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Abstract Minor cardiovascul ar adverse effects from antipsychotic drugs are extremely

common. They include effects such as postural hypotension and tachycardia due
to anticholinergic or o 1-adrenoceptor blockade, and may occur inthe majority of
patients at therapeutic dosages. There are a number of pharmacological effects that
are of uncertain clinica significance, such as blockade of calmodulin, sodium and
calcium channels and az-adrenoceptorsin the central nervous system. The most
serious consequences of treatment, arrhythmias and sudden death, are probably
uncommon and are most likely to be caused primarily by blockade of cardiac potas-
sium channels such asHERG. Incompl ete evidence suggeststhat arrhythmiasand
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sudden death are a particular problem with certain drugs (thioridazine and droper-
idol), high risk populations (elderly, pre-existing cardiovascular disease, inher-
ited disorders of cardiac ion channels or of antipsychotic drug metabolism) or
people taking interacting drugs (such as drugs that prolong the QT interval, e.g.
tricyclic antidepressants, drugs that inhibit antipsychotic drug metabolism, or diur-
etics). Clozapine may be unique in also causing desath from myocarditis and cardio-
myopathy. Much further research is required to more clearly identify high risk
drugs and the populationsthat are at risk of sudden death, aswell asthe mechanisms
involved and the extent of the risk.

Antipsychotic drugs are a pharmacologically and
structurally diverse group of drugs that achieve their
antipsychotic effects through dopamine or seroto-
nin receptor blockade. However, amost universaly,
they have effects on other receptorsand physiol og-
ical systems. Many of these affect cardiovascular
function, both directly and indirectly. This may lead
to awide variety of adverse effects, including pos-
tural hypotension, tachycardia, palpitations, heart
failure and arrhythmias. These have been noted in
up to 75% of patientsreceiving these drugsin clin-
ical trials and observational studies. However, the
association with sudden death is perhaps the most
notorious but least understood problem with antipsy-
chotic drug use.

Sudden desth associated with antipsychotic drug
usewasfirst reported in the 1960s and has continued
to bereported with variousdrugsuptothe present.[1-3!
The discovery that phenothiazines had quinidine-
like antiarrhythmic effects was initially taken as ev-
idencethat these drugswere safefor peoplewith heart
disease, and they werein fact recommended for peo-
plewith arrhythmias. The association of antiarrhyth-
mic drugs with syncope and sudden death had long
been recognised, but it had been assumed that the
overall risk-benefit analysis remained favourable.
However, with the publication of the Cardiac Ar-
rhythmia Suppression Trial (CAST) and a number
of other studies examining the role of antiarrhyth-
mic drugs, it became apparent that most pure class
| and class |11 agentsincrease rather than decrease
the risk of death, and the absolute increase in risk
of death in high risk populations was as high as 10%
per year.[46 Thisincl uded one study which used mor-
icizine, a phenothiazine derivative with class | an-
tiarrhythmic properties.[”] This has lead to recom-
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mendations for antipsychotic drugs that parallel
thosefor antiarrhythmic drugsin termsof the patients
at risk, athough thisislargely based on speculation.

Concerns are further raised by data on the mor-
tality in schizophrenia, whichisincreased over that
in the general population andisnot fully accounted
for by suicide or accidental death. A 10-year cohort
study!® found a 1.33-fold relative risk of death in
a schizophrenic popul ation compared to the non-
schizophrenic popul ation. Theleading cause of death
was ‘circulatory disease’ and the independent risk
factorsfor death included antipsychotic drug poly-
pharmacy [relative risk 2.46; 95% confidence inter-
val (Cl) 1.1t05.47] and absence of anticholinergic
drug therapy (relativerisk 3.33; 95% Cl 0.99t0 11.1),
perhaps indicating use of low potency antipsycho-
tic drugsin these patients.

In contrast with antiarrhythmic drugs, the actions
of antipsychotic drugs on the cardiovascular sys-
tem are not class effects. All cardiovascular effects
vary significantly between drugs, particularly when
they are used in therapeutic dosages. Thus, some
drugs may be much safer than othersin patients with
cardiovascular disease, whereas others may be par-
ticularly dangerous. At this time, both the mecha-
nisms and the pharmacology of these drugs arein-
completely investigated. Determining which drugs
aresafer will depend on better knowledge of the phar-
macology of these drugs and the mechanismsinvol-
ved in sudden death and other serious adverse car-
diovascular effects. Therecent withdrawal of thenew
antipsychotic drug sertindole because of proarrhyth-
mial¥ indicates that not only can new drugs not be
assumed to be safer than old drugs, but that much
further understanding of the pharmacology needs to
bedevel oped in order to avoid extensive preclinical
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and clinical development of drugs that may ulti-
mately have to be withdrawn on safety grounds.

