
ADVERSE DRUG REACT'IONS

\

Adverse drus reactions

Clinical assessment of dtuginduced disease

Physicians are often es$iontad wlth patlents wh* stste that they are "all*4$e* to a drug or dtugs. ltnowing which
madlcatlons can he prescrlbed safely ls therefore dlffeult, and care of such patlents frustratlng. The goal o{ thls
review ig to help phy*icians develcp rÍanagerlent plans for paffents rrho present with druginduced dlseaees. lt
provid*s inforrsation that allows physlclans to difersntiate batìreen re*ctions that arc truly allerglc In nature and
thoss that are not lmmunolog$calty mediated. Releuant lnformation on medical hlstory, physlcal flndlngs, and
laboratory tests that may be helpful in the assessment are diseussed, and gpidanee ls provlded on when and if a dru$
may be sa$ely raadminlstered, unfioÉunately, hrnlever, untll we are able ts better undarstand the mecfianlsms
responslble for drug{nduced Factlons, sur rnanagement tools wlll remaln llmlted.

Reactians caused by drugs {adverse drug leactians) are
defined ss sny noxious, unintended, and undesired effects
af, a drug that occur Í:t dcses used for prevention,
diagncsis, or treatment.t UnfcrtunatelR accurate
calculation of the incidence of adr"erse drug reactions is
difficult since most of these reactions go unreported.
bespite limited accurate data, a rneta-anaiysis of 39 studies
dane in the USA *om 1966 to 1996 found that the
lncidence of severe adverse drug reactions in hospital
inparients rvas 6'7Yr. Moreoveru rvhen fhe occunence of
bath sericus and non-sericus adserse drug renctions \À'ere
exarnined together, this figure more than doubled to
15'lli.2 In additian ta the high occurrence of adverse drug
reactions and the associated mcrbidity and mortality,
isubstantial costs are incÉred- One study estimated rhat a
?ilO-bed teaching hcspiral spends US$5'6 mi$icn an
adverse drug reactions in a single yesr.u

Although many drug reactions are preventatrle, such as
those associated with prescription elrcrsl man5r are not.
Pharmaceutical campanies strive to work out the adverse-
effect profile of a drug befare it is marketed" but because
only a limited number of select individuals sre exposed to
an &gent before it is released, the carnplete range of adverse
elfests is not known. Therefore, since the most se\iere
drug-induced reactions cannot tre uncovered before
licensing, efficient postmarketing surveillance is needed-
Ì,{orvever, even if improved surveillance is implemented,
the problem will not be resolved. As more drugs are
markeîed and as more individuals take mcre drugs, the
occurrence of adverse drug reacîions will pratrably
condnue to increase. Therefore, better approaches must be
der.{sed fcr reporting and fcr assessment and mnnagemeni
of individuals rvho presÈntwith drug-induced diseases.

Few drug reactions are uu$r allergic. However, petients
*ho har.e e:qperienced marty adverse drug reacticns
commonly state ttrat they har.e multiple drug "allergìes"
elnd, typically, rhese "drug allergies" are rn'ritten all over
their medical reccrds. Understandabl,v, physicians beccme
frusn*.ted because the_v do not kno\ry $'h*t msdications can
be prescribed safely. The purpose of this review is to
prar.ide feasible approaches for the management of these
difficult patients.
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€lassification of adveme drug rcactions
Description and characterisation of drug*associated
reactions can be difficult. Definirions such as "toxic",
"allergic", or *'idios5mcr&tic" reacticn are often used, but
in rnany instances these labels anly confuse the situaticn
further. 

'l'he cnnfusion sîems from the fact that we knaw
very little about the mechanisms respansible far many
drug-induced reacîio*s, especially those thst *,re n*t
related îo the drug's pharmacological properties. Adding
îo the canfusion is the fact that pharmacologists*
toxicalogists, and immunologists often use difT*renr
terminology. Thus, although classification systÈms exisî,
their lin:itatians must be realised, and they murix h*
reassessed and modified as new mechanistic dfltn
accumulate,

Ralrylins and Thompsona devised a classification schems
in 1991, *'hich continues to be the mosî frequently ultnd,
In their scheme, shown in panel 1, adverse drug reactions
are divided into fivo categories: reactions thst *r*
csmmcn, predictable, and that may occur in à,nY
individual {r_r.pe A); and reactions that are ilncommon}
not predictable, and ttrat occur only in susceptible
indir.'iduals (tlpe B). ,{bout 80% of all adverse drug

