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Abstract Background: The growing list of non-antiar-
rhythmic drugs associated with QT prolongation and the
relevant regulatory interventions have generated concern
for two reasons. First, QT prolongation is sometimes
viewed as an intrinsic effect of a whole therapeutic class
(for example, antihistamines), whereas, in many cases, it
is displayed only by some compounds within a given class
of non-antiarrhythmic drugs because of an effect on
cardiac repolarisation. Second, drug-induced Torsades
de Pointes are still considered idiosyncratic, totally un-
predictable adverse drug reactions, whereas a number of
risk factors for their occurrence is now recognised.
Objectives: In order to increase awareness among pre-
scribing physicians that many non-antiarrhythmic drugs
can affect cardiac repolarisation, we would like to pro-
pose a comprehensive and updated list of QT-prolonging
drugs that should be a starting point to maintain a
“consensus list”” to be periodically updated.

Methods: The drug list was generated by performing a
Medline search, by using published lists as starting points
to retrieve the relevant references quoted in each article
and by considering the International Registry for Drug-
induced Arrhythmias maintained by the Georgetown
University and mainly based on the FDA approved
labelling.

Results: The drug list presented in this paper: (1) includes
virtually all non-antiarrhythmic drugs with QT-pro-
longing potential, (2) organises the available information
on each drug at different levels of clinical relevance and
(3) is as up-to-date as possible in order to provide a fast
track for the clinical pharmacologist to retrieve the
original publications.
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Conclusions: This list should be considered as a starting
point to call for consensus on: (1) the criteria used to
generate the list, (2) possible ways to implement the use of
this list as a quick reference for clinicians, for instance by
providing a “proarrhythmic score” for each drug, and (3)
inclusion/exclusion of a given agent into the list on the
basis of evidence that may not be available to us.
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Introduction

The literature on QT prolongation and proarrhythmic
risk of non-cardiac drugs has grown exponentially in the
past decade and a recent review in this journal has already
discussed some basic and clinical aspects of the problem
[1]. The growing list of non-antiarrhythmic drugs asso-
ciated with QT prolongation and the relevant regulatory
interventions have generated concern for two reasons.
First, QT prolongation is sometimes viewed as an in-
trinsic effect of a whole therapeutic class (for example,
antihistamines), whereas, in many cases, it is displayed
only by some compounds within a given class of non-
antiarrhythmic drugs because of an effect on cardiac re-
polarisation [1, 2]. Second, drug-induced Torsades de
Pointes (TdP) are still considered idiosyncratic, totally
unpredictable adverse drug reactions. However, Roden
[3] recently suggested that we should take the “idio” out
of the term “idiosyncratic’” and introduced the concept of
repolarisation reserve. He postulated that, in the normal
ventricle, there is essentially no risk of developing TdP
because the normal function of the repolarising currents
(mainly I, and Ik,) ensure a large repolarisation reserve.
In addition, he drew attention to the many well-known
risk factors (such as female gender, hypokalaemia,
bradycardia, genetic defects underlying the congenital
long QT syndrome) which, by reducing the repolarisation
reserve, greatly increase the likelihood of the occurrence
of TdP. Thus, there are clinical circumstances in which
TdP are not so unexpected.
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A recent editorial in the British Medical Journal [4]
underscores the low level of awareness among pre-
scribing physicians that many drugs can cause QT pro-
longation and suggests that QT prolonging non-cardiac
drugs should be listed and regularly updated in national
formularies. Lists of such drugs are indeed available in
several recent reviews [5, 6, 7, 8], but all share a common
problem. A footnote to the list provided in the Policy
Conference Report of the European Society of Cardi-
ology [6] acknowledges that it derives ‘from what is ef-
fectively a non-controlled review of the literature. Hence,
some of the drugs listed have profound effects on QT
prolongation and on induction of TdP, and others have
minor effects whose documentation is in some instances
questionable and not clearly related to the drugs given as
opposed to an intercurrent condition. The list is presented,
then, to indicate the diversity of drugs and effects cited.
However, the reader is urged to review the literature on
any of these drugs before making decisions that relate to
their administration.”

To obviate at least in part to the above limitation, the
present article aims at recapitulating the evidence so far
available by proposing a list that should: (1) include
virtually all non-antiarrhythmic drugs with QT-pro-
longing potential, (2) organise the available information
on each drug at different levels of clinical relevance and
(3) be as up-to-date as possible (January 2001) in order
to provide a fast track for the clinical pharmacologist to
retrieve the original publications.

Some problems are encountered to achieve the above
aims. First, the available information is often contra-
dictory and, especially for case reports, an offending
agent is identified on the basis of questionable clinical
evidence. The most striking observation is that a large
number of case reports identify a drug as the agent re-
sponsible for the occurrence of TdP (or QT prolonga-
tion) in the presence of concomitant medication with
another QT-prolonging drug (see, for instance, Kamochi
et al. [9]). Thus, mere listing of QT-prolonging drugs
may generate confusion as to clinical relevance. For
example, the possible induction of TdP by sulphameth-
oxazole/trimethoprim (which is indeed reported in iso-
lated cases [10, 11, 12]) may be perceived by the
inexperienced reader to be as well documented as that of
astemizole, an antihistamine that is at least as potent as
class III antiarrhythmic agents in blocking HERG K *
channels [13]. Since a detailed discussion of each QT-
prolonging agent would require a textbook, we thought
that organising the available information at different
levels of clinical importance for each drug would help
the clinician to track down the relevant literature when
deciding whether or not one of these drugs should be
administered to a patient. Identifying those agents for
which only a few (sometimes questionable) case reports
exist may also bring out our ignorance on their clinical
relevance.

Second, we realise that reviewing the world literature
to create a complete and updated list is actually a very
difficult task. Therefore, in this article we will try to use

broad criteria to organise the available evidence and
propose a list of QT-prolonging, non-antiarrhythmic
drugs. This list should be considered as a starting point
to call for consensus (see last section). When considering
the drug list that will be proposed, it is important to
keep in mind that QT prolongation per se does not
necessarily mean that the risk-benefit balance of a non-
antiarrhythmic drug is negative. Since the final balance
depends on a number of factors that must be weighed
very carefully [1] and the various drugs do differ as to
QT-prolonging potential, our list should not be consid-
ered as a “‘blacklist of dangerous drugs”: in our opinion,
only for some agents should the risk-benefit profile
receive formal reassessment in the light of recent
information about effects on cardiac repolarisation.

Defining criteria to organise the available information

In Table 1, we propose three main criteria (each divided
into two subcriteria) to organise the available evidence
on the proarrhythmic potential of QT-prolonging drugs
that are not used as antiarrhythmics and discuss the
relevant advantages and drawbacks for each criterion.
These criteria are then applied to prepare the drug list
presented in Table 2, which includes drugs with QT-
prolonging potential, with the exception of those agents
that are used as antiarrhythmics.

The first criterion: clinical evidence for occurrence
of TdP or QT prolongation

The first criterion used to generate the drug list was the
existence of published clinical evidence associating the
drug with the occurrence of TdP, ventricular tachyar-
rhythmias or QT prolongation. Occurrence of TdP
(usually associated with QT prolongation) and QT
prolongation alone were used as separate criteria (Ia and
Ib, respectively), because QT prolongation is a surrogate
marker of cardiotoxicity (used for regulatory purposes
because of the rare occurrence of drug-induced TdP) and
there is no consensus on the degree of QT prolongation
that becomes clinically significant. For many drugs that
have received regulatory approval recently, a mean QT
prolongation <10 ms in clinical trials generated a lot of
debate (as can be verified at the FDA and the EMEA
Internet site), although this degree of QT prolongation is
not usually considered significant in current clinical
practice.

The first criterion has a significant publication bias,
since evidence provided by positive studies (sometimes
only questionable case reports) are not balanced by
negative, prospective studies, because these are difficult
to perform. Studies with appropriate statistical power to
exclude QT prolongation require a large number of
subjects and, of course, using drug-induced TdP as an
end-point in prospective studies is not always feasible for
ethical reasons. To further complicate the issue, evidence
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Table 1 Criteria used to organise the available evidence on the proarrhythmic potential of QT-prolonging non-antiarrhythmic drugs.

(TdP Torsades de Pointes)

Criteria

Advantages

Drawbacks

1. Published clinical evidence:

a. Clinical studies and/or case
reports associating the drug with
the occurrence of TdP/ventricular
tachyarrhythmias

b. Clinical studies reporting QT
prolongation

II. Published non-clinical evidence on
effects on cardiac repolarisation:

a. In vitro studies showing HERG K *
channel blockade (i.e. inhibition of
human Ig,)

b. In vitro studies showing Ix
inhibition or prolongation of the
action potential duration, or in vivo
studies in animals showing
prolongation of the QT interval

III. Official warnings in the labelling
(including official warnings issued
by EMEA, FDA) on:

a. QT prolongation or occurrence
of TdP

b. Cardiac arrhythmias as adverse
effect

Published clinical trials represent a
major source of clinical evidence and
help to evaluate the clinical relevance
of in vitro/animal studies

Case reports/series are early clinical signals
of cardiotoxicity during phase IV and
may allow identification of silent carriers
of the long QT syndrome

Useful information to study the
arrhythmogenic mechanism of the drug
suspected to cause ventricular
tachyarrhythmias by reducing the
repolarisation reserve

May help to distinguish whether the effect
on cardiac repolarisation is a class effect
or is displayed only by some agents
within a therapeutic class

Useful for the preclinical assessment
of drugs suspected to affect cardiac
repolarisation

Easily accessible source of information
for the prescribing physician, often
based on data that are not available
in the published literature

Often reflects a clinically significant
effect on cardiac repolarisation

Publication bias: many published case
reports on occurrence of TdP are
inadequate (some seem to ignore that
a concomitant medication could affect
cardiac repolarisation or do not take
into account known risk factors for
the occurrence of TdP); negative studies
are difficult to perform

QT prolongation is a surrogate marker of
cardiotoxicity and there is no consensus
on the degree of QT prolongation that
may be viewed as clinically significant

Several currents (not only Ix,) control
cardiac repolarisation; drugs that delay
ventricular conduction velocity may
also prolong the QT interval
(by widening the QRS complex)

No model has an absolute predictive value

Discrepancies among laboratories for
different experimental procedures may
lead to different ICs, values for HERG
K™ channel inhibition (see Table 3)

Considering the ICs, reported in vitro, it
is difficult to extrapolate the clinical
relevance at therapeutic plasma
concentrations (tissue rather than
plasma concentration should be
considered)

Official warnings cannot be taken as
the gold standard to assess clinical
relevance because:

They are not always updated according
to current knowledge

They may reflect precautions taken at
the time of marketing authorisation
(for example, they may consider QT
prolongation as a class effect rather
than an effect displayed only by
some compounds within a
non-antiarrhythmic class)

Of the lack of harmonisation of the
official labelling among different
countries

that a compound does not prolong the mean QT interval
in a study population does not rule out the possibility
that a drug-induced TdP may occur in a single individ-
ual (for example, a silent carrier of the long QT syn-
drome, see below). In addition, several of the published
case reports or case series, especially with psychotropic
agents, are inadequate: some of them involve extreme
overdosage and cannot be directly extrapolated to rou-
tine clinical practice. In others [9, 14], the authors seem
to ignore that concomitant medications may also affect
the QT interval, so that it is impossible to establish a
causal relationship between a single drug and occurrence
of TdP (for a recent review on causality assessment of

suspected adverse drug reactions, see [15]; for examples
on the complexity of this issue see Woosley and Darrow
[16] and Shivkumar [17]).

To generate the drug list, we performed a Medline
search using the following keywords: long QT syndrome —
chemically induced; torsades de pointes — chemically
induced; (torsad*[ab] OR qt[ab]) AND drug name [ab].
We also used published lists [1, 5, 6, 7, 8] as starting
points to retrieve the relevant references quoted in each
article. Finally, we considered the International Registry
for Drug-induced Arrhythmias, mainly based on the
FDA approved labelling, maintained by the Georgetown
University (www.torsades.org).
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Table 3 Preclinical evaluation of the proarrhythmic potential of QT-prolonging drugs

Model

Species (most used)

Advantages

Drawbacks

ISOLATED INTACT
HEART (Langendorff
preparation)

ISOLATED TISSUES,
Purkinje fibres, Papillary
muscle, Transmural wedge
preparation of the left
ventricle [93], Isolated
cardiac myocytes

ECG RECORDING in
conscious or anaesthetised
animals

HERG K" CHANNELS
expressed in heterologous
or human cells

Rabbit, guinea-pig

Dog, sheep, cat rabbit,
guinea-pig

Dog, pig, monkey;

rabbit, rat, guinea-pig,
mouse (species with high
baseline heart rate)

Human embryonic kidney
cells (HEK 293)

Chinese hamster ovary cells

Oocytes of the amphibian
Xenopus laevis
Mouse fibroblasts (C cells)

It allows screening of a
large number of compounds

Possibility to induce
experimental TdP [483]

They allow screening of a large
number of compounds and
assessment of conditions
that favour I, block, such
as low K concentrations
and low stimulation rates

Purkinje fibres are easily
accessible and probably the
closest representation of M cells

The transmural wedge
preparation allows to detect
difference between M cells
endo- and epicardial cells
(it ensures that the extent
of dispersion is explored)

Ideal for studying the
dose-response relationship

It provides complementary
information with respect
to in vitro tests (activity
of metabolites, measurement
of plasma drug concentrations,
calculation of the volume of
distribution)

Possibility to induce
experimental TdP [483, 484]

Ideal model for studying an
effect on the current
underlying I,

Mammalian cells allow
to use physiological
temperatures (37°C) for
the human species

Failure to see prolongation of the
action potential duration does
not provide complete security

Activity of metabolites must
be specifically studied

For compounds that are insoluble
in water, testing of high
concentrations may be
restricted

Species differences concerning
type and distribution of ion
channels involved in cardiac
repolarisation (species having
little plateau phase to cardiac
action potential such as rat
or mouse are not ideal models)

QTec prolongation is a surrogate
marker of cardiotoxicity, with
no established threshold, hence
high cost because of large
sample size required to pick
up small differences in QTc
with appropriate statistical
power (not for screening)

Changes in heart rate require
correction; different formulas
may optimise correction in
different species

In some models, baseline heart
rate may be too high for correct
evaluation of QT prolongation

Differences in metabolism and
distribution of ionic channels
require caution in extrapolating
data to humans

When using anaesthetised
animals, use of anaesthetics per
se may affect the QTc interval

HERG K™ channels are not the
only ones responsible for
cardiac repolarisation; other
repolarising currents as well as
drug interaction with different
HERG channel subunits
(MiRP1 [23]) have to be
considered

Lack of protocol standardisation
among laboratories may yield
different IC50

Activity of metabolites must
be specifically studied

For compounds that are insoluble
in water, testing of high
concentrations may be
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Model Species (most used)

Advantages

Drawbacks

restricted; some compounds
may have problems of
adsorption to glass/plastic

Oocytes of the amphibian
Xenopus laevis: possible
overestimation of the ICsg
due to the relatively large
volume of lipophilic material in
the oocyte; experiments
carried out at room
temperature

Concerning the specificity of QT prolongation as a
marker of an effect on cardiac repolarisation, it should
be kept in mind that the duration of the QT interval may
be affected by both the velocity of repolarisation and
ventricular conduction velocity. Class I antiarrhythmics
and, in special circumstances, local anaesthetics ([18, 19]
and see footnote “a” to Table 2) can reduce ventricular
conduction velocity, cause widening of the QRS com-
plex and therefore prolong the QT interval (for a de-
tailed discussion, see [20]).

The statement that no clear-cut dose dependency
can be observed for QT prolongation or occurrence of
TdP sometimes generates confusion. Actually, a recent
study [21] confirms that QT prolongation by a wide
dose range of dofetilide (a class III antiarrhythmic
agent) is dose dependent. The same holds true for the
likelihood of TdP with non-antiarrhythmic drugs, es-
pecially in case of drug interactions leading to very
high plasma levels ([1, 3, 22]. However, the fact that
normal plasma levels may be associated with exagger-
ated increases in the QT interval and even occurrence
of TdP led some to suggest a lack of dose dependency.
Actually, several factors may reduce the repolarisation
reserve of a given subject and hence greatly increase the
proarrhythmic potential of relatively low plasma levels
to such an extent that establishing a dose-response re-
lationship may be impossible, all the more so because
drug-induced TdP are rare events. Thus, QT prolon-
gation by a drug which affects cardiac repolarisation is
per se dose dependent (with few exceptions, such as
quinidine, because of its multiple pharmacological ac-
tions [22]), but actual occurrence of TdP depends on
the repolarisation reserve, which is variable among
subjects and over time. Recent in vitro studies also
show that human K channels with the same mutation
detected in subjects with the long QT syndrome and
expressed in in vitro systems are more sensitive than
wild-type channels to blockade by certain drugs such as
clarithromycin and sulphamethoxazole [12, 23]. Phar-
macogenetic studies [24, 25, 26] also raise the issue of
silent carriers of the long QT syndrome (subjects car-
rying subtle genetic defects with normal QT interval,
but low repolarisation reserve). In these subjects, drug-
induced TdPs may indeed be considered idiosyncratic

and unpredictable with the current diagnostic stan-
dards, although knowledge of the underlying genetic
defect would allow prediction of the possible occur-
rence of TdP.

