 year there were 37 suspected side effects from 3341 consultations in a single

practice: 1.07 per 100 consultations (Grange, 1990).

Italy

Active monitoring by volunteer family paediatricians (29) over 1 year found 388 ADRs (1.6

per cent, or 1 in 61) out of a list total of 24 000 children (Menniti-Ippolito et al., 2000).

Germany

A survey of all the paediatric practices in Brandenberg over 3 months found a 1.2 per cent

(or 1 in 83) incidence of mild to moderate ADRs (Lewis et al., 1998).

USA

In Olmsted County, 0.4 per cent of the elderly were hospitalized for ADRs over a 5 year

period (Silverstein et al., 1994).

Conclusion

There are many different factors which may be responsible for the variation in these figures;

but somewhere between 1 in 30 to 60 of consultations and 1 in 30 to 40 patients seems the

core range, with the Martys (1979) study being the odd one out. The ADR incidence in

children is between 1 in 60 and 1 in 83.

Adverse drug reactions responsible for hospital admission

ADRs requiring hospital admission are, by definition, serious and more expensive, since the

entire hospital costs are attributable to the ADR. The problems with all these surveys are the

variations in admission policy from one hospital to another and different criteria for drug-

relatedness (Atkin and Shenfield, 1995). ADRs have been reported to cause 3 to 6 per cent

of all hospital medical admissions (Davies, 1985).

USA

• ADRs result in 300 000 admissions per annum in the USA (Atkin and Shenfield, 1995).

• A study in two US tertiary care hospitals over 6 months in 1993 gave a figure for

adverse drug events of 6.5 per cent, of which 28 per cent were judged to be preventable

(Leape et al., 1991, 1995; Bates et al., 1997). A repeat study in 1994–95 in one of these

hospitals using a computer-based monitor gave a figure of 2.3 per cent (1.4 per cent

after adjusting for sampling) (Jha et al., 2001).

19INCIDENCE OFADVERSE DRUG REACTIONS



• In a Salt Lake City hospital with 520 beds (1989–90), 0.153 per cent of the admissions

were due to ADRs. This study targeted ADRs requiring change in therapy and/or

prolonged patient hospitalization, not to screen for mild and self-limited ADRs (Classen

et al., 1991).

• The latest figure (based on 25 original studies between 1972 and 1996, with 90 per cent

from the USA) is that 5.8 per cent (4.2–6.0 per cent) of all admissions to medical wards

were due to ADRs, including relative overdosing. The length of hospital stay ranged

from 5.8 to 13 days, with a median of 8.7 days (Muehlberger et al., 1997).

• The figure for admission of children is 2 per cent from a survey of five hospitals in the

USA (Mitchell et al., 1988).

• Approximately 1.5 per cent of all hospitalizations in the elderly (65 and over) from

Olmsted County were due to ADRs (Silverstein et al., 1994).

Canada

• A survey of patients aged 50 or over in a Winnipeg hospital showed that 12 per cent of

admissions were for drug-related events (Grymonpre et al., 1988).

• ADRs in Ontario increased from 104 per 10 000 hospital admissions or day surgeries in

1992 to 162 per 10 000 in 1997 (Hunter and Bains, 1999).

UK

• In seven wards of the John Radcliffe Hospital, Oxford, over the period 1990–93, 6.87

per cent of admissions were for suspected ADRs (Smith et al., 1996).

• Over a 1 year period in 1965–66 in two Belfast hospitals the ADR rate was 10.2 per

cent (Hurwitz and Wade, 1969).

• Over a 6 month period at City Hospital, Nottingham, preliminary analysis suggests that

10 per cent of admissions will be judged as being drug related (Avery et al., 2001).

• Over a nine week period in 1999, 10.1 per cent of the admission at Addenbrooke’s

hospital were identified as drug-related; 18 per cent were therapy failures; 30 per cent

were related to overdose or abuse and 6.3 per cent were ADRs (Bhalla et al., 2003).

Netherlands

• One in six (16.6 per cent) of elderly (70 and over) patients had an ADR on admission

and 24 per cent of these were severe (potentially life-threatening or led to admission). A

comparison of patients, with a severe ADR with those without, showed that the

significant factors were: a fall before admission; the presence of gastrointestinal (GI)

bleeding or haematuria; the use of three or more drugs (Mannesse et al., 1997).
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Germany

• St Elisabeth Hospital, Cologne–Hohenlind, in the Medical and Intensive Care Unit: 2.4

per cent (Shoenemann et al., 1998).

• The eight hospitals in three German towns (Dresden, Jena and Rostock) undertook

intensified pharmacovigilance from October 1997 to December 1998. There were 435

cases for drug-related admissions; an incidence of between 1.5 per 10 000 and 24 per

10 000 for each three months for treated patients in their catchment areas (Schneeweiss

et al., 2001a, b). A further study in the latter two towns from October 1997 to March

2000 gave 9.4 (CI 9.0–9.9) admissions per 10 000 (Schneeweiss et al., 2002).

• A neurological department reported that 2.7 per cent of admissions were caused by

ADRs (Thuermann et al., 2002).

France

• A study over 7 weeks in 1998 in 33 hospitals showed that 3.19 per cent (CI 2.37–4.01

per cent) of patients were admitted for ADRs (Pouyanne et al., 2000).

• Excluding attempted suicides, 3 per cent of admissions were drug related and 6.6 per

cent of inpatients had significant ADRs, i.e. necessitated changes in drug treatment or

prolonged hospitalization (Moore et al., 1995a).

• At another French hospital the figures were 6 per cent of admissions (Moore et al.,

1995b).

• At Lille cardiological hospital the ADR rate was 0.5 per cent of admissions (Bordet

et al., 2001).

• At a cancer institute, 5 per cent of admissions were due to ADRs (Lapeyre-Mestre et

al., 1997).

• At Tours, over a period of a week, 1.53 per cent of paediatric admissions were for ADRs

(Jonville-Béra et al., 2002).

• At Toulouse University Hospital, over four separate weeks, the incidence rate was 6.1

per cent (Olivier et al., 2001).

• At Rouen University hospital, 16 per cent of patients over 70 years had probable ADRs

on admission (Doucet et al., 2002), though this was not necessarily the cause of

admission.

India

Admissions via a medical emergency department caused by ADRs were 6.7 per cent of the

total 578 elderly patients admitted (Malhota et al., 2001).
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Spain

• Of the admissions via an emergency ward at La Paz Hospital over 5 months, 4.8 per

cent were due to ADRs or acute drug intoxication, with ADRs alone being 3.9 per cent

(Garijo et al., 1991).

• The figure for a cardiology department was 1.1 per cent (Vargas et al., 1996).

Israel

Over a 2 month period, a 34-bed medical ward, using automatic computerized laboratory

signals, found that a quarter to one-third of admissions had ADRs (Levy et al., 1998).

Switzerland

• A 6 month survey of admissions to an emergency department showed that 7 per cent

were mainly caused by ADRs (Wasserfallen et al., 2001).

• At the university hospital in Zurich, 3 per cent of admissions were due to an ADR

(Fattinger et al., 1998).

Australia

• The ADR figure was between 2.4 per cent and 3.6 per cent (Roughead et al., 1998).

• Of admissions through the emergency department to Royal Melbourne Hospital over a

month in 1994, 5.7 per cent were drug related (16 per cent were definite, 46 per cent

were probable, 38 per cent were possible). The drug-related reactions were classified as

being 26% prescribing factors, 27 per cent, patient non-compliance and 47 per cent

ADRs. This gives an ADR rate of 2.35 per cent (Dartnell et al., 1996).

Hong Kong

Drug-related problems were responsible for 9.5 per cent of admissions; 6.2 per cent were

ADRs (Chan and Critchley, 1994).

Sweden

• Five per cent of a 2000 control-pool population were hospitalized for ADRs (Sundström

et al., 2000b).

• In the university hospital of Umeå, 12 per cent of admissions were suspected ADRs and

for certain and probable ADRs the figure was 3 per cent of admissions (Mjörndal et al.,

2002).
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Denmark

In Odense University, the ADR admission rate was 8.4 per cent (Hallas et al., 1992).

Worldwide

• A review of 36 articles covering 49 hospitals (30 from North America, 10 from Europe

and nine from the remainder of the world), between 1964 and 1989, gave a prevalence for

ADRs ranging from 0.2 to 21.7 per cent, median 4.9 per cent, mean 5.5 per cent.

However, these covered all specialties, and those with rates over 10 per cent were: UK

geriatric 10.5 per cent, Canadian 19.4 per cent; psychiatric, 12.2 per cent; paediatric

cancer, 21.7 per cent; cardiology, 11.5 per cent. For ‘general/medical’, or ‘medical’, then

the overall figure is 4 per cent – 1051 cases out of 26 075 admissions (Einarson, 1993).

• A review of 17 studies from seven different countries, mainly USA, UK and Spain,

showed that the overall rate for children was 2.09 per cent (CI 1.02–3.77 per cent)

(Impicciatore et al., 2001).

• A further review of 13 publications from Hong Kong (one), Denmark (six), Spain (one),

UK (one), USA (two), Taiwan (one) from the period 1990–93 covering geriatrics,

pneumonology, cardiology, gastroenterology, and internal medicine gave a figure of 5.5

per cent (2–17 per cent) (Moore et al., 1998).

• In six Western countries there were 25 studies with an average admission rate to

medical wards of 5.8 per cent (Schneeweiss et al., 1997).

• A multicentre study of geriatric hospitals found that 15.5 per cent of admissions were

due to ADRs (Williamson and Chopin, 1980).

• A survey of 25 studies (90 per cent USA) between 1972 and 1996 gave a figure for

admissions to medical departments of 4.2 per cent to 6.0 per cent (lower and upper

quartiles repectively) with a median of 5.8 per cent (Muehlberger et al., 1997).

• A survey of studies since 1975 in geriatric patients found 27 studies with 15 087

patients and 8.1 per cent of elderly patients that had been admitted with ADRs (Göttler,

2000).

Conclusion

There are too many factors involved to give an accurate overall figure; but it varies between

4.2 and 6 per cent with a median of 5.8 per cent (Muehlberges et al., 1997).

Adverse drug reactions during hospitalization

USA

• Of 1024 patients in the medical wards of a 350-bed hospital 23 per cent had ADRs and

29.6 per cent of elderly patients had ADRs. The independent factors in the elderly were
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female gender, decline in renal function and polymedicine. The paper by Bowman

et al., (1996) also has a table giving results from 24 surveys from 1964 until 1991.

• A survey of 1000 patients in the USA showed that 15 per cent indicated that they had

had a side effect on medication (Brown et al., 1983). Almost 4 per cent of patients

hospitalized in Massachusetts (Boston) in 1984 suffered an AE due to medical

treatment (Brennan et al., 1991) and 19.4 per cent of these were due to drugs (Leape

et al., 1991).

• A survey of two large US hospitals (Boston) showed that there were 6.5 adverse drug

events per 100 admissions during their hospital stay (Bates et al., 1995).

• In a Salt Lake City hospital (LDS; 1989–90), 36 653 patients were monitored for

AEs. There were 731 AEs in 648 patients (1.67 per cent). Of the AEs, 96 per cent

were moderate or severe and 91 per cent were type-A reactions. Over 76 per cent of

verified ADRs did not have the causal agent stopped until the study personnel

informed the physician of the ongoing ADR. This study quotes that 30 per cent of

hospitalized patients will have an ADR and that 0.31 per cent of all admissions will

have a fatal ADR (Classen et al., 1991). In the same hospital during the following

period, 1990–93, the ADR rate had increased to 2.43 per 100 admissions with an

increased stay of 1.91 days. There was an almost twofold increase in deaths (Classen

et al., 1997).

• A review of 39 studies of ADRs in hospitals in the USA has shown an incidence of 10.9

per cent (CI 7.9–13.9 per cent) in hospitalized patients with a total of 3607 patients

suffering ADRs and of these 63 (0.19 per cent) died. The figure for both those on

admission plus those during admission was 62 480 patients (15.1 per cent; CI 12.0–18.1

per cent), with 46 625 deaths (0.32 per cent; CI 0.23–0.41 per cent). When extrapolated

to the whole of the USA the figure was 106 000 deaths. This represented 4.6 per cent of

all deaths and was ranked the fourth to sixth most common cause of death (Lazarou et

al., 1998). A critique of this meta-analysis said ‘Meta-analysis was invalid because of

heterogeneity of the studies. Most of these studies did not report the data needed for

incidence calculations. The methodology used was seriously flawed, and no conclusions

regarding ADR incidence rates in the hospitalized population in the United States

should be made on the basis of the original meta-analysis’ (Kvasz et al., 2000).

• A survey of geriatric nursing facilities found that two-thirds had an average of two

probable ADRs over a 4 year period (Cooper, 1996).

• The risk of hospitalization secondary to adverse medication outcomes in elderly

patients is estimated at 17 per cent, which is almost six times greater than that for the

general population (Nanda et al., 1990).

• The rate of preventable adverse drug events (ADEs), i.e. an injury resulting from

medical intervention related to a drug, and potential (incidents with potential for injury

related to the use of the drug). ADEs in intensive-care units (ICUs) was 19 events per

1000 patient days, nearly twice the rate of non-ICUs (Cullen et al., 1997).
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UK

• A survey of 437 patients in a Birmingham hospital found 97 AEs (22 per cent) and most

were due to a drug (76 per cent) i.e. 16.9 per cent of the total admissions; but the

doctors had only recorded half of these reactions in the patients’ notes (Cook and

Ferner, 1993).

• In an analysis of inpatient ADRs 23 per cent of patients had an ADR and 37.5 per cent

of these were elderly – 30 per cent of the elderly admissions had an ADR (Bowman et

al., 1996). This paper also gave the results from 23 similar studies carried out between

1964 and 1991, which showed the average ADR rate was 15.6 per cent and the range

1.5 to 35 per cent.

• In an ICU for children the incidence was 7 per cent (Gill et al., 1995).

France

• In an internal medicine unit over a 4 month period, 4.7 per cent of all admissions,

during hospitalization, had an ADR (Lagnaoui et al., 2000).

• In Lille Cardiological hospital the ADR rate was 1.7 per cent (Bordet et al., 2001).

Another cardiological centre at Angers had an incidence of 2.3 per cent (Jamaa et al.,

1993).

• At the Remiremont Hospital cardiology and internal medicine departments the inci-

dence of ADRs was 4.7 per cent over 4 months (Curien-Chevrier et al., 1997).

• In a cancer institute, ADRs accounted for 3.5 per cent of the hospital stays in 1993

(Lapeyre-Mestre et al., 1997).

• At Tours, 2.64 per cent of paediatric patients had an ADR (Jonville-Béra et al., 2002).