Panel 1: Claeslflcatlon of adverse dru$ rsactlons

Tfp A reactisrs {prcdhtable, c{Nnnsrlr and related to the
pharmacalogieal actloms of the drug)

r Toxicig or overdose {eg. hepatic failwe with high{ose
naracetamol)

r Side effect {eg, sedation with antihistamines}

r Sec*ndary effect {eg, development of diarrhoea with antibiotic
therapy due to akered gastointestinal bacterial flora)

r Drugl interaction {eg, theophylline toxicity in the presence af
erythrornycin therapyi

Type B reaetlons {unpredktablen uncommonn and ueual$ not related
to the pham*ologlcal actlo{s of the drug}

r lntalerance {eg, linnilus wi'th aspirin use}

o ldiosyncratic reaction {eg, development of anaemia with the use of
antioxidanl dntgs in lhe presence of $ucose-6"phosphate
dehydrogenase defi ci er ruy*)

r Hypersensitivity {immunological} rescticn {eg, anaphylaxis with
penicillis adnninistration]

r Pse udoallergic (nan-immunological) reaction (eg, radiocontrast dye
reactianì
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reactions are me Art and for most prescription
medications, this Epe of reaction is described in
handbooks such as the .i{r.uxr*rm'<lesà reJerence"u

Type B reactions are not dose-dependent and, except
for one reaction typer are not usually related to the
pharmacolagical acîicns of the drug {panel 1}. They are
often not discovered untîl after the drug has been
marketed. tsoth environmental and genetic factors are
thought to he impcrtant in the development of reactions
of this type.'Included in this category are drug intolerance
(ie, sn undesirable effect produced by the
pharmacolagical actions of the drug at therapeutic or
subtherapeutic dosages); idiosy"ncratic reactions {ie,
uncharacteristic reactions that are not e>rplicable in terms
of the lcnalrrr pharmac*logical actions cf the drug); and
allergic or hypersensitivity reacîions (ie, aberrant reactions
rhat result from the irpolvement of one or more
immunological rnechanisms). Pharmacologists regard
nllergic or hSpersensitir-ity reactions as being a. type of
idiosyncratic reaction since îhese reactions are
unpredictable, are nat d*se-related, and occur in cnly a
small proporticn af the papulatian.s In contrast,
immunologists and allergists rend îo separaîe ouî
immunologica"I idiosyncratic reactions from those that are
nat immunologically mediated. For the purposes of this
rerriew, an idioryrrcratic îeaction will be defined as an
uncharacteristic, non-immunological resp$nse to a drug
that is not related to its pharmacalcgical actions"5 For
idiosyncratic reactions that are knorvn or are presumed to
be immunclogically mediated, the terrn "allergic" or
"hlpersensitiviry îeaction" will be used.

Although they will not be furrher discussed in this
feview, two ather drug-reaction tylle$ must be mentioned.
TlFe C resctions are associated rn"ith lang-terrn drug
therapy and include benzodiazepine dependence and
Ènalgesic nephropathy- They are well known and can be
anticipated-o Tlpe D reactions refer ta carcincgenic and
teratogenic effects. These reactions are delayed ìn onset
*nd are very rarer since extensive mutagenicity and
carcinogeniciq" studies are dane befare a drug is licensed.

Hypersensiiivity reacrions can be further classified into
those that are mediated by drug-specific antibodies and
those that are mediated by drug-specific T lymphocytes-
Four specific types of reaction have been described by
Gell and C oambsn {immediate hSrpersensitivity, cytotoxic,
i:nmune complex, and delayed-type h3persensìtivity-), but
many drug reacticns do nùt fit into a'ny of these
categories, despite having features consistent with an
immunological mechanism. fulany presumed hlper*
sensitirrity rèactions cannat be classified because the
tnechanisms respansible for them are rrot kno*"n. ll,nd the
iack of mechanistic information is due ta the fa* rhat
these reacticns are uncommon, un"predict*ble, and not
repraducible in animal models-

Drug rnetabolism ard drug rcactivity
T"c work out the underlying pathophysialogy af drug
feactions' the chemical properties of the drug and its
rnetabolism musî be anal-rned. M*n-v drugs are very simple
ehemicals of lorv molecularin'eight, and are inc*pable of
inducing an immune resFonse in their native form-
Floweverr simple chemicals can induce h3persensiti*'ity
réflctiùns s'hen they combine covalently rrith large-
rnolecular-weight compounds.'o For this co'{alent
association ts occur! most drugs must be "biaactivated"
CIr metabclised tCI chernicalll' reacîive products"tì
Typicalln drug metabolism is not detrimental to the host.
In fact, it is beneficial" Metabolism is a r3:pe af
detoxification process whereby lipid-soluble, nongolar

