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Numerous methods for causality assessment of adverse drug reactions (ADRs)Abstract
have been published. The aim of this review is to provide an overview of these
methods and discuss their strengths and weaknesses. We conducted electronic
searches in MEDLINE (via PubMed), EMBASE and the Cochrane databases to
find all assessment methods. Thirty-four different methods were found, falling
into three broad categories: expert judgement/global introspection, algorithms and
probabilistic methods (Bayesian approaches). Expert judgements are individual
assessments based on previous knowledge and experience in the field using no
standardized tool to arrive at conclusions regarding causality. Algorithms are sets
of specific questions with associated scores for calculating the likelihood of a
cause-effect relationship. Bayesian approaches use specific findings in a case to
transform the prior estimate of probability into a posterior estimate of probability
of drug causation. The prior probability is calculated from epidemiological
information and the posterior probability combines this background information
with the evidence in the individual case to come up with an estimate of causation.
As a result of problems of reproducibility and validity, no single method is
universally accepted. Different causality categories are adopted in each method,
and the categories are assessed using different criteria. Because assessment
methods are also not entirely devoid of individual judgements, inter-rater reliabili-
ty can be low. In conclusion, there is still no method universally accepted for
causality assessment of ADRs.

Adverse drug reactions (ADRs) are frequent ma- tion of the likelihood that a particular treatment is
jor causes of morbidity, hospital admissions and the cause of an observed adverse event.[5] It assesses
even death.[1-4] Causality assessment is the evalua- the relationship between a drug treatment and the
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occurrence of an adverse event. It is an important assessment is now a routine procedure at pharma-
component of pharmacovigilance, contributing to covigilance centres around the world; it is aimed at
better evaluation of the risk-benefit profiles of medi- decreasing ambiguity of the data and also plays a
cines[6] and is an essential part of evaluating ADR key role in data exchange and limits the drawing of
reports in early warning systems and for regulatory erroneous conclusions.[43]

purposes.[7] The idea of creating a standardized as- Various methods have been published for assess-
sessment for the relationship-likelihood of case re- ing causality in ADRs, but because there are no
ports of suspected ADRs was conceived in the hope defined diagnostic criteria or categories, inter-rater
that this would, in a structured way, lead to a reliable and intra-rater variability can be large.[17,45,46] Cur-
and reproducible measurement of causality. rently, there is no universally accepted method for

In an early seminal paper[8] written from the assessing causality of ADRs. No up-to-date review
perspective of occupational exposure, the author of the existing causality assessment methods is
defined nine aspects of association between envi- available. This review aims to fill this gap.
ronmental factors and disease that should be consid- To identify published methods, scales and instru-
ered in order to arrive at a decision regarding causa- ments for causality assessment of ADRs, electronic
tion. These aspects are the strength of the associa- literature searches were conducted in the following
tion, consistency of the observed association, electronic databases: MEDLINE (via PubMed),
specificity, temporality of the association, the bio- EMBASE and the Cochrane Library, all from incep-
logical gradient (dose-response curve), plausibility, tion to April 2007. The search terms used were
coherence, experiment and analogy. Although the ‘adverse event OR side effect OR adverse drug
paper does not specifically discuss adverse drug reaction OR adverse drug event’ and ‘causality OR
reactions it is nevertheless relevant to the process of causal OR algorithm’. The MeSH® (Medical Sub-
assigning causality. ject Heading) descriptors ‘adverse drug reaction’

Establishing causal association between suspect- OR ‘adverse event’ and ‘causality’ were also
ed drugs and subsequent clinical events is obviously searched on MEDLINE. No language restriction
important. Causality assessment methods differ in was applied to the search or inclusion of articles.
many respects but share certain common features.

Further relevant publications were located byTo arrive at a conclusion on the ‘suspect’ drug,
manually searching reference lists of retrieved arti-questions are used to capture details of the ADR.
cles.Different procedures are thereafter adopted to con-

Only publications relating to instruments, meth-vert answers from these questions to estimates of
ods or scales for causality assessment of individualprobability.[9] Causality assessment methods vary as
ADR reports in humans are included in this review.to the criteria and categories used to assign causality
The review does not include methods used in causal-(tables I and II).
ity assessment of aggregated ADR reports. We alsoThe spontaneous reporting system in pharma-
excluded studies on adverse reactions from agentscovigilance is a process of collecting, assessing,
other than drugs, such as therapeutic failures andpresenting and interpreting suspected ADRs. Case
intentional and accidental poisoning.[5] For the pur-reports acquired from spontaneous reports are as-
pose of this review, drugs included synthetic herbalsessed by first evaluating cases individually and
medicines, vitamins and other supplements.secondly interpreting the aggregated data.[43,44] This

evaluation is a broader way of evaluating data from All articles deemed eligible for inclusion based
multiple sources, although similar in some respects on titles and abstracts were retrieved and read in full.
to clinical diagnosis in individual patients. Causality Data relating to causality assessment method, ADR
assessment in pharmacovigilance may involve mak- or adverse drug event definitions, criteria and cate-
ing a decision based on the information on the gories for assigning causality, causality categories
relationship between a drug exposure and suspected adopted, and results from testing the merits and
ADR from a single adverse event or suspected ADR limitations of the methods or assessment scales were
report (or a series of reports). Standardized causality recorded.