• At another French hospital the ADR rate was 8.4 per cent of inpatients (Moore et al.,

1995b).

• A multicentre survey of geriatrics found that 63.6 per cent had side effects over a year

(Ferry and Piette, 1993).

• On a single day, in a sample of French hospitals the prevalence rate was 10.3 (CI 8.7–

11.9), of which 33 per cent were serious and gave an estimate of 1 300 000 patients per

year in hospital (Imbs et al., 1999).

Germany

• In a medical ward of a university hospital over a period of 6 months, using a computer-

based monitoring system, 12 per cent had ADRs, with an average increase in stay of

3.5 days (Dormann et al., 2000).
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• In a neurological department, 18.7 per cent of patients had at least one ADR

(Thuermann et al., 2002).

Norway

Ulleval hospital had 25 per cent of children with one or more ADRs (Buajordet et al., 1998).

Netherlands

Over a 2 month period, a prospective study in the paediatric and internal medicine wards of

two hospitals found that 29 per cent of patients had an ADR (Van den Bremt et al., 1998).

Spain

• Over an 8 year period, 12.9 per cent of patients in a cardiology ward had an ADR

(Vargas et al., 1996).

• Over a 2 year period, the incidence in hospitalized children was 16.6 per cent

(Martinez-Mir et al., 1996, 1999).

Switzerland

A clinically relevant ADR occurred in 9 per cent of inpatients of the university hospital in

Zurich (Fattinger et al., 1998).

India

Intensive surveillance over 6 months found an incidence of 1.73 per cent (Dharnidharka

et al., 1993).

Chile

• Intensive and prospective surveillance revealed an incidence of 13.7 per cent (Gonza-

lez-Martin et al., 1998).

Seven-country survey in children

A review of 17 studies showed an overall incidence of 9.53 per cent (CI 8.43–16.17 per

cent) (Impicciatore et al., 2001).

Conclusion

There is a large range, from 1.7 to 29 per cent, due to the many variables. In the elderly it

varies from 17 to 30 per cent with a figure of 60 per cent over a 4 year period. For children it

varies from 1.73 to 25 per cent. Many of the factors influencing admission rates also affect

inpatient rates. Whereas all ADRs causing admission are ‘serious’ by definition, those

involving inpatients may be quite trivial and will depend on the illness for which they were
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admitted. The paper by Lazarou et al. (1998) covers the largest number of patients and,

therefore, gives the most reliable figure, but it only applies to the USA; the quotable figure is

11 per cent, which is approximately double the admission’s figure.

Adverse drug reactions reported at outpatient visits

• Drug-related visits to an Italian multidisciplinary hospital emergency department in

Milan over a 3 month period were 4.7 per cent for drug-related illnesses (Raschetti

et al., 1997).

• Drug-related visits to three emergency departments in Italy over 10 days caused 5.52

per cent of visits (36 ADRs from 2800 visits); hospital admissions represented 2 per

cent of visits (Calogero et al., 2001).

• A review of 17 paediatric studies showed that the overall incidence rate was 1.46 per

cent (CI 0.7–3.03 per cent) (Impicciatore et al., 2001).

• In an internal medicine group practice, 5 per cent of ambulatory outpatients had a

probable or definite ADR (Hutchinson, 1986).

• Of 299 outpatients, 30 per cent identified at least one medication causing an ADR

(Klein et al., 1984).

• At a French paediatric hospital emergency department, 0.93 per cent of attendances

were for an ADR (Jonville-Béra et al., 2002).

• A Spanish paediatric emergency room detected 0.96 per cent of ADR cases; this

compares with 1.03 per cent reported for adults (Munoz et al., 1998).

• A US tertiary care emergency department identified 1.7 per cent of visits as due to

ADRs (Hafner, 2002).

Conclusion

About 5 per cent of general outpatients have an ADR, but for paediatrics the figure is lower

at about 1 per cent; but no large study has been identified. The figure of Klein et al. (1984)

was probably due to it representing the patient’s opinion.

Deaths due to adverse drug reactions

It is difficult to determine the incidence of deaths due to ADRs, but it has been estimated as

being less than 0.01 per cent of people taking drugs (Jick, 1974). The figure given for the

USA for 1995 was 206 deaths according to death certificates, but 6894 according to

MedWatch (Chyka, 2000). These figures should be compared with the specific studies

below. In the Boston Collaborative Drug Surveillance Programme (BCDSP), 0.9 patients

per 1000 were considered to have died as a result of drugs. The rates varied from zero in

Israel and Italy to 1.4 per 1000 in New Zealand (Porter and Jick, 1977).
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USA

• There were 160 000 deaths each year in US hospitals (Shapiro et al., 1971).

• A figure of 199 000 deaths per year in the USA due to medication-related problems has

been calculated (Johnson and Bootman, 1995).

• Inpatient hospital deaths have been estimated as 140 000 per year in the USA, which

would make it the third leading cause of death (Kelly, 2001).

• A survey of 39 hospitals showed that 0.32 per cent (CI 0.23–0.41 per cent) of

hospitalized patients had a fatal ADR. Estimated deaths of hospital patients, in the USA

in 1994 due to ADRs, was 106 000 (CI 76 000–137 000) (Lazarou et al., 1998). Others

have said that this is an overestimate (Fremont-Smith, 1998; Kravitz, 1998).

• It is expected that 0.31 per cent of hospitalized patients in the USA die of ADRs

(Classen et al., 1991).

• In Olmsted County, 2.9 per cent of patients admitted died of ADRs (Silverstein et al.,

1994).

• In a New Jersey hospital the death rate due to ADRs was 3.2 per cent (Suh et al., 2000).

• In seven US hospitals from 1974 to 1985 there was a 0.03 per cent death rate amongst

children (Mitchell et al., 1988).

• At a Salt Lake City hospital (LDS) the increased risk of death due to ADRs was 1.88

(CI 1.54–2.22) (Classen et al., 1997).

Canada

It was estimated that 0.05 per cent of in-hospital mortality is associated with coded ADRs.

Extrapolating from this figure, drugs are the 19th leading cause of death in Canada (Bains

and Hunter, 1999).

UK

The number of deaths due to unforeseen adverse effects of drugs has increased from

approximately 200 in 1990 to 1044 in 2000 (Figure 1.2) in England and Wales (Audit

Commission, 2001; Eaton, 2002).

Norway

Akershus Central Hospital: over a 2 year period, of the 732 patients who died, 18.2 per cent

(CI 15.4–21 per cent) were classified as being directly (48.1 per cent) or indirectly (51.9 per

cent) associated with one or more drugs (Ebbesen et al., 2001; Gottlieb, 2001).
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Finland

Helsinki University Central Hospital: in 2000, 5 per cent of deaths were associated with a

medication (Juntti-Patinen and Neuvonen, 2002).

France

• The mortality in hospital admissions in a French survey was 0.12 per cent (CI 0.034–

0.33 per cent) (Pouyanne et al., 2000).

• In Le Havre, 13 per cent of those admitted with an ADR died, which was 40 per cent of

the total deaths in the ward; but 28.3 per cent of the total admissions were for alcohol-

related problems (Moore et al., 1998).

• In Lille cardiological hospital the death rate due to ADRs was 5 per cent (Bordet et al.,

2001).

• In a cancer institute, 2.2 per cent of ADRs were fatal (Lapeyre-Mestre et al., 1997).

Germany

Of those admitted with an ADR, 1.6 per cent died of it (Riethling et al., 2000).

Figure 1.2 The number of deaths in England and Wales from adverse effects 1990 to 2000, amended

from Audit Commission (2001). Reproduced by permission of Audit Commission
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Worldwide

A review of 36 articles indicated that 3.7 per cent of patients admitted with ADRs died

(Einarson, 1993).

Conclusion

This enormous variation in hospital admission rates for ADRs and rates after hospitalization

is partly due to different survey methods, but the following were also probable factors:

• causality assessment methods

• ADR/ADE/AE definitions

• hospital admission policies and bed availability

• length and year of hospital admission

• type of hospital (mixture of wards)

• country (most surveys are from the USA)

• number of new chemical entities used

• whether ADRs were on admission or developed during admission

• aim, type, intensity of survey.

The following were found to be risk factors in some of these studies: age, number of drugs,

sex, previous medical history, race, country, weight, alcohol intake, renal function, length of

stay and infections.

The financial cost of adverse drug reactions

The science of pharmacoeconomics has grown rapidly in the last few years. The financial

cost of a disease (hospitalization, etc.) is balanced against the cost of intervention, e.g. cost

of drugs or operations. One factor in the cost of drugs is the cost of dealing with ADRs. In

general terms the following problems occur:

• Definition of the AE for search purposes.

• Causality assessment of the AE. Few AEs are definitely ADRs or definitely not ADRs.

• If they occur in hospitalized patients there is difficulty in judging the prolongation of

hospitalization due to the ADR or additional hospital costs.

• The hospitalized patient is not representative of the general population.

• Frequently, there is no satisfactory control group (Abadie and Souetre, 1993).

There are costs to the patient, the physician, the manufacturer and the nation.
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Cost to the patient

This cost will vary from nil for a mild transitory ADR, lost earnings for a temporarily

incapacitating ADR, to many thousands of pounds for a permanently incapacitating ADR.

Unfortunately, the patient’s future depends on whether they can sue somebody successfully.

Cost to the physician

Depending on the circumstances, the additional cost of diagnosis and management may be

claimed from a private patient or be considered part of a health service commitment and,

therefore, has to be absorbed by the practice/partnership. There may be additional costs

either in trying to avoid ADRs or in insuring against those caused by negligence.

Cost to the manufacturer

This will include the cost of pharmacovigilance and the additional costs of detecting ADRs

in clinical trials, as well as insurance and/or possible litigation and compensation costs. If

there is evidence that may affect the share price then the evidence must be reported to the

stock exchange, and thence to the press, whereupon there may be a large fall in share price

(Richman, 1996; Senard et al., 1996).

Cost to the nation

This will include part of the social insurance costs and a proportion of the cost of a

nationalized health service, as well as the cost of pharmacovigilance. We now move from

generalizations to more specific costs in individual countries.

France

• Stenoses and gut perforations due to potassium chloride in Nancy over a period of

42 months amounted to 14 perforations and three stenoses at a direct cost of 2 160 530

(Royer, 1990).

• At a general hospital in Le Havre over a 16 day period in 1992, non-suicide drug-related

admissions represented 2.5 per cent of all admissions and 6.4 per cent of medical

admissions. The cost overall was FR6600 and the per ADR-patient cost was FR500

(Moore et al., 1995a).

• In France, in a 36-bed ward over 2 months, 52 patients were admitted with an ADR, 27

patients developed an ADR whilst in hospital and five patients fell into both categories.

Total costs were FR695 134 (GB£89 810; US$136 512; DM206 114) (Moore et al.,

1995c).

• The yearly cost of the excess duration related to ADRs in a French 29-bed ward was

FR758 016 (GB£94 752 or A113 136). This represents around FR37 400 (A5589 or

GB£4700) per hospital bed per year (Moore et al., 1998).
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• In a cardiological hospital in Lille over 18 months there were 2.2 ADRs detected per

100 admissions at a cost of A4150 per ADR; the average stay was 11 days for those with

an ADR versus 7 days for those without (Bordet et al., 2001).

• In a Bordeaux hospital in 1996–97, in a 23-bed internal medicine unit over a 4 month

period 26.1 per cent (116) of patients had an ADR. For 7 per cent (32) of admissions it

was the reason for admission, 22 per cent (26) had an ADR during admission and 50

per cent (58) had an ADR on admission but this was not the reason for admission. For

the 4 month period the total cost was A87 073 (Lagnaoui et al., 2000).

• In a cancer institute the average cost of an ADR was FR33 037 at 1993 rates. This was

1.8 per cent of the global budget for the hospital (Lapeyre-Mestre et al., 1997).

• An evaluation of 62 hospital departments over 14 days found that 3137 patients were

hospitalized for ADRs, for a mean of 9 days; this gives a total number for the year of

130 000 (CI 100 916–156 620). The mean cost for an ADR related hospitalization was

estimated at FF 16 000. (Detournay et al., 2000).

USA

• In a US hospital over a 2 year period 109 patients suffered clinical consequences due to

ADRs or medication-related errors at a cost of US$1.5 million in 1994 (Reactions No.

578, 1995; Schneider et al., 1995).

• A two-hospital (Boston) study in 1993 gave an estimated figure of US$2595 per event

for 1 year and the patient stay was prolonged by 2.2 days; the actual costs increased by

US$3244 per ADR. The estimated annual cost for a 700-bed hospital was US$5.6

million or GB£3.45 million. The national costs of the preventable in-hospital events

have been estimated to be US$2 billion (Bates et al., 1997).

• In a further study in the USA (1990–93) the excess cost of hospitalization attributable

to an ADR occurring in the LDS hospital was US$2013 (GB£1266, DM3279,

FR11 027) and their stay in hospital was prolonged by 1.74 days (Classen et al., 1997).

• In a New Jersey hospital over a 5 month period, 131 patients who had an ADR were

compared with those without an ADR. The mean length of stay was 10.6 days versus

6.8 days and the cost US$22 775 versus US$17 292, which they said supported the

Bates et al. (1997) and Classen et al. (1997) figures for increased stay of 2.2–3.2 days

and a cost increase of US$3244–$4655 (Suh et al., 2000). The difference between the

Bates et al. (1997) and Suh et al. (2000) figures arises because the calculations were

based on post-event costs and the total cost of hospitalization respectively.

• Drug-related morbidity and mortality have been estimated to cost more than US$136

billion a year in the USA and a major component of these costs is ADRs (Classen et al.,

1997).

• At the LDS hospital in Salt Lake City in 1992, it was found that those with ADRs
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stayed 8.19 days compared with matched controls staying 4.36 days and cost

US$10 584 compared with US$5350 – attributable difference 1.94 days and US$1939

– (Evans et al., 1994).

Spain

The cost of ADRs in a Spanish emergency ward was 42 732 ecus in 1 month (Ayani et al.,

1999).

Germany

• Over 14 months, there were 151 admissions to a university clinic in Germany. There

was one death. The length of stay for those who had an ADR on admission or during

their stay had a mean of 10.4 days versus 9.4 days at an additional cost of DM630 000

(Hippius et al., 1999).

• The total direct charges for severe ADRs leading to hospital admission in Germany

totalled US$656 million (GB£409 million/FR3785 million/DM1124 million) in 1965

(Schneeweiss et al., 1997).

• An estimate of the direct costs of hospital admissions due to ADRs in Germany is

DM1050 million per year (GB£374 million or US$619 million). Another figure is

DM1300 million per year (Göttler, 1998). The median length of stay for ADR

admissions was 8.7 days at a cost of DM465 per day (Göttler et al., 1997). For elderly

patients the direct cost of hospital admissions for Germany was US$815 million

(Göttler, 2000).