Figure 1: Role cf dru€iffetabolising €nz1mes in dr:lg
àbactfustlsil or lnrctlvatlon
From reference 7, with permission.

cornpounds &re converted to compounds that are easily
excreted- Drug rnetsbolism is usuall-v * nÀ,o-step prgs€É6
involving oxidation, reduction, or hydralysis (phase I]
followed by coniug*tion rn'ith glucuronyl, sulphate, or
acety-l groups {phase II} that results in the formation ttf
inactiw compounds that are vratÈr saluble and ensilv
excreted by the kidne-vs.'2

In some insrances, reactive drug metabolites that are
noî prùmptly detoxified may be formed. rùFtren this
happens, the metabolite may cause direct cytotoxicity
Ieading ta direct tissue damage and necrosis; it may bind
to nucleic scids tc praduce an altered gene product; nr it
may cavalently bind îo a larger macromolecule inducing
an immune resFonse (figure 1).' Sulphonamides, fsr
example, can be metabolised to reactive intermediatee
thaî elicit both direct cytotoxicity'i" and immune
responses through covalent binding wift prr:t*in
macrornclecules.'ù'te

Backgpound ir*ormation important in the
afisesÈment of drugindueed discase
Physicians are asked to assess drug reactions whiie they
are in prùgress or afterw*rds when all clinic*l evidence r:f
the event has resah.ed. If the patient is in the midst of a
reactionj medical hisrory, physical findings, and
laboratory information can all be used to find the drug
responsible as rvell as to help elucidate the reaction type'
In rnany instances, however, the drug reaction has iong
resolved, and the physician has no abjective informatian
up*tì which to base a decision abaut r+'hether or not îl)
readminister the drug in question, Even here, much useful
inforrnation can be obtained if a detailed history is taken.

Panel 2 cutlines the infcrrmation that must be obtsined
during the assessment of a patient r*"ho h*s had a drug*
associated reaction. Importantly, before the hospital or
ciinic apFointmentr îhe patient musî be advised tirat
detailed questions t'ill be asked. Since patients aften
carulot recall important details clesrly, all relevant medical
reccrds should be av*ilable- Nct only is this informafion
vital to the physicians but it also makes patients lsltil
anxious, since they can become frustrated and
embarrassed if they cannot recall specific details.

Sometimes it is very easy to find rhe causÈ of a
presumed drug-induced reaction, especially if the patient
is taking a single drug at the time. lfowever, individuals
*ào hase seteral chrcnic diseases, such as hypertensioRe
diabeîes, and corr:nary-afiery disease, commonly take
several medications-, and it can be difficult to work out
which is the cause- The temparal relation benveen the
start of drug *reraF!' and the onset of the reacúon is very
helpful. A drug that has been taken fcr several years is
unlikely to be the csuse af the reaction. .Another tempcral
c*nsideratian is that, unlike tlpe A reactions,

Covalent binding
and immunogen
formation

Cytotoxìcily

Carcinogenicity
Teratogeni*i$
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Panel 2: Questlons a phyefclan should ask when assessing a
patbnt ulth a s*speted dmg,-induced dl*qder

r ls there any history of drug-induced reactions? lf so, what were the
characteristics of the previous reactions?

I Atirhat stage du*ngtherapy did the curTent reaction occur?

I At the time of the reaction, what drugs was the patient taking,
when were they slarted, and what were the doses of each?

r Had lhe palient been exp*sed to any of these drugs pteviouslf

r What are the patient's other medical problems?

r Wnat uere the clinieal manifestaticns of lhe drug-induced rea*tion
and could these manifestations help determine whÍch drug was
responsible far the reactia*?

r Were there any laboratory ebnormalities that could
be explained by a druginduced reacticn?

