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Abstract

As the variety and range of pharmaceutical agents available to the medical
profession continues to expand, one unavoidable effect will be an increase in
drug-induced disease, including cardiovascular disorders. However, given the
high rates of cardiovascular disease and prevalence of recognised cardiovascular
risk factors in the population, it is sometimes impossible to conclusively attribute
any individual patients’ ill health to one particular drug. As a result, the relation-
ship between drugs and cardiovascular disease is often difficult to quantify. This
review discusses specific forms of drug-induced cardiovascular disease such as
heart failure, left ventricular systolic dysfunction, hypertension and arrhythmia.
Suspected culprit drugs for all disorders are highlighted. Specific attention is
given to certain drug groups with a strong association with one or more forms of
cardiovascular disease: these include anthracyclines, antipsychotics, NSAIDs and
cyclo-oxygenase 2 inhibitors. Additionally, advice is offered on how physicians
might distinguish drug-induced cardiovascular disorders from other aetiologies.

Over recent decades, the development and pre-
scribing of drugs has grown exponentially and phar-
maceutical treatments are now available for almost
every identified disease. One undesirable conse-
quence of this is an increase in drug-related illness
including cardiovascular disorders. Drugs may
cause cardiovascular disease by various mecha-
nisms including direct myocyte injury, the alteration
of biochemical processes or stimulating allergic re-
actions. The outcome can vary in severity from
benign to fatal.

Given the high rates of cardiovascular disease
and prevalence of recognised cardiovascular risk
factors in developed countries, it is sometimes diffi-
cult to conclusively attribute any individual pa-
tient’s ill health to one particular drug. Who can say
that a myocardial infarction (MI) in a 55-year-old
smoker taking a cyclo-oxygenase (COX)-2 inhibitor
would not have occurred anyway? Was the ventricu-
lar arrhythmia in a 70-year-old woman with previ-
ous bypass surgery due to ischaemia or the clarithro-
mycin she was taking for a chest infection? Or both?
We can assess whether an increased risk of cardio-
vascular disease exists with a drug but often only
with retrospective analysis; this method is open to
bias and counterargument. Confusingly, similar
studies of drug-induced illness may have differing
conclusions. As such, it is often impossible to accu-
rately quantify the strength of relationship between a
drug and cardiovascular disease.

This review intends to highlight drugs with a
recognised association with cardiovascular disease
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and examine the evidence for these associations. In
clinical practice, physicians and pharmacists must
be aware of the adverse effects of all the medicines
they prescribe and always consider drugs as a cause
of ill health, particularly when no alternative cause
is apparent. A full drug history is imperative for all
patients. On the other hand, it is important to
recognise that a drug with a strong association with a
particular cardiovascular or other adverse effect
could be entirely blameless and that alternative
causes should not be discounted.

Data for this review were identified from MED-
LINE searches. Two approaches were used: the
cardiovascular disorder in question was used as a
keyword, with the subheading of ‘chemically-in-
duced’, and certain drugs were inserted as
keywords, with the subheading of ‘adverse effects’.
Searches were refined to the period from January
1990 to September 2006, English language and/or
review articles.

1. Drug-Induced
Cardiovascular Disease

1.1 Left Ventricular Systolic Dysfunction
(LVSD) and Heart Failure (HF)

It is important to understand the interaction be-
tween heart failure (HF) and left ventricular systolic
dysfunction (LVSD). The two disorders are not sy-
nonymous, but clearly there is a large degree of
overlap. However, it is worth recognising that 50%
of individuals with LVSD are asymptomatic!!l (and
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thus do not have HF), and up to 50% of patients with
HF do not have LVSD.[>3! Drugs may precipitate
deteriorating symptoms of HF in individuals with
established HF; alternatively, drugs can cause de
novo LVSD in a previously well individual.

1.1.1 Drug-Induced LVSD

HF due to LVSD affects up to 3% of the popula-
tion and is most often due to coronary artery disease
or hypertension.'"* LVSD itself can occasionally be
attributable to drug therapy (table I). This may occur
soon after administration as an acute toxic reaction
simulating a myocarditis or, alternatively, it may
present years later as chronic HF due to cardiomy-
opathy.

