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Introduction: A population-based analysis has suggested that the publication ofAbstract
the RALES (Randomized Aldactone Evaluation Study) in late 1999 was asso-
ciated with both the wider use of spironolactone to treat heart failure and a
corresponding increase in hyperkalaemia-associated morbidity and mortality in
patients also being treated with ACE inhibitors.
Objectives: To gain further insight into the reporting of spironolactone-associated
hyperkalaemia in an independent dataset by analysing the spontaneous reporting
experience in relation to the publication of RALES, and to determine whether the
implementation of a commonly used data mining algorithm (DMA) might have
directed the attention of safety reviewers to the spironolactone/hyperkalaemia
association in advance of epidemiological findings.
Methods: We calculated the reporting rate of spironolactone-associated hyper-
kalaemia per 1000 reports per year from 1970 through to the end of 2005 by
identifying relevant cases in the US FDA Adverse Event Reporting System. We
did this for reports of spironolactone-associated hyperkalaemia (where spirono-
lactone was listed as a suspect drug) and according to whether the reports listed an
ACE inhibitor as a co-suspect or concomitant medication. A further statistical
analysis of the overall reporting of spironolactone (suspect drug)-associated
hyperkalaemia was also performed. We also performed 3-dimensional (3-D; drug-
drug-event) disproportionality analyses using a DMA known as the multi-item
gamma-Poisson shrinker, which allows the calculation and display of a 3-D
disproportionality metric known as the ‘interaction signal score’ (INTSS). This
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metric is a measure of the strength of a higher order reporting relationship of a
triplet (i.e. drug-drug-event) association above and beyond what would be expec-
ted from the largest disproportionalities associated with the individual 2-way
associations.
Results: Visual inspection of a graph of the reporting frequency of spironolactone
(suspect drug)-associated hyperkalaemia per 1000 reports was highly suggestive
of a change point. The t-test on the arcsine-transformed data showed a significant
difference in reporting of spironolactone-hyperkalaemia combination through
1999 compared with 2000 onwards (p < 0.001). When examining the reporting
time trends according to the presence or absence of an ACE inhibitor, the change
point seemed to be mostly attributable to an increase in the number of spirono-
lactone (suspect drug)-associated hyperkalaemia reports with ACE inhibitors
listed as a co-suspect drug. No obvious change points in INTSSs for spirono-
lactone-ACE inhibitor-hyperkalaemia reports were observed.
Discussion: Although we could not pinpoint the relative contribution of many
possible artifacts in the reporting process, as well as increased drug exposure,
increased adverse event incidence and/or a change in patient monitoring practices,
to our findings, we observed a notable change in reporting frequency of spirono-
lactone-associated hyperkalaemia in temporal proximity to the publication of
RALES. Evidence of this was provided by a trend analysis depicted in a simple
graph that was supported by statistical analysis. The observed trend was in large
part due to increased reporting of spironolactone-associated hyperkalaemia with
reported co-medication with ACE inhibitors.
Conclusion: These findings are consistent with those originally reported in an
epidemiological analysis. In this retrospective exercise, a simple graph was more
illuminating than more complex data mining analyses.

Introduction Objectives

Our aims were to (i) gain further insight into theA primary objective of pharmacovigilance is the
reporting of spironolactone and hyperkalaemia in antimely identification of adverse events that are novel
independent dataset by analysing the spontaneousby virtue of their clinical nature, severity and/or
reporting experience in relation to the publication offrequency. Pharmacovigilance is rather distinctive
RALES; and (ii) determine whether the implemen-among public health surveillance activities in terms
tation of a commonly used data mining algorithmof the wide range of events under scrutiny. It there-
(DMA) might have directed the attention of safetyfore entails the use of multiple data streams and
reviewers to the spironolactone/hyperkalaemia asso-methods, which may be described as a teleoanalyti-
ciation in advance of the epidemiological findings.cal approach.[1]