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (1)
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Our search yielded a total of 2695 references, 95
of which were considered potentially relevant after
reading the abstract (figure 1). A total of 34 papers
met our inclusion criteria: 25 from the electronic
searches and 9 from reference lists. The methods,
scales and instruments fell into three main catego-
ries: (i) opinion of experts, clinical judgement or
global introspection (n = 4); (ii) algorithm or stan-
dardized assessment method (n = 26); and (iii) prob-
abilistic or Bayesian approaches (n = 4).

1. Expert Judgement or
Global Introspection

Identifying ADRs often depends on the clinical
assessments of physicians, usually the clinician
treating the patient or, at other times, a clinical
pharmacologist.[32] It is a process whereby an expert
expresses judgement about possible drug causation
by considering all available data relevant to a sus-
pected ADR,[47] estimates their relative importance
and assigns weights to deduce the probability of the
role of the drug in the untoward event.[32] Many
reports of ADRs are based on the judgement of a
single evaluator; others carry out assessments using
a group of experts, or experts and non-experts, who
then compare their evaluations to arrive at a consen-
sus-based conclusion. Such judgements are based on
knowledge and experience, but even among experts,
frequent disagreements occur.[48] We identified four
published methods based on expert opinion or glob-
al introspection (tables I and II).

The assessment method used by the Swedish
regulatory agency is based on expert judgements.[10]

The clinician evaluates the causal relationship by
considering seven different factors: (i) the temporal
sequence, (ii) previous information on the drug, (iii)
dose relationship, (iv) response pattern to drug, (v)
rechallenge, (vi) alternative aetiological candidates
and (vii) concomitant drugs. Events are classified as
‘probable’ or ‘possible’ and ‘non-assessable’ or ‘un-
likely’. A limitation of this method is the small
number of categories into which causality can be
placed, as there may be an overlap and ADRs could
be wrongly evaluated.[10]

A review of the advances and limitations of cau-
sality assessment by the WHO and Uppsala Moni-
toring Centre (UMC), in consultation with the na-
tional centres who participated in the WHO Pro-

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (1)
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gramme for International Drug Monitoring, led to
the development of a practical tool for case report
assessment.[5] The method takes into consideration
the clinical-pharmacological aspects of the case his-
tory and the quality of the observation. Causality is
grouped into one of six categories based on a num-
ber of assessment criteria. The method gives guide-
lines on selection of different categories of ADR.
Defined criteria are also used to exclude events.
Previous knowledge and statistical chance are not
considered in this method.

Miremont et al.[11] compared physicians’ opin-
ions on drug-event relationship with the scores ob-
tained by the French causality assessment method
(discussed in further detail in section 2).[49] Physi-
cians assigned very high scores (i.e. ‘very likely’ or
‘likely’) to 60% of the events assessed and low
scores (i.e. ‘unlikely’, ‘dubious/possible’) to 32% of
the cases. The French causality assessment method,
on the other hand, scored 89% of the cases low (i.e.
as ‘dubious/possible’) and only 11% as ‘likely’.
Both methods only agreed in 6% of the cases as-
sessed. A conclusion from this study was that physi-
cians tend to assign very high scores to suspected
ADRs.

Another method[7] had five experts independently
assess cause-effect relationship on a random set of
ADRs. Their judgements were expressed on a
100mm visual analogue scale (VAS), ranging from
0 to 1 probability of causation. These probabilities
were further split into seven levels of causality (see
tables I and II) for easier analysis. Results from the
30 ADR cases evaluated showed that probabilities
given on the VAS differed amongst the five experts;
they only agreed on the same level in 17.3% of
cases. Level of agreement varied according to the
level of causality: moderate (kappa coefficient [κ] =
0.40) for ‘exclude’, low for ‘likely’ (κ = 0.32) and
‘certain’ (κ = 0.30). Overall inter-rater agreement
was poor (κ = 0.20). Even after causes of discrepan-
cies had been discussed and a consensus reached, a
high degree of disagreement was still observed.

2. Algorithms

An algorithm is a problem-specific flow chart
with step-by-step instruction on how to arrive at an
answer.[50] It is a clinical instrument in the form of a
questionnaire that gives detailed operational criteria
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considered eligible for causation if fully identified
and administered within a reasonable period before
an event occurred. The weakness of this well de-
scribed method lies in its emphasis on pathological
data at the expense of clinical data; therefore, assess-
ing causality may be difficult or almost impossible
in the absence of pathological information.