A large number of cytotoxic agents are associat-
ed with the development of LVSD. Anthracyclines
and trastuzumab are the most widely recognised
culprits and will be discussed in greater detail. How-
ever, other cytotoxic agents may cause LVSD. Mito-

Table I. Drugs associated with left ventricular systolic dysfunction
(LVSD) or worsening heart failure (HF)

Drugs causing LVSD
Cytotoxic agents
anthracyclines
trastuzumab
Antipsychotics
clozapine
atypical antipsychotics
Carbamazepine
Tricyclic antidepressants
Chloroquine
Hydroxychloroquine
Interferon-a.
Interleukin-2
TNFo antagonists
Drugs exacerbating HF
NSAIDs
COX-2 inhibitors
Corticosteroids
Thiazolidinediones
Calcium channel antagonists
non-dihydropyridines
B-Adrenoceptor antagonists
Unproven associations
Doxazosin
B2-Adrenoceptor agonists
COX = cyclo-oxygenase; TNF = tumour necrosis factor.
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xantrone is structurally related to anthracyclines and
is used in multiple sclerosis as well as for malignan-
cy. However, dose-dependant cardiotoxicity is a
problem regardless of the indication.”) Cyclophos-
phamide can be cardiotoxic via an unknown mecha-
nism; acute reversible LVSD and fatal cardiomy-
opathy have been described.!®! Paclitaxel may cause
LVSD; one study using it in combination with dox-
orubicin found higher rates of HF than could be
attributed to doxorubicin alone.””! Although rare,
HF has been associated with fluorouracil and cytara-
bine.

Several antipsychotic drugs have been associated
with the development of myocarditis or cardiomy-
opathy, particularly newer atypical agents such as
amisulpride, quetiapine and risperidone.®'% How-
ever, clozapine has the strongest association. This
was first brought to widespread attention in 1999
when Killian et al.l'" identified 15 cases of myocar-
ditis and eight cases of cardiomyopathy among 8000
patients treated with clozapine. Subsequent studies
have confirmed the association.[>!3]

The potential cardiovascular effects of tricyclic
antidepressants (TCAs) have probably played a role
in their dwindling use. They become highly concen-
trated in myocardial tissue and this may affect myo-
cardial contractility; animal studies indicate they
have a negative inotropic effect.['*! Carbamazepine
is similar to TCAs in structure and mode of action,
and reversible LVSD with acute HF following delib-
erate overdose has been reported.!'>) Chronic HF
associated with TCAs and carbamazepine has also
been reported.!'®!7! The association between these
drugs and LVSD is not strong; nevertheless, physi-
cians should be aware of this potential adverse ef-
fect.

Chloroquine and hydroxychloroquine have es-
tablished roles in the treatment of autoimmune dis-
orders. Acute decreased myocardial contractility
following administration of chloroquine and hy-
droxychloroquine is seen in animals and has also
been reported in humans following overdose.[!%!%]

A rare but recognised complication of the chronic
use of hydroxychloroquine and chloroquine is the
development of cardiomyopathy, probably seconda-
ry to interference with intracellular lysosomal func-
tion. There are 20 case reports of chloroquine-in-
duced cardiomyopathy compared with four cases for
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hydroxychloroquine.?*2!l  Complications develop
following many years of treatment and echocardi-
ography typically reveals bi-ventricular hypertrophy
in addition to LVSD. Drug cessation usually results
in improved LV function.

1.1.2 Drug-Induced Decompensated HF

Drugs can lead to decompensated HF (table I).
NSAIDs are the most readily recognised drug group
that do this. Renal perfusion is reduced in HF and
prostaglandins become increasingly important in
controlling renal plasma flow and fluid homeostasis.
NSAIDs interrupt prostaglandin synthesis resulting
in salt and water retention. Prostaglandin production
requires both COX-1 and COX-2; thus, COX-2 in-
hibitors may also cause decompensated HF.??! Cor-
ticosteroids, particularly those with a strong miner-
alocorticoid action, will also lead to fluid retention
and should be used with caution in patients with
LVSD.

