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Abstract ‘Preventability’ is a crucial concept in the literature on adverse drug re-

actions (ADRs). We have carried out a systematic review in order to identify
and analyse the approaches used to define ‘preventability’ in relation to ADRs.
We have restricted this investigation to definitions of preventability and have
not dealt with other aspects. We searched MEDLINE (1963-April 2009) and
EMBASE (1980-April 2009), without language restriction, for papers in which
preventability of ADRs was likely to be defined.

We found 234 papers, of which we retrieved 231. Of these, 172 either con-
tained original definitions of preventability or referred to other papers in which
preventability was defined. Forty contained no definition, and 19 were not
relevant. In the 172 papers selected, we identified eight different general ap-
proaches to defining the preventability of ADRs: (1) analysis without explicit
criteria; (2) assessment by consensus; (3) preventability linked to error;
(4) preventability linked to standards of care; (5) preventability linked to
medication-related factors; (6) preventability linked to information technol-
ogy; (7) categorization of harmful treatments in explicit lists; and (8) a com-
bination of more than one approach.
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These approaches rely on two general methods: the judgement of one or
more investigators or the use of pre-defined explicit criteria; neither is satis-
factory. Specific problems include the weakness of consensus as a method
(since experts can agree and yet be wrong), inadequacy of definition of
standards of care, and circularity in several definitions of preventability.
Furthermore, attempts to list all preventable effects are bound to be in-
complete and will not always apply to an individual case.

We conclude that an approach based on analysis of the mechanisms of
adverse reactions and their clinical features could be preferable; such an ap-
proach is described in a companion paper (Part II) in this issue of Drug

Safety.

Preventability (sometimes referred to as ‘avoid-
ability’) is a crucial concept in the literature on
adverse events, including suspected adverse drug
reactions (ADRs) and other drug-related harms
(sometimes called ‘drug-related morbidity’, ‘drug-
related problems’ or ‘adverse drug events’). The
better the concept can be defined the more useful
it will be.

There are two aspects to preventability: whether
in principle an event is preventable in the absence
of error, and, if it is, whether we can in fact pre-
vent it. For example, penicillin hypersensitivity
reactions can in principle be avoided in patients
known to be susceptible, by not giving the drug;
however, in practice such reactions will still occur,
for example, because information is not available
to the prescriber, or because tests of susceptibility,
such as skin prick tests, are not completely reliable.

We are aware that harms are never absolutely
preventable, although any intervention that re-
duces the probability of harm can be said to have
made a contribution to prevention. In a compan-
ion paper (Part II) in this issue of Drug Safety!!]
we propose an approach to preventability based
on analysis of the mechanisms of ADRs and their
clinical manifestations. Here we have carried out
a narrative systematic review of the ways in which
the preventability of ADRs has been defined and
discuss the limitations of those definitions.

1. Searching the Literature

We systematically searched MEDLINE (1963-
April 2009) and EMBASE (1980-April 2009),
without language restriction, for papers in which
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preventability of ADRs was likely to be defined.
We investigated three search strategies.

First, we used the following search terms: ‘pre-
vent*’, ‘avoid*” and numerous terms for harms from
drugs (e.g. ‘side effect+’, ‘adverse effect+’, ‘adverse
drug reaction#’, ‘adverse drug event*’, ‘drug in-
duced harm*"). This yielded over 200 000 hits and
we did not pursue this strategy.

Secondly, we took a corpus of 55 papers that we
had previously identified and compiled a list of all
papers that referred to those 55 using IST Web of
Science. This yielded over 8000 hits and we aban-
doned that strategy too.

Thirdly, we searched the databases using the
following terms: ‘preventab#’, ‘avoidab#*’, ‘drug
toxicity/’, ‘medication errors/’, ‘side effect*’, and
‘adverse drug reaction=’. This yielded 640 references
in EMBASE and 532 references in MEDLINE.
After choosing relevant papers (on the basis of
titles and abstracts, looking for text that referred
to the prevention of harms from medicines) and
after removing 149 replicates, we were left with
147 papers, of which we were able to retrieve 144.
In addition, we retrieved another 87 papers from
the reference lists of those 144, yielding 231 in all.
This search strategy (illustrated in figure 1) was
similar to, but more extensive than, that used by
Goettler et al.?l in their meta-analysis of the fre-
quency with which admissions to hospital were
due to preventable ADRs, a search that yielded
14 papers for analysis.