• The 2001 figure for Germany was A400 million ppp adjusted (Schneeweiss et al., 2002).

Switzerland

The cost per case for ADR admissions to an emergency department was A4121 � 39 or

US$6404 � 57 (Wasserfallen et al., 2001).

Canada

The mean direct cost of severe cutaneous or hypersensitivity reactions to anti-epileptic drugs

was CA$3128 (range CA$1149–21 293) (Schlienger et al., 1998).

Australia

For the Royal Melbourne Hospital the estimated annual cost for all drug-related admissions

was AU$3 496 956 and for unavoidable reactions AU$1 629 494 (Dartnell et al., 1996).
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UK

The cost of errors in drug prescribing plus ADRs cost the NHS as much as GB£1.1 billion

(US$1.5 billion or A1.8 billion) (Eaton, 2002).

Summary

The increased costs per ADR patient (2001 values in parentheses) are as follows.

Evans et al. (1994) US$1939 (US$2389/A2714/GB£1658); increased stay

1.94 days

Classen et al. (1997) US$2013/A1357 (US$5135.4/A5833.4/GB£3566.6); increased
stay 1.74 days

Bordet et al. (2001) US$3800/A4150/GB£2535, increased stay 4 days (2001)

Bates et al. (1997) US$2595/A2900 (US$2862.8/A3252/GB£1987.7); increased

stay 2.2 days

Suh et al. (2000) US$5483 (US$5557/A6312.7/GB£3859); increased stay

3.8 days

Hippius et al. (1999) DM4172, (GB£1502.95/A2460/$2165.5); increased stay 1 day

Lagnaoui et al. (2000) A2721 (US$2395/GB£1662); increased stay 1.8 days

Moore et al. (1995) FR17 488/GB£2186/A2610 (£2326/$2297.5), or FR500

(GB£74.50/A121.9) per patient; increased stay 6.8 days

Lapeyre-Mestre et al. (1997) FR30 037 (GB£4463.9/A7306.5/US$6429.8)

Detournay et al. (2000) FR16 000

Wasserfallen et al. (2001) A4121 � 39, US$6404 � 57, GB£2718 � 24 (2001)

Computerized ADR detection reduced the numbers of ADRs by 30 per cent and reduced

one US hospital’s costs by US$300 000 per year (US$330 960/GB£229 857/A375 970.5)
(James, 1997).

Conclusions

It is important that figures for drug-related costs are broken down into their various

constituents, since they may include drug under-dosage, suicides, untreated indications,

failure to receive drugs and drug use without indication. Bearing in mind all the variables

mentioned above, studies cannot be compared unless they have used the same definitions

and methods.
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Preventability of adverse drug reactions and adverse drug events

In France, 80 per cent were avoidable (Lagnaoui et al., 2000). At Toulouse University

hospital it was estimated that 65 per cent of ADRs were definitely unpreventable, 25 per

cent were potentially preventable and 9 per cent were definitely preventable (Olivier et al.,

2001).

A study of 2814 patients over 70 years of age found that 40.2 per cent of probable

ADRs/ADEs were considered preventable (Doucet et al., 2002).

In the USA, 28 per cent of ADRS were preventable (Bates et al., 1995); 60.5 per cent of

ADEs were preventable, and when appropriate steps were taken the ADE rate dropped by

more than 30 per cent (James, 1997).

Another survey gave a figure of 62.3 per cent of ADR-related hospital admissions as

being preventable (McDonnell et al., 2002).

In Australia, 5.5 per cent were definitely avoidable and 60 per cent possibly avoidable

(Dartnell et al., 1996).

In Italy, 1.4 per cent of the total admissions were due to avoidable ADEs, but 35.5 per

cent of admissions due to ADEs were potentially preventable (Raschetti et al., 1997).

In Germany, 28.5 per cent were considered to be preventable (Hippius et al., 1999).

Another figure is 30 per cent, which means DM400 million could be saved (Göttler,

1998). In elderly patients the estimate was 41.5 per cent, leading to a potential saving of

US$340 million (Göttler, 2000).

Conclusion

Again, there is a wide variation with several different factors, with causality and personal

opinion of the assessor among them. The figure varies from 28 to 80 per cent. King Edward

VII, when introduced to patients with TB as ‘a preventable disease’, said ‘if preventable

then why don’t you prevent them?’.

Risk–benefit ratio

This is a poor term, in that it should be either ‘the risk of harm/risk of benefit ratio’ or ‘harm

benefit ratio’ (Veatch, 1993); but the commonest term used is risk/benefit ratio (Ernst and

Resch, 1995, 1996). The use of the word ‘ratio’ implies the use of figures and exact

measurement. Better words would be analysis, assessment or evaluation.

Risk–benefit analysis

There are three methods that can be used:

• formal analysis

• comparative analysis

• comprehensive analysis (Rawlins, 1989).
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Formal analysis

A randomized well-controlled clinical trial of sufficient power will give an exact answer.

This can be expressed as the number of AEs caused for each case of disease successfully

treated or prevented. For example, the MRC trial of treatment of mild hypertension showed

that, for each cardiovascular event prevented, 33 men experienced ADRs (mostly impotence

and fatigue) and 20 stopped treatment (Anon., 1985; Robson, 1997).

Comparative analysis (so-called ‘bootstrapping’)

Drugs used for similar purposes are compared. Rawlins (1989) describes its limitations as:

• assumption of similar efficacy in the drugs compared

• it is insensitive to changing standards over time.

Judgement analysis

This is the intuitive integration of all known factors. Its equivalent in causality assessment is

clinical judgement or ‘global introspection’. The main problem with clinical judgement is

that it is not usually possible to say which factors have been included and which have not,

nor what weight has been given to each factor. It will depend on training, clinical

experience, subjective bias, degree of investigation of the literature, time available, etc. This

is an inadequate précis of Professor Rawlins’s chapter in Risk and consent to risk in

medicine (Rawlins, 1989). This is the commonest method used, but an attempt should be

made to explain the factors responsible for the decision.

Trade offs

These remaining methods have been outlined by Rawlins (1989) as follows.

Human capital This is an economic assessment where the financial costs of goods and

services diverted from other areas are set against the output costs by premature death or

retirement through ill health. It is not adequate for dealing with human parameters.

Willingness-to-pay Again, in financial terms (proportion of the patients income in

exchange for degrees of cure).

Standard gamble What risk of death would patients take for a complete cure (see p. •).

Other methods

Utility analysis This is not too dissimilar to the use of Bayes theorem for causality

assessment, in that the risks and benefits can be broken down into their constituents and the

alternative possibilities expressed numerically. The numerous probabilities can be calculated

(Lane et al., 1987). This method, like BARDI (Bayesian Adverse Reaction Diagnostic

Instrument), requires a lot of data and, therefore, would be too complicated to use except for

very important decisions.
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Merit analysis This uses a general ‘principle of threes structure’: seriousness, duration

and incidence of the disease; level of improvement produced by the drug; and adverse

effects of the drug; each is graded as high, medium or low (Edwards et al., 1996). This is

too crude a method to use for important decisions.

A quantitative method has been put forward using the ‘number needed to be treated to

prevent one additional event (NTT)’ and the ‘number needed to harm (NTH)’. To these is

added a term ‘minimum clinical efficacy’ (MCE) evaluating the benefits and risk of

available treatments (Holden et al., 2003).

The benefits: measurement of efficacy

The efficacy of a drug in the treatment of a disease needs to be considered compared with

three alternatives:

1. No treatment and, therefore, the natural progress of the disease.

2. Placebo, which is the same as the above plus a psychological effect and a non-specific

trial effect, which may produce objective benefits or costs.

3. The standard treatment for that disease. If there is more than one standard treatment,

then a comparison with each may be necessary.

If it is presumed that the healing rate for the standard therapy is greater than the natural

healing rate or that induced by placebo, and if we take as an example a healing rate of 60

per cent for the standard therapy, then the number of patients required in the trial can be

calculated. In order to be approximately 95 per cent certain of detecting a 5 per cent

difference between the standard therapy (60 per cent) and the new therapy (55 or 65 per

cent), 500 patients would be required (Bulpitt, 1983). If the results are accepted as an

adequate indication of the drug’s efficacy, then would this number of patients give an

adequate indication of the safety of the drug? It should be able to establish the incidence of

very common side effects, but what chance would one have of detecting a more rare serious

side effect? There would be a 95 per cent chance of finding a side effect with a true

incidence of 1 per cent if the background rate of the AE is 1 in 1000.

The risk

Perception of risk

Humans are not necessarily logical creatures when it comes to balancing risks and benefits:

‘a bird in the hand is worth two in the bush’, a benefit or gratification of a desire now is

worth more than the distant probability of retribution or payment. How else can we explain

the number of youngsters taking up smoking or other addictive drugs? Many human

decisions are made emotionally and justified intellectually. Professor Lee has tabled the

factors that distinguish between objective risk and perceived risk (Lee, 1987):
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1. Voluntary risks – involuntary risks.

The 3000 embryopathies per year due to alcohol abuse in pregnancy compared with the

thalidomide disaster.

2. Familiar – unknown.

AIDS deaths have a lot of publicity, but tobacco-related cardiovascular deaths are rarely

publicized.

3. Immediate – delayed effect.

The explosion of the TWA, flight 800, Boeing 747 on the 17th July 1996 killed 230

people and produced a world wide reaction, whereas nearly five times that number die

in the USA each day (1096 in 1990) due to tobacco (Longo et al., 1996). That is about

20 per cent of the total deaths in the USA. In China, the Ministry of Health estimates

that smoking may be responsible for killing 50 million children and youths currently

alive in the country (Goldsmith, 1996).

4. Threat to self – threat to society.

The unexpected death of a contemporary reminds one of one’s own mortality, whereas

the 12.2 million children under 5 years of age dying due to famine in the world

produces little reaction (Kevany, 1996).

5. Catastrophic – chronic.

The Chernobyl nuclear explosion caused far more alarm than the world total of 500

deaths due to mining per year (Heilman, 1988). There are 42 000 fatalities due to road

traffic accidents each year in the EU. The circumstances of the catastrophe make a great

deal of difference. The aftermath of the 11th September 2001 destruction of the twin

towers in New York with the death of 2830 people will echo around the world for a long

time to come. The New Internationalist (No. 340, November 2001) estimated that

worldwide 24 000 people also died of hunger on 11th September; 6020 children were

also killed by diarrhoea and 2700 children died of measles. On 1st July 1916, some

20 000 British soldiers died on the first day of the battle of the Somme. The deaths of

approximately 7000 East German refugees on the German ship ‘Wilhelm Gustloff’ sunk

by Russian torpedoes in the icy Baltic Sea on 31 January 1945 scarcely caused a ripple

against the background of war. The media constantly distort our idea of risk by their

repetitious portrayal of the dramatic and the emotional events of life.

6. Fates worse than death – clean sharp death.

Different viewpoints of risk

Patients will have a different view from their physician, and both of them will differ from

those with a broader perspective, i.e. the regulatory authorities and the pharmaceutical

industry.

The patient The sources of information will include the patients’ information leaflet, the

prescribing physician, the pharmacist, the media and the patient’s friends. None of these is

satisfactory from the point of view of making a valid cost/benefit judgement. The patient’s
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judgement will also depend on their knowledge of alternative treatments and their cost/

benefit ratio for their particular circumstances. There are major differences in the perception

of risk of ADRs between health professionals and non-health professionals, i.e. the general

population (Bongard et al., 2002).

The patient information leaflet, although mentioning possible ADRs, may give no guide

as to the severity or frequency, nor was it the intention that the patient would be able to

make a cost/benefit judgement from it. The prime reason was to improve patient under-

standing of the use of their medicines. In the UK, only 30 per cent of patients read all of the

leaflet, 8–12 per cent never read any of it, 40 per cent said that too little information was

provided, and 20 per cent would like to see more information on the likelihood of the listed

side effects (NAO, 2003). The patient will rarely have the knowledge and background to be

able to make an adequate assessment of the cost/benefit ratio. However, that does not mean

that they will not attempt to make that judgement on whatever information is available.

Their assessment may be expressed in non-compliance, e.g. 14.5 per cent of patients failed

to have their prescription dispensed in a UK general practice (Beardon et al., 1993).

However, when verbal and written information about side effects of antidepressant medica-

tion was given it did not reduce compliance or increase the reporting of side effects by the

patients treated with the drug (Myers et al., 1987).

When patients with rheumatoid arthritis (RA) were asked what risk they were prepared to

take for a cure of their disease they said that they would accept a 27 per cent risk of death

for a guaranteed cure (Thompson, 1986). Another paper mentions that patients would accept

a median risk of death of no more than 1 in 10 000 000 for a 90 per cent probability of a

complete cure. Their physicians would accept a risk of 1 in 10 000. The risk of death for

NSAIDs is between 1 in 260 and 1 in 360 over a course of a patient’s treatment for RA

(Pullar et al., 1990). It seems that the answer depends on how you word the question.

‘Well tolerated’

This term is used frequently to describe the response to a drug.

The Concise Oxford dictionary defines ‘tolerate’ as:

1. Allow the existence or occurrence of without authoritative intervention.

2. Leave unmolested.

3. Endure or permit, especially with forbearance.

4. Sustain or endure (suffering etc).

5. Be capable of continued subjection to (a drug, radiation, etc) without harm.

6. Find or treat as endurable.

From the Latin ‘tolerare’ to endure.

The ‘well’ implies ‘in a satisfactory or right way’,

The passive form ‘well tolerated’ indicates that it is the recipient of a drug who is doing

the tolerating but without quantifying or qualifying what it is they are tolerating. There is

the presumption that what they are tolerating is caused by the drug and that it is not pleasant.

If a patient does not tolerate a drug there are several courses open:
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1. Reduce the dose.

2. Stop the drug.

3. Add or remove some other causal factor or add a drug that mitigates the problem.

4. Complain to the prescriber who, having decided on the balance of probabilities that the

event was caused by the drug, may indicate that the benefit-risk balance is favourable

and, therefore, that the patient should continue with the drug despite its adverse effect.

Analysis of the study data should reveal the number of adverse events due to the drug that

have been tolerated using these criteria. The word ‘well’ could apply to single patients and,

if so, would be impossible to define: in that the patient; who was very reluctant to tolerate

the drug, but did so by persuasion; could be said to have tolerated the drug badly, but still

tolerated it. On the other hand the ‘well’ could apply to the population taking the drug and

therefore would need to be quantified with a percentage or proportion. The next question is

what should be the threshold for ‘well’? Should the threshold be the same for a life-saving

drug for a life-threatening disease as for a sleeping tablet? The answer might be to abandon

the ‘well’ and give the percentage of patients who tolerated the adverse effects of the drug.