Thiazolidinediones (TDZs) such as pioglitazone
and rosiglitazone are recent additions to the treat-
ment options for patients with type 2 diabetes mel-
litus, 12% of whom have HF.?3 There is much to
suggest that TDZs may be beneficial in HF due to
possible favourable effect on coronary vasodilation,
vascular endothelium, cardiovascular risk factors
and ventricular remodelling. Indeed, pioglitazone
has been shown to reduce the incidence of adverse
cardiovascular effects in patients with type 2 diabe-
tes.[24]

However, fluid retention is a dose-dependant ef-
fect of all TDZs and can increase the intravascular
volume by as much as 7% - this is even more
marked in patients taking concomitant insulin.>!
Fluid accumulation may be due to vascular leakage
from endothelial vasodilation or TDZs may poten-
tiate the effect of insulin on fluid retention. Predict-
ably therefore, deterioration in HF symptoms and
accounts of pulmonary oedema has been report-
ed.?®! Brain natriuretic peptide could be a useful tool
in identifying HF patients at risk of clinically impor-
tant fluid retention.”” However, current best prac-
tice is that TDZs be avoided in patients with New
York Heart Association (NYHA) class III-IV HF.

Tumour necrosis factor (TNF)-ou antagonists
such as adalimumab, etanercept and infliximab are
recombinant antibodies licensed for use in rheuma-
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toid arthritis, psoriasis and inflammatory bowel dis-
ease. Elevated TNFa. levels are seen in patients with
chronic HF and it was thought that TNFa blockers
may be beneficial in this condition. Etanercept
showed no benefit over placebo,?! whereas with
infliximab there was a trend to increased mortality
and hospitalisation rates.” This and other evi-
dencel% indicates that TNFo blockers may worsen
or initiate HF and this should be appreciated by
anyone intending to use these treatments.

Interferon-o is used for treatment of some malig-
nancies and chronic viral hepatitis B and C. There
are reports of reversible acute and chronic HF asso-
ciated with its use.l*"321 HF has been reported fol-
lowing administration of interleukin-2,333% used
subcutaneously in metastatic renal carcinoma.

1.1.3 Cardiovascular Drugs and HF

B-Adrenoceptor antagonists (B-blockers) are
first-line therapy for LVSD of any cause. However,
they do have negative inotropic and chronotropic
effects and can precipitate decompensated HF if
administered too aggressively. This provides the
rationale for the ‘start low and go slow’ approach
recommended for B-blocker titration in HF.

Calcium channel antagonists have an established
role in the management of angina and hypertension,
both of which are common in HF. Non-dihydropy-
ridines exert a negative chronotropic effect and pos-
sibly reduce myocardial contractility. Verapamil ex-
erts unfavourable haemodynamic changes when ad-
ministered to patients with LVSD,?>! and diltiazem
has been shown to have increased association with
HF following MLP® The vasodilatory effects of
dihydropyridines should theoretically be beneficial
in HF; however, no studies have provided evidence
for this.

The ALLHAT (Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial)
study®”! raised concerns about the possibility of
increased incidence of HF in hypertensive patients
receiving doxazosin therapy, and indeed the dox-
azosin arm of this study was aborted because of this.
These findings proved controversial®®3°! and the
risk is not clarified. The best practice for manage-
ment of hypertension in patients with HF is to avoid
verapamil and diltiazem, whereas dihydropyridines
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and doxazosin should only be used with caution in
cases of hypertension resistant to other agents.[*"]

1.1.4 B2-Adrenoceptor Agonists and Cardiotoxicity

The possibility of an association between [32-
adrenoceptor agonist (B2-agonist) use and car-
diotoxicity has received some recent attention.
Coughlin et al.!*! first raised the possibility of a link
between idiopathic dilated cardiomyopathy and 32-
agonist use. This retrospective study demonstrated a
3-fold increased risk of cardiomyopathy with the use
of oral or inhaled P2-agonists.!! Further studies
have not confirmed this association between [32-
agonist use and idiopathic cardiomyopathy, but one
study did identify increased hospital admissions
rates with deteriorating HF in patients with LVSD
using inhaled B2-agonists.[*?]

A physiological explanation for this has not been
elucidated. B2-Agonists exert a small positive ino-
tropic and chronotropic effects on the heart and this
could conceivably lead to myocyte necrosis in situa-
tions of myocardial hypoxia.*3! Regular exposure to
[B2-agonists leads to decreased P2-receptor respon-
siveness and this could theoretically lead to deterio-
rating LVSD" in patients with HF, where Bi-
receptor numbers are already reduced. However,
this is merely speculative.

These associations could have alternative expla-
nations. Patients developing dyspnoea due to the
onset of cardiomyopathy or deteriorating HF may be
prescribed inhaler therapy, or increase inhaler self-
medication, in the belief that their symptoms are
respiratory in origin.