The second criterion: non-clinical evidence
for an effect on cardiac repolarisation

Criterion Ila was introduced on the basis of the
widely held concept that most QT-prolonging non-
cardiac drugs are potassium channel blockers and in-
hibit the rapid component of the delayed rectifier
current (Ix,). In humans, Iy, is carried by the human
ether-a-go-go (HERG) K™ channel, which can be
expressed in homologous and heterologous cells in
order to assess the potency of a drug (ICsp) in in-
hibiting this channel. ICsq values in mammalian or
human systems are important to gain insight into the
mechanism of drug action, although extrapolation to
the clinical setting must carefully consider concentra-
tion ranges [1] and possible additional pharmacologi-
cal effects. These complementary pharmacological
actions may increase (for example, hypokalaemia in-
duced by diuretics, f-adrenoceptor agonists, insulin
[27] or amphotericin B) or, in some cases, even de-
crease (for example, quinidine, see above) the proar-
rhythmic potential in vivo. Another example of drugs
with complex pharmacological actions on K™, Na™
and Ca® " channels is provided by antidepressants
[28, 29, 30, 31]: thus, it is not surprising that their
effects on the QT interval in vivo are quite variable,
depending on the animal species and experimental
model [28, 32].

Since, apart from Ik,, other currents (for example,
Iks, Iio) are involved in cardiac repolarisation, criterion
IIb considers all in vitro studies showing Ik inhibition or
prolongation of the action potential duration as well as
all in vivo studies in animals showing prolongation of
the QT interval.

Discussing the preclinical evaluation of QT-prolong-
ing drugs and the pros and cons of each model is beyond
the scope of this article and the reader is referred to
recent reviews [1, 6, 8, 20, 33]. Table 3 provides a brief



196

synopsis of non-clinical models used to assess the
QT-prolonging potential of a compound.

The third criterion: official warnings
on the proarrhythmic potential

This criterion has some intrinsic advantages, such as
being based on an easily accessible source of information
not always available in the published literature. On the
other hand, official warnings may not be always updated
according to current knowledge or, especially for re-
cently approved drugs, may reflect precautions taken at
the time of marketing authorisation, when an effect on
repolarisation may be considered as a class effect until
there is convincing proof to the contrary. First, we
analysed the official labelling (precautions or adverse
reaction section or relevant boxed warning) of drugs
included into the list on the basis of the literature search
and looked for warnings about QT prolongation or
possible occurrence of TdP or cardiac arrhythmias. We
considered the following sources: European Public As-
sessment Reports (EPAR) by the EMEA, the Physician
Desk Reference (PDR) or Dear Doctor Letters by the
FDA, the British National Formulary (BNF, March
2000 edition), the Italian Summary of the Product
Characteristics (SPC, latest version). We also searched
the EMEA and FDA Internet sites, the PDR and the
BNF to identify additional agents whose official warn-
ings on QT prolongation may derive by still unpublished
preregistration studies.

Several questions arise on this criterion. First, do all
drugs with documented QT-related proarrhythmic risk
have official warnings? Indeed, recent experience has
shown that regulatory measures were often taken only
some time after the QT-prolonging potential (hence,
occurrence of TdPs) was reported in the published lit-
erature. This is not unexpected for rare events, such as
drug-induced TdP, which are detected only after a drug
has received marketing authorisation. Second, are offi-
cial warnings adequate to convey this important safety
aspect? Providing information on QT prolongation in a
boxed warning rather than in the list of possible adverse
reactions has certainly a different impact on the per-
ception of risk by the prescribing physician, and should
be used only for some of the agents listed in Table 2. On
the other hand, simply including the term “cardiac ar-
rhythmias™ in the list of adverse reactions (although
formally correct) certainly generates a different percep-
tion of the type of risk involved. Many QT-prolonging
drugs marketed many years ago do not have specific
warnings on QT prolongation (for example, first gener-
ation antihistamines). Certainly, harmonisation of
warnings on QT-related proarrhythmic risk is a desir-
able goal. In the meantime, we decided that warnings on
QT prolongation or occurrence of TdP (criterion I11a) or
arrhythmias (criterion I1Ib) should be considered sepa-
rately. In any case, to avoid inclusion of drugs causing
arrhythmias through different or unknown mechanisms,

compounds that meet on/y criterion IIIb (and none of
the preceding criteria) are not listed in Table 2. How-
ever, some agents have warnings on the possible occur-
rence of arrhythmias and are structurally related to
known QT-prolonging drugs (especially psychotropic
agents such as substituted benzamides or phenothia-
zines), although, to the best of our knowledge, no pub-
lished evidence supports a direct effect on cardiac
repolarisation. By contrast, a few recently approved
compounds meet criterion IIla without published evi-
dence of an effect on the QT interval (for example, le-
vacetylmethadol, emedastine, triptans) indicating the
great regulatory attention to this matter.

Possible uses of the list and call for consensus

We think that the drug list presented in this article can
already provide, in its present form, a useful tool to the
clinical pharmacologist, since it draws attention to all
the different non-antiarrhythmic drugs with QT-pro-
longing potential. Promoting awareness of the problem
is the first step towards more appropriate drug use. In
addition, by presenting an up-to-date, structured and
extensive list of original bibliographic sources for each
drug (rather than reviews on the topic), it allows the
clinician to track down the original information to verify
its soundness and validity. Referral centres for subjects
with familial forms of the congenital long QT syndrome,
who must avoid all possible factors that may reduce
their labile repolarisation reserve, could use the infor-
mation provided in this list to prepare handouts (with
relevant brand names).

However, the drug list presented here can certainly be
improved by external input since, at the moment, no
direct inference can be made on proarrhythmic risk. This
is the reason why a consensus process is necessary to
structure the list according to clinical relevance, if pos-
sible through a ‘“‘proarrhythmic score” that should
consider, for each drug, the weight of the available evi-
dence on the proarrhythmic risk versus the expected
benefit. This consensus process could start with letters to
the Editor addressing the following issues:

1. Criteria used to generate the list: appropriateness of
the proposed criteria, inclusion of other criteria

2. Feasibility of a “proarrhythmic score” for each drug
and items to consider to structure such score

3. Possible ways to implement the use of this list as a
quick reference for clinicians

4. Inclusion/exclusion of a given agent into the list on
the basis of evidence that may not be available to us.

If this call for consensus generates significant input,
the list could be shared through appropriate media, for
example, by making it available to specialised discussion
groups on the Internet, if possible through the European
Association for Clinical Pharmacology and Therapeu-
tics (EACPT) or member societies of the International



Union of Pharmacology (IUPHAR). A panel of experts
could work on the present list to achieve consensus and
structure it by drug class and proarrhythmic score. This
“consensus list” could then to be included in national
formularies and regularly updated. Proposals to take an
active part on this panel of experts (clinical pharma-
cologists, cardiologists, clinicians with specific expertise
in the use of the different classes of drugs) should be sent
to the Editor.

From the regulatory point of view, this consensus
process may promote a balanced risk/benefit assessment
of each QT-prolonging, non-antiarrhythmic drug on the
basis of pharmacoepidemiological, safety and efficacy
data. It should also foster discussion on the appropri-
ateness and harmonisation of official warnings on
proarrhythmic risk.

A list of QT-prolonging drugs structured according to
a proarrhythmic score could also be applied to drug
utilisation studies by evaluating the total exposure to
drugs with a significant QT prolonging potential. Because
of the large number of drugs involved, evaluating total
exposure to such agents in the general population will
probably contribute to assess the magnitude of the
problem, especially outside of the hospital setting [34, 35].

Finally, from a basic scientific perspective, the drug
list presented here could be used as an inventory by the
medicinal chemist and the molecular pharmacologist to
identify apparently unrelated molecules that share a high
affinity for the HERG K * channel and hence are potent
class IIT antiarrhythmics. Studying structure—activity
relationships and the site(s) of drug interaction with
HERG K™ channels (see, for example, [36]) will cer-
tainly impact on drug development and perhaps allow,
in the near future, in silico screening of new chemical
entities to test for possible, unwanted interference with
cardiac repolarisation.

References

1. De Ponti F, Poluzzi E, Montanaro N (2000) QT-interval
prolongation by non-cardiac drugs: lessons to be learned from
recent experience. Eur J Clin Pharmacol 56:1-18

2. Taglialatela M, Timmerman H, Annunziato L (2000) Car-
diotoxic potential and CNS effects of first-generation anti-
histamines. Trends Pharmacol Sci 21:52-56

3. Roden DM (1998) Taking the “idio” out of ““idiosyncratic’:
predicting torsades de pointes. Pacing Clin Electrophysiol
21:1029-1034

4. Yap YG, Camm J (2000) Risk of torsades de pointes with
non-cardiac drugs. Doctors need to be aware that many drugs
can cause QT prolongation. BMJ 320:1158-1159

5. Viskin S (1999) Long QT syndromes and torsade de pointes.
Lancet 354:1625-1633

6. Haverkamp W, Breithardt G, Camm AJ, Janse MJ, Rosen
MR, Antzelevitch C, Escande D, Franz M, Malik M, Moss A,
Shah R (2000) The potential for QT prolongation and
proarrhythmia by non-antiarrhythmic drugs: clinical and
regulatory implications. Report on a policy conference of the
European Society of Cardiology. Eur Heart J 21:1216-1231

7. Tamargo J (2000) Drug-induced torsade de pointes: from
molecular biology to bedside. Jpn J Pharmacol 83:1-19

10.

I1.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

197

. Drici MD, Barhanin J (2000) Cardiac K* channels and drug-

acquired long QT syndrome. Therapie 55:185-193

. Kamochi H, Nii T, Eguchi K, Mori T, Yamamoto A,

Shimoda K, Ibaraki K (1999) Clarithromycin associated with
torsades de pointes. Jpn Circ J 63:421-422

Wiener I, Rubin DA, Martinez E, Postman J, Herman MV
(1981) QT prolongation and paroxysmal ventricular tachy-
cardia occurring during fever following trimethoprim-sulfa-
methoxazole administration. Mt Sinai J Med 48:53-55
Lopez JA, Harold JG, Rosenthal MC, Oseran DS, Schapira
JN, Peter T (1987) QT prolongation and torsades de pointes
after administration of trimethoprim-sulfamethoxazole. Am J
Cardiol 59:376-377

Sesti F, Abbott GW, Wei J, Murray KT, Saksena S,
Schwartz PJ, Priori SG, Roden DM, George ALJ, Goldstein
SA (2000) A common polymorphism associated with
antibiotic-induced cardiac arrhythmia. Proc Natl Acad Sci
USA 97:10613-10618

Zhou Z, Vorperian VR, Gong Q, Zhang S, January CT (1999)
Block of HERG potassium channels by the antihistamine
astemizole and its metabolites desmethylastemizole and nor-
astemizole. J Cardiovasc Electrophysiol 10:836-843

Fisher AA, Purcell P, Le Couteur DG (2000) Toxicity of
Passiflora incarnata L. J Toxicol Clin Toxicol 38:63—-66
Edwards IR, Aronson JK (2000) Adverse drug reactions: defi-
nitions, diagnosis, and management. Lancet 356:1255-1259
Woosley R, Darrow WR (1994) Analysis of potential adverse
drug reactions: a case of mistaken identity. Am J Cardiol
74:208-209

. Shivkumar K (2000) Images in cardiovascular medicine. La-

bile repolarization from “cell to bedside”. Circulation
102:817-818

Kennerdy A, Thomas P, Sheridan DJ (1989) Generalized
seizures as the presentation of flecainide toxicity. Eur Heart
J 10:950-954

Platia EV, Estes M, Heine DL, Griffith LS, Garan H, Ruskin
JN, Reid PR (1985) Flecainide: electrophysiologic and anti-
arrhythmic properties in refractory ventricular tachycardia.
Am J Cardiol 55:956-962

Sheridan DJ (2000) Drug-induced proarrhythmic effects: as-
sessment of changes in QT interval. Br J Clin Pharmacol
50:297-302

Allen MJ, Nichols DJ, Oliver SD (2000) The pharmacoki-
netics and pharmacodynamics of oral dofetilide after twice
daily and three times daily dosing. Br J Clin Pharmacol
50:247-253

Roden DM (2000) Acquired long QT syndromes and the risk
of proarrhythmia. J Cardiovasc Electrophysiol 11:938-940
Abbott GW, Sesti F, Splawski I, Buck ME, Lehmann MH,
Timothy KW, Keating MT, Goldstein SA (1999) MiRP1
forms IKr potassium channels with HERG and is associated
with cardiac arrhythmia. Cell 97:175-187

Donger C, Denjoy I, Berthet M, Neyroud N, Cruaud C,
Bennaceur M, Chivoret G, Schwartz K, Coumel P, Guicheney
P (1997) KVLQT! C-terminal missense mutation
causes a forme fruste long-QT syndrome. Circulation
96:2778-2781

Chiang CE, Roden DM (2000) The long QT syndromes: ge-
netic basis and clinical implications. J Am Coll Cardiol 36:1—
12

Kubota T, Shimizu W, Kamakura S, Horie M (2000) Hypo-
kalemia-induced long QT syndrome with an underlying novel
missense mutation in S4-S5 linker of KCNQI1. J Cardiovasc
Electrophysiol 11:1048-1054

Gastaldelli A, Emdin M, Conforti F, Camastra S, Ferrannini
E (2000) Insulin prolongs the QTc interval in humans. Am
J Physiol Regul Integr Comp Physiol 279:R2022-R2025
Pacher P, Ungvari Z, Nanasi PP, Furst S, Kecskemeti V
(1999) Speculations on difference between tricyclic and selec-
tive serotonin reuptake inhibitor antidepressants on their
cardiac effects. Is there any? Curr Med Chem 6:469—480



198

29

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Nau C, Seaver M, Wang SY, Wang GK (2000) Block of
human heart hH1 sodium channels by amitriptyline.
J Pharmacol Exp Ther 292:1015-1023

Isenberg G, Tamargo J (1985) Effect of imipramine on cal-
cium and potassium currents in isolated bovine ventricular
myocytes. Eur J Pharmacol 108:121-131

Delpon E, Tamargo J, Sanchez-Chapula J (1991) Further
characterization of the effects of imipramine on plateau
membrane currents in guinea-pig ventricular myocytes.
Naunyn Schmiedebergs Arch Pharmacol 344:645-652

Reich MR, Ohad DG, Overall KL, Dunham AE (2000)
Electrocardiographic assessment of antianxiety medication in
dogs and correlation with serum drug concentration [pub-
lished erratum appears in J Am Vet Med Assoc (2000)
216:1936]. J Am Vet Med Assoc 216:1571-1575

Crumb W, Cavero I (1999) QT interval prolongation by non-
cardiovascular drugs: issues and solutions for novel drug de-
velopment. Pharm Sci Technol Today 2:270-280

De Ponti F, Poluzzi E, Montanaro N, Ferguson J (2000) QTc
and psychotropic drugs. Lancet 356:75-76

De Ponti F, Poluzzi E, Ferguson J, Bergman U, Bjerrum L,
McManus P, Sanz E, Schbert I, Montanaro N (2000) Expo-
sure to non-cardiac QT-prolonging drugs in the community:
comparison among seven countries. Pharmacoepidemiol
Drug Saf 9 [Suppl 1]:S16

Mitcheson JS, Chen J, Lin M, Culberson C, Sanguinetti MC
(2000) A structural basis for drug-induced long QT syndrome.
Proc Natl Acad Sci USA 97:12329-12333

Hill SL, Evangelista JK, Pizzi AM, Mobassaleh M, Fulton
DR, Berul CI (1998) Proarrhythmia associated with cisapride
in children. Pediatrics 101:1053-1056

Napolitano C, Schwartz PJ, Brown AM, Ronchetti E, Bianchi
L, Pinnavaia A, Acquaro G, Priori SG (2000) Evidence for a
cardiac ion channel mutation underlying drug-induced QT
prolongation and life-threatening arrhythmias. J Cardiovasc
Electrophysiol 11:691-696

Benatar A, Feenstra A, Decraene T, Vandenplas Y (1999)
Cisapride and proarrhythmia in childhood. Pediatrics
103:856-857