At the moment it is a meaningless phrase that implies lack of adverse effects without any

duty to demonstrate it.

The prescribing physician The prescribing physician will not discuss with the patient all

the elements necessary to make a judgement; they simply do not have the time and they very

rarely have enough information. There is a presumption that the physician knows all the

relevant factors and has weighed up the probability of ADRs and the probability of benefit

before prescribing a drug for that particular patient. However, there is evidence that doctors

are not necessarily any better at judging probabilities than are their patients (Kee, 1996;

Ashworth, 1997). The UK NHS physician will usually have available MIMS, ABPI

Medicines compendium, British National Formulary and Current Problems. Other countries

will have their equivalent texts. There are other specific journals that are not supplied free of

charge as are the above. One example is Préscrire International, which deals specifically

with cost/benefit ratios of new drugs.

The benefit half of the equation consists of the chance that the patient in question will be

cured or relieved by the drug. This would involve extrapolating from all the clinical trial

patients to the individual patient or, more likely, extrapolating from the drug company

representative’s spiel to the individual patient. The cost half of the equation can be assessed

from the drug’s ADR profile (see p. •), but comparative data on drugs of the same class are

rarely available. Unfortunately, the necessary information is not available to the average

prescriber and the Summary of Product Characteristics (SPC) is totally inadequate for this

purpose. In a study of the factors that influence GPs’ decisions on whether or not to

prescribe, 51 per cent mentioned side effects as a source of concern (Bradley, 1992). Almost

half of the prescribing changes (48.6 per cent) initiated by a random sample of 340

physicians in 15 American and Canadian metropolitan areas were as a result of information

supplied by pharmaceutical manufacturers (Putnam, 1990).

The regulatory authority They have a continuous responsibility to the public to monitor

the risk/benefit ratio throughout the life of a product. They have the ability and authority to
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obtain any relevant data. Many regulatory authorities are under-staffed and, therefore, are

unable to fulfil their mandate.

Before allowing marketing of a new drug, consumers can expect regulatory authorities to

use six types of assessment of the supporting data submitted by the manufacturers in

balancing risk and benefit:

• Regulatory authorities should establish that the product is of satisfactory quality and

that this will be maintained during post-marketing manufacture.

• Regulatory authorities should ensure that the product is efficacious in all the clinical

indications that the manufacturer wishes to promote. With a combination product each

ingredient should contribute to its overall therapeutic activity and they should be

pharmaceutically and pharmacokinetically compatible.

• Regulatory authorities will expect the animal and clinical studies to have rigorously

explored the likely toxicological hazards to man during therapeutic use. Regulatory

authorities, prescribers and consumers should be aware, however, that at the time a new

drug is marketed only rough estimates of risk can be made because of the relatively

short duration of treatment and limited numbers of patients involved in clinical trials.

• Consumers expect the regulatory authorities to carry out an objective and impartial risk/

benefit assessment from the evidence of safety and efficacy. With non-narcotic

analgesics, used in symptomatic relief of pain, formal analysis is impossible and

regulators must use their professional judgement in making their assessment. The

subjective nature of this form of risk/benefit evaluation, however, makes it inevitable

that no decision will go unchallenged.

• Regulatory authorities should ensure that prescribers are provided with sufficient

objective, unbiased information to enable them to exercise proper professional judge-

ment on when and how to use the product. Prescribers will also wish to know how the

product compares with others in the same therapeutic class; such information is not

usually provided, either by the regulatory authorities or by the manufacturers, and may

more appropriately be the responsibility of professional organizations (e.g. National

Drug or Formulary Committees) or consumer groups (e.g. Drug and Therapeutics

Bulletin).

• Regulators should also have sufficient legal and executive powers to ensure that they

can enforce actions against a manufacturer who makes exaggerated claims of efficacy

or safety for their product (Rawlins, 1986).

Before treating a patient, a doctor must balance the expected benefits of a drug against its

potential risks, i.e. evaluate the risk/benefit ratio. The situation is similar for the licensing

authority, in that their decision as to whether to allow a drug to be marketed must depend on

the risk/benefit ratio for the whole population at risk.

The CSM, in their assessment, consider the following issues:

• Quality
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• Efficacy

a) new evidence for lack of efficacy

b) uniqueness of therapeutic properties

c) uniqueness of efficacy in small sub-groups

• Safety

a) spontaneous reports

b) cohort studies

c) case-control studies

d) animal carcinogenicity.

But the CSM do not consider:

• Impact on company or competitors

• Unknown/unsuspected benefits

• Decisions by other regulatory authorities

• Misuse – potential or actual

• Pressure – parliamentary, media or from pressure groups (Rawlins, 1985).

The question then arises as towhether the regulator should consider the alternative therapies.

‘Before regulatory action is taken, the risk associated with available alternative therapies

should ideally be evaluated and compared with the risk at issue. Moreover, the benefits of the

actual and alternative therapies should be evaluated and weighed in the final evaluation of the

situation’ (Wiholm, 1991). ‘Furthermore the substances being evaluated must be compared

with the alternatives’ (benefit/benefit and risk/risk evaluation) (Bass, 1987). Is this synonymous

with ‘uniqueness of therapeutic properties’? Presuming that alternative therapy is considered in

the final analysis, does a new drug have to be as good as or better than current alternatives?

Direct comparative studies, of sufficient size, with the main competitors are unlikely to have

been performed before a drug is approved. Like the prescribing physician, a regulatory

authoritymustmake their decision on inadequate evidence.

The pharmaceutical company ‘Scientists who work for the pharmaceutical industry get

steeped in corporate culture and slip into biases in favour of their own drugs’ (Jasanoff,

1993). In the same way that mothers think that their baby is the most beautiful, so the people

in clinical research tend to consider that the drug that they are working on is more unique

than it is. This is a good reason for separating drug safety from efficacy clinical research,

but it tends to pervade the whole of the staff at all levels.

Although all the relevant information will be, or should be, available to the research

company it will rarely have been analysed or assembled into a readable package for the

marketing company to pass onto enquiring prescribers.

It should be the pharmaceutical industry’s aim to provide the information necessary such

that these decisions can be made, i.e. undertake the first five assessments mentioned above.

42 INTRODUCTION



Calculation of the risk

With a sample size of 5000 patients there is a greater than 99 per cent certainty of finding

one case of an ADR with a true incidence rate of 1 in 1000. If more than one case is required

on which to base a decision as to whether this drug was safe to market, then the chances of

finding them diminish rapidly, there being only a 73 per cent chance of finding four such

cases in the sample of 5000 patients. However, the proviso mentioned earlier, that the AE is

identified as being due to the drug, is important. If the ADR cannot be clearly differentiated

from naturally occurring disease, then the problem is formidable. For instance, consider a

drug that produces a 10 per cent increase in disease symptoms with a natural incidence of 1

in 1000. Now, to be 95 per cent certain of detecting this we would require some 1 100 000

patients, and for doubling in the incidence of the disease symptoms we would need

approximately 16 000 patients. Hence, for a given number of patients there will be far more

certainty about a drug’s efficacy than its safety.

The reason for this situation is that a standard treatment nearly always means that it is

efficacious in 10 per cent or more of the population ( p1 ¼ 0.1) and may even be effective in

50 per cent of the population ( p1 ¼ 0.5). With a new treatment, an increase from 10 to 11

per cent ( p2 ¼ 0.11) or a doubling to 20 per cent ( p2 ¼ 0.2) in the first instance and from 50

to 55 per cent ( p2 ¼ 0.55) and doubling to 100 per cent healing ( p2 ¼ 1.00) in the second

instance are relatively large figures compared with the figure for ADR that would be of

interest, e.g. a background death rate of approximately 1 in 10 000 ( p1 ¼ 0.0001) doubling

due to treatment to 2 in 10 000 ( p2 ¼ 0.002); see Table 1.1 (Lewis, 1981). To show an

increase from 50 per cent efficacy to 55 per cent efficacy would need a total of 3280 patients

in the study, whereas if it was necessary to detect a doubling of the rate of 1 in 10 000 of an

ADR the figure required would be 474 000 patients. To identify a rarity like the aplastic

Table 1.1 Number of observations needed in each group

(populations p1 and p2) to detect given change in proportion

(power 80%, significance level 5%). Reprinted from Trends in

Pharmacological Science, 2, Lewis JA, Post-marketing sur-

veillance: how many patients?, pp. 93–94, copyright (1981),

with permission from Elsevier Science

p1 p2 N

0.5 0.55 1640

1.00 20

0.4 0.44 2490

0.80 30

0.3 0.33 3890

0.60 50

0.1 0.11 15 130

0.20 240

0.01 0.011 168 000

0.020 2700

0.001 0.0011 1 684 000

0.0020 23 000

0.0001 0.00011 11 860 000

0.0002 237 000
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anaemia caused by chloramphenicol, 1 500 000 observations would be needed (Melmon and

Nierenberg, 1981). At the other end of the spectrum, if a comparison of a new hypertensive

drug with a placebo was planned and an 80 per cent certainty of finding a difference of

20 mmHg in blood pressure (significance level 5 per cent) was required, then only 16

patients would be needed (see Table 1.2). It will be obvious that absolute safety is

unobtainable, even in the relatively short term. The problem of the changing risk–benefit

ratio in the longer term is even more difficult: practolol introduced a medium-term ADR

problem with a mean time to onset of eye signs of 23 months (Wright, 1974), and the delay

between the use of diethylstilboestrol and the appearance of vaginal adenocarcinoma in the

daughters of its recipients was at least 21 years (Herbst et al., 1971) and is representative of

the long-term problem. The problem of long-term evaluation of the risk/benefit ratio has

been illustrated by clofibrate, where ultimately the risk exceeded the benefits but the reasons

were unknown (Committee of Principal Investigators, 1978, 1980). It is essential that

maximum advantage be taken of clinical trials to establish the side-effect burden of a drug;

great effort must also be made to collect side effects presenting after marketing, and these

must then be correctly assessed.

The changing risks with new drugs

There is no way of establishing the complete safety of a new drug before it comes into

widespread use. As the number of patients increases, so the risks can be defined with greater

accuracy. This will continue until the drug is marketed, after which there is no longer a 100

per cent reporting on the fate of each patient treated. The decision as to how many patients

should be treated before allowing a drug onto the market will depend on several factors. A

relatively small number may be required for a new drug for a rare fatal disease for which

there is no treatment; however, several thousands may be required for a drug that needs to be

taken on a long-term basis for a common chronic disease, or for an antibiotic for an

infection that is rarely fatal and for which there are already acceptable treatments. For the

UK, for the years 1987–89, the median number in licence applications was 1528 patients,

with 95 per cent CI of 1194–1748 and a range from 43 to 15 962 (Rawlins and Jefferys,

1993).

The regulatory authority will be influenced by the government, who in turn will be

influenced by the general opinion within parliament, which should reflect public opinion.

Table 1.2 Number of observations needed in each group to

detect a given difference in the group means in a parallel group

trial (power 80%, significance level 5%, SD � 14). Reprinted

from Trends in Pharmacological Science, 2, Lewis JA, Post-

marketing surveillance: how many patients?, pp. 93–94, copy-

right (1981), with permission from Elsevier Science

Difference in means Number of observations

2 700

5 120

10 30

15 15

20 8
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There have been several occasions when the reaction to the publication of an ADR has

resulted in the unjustified condemnation of a medication.

Drug withdrawals

There have been four major surveys of drugs withdrawn from the market:

• Bakke et al. (1984) covered 24 drugs from the USA and UK over the period 1964 to

1983.

• The second covered 126 drugs from the UK, Germany and France over a 30 year period

(Spriet-Pourra and Auriche, 1988, 1994).

• The third covered 29 drugs from the USA, UK and Spain from 1974 to 1993 (Bakke et

al., 1995). See Appendix 1 for further details.

• The fourth covered 121 drugs from around the world from 1960 to 1999 (Fung et al.,

2001).

The median period of market life for 97 products was 8 years, with 25 drugs equal to or less

than 2 years, 23 more than 2 years but less than 8 years and 49 more than 8 years. Most of

the reactions were of type B, involving hepatic (26.6 per cent), haematological (10.5 per

cent), cardiovascular (8.7 per cent), dermatological (6.3 per cent) and carcinogenic reactions

(6.3 per cent) (Fung et al., 2001). The commonest drugs were NSAIDS (13.2 per cent),

which accounted for double the number of withdrawals compared with antibiotics/anti-

infectives, analgesics/antipyretics, and antidepressants (Spriet-Pourra and Auriche, 1994).

The results of these surveys have formed the basis of the table in Appendix 1. The decision

to take a drug off the market for safety reasons is frequently very difficult, with different

countries taking different decisions at different times. Both the manufacturers and the

regulatory bodies collect data on suspected ADRs, but with varying success.

It would be naı̈ve to believe that the sole consideration for drug withdrawal was for the

patients’ welfare. There are several other factors that probably play a part. A drug may be

withdrawn for safety reasons or commercial reasons:

• By the pharmaceutical company.

(a) Purely because of concern for patients.

(b) Because the benefit/risk to the company is no longer favourable. A company may

choose to withdraw a drug ostensibly for commercial reasons, but also because of

the fear that admitting a safety reason might make them liable to legal action.

(c) Because they have been leant on by the regulatory authority to withdraw the drug

‘voluntarily’.

• By the regulatory authority.
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(a) ‘Drug withdrawals do not reflect a judgement concerning the absolute safety of a

drug but reflect a judgement about the risks and rewards of a drug in the context of

alternative treatments’ (Heinrich, 2001). ‘Drug withdrawals may occur because the

drugs are used incorrectly by health professionals and patients not because the

drugs are inherently dangerous’ (Heinrich, 2001).

(b) After a series of warnings of adverse effects: restrictions on dose, dosage forms,

indications, incipients or prescription (from over-the-counter (OTC) to prescription

or change of schedule), monitoring of liver function tests (LFTs) or white blood

cells (WBC), ‘black box’ warnings, Dear Physician (Health Professional) letters.

These are frequently ignored by prescribers. Dear Healthcare Professional letters

and a press release for Cisapride had very little effect (Smalley, 2001); prescribing

Cisapride with an interacting medicine only fell from 11.9 to 10.7 per cent (NAO,

2003); withdrawal then becomes the only solution.

(c) When a new drug with presumed absence of a particular problem is marketed; e.g.

COX 2 inhibitors, where there was a presumption of few GI problems. The term

‘withdrawal’ is difficult to define in this context, and the list in Appendix 1 includes

drugs where an indication or formulation has been removed and where a drug has

been suspended or withdrawn and then subsequently reintroduced. The four surveys

mentioned have analyses of the results. The amazing diversity of opinions as to

withdrawal suggests that there are local differences of occurrence, attitude and

usage; but some are incomprehensible.