At present, the association between P2-agonists
and cardiovascular disease is unclear and this is a
target for future research. However, their sympto-
matic benefit in obstructive lung disease ensures
their continued use in these disorders.

1.2 Hypertension

Medications are an uncommon cause of hyper-
tension but some drugs are recognised culprits (table
II). Unfortunately, many of these drugs have un-
questionable benefits and drug cessation is not al-
ways the best option.

Human recombinant erythropoietin is used for
the treatment of anaemia in patients with chronic
renal failure (CRF); in recent years, it has also been

© 2007 Adis Data Information BV. All rights reserved.

Table Il. Drugs associated with hypertension

Erythropoietin

Combined oral contraceptives
Ciclosporin

Tacrolimus

Venlafaxine

Corticosteroids

HAART

NSAIDs

COX-2 inhibitors

COX = cyclo-oxygenase; HAART = highly active antiretroviral
therapy.

trialled for the treatment of anaemia associated with
chronic HF. A well recognised complication of its
use is a propensity to cause hypertension. When
used in CRF, 30% of patients develop new or wors-
ening hypertension,®! and this is more likely in
patients on dialysis or in patients with a history of
hypertension. Regular monitoring of blood pressure
is essential in patients with CRF on erythropoietin
and doses should be reduced if hypertension is not-
ed. These patients already have elevated cardiovas-
cular risk and iatrogenic hypertension should be
avoided. Initial HF studies using erythropoietin have
not found hypertension to be a significant prob-
lem.[4®]

A possible mechanism of erythropoietin-induced
hypertension is vasoconstriction due to a direct ac-
tion on vascular smooth muscle or by increasing
endothelin-1 production.*’! Increased blood viscosi-
ty may also have a role.

Ciclosporin and tacrolimus are immunosupres-
sants used following organ transplantation but their
benefit in this role is diminished by their ability to
cause adverse cardiovascular effects including hy-
pertension and dyslipidaemia. Ciclosporin causes
hypertension in the majority of patients irrespective
of its indication and concomitant corticosteroids
will exacerbate this further. When used following
cardiac transplantation, hypertension is almost uni-
versal and is seen in up to 85% of liver transplantees
and renal transplantees taking ciclosporin.*8! Hyper-
tension is induced by widespread systemic vasocon-
striction, possibly due to endothelin and pros-
taglandin effects.

For obvious reasons, ciclosporin-induced hyper-
tension in transplantees cannot be treated by simply

Drug Safety 2007; 30 (9)
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withdrawing the drug and the choice of antihyper-
tensive agent is important. The renin-angiotensin
system is not involved in producing hypertension;*”!
therefore, drugs affecting this system are ineffec-
tive. Diuretics may exacerbate renal impairment and
verapamil and diltiazem interfere with ciclosporin
metabolism. Dihydropyridine calcium channel an-
tagonists appear to be the preferred choice with B-
blockers as second-line.™8!

Increased blood pressure has long been associat-
ed with corticosteroids, and has even been described
with topical creams and nasal sprays.’%!l Twenty
percent of patients with iatrogenic Cushing’s syn-
drome exhibit hypertension.’? Corticosteroid prep-
arations differ in their glucocorticoid and miner-
alocorticoid effect; however, because hypertension
is driven by both effects,>¥ any corticosteroid can
increase blood pressure.

The observation that a number of women develop
hypertension whilst taking combined oral contra-
ceptives (COC) is inarguable but the reported inci-
dence varies from 4% to 18%.5*31 Women with a
history of hypertension during pregnancy or a fami-
ly history of hypertension are more likely to develop
COC-related hypertension, suggesting a genetic pre-
disposition.36-7!

It was originally thought that the oestrogen com-
ponent of the COC was responsible for increasing
blood pressure as oestrogen increases renin produc-
tion and angiotensinogen levels.”® This led to the
development of COC with reduced oestrogen con-
tent and although a reduction in the incidence of
COC-induced hypertension was seen, this may have
simply reflected more judicious prescribing. Indeed,
some studies have found that the progesterone com-
ponent, rather than oestrogen, correlates better with
the development of hypertension.[%>"]

The antidepressant venlafaxine is thought to
cause hypertension in 10-20% of all patients when
taken at higher dosage (>150mg).!! However, this
may be even more prevalent in elderly patients. A
small study assessing venlafaxine in patients aged
>60 years old found that its use was associated with
an increase in blood pressure in one-quarter of pre-
viously normotensive individuals, and over one half
of individuals with previously documented hyper-
tension.[®!) This becomes increasingly pertinent
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when we consider that, in the elderly, the efficacy of
venlafaxine as an antidepressant is not clear cut.[6%!