Massari FM, Trevano FQ, Diehl L, Romano S (2000) Al-
lungamento dell’intervallo QT e aritmie ventricolari maligne
in corso di trattamento con cisapride. Descrizione di un caso
clinico. Ital Heart J 1:1055-1058

Khongphatthanayothin A, Lane J, Thomas D, Yen L, Chang
D, Bubolz B (1998) Effects of cisapride on QT interval in
children. J Pediatr 133:51-56

Haarst AD van, van’t Klooster GA, Gerven JM van,
Schoemaker RC, Oene JC van, Burggraaf J, Coene MC,
Cohen AF (1998) The influence of cisapride and clarithro-
mycin on QT intervals in healthy volunteers. Clin Pharmacol
Ther 64:542-546

Khoshoo V, Edell D, Clarke R (2000) Effect of cisapride
on the QT interval in infants with gastroesophageal reflux.
Pediatrics 105:E24

Lewin MB, Bryant RM, Fenrich AL, Grifka RG (1996)
Cisapride-induced long QT interval. J Pediatr 128:279-281
Lupoglazoff JM, Bedu A, Faure C, Denjoy I, Casasoprana A,
Cezard JP, Aujard Y (1997) Allongement de I’espace QT sous
cisapride chez le nouveau-né et le nourrisson. Arch Pediatr
4:509-514

Bernardini S, Semama DS, Huet F, Sgro C, Gouyon JB
(1997) Effects of cisapride on QTc interval in neonates. Arch
Dis Child Fetal Neonatal Ed 77:F241-F243

Scott MK, Kim MA, Kraus MA, Mueller BA, Sehra RA,
Altemose GT, Sowinski KM (2000) Effect of cisapride on QT
interval in patients with end-stage renal disease. Am J Cardiol
86:873-875

Tutar HE, Kansu A, Kalayci AG, Girgin N, Atalay S, Im-
amoglu A (2000) Effects of cisapride on ventricular repolar-
ization in children. Acta Paediatr 89:820-823

Laine K, Forsstrom J, Gronroos P, Irjala K, Kailajarvi M,
Scheinin M (2000) Frequency and clinical outcome of po-

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

tentially harmful drug metabolic interactions in patients
hospitalized on internal and pulmonary medicine wards: focus
on warfarin and cisapride. Ther Drug Monit 22:503-509
Pezzilli R, Cavazza M, Calliva R, Barakat B (2000) Cisapride
poisoning associated with negative T waves. Dig Liver Dis
32:648-650

Benatar A, Feenstra A, Decraene T, Vandenplas Y (2000)
Effects of cisapride on corrected QT interval, heart rate, and
rhythm in infants undergoing polysomnography. Pediatrics
106:E85

Semama DS, Bernardini S, Louf S, Laurent-Atthalin B,
Gouyon JB (2001) Effects of cisapride on QTc interval in term
neonates. Arch Dis Child Fetal Neonatal Ed 84:F44-F46
Guala A, Pastore G, Licardi G, Noe G, Zolezzi F (2000)
Effects of cisapride on QT interval in infants: a prospective
study. J Pediatr 137:287-288

Ramirez-Mayans J, Garrido-Garcia LM, Huerta-Tecanhuey
A, Gutierrez-Castrellon P, Cervantes-Bustamante R, Mata-
Rivera N, Zarate-Mondragon F (2000) Cisapride and QTc
interval in children. Pediatrics 106:1028-1030

Rampe D, Roy ML, Dennis A, Brown AM (1997) A mech-
anism for the proarrhythmic effects of cisapride (Propulsid):
high affinity blockade of the human cardiac potassium
channel HERG. FEBS Lett 417:28-32

Mohammad S, Zhou Z, Gong Q, January CT (1997) Block-
age of the HERG human cardiac K" channel by the gas-
trointestinal prokinetic agent cisapride. Am J Physiol
273:H2534-H2538

Drolet B, Khalifa M, Daleau P, Hamelin BA, Turgeon J
(1998) Block of the rapid component of the delayed rectifier
potassium current by the prokinetic agent cisapride underlies
drug-related lengthening of the QT interval. Circulation
97:204-210

Walker BD, Singleton CB, Bursill JA, Wyse KR, Valenzuela
SM, Qiu MR, Breit SN, Campbell TJ (1999) Inhibition of the
human ether-a-go-go-related gene (HERG) potassium chan-
nel by cisapride: affinity for open and inactivated states.
Br J Pharmacol 128:444-450

Puisieux FL, Adamantidis MM, Dumotier BM, Dupuis BA
(1996) Cisapride-induced prolongation of cardiac action po-
tential and early afterdepolarizations in rabbit Purkinje fibres.
Br J Pharmacol 117:1377-1379

Drici MD, Ebert SN, Wang WX, Rodriguez I, Liu XK,
Whitfield BH, Woosley RL (1999) Comparison of tegaserod
(HTF 919) and its main human metabolite with cisapride and
erythromycin on cardiac repolarization in the isolated rabbit
heart. J Cardiovasc Pharmacol 34:82-88

Carlsson L, Amos GJ, Andersson B, Drews L, Duker G,
Wadstedt G (1997) Electrophysiological characterization of
the prokinetic agents cisapride and mosapride in vivo and in
vitro: implications for proarrhythmic potential? J Pharmacol
Exp Ther 282:220-227

Sugiyama A, Hashimoto K (1998) Effects of gastrointestinal
prokinetic agents, TKS159 and cisapride, on the in situ canine
heart assessed by cardiohemodynamic and electrophysiologi-
cal monitoring. Toxicol Appl Pharmacol 152:261-269

Chen YJ, Lee SH, Hsieh MH, Hsiao CJ, Yu WC, Chiou CW,
Chen SA (1999) Effects of 17beta-estradiol on tachycardia-
induced changes of atrial refractoriness and cisapride-induced
ventricular arrhythmia. J Cardiovasc Electrophysiol 10:587—
598

Crema F, Modini C, Croci T, Langlois M, De Ponti F (1999)
Intestinal prokinesia by two esters of 4-amino-5-chloro-2-
methoxybenzoic acid: involvement of 5-hydroxytryptamine-4
receptors and dissociation from cardiac effects in vivo.
J Pharmacol Exp Ther 288:1045-1052

Kii Y, Ito T (1997) Effects of 5-HT4-receptor agonists, cisa-
pride, mosapride citrate, and zacopride, on cardiac action
potentials in guinea pig isolated papillary muscles. J Cardio-
vasc Pharmacol 29:670-675

Satoh Y, Sugiyama A, Tamura K, Hashimoto K (2000) Ef-
fects of mexiletine on the canine cardiovascular system com-



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.
79.

80.

81.

82.

83.

84.

85.

plicating cisapride overdose: potential utility of mexiletine for
the treatment of drug-induced long QT syndrome. Jpn J
Pharmacol 83:327-334

Osborne RJ, Slevin ML, Hunter RW, Hamer J (1985) Cardiac
arrhythmias during cytotoxic chemotherapy: role of dom-
peridone. Hum Toxicol 4:617-626

Joss RA, Goldhirsch A, Brunner KW, Galeazzi RL (1982)
Sudden death in cancer patient on high-dose domperidone.
Lancet 1:1019

Drolet B, Rousseau G, Daleau P, Cardinal R, Turgeon J
(2000) Domperidone should not be considered a no-risk al-
ternative to cisapride in the treatment of gastrointestinal
motility disorders. Circulation 102:1883-1885

Benedict CR, Arbogast R, Martin L, Patton L, Morrill B,
Hahne W (1996) Single-blind study of the effects of intrave-
nous dolasetron mesylate versus ondansetron on electrocar-
diographic parameters in normal volunteers. J Cardiovasc
Pharmacol 28:53-59

Dimmitt DC, Choo YS, Martin LA, Arumugham T, Hahne
WF, Weir SJ (1999) Single- and multiple-dose pharmacoki-
netics of oral dolasetron and its active metabolites in healthy
volunteers: part 2. Biopharm Drug Dispos 20:41-48

Hunt TL, Cramer M, Shah A, Stewart W, Benedict CR,
Hahne WF (1995) A double-blind, placebo-controlled, dose-
ranging safety evaluation of single-dose intravenous dolase-
tron in healthy male volunteers. J Clin Pharmacol 35:705-712
Kuryshev YA, Brown AM, Wang L, Benedict CR, Rampe D
(2000) Interactions of the 5-hydroxytryptamine 3 antagonist
class of antiemetic drugs with human cardiac ion channels.
J Pharmacol Exp Ther 295:614-620

Boike SC, Ilson B, Zariffa N, Jorkasky DK (1997) Cardio-
vascular effects of i.v. granisetron at two administration rates
and of ondansetron in healthy adults. Am J Health Syst
Pharm 54:1172-1176

Jantunen IT, Kataja VV, Muhonen TT, Parviainen T (1996)
Effects of granisetron with doxorubicin or epirubicin on ECG
intervals. Cancer Chemother Pharmacol 37:502-504

De Lorenzi F, Bridal T, Spinelli W (1994) Block of the
delayed rectifier current (IK) by the 5-HT3 antagonists
ondansetron and granisetron in feline ventricular myocytes.
Br J Pharmacol 113:527-535

Williams PD, Cohen ML, Turk JA (1991) Electrocardio-
graphic effects of zatosetron and ondansetron, two SHT3 re-
ceptor antagonists, in anesthetized dogs. Drug Dev Res
24:277-284

Coumel P (1992) Safety of bepridil: from review of the
European data. Am J Cardiol 69:75D-78D

Viallon A, Laporte-Simitsidis S, Pouzet V, Venet C, Tardy B,
Zeni F, Bertrand JC (2000) Bépridil: intérét du dosage sérique
dans la surveillance du traitement. Presse Med 29:645-647
Chouabe C, Drici MD, Romey G, Barhanin J (2000) Effects
of calcium channel blockers on cloned cardiac K* channels
IKr and IKs. Therapie 55:195-202

Chouabe C, Drici MD, Romey G, Barhanin J, Lazdunski M
(1998) HERG and KvLQT1/IsK, the cardiac K" channels
involved in long QT syndromes, are targets for calcium
channel blockers. Mol Pharmacol 54:695-703

Wang JC, Kiyosue T, Kiriyama K, Arita M (1999) Bepridil
differentially inhibits two delayed rectifier K™ currents, IKr
and IKs, in guinea-pig ventricular myocytes. Br J Pharmacol
128:1733-1738

Berger F, Borchard U, Hafner D (1989) Effects of the calcium
entry blocker bepridil on repolarizing and pacemaker currents
in sheep cardiac Purkinje fibres. Naunyn Schmiedebergs Arch
Pharmacol 339:638-646

Zhang S, Zhou Z, Gong Q, Makielski JC, January CT (1999)
Mechanism of block and identification of the verapamil
binding domain to HERG potassium channels. Circ Res
84:989-998

Guzzini F, Baroffio R, Coppetti D, Gasparini P (1990)
Aritmie ventricolari gravi secondarie a ipopotassiemia indotta
dall’indapamide. Clin Ter 135:283-287

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

199

Turgeon J, Daleau P, Bennett PB, Wiggins SS, Selby L, Ro-
den DM (1994) Block of IKs, the slow component of the
delayed rectifier K" current, by the diuretic agent indapamide
in guinea pig myocytes. Circ Res 75:879-886

James MA, Culling W, Vann JJ (1987) Polymorphous ven-
tricular tachycardia due to alpha-blockade. Int J Cardiol
14:225-227

Butrous GS, Camm AJ (1986) Clinical cardiac electrophysi-
ological assessment of indoramin. J Cardiovasc Pharmacol 8
[Suppl 2]:S137-S143

Kawade M, Ohe T, Kamiya T (1995) Provocative testing and
drug response in a patient with the long QT syndrome. Br
Heart J 74:67-70

Crane J, Burgess C, Beasley R (1989) Cardiovascular and
hypokalaemic effects of inhaled salbutamol, fenoterol, and
isoprenaline. Thorax 44:136-140

Shimizu W, Ohe T, Kurita T, Takaki H, Aihara N, Kamak-
ura S, Matsuhisa M, Shimomura K (1991) Early afterdepo-
larizations induced by isoproterenol in patients with
congenital long QT syndrome. Circulation 84:1915-1923
Shimizu W, Antzelevitch C (1998) Cellular basis for the ECG
features of the LQT1 form of the long-QT syndrome: effects
of beta-adrenergic agonists and antagonists and sodium
channel blockers on transmural dispersion of repolarization
and torsade de pointes. Circulation 98:2314-2322

Shimizu W, Antzelevitch C (2000) Effects of a K™ channel
opener to reduce transmural dispersion of repolarization and
prevent torsade de pointes in LQT1, LQT2, and LQT3 models
of the long-QT syndrome. Circulation 102:706-712

Wijk LM van, Wout van den Toren E, Gelder I van, Crijns H,
Lie K (1988) Electrophysiologic properties of intravenous is-
radipine in persons with normal sinus node and atrioven-
tricular nodal function. Am J Med 84:90-92

Tullo NG, Landau S, Goldman I, Coutinho N, Somberg J
(1993) A randomized comparative study of the electrophysi-
ological and electrocardiographic effects of isradipine vs ve-
rapamil. Acta Anaesthesiol Scand Suppl 99:43-47

Wijk LM van, Gelder I van, Crijns HJ, Wout van den Toren
E, Lie KI, Ruegg PC (1989) Cardiac electrophysiologic
properties of intravenous isradipine in patients with sick sinus
syndrome. Am J Med 86:88-90

Johnson BD, Zheng W, Korach KS, Scheuer T, Catterall
WA, Rubanyi GM (1997) Increased expression of the cardiac
L-type calcium channel in estrogen receptor-deficient mice.
J Gen Physiol 110:135-140

Mellemkjaer S, Bang L, Nielsen-Kudsk F (1992) Isradipine
dynamics and pharmacokinetics in the isolated rabbit heart.
Pharmacol Toxicol 70:366-372

Aldariz AE, Romero H, Baroni M, Baglivo H, Esper RJ
(1986) QT prolongation and torsade de pointes ventricular
tachycardia produced by ketanserin. Pacing Clin Electro-
physiol 9:836-841

Zehender M, Meinertz T, Hohnloser S, Geibel A, Hartung J,
Seiler KU, Just H (1989) Incidence and clinical relevance of
QT prolongation caused by the new selective serotonin an-
tagonist ketanserin. Am J Cardiol 63:826-832

Cameron HA, Waller PC, Ramsay LE (1988) Prolongation of
the QT interval by ketanserin. Postgrad Med J 64:112-117
Nademanee K, Lockhart E, Pruitt C, Singh BN (1987) Car-
diac electrophysiologic effects of intravenous ketanserin in
humans. J Cardiovasc Pharmacol 10 [Suppl 3]:S81-S85
Zhang ZH, Boutjdir M, el-Sherif N (1994) Ketanserin inhibits
depolarization-activated outward potassium current in rat
ventricular myocytes. Circ Res 75:711-721

Zaza A, Malfatto G, Rosen MR (1989) Electrophysiologic
effects of ketanserin on canine Purkinje fibers, ventricular
myocardium and the intact heart. J Pharmacol Exp Ther
250:397-405

Le Grand B, Talmant JM, Rieu JP, Patoiseau JF, Colpaert
FC, John GW (1995) Investigation of the mechanism by
which ketanserin prolongs the duration of the cardiac action
potential. J Cardiovasc Pharmacol 26:803-809



200

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.
120.

121.

122.

123.

124.

125.