Karch and Lasagna[13] developed a decision-table
approach to identify potential ADRs. The three ta-
bles respectively identify potential drug reactions,
assess the certainty of the link between the drug and
the event and evaluate the underlying causes of the
identified untoward events. Diagnosis of ADRs us-
ing this method requires judgements about alterna-
tive aetiological candidates, timing, previous experi-
ence with the drug in question, and information on
dechallenge and rechallenge. The advantage of this
method lies in the fact that the decision tables are
usually more compact than other algorithms and
easier to use manually, and it can equally be adapted
to computer language using a decision logic transla-

Total number of citations resulting from
the search (n = 2695)

Citations excluded after screening of titles and 
abstracts and removal of duplicates (n = 2600)

Full manuscript retrieved for detailed evaluation (n = 95):
• From electronic search (n = 68)
• From reference lists (n = 27)

Citations excluded with reasons (n = 61):
• Not causality assessment method (n = 36)
• Review/update of existing methods (n = 14)  
• Comparison of two or more published

methods (n = 11)

Published method identified and included in the 
review (n = 34):

• Expert judgment or global introspection (n = 4)
• Algorithms (n = 26)
• Bayesian or probabilistic approaches (n = 4)

Fig. 1. Flow chart of identified, excluded and included studies.
tor. However, this algorithm still requires the opera-
tor to make certain important judgements or refer to

for ranking the probability of causation when an medical texts in evaluating diagnostic evidence to
ADR is suspected.[51] Algorithms give structured arrive at conclusions on causality. Thus, it is not
and standardized methods of assessment in a strictly an operational procedure; therefore, results
systematic approach to identifying ADRs based on may not always be reproducible. This algorithm is
parameters such as time to onset of the ADR or also unable to identify new ADRs or first cases of
temporal sequence, previous drug/adverse reaction ADRs, as it requires previous bibliographical
history and dechallenge and rechallenge. Individual description of the adverse event. Also, individual
cases are approached systematically, resulting in a cases may not be adequately evaluated since a case
high degree of consistency and reproducibility.[52]

classified as ‘probable’ may be categorized as ‘defi-
Clinical judgement is, however, required at various nite’ by another evaluator.
stages to arrive at a conclusion.[53,54] The majority of

The method now regarded as the ‘Frenchalgorithms share basic common features in the form
method’ has been used by the French regulatory

of a set of questions enabling the user to gather
agency since 1977. It is based on a three-stage

adequate information about the case in order to
process: assessment of chronological criteria, clin-

arrive at an objective conclusion.[55] Various algo-
ical and biological findings and assessment of symp-

rithms have been developed and published to re- toms for the detection of ADRs.[14] The method
solve issues of bias, reproducibility and validity in separates an intrinsic imputability (possible cause
causality assessment.[6,45] However, no single al- between drug and clinical event) from an extrinsic
gorithm is accepted as the ‘gold standard’, because imputability (bibliographical data) using seven cri-
of the shortcomings and disagreements that exist teria (three chronological and four semiological) in
between them, as highlighted in other publica- two different tables. The chronological criteria are
tions.[26,45]

(i) drug challenge, (ii) dechallenge and (iii) rechal-
The first algorithm to be developed considered lenge, with an overall score of four possible catego-

six criteria that may link a drug with an event and ries. The semiological criteria are (i) semiology
classified five degrees of causality.[12] A drug is (clinical signs) per se (suggestive or other), (ii)
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favouring factor, (iii) alternative non-drug-related interns.[51] The authors suggested that the need for a
explanation (none or possible) and (iv) specific clinical judgement in order to arrive at final conclu-
laboratory test with three possible outcomes (posi- sions may be the reason for the non-significant
tive, negative or no test for the event-drug pair). agreement observed when the algorithm was used
Total score from these four semiological scores are by the less experienced interns. One of the advan-
grouped as semiological imputability with three tages of this algorithm is its transparency. The rea-
possibilities (‘likely’, ‘possible’ and ‘dubious’). sons for disagreement between observers can be
When combined, scores from these two decision identified and decisional steps where mistakes were
tables (chronological and semiological) give an in- made can be re-examined and corrected. However,
trinsic causality of five possible categories.[49] The certain levels of expertise, experience and time are
advantage of this method is that it allows certain required to use this method effectively.
drugs taken at the same time with the ‘suspect’ drug Another decision table was designed by Blanc et
to be excluded, because each drug is imputed sepa- al.[17] to assess the nature of the relationship between
rately. However, this method requires more time the drug and the event. It considers three factors:
than most other algorithms. Begaud et al.[15] pub- time sequence, response pattern and role of underly-
lished an actualization of the French method[14] with ing disease(s). The time sequence has four catego-
the same principles of separating intrinsic imputa- ries (C1, C1a, C2 and C3). The response pattern has
bility from extrinsic imputability. four categories (S1, S1a, S2 and S3) and the role of

underlying disease has three categories (M1, M2 andKramer et al.[16] expanded on a previous al-
M3). Combining these three decisional axes gavegorithm[13] to develop a new set of criteria with
five causality levels ranging from ‘doubtful’ to ‘cer-specific rules for ADR assessment. This algorithm
tain’ (see table II). Low concordance was observedapplies to a single clinical manifestation occurring
using this algorithm; only 25% of ADRs evaluatedafter administration of a single suspect drug. In
were attributed to the same drug by all of the threecases where multiple drugs are involved, each is
observers.[17]

assessed separately. The algorithm is made up of six
Emanueli and Sacchetti[18] developed an al-decision tables with a scoring system incorporated