. lffhen the drug was discontinued, did the reactian cease?

immunologically-mediated hypersensitir.'ity reactions
require a period of sensitisation of several day"s.
Hypersensitiviry reactions often do nat occur during rhe
first course af therapv, but present during subsequent
courses- A confusing picture arises x*ren a patient

Fresenîs udth a first-dcse reacticn that seems clinically to
be anaphy'lactic. Since drug-specific ISE antibodies
cannot be made instantly, another meuhanisrn must be
opÈrridve. Either the patient had been previously expased
io the drug *r to a crcss-reacting agent and had formed
drug-specific lgE-antibodies, or the reaction clinically
iÈÈgernbled *naphylaxis but an irnmune mechanism
É'tis flst int'olsed- Reacticns af this latter tylpe

{*'pseudoallergic") can he caused h* far example,
fadiocontrast media, neuromuscular blocking agents,
opioids, colloid vclume expanders, and some antibiotics
(eg, vanccmycin).*

By examining the properties of the drugs themselves,
useful inform*tion can be obtained. Pharmacological
adverse reacticns can he caused by rhe primary
pharmacology af the drug {augrnentation of the drug's
therapeutic actions) or by the secondary pharmacolog5i

{an action that differs from the drug's t}rerapeutic actions
but that can still be rationalised from the knorryr
phnrmacology of the drug).?' For p blockers, heart block
nnd bradycardia *re prim*ry pharmaccl*gical ad.r'erse
effects; bronchospasm is a secondary effect. Sorne factorr
predispose to pharmacological adverse reactions; rhese
include drug dcse, drug fcrmulation, pharrnacokinetic
ilr pharmacody"namic abnormalities, and drug-drug
interaetinns.sl Therefnre, to find out whether a reaction is
due to the pharmacolcgical acticns of the d*9, the
Fh)'sician needs to kno$r the doses of *ll rnedications,
concurrenî medicaticns îaken at fhe time of î-he reaction,
and cancurrent diseascs {eg renal failuren hepatitis} that
could lead to alteratians in drug excretian or drug
ruetabolism.

Some drugs cause characteristic clinica! reactions.
Therefore, it is important to be familiar rvith the vsrious
tlse$ of adverse reactiCIns that a parîicular drug may elicit.
In many insta.nces this tnsk is ncrt so simple, since one
drug can be respansibie for causing a înnge of reacticns.
Bóme rf which can be related tei its pharrnacclogical
pf*perties, and others ta irs immunclagical properties.
Sulphonamides, besides causing tlpe A reactions such as
tsxifity' can be associated with various oîher reactions
that fall into rtre qype B (unprediatable) category. These
re*ctisns, r*'hich are îhcught to result fram direct cellular
eyrr:toxicity or an immune-mediated mechanism, include

er-vthema multiforrne, fixed
Stevens-Johnson syndrome,
necrcly'sis.

eruption, urticaria,
toxic epidermal

Almost all drugs are capabie of causing numerous
sdverse-reacîion qrpes, Therefore, when an individual

FreseÈts rvirh a drug-induced reaction) a careful physical
examination focused on the organ sysîems invalved in the
reaction should be done, and then the adverse-reaction
prcfile *f all administered drugs should be reviewed tn
pinpoint the most likely culprit. Several drug-reacticn
manuals catalogue prescription and over-the*couriter
medicatians by their adverse*reacîion profi.le.'*'" These
manuals can be very useful when a drug-induced reactìon
is known {or presumed} to be occurring, but they may be
less useful rrhen the patient is on multiple medications"

Finally, it is also important to remember *rat the
clinical picture m&y not be drug-induced at all. About
5Q% cf cases of Stevens-Johnson slmdrome are drug-
induced; the others are caused by infectiou$ flgen!s.'*'o
Therefore, *'hen assessing a patient with Stevens-johnson
s3xrdrome, drug-induced and non-drug-induced cau*$$
must be cansidered. Thus, although medicaticns fan
cause a. multitude af organ-specific and, sometimesr
s}'sîemic reactions, physicians should ahvays considBr
other potential causes before concluding that the glinignl

abnormality is drug-induced.

Glinical appruach to Batients with drug-induend
disease
The simplest approach to patients rvho present rvith a
history of previous adverse drug reactions is probably
'rhetter-safe-than-**Íry.*''-zt-f hisstrateg5linvolvesassuming
rhat the patient has had an adverse reaction to a partiuular
drug, and telling the patient that, in iight of thi* drug
sensitivity, he or she should avoid the drug in the future.
Despite being the safest approach, it is not rhe mssl
practical and it ma.:v deprive patienîs needlessly af
important drugs- In addìtion, this approach is leading to a
major clinical problem: the development of antibiotic-
resistant organisms. One sunrey found that physicians
tend to prescribe altem*tive broad-spectrum antibiotics
wirhout assessing whether or not patienîs with an assumed
penicillin allers" are truly allergic.'* This apprcach csuld
be contributing to the emergence of vancomycin-resisiani
enterococci and staphylococci. Thus, *te ((better-safe-

îhan-s*rry" stra.teg3- cannot be regarded the hest
management approach.