1. Potential Mechanisms
of Cardiac Adverse Effects

The range of mechanisms whereby antipsycho-
tic drugs can influence cardiovascular function is
very broad and includes direct effects such as block-
ade of muscarinic receptorsin the heart, blockade of
a-adrenoceptors, blockade of sodium, potassium
and calcium channels and blockade of calmodulin.
There areaso indirect effects through blockade of
ay-adrenoceptors in the central nervous system.
There are other adverse effects that are occasionally
reported for which thereisno pharmacol ogical mech-
anism, such as polyserositig% and myocarditis.!1!

1.1 Anticholinergic Effects

Anticholinergic effects on the heart are mediated
through type 2 muscarinic receptors (M»).[12 These
receptors in the heart are responsible for vagal in-
hibition, and mediate this effect throughincreased
potassium conductance and inhibition of calcium
channels. Blockade of these receptorsleadsto tach-
ycardia. Thismay increase myocardial oxygen de-
mand, but is generally believed to be abenign ad-
verse effect of antipsychotic drugs. Toleranceto the
anticholinergic effects occurs with continued use.
The tachycardiais generally modest as the inhibi-
tion of parasympathetic tonein the absence of sym-
pathetic stimulation leads to the heart beating at
theintrinsic rate.

1.1.1 Heart Rate Variability

Heart rate and blood pressure are under autono-
mic control. It has been demonstrated that reduced
heart rate variability isarisk factor for subsequent
death.[33] Thegreatest interest in heart rate variabil -
ity has been in patients with myocardia infarction
and cardiac failure.™ In this population of patients,
heart rate variability hasbeen shownto be one of the
most predictive factors of increased risk of cardiac
death.[1® Observational data suggests that reduced
heart rate variability isnot only apredictor of sudden
arrhythmic death but a so of non-arrhythmic cardiac
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events such as myocardia infarction, progression
of coronary artery disease and death from heart fail-
ure.[1318] |t has evolved as a marker of poor prog-
nosis.

M edications have been shown to alter heart rate
variability. This hasbeen documented for most of the
modalitiesutilised astherapy in cardiac failure.[®]
Data on the effects of antipsychotic drugs on heart
ratevariability arelimited. Reduced heart ratevari-
ability has been demonstrated in a small clinical
series comparing clozapine or fluphenazine with
placebo in patients with chronic schizophrenia.ll’]
This effect has been confirmed in alarger serieswith
clozapine!8 and has been negatively correlated with
clozapine plasma concentrations.[19 It is postul ated
that the reduced heart rate variability is due to the
anticholinergic effects, possibly in combination with
an increase in noradrenaline (norepinephrine) out-
flow. Data on the effects of other antipsychotic
drugs on heart rate variability and the long term con-
sequences of reduced heart rate variability in pa-
tients utilising antipsychotic drugs are awaited.

1.2 a1-Adrenergic Blockade

a;-Adrenoceptors mediate vasoconstriction in
certain vascul ar beds, and bl ockade of theserecep-
tors via antipsychotic drugs leads to vasodilation.
The effect of thisis most marked on blood pressure
in the standing position, when sympathetic toneis
important to maintain adequate blood pressure. The
vasodilation also leadsto areflex tachycardia. ;-
Adrenoceptor blockade leads to tachyphylaxis,
meaning the hypotensive effect decreases rapidly
with continued use. The postural hypotension may
lead to syncope with risk of injury; antipsychotic
drug useisassociated with an increased risk of hip
fracture (relative risk 2.0; 95% CI 1.6 to 2.6).[2%
These findings were confirmed in a cohort study,
with psychotropic drug use directly accounting for
about athird of all fallsin nursing homes.[?X! a;-
Blockershave al so been associated with worsening
of angina, presumably because of increased myo-
cardial oxygen demand from the reflex tachycardia.
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Fig. 1. The cardiac action potential. (a) Surface electrocardio-
gram. The QT interval is measured from the beginning of the
QRS complex to the return of the T wave to the isoelectric base-
line. (b) Action potential showing the 4 phases of cardiac de-
polarisation and repolarisation with the various sites of the ion
channel effects. Ica. = L-type calcium channel; Icar = T-type
calcium channel; Iya = depolarising sodium channel; Ikx = in-
wardly rectifying potassium current; I, = rapidly activating de-
layed rectifier potassium current; Ixs = slowly activating delayed
rectifier potassium current; Iy, = ultra rapidly activating delayed
rectifier potassium current; Ito; and Iro2 = transient outward po-
tassium currents. (c) lon current directions during activation of
the various ion channels. EC = extracellular; IC = intracellular.

1.3 lon Channel Blockade

1.3.1 Prolongation of the QT
Interval and Torsade de Pointes

Antipsychotic drugs are known to have effects
on various ion channels. Our understanding of these
channels and the mechanisms leading to the resul-
tant malignant arrhythmiashaveimproved with the
expanding knowledge of the genetic forms of the
long QT syndromes (LQTS).