gorithm in the form of a decision table for theinto each axis. A score of +1, 0 or –1 is assigned for
analysis of ADR reports in large clinical trials, basedthe weight of evidence on each axis. Individual
on the concepts of an earlier algorithm.[13] Eventsscores from each of the axes are added to obtain a
are classified on a 5-point scale according to theirtotal score, which corresponds to overall probability
relationship with the suspect drug. The algorithmof an ADR. Cases are assigned to probability cate-
has eight questions that are answered either ‘yes’ orgories based on a total score that ranges from –7 to
‘no’. This algorithm is an improvement on earlier+7. Individual judgement is required at each stage in
methods as it replaces the ‘drug related or not’order to arrive at a decision on the clinical evidence.
concept with a 5-point scale probability level ofTherefore, clinical manifestations, markers or in-
linkage between the drug and the observed reaction.dicators following the administration of a drug need
The method is equally adequate and of practical useto be carefully characterized by the observer. The
in large scale trials. However, it is difficult to ratealgorithm is useful in cases where more than one
events higher than ‘possible’ using this method ifdrug is suspected. With a little modification, it can
other causes such as clinical state or other therapiesbe used to assess drug interactions or cases where
cannot be ruled out.withdrawal rather than administration is likely to be

responsible for observed clinical manifestations. Another ADR probability scale consisting of ten
This algorithm was tested among four practicing questions that are answered as ‘yes’, ‘no’, ‘un-
clinicians and four interns. It had an impressive known’ or ‘inapplicable’ was developed by Naranjo
effect on interobserver agreements between the se- et al.[19] to assess causality in a variety of clinical
nior clinicians (33% without algorithm to 77% with situations using the conventional categories and def-
algorithm, weighted κ = 0.27–0.67) but did not initions of ‘definite’, ‘probable’, ‘possible’ and
significantly affect agreement levels between ‘doubtful’. Scores assigned to each question ranged
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from –1 to +2. The event is assigned to a probability reproducibility and specificity of the association
category based on the total score. A total score of ≥9 between drug and event. Six questions, answered as
is ‘definite’, ‘probable’ is 5–8, ‘possible’ 1–4 and ‘yes’, ‘unknown’ or ‘no’, are used to capture infor-
‘doubtful’ ≤0. This scale is intended to assess the mation for cause-effect assessment of the suspected
likelihood of an ADR associated with only one drug, ADR.
not for adverse drug events resulting from interac- The method known as the ‘balanced assessment
tions between two drugs.[56] The Naranjo scale does method’[23] evaluates case reports on a series of
not address the main points that are necessary in VASs, according to the likelihood that each criterion
causality evaluation of potential drug interactions. is fulfilled. The nine causality criteria (see table I)
Nevertheless, the adverse reaction scores obtained considered in this method were grouped into three
by using the Naranjo scale correlate well with those categories. Each factor is judged to be either caused
derived with Kramer’s algorithm, which does ad- by the drug or some other causes and rated 0 to 1 on
dress those points.[16] the analogue scale (0 representing an alternative

cause and 1 representing a drug as the cause). One ofA review of existing algorithms by the US FDA
the merits of this method is that it considers thein 1982 led to the development of a relatively simple
possibility of an alternative to causation for each ofalgorithm for their own assessment of ADRs.[20]

the factors and not just as a separate factor. Al-Based on the general concepts of previous meth-
though each case is assessed by two independentods,[12,13] cases were analyzed using four character-
assessors, the evaluation still depends, to a largeistics leading to three causality categories. Although
extent, on the level of assessor’s knowledge. Anvery quick and simple to use, this method does not
evaluator needs to be an expert in the particular areaconsider previous evidence related to the drug. The
to make reliable evaluations. Computation of rela-four criteria on which causality is judged may also
tive risk in this method is similar to the prior oddsnot clearly capture causality, as there may be an
ratio in the Bayes’ theorem discussed in section 3overlap of one category with another. The categories
and consideration of alternative causes for each fac-to which causality are assigned are also not discrimi-
tor also resembles estimating likelihood ratios.natory. Therefore, the method may only be useful

for specific ADR assessments, since it may be diffi- Another algorithm considered five criteria to as-
cult to make conclusions on clear-cut degrees of sign causality into six different categories based on
causality. the overall score. Each of the five criteria is scored

between 1 and 4; hence the maximum score is 20.Evreux et al.[21] proposed a method for the assess-
An overall score of <11 is categorized as ‘unrela-ment of drug-induced adverse reaction reports by
ted’, while a score of ≥16 is considered ‘definite’.imputability according to the report’s importance in
This method is fast and easy to use, but previoussupport of aetiology. Criteria for assigning causality
knowledge of the drug event or dechallenge is notinclude drug-related factors such as previous analo-
considered in the assessment.[24]gous events, published information, age (availabili-

ty) of the drug on the market. Associated (non-drug An algorithm to assess ADR causality in both
dependent) factors such as environment and trau- pre- and post-marketing surveillance and to distin-
matic events are also taken into consideration. guish between several drugs using a wide range of
Events are categorized as ‘certain’, ‘doubtful/ques- scores was published in 1984.[25] The method is
tionable’ or ‘absent’. Assessing ADEs using this based on scoring six criteria, which correspond to
method may be more difficult since there are numer- the criteria previously used in other algorithms.[16,19]