Diagnostie tests for drugl-induced disease
A.s stated previouslS', mùst adverse drug reacîions are
predictable ir!?e A). These reactions are related to an
agent's pharmacologic*l properties and are w'ell described
in the adverse-re*ction profile cf a drug when it ie
marketed. In contrasî) type B reactions are not
predictablÈ, ncr are they commùn- For these reasons, it i8
desirable to have a diagnostic test that would allorv one tt!
predict qrhether ùr not an individual is at risk of
devek:ping a subsequent, similar reaction if the same drug
rvas readministered. Idicsyncratic reactions and reacdons
due to drug intoierflnce will occur again if the causative
drug is readministered. Therefore, cf the rype B re*cdcns,
diagnostic tcals are useful only for hypersensitivity
reactions ùr those that are presumed tù be
immunologically mediated.

General laboratory tÈsts mali be helpful for some qryeg

of drug-induced disease processes, especially when there
is organ-specific involvement- Depending upon the organ
s)'stem invah'ed, one or rnore of the follon'ing tesîs may hle
helpful: liver-function tests' measurement of blcod urea

drug
and
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nitrogen or sreatinine, complete blood count, urinalysis,
and chest radiograph if there is pulrnonary involvernent.
Also helpfui are biochemical and imrnunclogical markers
that confirm the activation af certain irnrnunopathological
pathways.'e T?ms, depending upon the reactisn rype,
measurement of the following may be use*rl: tùtal
haemolytic complem ent concentrations (for drug-induced
immune-complex reactions that result in complement
activation); antinuclear antibodies $cr drug-induced
lupus); and 24-h urine histamine metabolite ifor drug-
induced anaphyl*xis)"

A biochemicsl marker rhat has Frcven usefirl fcr
dissrders that involve systernic mast-cell activation is
ffyptàse. Tryptase is a neutral protease that is stored in
mast-cell granulesg it exists in an cr form and a p form.J"
Raised ccncenîrstions of cÈ trlfltase in blacd indicates that
fhere are increased numbers of mast cells-a finding thar
is seen in systemic mastacytosis. The p form is a measure
of mast-cell activ*ticn" and concentrations are raised in
nlflst*cell-dependent anaphyLactic ùr anaphylact*id
reactians. Therefore, P try?tase csncentrations are
increased for reactians resulting from drugs that cause
ffinst-cell-mediatcr release via an immunological
mechanism {eg, heterolagous antisera} insulin, penicillin},
and from drugs that cause mast-cell-mediator release r,ia
n*n*immunolagical mechanisms {eg, opiates, muscle
rel&xants, and $olume expanders)" The hsJÈlife of tryptase
in plasma is about 3 h and the enzSrne is not prone to
fflpid degradation- For these reasons, rne&surement of
tryptase concenîrations is favoured over measurement of
serum histamine. lVlatsscn and colleaguesu' reported trva
Éa$e$ of intraoperative anaphylaxis îo anaesthetic drugs in
whieh t{4}tase ccncentratiùns weîe raised; others have
ais* reported increased tryptase cùncentrati*ns after drug-
iuduced perioperative anaphylaxis.t2 Schwarn and
eolleagues'r recommend that îr1ptase concentrations be
obtained l-2 h after the onset of the anaphSrlactic episode.
Normal serum concentrations of p tryptase are less than
I pgll. Concentrations greater îhan I p#L indic*te mast-
cell actisation, and ccrìcentrations greater than 5 pg'L are
t"l"pically seen in mast-cell-dependent systemic
anaphylaxis. F{owever, despite the usefulness of rhis test in
assessing anaphylactic ar anaph-vlactoid reactions, it is
important to rlotÈ that B tr!?tase concentrations can be
normal if the reaction does nct invoh'e haemodynamic
changes.33

Alrhough sùme specific dìagncsric tools exist for the
es se $sm ent c f drug-induced hyp ersensitivitv diseas es, they
ale limited in number for trso reasons. First" far many
drug*induced reactians, drug metabalites or degradation
products and not the natit'e drug are respansible f*r the
reacticn. Unfortunately-, the imrnunac$ernistry of mast
drugs, especially low-molecular-rveight haptens, are noî
knourr. Therefore, wit?rout knowledge af the clinically
relevant drug dererminaats, diagncstic msterials cennot be
der.ised. Second, in many instances, the actual
ntechanisms responsible for the reactions have not been
elucidated, so it is not possible to chcrose an appropriate
test. Alîhouglr drug-specific antibodies can be FrÈsent in a
pàtiÈnt with drug-induced hepatitis, their presence does
not necessarily mean that they are responsible for the
disease process. In scrne instances, their appearance may
rÈIlresent an epiphenomenon.