Prolongation of the cardiac repolarisation phase
(QT interval) has been shown to result from both po-
tassium and sodium channel defectsintheinherited
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form of the LQTS (fig. 1).[2223] potassium channel
genes known to be involved include KVLQT1-lks
(slowly activating delayed rectifier potassium cur-
rent), HERG (human ether-a-go-go related gene)-lx;
(rapidly activating del ayed rectifier potassium cur-
rent), and KCNE1L and KCNE2 (minK)-Iks (encod-
ing an auxiliary potassium channel subunit). The
sodium channel gene shown to affect the QT inter-
val isthe SCN5A gene encoding I g, a phase 0 so-
dium channel.

Drugs may prolong the QT interval by exerting
effects on any of these known channels. However,
the best studied of these is the HERG-I, channel.
The antipsychotic drugs hal operidol and sertindole
have been shown to induce prolongation of the QT
interval and potently block HERG channels.[24-26]
It istempting to speculate that the QT prolongation
seen with antipsychotic drugs is solely related to
the blockade of this channel. However, as outlined
earlier in this section, a number of other potential
pharmacological targets exist.

Prolongation of the QT interval isassociated with
the devel opment of polymorphic ventricular tachy-
cardia (PMVT). Torsade de pointes describes the
ventricular arrhythmia which results in the progres-
sivetwisting of the QRS axis around an imaginary
baselineassociated with aprolonged QT interva inthe
last sinus beat preceding the onset of arrhythmial2’]
Although several mechanismshave been suggested
for the development of torsade de pointes, early after-
depolarisations (EAD) have been acknowledged as
one of the important underlying mechanisms.[28l
EAD are depolarisations occurring during phase 2
and 3 of the transmembrane potential before repo-
larisation is complete (fig. 1). These may giverise
to one or more premature action potentials, resulting
inmultifocal ventricular extrasystolesand PMV T/
torsade de pointes. Torsade de pointes can result in
pre-syncope, syncope and sudden death (ventricu-
lar fibrillation). Thisis often speculated as being the
cause of antipsychotic-induced death.

It has been postul ated that drug-induced prolon-
gation of the QT might represent agenetically me-
diated ‘forme fruste’ of the LQTS. More recently, it
has been recognised that persons with the LQTS

Drug Safety 2000 Sep: 23 (3)
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mutations may have normal QT intervals.[2°! These
mutations by themselves produce an dteration of the
repolarisation currents that is insufficient to pro-
long the QT interval at rest, and carriers may be es-
pecialy sensitive to any drug that affects potassum
currents. Future development of genetic screens for
these known defects may solveor clarify the extent
of this problem.

Bazett!3% showed that the QT interval isrelated
to ventricular systole and that its duration isinflu-
enced by the heart rate, and devel oped thefirst for-
mulae to correct the QT for rate (QTc = QT/RR?).
However, there is increasing recognition of con-
cealed forms of the LQTS. Hence, it isrecommen-
ded that in screening patients for the LQTS, atten-
tion should be focused not only on the QTc length,
but also on the morphology of the TU segment for
the presence of ‘biphasic T waves or ‘T wave
humps’.[31

1.3.2 Sodium Channel Blockade

Using guinea pig myocytes, Ogata and Naraha-
shif32 showed that haloperidol could block cardiac
sodium channels and exert a quinidine-like effect
caused by slowing of sodium flux into cells. Block-
ade of sodium channels by aclass 1C antiarrhyth-
mic drug (flecainide) has been shown to increase
therisk of ventricular arrhythmias and sudden death
when used to treat patients with asymptomatic ven-
tricular extrasystoles after myocardial infarction,!®!
despite the negligible effect on the QT interval .[33]
It isunclear whether the risk of sudden death from
flecainide is due to arrhythmias or myocardial in-
farction. In vitro studies have shown that haloper-
idol requires the cooperation of 2 drug molecules
for 1 channdl site, whereasthebinding of antiarrhyth-
mic agents is by 1: 1 stoichiometry.[32 Theoreti-
caly, this suggests that the sodium channel block-
ade effects of antipsychotic drugs may be minimal
below athreshold which would possibly be seen only
in overdose or intoxicated states.

However, analogous to the LQTS, some individ-
uals may be more susceptible to adverse effects of
sodium channel blockade. Brugada and Brugadal34
described the characterigtic dectrocardiogram (ECG)
changes of right bundle branch block and ST seg-
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ment elevationinVV1toV 3 (Brugadasign) associated
with a propensity for sudden death from PMVT or
ventricular fibrillation in patients with structurally
normal hearts. With increasing recognition of the
syndrome it has become apparent that the charac-
teristic ECG change can normalise transiently.[3%
Sodium channel blockers such as gimaline, procain-
amide and flecainide can then unmask these ECG
changes.[353%] More recently, gene defectsin the so-
dium channel gene SCN5A have been shown to ac-
count for some cases of the Brugada syndrome.[37]
Reports of coexistence of the LQTS with the Bru-
gada syndrome suggest that a single gene defect
may result in both conditions.[38-49 |t is estimated
that between 0.05 and 3% of the healthy population
have the Brugada sign, with substantial racial vari-
ation.[3140-42 |t js recognised that drugs may result
in the Brugada sign and, while this has not been
reported explicitly for antipsychotic drugs, it has
been for tricyclic antidepressants, 3! and right bundle
branch block is awell recognised consequence of
overdose with some antipsychotic drugs.[*4 Thus
it is conceivable that, particularly in susceptible
individuas, antipsychotic drugs with sodium chan-
nel blocking activity may precipitate the changes
associated with the Brugada syndrome and lead to
sudden death. Thisis speculative, as at present there
isno evidence asto whether any antipsychotic drugs
significantly block sodium channels at therapeutic
dosages.