ous factors to be considered. Scores range between 1 (denoting that a causal
relationship is unlikely) to 5 or 6 (causality link isA post-marketing system to assess the relation-
neutral) and 10 (indicating a highly likely link). Theship between a suspected drug and an ADR, pro-
method is useful in separating concurrent drugs andposed by Kitaguchi et al.,[22] is based on a scrupu-
disease from the event in assigning causality.lous analysis of some data on individual patients

who experienced the ADR. A series of analogous A ‘summary time plot’ rather than a set of ques-
cases are assessed in terms of the time relationship, tions was proposed for the industrial setting to iden-
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tify patterns of ADRs.[26] The plot summarizes the excluded if not implicated in the origin of the abnor-
time relationship between treatment and a possible mality. The second section (bibliographical axis)
adverse reaction. With sufficient information from weights the bibliographical data. The three ques-
the causality criteria, the duration of treatment and tions consider alternative aetiological candidates
possible adverse reaction are plotted with time on other than the drug, chronology of the suspect drug
the x-axis and severity of the possible adverse reac- and other bibliographical data, to arrive at a conclu-
tion on the y-axis. This method does not lead to a sion on causality.
conclusion on causality, because it only summarizes A diagnostic decision tree with a complementing
the time factor alongside other factors that are rele- algorithm developed by Stricker et al.[30] is a step-
vant to the drug-event relationship. The method is, by-step guide to a detailed assessment of suspected
however, quick to use, saves the use of ambiguous liver injury events. The evaluation is completed by
terminology and is applicable even with minimal using the algorithm to assess the cause-effect rela-
information. tionship. Three factors – temporal relationship be-

A modified version of the Jones algorithm[20] for tween drug and hepatic event, the course of the
ADR cases resulting in death was published by the event and other laboratory evidence – are considered
FDA’s division of Drug Experience.[27] Causality while other possible causes are excluded in order to
assessment using this algorithm is based on four make a conclusion on causality.
basic principles: temporal eligibility, dechallenge, A decision support algorithm aided by integrated
rechallenge and confounding factors. Although this informatics has been developed to structure and
algorithm allows for the amount of information in organize decision processes in ADR assessment.[32]

any case report to be determined or classified, only This algorithm is based on an analytical hierarchical
the basic information needed for making causal rela- decision-making process in the software package
tionship assessments is provided. A lack of refer- CRITERIUM© (Sygenex, Redmond, WA, USA).
ence to previous reports about the drug or event and Causality criteria are rated relative to each other on a
relevant literature in the ADR assessment is a major consistency scale and combined with individual
limitation of this method. judgements to obtain an overall rating that may be

The ‘Ciba-Geigy method’ resulted from a num- either a probability or a likelihood scale. The merit
ber of expert consensus meetings. Experts used their in this method lies in the fact that multiple causes or
clinical judgement to assess events and assign cau- multiple drugs are considered in the final analysis
sality on a VAS.[28] This method was updated[57] and with no special knowledge of statistics required for
replaced with a checklist of 23 questions, split into its operation. The package is interactive, giving
three sections: (i) history of present adverse reac- feedback at every stage of the analysis. However,
tion, (ii) patient’s past adverse-reaction history and decision making using this instrument may be jeop-
(iii) monitoring-physician’s experience. Each ques- ardized by unorganized and low-quality data. The
tion was assigned numerical values in multiples of best available data and good conceptual understand-
five. A degree of causality was assigned according ing of the decision-making process and the medical
to the total score.[57] This updated method was found condition assessed are required to arrive at a reliable
to have a high degree of agreement (62%) when conclusion.
compared with evaluators’ assessments. Although Following the outcome of an International Con-
the level of reliability does not assure validity, this sensus Meeting[58] of experts on definitions and cau-
method reflects the knowledge and experience of the sality criteria of ADRs, a new scale and weighted
evaluator, and the type of ADR that is being evalu- scores, the Roussel Uclaf Causality Assessment
ated. Method (RUCAM), was proposed for predeter-

A simple algorithm made up of two sections and mined disease states such as liver and dermatologi-
three main questions was developed to assess ter- cal injuries.[33] Causality criteria were assigned
atogenicity, as no previous method existed for this weighted values with the total sum giving a numeri-
condition.[29] The first sections of the algorithm cal score. Each criterion had a scale from –3 to +3
(chrono-semiological axis) allow for the drug to be corresponding to the role of the drug evaluated. This
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method was expected to produce better reproduc- on most ADR reporting forms. The 56 questions
ibility in evaluations than previous methods. This is from a previous algorithm[16] were replaced with
because disagreement between observers had been only eight questions and a scoring table in the new
explained and the scores for each criteria agreed by version.[36] Although this new algorithm is quick
the panel of experts. A retrospective assessment[33] and easy to use since it does not require extra data
of the reproducibility of this method among four other than those routinely collected on most ADR
experts showed a 37–99% agreement rate. Although reporting forms, it is likely that other relevant infor-
this method seems quite easy to use, it is organ- mation that could help evaluate causality is omitted.
specific. Therefore, the criteria need to be defined The lower threshold adopted in assigning cases as
by a consensus of experts for each medical field and ‘definite’ may also result in more false-positive
validated before it can be of any meaningful use in ‘definite’ cases, but in the long run, these could
ADRs other than hepatic or dermatological injuries. serve as early warning signals for use in drug moni-