For immediate hypersensitivity reactions, skin testing
carì be done to find cut whether drug-specific IgE
andbodies exist, Their ptesence indicates that the patient
is nt risk of an lgE-mediated reaction, including
anaph3tlaxis, it that agent l+'ere to be given again- Skin
testing is especially useful for po$peptides *rat are

multivalent and of large molecular weight such as
antilyruphùcyte globulin, toxoids, insulin, and
streptokinase. It is iess useful for small-molecular-weight
agents iike antiìriotics because, except for penicillin, the
relevant immunogenic determinants for most antibiotics
have not been ideatified. Despite this lack of knot'ledge,
beneficial informarion msy be obtained if skin tests are
done with non-irritatir.'e antibiotic concentrations. A
pasitive result sugges:s the presence of drug-specilìc lgE
antibadies- In conîrast' a negative result could mean either
that drug-specific IgE antibodies are absent or that they
are present but not detectable because an inappropriate
immuncgen was used as the testing reagÈnt.

Although in-viro tests to detect drug-specific IgE
antib*dies to antibiotics exisl, they have the s&m$
lìmitations as in-r'ir.o skin tests and, in addition, they arr
less sensitive. T?rus, clinicians must be cauîioned about
using these *ssa!"s in the diagncstic assessment CIf
&n antibiotic-allergic individual. Some commerÈial
latroratcries specialising in allergy and immunaiogy ofTer
in-vitrc diagnastic tests for drug-specific IgE antibodies trt
select antibiotics. Hcra'ever, the usefulness af these tÈ$tl* ift
unclear- The same prablems that plague skin-testing affect
the in-vito assays as well, Lack of knowledge of rhe
clinically relevant anrigenic determinanîs makes it difficult
to interpret a negative finding. The inability ta detect
drug-specific IgE antibodies dces not mean that they nre
absent" The antibodies are just as likely to be present, trut
ncî detectable, perhaps because the antigen coupled to the
test disc is not rhe clinically relevant one. Unril more
infcrmation about the ccrrect immunogenic determinanffi
of antimicrabial agents is generated, in-vitro assays for igH,
antibodies to these agents have limited, if any, use in the
diagn* stic assessmÈ{rt af dru g-allergi c patienrs.

The tools available for the assessment of non-IgE-
mediated drug-induced hypersensitivity reactions are also
limited.3{ In additicn to limited knorvledge of relevant
antigenic determinsnts and pathogenic mechanisms, the
clinical relevance of the available tesl$ must be
determined. rtlth*ugh drug-specific IeG or l*,fvl
antibodies may cause thrombocytopenia, haemolyfre
anaemia, and neutropenia, îfrere is often no correlation
bet'"veen the pr€sence of these anribodies and
pathagenesis. A similar lack of correlation may be se*n
*'ith ly-rnphocyte-transformation testing. A marked
proliferative response induced in a drug-allergic patient'$
I,r'rnphocytes *nhen they are culrured in the preseilee r:f thE
suspected drug indicates specific T-cell sensitisation, but
whether this {inding is clinically relevant is not clear-

In the past, patch îesting was thought ta be useful only
for drug-induced contact derrnatitis. Flowever, in light of
accumulating evidence that supports an immun**
pathagenic role far specific T lyrnphoclîtes in some drugr
induced reactions, including morbilliform eruptions, fixed
drug eruptions, and bulious erupticns, patch testing mnr
har.e more broad applicabìlity in the assessment of drug*
induced hypersensitivity. Romano and colleaguess5 found
*rat 33 cf 60 patients rvho had maculopapular eruptions
to ampicillin, amoxicillin, or penicillin showed positil'e
delayg6 intadermal skin-test respofises, as well as positive
patch-test responses! when tested with the clinically
reler.ant drug- Osawa and calleagues'u also faund thal
patients *'ho had non-imn:ediate-type drug*induced
eruptions often had pasitive patch-test responses.
.{lthough indit'iduals who had eczematous eruptions were
more tikely to have pcsitive patch-test responses than
those who hsd maculopapular eruptions, a large number
rf patients r+'ho had experienced other drug-induced
systemic eruptions {erythema multifonne, erythroderma,
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ISanagement:
. Avoid drug, if passible
. Consider desensitisation if presumed lgE-mediated, or graded challenge if non-lgE+nediated
. Consider prophylactic regimen before administratian {if shswn to be effeclivei
. Readministratian of implicated drug absclutely contraindicated in Stevens-Johnson

syndrcme. toxic epidenna{ necrolysis, and otfrcr life-threatening reacticns
. Frudent use cf all drugs in future
. Patientlphysician education
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Figure 2: Aftprlthm for managBment af adveme drugrcactlons
From reference 37, with permission.