False alarms

Oxygen and retrolental fibroplasia

The discovery in 1953 that 100 per cent oxygen, when given to neonates, could cause

retrolental fibroplasia produced a change in practice that caused a large number of neonatal

deaths from hypoxia. Cross, 1973; Bolton and Cross, 1974) suggested that there were about

200 000 deaths in England and Wales and over 180 000 deaths in the USA over the

subsequent two decades. These numbers were 16 times larger than the estimated number of

babies who would have been blinded by a more liberal oxygen policy.

Pertussis vaccine and encephalopathy

The reports of neurological illness following the use of pertussis vaccine resulted in the

immunization figures for the UK dropping from 80 per cent of neonates to 31 per cent

(Miller et al., 1981), and produced the largest epidemic of pertussis for 20 years (Meade,

1981); 3.5 per cent of children in the encephalopathy study had had triple vaccine within

7 days, compared with 1.7 per cent of controls. The relative risk was 2.4; if the child had

previously been neurologically normal then the relative risk was 3.3, but there was no

significant risk if the child had diphtheria and tetanus vaccine alone. The risk of serious

impairment within 7 days was 1 in 110 000 and the risk of permanent impairment was 1 in

310 000 (Anon., 1981a).
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Teratogenicity of Debendox (Bendectin)

There remain some controversies concerning ADRs where publicity has not helped to

resolve the problem. Although on three occasions the CSM has carefully examined all the

available data on the issue of whether Debendox for the treatment of morning sickness in

pregnancy has produced an increased incidence of congenital abnormalities in the offspring

of mothers treated with the drug, they found no evidence that there was an increased risk of

foetal damage with the use of this agent (Fleming et al., 1981; Orme, 1985). The adverse

publicity produced such a large fall in sales that it was no longer viable commercially and it

was withdrawn from the market. It was the first drug victim of trial by the media (Austrian,

1996). It has subsequently reappeared in Canada and Spain (Einarson et al., 1996).

Cancer in children following vitamin K administration

A case-control study in 1992 reported an increase in cancer and leukaemia in children given

intramuscular vitamin K for prevention of haemorrhagic disease of the newborn (Golding

et al., 1990, 1992). The British Paediatric Association then recommended oral vitamin K,

but in 1993 there were five reports of late haemorrhagic disease in infants receiving the oral

form. Two later studies could find no association between intramuscular vitamin K and

cancer (Klebanoff et al., 1993; Von Kries et al., 1996) or leukaemia (Ansell et al., 1996). It

was suggested that there were design flaws in the Golding et al. study (Zipursky, 1996). A

further four studies have confirmed that there is no link between vitamin K and solid

tumours, but a small risk of leukaemia cannot be ruled out (Von Kries, 1998).

Cancer and depression caused by reserpine

These findings originated from a study by the BCDSP (Cohen, 1974; Jick, 1984); later, there

was contrary evidence (Fraser, 1996).

Mumps, measles and rubella vaccination and autism, 1998–2003

In a study of 12 children with bowel abnormalities and serious developmental regression,

nine were found to have autism; eight of these nine children developed the disease after

receiving MMR vaccine and it was hypothesized that there was a causal relationship

(Wakefield et al., 1998). This causal relationship was subsequently denied (Nicholls et al.,

1998; Kaye et al., 2001; Dales et al., 2001; Farrington et al., 2001). This is a case where

emotionalism fanned by the media has overwhelmed logic.

Expression of risk

There are various methods for expressing risks. They may be in absolute terms or relative

terms; (Table 1.3).

Relative risk is the probability of an event in the active group divided by the probability

of the event in the control group. i.e. (Incidence among exposed)/(Incidence among not

exposed). It is good for establishing associations (Kaufman and Shapiro, 2000). This ‘has

been shown to give a more favourable impression of the effectiveness of a drug than

absolute risk estimates’ (Bucher et al., 1994). Consider the Bristol–Myers–Squibb adver-
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tisement: ‘People with high cholesterol can rapidly reduce their risk of having a first-time

heart attack by 31% and their risk of death by 22% by taking a widely prescribed drug called

pravastatin’ (Skolbekken, 1998).

Absolute risk is the (Incidence among exposed) � (incidence among non-exposed). It is

the best measure of the importance of associations (Kaufman and Shapiro, 2000). The

Bristol–Myers–Squibb advertisement can be expressed in absolute risk terms: ‘People with

high cholesterol can rapidly reduce their (absolute) risk of having a first-time heart attack by

1.9% and their (absolute) risk of death by 0.9% by taking a widely prescribed drug called

pravastatin’ (Skolbekken, 1998).

Study results should give both relative and absolute risks, since exclusive emphasis on the

reduction in relative risk may overstate the effectiveness of a treatment (Bucher et al., 1994).

It is likely that the furore over the original announcement concerning the dangers of the third

generation of oral contraceptive was due to the undue emphasis, by the media, on the

relative risk and the lack of emphasis on the absolute risk (Mills and Edwards, 1999).

The number of patients that need to be treated for one additional patient to be harmed

(Bjerre and LeLorier, 1997, 2000) is as follows:

NNTH ¼ 1

(Odds ratio� 1 )3 Unexposed event rate

Language

The 1992 US National Adult Literacy Survey showed that 21 per cent of Americans could

not read the front page of a newspaper and 48 per cent could not decipher messages with

words or numbers, such as a bus schedule (Schwartzberg, 2001). The problem is that

individuals have great difficulty comprehending extremely low-probability events, such as

differentiating a risk of 10�7 from 10�5, a risk 100 times as large (Zeckhauser and Viscusi,

1990). There is a tendency to overestimate rare causes of death and underestimate common

causes (Lichenstein, 1978).

When asked to choose between two treatments, A and B, a group consisting of patients,

students and physicians were told that with treatment A the 1-year survival rate was 90 per

cent, whereas for treatment B there was a 10 per cent mortality rate; otherwise, the drugs

were the same. Most respondents showed a preference for treatment A (McNeil et al.,

1982). When failure rates were displayed there was double the frequency (93 per cent versus

Table 1.3 Comparison of absolute and relative risk. From Skolbeldeen (1998), British Medical

Journal. Reproduced with permission of BMJ Publishing Group

Treatment Group Placebo Group Relative risk Absolute risk

Reduction Reduction

Survivals Mortalities Survivals Mortalities (%) (%)

9000 1000 8000 2000 50 10

9900 100 9800 200 50 1

9990 10 9980 20 50 0.1

9999 1 9998 2 50 0.01
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47 per cent) of correct decisions compared with when response rates were displayed (Elting

et al., 1999). It would appear that we like to hear the ‘good’ news but not the ‘bad’.

Unfortunately, the interpretation of verbal terms for risk varies. The CIOMS Working Group

III (1995) proposed a scale that has been accepted for the European Commission Pharma-

ceutical Committee guidelines and is used below. This scale was tested on students, patients

and doctors (not using identical protocols; see Table 1.4).

So, people significantly overestimate the likelihood of adverse effects given specific verbal

describers. Doctors do the same, but not to such a large extent. If patients or doctors

misperceive the risk then their decision to prescribe or take the drug may be affected (Berry

et al., 2002, 2003).

This does not encourage compliance. In reply to four specific questions: 76.2 per cent of

patients said that they wanted to know all possible adverse effects; 13.3 per cent only if an

adverse effect occurred 1 in 100 000 times; 10.2 per cent only if such an occurrence was 1 in

100 times; and 0.4 per cent were not interested in any information (Ziegler et al., 2001). The

phrases commonly used to express risk are: possible, probable, etc.; low, high, negligible,

etc., common, uncommon.

Physicians

The terms used by physicians and their equivalent numerical risk vary with different authors.

Two groups of physicians (one American and the other Canadian) gave their estimates of

probability; see Table 1.5.

Table 1.4 Interpretation of verbal risk terms by various groups; after Berry et al. (2003)

Student estimate (N ¼ 268) CIOMS (EC) definition General population Doctors

Verbal term (N ¼ 360)

Very common 65% (SD 24.2) .10% 46 (%)

Common 45% (SD 22.3) .1% but ,10% 50% (SD 24.4)

Uncommon18% (SD 13.3) .0.1% but ,1%

Rare 8% (SD 7.5) .0.01% but ,0.1% 21% (SD 17.7). 2%

Very rare 4% (SD 6.7) ,0.01%

Table 1.5 Estimates of probability by US (Kong et al., 1986) and Canadian (Bryant and Norman,

1980) hospital staff

American Hospital Staff

(Kong et al. 1986)

Canadian Hospital Staff

(Bryant and Norman 1980)

Almost certain 82% Interquartile range 12

Probable 65% Interquartile range 21 Probable 81% SD 68–94, range 36–97

Possible 27% Interquartile range 23 Possible 48% SD 27–68 range 3–85

Unlikely 14% Interquartile range 11 Unlikely 25% SD 5–47 range 2–97
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The pharmacovigilance team from Bordeaux inquired of 300 French GPs and found that

‘frequent’ corresponded to a frequency of 1 in 10, ‘rare’ to 1 in 200 and ‘very rare’ to 1 in

3300; however, only 19 per cent of the doctors replied, so that these figures may not

represent true opinion (Péré et al., 1984).

A Canadian paper (Toogood, 1980) has reported on the use of everyday adjectives to

describe medical events:

‘Rarely’ ranges (95 per cent confidence limits) 0–17 per cent, mean 5 per cent.

‘Occasionally’ (95 per cent confidence limits) 0–43 per cent, mean 21 per cent.

‘Often’ (95 per cent confidence limits) 27–91 per cent, mean 59 per cent.

Two American authors (Roberts and Gupta, 1987) did their own survey comparing the

undertanding of terminology by house staff (Juniors) and full-time attending physicians

(Seniors):

‘Frequently’ – the house staff had a mean of 72.4 per cent and a range of 35–90 per

cent; the physicians had a mean of 65.7 per cent and a range of 40–90 per cent.

‘Often’ – the house staff had a mean of 71 per cent and a range 61–85 per cent; the

physicians had a mean of 59 per cent and a range of 30–80 per cent.

‘Occasionally’ – the house staff had a mean of 21 per cent and a range of 5–40 per

cent; the physicians had a mean of 17 per cent and a range of 5–30 per cent.

‘Rarely’ – the house staff had a mean of 5.2 per cent and a range of 3–15 per cent; the

physicians had a mean of 8.7 per cent and a range of 1–30 per cent.

Two French clinical pharmacologists have attempted the same exercise (Marion and

Simon, 1984), with the following results:

‘Rarement’ range 2.3–6.1 per cent (95 per cent confidence limits).

‘Souvent’ 37.5–56.9 per cent (95 per cent confidence limits).

The German regulatory authority (Bundesgesundheitsamtes), in their 1986 guidelines

(Enstellung, 1986) on how to express established or estimated incidences of AEs, gave:

Incidence over 10 per cent – may occur frequently.

Incidence between 1 and 10 per cent – has been observed occasionally.

Incidence below 1 per cent – may occur rarely.

The Swiss classification is:
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frequent, .5 per cent

occasional, 5–10 per cent

rare, ,0.1 per cent.

In Sweden, the classification for entry into the Swedish pharmaceutical drug handbook

(FASS) is:

frequent, .1 per cent

less frequent, 0.1–1 per cent

rare, ,0.1 per cent.

In Japan they use the Japanese Pharmaceutical Reference (second edition), 1991–1992:

Rarely, ,0.1 per cent

Infrequently, 0.1 to < 5 per cent

Greater than 5%, ‘no specific designation’.

CIOMS definitions 1995 (Table 1.6), adopted by the European Commission (Notice to

Applicants, volume 2C: A Guideline on Summary of Product Characteristics, December

1999). This system did not base its selection of verbal descriptors on systematic empirical

evidence (Berry et al., 2003).

In 1996, the Chief Medical Officer at the UK Department of Health, when discussing risk,

suggested the following terminology:

Negligible less than one AE per million (cf. death due to being struck by lightning or

death due to release of radiation by nuclear power)

Table 1.6 CIOMS and EEC verbal definitions of probability

CIOMS EEC

Verbal description Quantification Verbal description Quantification

Very common (optional

category)

.10% Very common .1/10

Common (frequent) .1% but ,10% Common .1/100 but ,1/10

Uncommon (infrequent) .0.1% but ,1% Uncommon .1/1000 but ,1/100

Rare .0.01% but ,0.1% Rare .1/10 000 but ,1/1000

Very rare (optional

category)

,0.01% Very rare ,1/10 000
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Minimal one in a million to 1/100 000 (cf. death due to a railway accident or

vaccination-associated polio)

Very low 1/100 000 to 1/10 000 (cf. death at football, at home or at work or death due

to homicide or leukaemia)

Low 1/10 000 to 1/1000 (cf. death from ‘flu or road traffic accident or all kinds of

violence and poisoning)

Moderate 1/1000 to 1/100 (cf. death from smoking 10 cigarettes daily or from all

natural causes at the age of 40 years)

High .1/100 (cf. transmission of measles/varicella or risk of GI effects of anti-

biotics; (Calman, 1996).

Numerical

When told of death rates of 1286 out of 10 000 some Japanese rated these as more risky than

rates of 24.14 out of 100 (Yamagishi, 1997). The interpretation of numerical information is

problematic (Edwards et al., 2002).

Most authors use a scale of frequencies: 1 in 1000, etc. This is the basic method; but even

when given quantitative data people interpret it differently. A value of 2 per cent was

perceived by a sample of the general population as a risk of 9.5 per cent (SD 14.2 per cent)

and a value of 0.02 per cent as a 7 per cent risk (SD 15.4 per cent) (Berry et al., 2002). The

numerical measures adopted include the following:

1. Scale of frequencies: 1 in 10, 1 in 100, 1 in 1000, etc.

2. Percentages. Best used for risks between 1/100 and 100/100.

3. Number needed to harm one (NNTH). The statistical or epidemiological expressions of

frequency, e.g. odds ratio (OR), are not easily understood by the average physician or

layman. It has been suggested that NNTH should be used instead: NNTH

þ 1=[(OR � 1) 3 referent event rate] (Bjerre and LeLorier, 1997).

4. Logarithmic scale: 0 ¼ 1 in 10 000 000 000; 10 ¼ 1 in 1, etc.

5. Distance analogue scale: 1 m ¼ 1 in 1; 100 km ¼ 1 in 100 000; etc. (Calman and

Royston, 1997).

6. Community risk scale: individual ¼ 1 in 1; family ¼ 1 in 10; street ¼ 1 in 100; village

¼ 1 in 1000, etc. (Calman and Royston, 1997).