After reading those 231 papers we were able
to reduce the corpus to 172 papers that either
contained original definitions of preventability
or referred to other papers that contained such

Drug Saf 2010; 33 (11)
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Fig. 1. The results of the search strategy.

definitions (see appendix, Supplemental Digital
Content 1, http://links.adisonline.com/DSZ/A32);
40 contained no definition and 19 were not relevant.

2. Summary of Findings

We identified eight different approaches to
defining the preventability of ADRSs in the papers
we retrieved:

1. analysis without explicit criteria;

2. assessment by consensus;

3. preventability linked to error;

4. preventability linked to standards of care;

5. preventability linked to medication-related
factors;

6. preventability linked to information technology;
7. categorization of harmful treatments in explicit
lists;
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8. combinations of more than one of these
approaches.

3. General Comments
3.1 Analysis Without Explicit Criteria

In 1971, Melmon!® estimated that 3-5% of
admissions to hospital arose from ADRs, which
he defined as “‘all unwanted consequences of drug
administration, including administration of the
wrong drug (or drugs), to the wrong patient in the
wrong dosage (form, amount, route or interval),
at the wrong time and for the wrong disease.” He
noted that ‘classic’ immunological reactions made
up less than 30% of all reactions and concluded
that “the remaining 70-80 percent are predictable
... Most [of them] without compromise of the
therapeutic benefits of the drug.” It seems, there-
fore, that Melmon believed that all medication
errors and all ‘predictable’ ADRs are preven-
table. However, he did not define predictability.

Burnum criticized Melmon and others: “some
authors have assumed, but without supporting
data, that the vast majority of adverse drug re-
actions occur needlessly and are preventable.” He
examined 42 ADRs, describing 19 (45%) as un-
avoidable and 23 (55%) as ‘“‘unnecessary and po-
tentially preventable.” The latter involved an
element of error on the part of one or more of the
physician, pharmacist or patient; for example, the
prescribing of a drug that was contraindicated.
Burnum appears to have been the first to state
explicitly that assessment was required to decide
whether a reaction was preventable, but he did
not state what criteria he used.

3.2 Assessment by Consensus

Two general forms of consensus have been
used: (a) agreement among peers without preset
criteria; and (b) the establishment of criteria by a
process of consensus, such as the Delphi technique.

Some authors have been content to ensure that
at least one colleague agrees with the original
assessment of preventability: “Preventability was
defined on the basis of the initial reviewer’s
interpretation and the second reviewer’s con-
firmation of whether the ADE could have been

Drug Saf 2010; 33 (11)
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prevented.”] An admission to emergency hos-
pital care was judged to be ‘preventable’ in a re-
view of case notes if at least two of three reviewers
stated that it was.[! Similarly, when examining
whether deaths in hospital were preventable, others
decided only on the basis of how closely raters
agreed.”]

Some have examined the intensity of a clin-
ician’s feeling that a reaction is preventable, but
have not tested the method. Baker et al.[¥! asked
clinicians to grade preventability on a 6-point scale
from “‘virtually no evidence of preventability” to
“virtually certain evidence of preventability.” The
study was not confined to harm from drugs, but
included, for example, a steroid-dependent patient
not given steroids in hospital, an omission that
led to adrenal insufficiency, as an example of an
event that clinicians were virtually certain was
preventable.l]

Morris and Cantrill'® used the Delphi method
to ‘validate’ indicators of preventable harm from
medicines, seeking agreement from 17 doctors
and pharmacists; they achieved reasonable con-
sensus on only 24 of 41 indicators. As they con-
cluded, ““although we have mechanisms to identify
preventable drug-related hospital admissions (out-
comes), identifying the process of care that is
needed to prevent their occurrence is far more
challenging.”