1.3.3 Calcium Channel Blockade

There are 2 types of calcium ion channels with
distinct electrophysiological properties that have
been identified within the cardiovascular system:
L-type (high voltage) and T-type (low voltage).[43]
The L-type channels are responsible for conduc-
tion through the atrioventricular node and for sino-
atrial node automaticity. These arethe main targets
for the phenylalkylamine and benzothiazepine cal -
cium antagonists (diltiazem and verapamil). Dihy-
dropyridine calcium antagonists (e.g. nifedipine) act
chiefly on peripheral vasculature to cause vasodi-
lation. The T-type channels are mainly located in
pacemaker cells which demonstrate spontaneous
phase 4 activity.

Drug Safety 2000 Sep: 23 (3)
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Several concerns have been raised about the use
of calcium antagonists in patients with coronary
artery disease.[*647] These case-control studies have
raised the issue of increased myocardial infarction
and mortality after myocardial infarction in pa-
tients taking dihydropyridine cal cium antagonists,
in particular short acting nifedipine. These con-
cerns are probably related to the profound vasodi-
latory effects of these agents, which result in areflex
tachycardia. These effects are not seen with the non-
dihydropyridine calcium antagonists. Furthermore,
there have been small studies showing a possible
beneficial rolein decreasing mortality with the use
of the non-dihydropyridine calcium antagonist af-
ter myocardial infarction.[48]

Many antipsychotic drugs can block calcium
channels (L-type). Theresultant effects would be ex-
pected to be similar to those caused by the nondihy-
dropyridine calcium antagonists. Thus, they might be
expected to cause bradycardia and heart block and
exert anegative inotropic effect. However, although
anti psychotic agents have had these eff ects demon-
strated in vitro, the importance of these mechanisms
in vivo is probably not substantial.

1.4 Blockade of Calmodulin

Camodulin is an intracellular calcium binding
protein. When bound to calcium it is capable of ac-
tivating several different calmodulin dependent ki-
nases, thus acting as a second messenger systemin
avariety of cells. Onesuch processistheregulation
of protein degradation. Elevated intracellular cal-
Cium suppresses protein degradation, and calmodulin
antagonists have been shown to stimulate protein de-
gradation.

Thioridazine, a phenothiazine, has been shown
to beapotent inhibitor of calmodulin, whereas hal-
operidol, abutyrophenone, isknown to beless car-
diotoxic and has only weakly inhibitory effects on
calmodulin.[49] |t has been specul ated that these ef -
fects of the phenothiazines on calmodulin may re-
sult in protein degradation causing structural dam-
age and the toxic cardiomyopathy that may result
from overdoses of some antipsychotic drugs.[49

0 Adis International Limited. All rights reserved.

If calmodulin blockadeis shown to beanimpor-
tant mechanism in the cardiotoxicity related to an-
tipsychotic drugs it will have significant clinical
implications, as these drugs have varying degrees of
action on calmodulin.

1.5 Myocardial Infarction

The toxic cardiomyopathy related to antipsycho-
tic drugs has frequently been attributed to myocar-
dial infarction. A case control study(>% investigat-
ing the association between cardiac disease and oral
contraceptives in women aged between 16 and 39
years reported an incidental finding of a 17-fold in-
creaseinrisk of total myocardial infarction associ-
ated with the use of psychotropic drugs. Myocardial
infarction in this study was identified by postmor-
tem findings of coronary artery occlusion by throm-
bus, histological evidence of recent infarction of the
myocardium, a positive el ectrocardiographic report
or evidence of raised cardiac enzyme levels. This
associationwasseen acrossd |l psychotropi c drugs, not
specifically antipsychotic drugs, but there was asig-
nificant increasein phenothiazine usein those with
myocardial infarction (relative risk 6.2; 95% CI 2
10 19.1). A similar association was seen with thiox-
anthine use (relativerisk 4.2; 95% CI 0.9 to 24).[50

An accompanying editorial concluded that the
association was confounded by the risk of cardiac
disease being increased in psychiatric patients and
that, given the broad range of drug classes involved,
a mechanistic explanation was unlikely.[5 How-
ever, this study raises the possibility that psycho-
tropic drugs themselves increase the risk of myo-
cardial infarction. Possible mechanisms would
include the induction of thrombosis or vasospasm.
Theantipsychotic drugshavethusfar not been shown
to have these properties. Interestingly, all 3 classes of
psychotropic drugsincluded inthisstudy are calmod-
ulin antagonists,32 suggesting that a cause and ef-
fect relationship cannot be entirely excluded. In con-
trast, animal studies have suggested a possible
protective role in acute myocardial ischaemiawith
the use of calmodulin antagonists. Thiseffectisyet
to beobservedintheclinical setting.[53 Further stud-
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ies specifically addressing this association are re-
quired.