7. Safety degree units (the number of noughts in the unicohort size, i.e. 5 ¼ in 100 000

(Urquhart and Heilmann, 1983). Logically sound, but has not become popular.
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8. Relative risk, absolute risk or odds ratio with 95 per cent confidence limits or excessive

risk.

9. p values.

10. Number of ADRs per event prevented. Used by the MRC for a hypertension trial

(Anon., 1985; Robson, 1997).

11. Lottery-based score (Barclay et al., 1998; Berry et al., 2003).

Graphical

Tables, histograms (bar graphs), graphs, survival curves, pie charts and icons (Edwards

et al., 2002). There is some evidence that icons are more likely to produce correct decisions

than bar graphs, tables or pie charts, but they are disliked by physicians (Elting et al., 1999).

Conclusion

The fact that patients and physicians have different perceptions of risk terms to the

‘experts’ means that patients are making decisions on ‘incorrect’ information and that

further work is needed to find appropriate risk terms.

The risks we are prepared to take

It is very difficult to find out what risks the general public would be prepared to run for an

effective drug, but one can study the risks they are prepared to take in everyday life and with

certain common social drugs (see Table 1.7). The actions that various risks have provoked

will give an idea as to whether the public considers them acceptable or not.

1. Fatal accidents presenting risks of 1:1000/person/year are infrequent. That immediate

action is taken to reduce such hazards suggests that this level of risk is socially

unacceptable.

2. At lethal accident levels of 1 in 10 000/person/year public money is spent to control

their causes.

3. Mortality risks of 1:100 000/person/year are still considered candidates for some action

but Knox (1975) argues that if the probability from a procedure is less than 1 in 100 000

the public concern ceases and it can be regarded as ‘safe’ and, therefore, acceptable.

4. Fatal accidents with a probability of 1:1 000 000/person/year are not of concern to most

people. Just to put this figure into context, the incidence of fatal ADRs to prescription-

only drugs is just less than one per million prescriptions dispensed (O’Brien, 1986).

These figures show the boundaries of acceptable risk to lie between 1:1 000 000 (those

associated with natural hazards) and 1:1000, i.e. the annual per capita illness and disease
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risks. Society appears to accept voluntary risks with orders of magnitude greater than

involuntary risks (Dinman, 1980a) (see Tables 1.7 and 1.8). Dinman (1980b) points out that

the USA accepts 200 000 excess deaths a year associated with smoking (the figure given in

1996 is 400 000) and 20 000 excess deaths from not buckling seat belts will not pursue

extreme risks posed by environmental contaminants. The number of premature deaths

caused or accelerated by cigarette smoking in the USA as the equivalent of three fully

loaded Boeing 747s (over 1500 people) crashing every day. There was considerable

opposition in the UK to the parliamentary bill that made the fastening of front seat belts

mandatory, a move that the BMA suggested would save more than 700 lives per annum and

11 000 seriously injured per annum (Daily Telegraph, 1981).

The risks we take with drugs

To compare these death rates with those of deaths caused by drugs is extremely difficult,

since there is gross under-reporting of the latter. Therefore, the following figures must be

considered in that light and also bearing in mind the source of the figures (i.e. seriously ill

patients). In the BCDSP, 0.9 patients per 1000 were considered to have died as a result of

drugs. The rates varied from zero in Israel and Italy to 1.4 per 1000 in New Zealand (Porter

and Jick, 1977). Tables 1.7 and 1.8 have shown the involuntary risks that patients have to

run and those voluntary risks they are prepared to exchange for various pleasurable pursuits.

At lethal accident rates of 1:10 000/person/year public money is spent to control their causes

and at 1:100 000/person/year mothers warn children of the dangers of playing with fire, of

Table 1.7 The risks of common voluntary activities (Pochin, 1975; Dinman

1980a, b; Daily Telegraph, 1987)

Voluntary risk Deaths/persons/year (odds)

Smoking (20 cigarettes per day) 1 in 200

Drinking (bottle of wine per day) 1 in 13 300

Soccera 1 in 25 000

Cart racing 1 in 10 000

Car drivinga (UK) 1 in 5900

Motorcyclingb 1 in 50

Rock climbingc 1 in 7150

Taking contraceptive pills 1 in 50 000

Power boating 1 in 5900

Canoeing 1 in 100 000

Horse racinga 1 in 740

Amateur boxinga 1 in 2 000 000

Professional boxingc 1 in 14 300

Skiing 1 in 1 430 000

Pregnancy (UK) 1 in 4380

Abortion (legal less than 12 weeks)d 1 in 50 000

Abortion (legal more than 14 weeks)d 1 in 5900

a Based upon death/per million participants/year.
b A figure of one death per 1056 registered motorcyclists is quoted by Urquhart and
Heilmann in Risk Watch.
c Based upon deaths/per million hours/year spent in sport.
d Based upon deaths/per million pregnancies per year.
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drowning and of poison, and some people accept inconvenience, such as avoiding air travel

(Dinman, 1980a). Where should we draw the line as acceptable risk with, say, a treatment

with a new antihypertensive drug? It has been suggested (Anon., 1981b) that, at the time of

marketing, risks of 1 in 100 should be known; but this figure is not the risk of deaths, only of

ADRs. It would seem that a similar figure for post-marketing surveillance of 1 in 1000

(Inman, 1981) and 1 in 10 000 is acceptable (Shapiro, 1977) which would require a cohort

of 10 000 to 20 000 individuals. If a side effect is exceedingly rare, say 1 in 50 000, then no

formal system will be sufficiently cost effective to discover it.

The number of patients needed to assess risks

The description of a risk of 1 in 100 needs clarification. It probably refers to those distinct

drug reactions for which there is no background incidence. There are two classifications of

ADR from the statistical point of view:

1. The adverse reaction that is clearly an ADR and for which there is no naturally

occurring background, e.g. the oculomucocutaneous syndrome with practolol (see

Table 1.9).

2. The adverse reaction that either simulates disease or produces, in fact, an increase in a

naturally occurring disease, e.g. dry eyes caused by beta-blockers (see Table 1.10).

All these tables are based on a 95 per cent probability of success, so that our 10 000

Table 1.8 Rare (involuntary) risks in life (Dinman, 1980b)

Involuntary risksa Risk of death/persons/year (odds)

Struck by auto (USA) 1 in 20 000

Struck by car (UK) 1 in 16 600

Floods (USA) 1 in 455 000

Earthquakes (California) 1 in 588 000

Tornados (Mid West) 1 in 455 000

Lightning (UK) 1 in 10 000 000

Falling aircraft (USA) 1 in 10 000 000

Falling aircraft (UK) 1 in 50 000 000

Explosion pressure vessel (USA) 1 in 20 000 000

Release from atomic power station:

at site boundary (USA)

at 1 km (UK)

1 in 10 000 000

1 in 10 000 000

Flooding by dikes (Holland) 1 in 10 000 000

Bites of venomous creatures (UK) 1 in 5 000 000

Leukaemia 1 in 12 500

Influenza 1 in 9 000

Meteorite 1 in 100 billion

a These figures are only approximate and may have been calculated using different
assumptions. Any individual figure should be treated with reserve.
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population will give a greater than 95 per cent chance of having at least three recognizable

ADRs with an incidence of 1:1000 and a 95 per cent chance of discovering two recognizable

ADRs with an incidence of 1:2000.

So, 10 000 patients will give a 95 per cent chance of discovering an additional incidence

of 1 in 100 where the background incidence is 1 in 10, but there will be a less than 95 per

cent chance of discovering an additional incidence of 1 in 1000 when the background

incidence is 1 in 1000 (see Table 1.11).

The rule of three

If no AEs occur in N patients then the upper limit of the 95% CI for the frequency of events

is approximately 3/N. The numerators for the 95% CI upper limits for observed numerators

of 0, 1, 2, 3 and 4 are about 3, 5, 7, 9 and 10 respectively (Newman, 1995).

Table 1.9 Number of patients required with no background incidence of adverse reactions. Reprinted

from Trends in Pharmacological Science, 2, Lewis JA, Post-marketing surveillance: how many

patients?, pp. 93–94, copyright (1981), with permission from Elsevier Science

Expected incidence of ADR Required number of adverse reactions:

1 2 3

1 in 100 300 480 650

1 in 200 600 900 1,300

1 in 1000 3 000 4,800 6,500

1 in 2000 6 000 9,600 13 000

1 in 10 000 30 000 48 000 65 000

Table 1.10 Number of patients required in drug-treated group when background exists. Reprinted

from Trends in Pharmacological Science, 2, Lewis JA, Post-marketing surveillance: how many

patients?, pp. 93–94, copyright (1981), with permission from Elsevier Science

Size of control Background

incidence of

Required number of adverse reactions

ADR 1 in 100 1 in 1000 1 in 10 000

Infinite (background 1 in 10 10 000 980 000 98 000 000

incidence known) 1 in 100 1600 110 000 11 000 000

1 in 1000 500 16 000 1 000 000

5 times as big as 1 in 10 12 000 1,200 000 120 000 000

treated group 1 in 100 9000 130 000 13 000 000

1in 1000 700 19 000 1,400 000

Equal to treated group 1 in 10 20 000 2 000 000 200 000 000

1 in 100 3200 220 000 22 000 000

1 in 1000 1300 32 000 2,300 000
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Monitoring for multiple adverse drug reactions

The figures above presume that one is only monitoring for one type of ADR, whereas in

most cases we will be monitoring for an unknown number of ADRs; and since the 5 per cent

level of significance is used, then of every 100 possible ADRs examined there could be five

adverse reactions expected by chance (see Table 1.7). It must be realized that this type of

post-marketing surveillance, i.e. without concurrent randomized controls, is searching for

hypotheses and not testing them; and if it is accepted that nothing will be published until a

hypothesis testing study is finished, then this risk is not important, except from the point of

view of cost. However, if, as it seems, possible hypotheses are published, then the level of

significance must be increased if we are to prevent more widespread apprehension (see

Table 1.9). These figures presume that the drug is given to the same population as has the

known background incidence of the disease. It is very unlikely that the background

incidence will be known in the particular subset of the population who will be prescribed the

drug. Another presumption is that there will be no dropout of patients over the monitoring

period.

Conclusions

Very many fewer patients are required to detect an ADR that has no background incidence

compared with one that mimics or increases a known disease. Nearly all ADRs mimic

known diseases, and the means of differentiating between them often does not develop until

several years have passed. If a new drug causes a modest increase (10 per cent) in the

incidence of a common disease (1 in 100 per annum), then the number of patients needed

for monitoring to discover this (250 000) is prohibitively large (Spriet-Pourra et al., 1982).

Table 1.11 Number of patients required in drug-treated group to allow for examination of 100

adverse reactions (significance p , 0.05). Reprinted from Trends in Pharmacological Science, 2,

Lewis JA, Post-marketing surveillance: how many patients?, pp. 93–94, copyright (1981), with

permission from Elsevier Science

Size of control Background

incidence of

Additional incidence of adverse reaction

ADR 1 in 100 1 in 1000 1 in 10 000

Infinite (background 1 in 100 23 000 2 000 000 220 000 000

incidence known) 1 in 1000 3,100 250 000 24 000 000

1 in 10 000 800 32 000 2,500 000

5 times as big as 1 in 100 27 000 2,600 000 260 000 000

treated group 1 in 1000 4000 300 000 29 000 000

1 in 10 000 1300 40 000 3 000 000

Equal to treated group 1 in 100 46 000 4,400 000 440 000 000

1 in 1000 7200 510 000 48 000 000

1 in 10 000 2900 73 000 5,100 000
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Definitions

This excludes regulatory authority definitions where their meanings differ from the normal

English meaning; for those see Chapter 9. The first three of these definitions should be used

when addressing practising physicians or lay people.

Adverse drug reaction A reaction is a response to a stimulus and, as such, implies certainty

as to cause and effect. If anything less than certainty needs to be conveyed then an adjective

must precede the phrase, e.g. possible (see FDA definition, p.•)

Adverse event This covers all types of event not necessarily medical. It has been defined in

the medical context as ‘unintended injuries caused by medical management rather than

disease process (Vincent et al., 2001) or ‘an injury caused by medical management (rather

than the disease process) that resulted in either prolonged hospital stay or disability at

discharge’ and its corollary ‘adverse drug event’ (Leape et al., 1991; Thomas and Brennan,

2000). It is important to realize that since it is caused by ‘medical management’ it refers to

all types of mistake, including preventable type-A ADRs. An ADR may be due to: error in

dose or method of use, failure to recognize possible antagonistic or complementary drug–

drug interactions, inadequate follow-up of therapy, inappropriate drug, avoidable delay in

treatment, physician practising outside area of expertise (Leape et al., 1991).

Expect The Concise Oxford Dictionary 1995 (COD): ‘assume as a future event or

occurrence’; implies that what is expected will probably occur (Brown et al., 2001).

Side effect Any unintended effect of a pharmaceutical product occurring at doses normally

used in man that is related to the pharmacological properties of the drug (http://www.

who-umc.org) as adopted by National centres participating in The WHO International Drug

Monitary Programme, September 1991. COD: ‘a secondary, usually undesirable effect’.

Signal Reported information on a possible causal relationship between an AE and a drug,

the relationship being unknown or incompletely documented previously. Usually more than

a single report is required to generate a signal, depending upon the seriousness of the event

and the quality of the information (WHO, 1991; Delamothe, 1992).

Associated Associated with the use of the drug means that there is a reasonable possibility

that the experience may have been caused by the drug (21CFR312.32). This differs from the

COD meaning of ‘A thing connected to another’. The glossary in the third edition of

Pharmacoepidemiology states: ‘An association is when two events occur together more

often than one would expect by chance’. Types of association:

• none (independent)

• artifactual (spurious or false)

• chance (unsystematic variation)

• bias (systematic variation)

• indirect (confounded)
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• causal (direct or true) (Strom, 1994, 2000).

Most of the associations occurring in pharmacovigilance are temporal in nature, and our

task is to decide in which of the six groups a particular association belongs.

Idiosyncrasy Implies an inherent qualitatively abnormal reaction to a drug (Hoigné, 1997).

Clinically significant Individual physicians will differ in their interpretation as to what is

clinically significant. For the sake of uniformity, within the clinical trial field I would

suggest that, for the individual patient, it should be ‘any event that requires a change in the

medical management of a patient’; for groups of adverse events, clinical or laboratory, it

should be ‘any group of events that requires a change in management for future patients

taking that drug’.