toring.Another algorithm to guide routine drug causality
Recently, Horn et al.[37] proposed the Drug Inter-assessment in clinical trials was published in

action Probability Scale (DIPS) to evaluate drug1993.[34] Known associations between drug and
interaction cases. The DIPS uses ten questions thatevent were used to modify causality scores based on
are answered ‘yes’ or ‘no’ to yield a score estimatingresults of dechallenge and rechallenge. This al-
the likelihood of drug interaction. Points are addedgorithm is similar to that developed by the FDA
for each affirmative response and subtracted for adescribed earlier in this section.[20] The method
negative response. The questions concern the phar-prompts the evaluator to identify all possible aeti-
macological properties of the drug, the possible roleologies in the event rather than just searching for
of other drugs and specific patient information. Theconcordance with the drug-causation hypothesis.
method was developed to assist users in the assess-This algorithm is limited by the fact that, although
ment of drug-interaction-induced adverse outcomesdechallenge may give an indication of causation
and also to serve as a guide for the further study ofwhen followed to its resolution, deliberate rechal-
potential drug interactions. Although based on thelenge is unethical in most situations.
Naranjo scale,[19] the DIPS is modified to reflect theMaria and Victorino[35] developed a scale known
differences between a single-drug event and one dueas the M&V scale for diagnosing drug-induced liver
to a drug-drug interaction. However, adequateinjury (DILI) based on seven causality criteria, as
knowledge of either the drugs involved and/or theopposed to only three considered in an earlier pro-
basic mechanisms of interaction are necessary forposed decision tree.[30] Probability was expressed as
accurate assessments. In addition, limited informa-a score between –6 and 20, divided into five causali-
tion on potential drug-interaction cases may result inty degrees. Diagnosis of DILI is complex and re-
low causation scores, leading to a false-negativequires experienced clinicians in order to be accurate.
evaluation of causation. Currently, the DIPS is notThe M&V clinical scale may improve assessments
widely used, and therefore very little user feedbackof the probability that a particular drug is involved in
is available for its modification.DILI. However, in cases where more than one drug

Tables I and II are summaries of the differentis suspected, the scale needs to be computed for
causality criteria and categories adopted in pub-individual drugs. In such cases, points such as I-A, I-
lished algorithms.B and I-C of the scale distinguish two or more drugs.

It therefore becomes difficult to discriminate be-
3. Probabilistic or Bayesian Approachestween drugs with the same levels of probability.

Some questions on the M&V scale apply only to Bayesian methods for causality assessment make
immunoallergic hepatitis, making it difficult for use of specific findings in a case to transform a prior
scores to be generated for other hepatic injuries. into a posterior probability of drug causation.[41] A

In 2005, another algorithm[36] was developed by series of likelihood ratios is also calculated for every
matching, modifying and eliminating questions that relevant element of the case. A likelihood ratio (i.e.
cannot be answered from the information available case-specific information, such as timing or rechal-
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lenge that helps to distinguish between causes) is are also considered and noted. Scoring is done by
further broken down into components. Each compo- assigning a score of 1 to the element in the list that is
nent applies to a specific category of case informa- least likely to cause the event. The next lowest likely
tion, and the final result is obtained by multiplying cause is assigned a score of between 1 and ∞. All
out the various terms to obtain a posterior probabili- potential causes listed in each category are com-
ty of drug causation.[31] This method allows the pared with the potential cause that scored 1 in that
simultaneous assessment of multiple causes. It is category; scores under each category are then multi-
open-ended with no limit to the amount of case plied to obtain a final score. The software consists of
details that can be assessed.[40] worksheets to impute case parameters, one for case

findings and another for scoring. Detailed step-by-The Australian method for causality assessment
step instructions on how to carry out the analysis arewas one of the first ADR assessment methods to be
also provided. Although this method requires somebased on a probabilistic approach.[38] Conclusions
expertise to operate, it can evaluate more than twoare drawn from internal evidence, such as timing,
possible causes at the same time. Individual assess-and laboratory information from case reports. Pre-
ments can also be incorporated into the probabilisticvious knowledge on the suspect-drug profile is de-
system to estimate ADR incidence based on dataliberately excluded in the assessment.[38] Probability
from post-marketing surveillance. The spreadsheetdecisions are made only on the likelihood of a causal
allows rapid calculations and interaction during therelationship. This method differs from the Swedish
process.[31] It is not an easier method for causalitymethod,[10] which relies to a large extent on previous
assessment; it is, rather, a framework for a valid andknowledge about the drug to arrive at conclusions
internally consistent assessment.[61]on causality.