Hanley SP, Hampton JR (1983) Ventricular arrhythmias as-
sociated with lidoflazine: side-effects observed in a random-
ized trial. Eur Heart J 4:889-893

Fazekas T, Kiss Z (1984) Torsade de pointes ventricular
tachycardia associated with lidoflazine therapy. Eur Heart
J 5:343

Keren G, Tepper D, Butler B, Maguire W, Willens H, Miura
D, Somberg JC (1984) Studies on the possible mechanisms of
lidoflazine arrhythmogenicity. J Am Coll Cardiol 4:742-747
Brooksby P, Robinson PJ, Segal R, Klinger G, Pitt B, Cowley
AJ (1999) Effects of losartan and captopril on QT dispersion
in elderly patients with heart failure. ELITE study group.
Lancet 354:395-396

Caballero R, Delpon E, Valenzuela C, Longobardo M,
Tamargo J (2000) Losartan and its metabolite E3174 modify
cardiac delayed rectifier K" currents. Circulation 101:1199—
1205

Louch WE, Ferrier GR, Howlett SE (2000) Losartan im-
proves recovery of contraction and inhibits transient inward
current in a cellular model of cardiac ischemia and reperfu-
sion. J Pharmacol Exp Ther 295:697-704

Idee JM, Bourgoin-Balut C, Lefevre T, Zamia P, Goulas V,
Galillard S, Mathias C, Bonnemain B (1998) Role of sodium
in contrast medium-induced polymorphic ventricular tachy-
cardia: results in a rabbit model of lengthened QT interval.
Acad Radiol 5:435-443

Parker C, Li Q, Fedida D (1999) Non-specific action of me-
thoxamine on Ito, and the cloned channels hKv 1.5 and
Kv 4.2. Br J Pharmacol 126:595-606

Souich P du, Besner JG, Clozel JP, Welker HA, Lefebvre M,
Caille G (2000) Nonlinear kinetics and pharmacologic
response to mibefradil. Clin Pharmacol Ther 67:249-257
Perchenet L, Clement-Chomienne O (2000) Characterization
of mibefradil block of the human heart delayed rectifier
hKvl.5. J Pharmacol Exp Ther 295:771-778

Walker BD, Valenzuela SM, Singleton CB, Tie H, Bursill JA,
Wyse KR, Qiu MR, Breit SN, Campbell TJ (1999) Inhibition
of HERG channels stably expressed in a mammalian cell line
by the antianginal agent perhexiline maleate. Br J Pharmacol
127:243-251

Rampe D, Wang Z, Fermini B, Wible B, Dage RC, Nattel S
(1995) Voltage- and time-dependent block by perhexiline of
K™ currents in human atrium and in cells expressing a Kv1.5-
type cloned channel. J Pharmacol Exp Ther 274:444-449
Ten Eick RE, Singer DH (1973) Proceedings: effects of per-
hexiline on the electrophysiologic activity of mammalian
heart. Postgrad Med J 49:suppl 43

Mohr R (1986) Torsades de pointe with prenylamine. Lancet
2:1218

Bayer R, Schwarzmaier J, Pernice R (1988) Basic mechanisms
underlying prenylamine-induced ‘torsade de pointes’: differ-
ences between prenylamine and fendiline due to basic actions
of the isomers. Curr Med Res Opin 11:254-272

Rubegni M, Ravenni G, Forconi S (1965) Analisi delle
modificazioni elettrocardiografiche in corso di trattamento
con 2-4-7-triamino-6-fenil-pteridina (triamterene). Minerva
Cardioangiol 13:682-689

Daleau P, Turgeon J (1994) Triamterene inhibits the delayed
rectifier potassium current (IK) in guinea pig ventricular
myocytes. Circ Res 74:1114-1120

Borchard U, Greeff K, Hafner D (1981) The positive ino-
tropic action of triamterene in isolated heart tissues. Its
interaction with beta-adrenergic agonists and electrophysio-
logical investigations. Arzneimittelforschung 31:1688—-1693
Hirata K, Kyushima M, Kawamitsu K, Asato H, Sunagawa
H, Uehara H (1994) A case of torsades de pointes probably
caused by trimetaphan intoxication. J Cardiol 24:243-247
Dany F, Liozon F, Goudoud JC, Castel JP, Michel JP,
Marsaud P, Merle L, Dallocchio M (1980) Severe ventricular
arrhythmia following parenteral administration of vincamine.
Predisposing factors in 6 cases. Arch Mal Coeur Vaiss 73:298—
306

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.
139.

140.

141.

142.

143.

144.

145.

146.

Kundu S, Williams SR, Nordt SP, Clark RF (1997) Clari-
thromycin-induced ventricular tachycardia. Ann Emerg Med
30:542-544

Lee KL, Jim MH, Tang SC, Tai YT (1998) QT prolongation
and Torsades de Pointes associated with clarithromycin. Am J
Med 104:395-396

Lai D, Brown G, MacDonald I (1996) Clarithromycin-in-
duced prolonged QT syndrome. Can J Hosp Pharm 49:33-35
Ohtani H, Taninaka C, Hanada E, Kotaki H, Sato H, Sawada
Y, Iga T (2000) Comparative pharmacodynamic analysis of
Q-T interval prolongation induced by the macrolides clari-
thromycin, roxithromycin, and azithromycin in rats. Anti-
microb Agents Chemother 44:2630-2637

Flockhart DA, Drici MD, Kerbusch T, Soukhova N, Richard
E, Pearle PL, Mahal SK, Babb VJ (2000) Studies on the
mechanism of a fatal clarithromycin-pimozide interaction in a
patient with Tourette syndrome. J Clin Psychopharmacol
20:317-324

Gabel A, Schymik G, Mehmel HC (1999) Ventricular fibril-
lation due to long QT syndrome probably caused by clinda-
mycin. Am J Cardiol 83(A11):813-815

Oberg KC, Bauman JL (1995) QT interval prolongation and
torsades de pointes due to erythromycin lactobionate. Phar-
macotherapy 15:687-692

Fazekas T, Krassoi I, Lengyel C, Varro A, Papp JG (1998)
Suppression of erythromycin-induced early afterdepolariza-
tions and torsade de pointes ventricular tachycardia by mex-
iletine. Pacing Clin Electrophysiol 21:147-150

Orban Z, MacDonald LL, Peters MA, Guslits B (1995) Ery-
thromycin-induced cardiac toxicity. Am J Cardiol 75:859-861
Chennareddy SB, Siddique M, Karim MY, Kudesia V (1996)
Erythromycin-induced polymorphous ventricular tachycardia
with normal QT interval. Am Heart J 132:691-694
Katapadi K, Kostandy G, Katapadi M, Hussain KM,
Schifter D (1997) A review of erythromycin-induced malig-
nant tachyarrhythmia-torsade de pointes. A case report.
Angiology 48:821-826

Gitler B, Berger LS, Buffa SD (1994) Torsades de pointes
induced by erythromycin. Chest 105:368-372

Mishra A, Friedman HS, Sinha AK (1999) The effects
of erythromycin on the electrocardiogram. Chest 115:983-986
Tschida SJ, Guay DR, Straka RJ, Hoey LL, Johanning R,
Vance BK (1996) QTc-interval prolongation associated with
slow intravenous erythromycin lactobionate infusions in
critically ill patients: a prospective evaluation and review of
the literature. Pharmacotherapy 16:663-674

Daleau P, Lessard E, Groleau MF, Turgeon J (1995) Ery-
thromycin blocks the rapid component of the delayed rectifier
potassium current and lengthens repolarization of guinea pig
ventricular myocytes. Circulation 91:3010-3016

Morey TE, Martynyuk AE, Napolitano CA, Raatikainen MJ,
Guyton TS, Dennis DM (1997) Ionic basis of the differential
effects of intravenous anesthetics on erythromycin-induced
prolongation of ventricular repolarization in the guinea pig
heart. Anesthesiology 87:1172-1181

Rubart M, Pressler ML, Pride HP, Zipes DP (1993) Elec-
trophysiological mechanisms in a canine model of erythro-
mycin-associated long QT syndrome. Circulation 88:1832—
1844

Antzelevitch C, Sun ZQ, Zhang ZQ, Yan GX (1996) Cellular
and ionic mechanisms underlying erythromycin-induced long
QT intervals and torsade de pointes. J Am Coll Cardiol
28:1836-1848

Nattel S, Ranger S, Talajic M, Lemery R, Roy D (1990)
Erythromycin-induced long QT syndrome: concordance with
quinidine and underlying cellular electrophysiologic mecha-
nism. Am J Med 89:235-238

Rampe D, Murawsky MK (1997) Blockade of the human
cardiac K channel Kv1.5 by the antibiotic erythromycin.
Naunyn Schmiedebergs Arch Pharmacol 355:743-750

West PD, Martin DK, Bursill JA, Wyse KR, Campbell TJ
(1998) Comparative study of the effects of erythromycin and



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

roxithromycin on action potential duration and potassium
currents in canine Purkinje fibers and rabbit myocardium.
J Cardiovasc Pharmacol Ther 3:29-36

Gajjar DA, LaCreta FP, Uderman HD, Kollia GD, Duncan
G, Birkhofer MJ, Grasela DM (2000) A dose-escalation study
of the safety, tolerability, and pharmacokinetics of intrave-
nous gatifloxacin in healthy adult men. Pharmacotherapy
20:49S-58S

Kang J, Wang L, Chen XL, Triggle DJ, Rampe D (2001)
Interactions of a series of fluoroquinolone antibacterial drugs
with the human cardiac K™ channel HERG. Mol Pharmacol
59:122-126

Anderson ME, Mazur A, Yang T, Roden DM (2000) Com-
parison of K current antagonistic properties and proar-
rhythmic consequences of gatifloxacin, grepafloxacin and
sparfloxacin. Spanish J Chemother 13:M161

Bertino JJ, Fish D (2000) The safety profile of the fluoroqu-
inolones. Clin Ther 22:798-817

Lode H, Vogel F, Elies W (1999) Grepafloxacin: a review of
its safety profile based on clinical trials and postmarketing
surveillance. Clin Ther 21:61-74

Bischoff U, Schmidt C, Netzer R, Pongs O (2000) Effects of
fluoroquinolones on HERG currents. Eur J Pharmacol
406:341-343

Patmore L, Fraser S, Mair D, Templeton A (2000) Effects of
sparfloxacin, grepafloxacin, moxifloxacin, and ciprofloxacin
on cardiac action potential duration. Eur J Pharmacol
406:449-452

Samaha FF (1999) QTc interval prolongation and polymor-
phic ventricular tachycardia in association with levofloxacin.
Am J Med 107:528-529

Ball P, Mandell L, Niki Y, Tillotson G (1999) Comparative
tolerability of the newer fluoroquinolone antibacterials. Drug
Saf 21:407-421

Iannini PB, Doddamani S, Byazrova E, Curciumaru I, Kra-
mer H (2001) Risk of torsades de pointes with non-cardiac
drugs. BMJ 322:46

Kahn JB (2000) Quinolone-induced QT interval prolongation:
a not-so-unexpected class effect. J Antimicrob Chemother
46:847-848

Chiba K, Sugiyama A, Satoh Y, Shiina H, Hashimoto K
(2000) Proarrhythmic effects of fluoroquinolone antibacterial
agents: in vivo effects as physiologic substrate for torsades.
Toxicol Appl Pharmacol 169:8-16

Balfour JA, Lamb HM (2000) Moxifloxacin: a review of its
clinical potential in the management of community-acquired
respiratory tract infections. Drugs 59:115-139

Kubin R, Meyer J, Kruesmann F, Reiter C (2000) Moxi-
floxacin: a safety update from 26 clinical studies. Spanish
J Chemother 13:M171

Siepmann M, Kirch W (2001) Tachycardia associated with
moxifloxacin. BMJ 322:23

Keutz E von, Schliiter G (1999) Preclinical safety evaluation
of moxifloxacin, a novel fluoroquinolone. J Antimicrob
Chemother 43 [Suppl B]:91-100

Woywodt A, Grommas U, Buth W, Rafflenbeul W (2000) QT
prolongation due to roxithromycin. Postgrad Med J 76:651—
653

Malcolm A (2000) Commentary-QT prolongation due to
roxithromycin. Postgrad Med J 76:653-654

Ortqvist A, Valtonen M, Cars O, Wahl M, Saikku P, Jean C
(1996) Oral empiric treatment of community-acquired pneu-
monia. A multicenter, double-blind, randomized study com-
paring sparfloxacin with roxithromycin. The Scandinavian
Sparfloxacin Study Group. Chest 110:1499-1506

Jaillon P, Morganroth J, Brumpt I, Talbot G (1996) Overview
of electrocardiographic and cardiovascular safety data for
sparfloxacin. Sparfloxacin Safety Group. J Antimicrob
Chemother 37 [Suppl A]:161-167

Demolis JL, Charransol A, Funck-Brentano C, Jaillon P
(1996) Effects of a single oral dose of sparfloxacin on ven-

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

201

tricular repolarization in healthy volunteers. Br J Clin Phar-
macol 41:499-503

Morganroth J, Hunt T, Dorr MB, Magner D, Talbot GH
(1999) The cardiac pharmacodynamics of therapeutic doses of
sparfloxacin. Clin Ther 21:1171-1181

Adamantidis MM, Dumotier BM, Caron JF, Bordet R (1998)
Sparfloxacin but not levofloxacin or ofloxacin prolongs car-
diac repolarization in rabbit Purkinje fibers. Fundam Clin
Pharmacol 12:70-76

Satoh Y, Sugiyama A, Chiba K, Tamura K, Hashimoto K
(2000) QT-prolonging effects of sparfloxacin, a fluoroquino-
lone antibiotic, assessed in the in vivo canine model with
monophasic action potential monitoring. J Cardiovasc Phar-
macol 36:510-515

Stramba Badiale M, Guffanti S, Porta N, Frediani M, Beria
G, Colnaghi C (1993) QT interval prolongation and cardiac
arrest during antibiotic therapy with spiramycin in a newborn
infant. Am Heart J 126:740-742

Stramba Badiale M, Nador F, Porta N, Guffanti S, Frediani
M, Colnaghi C, Grancini F, Motta G, Carnelli V, Schwartz P
(1997) QT interval prolongation and risk of life-threatening
arrhythmias during toxoplasmosis prophylaxis with spira-
mycin in neonates. Am Heart J 133:108-111

Wassmann S, Nickenig G, Bohm M (1999) Long QT syn-
drome and torsade de pointes in a patient receiving fluco-
nazole. Ann Intern Med 131:797

Moss AJ, Chaikin P, Garcia JD, Gillen M, Roberts DJ,
Morganroth J (1999) A review of the cardiac systemic side-
effects of antihistamines: ebastine. Clin Exp Allergy 29 [Sup-
pl 3]:200-205

Paserchia LA, Hewett J, Woosley RL (1994) Effect of ke-
toconazole on QTc. Clin Pharmacol Ther 55:146

Dumaine R, Roy ML, Brown AM (1998) Blockade of HERG
and Kvl1.5 by ketoconazole. J Pharmacol Exp Ther 286:727—
735

Gras J, Llenas J, Palacios JM, Roberts DJ (1996) The role of
ketoconazole in the QTc interval prolonging effects of H1-
antihistamines in a guinea-pig model of arrhythmogenicity. Br
J Pharmacol 119:187-188

Schmeling WT, Warltier DC, McDonald DJ, Madsen KE,
Atlee JL, Kampine JP (1991) Prolongation of the QT interval
by enflurane, isoflurane, and halothane in humans. Anesth
Analg 72:137-144

Lindgren L (1981) E.C.G changes during halothane and
enflurane anaesthesia for E.N.T. surgery in children. Br
J Anaesth 53:653-662

Riley DC, Schmeling WT, al-Wathiqui MH, Kampine JP,
Warltier DC (1988) Prolongation of the QT interval by vol-
atile anesthetics in chronically instrumented dogs. Anesth
Analg 67:741-749

Blair JR, Pruett JK, Introna RP, Adams RJ, Balser JS
(1989) Cardiac electrophysiologic effects of fentanyl and
sufentanil in canine cardiac Purkinje fibers. Anesthesiology
71:565-570

Blayney MR, Malins AF, Cooper GM (1999) Cardiac ar-
rhythmias in children during outpatient general anaesthesia
for dentistry: a prospective randomised trial. Lancet
354:1864-1866

Guler N, Bilge M, Eryonucu B, Kati I, Demirel CB (1999)
The effects of halothane and sevoflurane on QT dispersion.
Acta Cardiol 54:311-315

Michaloudis D, Fraidakis O, Lefaki T, Dede I, Kanakoudes
F, Askitopoulou H, Pollard BJ (1996) Anaesthesia and the
QT interval in humans. The effects of isoflurane and halo-
thane. Anaesthesia 51:219-224

Weissenburger J, Nesterenko VYV, Antzelevitch C (2000)
Transmural heterogeneity of ventricular repolarization un-
der baseline and long QT conditions in the canine heart in
vivo: torsades de pointes develops with halothane but not
pentobarbital anesthesia. J Cardiovasc Electrophysiol
11:290-304



202

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

Davies LA, Hopkins PM, Boyett MR, Harrison SM (2000)
Effects of halothane on the transient outward K™ current in
rat ventricular myocytes. Br J Pharmacol 131:223-230

Polic S, Bosnjak ZJ, Marijic J, Hoffmann RG, Kampine JP,
Turner LA (1991) Actions of halothane, isoflurane, and en-
flurane on the regional action potential characteristics of ca-
nine Purkinje fibers. Anesth Analg 73:603-611

Roizen MF, Lampe GH, Benefiel DJ, Sohn JS, Smith JS,
Stoney RJ, Ehrenfeld WK, Reilly LM, Ellis J, Aronson S,
Eger EI, Thisted RA (1988) Change in QT interval with an-
esthesia: should it determine whether to use a narcotic or
inhalation agent? Anesthesiology 69:A53

Mitchell GF, Jeron A, Koren G (1998) Measurement of heart
rate and Q-T interval in the conscious mouse. Am J Physiol
274:H747-H751