1.6 Myocarditis and Cardiomyopathy

Cardiomyopathy and myocarditis have been re-
ported during the therapeutic use of antipsychotic
drugs.[311:54 Clozapineisthe only drug implicated
where a causal relationship has been demonstrat-
ed, with an incidence of at least 0.29% in one series.
Myocarditis occurred within 3 weeks of commenc-
ing therapy inall 15 patientsin this series. Histopath-
ology was performed in 5 patients and showed that
an eosinophilic or lymphocytic infiltrate was respon-
sible for the myocarditis, suggesting an immuno-
logical rather than a pharmacological aetiology.[*!

2. Relative Cardiovascular
Effects of Antipsychotic Drugs

The effects of antipsychotic drugs through all the
above mechanisms are not generally considered to
berelated to their antipsychotic drug action, although
it has been specul ated that rel ated mechanisms may
beinvolved. The closest correlation with effective
dose has been found with dopamine D, receptor
binding affinity for the older antipsychotic drugs.
Antimuscarinic effects in the brain may be desir-
able to minimise extrapyramidal adverse effects,
but this is mediated through M1 receptors (not the
M, receptors involved in the cardiac effects). Ide-
aly, it should be possible to rank all of these drugs
in terms of their effects on all of these cardiac pa-
rameters. However, thisis not possible with many
drugs as they have not been studied. The compar-
ative data that are available include:
¢ invitro data (e.g. receptor binding affinity)

* invivodata(e.g. effectson blood pressureor ECG
in animals)

 trid data(e.g. frequency of cardiovascular effects
in humans in clinical trials, which have often
excluded patientsat risk of cardiovascular com-
plications)

« effectsin overdose

 case control studies (e.g. examining for adverse
effects)
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« datafrom post-mortem files on the frequency of
which these drugsare linked to death and the con-
centrations at which death has occurred.

2.1 In Vitro Data

We have endeavoured to convert thein vitro data
into tabular format (tablel). Thein vitro datacom-
pare the potency with which these drugs block var-
ious receptors, and thus it is important to correct
thisfor theusual concentrationsusedintherapeutic
use. We have elected to do this by comparing the
ratio of the potency at each cardiovascular receptor
with the potency at the dopamine receptor. There
are problems with this approach, which failsto ac-
count for possibledifferencesin concentrations be-
tween the heart and the brain due to drug distribu-
tion characteristics. However, no other mechanism
of accounting for the relative antipsychotic poten-
cy isavailable.

2.2 In Vivo Data

There are very little in vivo published data on
cardiovascular adverse effects that compare the
different antipsychotic drugs. The simplest in vivo
parameter, the dose causing 50% mortality (L Dsg),
does not distinguish between cardiac and noncar-
diac causes of death. There is a substantial differ-
ence between these drugsin the L D5 after correct-
ing for the defined daily dose.

The study by Hull and Lockwood!“?! on the ef-
fects on protein degradation in the myocardium
found that structural disorganisation was found with
thioridazine and trifluoperazine at 10~ mol/L but
no effect of hal operidol was seen at 8 x 10-° mol/L.
At this concentration, haloperidol completely sup-
pressed contractile activity. These concentrations are
well above those found with haloperidol in thera-
peutic use, but are only 10-fold higher than those
found with thioridazine and trifluoperazineinther-
apeutic use. Trifluoperazine caused some effects at
concentrations as low as 5 x 10" mol/L.

Drug Safety 2000 Sep: 23 (3)



222 Buckley & Sanders

Table I. Potency (10~7/Kg) of antipsychotic drugs at blocking dopamine D2 receptors, muscarinic M receptors and a;-adrenoceptors, and
their direct cardiac effects.[312:2526.325559 prygs are listed in ascending order of Dy potency. Values shown in bold indicate that a
pharmacological effect is likely in some patients at therapeutic dosages.

Drug D> potency M2 potency M2/D2 a1 potency a1/D2 Direct cardiac effects
Quetiapine 0.13 0.0712 0.55 12 92.3

Clozapine 0.47 0.714 1.52 15 319

Promazine 0.625 0.238 0.381

Molindone 0.83 0.0002 0.0003 0.04 0.048

Thioridazine 3.8 1.96 0.52 20 5.26 EAD, QTc, TdP
Olanzapine 5.1 2.82 0.55 2.3 0.451

Mesoridazine 5.3 0.833 0.16 50 9.43

Chlorpromazine 5.3 0.442 0.083 38 7.17 EAD, Ina, QTC
Loxapine 6.1 0.132 0.022 3.6 0.59