A population-based analysis by Juurlink and col- Methods
leagues[2] has suggested that the publication of
RALES (the Randomized Aldactone Evaluation We calculated the reporting rate of spirono-
Study)[3] in late 1999 was associated with both the lactone-associated hyperkalaemia per 1000 reports
wider use of spironolactone to treat heart failure per year from 1970 through to the end of 2005 by
and a corresponding increase in hyperkalaemia- identifying relevant cases in the US FDA Adverse
associated morbidity and mortality in patients being Event Reporting System (AERS), obtained through
treated with ACE inhibitors.[2] the Freedom of Information Act, 1966. We did this
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for reports (where spironolactone was listed as a event; or triplet) and the EB95MAX is the highest
EB95 score found for the individual pairs in thesuspect drug) of spironolactone-associated hyper-
triplet (e.g. drug 1-event, drug 2-event). Empiricalkalaemia and according to whether the case details
Bayesian metrics are explained in more detail infor the reports listed an ACE inhibitor as a co-
previously published papers.[6,7] A triplet might nor-suspect or concomitant medication. The data were
mally be considered interesting if the INTSS is >1;pre-processed by the data mining vendor (Lincoln
this is known as a signal of disproportionate report-Technologies, Waltham, MA, USA) according to
ing (SDR). The 3-D analyses were performed usingtheir protocol to standardise drug nomenclature/
both a year-on-year analysis (the DMA was appliedevent terms and reduce duplicate reports. For dupli-
to the data for each year individually), as well ascate cases with the same manufacturer’s case identi-
cumulative subsetting by year (the analysis by yearfication number, only the latest report was retained
included that year as well as previous years) throughby the vendor. The reporting rate of spironolactone-
the fourth quarter of 2005 for a total of four analysesassociated hyperkalaemia per 1000 cases per year in
(two for suspect drugs and two for suspect-plus-the AERS database through 2005 was calculated as
concomitant drugs). For the suspect drug analysis,the number of reports of hyperkalaemia in the ven-
the data mining run was configured to include onlydor’s database listing spironolactone as a suspect
suspect drugs as the items to be available for ana-drug, divided by the total number of reports. Time
lysis. For the suspect-plus-concomitant drug ana-subsetting was by year of report to the FDA.
lysis, both suspect and concomitant drugs were

We performed a statistical analysis of the overall
available. Stratification by age, gender and FDA

reported proportion of all reports of hyperkalaemia
year of report was also used. A case count threshold

listing spironolactone as a suspect drug to explore
of three was used to accommodate the computation-

this further. Because of the limited number of obser-
al intensity of this higher order analysis so that the

vations after the potential change point (i.e. the
data mining runs could be successfully completed.

publication of RALES in 1999) and a lack of signif-
icant auto-correlation (i.e. correlation between suc-

Resultscessive values in time) according to a Durbin-Wat-
son test, an unequal variances t-test was applied to Visual inspection of a graph of the reporting
the arcsine-transformed data. The arcsine transfor- frequency of spironolactone (suspect drug)-asso-
mation[4] is commonly used to help decouple the ciated hyperkalaemia per 1000 reports in AERS was
actual value of a score from its variance. highly suggestive of a change point (figure 1). The t-

We also performed four separate 3-dimensional test on the arcsine-transformed data showed a signif-
(3-D; i.e. drug-drug-event) disproportionality analy- icant difference in reporting of the spironolactone-
ses using a DMA known as the multi-item gamma- hyperkalaemia combination from 1970 through to
Poisson shrinker (MGPS; WebVDME version 5.2, the end of 1999 compared with that in 2000 onwards
build 146, Lincoln Technologies).[5] Specifically we (p < 0.001). When examining the reporting time
computed a 3-D disproportionality metric known as trends according to the presence or absence of an
the ‘interaction signal score’ (INTSS). This metric ACE inhibitor as a co-suspect or concomitant drug,
measures the strength (e.g. how disproportionately the change point seemed to be mostly attributable to
frequent the reporting frequency is) of a higher order an increase in the number of spironolactone (suspect
(i.e. drug-drug-event) association above and beyond drug)-associated hyperkalaemia reports in which