NSAIDs and COX-2 inhibitors cause small in-
creases in blood pressure via their effect on salt and
water retention; however, this is rarely clinically
significant. NSAIDs increase mean blood pressure
by only 1-2mm Hg,%3%% with a slightly larger in-
crease in those with established hypertension. This
affect on hypertensive patients may be due to inter-
ference with metabolism of antihypertensive medi-
cations.[63:66]

1.3 Acute Cardiovascular Events Including
Myocardial Infarction (MI) and Stroke

Acute cardiovascular events such as MI and
stroke are leading causes of mortality in developed
countries. Some drugs are known to exacerbate car-
diovascular risk factors (table III), such as those
already discussed that cause hypertension, but some
drugs appear to independently increase the risk of
acute events. However, attributing a MI or stroke to
drug therapy in individual patients is difficult, if not
impossible.

The introduction of COX-2 inhibitors in the late
20th century promised effective analgesia without
the gastrointestinal complications of NSAIDs. How-
ever, it is now apparent that some COX-2 inhibitors
increase the risk of cardiovascular events.!®-%! This
led to scrutiny of the cardiovascular safety of

Table Ill. Drugs and cardiovascular events

Drugs associated with increased risk of acute
cardiovascular events

COX-2 inhibitors

NSAIDs

Atypical antipsychotics

Combined oral contraceptives

HAART

Erythropoietin

Hormone replacement therapy

Drugs associated with cardiovascular risk factors
Corticosteroids (hypertension, dyslipidaemia, diabetes mellitus)
Ciclosporin/tacrolimus (hypertension, dyslipidaemia)
NSAIDs/COX-2 inhibitors (hypertension [minimal])
Erythropoietin (hypertension)

HAART (dyslipidaemia)

COX = cyclo-oxygenase; HAART = highly active anti-retroviral
therapy.
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NSAIDs and the discovery that these drugs, used for
many years, also carry adverse cardiovascular
risk.[7%

Both COC and hormone replacement therapy
(HRT) have been in widespread use since the middle
part of the 20th century. In addition to causing
hypertension, COC have been identified as carrying
a risk of MI, stroke and venous thromboembolic
disease.l’'7?) HRT was originally heralded as a
strong weapon against postmenopausal cardiovascu-
lar disease in women; however, recent evidence has
cast doubt on its protective role, and even identified
HRT as potentially pro-atherothrombotic.”3-731 Male
hormone treatment has also raised concerns regard-
ing a cardiovascular risk.!®!

Highly active antiretroviral therapy (HAART),
including protease inhibitors (PI), has significantly
improved quality of life and survival in HIV-infect-
ed individuals. However, there appears to be an
increased risk of MI in this patient group.””-’8) The
HIV virus itself may damage coronary arteries via
cytokine activation and disturbance of cell signal-
ling!™ but this increased risk may be drug-related.
PI are known to cause a metabolic disorder includ-
ing lipodystrophy, hyperlipidaemia and insulin-re-
sistance,® and 74% of patients with HAART-asso-
ciated metabolic syndromes also exhibit hyperten-
sion,® all of which are pro-atherosclerotic.
Increased risk of thrombosis is also seen in patients
with HIV and again may be secondary to the virus or
HAART.!32!

Studies have shown an increased risk of throm-
botic events, including MI in patients receiving er-
ythropoietin.[®3! In addition to its ability to increase
blood pressure, erythropoietin increases blood vis-
cosity and platelet activation.!84

Evidence of increased risk of stroke!®86! and
pulmonary embolism'®”#%! has been found against
antipsychotic agents with newer agents carrying the
highest risk. Sudden cardiac death is unfortunately
common in patients with a psychiatric history, and
there are justifiable concerns that a number of these
deaths are secondary to medication. Additionally,
there has been recent controversy regarding the as-
sociation of stroke and antipsychotic use in elderly
patients with dementia.

© 2007 Adis Data Information BV. All rights reserved.