Chlorprothixene 12.5 0.769 0.062

Prochlorperazine 14 0.0714 0.005 4.2 0.3

Risperidone 27 0.0029?2 0.0001 37 1.37 QTc

Sertindole 37 0.022 0.0005 25 0.676 HERG, QTc, TdP
Trifluoperazine 38 0.0457 0.0012 4.2 0.111 QTc

Ziprasidone 39 0.0412 0.0011 38 0.974

Haloperidol 39 0.0128 0.0003 5.9 0.151 HERG, Ina, QTc, TdP
Perphenazine 71 0.0345 0.0005 10 0.141 QTc
Fluphenazine 125 0.0417 0.0003 11 0.088

Pimozide 154 2.82 0.018 1.2 0.0078 QTc, TdP
cis-Tiotixene 222 0.036 0.0002 9.1 0.041

a Nonspecific antimuscarinic potency.

EAD = induces early after-depolarisations in vivo; HERG = blocks the inward rectifying potassium channel (lk); Ina = blocks the depolarising
sodium channel; Kq = dissociation constant; QTc = causes significant QTc prolongation in clinical use; TdP = causes torsade de pointes (any

dose).

2.3 Epidemiological Data

None of the epidemiological or clinical dataal-
low meaningful comparisons between drugs, but they
do give an indication of the extent of the problem
and highlight some drugs that clearly have common
cardiovascular adverse effects.

Postural hypotension was found in 77% of peo-
ple receiving antipsychotic drugsvs 15% receiving
placebo.[60 There was only a poor correlation with
drug dosage. There was no apparent difference be-
tween the drugs in the frequency of postural hypo-
tension, and it follows therefore that either other
effectsthan a;-adrenoceptor blockade areinvolved
in the postura hypotension or that al the drugs
studied had similar clinical effects despite differ-
ences in potency.

ECG changesin patientsreceiving antipsychotic
drugs are also common.[8 QTc prolongation (>2
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standard deviations above a reference healthy pop-
ulation) was seen in 8% of 495 psychiatric patients.
Ageover 65 years(oddsratio 3.0; 95% Cl 1.1t08.3),
use of tricyclic antidepressants (odds ratio 4.4; 95%
Cl 1.6 to 12.1), thioridazine (odds ratio 5.4; 95%
Cl 2.0t0 13.7) and droperidol (oddsratio 6.7; 95%
Cl 1.8t0 24.8) and antipsychotic dosage (high dos-
age odds ratio 5.3; 95% Cl 1.2 to 24.4; very high
dosage odds ratio 8.2; 95% Cl 1.5 to 43.6) were dis-
proportionately associated with QTc lengthening.
An association with haloperidol use just failed to
reach statistical significance (odds ratio 3.6; 95%
Cl 0.96 to 13.6). In this study 15 of 64 and 6 of 37
patients receiving thioridazine and droperidol, re-
spectively, had QTc prolongation but, in contrast,
many other antipsychotic drugs were not associated
with any increase in QTc prolongation.[55]

In another study!6 of 111 patientsreceiving an-
tipsychotic drugs compared with 42 control individ-
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uas receiving no medication, the heart rate was
higher (83 vs 72 beats/min, difference 11; 95% CI
6 to 16) and the QTc was longer (404 vs 388 msec,
difference 16; 95% CI 8 to 25). No significant dif-
ferences were seen in the PR or QRS interval or
QTc dispersion. There was aweak correlation be-
tween QTc prolongation and dosage in chlorprom-
azine equivalents (r = 0.39) after adjustment for
age. A mgjor shortcoming of this study is that the
drugs being taken were not specified. In another
cohort study,62! long term treatment with antipsy-
chotic drugs (chlorpromazine, levomepromazine,
thioridazine and haloperidol) at low dosages pro-
longed the QTc interval and increased QTc disper-
sion compared with control individuals not receiv-
ing these drugs. The QTc interval prolongation was
not uniform between drugs, although the subgroups
were too small to allow meaningful comparisons.
Further studies comparing these effects are still
necessary.

2.3.1 Sudden Death

The use of antipsychotic drugs in therapeutic
doses has been associated with sudden death.[? In
one series of 49 deaths associated with therapeutic
doses of antipsychotic drugs, over half the cases
were associated with thioridazine. Thioridazine was
associated with 75% of the deathsin the group tak-
ing a single antipsychotic. Thiswas a disproportion-
ate result compared to the market share of thiorid-
azine (18.4%).[1

Other antipsychotic drugs that have (less com-
monly) been associated with sudden death in young
adultsincluderisperidone, chlorpromazine and tri-
fluoperazine.[56.63 Where details are given it is clear
that many cases involve multiple drugs, high dos-
ages and/or high serum concentrations.[63]

2.4 Clinical Studies

The vast mgjority of clinical trialswith antipsy-
chotic drugs have excluded people with heart dis-
ease, the elderly and those receiving multiple drugs.
The common adverse effects, such as postural hy-
potension and tachycardia, have been commonly re-
ported in most antipsychotic drug trials, although
the incidence varies substantially. The rates of