ADR incidence A numerator may be much smaller when a specific definition is used

compared with a term written by the clinician; e.g. the CIOMS definition of pancytopenia

(anaemia: Hb level ,100 g/l; neutropenia: polymorphonuclear count ,1.5 3 109/l;

thrombocytopenia: platelets ,100 3 109/l) (Benichou and Solal-Celigny, 1991) compared

with the clinician’s term ‘pancytopenia’ which may reflect the normal ranges (Hb <
,130 g/l, , ,120 g/l; neutrophils ,2.0 3 109/l; platelets ,130 3 109/l. A denominator

derived from the meta-analysis of publications of all the clinical trials with a drug may

underestimate it due to the exclusion of unpublished studies or overestimate it by duplication

of publications (Tramèr et al., 1997). It is important when calculating incidence rates of

ADRs that any provisos are made clear. Frequently, there will be a genuine difference of

opinion as to the most appropriate way to calculate or illustrate data; when in doubt, an

independent point of view should be sought.

Classification of adverse drug reactions

Severity classification

Severity, which is the quantification of the reaction symptoms, mild, moderate or severe, and

are best used as grades of discomfort. These are subjective symptoms and, as such, will vary

from person to person. These have been defined by Tangrea et al. (1991):

Mild Slightly bothersome; relieved with symptomatic treatment.

Moderate Bothersome, interferes with activities; only partially relieved with symptomatic

treatment.

Severe Prevents regular activities; not relieved with symptomatic treatment.

The Early Clinical Drug Evaluation Program (ECDEU) classification is:

Mild Symptoms do not alter patient’s normal functioning.
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Moderate Symptom produces some degree of impairment to function but not hazardous,

uncomfortable or embarrassing to patient.

Severe Symptom definitely hazardous to well-being, significant impairment of function-

ing or incapacitation (Assenzo and Sho, 1982).

A classification used in German psychiatric hospitals is:

Grade 1 ADR did not lead to any change in medication.

Grade 2 ADR led to a change in medication in the form of dose reduction and/or

additional treatment to counteract the ADR.

Grade 3 ADR led to discontinuation of the medication suspected of causing the ADR

(including cases where the drug would have been discontinued had it not been

vital) (Grohmann et al., 1989).

Adverse event classification

This classification accounts for the source of the reported data, the potential clinical

importance and the role of the report in defining the safety profile of the drug.

Class I Machine findings or findings made by humans using machines.

Class II Findings of study observers related to the patient’s physical condition.

Class III Reports by the subject or patient.

Each of these may be subclassified by somebody with clinical knowledge as:

Subclass A May lead to morbidity or mortality, either acutely or in the near term.

Subclass B May have historically been associated with the class of drug and have expected

benign outcomes.

Subclass C Have undetermined significance at the time of reporting (Alexandra, 1991).

Pharmacological classification

Type A (augmented) Reactions that result from an exaggeration of a drug’s normal

pharmacological actions when given in the usual therapeutic dose;

normally dose dependent. Sometimes referred to as Type 1.

Type B (bizarre) Those that represent a novel response not expected from known

pharmacological action (Rawlins and Thompson, 1977). Sometimes

referred to as Type 2.
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Type C (chronic) Adaptive changes, rebound phenomena, other long-term effects.

Type D (delayed) Carcinogenesis, effects concerned with reproduction (impaired ferti-

lity), teratogenesis (adverse effects on the foetus during the early

stages of pregnancy), adverse effects on the foetus during the later

stages of pregnancy, drugs in breast milk (Aronson and White,

1996; Brodie, 1996).

The characteristics for types A and B are listed in Table 1.12. An excellent review of the

ADR mechanisms and their relationship to these classifications has been published by Royer

(1997).

Reaction time classification

Reaction time is defined as the time between the last drug exposure and the appearance of

the first symptom (Hoigné et al., 1990):

Acute, 0–60 min – this includes 4.3 per cent of reactions.

Sub-acute, 1–24 h – this includes 86.5 per cent of reactions.

Latent, 1 day–several weeks – this includes 3.5 per cent of reactions.

Adverse reaction profile

Ideally, an adverse reaction of a drug should have a profile that consists of the following

elements:

• Manifestation (clinical or laboratory), both subjective and/or objective.

• Graded, both for severity and seriousness.

• Frequency or incidence, both absolute and relative to similar drugs, with CIs.

• Mechanism of action.

• Causality.

• Predisposing factors, i.e. renal function, pharmacokinetic factors, etc.

Table 1.12 Characteristics of type A and B drug reactions; after Rawlins and Thompson (1977)

Type A (augmented) Type B (bizarre)

Pharmacological Hypersensitivity or idiosyncratic

Dose related Not dose related

Predictable Unpredictable

Common Rare

Usually not serious Usually serious

Majority discovered before marketing Majority discovered after marketing

Relatively low mortality Relatively high mortality
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• Treatment and its effect.

• Reversibility or sequelae.

It will be apparent that the present SPCs and the proposed modifications in the CIOMS III

report do not provide this data.

Adverse events in a patient’s life

The AE must be discussed in the context of the many AEs in the patient’s life:

1. The AE is one of the many minor abnormalities that occur to normal persons

(Reidenberg and Lowenthal, 1968) – see next section.

2. The AE is part of a disease or is a complication of a disease, which is either that for

which the drug was prescribed or another disease.

3. The AE may be caused by a man-made chemical. These may include environmental

chemicals. Systemic toxicity can be caused by 220 environmental chemicals, of which

149 are neurotoxins. The signs and symptoms are usually non-specific (Grandjean et

al., 1991).

4. Effect of illegal drugs.

5. OTC drugs. Many countries are encouraging the transfer of drugs from prescription-

only medicines (POMs) to OTC to relieve the costs of their health services, so we must

expect a large increase in their usage.

6. Abuse of prescription drugs, OTCs and alcohol and herbs.

7. Herbal medicines (see below). In a Hong Kong hospital, three out of 1701 patients

admitted had reactions to Chinese herbal drugs (Ernst, 1998). Patients may not tell their

doctor that they are taking them. In the USA, 70 per cent of patients did not tell their

physician or pharmacist (Miller, 1998). Many herbal remedies are not labelled with

their ingredients.

8. Food allergies. Peanut and other nut allergies are probably the leading cause of fatal

food allergy (Sampson, 1996); shellfish and eggs can cause acute allergic reactions

(Finn, 1992).

9. Food additives:

• Sulphiting agents can cause flushing, itching of the mouth and skin, and asthma.

About 5 per cent of asthmatics are susceptible. They may be present in wines, other

drinks, shrimps and processed potatoes.
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• Nitrates (E249–E252) can cause flushing and giddiness. They give preserved meats

their pink colour.

• Colouring agents.

• Flavouring agents may exacerbate eczema.

Adverse reactions to common foods occur in 1.4–1.9 per cent of the population (Lessof,

1992).

10. Complementary medicine. The exponential rise in use of therapies that have no logical

explanation over the last few years has produced AEs. Even homeopathy can produce

ADRs, e.g. anaphylactic shock, measles-like rash, erythroderma (Aberer, 1991); see

Bibliography.

Symptoms in healthy persons

Reidenberg and Lowenthal (1968) investigated 414 healthy students and hospital staff of

Temple University, USA, taking no medication, and surveyed their symptoms retrospectively

using a questionnaire. Only 19 per cent stated that during the previous 72 hours they had

experienced none of the 25 symptoms listed. The median number of symptoms experienced

per person was two. Thirty people experienced six or more symptoms. The symptoms listed

varied from pains in muscles and joints, headaches, skin rashes and urticaria to mental

symptoms and changes in bowel function, all of which have been described as ADRs. Their

order of frequency was: fatigue, inability to concentrate, excessive sleepiness, bleeding from

the gums after brushing teeth, irritability, headache, nasal congestion, pain in the muscles,

insomnia, lack of appetite, pain in joints, faintness on first standing up, skin rash, bad

dreams, dry mouth, constipation, palpitations, bleeding or bruising, giddiness or weakness,

diarrhoea, nausea, fever and urticaria. These findings were repeated in a further study in

Germany 30 years later. Here, there were two personality groups: the first were not nervous,

were emotionally stable and were success motivated and these had fewer AEs. The second

group were nervous, emotionally unstable and had lack of motivation and these had more

AEs (Meyer et al., 1996). Only 26.3 per cent of healthy volunteers denied having had

symptoms similar to side effects in the 3 days before a study (Khosla et al., 1992).

The variety of symptoms that can be caused by a disease or any of its complications is

vast; but, taking the specific area of hypertension, an AE questionnaire (Bulpitt, 1974) has

been used in a survey of normal subjects, untreated hypertensives and treated hypertensives

(Bulpitt et al., 1976). So. The normal patients were randomly selected from a local general

practice register and the untreated patients were newly referred hypertensives at the

Hammersmith Hospital. Although the survey showed that headaches, unsteadiness, light-

headedness or faintness and nocturia could actually be caused by raised blood pressure,

this was so in only a proportion of those patients complaining of these symptoms (see

Table 1.13). It can be seen how common many of these symptoms are in all three groups.

Consequently, for person complaining of a symptom, and who was on treatment, there is a

difficulty in allocating that symptom to a particular group (Joubert et al., 1977).
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Adverse reactions to placebo

A placebo can be defined as ‘any component of a therapy (or control in experimental

studies) that is without specific activity for the condition being treated or being evaluated’

(Joyce, 1982) or ‘any therapeutic procedure (or that component of any therapeutic

procedure) which is given deliberately to have an effect, or unknowingly has an effect, on a

patient, symptom, syndrome, or disease but which is objectively without specific activity on

the condition being treated’ (Shapiro, 1961). It originates from the Latin piacere and

translates as ‘I shall please’.

Symptoms that are, in some part, caused by treatment must be divided into those effects

caused by the chemical constituents and those caused by the giving of a ‘medication’, even

though the ‘medication’ is known not to cause side effects by its chemical nature. The latter

are referred to as ‘placebo responses or effects’ and have specific characteristics that

resemble those of active chemicals. In clinical trials with a placebo group the ‘placebo

response’ is made up of several factors:

1. The natural course of the underlying disease (indication for treatment).

2. Any other incidental medical event unconnected with either the underlying indication

or the placebo medication, e.g. a cold.

3. Regression towards the mean. This phenomenon is due to the probability that the patient

Table 1.13 Symptoms in normal persons, untreated hypertensives and treated hypertensives. From

Bulpitt et al. (1976), British Heart Journal. Reproduced by permission of BMJ Publishing Group

Symptom Normal (%) Untreated

hypertensives (%)

Treated hypertensives (%)

Sleepiness 31.4 43.2 51.3��
Dry mouth 20.5 23.7 40.2���
Unsteadiness on

standing or in the

morning

7.9��� 35.4 33.5

Nocturia 45.3��� 68.4 73.2

Diarrhoea 15.5 25.8 30.4

Depression 34.3 44.7�� 29.4

Blurred vision 14.7 29.8� 20.6

Weak limbs 18.4 34.0 26.4 ns

Nasal stuffiness 26.8 29.7 ns – ns

Poor concentration 4.0 12.8 ns – ns

Vivid dreams 25.3 27.8 ns – ns

Nausea 12.0 19.8 ns – ns

Impotence 6.9 17.1 24.6���
Slow walking pace 9.5��� 24.2��� 37.0���
Waking headache 15.1 31.3��� 15.5

Failure of ejaculation 0 7.3 25.6���
Asterisks within table refer to �2 comparisons between one result and the result in bold in other columns:�p , 0.05; ��p , 0.01; ���p , 0.001; ns not significant.
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on presentation to the doctor is likely to be at the peak of their problems and, since there

is fluctuation of all biological variables, the odds will be on the problem not being so

intense at the next visit. This has been put forward as a cause of the placebo effect on

efficacy, but with an AE it may be a factor in a positive dechallenge – see p. • for

further details (McDonald et al., 1989).

4. The effects of being in a clinical trial. These may be mental, e.g. increased anxiety, or

physical, e.g. the wearing off of the ‘white coat hypertension’ as they become used to

the trial circumstances, i.e. their blood pressure is lower on the second occasion. In

hospitalized volunteers there was a 10 per cent increase in heart rate, the blood pressure

remained unchanged but there were increases in the time to sleep iniation and asthenia

self-rating suggesting poor neuropsychiatric tolerability (Rosenzweig et al., 1995). The

general beneficial effect of being the object of special attention, as in a clinical trial, is

known as the ‘Hawthorne effect’. It was named after the town in Illinois where work

studies at the Western Electric plant, Hawthorne, noted the effect (Mayo, 1933).

5. The true additional affect of adding the placebo medication (Ernst and Resch, 1995).

The first four of these types of event are those of the untreated disease, and only factor five

is the true placebo factor. It is extremely unusual to have a placebo control group and an

untreated control group in clinical trials. This is because the difference between the active

drug group and the placebo group represents the effect of the active drug. The other factors

should be equally distributed in both the active drug group and the placebo group (Ernst and

Resch, 1995).

Patients are easily prejudiced by past experience, friends, physicians, consent forms and

the media; and these prejudices may be manifest in the effects of placebos: consent form

and GI symptoms (Myers et al., 1987); patients with food allergies having the same

symptoms with saline as well as with the allergen (Jewett et al., 1990); headaches with non-

existent electric currents when warned that electric currents passed across the head could

cause headaches (Schweiger and Parducci, 1981); asthma with plastic roses (Dekker and

Groen, 1956; Luparello et al., 1968).

Commonest complaints

A review of 67 publications for unwanted or toxic side effects that occurred during the

administration of a placebo showed that drowsiness was the most common side effect,

followed by headache. Stimulation of the central nervous system, manifested as daytime

nervousness or insomnia, was the third most common effect, followed by nausea and

constipation (Pogge, 1963). In 80 healthy volunteers, taking a single dose of placebo, control

for a drug when first used in man, there were 50 AEs. In order of frequency they were

(Kitchener et al., 1996): headache 17.6 per cent, rhinitis 7.1 per cent, bruising at injection

site 4.7 per cent, pharyngitis 3.5 per cent and coughing 2.4 per cent.

The numbers and types of AE will depend on all the factors previously mentioned plus

those due to the physical circumstances of the study. The adverse effects of placebo were

called ‘nocebo’ effects by Kennedy (1961). Nocebo comes from the Latin nocere, to

harm, hence nocebo I will harm; however, placebo indicates the intention to help the
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patient. Nobody prescribes with the intention of harming. It is, therefore, not an

appropriate word.

Physical changes

Although the symptoms are activated via the mind they can produce physical changes to

the nose, skin, bladder, oesophagus, stomach, colon, heart and blood vessels, and kidneys

(Wolf, 1950, 1959a; Wolf and Pinsky, 1954) and effects such as vomiting, sweating,

diarrhoea, constipation, eosinophilia, hyperacidity and skin rashes (Joyce, 1982). One

case has been reported of a patient meeting the definition of being ‘dependent’ upon a

placebo (Vinar, 1969). Other effects caused by placebo include dermatitis medicamento-

sa, anaphylactoid reaction, urticaria and angioneurotic oedema and hallucinations

(Thompson, 1982).