Table IV. Proarrhythmic drugs

All antiarrhythmic agents

Macrolide antibacterials (clarithromycin, erythromycin)
Fluoroquinolone antibacterials (ciprofloxacin, ofloxacin)
Cotrimoxazole (trimethoprim/sulfamethoxazole)
Antifungals (ketoconazole, amphotericin B)
Antimalarials (quinines, mefloquine, halofantrine)
Tricyclic antidepressants

Carbamazepine

Antipsychotics (phenothiazines, haloperidol)
B-Adrenoceptor agonists

Cisapride

Terfenadine

1.4 Arrhythmias

Cardiac arrhythmias are potentially the most dev-
astating drug-induced adverse effect, particularly
with non-cardiac medications. Torsade de Pointes
(TdP) and ventricular arrhythmias due to prolonga-
tion of the QT interval are perhaps the more con-
cerning arrhythmias but brady arrhythmias seconda-
ry to conduction delays are also important.

1.4.1 Proarrhythmia with Antiarrhythmic Agents

All antiarrhythmic drugs influence cardiac con-
duction and should be viewed, paradoxically, as
potentially proarrhythmic. Some argue that any ben-
efit in arrhythmia control with many of these agents
is outweighed by their propensity to cause arrhyth-
mic deaths. Recent meta-analysis evidence suggests
that in atrial fibrillation, all antiarrhythmic agents
(excluding amiodarone and propafenone) increased
proarrhythmia.!® At the other extreme, the use of 3-
blockers can reduce the possibility of ischaemic
driven arrhythmias but may precipitate atrioventric-
ular block, particularly in the elderly.

The arguments regarding proarrhythmia with an-
tiarrhythmic agents are extensive and controversial,
and outside the remit of this review article.

1.4.2 Proarrhythmia With Non-Cardiac Drugs

There is a wide range of non-cardiac drugs asso-
ciated with proarrhythmia (table IV). Cisapride, a
pro-kinetic agent, was withdrawn from the market
after >300 cases of ventricular arrhythmias seconda-
ry to QT interval prolongation were reported to the
US FDA.%911 The non-sedating antihistamines ter-
fenadine and astemizole were both withdrawn in the
late 1990s for the same reason, with QT interval
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prolongation having been first reported a decade
earlier.’>?1 Fexofenadine, the active moiety of
terfenadine remains available. It is worth noting that
approximately only 1 in 120 000 patients adminis-
tered cisapride developed TdP, but this is clearly too
large a risk for a drug prescribed for benign condi-
tions.[%4

Antibacterials associated with QT interval pro-
longation and arrhythmia include macrolides!®!
(clarithromycin, erythromycin), fluoro-
quinolones®! (ciprofloxacin, ofloxacin) and an-
tifungal agents®7%%1 (azoles, amphotericin B). Most
antimalarial therapy has been derived from quinine,
a drug similar to quinidine; thus, many antimalarial
treatments are proarrhythmic, particularly when ad-
ministered intravenously. Mefloquine, used for ma-
laria prophylaxis, is thought to be relatively safe
from a cardiac point of view but sinus bradycardia
and aberrant atrioventricular conduction have been
described.[*>1%1 Halofantrine is a recently intro-
duced amino-alcohol used for cure of malaria in
cases of chloroquine resistance; QT interval prolon-
gation is associated with its use.l'°!)

TCAs and carbamazepine affect sodium channels
and also have a quinidine-like action but are usual-
ly only proarrhythmic in overdose. At high se-
rum levels, TCAs can cause conduction delays,
supraventricular arrhythmias or ventricular arrhyth-
mias.['9?l Carbamazepine causes an equally wide
variety of arrhythmias but does so less commonly
and is indicative of severe poisoning.!'%!

Older antipsychotics have a recognised associa-
tion with ventricular arrhythmias. Phenothiazines
such as chlorpromazine and thioridazine both cause
QT interval prolongation with thioridazine appear-
ing to have the stronger association with arrhyth-
mia.ll9105) Atypical antipsychotics cause QT inter-
val prolongation to a lesser degree and arrhythmia is
rare. Haloperidol has been associated with TdP but
no reports exist for clozapine or risperidone.[!06:107]

[B2-Agonists cause sinus tachycardia by virtue of
their effect on cardiac and peripheral B adrenergic
receptors but TdP has been reported.!'%®! This ability
of P2-agonists to prolong the QT interval is en-
hanced by their hypokalaemic effect. In addition,
patients with chronic obstructive pulmonary disease
(COPD) and chronic hypoxia may have a subclinical
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autonomic neuropathy,!'%! which will also tend to
prolong the QT interval.