Baum VC (1993) Distinctive effects of three intravenous an-
esthetics on the inward rectifier (IK;) and the delayed rectifier
(IK) potassium currents in myocardium: implications for the
mechanism of action. Anesth Analg 76:18-23

London B, Jeron A, Zhou J, Buckett P, Han X, Mitchell GF,
Koren G (1998) Long QT and ventricular arrhythmias in
transgenic mice expressing the N terminus and first trans-
membrane segment of a voltage-gated potassium channel.
Proc Natl Acad Sci USA 95:2926-2931

Nattel S, Wang ZG, Matthews C (1990) Direct electrophysi-
ological actions of pentobarbital at concentrations achieved
during general anesthesia. Am J Physiol 259:H1743-H1751
Gibbons SJ, Nunez-Hernandez R, Maze G, Harrison NL
(1996) Inhibition of a fast inwardly rectifying potassium
conductance by barbiturates. Anesth Analg 82:1242-1246
Shimizu W, McMahon B, Antzelevitch C (1999) Sodium
pentobarbital reduces transmural dispersion of repolarization
and prevents torsades de pointes in models of acquired and
congenital long QT syndrome. J Cardiovasc Electrophysiol
10:154-164

Gettes LS (1999) Tale of two (or three or more) cities. J Car-
diovasc Electrophysiol 10:165-167

Saarnivaara L, Hiller A, Oikkonen M (1993) QT interval,
heart rate and arterial pressures using propofol, thiopentone
or methohexitone for induction of anaesthesia in children.
Acta Anaesthesiol Scand 37:419-423

Saarnivaara L, Klemola UM, Lindgren L, Rautiainen P,
Suvanto A (1990) QT interval of the ECG, heart rate and
arterial pressure using propofol, methohexital or midazolam
for induction of anaesthesia. Acta Anaesthesiol Scand
34:276-281

Michaloudis DG, Kanakoudis FS, Petrou AM, Konstantini-
dou AS, Pollard BJ (1996) The effects of midazolam or
propofol followed by suxamethonium on the QT interval in
humans. Eur J Anaesthesiol 13:364-368

Azzolini M, Ragagni M, Pfaender M, Dallape L, Gasperotti
G (1993) La sindrome idiopatica del QT lungo. Variazioni
della durata del QTc durante anestesia con propofol. Minerva
Anestesiol 59:377-380

Michaloudis D, Fraidakis O, Kanoupakis E, Flossos A,
Manios E (1999) Idiopathic prolonged QT interval and QT
dispersion: the effects of propofol during implantation of
cardioverter-defibrillator. Eur J Anaesthesiol 16:842-847
Heath BM, Terrar DA (1996) Separation of the components
of the delayed rectifier potassium current using selective
blockers of IKr and IKs in guinea-pig isolated ventricular
myocytes. Exp Physiol 81:587-603

Sakai F, Hiraoka M, Amaha K (1996) Comparative actions
of propofol and thiopentone on cell membranes of isolated
guinea pig ventricular myocytes. Br J Anaesth 77:508-516
Kuenszberg E, Loeckinger A, Kleinsasser A, Lindner KH,
Puehringer F, Hoermann C (2000) Sevoflurane progressively
prolongs the QT interval in unpremedicated female adults.
Eur J Anaesthesiol 17:662-664

Blair JR, Pruett JK, Crumrine RS, Balser JJ (1987) Prolon-
gation of QT interval in association with the administration of
large doses of opiates. Anesthesiology 67:442-443

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

Saarnivaara L, Lindgren L (1983) Prolongation of QT inter-
val during induction of anaesthesia. Acta Anaesthesiol Scand
27:126-130

Lindgren L, Yli-Hankala A, Randell T, Kirvela M, Scheinin
M, Neuvonen PJ (1993) Haemodynamic and catecholamine
responses to induction of anaesthesia and tracheal intubation:
comparison between propofol and thiopentone. Br J Anaesth
70:306-310

McConachie I, Keaveny JP, Healy TE, Vohra S, Million L
(1989) Effect of anaesthesia on the QT interval. Br J Anaesth
63:558-560

Martynyuk AE, Morey TE, Raatikainen MJ, Seubert CN,
Dennis DM (1999) Ionic mechanisms mediating the differen-
tial effects of methohexital and thiopental on action potential
duration in guinea pig and rabbit isolated ventricular myo-
cytes. Anesthesiology 90:156—164

Carnes CA, Muir WW, Van Wagoner DR (1997) Effect of
intravenous anesthetics on inward rectifier potassium current
in rat and human ventricular myocytes. Anesthesiology
87:327-334

Mantelli L, Corti V, Bini R, Cerbai E, Ledda F (1986) Effects
of dl-methadone on the response to physiological transmitters
and on several functional parameters of the isolated guinea-
pig heart. Arch Int Pharmacodyn Ther 282:298-313
Helgesen KG, Refsum H (1987) Arrhythmogenic, antiar-
rhythmic and inotropic properties of opioids. Effects of piri-
tramide, pethidine and morphine compared on heart muscle
isolated from rats. Pharmacology 35:121-129

Tracqui A, Mutter-Schmidt C, Kintz P, Berton C, Mangin P
(1995) Amisulpride poisoning: a report on two cases. Hum
Exp Toxicol 14:294-298

Ochiai H, Kashiwagi M, Usui T, Oyama Y, Tokita Y, Is-
hikawa T (1990) Torsade de Pointes with T wave alternans in
a patient receiving moderate dose of chlorpromazine: report
of a case. Kokyu To Junkan 38:819-822

Cointe R, Dussarat GV, Mafart B, Bru P, Levy S (1989) Effet
arythmogéne des antidépresseurs. Mise en évidence par la
stimulation ventriculaire programmée. Arch Mal Coeur Vaiss
82:401-404

Kitayama H, Kiuchi K, Nejima J, Katoh T, Takano T, Ha-
yakawa H (1999) Long-term treatment with antipsychotic
drugs in conventional doses prolonged QTc dispersion, but
did not increase ventricular tachyarrhythmias in patients with
schizophrenia in the absence of cardiac disease. Eur J Clin
Pharmacol 55:259-262

Tie H, Walker BD, Valenzuela SM, Breit SN, Campbell TJ
(2000) The heart of psychotropic drug therapy. Lancet
355:1825

Herzer T, Busch AE, Waldegger S, Lang F (1994) Inhibition
of human IsK channels expressed in Xenopus oocytes by
calmodulin antagonists. Eur J Pharmacol 259:335-338

Kang UG, Kwon JS, Ahn YM, Chung SJ, Ha JH, Koo YJ,
Kim YS (2000) Electrocardiographic abnormalities in patients
treated with clozapine. J Clin Psychiatry 61:441-446
Adamantidis MM, Kerram P, Dupuis BA (1994) In vitro
electrophysiological detection of iatrogenic arrhythmogenici-
ty. Fundam Clin Pharmacol 8:391-407

Drici MD, Wang WX, Liu XK, Woosley RL, Flockhart
DA (1998) Prolongation of QT interval in isolated feline
hearts by antipsychotic drugs. J Clin Psychopharmacol
18:477-481

Lischke V, Behne M, Doelken P, Schledt U, Probst S,
Vettermann J (1994) Droperidol causes a dose-dependent
prolongation of the QT interval. Anesth Analg 79:983-986
Michalets EL, Smith LK, Van-Tassel ED (1998) Torsade de
pointes resulting from the addition of droperidol to an ex-
isting cytochrome P450 drug interaction. Ann Pharmacother
32:761-765

Lawrence KR, Nasraway SA (1997) Conduction disturbances
associated with administration of butyrophenone antipsy-
chotics in the critically ill: a review of the literature. Phar-
macotherapy 17:531-537



224.

225.

226.

227.

228.

229.

230.

231.

232.

233.
234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

Reilly JG, Ayis SA, Ferrier IN, Jones SJ, Thomas SH (2000)
QTec-interval abnormalities and psychotropic drug therapy in
psychiatric patients. Lancet 355:1048-1052

Drolet B, Zhang S, Deschenes D, Rail J, Nadeau S, Zhou Z,
January CT, Turgeon J (1999) Droperidol lengthens cardiac
repolarization due to block of the rapid component of the
delayed rectifier potassium current. J Cardiovasc Electro-
physiol 10:1597-1604

Jackson T, Ditmanson L, Phibbs B (1997) Torsade de pointes
and low-dose oral haloperidol. Arch Intern Med 157:2013—
2015

Kriwisky M, Perry GY, Tarchitsky D, Gutman Y, Kishon Y
(1990) Haloperidol-induced torsades de pointes. Chest
98:482-484

O’Brien JM, Rockwood RP, Suh KI (1999) Haloperidol-in-
duced torsade de pointes. Ann Pharmacother 33:1046-1050
Metzger E, Friedman R (1993) Prolongation of the corrected
QT and torsades de pointes cardiac arrhythmia associated
with intravenous haloperidol in the medically ill. J Clin Psy-
chopharmacol 13:128-132

Sharma ND, Rosman HS, Padhi ID, Tisdale JE (1998) Tor-
sades de pointes associated with intravenous haloperidol in
critically ill patients. Am J Cardiol 81:238-240

Perrault LP, Denault AY, Carrier M, Cartier R, Belisle S
(2000) Torsades de pointes secondary to intravenous halop-
eridol after coronary bypass grafting surgery. Can J Anaesth
47:251-254

Wilt JL, Minnema AM, Johnson RF, Rosenblum AM (1993)
Torsade de pointes associated with the use of intravenous
haloperidol. Ann Intern Med 119:391-394

Zee-Cheng CS, Mueller CE, Seifert CF, Gibbs HR (1985)
Haloperidol and torsades de pointes. Ann Intern Med 102:418
Fayer SA (1986) Torsades de pointes ventricular tachyar-
rhythmia associated with haloperidol. J Clin Psychopharma-
col 6:375-376

Henderson RA, Lane S, Henry JA (1991) Life-threatening
ventricular arrhythmia (torsades de pointes) after haloperidol
overdose. Hum Exp Toxicol 10:59-62

Douglas PH, Block PC (2000) Corrected QT interval pro-
longation associated with intravenous haloperidol in acute
coronary syndromes. Cathet Cardiovasc Interv 50:352-355
Suessbrich H, Schonherr R, Heinemann SH, Attali B, Lang F,
Busch AE (1997) The inhibitory effect of the antipsychotic
drug haloperidol on HERG potassium channels expressed in
Xenopus oocytes. Br J Pharmacol 120:968-974

Satoh Y, Sugiyama A, Tamura K, Hashimoto K (2000) Effect
of magnesium sulfate on the haloperidol-induced QT pro-
longation assessed in the canine in vivo model under the
monitoring of monophasic action potential. Jpn Circ J 64:445—
451

Fulop G, Phillips RA, Shapiro AK, Gomes JA, Shapiro E,
Nordlie JW (1987) ECG changes during haloperidol and pi-
mozide treatment of Tourette’s disorder. Am J Psychiatry
144:673-675

Krianhenbiihl S, Sauter B, Kupferschmidt H, Krause M, Wyss
PA, Meier PJ (1995) Case report: reversible QT prolongation
with torsades de pointes in a patient with pimozide intoxica-
tion. Am J Med Sci 309:315-316

Desta Z, Kerbusch T, Flockhart DA (1999) Effect of clari-
thromycin on the pharmacokinetics and pharmacodynamics of
pimozide in healthy poor and extensive metabolizers of cyto-
chrome P450 2D6 (CYP2D6). Clin Pharmacol Ther 65:10-20
Watt G, Na-Nakorn A, Bateman DN, Plubha N, Motha-
naprakoon P, Edstein M, Webster HK (1993) Amplification
of quinine cardiac effects by the resistance-reversing agent
prochlorperazine in falciparum malaria. Am J Trop Med Hyg
49:645-649

Gajwani P, Pozuelo L, Tesar GE (2000) QT interval prolon-
gation associated with quetiapine (Seroquel) overdose. Psy-
chosomatics 41:63-65

Kammen DP van, McEvoy JP, Targum SD, Kardatzke D,
Sebree TB (1996) A randomized, controlled, dose-ranging

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.
258.

259.

260.

261.

262.

263.

203

trial of sertindole in patients with schizophrenia. Psycho-
pharmacology 124:168-175

Pezawas L, Quiner S, Moertl D, Tauscher J, Barnas C, Ku-
fferle B, Wolf R, Kasper S (2000) Efficacy, cardiac safety and
tolerability of sertindole: a drug surveillance. Int Clin Psy-
chopharmacol 15:207-214

Rampe D, Murawsky MK, Grau J, Lewis EW (1998) The
antipsychotic agent sertindole is a high affinity antagonist of
the human cardiac potassium channel HERG. J Pharmacol
Exp Ther 286:788-793

Lande G, Drouin E, Gauthier C, Chevallier JC, Godin JF,
Chiffoleau A, Le-Marec H (1992) Effets arythmogenes du
chlorydrate de sultopride: corrélation clinique et électro-
physiologique cellulaire. Ann Fr Anesth Reanim 11:629-635
Montaz L, Varache N, Harry P, Aymes C, Turcant A, Delille
F, Simonin D, Hass C (1992) Torsades de pointes lors d’une
intoxication par sultopride. J Toxicol Clin Exp 12:481-486
Bastecky J, Kvasnicka J, Vortel J, Zapletalek M, Hanus M,
Kasparova V, Wasylisova V (1990) Suicidal ingestion of
thioridazine as a cause of severe impairment of heart rhythm-
polymorphic ventricular tachycardia. Cesk Psychiatr 86:264—
268

Kiriike N, Maeda Y, Nishiwaki S, Izumiya Y, Katahara S,
Mui K, Kawakita Y, Nishikimi T, Takeuchi K, Takeda T
(1987) Iatrogenic torsade de pointes induced by thioridazine.
Biol Psychiatry 22:99-103

Hartigan-Go K, Bateman DN, Nyberg G, Martensson E,
Thomas SH (1996) Concentration-related pharmacodynamic
effects of thioridazine and its metabolites in humans. Clin
Pharmacol Ther 60:543-553

Buckley NA, Whyte IM, Dawson AH (1995) Cardiotoxicity
more common in thioridazine overdose than with other neu-
roleptics. J Toxicol Clin Toxicol 33:199-204

Hale P, Poklis A (1996) Thioridazine cardiotoxicity. J Toxicol
Clin Toxicol 34:127-130

Drolet B, Vincent F, Rail J, Chahine M, Deschenes D, Na-
deau S, Khalifa M, Hamelin BA, Turgeon J (1999) Thiorid-
azine lengthens repolarization of cardiac ventricular myocytes
by blocking the delayed rectifier potassium current. J Phar-
macol Exp Ther 288:1261-1268

Refsum H, Passwal M, Olsson SO (1978) Comparison of the
electrophysiological effects of two neuroleptics, melperone
and thioridazine, on isolated rat atria. Eur J Pharmacol
49:285-293

Heath A, Svensson C, Martensson E (1985) Thioridazine
toxicity: an experimental cardiovascular study of thioridazine
and its major metabolites in overdose. Vet Hum Toxicol
27:100-105

Iglesias E, Esteban E, Zabala G, Gascon A (2000) Tiapride-
induced torsade de pointes. Am J Med 109:509

Keck PJ, Buffenstein A, Ferguson J, Feighner J, Jaffe W,
Harrigan EP, Morrissey MR (1998) Ziprasidone 40 and
120 mg/day in the acute exacerbation of schizophrenia and
schizoaffective disorder: a 4-week placebo-controlled trial.
Psychopharmacology 140:173-184

Dorsey ST, Biblo LA (2000) Prolonged QT interval and tor-
sades de pointes caused by the combination of fluconazole
and amitriptyline. Am J Emerg Med 18:227-229

Davison ET (1985) Amitriptyline-induced Torsade de Pointes.
Successful therapy with atrial pacing. J Electrocardiol 18:299—
301

Manikoth P, Subramanyan R, Menon S, Al Khusaiby SM
(1999) A child with cardiac arrhythmia and convulsions.
Lancet 354:2046

Van de Merwe TJ, Silverstone T, Ankier SI (1984) Electro-
physiological and haemodynamic changes with trazodone,
amitriptyline and placebo in depressed out-patients. Curr
Med Res Opin 9:339-352

Teschemacher AG, Seward EP, Hancox JC, Witchel HJ
(1999) Inhibition of the current of heterologously expressed
HERG potassium channels by imipramine and amitriptyline.
Br J Pharmacol 128:479—485



204

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

2717.

278.

279.

280.

281.

282.

283.

284.