fixed drug eruptian) rn'ere patch-test pnsitive as rn"ell.
These exciting findings suggest thet specific T cells m*y
hat-e a pathogenic role in sereral important drug-induced
cutaneous hlpersensititìry diseases, and thst p*tch testing
may prove to be useful in their diagnostic assessment.

Most importantly, physicians and patients must realise
that, in most instances: no single diagnostic test rviii Enswer
the common question, *"Is the patient allergic?". Although
a u,'heal-and-flcre skin-test respofrse to streptokinase in a
patient prreviously e4pcsed to this sgent indicates that the
patient has drug-specific IgE antibodies and is at risk for
anaphylaxis if streptokinase is readrnini*tered many drug-
induced hypersensitivity responses fire not this easy to
assess. For many reactions, neither the immunopathagenic
ffreehanisms nor the clinically relevant drug metabolires
responsible for inducing rhe reaction are kno\an- Ffowever,
despite the limited number of diagnostic taols a*ailahle for
the assessment of patients rvha present with dmg-induced

disease, reasonable marurgement strategies c$n still be
devised.

Mangement strate{fes
If a drug-disease connection has been established, and
there is a need to give the implicated drug again, several
options may be considered {figure 2).t' For type A
reactions, cnly mincr modifications may be required
before drug re*dministration. In the case of toxicity,
prcvided the tissue affected has the abiliry to regerier$T*s
the toxicity is totally reversible. In addition, if furth*r
treatment with the drug is necessary, it will often be
tolerated at a lo*'er dcse. Drug side-effects and seccndary
effects ma]' also resolve at loìner drug dosages. However;
since this resolutian can occur only at subtherapeutic
doses, it may be necessaqr ro start ttrerÉpy with *n
altemati*"e agent so that the disease process being treat+d
wil] be neated cptimally.

Fatient develaps a possible

adverse drug reactian

Review of medical history, rgpords,
physical examinatian, and clinical tesîs support
the occunence cî a druginduced
reaction

No+immune adverse drug reacticn {i.e, toxicity,
sideeffect, seco nda ry effect, drug i nteracti o n,
drug inlclerance, drug idiosyncrasy,
pseudoal lergic reaction)

lmmune adverse drug
evènt suspected?

*lanagement:
. Modify dose
. Altemative drug
. Considergradedchallenge
. Ccnsider praphylactic regimen {if shown tc

be effective)
. Patient/physicianeducation

Daes test have high negative-
predictive value?

Patient may be
allergic to drug

Do appropriate
canfirmatory tests. if available

Diagnosis of drug hypersensitivity canfinned
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Drug-drug interactions too are relatively easy îo
manage. Again, all tlr*t is usr:ally required is a dose
mcdification of *ne or hcth drugs. H$\rever, since
undesired drug-drug interactions c*n often be predicted,
in most instances, this type of adverse drug re*ction
should be stopped befcre it starts- Before the marketing
of any drug" its pharrnaca{Ènamic and pharmacokineric
properties are well known and, thus, its ability to

tratentiate ar diminish the actioas tf any coadministered
a.gent is either known or can be predicted- Physicians can
obtain information about potential drug-drug inter-
actions either from reference booksu or from the haspital
pharmacy's drug information expefis.

tsor type B reactions, especially drug intolerances, îhe
implicated drug may be given again ii the previous
reaction w"as mild {eg, tinnirus r*'ith a.spirin). However,
for idiosyncratic teaclicns, more cfllrtian is advised.
Adkinsont? suggÈsîs that for îÌrese reactions] the severity
of the reaction must first be ccnsidered. If the previous
teflction was severe {eg, caurnadin-induced skin necrosis
in the presence cf pratein C de{iciencry)' *re drug shculd
not he readn:inistered- Far previnus reactions that *"ere
nrild to mcderate, an unmasked provocational challenge
csn be dcne by a specialist f*miliar with procedures of
this type. If no adverse reacîion occurs upùn rechallenge,
the drug can be ccntinued if clinically indicated. If an
adverse reaction does occur, both the severity of the
reaction and the need for the drug should be assessed
before a decision is made about its continuatisn or
discontinuation. Another opticn is a placebc*cantrolled
filasked challenge to ensure that the clinical symptoms
shor*rr during the challenge lvere iadeed drug-induced.