0 Adis International Limited. All rights reserved.

these adverse events varied widely in the placebo
groups between trials, and both the patient popul aions
and the method of collection of adverse events pre-
sumably also vary widely between trials. Trids that
have compared 2 different antipsychotic drug treat-
ments should give amore reliable measure of these
effects. The vast majority have compared the new
agentswith established agentsand thustherel ative
problems of the old agents with each other have gen-
erally not been compared. On the basis of their
comparativeclinical trials, theincidence of cardio-
vascular adverse events does not appear to be sub-
stantialy lower withthe newer atypical antipsychotic
drugs. Trias have reported tachycardia, postura
hypotension and ECG changeswith sertindole, ris-
peridone and quetiapine, and postural hypotension
and tachycardiawith al the other new antipsycho-
tic drugs.[® The data currently available do not
suggest amajor improvement in cardiovascul ar ad-
verse effects with the newer antipsychotic drugs
(whereas such an improvement was seen with the
selective serotonin reuptake inhibitors versus the
older antidepressants).

A few clinical studies have highlighted particu-
lar risks but have not made comparisons. An exper-
imental study on healthy males%® found that thio-
ridazine in a single dose of 50mg significantly
reduced standing systolic and diastolic blood pres-
sures, increased the standing heart rate and prolonged
the QTcinterval (difference 22 msec™z 95% CI 11
to 33), but had no effect on QT dispersion. Torsade
de pointes occurred in 8 of 223 patients receiving
intravenous haloperidol in intensive care. None of
these patients had any other risk factors for QT
prolongation and the risk increased with the dose of
haloperidol used.[®8] Torsade de pointes is not the
only arrhythmia reported with these drugs and other
pro-arrhythmic mechanismsmay beimportant. For
example, atrial fibrillation has been reported with
clozapine.[87]

2.5 Overdose

The diversity of these drugsin terms of their car-
diac (and other) effectsisreadily apparent from the
dataon poisoning withthesedrugs. Inalarge series
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Table II. Fatal toxicity indices (deaths per million prescriptions) for antipsychotic drugs in the UK, 1983-92 (from Buckley and McManus,[™)

with permission)

Drug Deaths Thousand prescriptions Deaths per million prescriptions 95% confidence interval
Loxapine 2 18 111.1 13.5-401
Remoxipride 1 12 86.2 2.2-480
Chlorpromazine 137 5595 245 20.6-28.9
Zuclopenthixol 2 132 15.2 1.8-54.9
Fluphenazine 2 180 111 1.3-40.2
Thioridazine 50 7623 6.6 4.9-8.6
Trifluoperazine 23 4874 4.7 3.0-7.1
Promazine 3 1021 29 0.6-8.6
Haloperidol 5 2011 25 0.8-5.8
Sulpiride 1 498 2 0.1-11.2
Perphenazine 1 561 1.8 0-9.9
Flupenthixol 3 3337 0.9 0.2-2.6
Trifluperidol 0 3 0 0-1419
Chlorprothixene 0 8 0 0-473
Thiopropazate 0 10 0 0-384
Levomepromazine 0 18 0 0-207
Benperidol 0 54 0 0-67.9
Droperidol 0 67 0 0-54.9
Periciazine 0 181 0 0-20.4
Pimozide 0 569 0 0-6.5
Total 231 26 962 8.6 7.5-9.8

of antipsychotic drug overdoses, compared to other
drugs ingested thioridazine was more likely to cause
tachycardia (oddsratio 1.7; 95% Cl 1.1t02.9; p=
0.03), aprolonged QT interval (oddsratio 5.2; 95%
Cl 1.6 to 17.1; p = 0.006), prolonged QTc (>450
msec2) [oddsratio 4.7; 95%Cl 2.7t0 7.9; p=0.001],
awidened QRS (>100 msec) [oddsratio 3.1; 95% Cl
1510 6.3; p = 0.001) and arrhythmias (odds ratio in-
finity; 95% CI 2.4 to infinity; p = 0.004).1%8] There
are insufficient data on overdose with most anti-
psychotic drugsto do further comparisons. Tachy-
cardia, hypotension and ECG changes have been
reported with most drugs, but ventricular arrhyth-
mias in overdose (iatrogenic or self-poisoning) have
only been reported with thioridazine, haloperidol,
sulpiride, mesoridazine, pimozide, chlorpromazine,
sertindole and remoxipride.[69!

The range of acute toxicity is also shown in the
number of deaths from antipsychotic drug overdose
per million prescriptions in the UK, which ranged
from zero to over 100 (see table 11).[70 Obviously,
these deathsmay involve noncardiac modes of death,
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but many would be assumed to be due to cardiac
effects.