1.4.3 Factors Influencing Drug-Related Arrhythmia

Drugs can lead to arrhythmias in any individual
but LVSD, myocardial ischaemia, pre-existing atrial
arrhythmias or a long baseline QT interval render a
patient more susceptible.!''% Electrolyte imbalance
is also a factor with hypokalaemia, hypocalcaemia
and hypomagnesaemia all associated with QT pro-
longation.

The identification of human ether-a-go-go relat-
ed gene (hERG) potassium channels in 1994 as vital
components of cardiac electrical conduction has al-
so shed light on the phenomenon of proarrhythmic
drugs.!"'! Inherited mutations affecting hERG chan-
nels results in proarrhythmic long QT interval con-
ditions, such as Romano-Ward syndrome, but it is
recognised that drugs affecting hERG channels can
have a similar affect. Antiarrhythmics that prolong
the QT interval such as amiodarone, flecainide or
quinidine do so in part by blocking hERG channels.

A large number of non-cardiac drugs can affect
hERG channels, including many of those discussed
previously, thus explaining their proarrhythmic po-
tential.""! Tt is now routine practice that all new
pharmaceutical agents are assessed for hERG chan-
nel activity early in the development phase, and this
should prevent circumstances such as those involv-
ing cisapride and terfenadine from occurring again
in the future. It is possible that genetic polymorph-
isms result in hERG channels that are more suscepti-
ble to pharmacological blockage. Further research
may identify patients at higher risk of drug-induced
arrhythmia.

Drug metabolism or interaction may also play a
role in inducing arrhythmia. Drugs that inhibit liver
enzymes may lead to increased plasma levels of
proarrhythmic drugs. This is best demonstrated with
the acknowledgement that most documented ar-
rhythmias with ketoconazole occurred when it was
co-administered with terfenadine.l''?! Ketoconazole
inhibits the cytochrome P450 isoenzyme responsi-
ble for metabolising terfenadine. Liver disease or
renal impairment may also lead to higher plasma
levels of proarrhythmic drugs.
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1.5 Pericardial Disease

Drugs are rarely associated with pericardial dis-
ease. Drug-induced lupus (DIL) affects the pericar-
dium infrequently;!''3! this disorder being most
strongly associated with procainamide and hy-
dralazine (table V). Pericarditis with or without an
effusion will almost always be accompanied by sys-
temic symptoms, arthralgia and myalgia. Antinucle-
ar antibodies aid with diagnosis and any suspected
drug should be discontinued. Pericardial involve-

Table V. Drugs and pericardial disease

Commonly used drugs associated with drug-induced lupus
Strong association
Procainamide
Hydralazine
Quinidine
Moderate association
Methyldopa
Captopril
Chlorpromazine
Isoniazid
Carbamazepine
Penicillamine
Sulfasalazine
Weak association
Enalapril
Disopyramide
Atenolol
Labetalol
Lithium
Phenytoin
HMG-CoA reductase inhibitors
Levodopa
Interferon-o.
Drugs that exacerbate SLE
NSAIDS
Antibacterials
penicillins
cephalosporins
erythromycin
tetracyclines
sulfonamide
Antiepileptic drugs
Hydralazine
Cimetidine
Para-aminosalicylic acid
SLE = systemic lupus erythematosus.
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ment is more common in systemic lupus erythero-
matosis (SLE) than with DIL, and SLE can be
exacerbated by drugs (table V).

There are many cases in the literature of drug-
related pericarditis or pericardial effusion that have
not been attributed to a lupus-like syndrome.
Clozapine!!'*!15] and 5-aminosalicylic acidst'!6!17]
have a number of reports. Constrictive pericarditis
has been associated with bromocriptine!!!®!1°1 and
cabergoline!'?>12!l treatments for Parkinson’s dis-
ease.

1.6 Valvular Disease

Valvular disease has become much less common
since the introduction of penicillin significantly re-
duced the prevalence of rheumatic fever. Drug-in-
duced cardiac valvular disease is extremely rare but
some drugs can cause this. Fenfluramine and
dexfenfluramine were commonly prescribed appe-
tite suppressants until an association with a carci-
noid syndrome-like valvular regurgitation was de-
scribed in 1997.11221 Recent evidence has identified
ergot-derived dopamine agonists pergolide and
cabergoline, used in parkinsonism, carry an in-
creased risk for the development of regurgitant val-
vular disease affecting both sides of the heart.['?!