Jo SH, Youm JB, Lee CO, Earm YE, Ho WK (2000) Blockade
of the HERG human cardiac K* channel by the antidepres-
sant drug amitriptyline. Br J Pharmacol 129:1474-1480
Boeck V, Jorgensen A (1980) Electrocardiographic and cardio-
vascular changes in cats and dogs caused by high doses of ami-
triptyline given as conventional tablets or a sustained release
preparation. Acta Pharmacol Toxicol (Copenh) 46:161-170
Nishimoto M, Hashimoto H, Ikeda Y, Umemura K, Naka-
shima M (1999) Effects of dothiepin on delayed conduction
produced by ventricular arrhythmia in the canine heart after
myocardial infarction. Prog Neuropsychopharmacol Biol
Psychiatry 23:335-350

Dumovic P, Burrows GD, Vohra J, Davies B, Scoggins BA
(1976) The effect of tricyclic antidepressant drugs on the
heart. Arch Toxicol 35:255-262

Forsberg T, Lindbom LO (1983) Cardiovascular effects of
zimelidine and tricyclic antidepressants in conscious rats. Acta
Pharmacol Toxicol (Copenh) 53:223-229

Wouters W, Deiman W (1983) Acute cardiac effects of flu-
voxamine and other antidepressants in conscious rabbits.
Arch Int Pharmacodyn Ther 263:197-207

Grundemar L, Wohlfart B, Lagerstedt C, Bengtsson F, Ekl-
undh G (1997) Symptoms and signs of severe citalopram
overdose. Lancet 349:1602

Ostrom M, Eriksson A, Thorson J, Spigset O (1996) Fatal
overdose with citalopram. Lancet 348:339-340
Rothenhausler HB, Hoberl C, Ehrentrout S, Kapfhammer
HP, Weber MM (2000) Suicide attempt by pure citalopram
overdose causing long-lasting severe sinus bradycardia, hyp-
otension and syncopes: successful therapy with a temporary
pacemaker. Pharmacopsychiatry 33:150-152

Flugelman MY, Pollack S, Hammerman H, Riss E, Barzilai
D (1982) Congenital prolongation of Q-T interval: a family
study of three generations. Cardiology 69:170-174

Leonard HL, Meyer MC, Swedo SE, Richter D, Hamburger
SD, Allen AJ, Rapoport JL, Tucker E (1995) Electrocardio-
graphic changes during desipramine and clomipramine
treatment in children and adolescents. J Am Acad Child
Adolesc Psychiatry 34:1460-1468

Wagner KD, Fershtman M (1993) Potential mechanism of
desipramine-related sudden death in children. Psychosomatics
34:80-83

Strasberg B, Coelho A, Welch W, Swiryn S, Bauernfeind R,
Rosen K (1982) Doxepin induced torsade de pointes. Pacing
Clin Electrophysiol 5:873-877

Baker B, Dorian P, Sandor P, Shapiro C, Schell C, Mitchell J,
Irvine MJ (1997) Electrocardiographic effects of fluoxetine
and doxepin in patients with major depressive disorder. J Clin
Psychopharmacol 17:15-21

Lherm T, Lottin F, Larbi D, Bray M, Legall C, Caen D
(2000) Torsade de pointes aprés intoxication monomédica-
menteuse a la fluoxétine. Presse Med 29:306-307

Appleby M, Mbewu A, Clarke B (1995) Fluoxetine and
ventricular torsade-is there a link? Int J Cardiol 49:178-180
Burgess CD, Hames TK, George CF (1982) The electrocar-
diographic and anticholinergic effects of trazodone and imi-
pramine in man. Eur J Clin Pharmacol 23:417-421
Valenzuela C, Sanchez-Chapula J, Delpon E, Elizalde A,
Pérez O, Tamargo J (1994) Imipramine blocks rapidly acti-
vating and delays slowly activating K current activation in
guinea pig ventricular myocytes. Circ Res 74:687-699
Herrmann HC, Kaplan LM, Bierer BE (1983) Q-T prolon-
gation and torsades de pointes ventricular tachycardia pro-
duced by the tetracyclic antidepressant agent maprotiline. Am
J Cardiol 51:904-906

Bolognesi R, Tsialtas D, Vasini P, Conti M, Manca C (1997)
Abnormal ventricular repolarization mimicking myocardial
infarction after heterocyclic antidepressant overdose. Am
J Cardiol 79:242-245

Hewer W, Rost W, Gattaz WF (1995) Cardiovascular effects
of fluvoxamine and maprotiline in depressed patients. Eur
Arch Psychiatry Clin Neurosci 246:1-6

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

Haefeli WE, Schoenenberger RA, Scholer A (1991) Recurrent
ventricular fibrillation in mianserin intoxication. BMJ
302:415-416

Huet C, Roul J, Guerot C, Valere PE (1987) Massive inver-
sion of the T wave during treatment with mianserin (Athy-
mil). Therapie 42:253-254

Alderton HR (1995) Tricyclic medication in children and the
QT interval: case report and discussion. Can J Psychiatry
40:325-329

Fowler NO, McCall D, Chou TC, Holmes JC, Hanenson IB
(1976) Electrocardiographic changes and cardiac arrhythmias
in patients receiving psychotropic drugs. Am J Cardiol
37:223-230

Erfurth A, Loew M, Dobmeier P, Wendler G (1998) EKG-
Verdnderungen nach Paroxetin. Drei Fallberichte. Nervenarzt
69:629-631

Magorien RD, Jewell GM, Schaal SF, Leier CV (1979)
Electrophysiologic studies of perphenazine and protriptyline
in a patient with psychotropic drug-induced ventricular fi-
brillation. Am J Med 67:353-357

Mazur A, Strasberg B, Kusniec J, Sclarovsky S (1995) QT
prolongation and polymorphous ventricular tachycardia as-
sociated with trasodone-amiodarone combination. Int J Car-
diol 52:27-29

Levenson JL (1999) Prolonged QT interval after trazodone
overdose. Am J Psychiatry 156:969-970

Liljeqvist JA, Edvardsson N (1989) Torsade de pointes
tachycardias induced by overdosage of zimeldine. J Cardio-
vasc Pharmacol 14:666-670

Ansseau M, Reynolds CF, Kupfer DJ, Doumont A, Geenen V,
Dresse AE, Juorio AV (1985) Extrapyramidal signs following
zimelidine overdose. J Clin Psychopharmacol 5:347-349
Karbwang J, Laothavorn P, Sukontason K, Thiha T, Rimc-
hala W, Na-Bangchang K, Bunnag D (1997) Effect of ar-
temether on electrocardiogram in severe falciparum malaria.
Southeast Asian J Trop Med Public Health 28:472-475
Ribeiro IR, Olliaro P (1998) Safety of artemisinin and its
derivatives. A review of published and unpublished clinical
trials. Med Trop (Mars) 58:50-53

Tran TH, Day NP, Nguyen HP, Nguyen TH, Pham PL, Dinh
XS, Ly VC, Ha V, Waller D, Peto TE, White NJ (1996) A
controlled trial of artemether or quinine in Vietnamese adults
with severe falciparum malaria. N Engl J Med 335:
76-83

Bindschedler M, Lefevre G, Ezzet F, Schaeffer N, Meyer I,
Thomsen MS (2000) Cardiac effects of co-artemether (ar-
temether/lumefantrine) and mefloquine given alone or in
combination to healthy volunteers. Eur J Clin Pharmacol
56:375-381

Vugt M van, Ezzet F, Nosten F, Gathmann I, Wilairatana P,
Looareesuwan S, White NJ (1999) No evidence of cardio-
toxicity during antimalarial treatment with artemether-lume-
fantrine. Am J Trop Med Hyg 61:964-967

Classen W, Altmann B, Gretener P, Souppart C, Skelton-
Stroud P, Krinke G (1999) Differential effects of orally versus
parenterally administered qinghaosu derivative artemether in
dogs. Exp Toxicol Pathol 51:507-516

Fauchier JP, Lanfranchi J, Ginies G, Raynaud R (1974)
Syncope par torsade de pointe au cours d’un traitement par la
chloroquine. Etude de I’electrogramme Hisier et traitment par
le verapamil. Ann Cardiol Angeiol (Paris) 23:341-346
Bustos MD, Gay F, Diquet B, Thomare P, Warot D (1994)
The pharmacokinetics and electrocardiographic effects of
chloroquine in healthy subjects. Trop Med Parasitol 45:83-86
Looareesuwan S, White NJ, Chanthavanich P, Edwards G,
Nicholl DD, Bunch C, Warrell DA (1986) Cardiovascular
toxicity and distribution kinetics of intravenous chloroquine.
Br J Clin Pharmacol 22:31-36

Toivonen L, Viitasalo M, Siikamaki H, Raatikka M, Pohjola
SS (1994) Provocation of ventricular tachycardia by antima-
larial drug halofantrine in congenital long QT syndrome. Clin
Cardiol 17:403-404



305.

306.

307.

308.
309.

310.

311.

312.

313.
314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

Wesche DL, Schuster BG, Wang WX, Woosley RL (2000)
Mechanism of cardiotoxicity of halofantrine. Clin Pharmacol
Ther 67:521-529

Monlun E, Pillet O, Cochard JF, Favarel GJ, le-Bras M
(1993) Prolonged QT interval with halofantrine. Lancet
341:1541-1542

Nosten F, Kuile FO ter, Luxemburger C, Woodrow C, Kyle
DE, Chongsuphajaisiddhi T, White NJ (1993) Cardiac effects
of antimalarial treatment with halofantrine. Lancet 341:1054—
1056

Karbwang J, Na BK, Bunnag D, Harinasuta T, Laothavorn P
(1993) Cardiac effect of halofantrine. Lancet 342:501
Monlun E, Le Metayer P, Szwandt S, Neau D, Longy-
Boursier M, Horton J, Le Bras M (1995) Cardiac complica-
tions of halofantrine: a prospective study of 20 patients. Trans
R Soc Trop Med Hyg 89:430-433

Tie H, Walker BD, Singleton CB, Valenzuela SM, Bursill JA,
Wyse KR, Breit SN, Campbell TJ (2000) Inhibition of HERG
potassium channels by the antimalarial agent halofantrine. Br
J Pharmacol 130:1967-1975

Batey AJ, Lightbown ID, Lambert JP, Edwards G, Coker SJ
(1997) Comparison of the acute cardiotoxicity of the anti-
malarial drug halofantrine in vitro and in vivo in anaesthe-
tized guinea-pigs. Br J Pharmacol 122:563-569

Lightbown ID, Lambert JP, Edwards G, Coker SJ (2001)
Potentiation of halofantrine-induced QTc prolongation by
mefloquine: correlation with blood concentrations of halo-
fantrine. Br J Pharmacol 132:197-204

Anon (1993) Drug alert: halofantrine. Wkly Epidemiol Rec
68:269-270

Davis TM, Dembo LG, Kaye-Eddie SA, Hewitt BJ, Hislop
RG, Batty KT (1996) Neurological, cardiovascular and met-
abolic effects of mefloquine in healthy volunteers: a double-
blind, placebo-controlled trial. Br J Clin Pharmacol 42:415—
421

Na-Bangchang K, Tan-Ariya P, Thanavibul A, Riengchai-
nam S, Shrestha SB, Karbwang J (1999) Pharmacokinetic and
pharmacodynamic interactions of mefloquine and quinine. Int
J Clin Pharmacol Res 19:73-82

Coker SJ, Batey AJ, Lightbown ID, Diaz ME, Eisner DA
(2000) Effects of mefloquine on cardiac contractility and
electrical activity in vivo, in isolated cardiac preparations, and
in single ventricular myocytes. Br J Pharmacol 129:323-330
Claessen FA, van-Boxtel CJ, Perenboom RM, Tange RA,
Wetsteijn JC, Kager PA (1998) Quinine pharmacokinetics:
ototoxic and cardiotoxic effects in healthy Caucasian subjects
and in patients with falciparum malaria. Trop Med Int Health
3:482-489

Padmaja UK, Adhikari P, Periera P (1999) Experience with
quinine in falciparum malaria. Indian J Med Sci 53:153-157
Sheldon R, Duff H, Koshman ML (1995) Antiarrhythmic
activity of quinine in humans. Circulation 92:2944-2950
Taylor DR, Wilkins GT, Herbison GP, Flannery EM (1992)
Interaction between corticosteroid and beta-agonist drugs.
Biochemical and cardiovascular effects in normal subjects.
Chest 102:519-524

Kemp JP, Welch MJ, Meltzer EO, Orgel HA (1985) Thera-
peutic efficacy and equivalence of tablet and syrup formula-
tions of procaterol hydrochloride in childhood asthma. Ann
Allergy 55:588-592

Bennett JA, Tattersfield AE (1997) Time course and relative
dose potency of systemic effects from salmeterol and salbu-
tamol in healthy subjects. Thorax 52:458-464

Chervinsky P, Goldberg P, Galant S, Wang Y, Arledge T,
Welch MB, Stahl E (1999) Long-term cardiovascular safety of
salmeterol powder pharmacotherapy in adolescent and adult
patients with chronic persistent asthma: a randomized clinical
trial. Chest 115:642-648

Kirby SM, Smith J, Ventresca GP (1995) Salmeterol inhaler
using a non-chlorinated propellant, HFA134a: systemic
pharmacodynamic activity in healthy volunteers. Thorax
50:679-681

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

205

Maconochie JG, Minton NA, Chilton JE, Keene ON (1994)
Does tachyphylaxis occur to the non-pulmonary effects of
salmeterol? Br J Clin Pharmacol 37:199-204

Craft TM (1986) Torsade de pointes after astemizole over-
dose. BMJ (Clin Res Ed) 292:660

Sakemi H, VanNatta B (1993) Torsade de pointes induced by
astemizole in a patient with prolongation of the QT interval.
Am Heart J 125:1436-1438

Broadhurst P, Nathan AW (1993) Cardiac arrest in a young
woman with the long QT syndrome and concomitant aste-
mizole ingestion. Br Heart J 70:469-470

Rao KA, Adlakha A, Verma AB, Meloy TD, Stanton
MS (1994) Torsade de pointes ventricular tachycardia asso-
ciated with overdose of astemizole. Mayo Clin Proc 69:589—
593

Hoppu K, Tikanoja T, Tapanainen P, Remes M, Saarenpaa-
Heikkila O, Kouvalainen K (1991) Accidental astemizole
overdose in young children. Lancet 338:538-540

Clark A, Love H (1991) Astemizole-induced ventricular ar-
rhythmias: an unexpected cause of convulsions. Int J Cardiol
33:165-167

Hsieh MH, Chen SA, Chiang CE, Tai CT, Lee SH, Wen ZC,
Chang MS (1996) Drug-induced torsades de pointes in one
patient with congenital long QT syndrome. Int J Cardiol
54:85-88

Tsai WC, Tsai LM, Chen JH (1997) Combined use of aste-
mizole and ketoconazole resulting in torsade de pointes.
J Formos Med Assoc 96:144-146

Abajo FJ de, Garcia-Rodriguez LA (1999) Risk of ventricular
arrhythmias associated with nonsedating antihistamine drugs.
Br J Clin Pharmacol 47:307-313

Bishop RO, Gaudry PL (1989) Prolonged Q-T interval fol-
lowing astemizole overdose. Arch Emerg Med 6:63-65
Taglialatela M, Pannaccione A, Castaldo P, Giorgio G, Zhou
Z, January CT, Genovese A, Marone G, Annunziato L (1998)
Molecular basis for the lack of HERG K™ channel block-
related cardiotoxicity by the H1 receptor blocker cetirizine
compared with other second-generation antihistamines. Mol
Pharmacol 54:113-121

Suessbrich H, Waldegger S, Lang F, Busch AE (1996)
Blockade of HERG channels expressed in Xenopus oocytes by
the histamine receptor antagonists terfenadine and astemiz-
ole. FEBS Lett 385:77-80

Salata JJ, Jurkiewicz NK, Wallace AA, Stupienski RF,
Guinosso-PJ J, Lynch-JJ J (1995) Cardiac electrophysiologi-
cal actions of the histamine Hl-receptor antagonists aste-
mizole and terfenadine compared with chlorpheniramine and
pyrilamine. Circ Res 76:110-119

Adamantidis MM, Lacroix DL, Caron JF, Dupuis BA (1995)
Electrophysiological and arrhythmogenic effects of the hista-
mine type 1-receptor antagonist astemizole on rabbit Purkinje
fibers: clinical relevance. J Cardiovasc Pharmacol 26:319-327
Gilbert JD, Cahill SA, McCartney DG, Lukas A, Gross GJ
(2000) Predictors of torsades de pointes in rabbit ventricles
perfused with sedating and nonsedating histamine H1-recep-
tor antagonists. Can J Physiol Pharmacol 78:407-414
Sugiyama A, Aye NN, Katahira S, Saitoh M, Hagihara A,
Matsubara Y, Hashimoto K (1997) Effects of nonsedating
antihistamine, astemizole, on the in situ canine heart assessed
by cardiohemodynamic and monophasic action potential
monitoring. Toxicol Appl Pharmacol 143:89-95

Vorperian VR, Zhou Z, Mohammad S, Hoon TJ, Studenik C,
January CT (1996) Torsade de pointes with an antihistamine
metabolite: potassium channel blockade with desmethylaste-
mizole. J Am Coll Cardiol 28:1556-1561

Weissenburger J, Noyer M, Cheymol G, Jaillon P (1999)
Electrophysiological effects of cetirizine, astemizole and D-
sotalol in a canine model of long QT syndrome. Clin Exp
Allergy 29 Suppl 3:190-196

Kii Y, Inui A, Ito T (1996) Effects of histamine H1 receptor
antagonists on action potentials in guinea-pig isolated papil-
lary muscles. Arch Int Pharmacodyn Ther 331:59-73



206

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.
357.

