A method for estimating the probability of adverse

drug reactions

The estimation of the probability that a drug caused an adverse clinical event is usually based

on clinical judgment. Lack of a method for establishing causality generates large between-raters

and within-raters variability in assessment. Using the conventional categories and definitions of

definite, probable, possible, and doubtful adverse drug reactions (ADRs), the benveen-raters

agreement of nvo physicians and four pharmacists who independently assessed 63 randomly

selected alleged ADRs was 38% to 63%, kappa (k, a chance-corrected index of agreement)

varied from 0.21 10 0.40, and the intraclass correlation coefficient of reliability (R[est]) was

0.49. Six (testing) and 22 wk (retesting) later the same observers independently reanalyvzed the

63 cases by assigning a weighted score (ADR probability scale) to each of the components that

must be considered in establishing causal associations between drug(s) and adverse events (e.g.,

temporal sequence). The cases were randomized to minimize the influence of learning. The event

was assigned a probability category from the total score. The between-raters reliability (range:
percent agreement = 83% to 92%; k = 0.69 t0 0.86, r = 0.9] to 0.95; R(est) = 0.92) and
within-raters reliability (range: percent agreement = 80% to 97%; « = 0.64 10 0.95; r = 0.9/

t0 0.98) improved (p < 0.001). The benveen-raters reliability was maintained on retesting
(range: r = 0.84 t0 0.94; R(est) = 0.87). The benveen-raters reliability of three attending

physicians who independently assessed 28 other prospectively collected cases of alleged ADRs
was very high (range: r = 0.76 to 0.87; R(est) = 0.80). It was also shown that the ADR

probability scale has consensual, content, and concurrent validity. This systematic method offers

a sensitive way to monitor ADRs and may be applicable to postmarketing drug surveillance.
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The most important problem in assessing ad-
verse drug reactions (ADRs) is whether there is
a causal relationship between the drug and the
untoward clinical event. The use of the con-
ventional definitions and probabilities of de-
finite, probable, possible, and doubtful ADRs®
generates wide variability in assessment. Koch-
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Table 1. ADR probability scale
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To assess the adverse drug reaction, please answer the following questionnaire and give the pertinent score.

Yes No Do not know Score
1. Are there previous conclusive reports on this +1 0 0
reaction?
2. Did the adverse event appear after the suspected drug +2 -1 0
was administered?
3. Did the adverse reaction improve when the drug was +1 0 0
discontinued or a specific antagonist was admin-
istered?
4. Did the adverse reaction reappear when the drug was +2 -1 0
readministered?
5. Are there alternative causes (other than the drug) that -1 +2 0
could on their own have caused the reaction?
6. Did the reaction reappear when a placebo was given? -1 +1 0
7. Was the drug detected in the blood (or other fluids) in +1 0
concentrations known to be toxic?
8. Was the reaction more severe when the dose was in- +1 0 0
creased, or less severe when the dose was decreased?
9. Did the patient have a similar reaction to the same or +1 0 0
similar drugs in any previous exposure?
10. Was the adverse event confirmed by any objective +1 0 0
evidence?
Total score

Weser et al.® found that clinical pharmacolo-
gists frequently disagreed when analyzing the
causality of ADRs, and others! 7 have come to
similar conclusions. Manifestations of ADRs
are nonspecific. The suspected drug is usually
confounded with other causes, and often the ad-
verse clinical event cannot be distinguished
from manifestations of the disease. Recently
there have been attempts to systematize the as-
sessment of causality of ADRs, applying oper-
ational definitions such as those proposed by
Karch and Lasagna® and by Kramer et al.® The
application of these methods in routine clinical
practice has been limited, perhaps because they
are too detailed and time consuming. We devel-
oped a simple method to assess the causality of
ADRs in a variety of clinical situations, and its
systematic application to different cases of al-
leged ADRs has provided reliable answers.

Materials and methods

To test the reliability and validity of the ADR
probability scale (Table I) several studies were
conducted. In the main study, on three occa-
sions (phases 1, 2, and 3) six observers (two
physicians and four pharmacists) independently

assessed 63 randomly selected alleged ADRs.
These cases composed a stratified random
sample (18.8%) of 335 cases of ADRs pub-
lished during 1978 in the British Medical Jour-
nal (22 cases), Lancet (17 cases), Annals of
Internal Medicine (12 cases), Journal of the
American Medical Association (8 cases), and
New England Journal of Medicine (4 cases).*
The cases were randomized to minimize learn-
ing, and the sequence was kept blind to the
observers.