Consensus is only one step beyond individual
judgement; it is possible for experts to agree and
yet be wrong.['1]

3.3 Preventability Linked to Error

When harm arises from a medication error it is
potentially preventable. This does not translate
easily into ‘never events’, because of the nature of
medication errors, which, like other errors of con-
scious acts, are part of the human condition.l'? If
such errors are in fact to be averted, systems need
to be made robust in the face of human error — for
example, by simplification, by greater automation,
and by increased checking; unfortunately, remov-
ing errors in one part of a system may introduce
errors elsewhere.

One definition of a medication error is “‘any
preventable event that may cause or lead to in-
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appropriate medication use or patient harm while
the medication is in the control of the health care
professional, patient, or consumer.”[!3] This sug-
gests that error and preventability run together.
However, “few authors have formally discussed
the relationship between preventability and med-
ication errors (i.e. whether errors are by defini-
tion preventable or whether every preventable
adverse event is necessarily associated with an
error).”'¥l While authors assumed a ‘strong re-
lationship’ between preventable harms and er-
rors, that is not at all evident, at any rate when
Hallas’s grading!'® (see section 3.4) suggests that
“effort exceeding the obligatory demands’ would
be required. Nor will careful assessment of bene-
fit and harm always lead to the same decision
about preventive measures when the measures
themselves are not risk-free. For example, the ef-
ficacy of clopidogrel may be reduced when it is
given with a proton pump inhibitor (to reduce the
risks of gastric haemorrhage); here one risk is
substituted for another.['¢]

Bates and colleagues!!”! have repeatedly used
the criterion that “adverse drug events [were con-
sidered to be] preventable if they were due to an
error or were preventable by any means current-
ly available,” although in later versions ‘or’ was
changed to ‘and’, an important amendment.['8-1°]
In its later version, this circular definition implies
that on/y harm due to error would be classified as
preventable. In some instances, they added that
“by definition, all potential adverse drug events
were considered preventable,”['8] which appears
contradictory.

3.4 Preventability Linked to Standards of Care

Noting the wide variation in observed rates of
drug-related hospital admissions, from 2.9% to
20%, Hallas et al.['3] attributed these mainly to
differences in the quality and intensity of data
collection, which remain important.?”! They clearly
recognized the general difficulties in attributing
causation, and advocated a version of the criteria
suggested by Karch and Lasagna,?! linked to an
assessment of the extent to which the drug-related
harm contributed to hospital admission (from
‘dominant’ to ‘not contributing’). They considered

Drug Saf 2010; 33 (11)
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Table |. Criteria of Hallas et al.['! for avoidability of events asso-
ciated with drug therapy

Definitely The event was due to a drug treatment procedure

avoidable inconsistent with present-day knowledge of good
medical practice or was clearly unrealistic, taking
the known circumstances into account

Possibly The prescription was not erroneous, but the event

avoidable could have been avoided by an effort exceeding

the obligatory demands

Not avoidable  The event could not have been avoided by any
reasonable means, or was an unpredictable event
in the course of a treatment fully in accordance with

good medical practice
Unevaluable The data for rating could not be obtained or the

evidence was conflicting

whether the event could have been avoided by
“appropriate measures taken by the health ser-
vice personnel” (table I). All ‘definitely avoidable’
drug-related harm in this study apparently re-
sulted from error or miscommunication.

Many later authors?>2*] have used these cri-
teria. But the obverse of these criteria has also been
used: “We defined as non-avoidable, [adverse
drug effects] that occurred in well-indicated and
well-managed therapy with reasonable weighing
up of risks and benefits.”’[>’]

Some have set perfection as the criterion. For
example, Darchy et al.*®! defined a preventable
event as one “‘that should not occur if management
is the best that medical science can provide.” By
this exacting criterion, 51% of drug-related ad-
missions to an intensive care unit were preven-
table. Similarly, Thomas and Brennan[*”! stated:
“An adverse event was considered preventable if
it was avoidable by any means currently available

. unless that means was not considered stan-
dard care”; this is a circular definition.