A number of programmes for diagnosis of vari- Computerization of the BARDI to reduce the
ous ADRs using Bayes’ theorem have been devel- number of errors, improve consistency and enhance
oped.[59,60] The Bayesian Adverse Reactions Diag- the user’s access to the system led to the develop-
nostic Instrument (BARDI) was developed to over- ment of the MacBARDI-Q&A.[50] MacBARDI is a
come the numerous limitations associated with prototype Bayesian-based computer programme de-
expert judgements and algorithms.[60] It is a deci- veloped as a clinical aid for the diagnosis of hyper-
sional analysis tool whereby probability of causa- sensitivity rashes. It is a model of the original
tion is calculated from epidemiological and clinical BARDI spreadsheet enhanced by a macro auto-
data (prior odds) and case analysis (likelihood ratio). mating command so that less time is required to
The output is expressed as a posterior probability obtain information for input since the program has
ranging from 0% (not drug induced) to 100% (defi- direct access to specific databases.[62] The
nitely drug induced). The method is reproducible, MacBARDI-Q&A is user-friendly with improved
and information on how posterior probability was interaction in a question-and-answer format when
obtained in various reactions can be obtained. It is compared with the MacBARDI spreadsheet used
explicit in the information used and how each piece alone. Other prototypes of BARDI developed for
of information is weighted.[38,39] The complex calcu- diagnosing ADRs include a model for the prediction
lations involved in this method are one of its major of risk of pseudo-allergic reaction and histamine
limitations. It also requires more time and more release in patients undergoing surgery[42] and a diag-
expertise than most other assessment methods. nostic aid for pseudomembranous colitis.[31] Some

The Bayesian approach can be implemented as a of the advantages of the BARDI include reliability
spreadsheet programme on either paper or comput- (the same input information generates the same out-
er. It calculates and provides instant numerical and put), explicitness and transparency (final results
graphical feedback as soon as new pieces of evi- show clearly what information is considered and its
dence of the suspected ADR are evaluated.[40] Case contribution in the assessment) and aetiological bal-
reports are read and descriptions that fit reports from ancing (all drug and non-drug possible causes are
the literature are listed to help assess the prior considered in the assessment). The significant
probability. Elements to distinguish potential causes amount of time, resources and complex calculations
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Table III. Comparisons of published methods for adverse drug reaction (ADR) causality assessment

Method Comparison with other method/scale

WHO and Uppsala Monitoring 45.1% congruency[66] when compared with method by Kramer et al.[16]

Centre[5]

Miremont et al.[11] 6% agreement compared with VAS[51]

Irey[12] 55% agreement; κ = 0.33 compared with GI[62]

Karch and Lasagna[13] 71% agreement compared with expert opinion[67]

41% agreement; κ = 0.23 compared with GI[62]

More likely to assign a risk of ‘unlikely’ ADE (p = 0.0001)[53,54] than method by Kramer et al.[16]

Kramer et al.[16] 67% agreement among non-experts using method[16]

69% complete agreement among raters (κ = 0.618, p < 0.001)
More likely to assign a possible risk of ADE (p = 0.0001)[53,54] than method by Karch and
Lasagna[13]

Emanueli and Sacchetti[18] 59% agreement with Begaud;[49] κ = 0.19[62]

Naranjo et al.[19] High correlation of ADR scores with Kramer et al.;[16] r = 0.82, p < 0.001[67]

65–67% agreement with Kramer et al.;[16] κw = 0.43–0.51[62]

38% agreement with Miremont et al.;[11] κ = 0.34[62]

Jones[20] 67% agreement with Kramer et al.;[16] κw = 0.48[66]

64% agreement with Naranjo et al.;[19] κw = 0.28[66]

40.2% congruency[66] with Kramer et al.[16]

47% agreement with GI; κ = 0.24[62]

Kitaguchi et al.[22] 56% agreement with GI; κ = 0.36[62]

Begaud[49] 59% agreement in computerized comparison with Jones;[20] κw = 0.41[62]

50% agreement with Kramer et al.;[16] κ = 0.40[62]

Stricker et al.[30] Classified 66% of cases as ‘probable’ while Hsu and Stoll[34] distributed cases evenly among all
categories

Danan and Benichou[33] Good correlation with Hsu and Stoll[34] for drug-induced liver injury[66]

Hsu and Stoll[34] 49% agreement compared with GI; κ = 0.24[62]

Maria and Victorino[35] Low absolute agreement of 18% with Kramer et al.;[16] κw = 0.28[66]

High agreement of 84% compared with expert opinion; κ = 0.93[66]

ADE = adverse drug event; GI = global introspection; VAS = visual analogue scale; κ = kappa coefficicient; κw = weighted κ; r = correlation
coefficient.

involved are obvious limitations of this approach.[62] attempt to produce evaluations that are more valid.
The Bayesian approach is regarded as the most A few algorithms and some decision models for
logical method for causality assessment and is re- ADR assessment have been developed by experts’
commended as a gold standard against which other consensus. The model RUCAM, for determining
methods should be tested.[63] Tables I and II are causality in acute liver injury, was developed based
summaries of published probabilistic approaches for on the results of consensus meetings on ADRs.[65]