358.

359.

360.

361.

362.

363.

364.

Ohmura T, Chachin M, Tarui S, Nagakura A, Igarashi T,
Ikeda H, Ikegami K, Kitagawa H, Uchida S (1999) Effects of
terfenadine, astemizole and epinastine on electrocardiogram
in conscious cynomolgus monkeys. Eur J Pharmacol 378:169—
175

Sale ME, Barbey JT, Woosley RL, Edwards D, Yeh J,
Thakker K, Chung M (1994) The electrocardiographic effects
of cetirizine in normal subjects. Clin Pharmacol Ther 56:295-
301

Carmeliet E (1998) Effects of cetirizine on the delayed K *
currents in cardiac cells: comparison with terfenadine. Br
J Pharmacol 124:663-668

Wang WX, Ebert SN, Liu XK, Chen YW, Drici MD,
Woosley RL (1998) “Conventional” antihistamines slow
cardiac repolarization in isolated perfused (Langendorff)
feline hearts. J Cardiovasc Pharmacol 32:123-128
Sanchez-Perez S, Pastelin G, Mendez R (1978) Disparity be-
tween the antihistaminic and antiarrhythmic activities of
chlorpheniramine and its isomers. Life Sci 22:1179-1187
Clark RF, Vance MV (1992) Massive diphenhydramine poi-
soning resulting in a wide-complex tachycardia: successful
treatment with sodium bicarbonate. Ann Emerg Med 21:318-321
Pratt CM, Hertz RP, Ellis BE, Crowell SP, Louv W, Moye L
(1994) Risk of developing life-threatening ventricular ar-
rhythmia associated with tefenadine in comparison with over-
the-counter antihistamines, ibuprofen and clemastine. Am
J Cardiol 73:346-352

Zareba W, Moss AJ, Rosero SZ, Hajj AR, Konecki J, An-
drews M (1997) Electrocardiographic findings in patients with
diphenhydramine overdose. Am J Cardiol 80:1168-1173
Khalifa M, Drolet B, Daleau P, Lefez C, Gilbert M, Plante S,
O’Hara GE, Gleeton O, Hamelin BA, Turgeon J (1999) Block
of potassium currents in guinea pig ventricular myocytes and
lengthening of cardiac repolarization in man by the histamine
H1 receptor antagonist diphenhydramine. J Pharmacol Exp
Ther 288:858-865

Woosley RL (1996) Cardiac actions of antihistamines. Annu
Rev Pharmacol Toxicol 36:233-252

Storms WW (1996) Clinical studies of the efficacy and toler-
ability of ebastine 10 or 20 mg once daily in the treatment of
seasonal allergic rhinitis in the US. Drugs 52 [Suppl 1]:
20-25

Luria X (1999) Comparative clinical studies with ebastine:
efficacy and tolerability. Drug Saf 21 [Suppl 1]:63-67

Moss AJ, Morganroth J (1999) Cardiac effects of ebastine and
other antihistamines in humans [published erratum appears in
Drug Saf (2000) 22:214]. Drug Saf 21 [Suppl 1]:69-80

Hurst M, Spencer CM (2000) Ebastine: an update of its use in
allergic disorders. Drugs 59:981-1006

Ko CM, Ducic I, Fan J, Shuba YM, Morad M (1997) Sup-
pression of mammalian K™ channel family by ebastine.
J Pharmacol Exp Ther 281:233-244

Ohtani H, Sato H, Iga T, Kotaki H, Sawada Y (1999)
Pharmacokinetic-pharmacodynamic analysis of the ar-
rhythmogenic potency of a novel antiallergic agent, ebastine,
in rats. Biopharm Drug Dispos 20:101-106

Ohtani H, Hanada E, Hirota M, Sato H, Kotaki H, Sawada
Y, Uemura H, Nakaya H, Iga T (1999) Inhibitory effects of
the antihistamines epinastine, terfenadine, and ebastine on
potassium currents in rat ventricular myocytes. J Pharm
Pharmacol 51:1059-1063

Hey JA, del-Prado M, Kreutner W, Egan RW (1996) Car-
diotoxic and drug interaction profile of the second generation
antihistamines ebastine and terfenadine in an experimental
animal model of torsade de pointes (see comments). Arznei-
mittelforschung 46:159-163

Roberts DJ, Llenas J (1996) Some observations on the car-
diotoxic and drug interaction profiles of second generation
antihistamines as measured in the guinea pig. Arzneimittelf-
orschung 46:832-833

Roberts DJ (1999) Assessing the cardiac safety of ebastine.
Prologue. Drug Saf 21 [Suppl 1]:1-3

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

3717.

378.

379.

380.

381.

382.

383.

384.

Roberts DJ (1999) Assessing the cardiac safety of ebastine.
Epilogue. Drug Saf 21 [Suppl 1]:89-92

Gras J, Llenas J (1999) Effects of H1 antihistamines on animal
models of QTc prolongation. Drug Saf 21 [Suppl 1]:
3944

Chachin M, Katayama Y, Yamada M, Horio Y, Ohmura T,
Kitagawa H, Uchida S, Kurachi Y (1999) Epinastine, a
nonsedating histamine H1 receptor antagonist, has a
negligible effect on HERG channel. Eur J Pharmacol
374:457-460

Ohtani H, Kotaki H, Sawada Y, Iga T (1997) A comparative
pharmacokinetic-pharmacodynamic study of the electrocar-
diographic effects of epinastine and terfenadine in rats.
J Pharm Pharmacol 49:458-462

Pinto YM, Gelder IC van, Heeringa M, Crijns HIGM (1999)
QT lengthening and life-threatening arrhythmias associated
with fexofenadine. Lancet 353:980

Dhar S, Hazra PK, Malakar S, Mistri G (2000) Fexofenadine-
induced QT prolongation: a myth or fact? Br J Dermatol
142:1260-1261

Simpson K, Jarvis B (2000) Fexofenadine: a review of its use
in the management of seasonal allergic rhinitis and chronic
idiopathic urticaria. Drugs 59:301-321

Pratt CM, Mason J, Russell T, Reynolds R, Ahlbrandt R
(1999) Cardiovascular safety of fexofenadine HCI. Am
J Cardiol 83:1451-1454

Roy M, Dumaine R, Brown AM (1996) HERG, a primary
human ventricular target of the nonsedating antihistamine
terfenadine. Circulation 94:817-823

Woosley RL, Chen Y, Freiman JP, Gillis RA (1993) Mech-
anism of the cardiotoxic actions of terfenadine. JAMA
269:1532-1536

Hey JA, Affrime M, Cobert B, Kreutner W, Cuss FM (1999)
Cardiovascular profile of loratadine. Clin Exp Allergy 29
[Suppl 3]:197-199

Brannan MD, Reidenberg P, Radwanski E, Shneyer L, Lin
CC, Cayen MN, Affrime MB (1995) Loratadine administered
concomitantly with erythromycin: pharmacokinetic and elec-
trocardiographic evaluations. Clin Pharmacol Ther 58:269—
278

Crumb WJ (2000) Loratadine blockade of K™ channels in
human heart: comparison with terfenadine under physiolog-
ical conditions. J Pharmacol Exp Ther 292:261-264

Lacerda AE, Roy ML, Lewis EW, Rampe D (1997) Interac-
tions of the nonsedating antihistamine loratadine with a
Kvl.5-type potassium channel cloned from human heart
[published erratum appears in Mol Pharmacol (1997) 52:754].
Mol Pharmacol 52:314-322

Kreutner W, Hey JA, Chiu P, Barnett A (2000) Preclinical
pharmacology of desloratadine, a selective and nonsedating
histamine H1 receptor antagonist. Second communication:
lack of central nervous system and cardiovascular effects.
Arzneimittelforschung 50:441-448

Ducic I, Ko CM, Shuba Y, Morad M (1997) Comparative
effects of loratadine and terfenadine on cardiac K™ channels.
J Cardiovasc Pharmacol 30:42-54

Delauche-Cavallier MC, Chaufour S, Guerault E, Lacroux A,
Murrieta M, Wajman A (1999) QT interval monitoring dur-
ing clinical studies with mizolastine, a new H1 antihistamine.
Clin Exp Allergy 29 [Suppl 3]:206-211

Chaufour S, Caplain H, Lilienthal N, L’heritier C, Deschamps
C, Dubruc C, Rosenzweig P (1999) Study of cardiac repolar-
ization in healthy volunteers performed with mizolastine, a
new Hl-receptor antagonist. Br J Clin Pharmacol 47:515-520
Lorette G, Giannetti A, Pereira RS, Leynadier F, Murrieta-
Aguttes M (2000) One-year treatment of chronic urticaria
with mizolastine: efficacy and safety. URTOL study group.
J Eur Acad Dermatol Venereol 14:83-90

Taglialatela M, Pannaccione A, Castaldo P, Giorgio G, An-
nunziato L (2000) Inhibition of HERG1 K * channels by the
novel second-generation antihistamine mizolastine. Br
J Pharmacol 131:1081-1088



385.

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

396.

397.

398.

399.

400.

401.

402.

403.

Kondou N, Hiasa Y, Kishi K, Fujinaga H, Ohishi Y, Ohtani
R, Wada T, Aihara T (1993) A case of life-threatening ven-
tricular arrhythmias probably due to psychotropic drugs.
Kokyu To Junkan 41:1117-1120

Monahan BP, Ferguson CL, Killeavy ES, Lloyd BK, Troy J,
Cantilena-LR J (1990) Torsades de pointes occurring in as-
sociation with terfenadine use. JAMA 264:2788-2790
Zimmermann M, Duruz H, Guinand O, Broccard O, Levy P,
Lacatis D, Bloch A (1992) Torsades de pointes after treatment
with terfenadine and ketoconazole. Eur Heart J 13:1002-1003
Crane JK, Shih HT (1993) Syncope and cardiac arrhythmia
due to an interaction between itraconazole and terfenadine.
Am J Med 95:445-446

Pohjola-Sintonen S, Viitasalo M, Toivonen L, Neuvonen P
(1993) Itraconazole prevents terfenadine metabolism and in-
creases risk of torsades de pointes ventricular tachycardia.
Eur J Clin Pharmacol 45:191-193

Pratt CM, Ruberg S, Morganroth J, McNutt B, Woodward J,
Harris S, Ruskin J, Moye L (1996) Dose-response relation
between terfenadine (Seldane) and the QTc interval on the
scalar electrocardiogram: distinguishing a drug effect from
spontaneous variability. Am Heart J 131:472-480

Honig PK, Woosley RL, Zamani K, Conner DP, Cantilena
LRIJ (1992) Changes in the pharmacokinetics and electrocar-
diographic pharmacodynamics of terfenadine with concomi-
tant administration of erythromycin. Clin Pharmacol Ther
52:231-238

Honig PK, Wortham DC, Hull R, Zamani K, Smith JE,
Cantilena LR (1993) Itraconazole affects single-dose terfena-
dine pharmacokinetics and cardiac repolarization pharma-
codynamics. J Clin Pharmacol 33:1201-1206

Honig PK, Wortham DC, Zamani K, Conner DP, Mullin JC,
Cantilena LR (1993) Terfenadine-ketoconazole interaction.
Pharmacokinetic and electrocardiographic consequences
[published erratum appears in JAMA (1993) 269:2088].
JAMA 269:1513-1518

Honig PK, Wortham DC, Lazarev A, Cantilena LR (1996)
Grapefruit juice alters the systemic bioavailability and cardiac
repolarization of terfenadine in poor metabolizers of terfen-
adine. J Clin Pharmacol 36:345-351

Benton RE, Honig PK, Zamani K, Cantilena LR, Woosley
RL (1996) Grapefruit juice alters terfenadine pharmacoki-
netics, resulting in prolongation of repolarization on the
electrocardiogram. Clin Pharmacol Ther 59:383-388

Usui T, Sugiyama A, Ishida Y, Satoh Y, Sasaki Y, Hashimoto K
(1998) Simultaneous assessment of the hemodynamic, cardio-
mechanical, and electrophysiological effects of terfenadine on the
in vivo canine model. Heart Vessels 13:49-57

Ming Z, Nordin C (1995) Terfenadine blocks time-dependent
Ca?*, Na™', and K" channels in guinea pig ventricular
myocytes. J Cardiovasc Pharmacol 26:761-769

Gintant GA (1994) Pharmacologic dissectionof delayed rec-
tifier current (Ix) in canine ventricular myocytes by E-4031
and terfenadine: Iy, and Iy “swap”. Biophysic J 66:A210
Berul CI, Morad M (1995) Regulation of potassium channels
by nonsedating antihistamines. Circulation 91:2220-2225
Yang T, Prakash C, Roden DM, Snyders DJ (1995) Mecha-
nism of block of a human cardiac potassium channel by ter-
fenadine racemate and enantiomers. Br J Pharmacol 115:267—
274

Lu HR, Remeysen P, De Clerck F (2000) Nonselective Iy -
blockers do not induce torsades de pointes in the anesthetized
rabbit during alphal-adrenoceptor stimulation. J Cardiovasc
Pharmacol 36:728-736

Sartori M, Pratt CM, Young JB (1984) Torsade de pointe.
malignant cardiac arrhythmia induced by amantadine poi-
soning. Am J Med 77:388-391

Sundar S, Sinha PR, Agrawal NK, Srivastava R, Rainey PM,
Berman JD, Murray HW, Singh VP (1998) A cluster of cases
of severe cardiotoxicity among kala-azar patients treated with
a high-osmolarity lot of sodium antimony gluconate. Am J
Trop Med Hyg 59:139-143

404.

405.

406.

407.

408.

409.

410.

411.

412.

413.

414.

415.

416.

417.

418.

419.

420.

421.

422.

423.

424.

425.