A definition of drug-related harm as pre-
ventable ““if drug treatment, or lack thereof, was
inconsistent with current best practice” is per-
haps less stringent.?8] Others were content with
“the standard of care expected from an average
practitioner who practices in that area [of clinical
medicine].”?°]

Hayward and Hofer,B?9 using a set of 111
deaths in hospital, considered the question “when
a reviewer classifies a death as definitely or pro-
bably preventable... is there a 90% chance or a
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10% chance that a death would have actually
been prevented if care had been optimal?”” They
independently examined case notes and graded
deaths as definitely, probably, uncertainly, not
probably, or definitely not preventable. They found
considerable differences between reviewers.
Some authors have used negligence as a mark-
er of preventability.31-321 However, standards of
care are too poorly defined to make this method
useful, particularly if comparisons are required.

3.5 Preventability Linked to Medication-
Related Factors

In an analysis of drug-related harm in older
adults, Gosney and Tallisi>3 used three straight-
forward criteria for avoidability. “‘Prescriptions
were analysed to identify: drugs to which the pa-
tient had a well documented adverse reaction;
drugs contraindicated in the light of the patient’s
diagnosis; and interacting drugs.”” For the last cate-
gory they confined themselves to “well known
interactions”.

Hartwig et al.’¥ considered whether, in the
circumstances, the drug used and the dose, route
and frequency of administration were appro-
priate; whether the adverse effect was the result of
a documented drug allergy and whether appro-
priate preventive laboratory monitoring had been
undertaken.

Kelly and co-workers examined fatal,[33 per-
manently disabling,®! life-threatening,?”! and sig-
nificant®¥ adverse events that may have been due
to drugs, and assessed preventability using cri-
teria amended from those first suggested by
Schumock and Thornton?! (table I1). They esti-
mated that 57% of episodes of fatal harm from
drugs described in 447 literature abstracts could
have been “prevented by a pharmacist,” which
may be different from overall preventability. The
same criteria were used by other groups,“®! and
others have examined the preventability of hos-
pital readmissions related to ADRs.[#1-42]

When Kunac and Reith*] investigated drug-
related harm in children in New Zealand they
observed that, when using the criteria of Schumock
and Thornton,?”! overall agreement was only
‘fair’ (k=0.37; 95% C1 0.33, 0.41) for preventable

Drug Saf 2010; 33 (11)
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Table Il. Original criteria of Schumock and Thornton[®®! for deter-
mining the preventability of an adverse drug reaction

An answer of yes to one or more of the following questions indicates
that the harm was preventable

1. Was the drug involved in the adverse drug reaction not considered
appropriate for the patient’s clinical condition?

2. Was the dose, route, and frequency of administration not
appropriate for the patient’s age, weight and disease state?

3. Was required therapeutic drug monitoring or other necessary
laboratory testing not performed?

4. Was there a history of allergy or previous reactions to the drug?
5. Was a drug interaction involved in the reaction?

6. Was a toxic serum drug level documented?

7. Was poor compliance involved in the reaction?

events and no better than ‘moderate’ for not pre-
ventable events (k=0.47; 95% CI 0.43, 0.51).

The original criteria formulated by Schumock
and ThorntonP®! were not entirely satisfactory.
They were therefore later modified by including
previous ADRs not only to individual drugs but
also to classes of drug.[*4 By the amended defini-
tion, the most common reason for categorizing
drug-induced harm as preventable was a positive
response to the question “was a toxic serum drug
level [or lab test] documented?” This criterion
seems excessively restrictive. Dormann et al.[*]
modified the criteria further; if there was no al-
ternative form of treatment (e.g. for antineo-
plastic drugs) or a positive benefit-to-risk ratio
was assigned for the causative drug, ADRs were
judged to be ‘tolerable’.

Snyder et al.*®l considered that “preventable
ADE:s [adverse drug events] and non-intercepted
PADEs [preventable adverse drug events] were
considered medication errors that should have
been prevented or intercepted by effective med-
ication safety practices and/or systems.” This
circular definition was further informed by an
adaptation of the National Coordinating Council
Medication Error Reporting and Prevention index
preventability criteria, essentially a minor adapta-
tion of those of Schumock and Thornton.[3*]

Many other authors have based their assess-
ments of preventability either explicitly or im-
plicitly on the A/B classification of ADRs, which
proposes that not all reactions are dose-related
but that those that are are preventable.*”] We

© 2010 Adis Data Information BV. All rights reserved.

have elsewhere discussed the many difficulties
with this classification, including the fact that all
reactions are necessarily dose-related,[! but not
necessarily preventable.