Frequency of placebo reactions

The placebo tends to increase the severity of symptoms that pre-exist and females tend to

have more frequent and severe placebo reactions than males (Domecq et al., 1980). When

placebos were administered to professional people, 58 per cent complained of one or more

side effects and, contrary to expectations, some symptoms decreased in the institutionalized

aged when they were given placebo (Wolf, 1950).

Variation with age and sex

On the whole, the incidence of placebo reaction rises linearly with age (Green, 1964).

However, it is not known whether adjustment had been made for the number of drugs taken

in addition to placebo, since with active drugs the same rise with age was found to disappear

when adjusted for the number of drugs taken (Weber and Griffin, 1986). Occurrence is

higher in females than in males (Green, 1964); again, could this be due to the females taking

more drugs?

Variability in types of effect

Placebo side effects, when the placebo is used as a control for an active drug, are often

similar in type to the side effects of the active drug itself (Letemendia and Harris, 1959),

throbbing headaches after placebo in a hydralazine study; ‘closed’ nose after reserpine

placebo (Wolf, 1959b); diminished perception of high tones after streptomycin placebo

(Tucker, 1954). Once a patient on placebo or active drug has complained of an AE, an

observer will note that these patients have more symptoms than those who did not complain

of the AE, suggesting that there is an increased interest in those patients who show change

(Thompson, 1982).

Psychological differences in placebo reactors

Lasagna et al. (1954) were able to show differences of attitude, habits, educational

background and personality structure between the persons who consistently responded to

placebo and those who did not, but that reactors were not ‘whiners’ or ‘nuisances’, not
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typically male or female, not younger or old and had the same average intelligence as the

non-responders. In volunteers, placebos can cause effects in 66 per cent of subjects

(Knowles and Lucas, 1960) and 35 per cent of patients (Beecher, 1955).

When healthy French volunteers were tested with the Bortner rating scale the majority

were found to have type-A personalities, i.e. they were ‘hurried, hard-driving, competitive

and aggressive’ and 50 per cent of type A had AEs on placebo compared with 17 per cent of

type-B volunteers (Drici et al., 1995).

Placebo pharmacology

It has also been shown that the placebo has its own pharmacology with peak effects,

cumulative effects, carry-over effects and a varying efficacy, depending on the severity of

the complaint being treated (Lasagna et al., 1958). Symptoms generally become more

frequent and severe with an increase in the number of placebo tablets (Green, 1964).

Placebos can relieve post-operative dental pain and naloxone blocks this effect, suggesting

that the placebo acts through endorphin release (Levine et al., 1978; Fields and Levine,

1981). However, a leader in The Lancet (Anon., 1983), quotes that there is no evidence for

an opioid component in placebo analgesia and goes on to say that there is no reason to

believe that the placebo effect has a single specific mechanism. The former statement is

supported by a study using naloxone with dipipanone and placebo analgesia for tourniquet

pain (Posner and Burke, 1985). Placebo treatment for pain was associated with ‘increased

activity in rostral anterior cingulate cortex’, as were opioids (Petrovic et al., 2002).

It has been argued that most improvements attributed to the placebo effect are actually

instances of statistical regression, i.e. a tendency of extreme measures to move closer to the

mean when repeated (McDonald et al., 1983).

Severity of placebo reactions

The fact that placebo reactions can be severe has been noted by several authors (Wolf and

Pinsky, 1954; Green, 1964). In a Norwegian multicentre study (Norwegian Multicenter

Study Group, 1981) on the comparison of timolol and placebo in inducing reduction of

morbidity and reinfarction in patients surviving acute myocardial infarction, many patients

were withdrawn due to an adverse reaction and were subsequently found to be on placebo.

Range of placebo reactions

In a study of more than 1000 cases of side effects of placebo there were 35 different

symptoms. The most important are given in Table 1.14 (Schindel, 1972).

It will be apparent that it may well be impossible to tell whether a side effect, which has

occurred whilst on active treatment, is due to that treatment or might have occurred if a

placebo had been given instead.

The influence of the placebo administrator

After extraction of teeth, under a local anaesthetic, patients assessed their pain using a

McGill pain questionnaire at 1 h and 10 min before and after an IV injection or no treatment.

Clinicians knew that one group had placebo or analgesic antagonist (Group PN) and the
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other group (Group PNF) would receive placebo plus analgesic or analgesic antagonist. The

trial was double-blind. The two placebo groups differed only in the clinicians’ knowledge

that the possible double-blind had been prescribed or where there had been product

substitution. This may also give rise to false positive and negative rechallenge tests (Napke

and Stevens, 1984).

Infectiousness of adverse drug reactions

A trial in 28 chronic psychotics, who had been shown to be stable over a period of 5 months,

compared placebo and nicotinic acid, 100 mg. The latter produces flushing of the skin with

a sensation of heat and sometimes skin irritation, which appears within 30 min and

disappearing within a further 30 min. The patients had either schizophrenia or depression

and had had no recent psychiatric treatment. The nurses were told that it was a trial of a new

preparation. They were questioned about each patient before, during and after the 9 week

trial with particular reference to changes in habit, amount of activity and occupation. They

were also asked to report at once any unusual signs or symptoms and a number of likely

ones were listed, including: giddiness, nausea or vomiting, headaches, paleness or flushing,

drowsiness, fits or faints, loss of appetite, abdominal pain, jaundice and restlessness. Of the

nicotinic acid group, 10/14 had flushing: two during the first week, another two during the

second week, and a further two during the third week, three during the fourth week and one

during the seventh week.

Five of the 14 patients in the placebo group also had flushing: two during the fourth week,

two more during the eighth week and one during the ninth week.

There were also many other reports of symptoms, of which 50 reports were in the 15

patients with flushing and 28 in those without flushing, i.e. nearly a ratio of 2:1. These

results suggested that the placebo patients ‘caught’ the flushing from the patients on

nicotinic acid and that once a side effect is noticed more attention is focused on those

patients or volunteers. The slow recognition of the flushing is also noticeable (Letemendia

and Harris, 1959).

Another study in mental patients, mostly schizophrenics and all female, compared

placebo and chlorpromazine. After a 2 week baseline period on their usual chlorpromazine

dose, group A were changed to placebo but only the pharmacist knew of the change. Then,

Table 1.14 Important side effects of placebo; after Schindel (1972)

Symptom Number with

symptom

Total number of treated

patients

Percentage of

treated patients (%)

Numbness 36 72 50

Headache 23 92 25

Fatigue 10 57 18

Sensation of heaviness 14 77 18

Inability to concentrate 14 92 15

Drowsiness 7 72 10

Nausea 9 92 10

Dryness of the mouth 7 77 9

General weakness 5 57 9

Flushes 6 77 8
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2 weeks later group B was changed to placebo. After a further week, when group A had

been on placebo for 1 month and group B for 1 week, the nurses were told to administer

placebo previously believing that they had been on chlorpromazine. After a further week the

placebo was withdrawn and the patients knew themselves to be without medication. The

number of AE reports was as shown in Table 1.15.

It can be seen that substitution of placebo produced no deterioration, but on the nurses being

told to administer placebo the reports trebled. Six patients were described as unmanageable.

One ward sister who had predicted that withdrawal of chlorpromazine would have no effect

had no rises in the number of reports of disturbances, whereas another sister, who had

foretold of problems if chlorpromazine was withdrawn, found the number of disturbances

per week rose from one to 17 and she threatened to resign (Le Vay, 1960). It would appear

that the placebo by itself was as effective as chlorpromazine, but that its adverse effect on

withdrawal was in the mind of the observer.

A three-way comparison of aspirin, sulfinpyrazone and placebo in patients with unstable

angina took place at three different centres A, B and C, and they used a questionnaire to

collect AE information. Minor GI symptoms were reported by 65 per cent in centre A, 66

per cent in centre B and 39 per cent centre C ( p , 0.001). The only difference found

between the three centres was that the consent form omitted mentioning GI symptoms in

centre C (Myers et al., 1987). Levine (1987) suggested that the way round the problem was

to introduce some false side-effects into the consent form. This would only introduce more

problems and cannot be recommended.

The possibility that a patient package insert (PPI) might encourage patients to report

more side effects was excluded in a study in the USA of 249 mild hypertensives given

thiazides (56 per cent black and 33 per cent Spanish Americans). Two-thirds were given a

PPI and one-third were not. There was no difference in the number of AEs reported, but

those given the PPI attributed more of them to the drug (Morris and Kanouse, 1982). Since

physicians no longer prescribe placebos, complementary medicine has filled the void.

Herbal medicines

A UK survey showed that 13 per cent of the public used herbal remedies at least once a

month, with 10 per cent using them at least weekly; but 17 per cent of all those who had

Table 1.15 AE reports among psychiatric patients in chlorpromazine/placebo study; after Le Vay

(1960)

Trial week Group A reports Group B reports

1 Chlorpromazine 4 Chlorpromazine 8

2 Chlorpromazine 6 Chlorpromazine 6

3 Placebo 5 Chlorpromazine 9

4 Placebo 5 Chlorpromazine 5

5 Placebo 4 Placebo 4

6 Placebo 4 Placebo 9

7 Prescribed placebo 17 Prescribed placebo 23

8 No drugs 18 No drugs 27
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used herbal remedies said that they would not tell their doctor that they were using them if

prescribed a conventional medicine. In the USA the figure was 49 per cent for the year

1997, and for the same period the Canadian figure was 24 per cent (Brazier and Levine,

2003). Reports to the MCA relating to herbal medicines were less than 0.5 per cent of the

total (NAO, 2003).

There has been a move towards making these require a licence (De Smet, 1995a); in the

meanwhile their usage is increasing, and some are dangerous:

• Ephedra, also known as Ma Huang, but better known as ephedrine, causes deaths from

cardiac arrhythmias, cerebral vascular accident (CVA), hypertension (Josefson, 1996).

• Respiratory distress (bronchospasm) with royal jelly (not herbal, but a bee product)

(Peacock et al., 1995).

• Hepatitis (Carlson, 1990) with horse chestnut leaf (Aesculus hippocastanum) and

lactone, which is sometimes adulterated with other drugs (De Smet et al., 1995b).

• Hepatotoxicity with chaparrel (Larrea tridentata).

• Chronic nutmeg (Myristica fragrans) psychosis (Brenner et al., 1993).

• An outbreak of fibrosing interstitial nephritis in 70 Belgians was caused by a herbal

slimming preparation.

• Cardiac arrhythmias (bi-directional tachycardia) and death with Aconitum species (Tai

et al., 1993a, b).

• Renal failure and carcinogenesis with Aristolochic species. Withdrawn from market.

• Neonatal hyperbilirubinemia with berberine (Berberis vulgaris) and Chuen-li.

• Hepatotoxicity and carcinogenicity with comfrey (Symphytum officinale).

• Pennyroyal (Mentha pulegium) has caused 22 cases of severe toxic effects: hepatotoxi-

city, renal damage, fatalities (Ernst, 2000).

• Germander (Teucrium chamaedrys) has been linked to 30 cases of acute liver failure

(Ernst, 1998).

• Aplastic anaemia with pokeweed (Pilocarpus pennatifolius), contains pilocarpine.

• Carcinogenicity with sassafras (Sassafras albidum).

• Central nervous system depression and fatal hepatic veno-occlusive disease due to

pyrrolizidine alkaloids (Croalaria, Cynoglossum, Eupatorium, Heliotropium, Petasites,

Senecio and Symphytum) with herbal teas (Snodgrass, 2001).
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• Kava (Piper methysticum) may be responsible for 30 cases of liver toxicity (Burros,

2002). Withdrawn from the market.

• Sparteine (Cytisus scoparius) can cause respiratory arrest, circulatory collapse and

stimulates uterine motility. Withdrawn from the market.

• Ginkgo biloba increased bleeding time, anaphylaxis and arrhythmias. IV drug with-

drawn from market in Germany.

• Echinacea (purple cornflower root) if used for more than 8 weeks can cause liver

toxicity (Miller, 1998) and has been associated with allergic reactions.

• Ginseng can cause hypoglycaemia and inhibits platelet aggregation (Reactions 861,

2001).

Others are dangerous because they have been adulterated with metals (Pb, As, Hg, Cd, Ti) or

pharmaceuticals, e.g. NSAIDs, paracetamol, corticosteroids or benzodiazepines (Karuna-

nithy and Sumita, 1991; De Smet, 1995b; Ko, 1998). Five brands of Chinese anti-diabetics

contained glyburide and phenformin. ADRs to herbal medicines are probably under-

reported, as 67 per cent of patients would not consult their doctor for a serious suspected

ADR (Barnes et al., 1998).

Herbal–drug interactions

Siberian ginseng, plantain and hawthorn can interact with digoxin. Licorice (Glycyrrhiza

glabra) can interact with prednisone and spironolactone. Evening primrose oil and borage

are contraindicated in patients taking anti-convulsants. Feverfew, garlic (Allium sativum),

dong quai (Angelica sinensis), danshen (Salvia militiorrhiza), ginger, ginseng and Ginkgo

biloba all affect bleeding time and, therefore, probably interact with Warfarin. St John’s

Wort (Hypericum perforatum) should not be taken with monoamine oxidase inhibitor

(MAOI) or selective serotonin reuptake inhibitor (SSRIs). It induces cytochrome P450

(CYP2C9) and interacts with Warfarin, also may induce CYP3A4 probably interacting with

oral contraceptives (Hartmann et al., 2000).

Some final food for thought

It has been estimated that the average cost of developing a new drug is US$802 million

(Tufts Center, 2001). The time from start of research until marketing is a minimum of

12 years, is usually 15 years and may be up to 30 years and of those that reach the market 80

per cent fail to cover their development costs (Gittens, 1996). Only five out of 5000

compounds ever make it to human testing (Sylvestri, 1996). Only 23 per cent of drugs that

begin clinical testing receive marketing approval (DiMasi et al., 1991). Since 1972, 3–4 per

cent of new active substances licensed in the UK have been withdrawn for safety reasons

(Rawlins, 1995). It should be clear from this chapter that separating the AEs due to a drug

from the many other similar AEs due to normal physiological variation, disease, environ-

mental chemicals, placebo, food allergies, food additives, drug excipients, drug withdrawal
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and rebound reaction is a difficult and complicated task. The drug disasters of the past and

the number of drugs removed from the market because of ADRs indicate that, too often,

their discovery is delayed until too many patients have suffered. The subsequent chapters

attempt to describe the methods currently available for the early detection of the new ADRs.
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