207

Beckman KJ, Bauman JL, Pimental PA, Garrard C, Hariman
RJ (1991) Arsenic-induced torsade de pointes. Crit Care Med
19:290-292

Little RE, Kay GN, Cavender JB, Epstein AE, Plumb VJ
(1990) Torsade de pointes and T-U wave alternans associated
with arsenic poisoning. Pacing Clin Electrophysiol 13:164-170
Goldsmith S, From AH (1980) Arsenic-induced atypical
ventricular tachycardia. N Engl J Med 303:1096-1098

St Petery J, Gross C, Victorica BE (1970) Ventricular fibril-
lation caused by arsenic poisoning. Am J Dis Child 120:367—
371

Ohnishi K, Yoshida H, Shigeno K, Nakamura S, Fujisawa S,
Naito K, Shinjo K, Fujita Y, Matsui H, Takeshita A, Sug-
iyama S, Satoh H, Terada H, Ohno R (2000) Prolongation of
the QT interval and ventricular tachycardia in patients treated
with arsenic trioxide for acute promyelocytic leukemia. Ann
Intern Med 133:881-885

Shrier M, Diaz JE, Tsarouhas N (2000) Cardiotoxicity asso-
ciated with bupropion overdose. Ann Emerg Med 35:100
Young JB, Vandermolen LA, Pratt CM (1986) Torsade de
pointes: an unusual manifestation of chloral hydrate poison-
ing. Am Heart J 112:181-184

Hu S, Wang S, Gibson J, Gilbertson TA (1998) Inhibition of
delayed rectifier K* channels by dexfenfluramine (Redux).
J Pharmacol Exp Ther 287:480-486

Endo T, Katoh T, Kiuchi K, Katsuta Y, Shimizu S, Takano T
(2000) Famotidine and acquired long QT syndrome. Am
J Med 108:438-439

Guillou M, Cariou A, Blanc JJ, Boschat J, Granatelli D,
Penther P (1975) Spike torsade. Possibly caused by a pe-
ripheral vasodilator: fenoxedil. Nouv Presse Med 4:2118
Ikeda T (1994) QT prolongation in type 2 diabetes mellitus
treated with glibenclamide. Diabetes Metab 20:565-567
Klamann A, Sarfert P, Launhardt V, Schulte G, Schmiegel
WH, Nauck MA (2000) Myocardial infarction in diabetic vs
non-diabetic subjects. Survival and infarct size following
therapy with sulfonylureas (glibenclamide). Eur Heart
J 21:220-229

Christensen PK, Gall MA, Major-Pedersen A, Sato A, Ros-
sing P, Breum L, Pietersen A, Kastrup J, Parving HH (2000)
QTec interval length and QT dispersion as predictors of mor-
tality in patients with non-insulin-dependent diabetes. Scand J
Clin Lab Invest 60:323-332

Marfella R, Nappo F, De Angelis L, Siniscalchi M, Rossi F,
Giugliano D (2000) The effect of acute hyperglycaemia on
QTc duration in healthy man. Diabetologia 43:571-575
Rosati B, Rocchetti M, Zaza A, Wanke E (1998) Sulfonylu-
reas blockade of neural and cardiac HERG channels. FEBS
Lett 440:125-130

Hollister LE (1975) Hydroxyzine hydrochloride: possible ad-
verse cardiac interactions. Psychopharmacol Commun 1:61—
65

Wang GX, Zhou XB, Korth M (2000) Effects of mitoxant-
rone on excitation-contraction coupling in guinea pig ven-
tricular myocytes. J Pharmacol Exp Ther 293:501-508
Wang GX, Zhou XB, Eschenhagen T, Korth M (1999) Effects
of mitoxantrone on action potential and membrane currents
in isolated cardiac myocytes. Br J Pharmacol 127:321-330
Vrolix M, Piessens J, De-Geest H (1991) Torsades de pointes
after intracoronary papaverine. Eur Heart J 12:273-276
Inoue T, Asahi S, Takayanagi K, Morooka S, Takabatake Y
(1994) QT prolongation and possibility of ventricular
arrhythmias after intracoronary papaverine. Cardiology 84:
9-13

Gonzalez A, Sager PT, Akil B, Rahimtoola SH, Bhandari AK
(1991) Pentamidine-induced torsade de pointes. Am Heart J
122:1489-1492

Stein KM, Haronian H, Mensah GA, Acosta A, Jacobs J,
Kligfield P (1990) Ventricular tachycardia and torsades de
pointes complicating pentamidine therapy of Pneumocystis
carinii pneumonia in the acquired immunodeficiency syn-
drome. Am J Cardiol 66:888-889



208

426.

427.

428.

429.

430.

431.

432.

433.

434,

435.

436.

437.

438.

439.

440.

441.

442.

443.

444.

Bibler MR, Chou TC, Toltzis RJ, Wade PA (1988) Recurrent
ventricular tachycardia due to pentamidine-induced cardio-
toxicity. Chest 94:1303-1306

Lindsay JJ, Smith MA, Light JA (1990) Torsades de pointes
associated with antimicrobial therapy for pneumonia. Chest
98:222-223

Girgis I, Gualberti J, Langan L, Malek S, Mustaciuolo V,
Costantino T, McGinn TG (1997) A prospective study of the
effect of 1.V. pentamidine therapy on ventricular arrhythmias
and QTc prolongation in HIV-infected patients. Chest
112:646-653

Reinoehl J, Frankovich D, Machado C, Kawasaki R, Baga
JJ, Pires LA, Steinman RT, Fromm BS, Lehmann MH (1996)
Probucol-associated tachyarrhythmic events and QT prolon-
gation: importance of gender. Am Heart J 131:1184-1191
Romics L, Littmann L, Laszlo Z, Fenyvesi T (1988) The ef-
fects of probucol on QT/QS2 relation and systolic time in-
tervals. Int J Cardiol 19:303-308

Dujovne CA, Atkins F, Wong B, DeCoursey S, Krehbiel P,
Chernoff SB (1984) Electrocardiographic effects of probucol.
A controlled prospective clinical trial. Eur J Clin Pharmacol
26:735-739

Ohya Y, Kumamoto K, Abe I, Tsubota Y, Fujishima M
(1993) Factors related to QT interval prolongation during
probucol treatment. Eur J Clin Pharmacol 45:47-52

Tamura M, Ueki Y, Ohtsuka E, Oribe M, Seita M, Oribe K,
Ito M (1994) Probucol-induced QT prolongation and synco-
pe. Jpn Circ J 58:374-377

Browne KF, Prystowsky EN, Heger JJ, Cerimele BJ, Fineberg
N, Zipes DP (1984) Prolongation of the QT interval induced
by probucol: demonstration of a method for determining QT
interval change induced by a drug. Am Heart J 107:680-684
Emori T, Fujieda H, Ohe T (1996) Polymorphic ventricular
tachycardia induced by intracoronary injection of ioxaglate in
a patient with borderline QT prolongation. J Cardiovasc
Electrophysiol 7:962-966

Wolf GL, Hirshfeld JWJ (1983) Changes in QTc interval in-
duced with Renografin-76 and Hypaque-76 during coronary
arteriography. J Am Coll Cardiol 1:1489-1492

Vik-Mo H, Bjorkhaug A, Danielsen R, Folling M, Kloster Y,
Skinningsrud K (1992) Addition of sodium to the nonionic
contrast medium iohexol during coronary angiography in
man. Lack of electrocardiographic or hemodynamic effects.
Acta Radiol 33:485-489

Roriz R, Gevigney G de, Finet G, Nantois-Collet C, Borch
KW, Amiel M, Beaune J (1999) Comparison of iodixanol
(Visipaque) and ioxaglate (Hexabrix) in coronary angiogra-
phy and ventriculography: a double-blind randomized study.
J Radiol 80:727-732

Gertz EW, Wisneski JA, Chiu D, Akin JR, Hu C (1985)
Clinical superiority of a new nonionic contrast agent (iopam-
idol) for cardiac angiography. J Am Coll Cardiol 5:250-258
Misumi K, Tateno O, Fujiki M, Miura N, Sakamoto H (2000)
The risk of contrast media-induced ventricular fibrillation is
low in canine coronary arteriography with ioxilan. J Vet Med
Sci 62:421-426

Stott DJ, Saniabadi AR, Hosie J, Lowe GD, Ball SG (1988)
The effects of the 5 HT2 antagonist ritanserin on blood
pressure and serotonin-induced platelet aggregation in pa-
tients with untreated essential hypertension. Eur J Clin
Pharmacol 35:123-129

Johnson BA, Jasinski DR, Galloway GP, Kranzler H, We-
inreib R, Anton RF, Mason BJ, Bohn MJ, Pettinati HM,
Rawson R, Clyde C (1996) Ritanserin in the treatment of
alcohol dependence: a multi-center clinical trial. Ritanserin
Study Group. Psychopharmacology 128:206-215

Johnson BA, Chen YR, Swann AC, Schmitz J, Lesser J, Ruiz
P, Johnson P, Clyde C (1997) Ritanserin in the treatment of
cocaine dependence. Biol Psychiatry 42:932-940

Geelen P, Drolet B, Rail J, Berube J, Daleau P, Rousseau G,
Cardinal R, O’Hara GE, Turgeon J (2000) Sildenafil (Viagra)
prolongs cardiac repolarization by blocking the rapid com-

445.

446.

447.

448.
449.

450.

451.

452.

453.

454.

455.

456.

457.

458.

459.

460.

461.

462.

463.

ponent of the delayed rectifier potassium current. Circulation
102:275-277

Johnson MC, So S, Marsh JW, Murphy AM (1992) QT
prolongation and torsades de pointes after administration of
FK506. Transplantation 53:929-930

Hodak SP, Moubarak JB, Rodriguez I, Gelfand MC, Alijani
MR, Tracy CM (1998) QT prolongation and near fatal car-
diac arrhythmia after intravenous tacrolimus administration:
a case report. Transplantation 66:535-537

Sawabe T, Mizuno S, Gondo H, Maruyama T, Niho Y (1997)
Sinus arrest during tacrolimus (FK506) and digitalis treat-
ment in a bone marrow transplant recipient. Transplantation
64:182-183

Calandra S (1998) Sinus arrest during tacrolimus treatment:
was the QT interval prolonged? Transplantation 66:402—404
Minematsu T, Ohtani H, Sato H, Iga T (1999) Sustained QT
prolongation induced by tacrolimus in guinea pigs. Life Sci
65:L197-1L.202

duBell WH, Gaa ST, Lederer WJ, Rogers TB (1998) Inde-
pendent inhibition of calcineurin and K™ currents by the
immunosuppressant FK-506 in rat ventricle. Am J Physiol
275:H2041-H2052

Minematsu T, Ohtani H, Sato H, Iga T (1999) Pharmacoki-
netic/pharmacodynamic analysis of tacrolimus-induced QT
prolongation in guinea pigs. Biol Pharm Bull 22:1341-1346
duBell WH, Wright PA, Lederer WJ, Rogers TB (1997) Effect
of the immunosupressant FK506 on excitation-contraction
coupling and outward K™ currents in rat ventricular myo-
cytes. J Physiol (Lond) 501:509-516

Trump DL, Smith DC, Ellis PG, Rogers MP, Schold SC,
Winer EP, Panella TJ, Jordan VC, Fine RL (1992) High-dose
oral tamoxifen, a potential multidrug-resistance-reversal
agent: phase I trial in combination with vinblastine. J Natl
Cancer Inst 84:1811-1816

Pollack IF, DaRosso RC, Robertson PL, Jakacki RL, Mirro
JRJ, Blatt J, Nicholson S, Packer RJ, Allen JC, Cisneros A,
Jordan VC (1997) A phase I study of high-dose tamoxifen for
the treatment of refractory malignant gliomas of childhood.
Clin Cancer Res 3:1109-1115

Liu XK, Katchman A, Ebert SN, Woosley RL (1998) The
antiestrogen tamoxifen blocks the delayed rectifier potassium
current, IKr, in rabbit ventricular myocytes. J Pharmacol Exp
Ther 287:877-883

Stewart DA, Taylor J, Ghosh S, Macphee GJ, Abdullah I,
McLenachan JM, Stott DJ (1992) Terodiline causes poly-
morphic ventricular tachycardia due to reduced heart rate and
prolongation of QT interval. Eur J Clin Pharmacol 42:577—
580

Connolly MJ, Astridge PS, White EG, Morley CA, Cowan JC
(1991) Torsades de pointes ventricular tachycardia and te-
rodiline. Lancet 338:344-345

Hartigan-Go K, Bateman DN, Daly AK, Thomas SH (1996)
Stereoselective cardiotoxic effects of terodiline. Clin Phar-
macol Ther 60:89-98

Thomas SH, Higham PD, Hartigan GK, Kamali F, Wood P,
Campbell RW, Ford GA (1995) Concentration dependent
cardiotoxicity of terodiline in patients treated for urinary in-
continence. Br Heart J 74:53-56

Pressler ML, Warner MR, Rubart M, Rardon DP, Zipes DP
(1995) In vivo and in vitro electrophysiologic effects of te-
rodiline on dog myocardium. J Cardiovasc Electrophysiol
6:443-454

Natsukawa T, Matsuzaki T, Hayashi S, Ukai Y, Yoshikuni
Y, Kimura K (1998) Comparison of the effects of NS-21 and
terodiline on the QTc interval in dogs. Gen Pharmacol
30:137-142

Hayashi S, Natsukawa T, Suma C, Ukai Y, Yoshikuni Y,
Kimura K (1997) Cardiac electrophysiological actions of NS-
21 and its active metabolite, RCC-36, compared with terodi-
line. Naunyn Schmiedebergs Arch Pharmacol 355:651-658
Shuba LM, Kasamaki Y, Jones SE, Ogura T, McCullough
JR, McDonald TF (1999) Action potentials, contraction, and



464.

465.

466.

467.

468.

469.

470.

471.

472.

473.

474.

membrane currents in guinea pig ventricular preparations
treated with the antispasmodic agent terodiline (in process
citation). J Pharmacol Exp Ther 290:1417-1426

Jones SE, Ogura T, Shuba LM, McDonald TF (1998) Inhi-
bition of the rapid component of the delayed-rectifier K*
current by therapeutic concentrations of the antispasmodic
agent terodiline. Br J Pharmacol 125:1138-1143

Jones SE, Kasamaki Y, Ogura T, Shuba LM, McCullough
JR, McDonald TF (1999) Inhibition of cardiac inward-recti-
fier K* current by terodiline. Eur J Pharmacol 370:319-327
Jones SE, Shuba LM, Zhabyeyev P, McCullough JR, Mc-
Donald TF (2000) Differences in the effects of urinary in-
continence agents S-oxybutynin and terodiline on cardiac K *
currents and action potentials. Br J Pharmacol 131:245-254
Mauro VF, Bingle JF, Ginn SM, Jafri FM (1988) Torsade de
pointes in a patient receiving intravenous vasopressin. Crit
Care Med 16:200-201

Eden E, Teirstein A, Wiener I (1983) Ventricular arrhythmia
induced by vasopressin: torsade de pointes related to vaso-
pressin-induced bradycardia. Mt Sinai J] Med 50:49-51
Katayama Y, Fujita A, Ohe T, Findlay I, Kurachi Y (2000)
Inhibitory effects of vesnarinone on cloned cardiac delayed
rectifier K™ channels expressed in a mammalian cell line.
J Pharmacol Exp Ther 294:339-346

Toyama J, Kamiya K, Cheng J, Lee JK, Suzuki R, Kodama I
(1997) Vesnarinone prolongs action potential duration with-
out reverse frequency dependence in rabbit ventricular muscle
by blocking the delayed rectifier K™ current. Circulation
96:3696-3703

Bruelle P, LeFrant JY, Coussaye JE de la, Peray PA, Desch G,
Sassine A, Eledjam JJ (1996) Comparative electrophysiologic
and hemodynamic effects of several amide local anesthetic
drugs in anesthetized dogs. Anesth Analg 82:648-656
Morrison SG, Dominguez JJ, Frascarolo P, Reiz S (2000) A
comparison of the electrocardiographic cardiotoxic effects of
racemic bupivacaine, levobupivacaine, and ropivacaine in
anesthetized swine. Anesth Analg 90:1308-1314

Gamouras GA, Monir G, Plunkitt K, Gursoy S, Dreifus LS
(2000) Cocaine abuse: repolarization abnormalities and ven-
tricular arrhythmias. Am J Med Sci 320:9-12

Parker RB, Perry GY, Horan LG, Flowers NC (1999)
Comparative effects of sodium bicarbonate and sodium

475.

476.

4717.

478.

479.

480.

481.

482.

483.

484.

209

chloride on reversing cocaine-induced changes in the electro-
cardiogram. J Cardiovasc Pharmacol 34:864-869

Wang RY (1999) pH-dependent cocaine-induced cardiotox-
icity. Am J Emerg Med 17:364-369

Wang H, Shi H, Wang Z (1999) Nicotine depresses the
functions of multiple cardiac potassium channels. Life Sci
65:L143-1L.149

Ludomirsky A, Klein HO, Sarelli P, Becker B, Hoffman S,
Taitelman U, Barzilai J, Lang R, David D, DiSegni E,
Kaplinsky E (1982) Q-T prolongation and polymorphous
(“torsade de pointes”) ventricular arrhythmias associated
with organophosphorus insecticide poisoning. Am J Cardiol
49:1654-1658

Bender KS, Shematek JP, Leventhal BG, Kan JS (1984) QT
interval prolongation associated with anthracycline cardio-
toxicity. J Pediatr 105:442—444

Sarubbi B, Orditura M, Ducceschi V, De Vita F, Santangelo
L, Ciaramella F, Catalano G, lacono A (1997) Ventricular
repolarization time indexes following anthracycline treatment.
Heart Vessels 12:262-266

Nousiainen T, Vanninen E, Rantala A, Jantunen E, Harti-
kainen J (1999) QT dispersion and late potentials during
doxorubicin therapy for non-Hodgkin’s lymphoma. J Intern
Med 245:359-364

Kishi S, Yoshida A, Yamauchi T, Tsutani H, Lee JD, Na-
kamura T, Naiki H, Ueda T (2000) Torsade de pointes as-
sociated with hypokalemia after anthracycline treatment in a
patient with acute lymphocytic leukemia. Int J Hematol
71:172-179

Tsuda N, Oka R, Kajino H, Kajino M, Okuno A (2000)
Sudden death of a patient in complete remission after anth-
racycline therapy for acute lymphoblastic leukemia. Pediatr
Int 42:319-321

Eckardt L, Haverkamp W, Borggrefe M, Breithardt G (1998)
Experimental models of torsade de pointes. Cardiovasc Res
39:178-193

Volders PG, Sipido KR, Vos MA, Spatjens RL, Leunissen
JD, Carmeliet E, Wellens HJ (1999) Downregulation of de-
layed rectifier K* currents in dogs with chronic complete
atrioventricular block and acquired torsades de pointes. Cir-
culation 100:2455-2461