Some have used the Summaries of Product
Characteristics (SPC) as a touchstone for defin-
ing preventability.*’1 If a drug was prescribed not
in accordance with the SPC and if, furthermore,
failure to adhere to the SPC was a known risk
factor for the adverse event, it was regarded
as avoidable. The deficiencies of SPCs are well
known.D%

3.6 Preventability Linked to Information
Technology

Some authors have considered the probability
that information systems of different sophistica-
tion would prevent harm.5'1 Bobb et al.b? noted
that “Prescribing errors related to illegible hand-
writing, drug/allergy interactions, wrong dose form-
ulation, and incomplete orders were judged to be
preventable in almost all cases. Prescribing errors
due to inaccurate or missing patient medication
histories and medication omissions would likely
be unpreventable by most currently available
CPOE [computerized provider order entry] sys-
tems. However, CPOE systems vary signifi-
cantly in their capability to apply complex deci-
sion support algorithms that integrate medical
and medication history, laboratory values and
dosing guidelines. Prescribing errors were classi-
fied as possibly preventable when such advanced
CPOE clinical decision support features would
have prevented them.”

In a 2008 study, Kuo et al.l>3 used a coding
system for medication errors called Medication
Error Types, Reasons and Informatics Prevent-
ability (METRIP). With this, they sought to
classify each error “according to whether or not
existing informatics technology (IT), if fully de-
veloped and implemented, would have prevented
the error. IT features that could have prevented
an error included common functionalities avail-
able in most computerized provider order entry
(CPOE) systems and electronic medical records
(EMR); for example, having a drug selection list,
dosage selection, laboratory monitoring, drug

Drug Saf 2010; 33 (11)
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allergy or interaction checks, and direct links
with pharmacies and other care facilities.”

We note the circularity of these definitions.
Furthermore, the specificity of automatic alert
systems tends to be low, at least as judged by the
extent to which clinicians accept the proffered
advice; and their sensitivity is difficult to estab-
lish, as the number of errors missed cannot read-
ily be determined. In a computerized alert system
at Brigham and Women’s Hospital, Boston, only
54 episodes of drug-related harm (and 113 of
potential harm) were detected in 2773 reports.[>]

3.7 Categorization of Harmful Treatments
in Explicit Lists

One way of circumventing the problem of de-
fining criteria for preventable drug-related harm
without circularity (it is preventable if we can
prevent it) is to use an extensional definition,[>°!
i.e. to create a list of ‘potentially inappropriate
drugs’ and label all those who require hospital
treatment for harm associated with one of those
drugs as suffering from preventable harm. An
example is the Beers criteria.l’’->°! This strategy
was used by Budnitz et al.,[% who supplied a list
of potentially inappropriate drugs and then look-
ed at emergency department visits by older peo-
ple with harms attributable to those drugs. The
drugs on the Beers list accounted for only about
9% of cases of drug-induced harm, illustrating the
limitations of this method.

3.8 Combined Criteria

Combinations of methods carry the disad-
vantages of the individual methods. Robertson
and MacKinnonl®!! combined explicit criteria and
consensus when they used the Delphi technique to
interrogate expert clinical pharmacologists and
expert geriatricians about preventable drug-related
morbidity in elderly people. They based their list on
principles expounded by Hepler and Strand.!?!
For harm from a medication to be preventable, it
had to demonstrate four defining characteristics:
(1) health professionals should be able to recog-
nize significant problems with this pattern of care
in most older adults; (ii) they should be able to
foresee the possibility of the (harmful) outcome
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in most older patients if the problems were not
resolved; (iii) most of them should be able to see
how they would change the pattern of care in
order to prevent the harmful outcome; and (iv)
most of them should actually change the pattern
of care. One advantage of this approach is that,
having once generated a list of codeable events of
sufficient sensitivity and specificity for preven-
table drug-related harm, discharge data can be
searched to identify the codes and draw infer-
ences about the quality of care, an approach
adopted by MacKinnon and Hepler.[°*] Howard
et al.*1used a form of the Hepler-Strand criteria:
(i) drug-related morbidity was preceded by a re-
cognizable drug therapy problem; (ii) given the
problem, the morbidity would have been rea-
sonably foreseeable; (iii) the cause was identifi-
able with reasonable probability; and (iv) the
cause of the drug-related morbidity could have
been reasonably controllable within the context
and objectives of treatment.