In the first assessment (phase 1) an ‘‘adverse
drug reaction’’ (ADR) was defined as any nox-
ious, unintended, and undesired effect of a drug
after doses used in humans for prophylaxis,
diagnosis, or therapy. This definition excludes
therapeutic failures, intentional and accidental
poisoning, and drug abuse.'® The probability
that the adverse event was related to drug ther-
apy was classified as definite, probable, possi-
ble, or doubtful.®> 2 A ‘‘definite’’ reaction was
one that (1) followed a reasonable temporal se-
quence after a drug or in which a toxic drug
level had been established in body fluids or tis-

*A list of the reports will be provided on request.
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sues, (2) followed a recognized response to the
suspected drug, and (3) was confirmed by im-
provement on withdrawing the drug and reap-
peared on reexposure. A ‘‘probable’’ reaction
(1) followed a reasonable temporal sequence
after a drug, (2) followed a recognized response
to the suspected drug, (3) was confirmed by
withdrawal but not by exposure to the drug, and
(4) could not be reasonably explained by the
known characteristics of the patient’s clinical
state. A ‘‘possible’’ reaction (1) followed a
temporal sequence after a drug, (2) possibly fol-
lowed a recognized pattern to the suspected
drug, and (3) could be explained by charac-
teristics of the patient’s disease. A reaction was
defined as ‘‘doubtful”’ if it was likely related to
factors other than a drug.

Six weeks later the 63 cases were reordered
randomly and reanalyzed (phase 2). The observ-
ers independently assigned a weighted score to
the components used to establish a causal asso-
ciation between drugs and adverse events (tem-
poral sequence, pattern of response, withdrawal,
reexposure, alternative causes, placebo re-
sponse, drug levels in body fluids or tissues,
dose-response relationship, previous patient ex-
perience with the drug, and confirmation by ob-
jective evidence). These factors were analyzed
and scored using the ADR probability scale
(Table I). Each question could be answered
positive (yes), negative (no), or unknown or
inapplicable (do not know). The raters were in-
structed to use the questionnaire for about 20
min.* The ADR was assigned to a probability
category from the total score as follows: definite
=9, probable 5 to 8, possible 1 to 4, doubtful
=0. The between-raters reliability to use the
categorical classification of ADR probability
was measured using percent agreement and
kappa (x, a chance-corrected index of agree-
ment). * Kappa was calculated as follows:

_P,— P
1 — P

where P, = proportion of observed agreement

*An appendix with instructions for using our ADR probability
scale will be supplied with reprints and will also be available from
the National Auxiliary Publication Service, American Society of
Information Services, 1010 16th St. N.W., Washington, D.C.
20036.
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and P, = proportion of agreement expected by
chance. Kappa ranged from —1 (complete dis-
agreement) to +1 (perfect agreement). Correla-
tion coefficients between ADR scores were also
used to test between-raters and within-raters re-
liability in phases 2 and 3. The intraclass corre-
lation coefficient of reliability (R[est]) was also
calculated:

R( - S
NS rsrs

where S2 = variance from the cases, S2=
variance generated by the raters, and S2 = re-
sidual variance or error. This coefficient is the
ratio of the variance associated with true case-
to-case variability to the sum of all the compo-
nents of variance. R(est) varies from zero (i.e.,
no intercase variation is detected by the ratings,
the ratings are the result only of measurement
error and between-rater differences) to a maxi-
mum of unity (i.e., intercase variation is cor-
rectly detected by the ratings, there is no contam-
ination by measurement error or rater-to-rater
variation).* The R(est) was calculated in phase
1, assuming a score of 1 (doubtful), 2 (possi-
ble), 3 (probable), or 4 (definite). The actual
ADR scores were used in phases 2 and 3.

To determine whether the improvement in
reliability found in phase 2 had occurred by
chance the cases were again reordered randomly
and reanalyzed independently by the six raters 4
mo later (phase 3). This allowed us to assess
within-rater and between-rater retest reliability.
The between-rater reliability of practicing phy-
sicians was also tested. Three attending physi-
cians independently rated 28 other prospec-
tively collected cases of alleged ADR observed
in the Toronto Western Hospital.