ACE inhibitors were listed as a co-suspect drugthat which would be expected from the largest dis-
(figures 2 and 3).proportionalities associated with the individual

2-way associations. The INTSS is defined as EB05/ No obvious change points in INTSS were observ-
EB95MAX, where the EB05 is the conservative esti- ed for spironolactone-ACE inhibitor-hyperkalaemia
mate score for the full 3-D combination (drug-drug- reports in either the cumulatively subsetted data
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1.16–1.55) for the suspect-drug analysis for the
years examined (1996–2002).

Discussion

The relative contribution of the many possible
artifacts to our findings cannot be pinpointed, in-
cluding those arising from differences in the report-
ing process, as well as increased drug exposure,
exposure to other drugs that might impact potassium
balance (e.g. angiotensin receptor blockers, potassi-
um supplements, loop diuretics), increased adverse
event incidence, and/or a change in patient monitor-
ing practices.[8,9] However, we observed a notable
change in reporting frequency of spironolactone-
associated hyperkalaemia in temporal proximity to
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Fig. 1. Spironolactone (suspect drug)-associated hyperkalaemia
reporting rate (1970–2005).

the publication of RALES, as evidenced by a trend
analysis depicted in a simple graph (figure 1) thatmining run that was configured to include suspect
was supported by statistical analysis. This was in

drugs or the run that was configured to include
large part due to increased reporting of spirono-

suspect-plus-concomitant drugs. As an example of
lactone-associated hyperkalaemia with reported co-

this, findings for three ACE inhibitors (concomitant medication with ACE inhibitors. These findings are
captopril, enalapril or lisinopril) for the time period consistent with those originally reported in an epide-
1996–2002 are provided in figure 4. Data were also miological analysis.[2]

available for benazepril, fosinopril, perindopril, In addition to our objective of gaining insight into
quinapril, ramipril and trandolapril, but were not the reporting of spironolactone-associated hyper-
inclusive of the years 1996–2002. For these latter kalaemia and its relationship to the publication of
drugs in the years after 1996 when there were data, RALES, another stated objective was to assess
the INTSS was always <1 for both the suspect and whether the methodology chosen in our study, ap-
suspect-plus-concomitant cumulative analyses. The
results of the two, year-on-year, 3-D data mining
analyses were ‘patchy’ in that there were no new
reports (or one to two reports, which were not docu-
mented because we had to opt for a case count
threshold of three) for some years, and this compli-
cated interpretation. Thus, these calculations would
probably not have directed the attention of safety
reviewers to a possible increase in the reporting of
spironolactone-ACE inhibitor-associated hyper-
kalaemia.

An interesting ancillary observation was that, for
captopril, INTSS values were higher in the suspect-
drug analysis than in the suspect-plus-concomitant
analysis. They were consistently <1 (range
0.71–0.88) for the suspect-plus-concomitant ana-
lysis (figure 4) and consistently >1 (range
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Fig. 2. Spironolactone (suspect drug)-associated hyperkalaemia
number of reports by year with and without ACE inhibitor reported
as co-medication (suspect or concomitant drug) and overall.
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ed. We also reported an increase in the crude report-
ing frequency of spironolactone (suspect drug)-
associated hyperkalaemia in the year following the
publication of RALES that seemed qualitatively dis-
tinctive.[10]