The Clinical Pharmacy Group in Granada has
developed and used a test of preventability, ori-
ginally developed by Baena et al.,[® which con-
tains elements of Schumock and Thornton, but
also includes elements of error (table I1I).

Given that decisions on preventability using
this schema are made after the event, there is like-
ly to be a bias towards giving positive answers to
questions regarding, for example, the inappro-
priateness of the dose or the duration of treatment.

Olivier et al.[® drew attention to methods for
measuring the avoidability of adverse drug ef-
fects, but pointed out that no authors had clearly
evaluated the validity of their methods. They
examined both the content validity and the re-
liability of a French preventability scale with sev-
eral interesting features: it takes as a starting
point the assumption that ADRs that have not
previously been described are unavoidable; they
considered the potential part played by the med-
ication process, the medicine and patient factors
in the adverse effects observed; and they devised a
scoring system that allowed a graded response
from —13 (clearly avoidable) to +8 (inevitable).
Disappointingly, inter-rater reliability was not
very good, with an average k value of 0.11 over
all the domains. As the authors concluded, the

Drug Saf 2010; 33 (11)
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Table lll. The Granada schema for determining whether drug-related harm can be avoided!®®!

Spanish

Free translation into English

Seguin estos criterios un PRM [Problema Relacionado con Medicamentos] es
evitable cuando...

El tiempo de evolucion del problema de salud que presenta el paciente, sea el
suficiente para recibir tratamiento y aun asi, no tiene prescrito o indicado el/los
medicamentos que necesita

El problema de salud que presenta el paciente es consecuencia de tomar un
medicamento no necesario

El problema de salud es consecuencia de una inefectividad prolongada a
pesar de estar tratado a dosis terapéuticas recomendadas para su situacion
clinica

El problema de salud es consecuencia de una interaccion medicamentosa
El problema de salud es consecuencia de tomar dosis de medicamento
inadecuadas bajas/altas por incumplimiento del paciente

El problema de salud es consecuencia de tener prescrita una dosis no
adecuada de medicamento alta/baja para su edad, indice de masa corporal o
estado clinic

El problema de salud es consecuencia de una duracién del tratamiento
distinta a la recomendada para la situacion clinica del paciente (mayor o
menor)

El problema de salud es consecuencia de una automedicacion incorrecta

El problema de salud es consecuencia de un error en la administracion del
medicamento por parte del paciente

Drug-related problems can be considered avoidable when:

The time-course of the problem was such that preventive
treatment could have been prescribed but was not

The problem was caused by an unnecessary medicament

The problem is prolonged therapeutic ineffectiveness,
despite treatment with the clinically recommended dose

The problem resulted from a drug interaction

The problem resulted from under- or over-treatment through
poor patient compliance

The problem resulted from under- or over-treatment given the
patient’s weight or clinical status

The problem resulted from a longer or shorter than
recommended duration of treatment

The problem resulted from incorrect self-medication

The problem resulted from an error in drug administration on
the part of the patient

construction of a valid scale is a prolonged and fas-
tidious undertaking.

Winterstein et al.[®”! questioned the importance
of having explicit criteria for assessing prevent-
ability. Their meta-analysis showed no appreci-
able difference in the prevalence of preventable
adverse effects between six trials with explicit
criteria and nine without. 1.

4. Conclusions

This analysis suggests that of the several defini-
tions of preventability of ADRs, none fits all
circumstances, and when the reliability of these
definitions has been examined they have been
found to be imperfect. This implies that previous 4.
estimates of the extent to which ADRs are preven-
table in a population are likely to be misleading.

In the companion to this paper (Part II, in this
issue of Drug Safety),['1 we propose a scheme that

provides a complete analysis of the problem of 6.
preventability of ADRs, by considering the mech-
anism of the reaction, its dose-responsiveness, its 7

time-course, and individual susceptibility factors.

© 2010 Adis Data Information BV. All rights reserved.
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