3. Clinical Implications

The clinical implications can be considered
from 3 perspectives: thehigh risk individual , the high
risk drug interactions and the high risk drugs. It
follows that avoiding or minimising these risksis
the basis of both prevention and management of
cardiovascular adverse events.[®l

3.1 High Risk Individuals

The increased risk of cardiac adverse effects
with these drugs in special populations has gener-
aly not been specifically studied. However, it is
clear from dataon cardiac drugsthat sharethe same
pharmacological effects that there are high risk
individuals. The most important identifiable risk
factors are known heart disease, including heart
failure, history of arrhythmiasand myocardia infarc-
tion. Electrolyte disturbances, particularly hypo-
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kalaemia and hypomagnesaemia, will increase the
ion channel effects of thesedrugs. Diuretic usewas
more common in psychiatric patients with QTc pro-
longation, although the results were not statistically
significant (odds ratio 3.0; 95% CI 0.8 to 11.0).[5%)
There are arange of other potential genetic char-
acteristics that may increase risk, including ‘ poor
metabolisers who may have a5- to 10-fold higher
concentrations of the drug and/or cardiotoxic me-
tabolites after a given dose,["Y! and those with inher-
ited defects of ion channels which may or may not
be apparent on the surface ECG.[72 Other risk fac-
torswould includeincreasing agel®>73! and autono-
mic dysfunction. The need for use of high dosages
of drugs also increases the risk, as al the cardiac
effects appear to be dose rel ated.[55:61.65.74.75]

3.2 Drug Interactions

Drug interactions may either increase the concen-
tration of the antipsychotic drug or increase the
cardiac effectsdirectly. All of these drugs are hepati-
cally metabolised and many have alarge first pass
effect. In addition, they may have active metabolites
that are also generally hepatically metabolised.[’8l The
major enzymesinvolved are cytochromeP450 (CY P)
2D6, 1A2 and, to alesser extent, 3A4, dl of which are
known to be inhibited or induced by alarge number
of drugs, many of themincommonusein psychiatry.[”"]

Other drug classes that share some of the same
pharmacol ogical effectsinclude most antiarrhythmic
and antihypertensive drugs, anti histamines (sedating
and nonsedating), anticholinergic drugs, tricyclic an-

tidepressants, amantidine, scopolamine and lith-
jum.[55.77.78]

3.3 High Risk Drugs

The datafrom table | indicate that it is difficult to
choose a drug in common use that has no adverse
cardiac effects. Other considerations(e.g. trestment re-
sistance, extrapyramidal effects) have led to in-
creased use of ‘atypicd antipsychotic drugs despite
the fact that their non-neuropsychiatric adverse ef-
fect profile (e.g. bodyweight gain, cardiovascular
and anticholinergic effects) isno better and oftenworse
than that of conventional antipsychotic drugs.!961]
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In patients where there is a particular concernabout
cardiac effects, high potency antipsychoticdrugs(e.g.
hal operidol, flupenthixol and fluphenazine) have less
anticholinergic and a-blocking effect and arelikely to
aso have fewer other cardiac effects. Conversely, by
most measuresthioridazineisclearly associated with
more marked cardiac effects.

4. Conclusions and Future
Research Directions

Antipsychotic drugshavegenerally been regarded
as safe.l®! However, cardiovascular adverse effects
from antipsychotic drugs are common and a poten-
tially serious consequence of treatment. Both the
pharmacological and clinical data on the existing
drugs and risk factors for serious adverse effects are
not sufficient to clearly rank these drugsin terms of
their cardiovascular adverse effects. Even the magni-
tude of the problem of sudden death in people re-
ceiving antipsychotic drugs is largely unknown.
An incidence as high as 2 to 4% per year in at-risk
populations (as observed in the CAST tria with
antiarrhythmic drugs) has not been excluded with
available data on any of these drugs. On the con-
trary, some of the patchy datathat are available are
far from reassuring.[1-5%.61.62] Further epidemiol og-
ical studies on psychiatric patients who die sud-
denly should be a priority for future research. At
least 1 large study is currently under way in the
UK.[7

The ideal antipsychotic drug would be ‘atypical’
initspsychiatric and extrapyramidal effects. How-
ever, it would also be selective, meaning that per-
ipheral adverse effects, including cardiovascular
effects, would be uncommon at therapeutic dos-
ages. However, such adrug hasnot been devel oped
to date. Nor are the mechanisms of cardiovascular
toxicity sufficiently well understood to allow con-
fident preclinical screening of these drugs, athough
screening for HERG binding would seem prudent.
However, as these effects may be related to active
metabolites as well as the parent drug,!8! such
screening would not inany caseexclude cardiovas-
cular effectsand continuing postmarketing surveil-
lance would be necessary.
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Thus, the expansion of our understanding of the

molecular biology underlying the various cardiac
disease processes and channel opathies should lead
to development of safer drugs, better understand-
ing of risks leading to informed choices from ex-
isting drugs, and safer prescribing practices. Ge-
netic screens combined with abetter understanding
of thefeatures of concealed formsof theLQTSand
Brugada syndrome may facilitate pre-prescription
screening. Finally, there is the possibility that fur-
ther research into the cardiovascular effects of an-
tipsychotic drugs may even lead to new cardiovas-
cular indications for these drugs (or related drugs),
such as cardioprotection in myocardial ischaemia.

10.
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