Validity. To establish validity comparison
with a standard is necessary. Because there is
no method that can determine which adverse
events are truly ADR, we studied the validity of
the ADR probability scale in several ways.
Consensual validity was tested as follows. (1)
The consensus assessment of three ‘‘experts’’
(C. A.N., E. M. S, D. J. G.) using the con-
ventional categories of ADR probabilities was
the external standard with which physicians-
pharmacists assessments were compared. Their
expertise is supported by publications.® 10 12
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Table I1. Berween-raters agreement
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Phase 1 Phase 2 Phase 3
Pairs of raters % K % K r r
RO1-R0O2 52 0.35 83 0.69 0.93 0.85
RO4 56 0.37 83 0.70 0.93 0.84
RO6 44 0.22 86 0.75 0.92 0.94
ROS8 49 0.32 87 0.77 0.94 0.89
RI10 54 0.35 84 0.72 0.93 0.91
R0O2-R04 54 0.31 83 0.71 0.91 0.87
RO6 49 0.29 89 0.80 0.94 0.87
RO8 48 0.32 86 0.75 0.93 0.89
R10 52 0.29 90 0.83 0.95 0.90
R0O4-R0O6 54 0.35 84 0.72 0.91 0.87
RO8 48 0.36 83 0.70 0.93 0.87
R10 57 0.36 83 0.71 0.91 0.86
R06-R0O8 46 0.27 92 0.86 0.94 0.91
R10 54 0.35 90 0.83 0.92 0.93
RO8-R10 41 0.21 86 0.77 0.94 0.93
Intraclass correlation coefficient R(est) = 0.49 R(est) = 0.92 R(est) = 0.87
of reliability
Table IIL. Within-raters agreement Results
Phase 1 Phase ] Phase 2 Table II shows that there was poor between-
vs. vs. vs. raters agreement when the conventional defini-
phase 2 | phase3 phase 3 tions of ADRs were used (phase 1). Percent
Rater | % | « %! « lw!| « r agreement ranged from 41% to 57% (kappa =

ROlI 43 023 38 0.16 92 0.85 0.96
RO2 67 047 63 0.50 8 0.75 0.91
RO4 54 028 48 0.19 80 0.64 0.94
RO6 44 022 44 022 97 0.95 0.98
RO8 36 0.17 43 0.25 87 0.78 0.93
Ri10 51 0.26 57 0.38 87 0.79 0.97

(2) One of the experts (C. A. N.) assessed the
reactions using the ADR probability scale, and
his ratings were compared with those by the
physicians-pharmacists in phase 2. Content va-
lidity was tested in the 63 reported cases and in
the 28 prospectively collected cases, comparing
the variations in the ADR scores of reactions
considered possible, probable, or definite and
those classified as definite nondrug adverse
events. Concurrent validity was tested by com-
paring the correlation of the scores of the 63
ADRs obtained by our method with those de-
rived by the algorithm described by Kramer
et al.2 ®

0.21 to 0.37, R(est) = 0.49). When the ob-
servers applied the ADR probability scale (phase
2) there was a rise in percent agreement (83% to
92%), k (0.69 to 0.86), and r (0.91 to 0.95)
(sign test, p < 0.001). The intraclass correla-
tion coefficient of reliability (Rest] = 0.92)
indicates high reproducibility. The between-
raters reliability was maintained on phase 3 re-
testing (r = 0.84 to 0.93, R(est) = 0.87). The
high within-raters reliability using the ADR
probability scale (phase 2 versus phase 3) is
shown in Table III. The percent agreement
ranged from 80% to 97% (k = 0.64 to 0.95,
r = 0.91 to 0.98). The between-raters reliabil-
ity of the three attending physicians who rated
the 28 prospectively collected ADRs was also
high (r = 0.76 to 0.87, R[est] = 0.80).
Validity. Percent agreement between the con-
sensus of experts and the physicians-pharma-
cists assessments ranged from 79% to 84%
(k = 0.64 to 0.71). Percent agreement with the
expert (C. A. N.) who used the ADR probabil-
ity scale ranged from 86% to 95% (x = 0.75 to
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Fig. 1. Distribution of ADR scores in 63 cases of alleged ADRs.

0.91, r = 0.94 to 0.96). The ADR scores ob-
tained rating the 63 reported cases with our
method correlated with those derived using the
algorithm described by Kramer et al.? (r =
0.82, p < 0.001).

Discussion

Our data indicated a marked improvement
in between-raters and within-raters agreement
when the adverse events were assessed with our
ADR probability scale. The intraclass correla-
tion coefficient of reliability (R[est] = 0.92)
suggests that the method can discriminate
ADRs of different probabilities. The repro-
ducibility was maintained on retesting, and re-
sults of the same order were obtained when
physicians rated a different set of prospectively

collected cases of ADR. The ADR probability |

scale is a simple questionnaire that can be an-
swered rapidly.

A major problem in drug-monitoring studies
is lack of a reliable method of assessing the
causal relation between drugs and adverse
events. Such a method is needed because the
incidence of adverse events can be estimated
only from cases identified as definite or prob-
able ADRs.® Qur data and those of others have
demonstrated large interobserver variations
in assessments when the conventional cate-
gorical definitions of probability of ADRs
were used.!” ™ 8 Our ADR probability scale led
to improved reproducibility in assessments.
Using our scale, pairs of raters had scores that

were within the same diagnostic category or
only one category apart. When there was dis-
agreement it was usually not substantial, as in-
dicated by the small standard deviation of the
ADR scores (Fig. 1) and the high correlation
coefficients between scores (Tables II and III).
A 3-point between-raters disagreement occurred
in only one very complicated case.