One possible limitation of our analysis is that we
did not also subset our timeframes by date of event,
which was available for 88.6% of the hyperkalaemia
cases. Results might have been different under those
circumstances, although it should be noted that the
event date was provided at the case level and not
at the event level. Another limitation is that we did
not systematically analyse for ‘notoriety bias’,[11]

i.e. that the post-change-point cases were not largely
old cases, whose delayed reporting was due to noto-
riety/publicity resulting from the publication of
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Fig. 3. Fraction of spironolactone (suspect drug)-associated hyper-
kalaemia reports with ACE inhibitors (suspect or concomitant). RALES. We did, however, visually inspect all spiro-

nolactone (suspect drug)-associated hyperkalaemia
plied to spontaneous reporting system (SRS) data, cases with an FDA date of 1999 or later, and on
might have drawn the attention of safety reviewers review, we largely excluded this kind of reporting
to this issue prior to the initial epidemiological artifact. Thirdly, our need to opt for a case count
study. Although it is obviously impossible to defini- threshold of three had the effect of restricting the
tively say how any given safety reviewer would database analysis, and this is one of many situation-
have interpreted or acted upon these findings, one specific factors that could affect the output of
typical implementation of a 3-D data mining ana- DMAs.
lysis would probably not have directed attention to a The higher INTSS obtained for captopril with the
similar potential association in AERS data. Given data mining run that was configured to include sus-
the way the INTSS is calculated, the lack of an SDR pect drugs compared with the data mining run that
is not surprising given our previous report of persist-
ently high levels of disproportionate reporting of
hyperkalaemia (a labelled event in the product liter-
ature for spironolactone) for all 35 years of available
data.[10] This may have contributed to a failure to
detect a change in the reporting of this combination
subsequent to the publication of RALES, using rou-
tine implementations of both a non-Bayesian (i.e.
proportional reporting ratios [PRRs]) and an empiri-
cal Bayesian (i.e. MGPS) 2-D (drug-adverse event)
disproportionality analysis, although certain related
events that could represent epiphenomena of hyper-
kalaemia had de novo disproportionate PRRs. Inter-
estingly, since disproportionality analysis may be
fairly robust to overall secular reporting trends for
drugs (as opposed to specific drug-event combina-
tions), a general reporting stimulus for a drug might
not significantly affect the patterns of SDRs observ-
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Fig. 4. Interaction signal scores (INTSS) for spironolactone plus
selected ACE inhibitors by year for the period 1996–2002 (suspect
drug plus concomitant drug data mining analysis).
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was configured to include suspect-plus-concomitant rience indicated that it had not contributed to the
timely identification of actionable safety problemsdrugs was an interesting finding. Discussions at
beyond that of other required but non-expeditedscientific sessions on data mining suggest that sus-
safety reports.[15]pect-plus-concomitant drug data mining analysis is

the preferred strategy for potential drug-drug inter- Bate and Edwards[16] have noted the extremes of
actions. While the latter is intuitively appealing and opinions about data mining in pharmacovigilance,

from “unbridled optimism” to “considerable scepti-may be true on balance, we have noted a tendency to
cism.” Emphasising only the positive aspects,make generalisations in data mining based on anec-
while down-playing associated difficulties and limi-dote, conjecture, plausibility arguments and/or per-
tations, could be of potential detriment to patientsonal bias. In fact, it is often difficult to predict the
safety. The singular range and variety of events offull range of effects of the numerous choices avail-
interest in pharmacovigilance requires a flexible,able in data mining and the ‘law of unanticipated
multifactorial and holistic approach to safety sur-results’ should always be borne in mind.
veillance.

The natural questions to ask are how typical are
such persistent and high SDRs for labelled events

Conclusionand what is the predictive value of such observations
for identifying ongoing safety issues? We are not In this retrospective exercise, a simple graph was
aware of any systematic study of this phenomenon. more illuminating than more complex data mining
Although spironolactone may not be typical of all analysis. This is one example. The opposite may be
drugs with respect to the complexity/noncomplexity true in other pharmacovigilance scenarios.
of its adverse-event profile, we have anecdotally
observed significant persistent SDRs for labelled Acknowledgements
events with various other drugs in cumulatively
subsetted data as well, although we have not studied No sources of funding were used to assist in the prepara-
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