ADR causality assessment. Similar scales were also proposed for other medical
conditions, such as neutropenia, haemolytic anae-

4. Perspective mia and photosensitivity reactions.

Several reports have shown expert judgement notAlthough expert judgement seems to be the most
to be a reliable method for causality assessments inwidely used causality assessment method, it fails to
ADRs.[7,46,65] Although agreement in 80–83% ofachieve the level of reproducibility and validity re-
cases was reported in one comparison of an al-quired of an assessment method. A number of publi-
gorithm with expert opinion,[54] the method leavescations evaluated the validity and reproducibility of
room for preconceived opinions and subjectivitythis method, either by testing retrospectively on case
and does not guarantee a consistent approach. Ex-reports, [7,46,64] or by comparison with other assess-
pert opinions are uncalibrated and decision makingment methods (table III).[11] Expert judgement is

often used alongside other assessment methods in an is not explicit, transparent or reproducible.[68] Dif-
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ferent conclusions are reached even when experts limited by finite information that can be evaluated,
are presented with the same information about an Bayesian approaches have no limits to the number
ADR, because each expert has different experi- of causal factors that can be evaluated, so multiple
ences, knowledge and skills, views and biases that causes can be assessed simultaneously.[40]

may affect the final conclusions. The main argument Alternative criteria to assess reproducibility and
against this method is that it has poor reproducibili- validity in ADR assessment methods have been
ty, inter-rater and intra-rater disagreements and no proposed.[9] These are repeatability, explicitness,
standardized clinical evaluations. These limitations transparency, completeness, aetiological balancing
notwithstanding, expert judgement is still popular in and the absence of a priori constraints on the effects
ADR assessments.[13,19,51,54] This may be because it of factors. The authors concluded that reproducibili-
is quite similar to clinical diagnosis, straightforward ty and validity are inappropriate criteria for evaluat-
and easier to use than the other methods. However, ing causality assessment methods, since reproduc-
the search for a method to overcome these limita- ibility suppresses rather than resolves agreement
tions has led to the development of numerous algo- among observers and validity relies on expert opin-
rithms and probabilistic methods. ion, which itself is insufficiently reliable to be con-

sidered a gold standard. An evaluation of ten stan-Standardized methods yield better inter-rater reli-
dardized causality assessment meth-ability than expert judgement, and sources of disa-
ods[13,17-20,23,25,28,49,54] showed that most of thegreement can be identified.[19] Higher inter-rater
methods failed in most of the criteria proposed byagreement is found in algorithms for questions of a
these authors.[9]factual nature than for those requiring clinical judge-

ments.[69] Inter-rater agreement improved substan- Different assessment methods adopt different cri-
tially when algorithms were used rather than indi- teria (table I) and categories (table II) for assigning
vidual judgement.[51] However, intra-rater reproduc- causality. The definitions and causality categories
ibility is less frequently reported in the literature. currently endorsed by the WHO are not consistently
This may be because it is considered unnecessary used in majority of the ADR-assessment literature.
since inter-rater reliability demonstrates all sources These criteria have been criticized as being subjec-
of error contributing to intra-rater reproducibility as tive and imprecise since they are based mainly on
well as any other differences between observers. expert judgements.[17,46] Adopting equivocal and op-
Yet, algorithms lack flexibility, and there is usually erational definitions in ADR studies is important.
no room for the user to include additional informa- Failure to do so accounts for much of the inconsis-
tion in the assessment. The method is based on finite tency in causality evaluations. Some of the ADR
information; therefore, data available from the case scales (e.g. the WHO-UMC scale) do not have the
report, but not considered by the methodology, ‘unrelated’ category that some investigators, partic-
would have no influence on results.[52] ularly in clinical trials, find very important. The

French causality assessment method[14] omitted ex-The probabilistic or Bayesian methods are con-
treme degrees such as ‘definite’ and ‘non-drug relat-sidered more valid for causality assessment than
ed’ because they consider the reliability of anyexpert opinion or algorithm.[70,71] The prototypes
method too poor to pronounce such categoricalMacBARDI and MacBARDI-Q&A, developed for
judgements. Some algorithms have three to fourthe computer-aided assessment of adverse drug
categories of causality,[16,19,20] while others have fiveevents, are rapid, processing medical and pharmaco-
or more.[17,31,72] It is therefore difficult to comparelogical data without relying on clinical judgement
results from other algorithms with the WHO-UMCalone. The complex and extensive calculations in-
method, which has six categories.volved in this method, however, make it unpopular

among clinicians. Computations of prior odds or The implicit use of definitions, inconsistent use
likelihood ratios are other obvious drawbacks of this of terminology and incomplete information from
approach since the incidence and epidemiological case reports coupled with vast differences in the
data required for these calculations are often un- application of clinical judgements are the major
available.[32] However, unlike algorithms, which are problems facing ADR evaluation.[72,73] The fact that
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clinical judgements need to be applied at different ment method has shown consistent and reproducible
steps in an algorithm may result in the inconsistent measurement of causality; therefore, no single
application of the algorithm to the same data by method is universally accepted.
different users. Incomplete reporting equally makes
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