If the prer"i*us reaction Ìras thought to he hyper-
riensitive in naîure, me*.ning it had immunol*gical
features, confirmatory tÈsts should be done if they are
svailable tie, skin tests for assessment of drug-specific IgE
ftntibodies, or patch tests for assessment of drug-specific
î lymphocytes)- If a test is available and it is negati*'e,
and if the negative-predictise value af the test is knawrr
*nd i* high, rhe patient *'i11 not redevelop the
hypersensitivitl'reaction if the drug is readministered. If,
ho$'ever, the negative-predicrive value af the test is not
knorvn, rvhich is often îhe case, a negative tÈst canrrot be
interpretated to mÈan that the patient is nat allergic andt
tltus, the previous reaction rnay or may not redevelop if
the drug is reintrcduced"

If a confirmaîorT îesî is not available or if it is available
but its negative-predictive value is not known, there are
several options. The simplest apFrosch rvauld be tc avoid
the drug if an altemative drug is nvailable and it is as
clinical$ effective. Hor*'ever, if no altemative exists, a
greded challenge rri*r the implicated drug can be
considered if the previous reaction îriras presumed not to
be lgE-mediated and if it 1e&s nct life-threatening.
Graded chalienges are not indicated in cases where the
pfwious reaction was severe deg, Stevens-Johnson
sy"ndrame m îoxic epidermal necrclysis). For these *?es
of reactions, reintroduction of the drug is absoluteiy
e untraindicated.

If the pret-iaus rescticn \qras Fresum*d to be IgE-
rnediated, an altemative apprcach ta graded challenge
fnust be taken if the drug is to be re*drninistered. If a
skin-test reagent exists, the p*tient shauld be skin tesîed-
A positive rn'heal-and-flare resFùnse indicates the
pre$ence of drug-specific IgE antibodies (if the proper

cantrols have been done), whereas a negative skin test for
tests rvith * high negadve-predictive value {eg, snri-
lymphocyte globulinr steptckinase, penicillin) indicates
the absence cf these antibadies. Since in mast instances,

the negative-predictive value is not hrown, the patient

cannoî be assurned ta lack drug-specific IgE antibodies if

the skin tesî is negatia'e. Far these individuals, and for

thcse with positive skin testsr desensitisation-a process

by which a drug-allergic individual is converted from a

highl-y sensiti*-e state to a state in which the drug is

tolerated-should be done by an experienced allergist if
rhe drug has to be readministered.

Conelusion*
The mansgement of patients who present with drug-

induced reacticns can be frustrating for both the patient

and the physician. The patìents who aîe most frightened
are those who have had multiple adverse drug reactions.
They feel that they are '*allergic ta everything" and that,

ìf a life-threatening reaction \iv"ere to develop, they wauld
be daomed. In these instances, physicians should seek

the help af a specialist rvho is familiar rvith managing
drug-allergic patients. Most importantly, both the
physician and the patient must be educated. In many
casèsr non-crass-reacting agents exist and can be used

inste*d. In case$ '*'here altemative agenîs erÈ R(ìt
*vailable, drug challenge or drug desensitisation may be
cansidered.

All physicians should foilrrrv some simple colfltlllf,rl'
sense recùmmendations when prescribing therapeutic
agents to their patients.2t For patients who have multiple
antihiotic sensitivities and who seem to need antibiotics
f'r*quently, cbiective e*'idence of the infectìon shouid be

obtained befcre antibiatic tres.tmerit is started. If
recurrent in{bctions are documented, then t}rey should be
treated aggressively ts ÈnsurÈ they do not ref,ur"
Underlying immuncdeficiency as u'ell as any sffucturgl
ahnarmalities that may predispose to the development of
infections should also be assess*d.

Drugs should be given only r+.hen they are absslutelv
indicated. Every drug has an adverse-reaction profile, and
some af these reacîi*ns are life threatening. Thereftr*e
although adverse drug reacîions and drug-indueed
diseases will cantinue tù exist, the associated morbidity
can be reduced if phy5isiass educate themselves ebout
rhe drugs they prescribe and if iudici*i prescribing
practices are adopted"
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