It is possible that high reproducibility could
occur without using the ADR probability scale,
but the poor within-raters (phase 1/2 and phase
1/3; Table III) and between-raters agreements
(phase 1; Table II) using the conventional
definitions rule out this possibility. Perhaps the
high agreement occurred because the 63 cases
were selected from published reports and in-
cluded only three ADR categories (possible,
probable, and definite), which generated spuri-
ously high reproducibility, but this seems un-
likely. Fig. 1 shows that the cases represented a
broad spectrum of ADRs (scores ranged from
—2 to +12). The good correlation between the
actual ADR scores reflecting between-raters re-
liability (r = 0.91 to 0.95; Table II) and with-
in-raters reliability (r = 0.91 to 0.98; Table III)
and the high x values suggest that the ADR
probability scale was the basis of a genuine
improvement in reproducibility. When attend-
ing physicians used our method to rate a differ-
ent set of reactions the between-raters agree-
ment was good (R[est] = 0.80).

Using the ADR probability scale we were
also able to identify the origin of the interrater



244 Naranjo et al.

disagreements. The assessment of question 5
(alternative causes) led to the most disagree-
ment. In view of the complex clinical situations
and the differences in training of the observers,
this should have been anticipated. Pharmacists
in general were more likely to answer ‘I do not
know’’ to this question. Hutchinson et al.?
found that this could be a major source of dis-
agreement even though very detailed instruc-
tions were given. In some complicated cases no
algorithm can substitute for clinical experience.
Even though the reproducibility of an instru-
ment is important, its validity must also be
considered. The observers could agree among
themselves, but they could also all be wrong. In
cases of adverse events there is no definite stan-
dard against which to test the validity of new
operational definitions of ADRs. We therefore
assessed the validity of our ADR probability
scale in several ways. The agreement of the six
raters with the consensus of three experts was
very high, suggesting that our instrument has
consensual validity. Although the experts may
not always accurately classify reactions, the
probability that the consensus of three experts
would be completely wrong all the time is
small. The high agreement between the physi-
cians-pharmacists and one of the experts using
the ADR probability scale also indicates con-
sensual validity. The concurrent validity of our
instrument is suggested by the good correlation
between the ADR scores generated by our
method and those of another recently published
algorithm.? The negative scores in the definite
nondrug adverse events and the positive scores
in the *‘true’” ADR indicate that our method had
content validity. Our findings indicate that our
ADR probability scale is reliable and valid.
Important potential applications of the ADR
probability scale are the analysis of adverse
drug-related events published in medical jour-
nals as well as the assessment of reports submit-
ted to national drug monitoring centers. Many
countries are interested in developing postmar-
keting drug surveillance programs.® The reli-
ability of the ADR assessments in case studies
could improve if operational definitions such as
ours and similar procedures are used.!® Advan-
tages of our method are simplicity and wide
applicability. Some minor modifications may be

Clin. Pharmacol. Ther.
August 1981

required in special circumstances. In analyzing
adverse drug interactions suspect interacting
drugs rather than a particular drug must be as-
sessed. When a patient receives several drugs at
the same time the ADR scale must be applied to
each of the possible causes; the most likely will
be the drug with the highest score. In reactions
that appear during drug withdrawal, withdrawal
corresponds to reinstituting treatment and rep-
etition corresponds to discontinuing the suspect
drug.

The conventional classification of definite,
probable, possible, and doubtful ADRs, as pro-
posed by Seidl et al.'® in 1966, assumes four
discrete categories for which there is no empiri-
cal demonstration. It is therefore reasonable to
postulate that some of the unreliability of the
conventional definitions or operational defini-
tions of ADRs could result, because such cate-
gories are not unique (i.e., the unreliability
could reflect the overlap between nondiscrete
categories). Thus the higher correlation co-
efficients of the actual ADR scores (r = 0.91 to
0.94), as compared with the kappa values when
using four categories (x = 0.69 to 0.83) (Table
II), support this view and indicate the need to
characterize the probability spectrum of ADRs
empirically. We suggest that it is preferable
to classify the probability using the actual
ADR scores by our and similar operational
methods. !!

Notwithstanding our encouraging results, it is
unrealistic to expect that our relatively simple
procedure will solve all the complex problems
of identification and classification of ADRs.
Further experience will provide the rationale for
refinements and improvements and will confirm
its utility in clinical practice. Our findings sug-
gest that its systematic application can improve
the quality of the assessment of ADRs in a va-
riety of clinical situations.

The collaboration of Doctors M. Spino, H. Wang,
and M. Rudyk and of S. Schachter, B.Sc., in some of
the phases of the study is gratefully acknowledged.
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