2. Specific Drug Groups

It is apparent that as we examine the drugs related
to particular cardiovascular disorders, some names
appear repeatedly. Additionally, some drugs have
very strong associations with a particular disorder.
These specific drug groups are discussed further.

2.1 Cytotoxics

2.1.1 Anthracyclines

The introduction of doxorubicin in the mid-20th
century improved cancer therapy immeasurably.
However, it soon became apparent that it was asso-
ciated with significant cardiotoxicity and this has
proven a consistent problem with all subsequent
anthracycline preparations. Although there are some
reports of rapid-onset LVSD following anthra-
cycline administration,['** it is usually associated
with the development of chronic cardiomyopathy
many years after its use.
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Cardiotoxicity is dose-dependant. The risk is
minimised by restricting the cumulative doxorubicin
dose to <400 mg/m2 with significantly increased
rates of cardiomyopathy with doses >550 mg/m?2.
The incidence of HF has been reported as 18% at
doses between 551 and 600 mg/m?2, increasing fur-
ther to 36% at doses greater than this.[12%120]

Although some reports of cardiomyopathy re-
gression exist,'?’! anthracycline-induced cardiomy-
opathy should be considered as an irreversible pro-
cess. There is specific evidence of symptomatic
benefit with B-blockers,'?®!?°! but management is
similar to that for any cause of LVSD with cardiac
transplantation the only definitive treatment./'3%131]

2.1.2 Anthracycline Cardiotoxicity-Mechanism
and Methods of Reducing Risk

The mechanism of anthracycline-induced cardio-
myopathy is probably oxidative myocyte injury.
Doxorubicin generates free radicals formation
whilst simultaneously reducing the production of
endogenous antioxidants;!'3?l myocytes are particu-
larly vulnerable to oxidative stress due to the rela-
tively low levels of antioxidants in the heart.[!33]

Cardiotoxicity has not lead to withdrawal of an-
thracyclines from general use largely because of
their antineoplastic efficacy. Instead, attempts have
been made to identify methods of reducing the car-
diac risk. Minimising anthracycline dosage is prac-
ticed, as is its co-administration with other cytotoxic
drugs tailored to specific tumours. A slower rate of
drug infusion seems to result in reduced cardiotoxic-
ity,3* but the anti-tumour effect may be compro-
mised. Concomitant administration of antioxidant
agents such as dexrazoxane, coenzyme Q (ubide-
carenone),!'331 probucol and HMG-CoA reductase
inhibitors (‘statins’) may be cardioprotective.
Dexrazoxane has shown some promising results but
it may cause myelosupression and potentially inter-
feres with the anti-tumour effect.l'3%1371 A promising
new strategy is the development of liposomal an-
thracycline formulations, which are not readily tak-
en up into myocytes.!'38]

All patients exposed to anthracyclines should be
considered at risk of cardiomyopathy but older age,
prior irradiation, concomitant administration of oth-
er chemotherapeutic agents and underlying heart
disease make this more likely.!'*®! Cardiac bi-
omarkers, such as troponins and natriuretic peptides,
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may help risk stratification but their role is not yet
defined.[12¢]

2.1.3 Trastuzumab

Up to 25% of women diagnosed with breast
cancer have tumours that are human epidermal
growth factor receptor 2 (HER-2) positive. This
form of breast cancer is particularly aggressive,
being associated with high rates of relapse and
death. Trastuzumab is a humanised monoclonal an-
tibody that targets the HER-2 receptor and has prov-
en to be very effective in treating these tumours.
Unfortunately, there are recognised cardiac adverse
effects and retrospective analysis has found an asso-
ciation with cardiomyopathy.['¥%1411 This has led to
controversy as to whether the benefit of trastuzumab
seen in breast cancer mortality is outweighed by the
risk of serious cardiac disease.

There is undoubtedly an independent risk of
cardiomyopathy associated with trastuzumab. How-
ever, as patients with breast cancer have rarely been
treated with trastuzumab alone, the absolute risk has
yet to be fully quantified. Six percent of patients
treated with trastuzumab monotherapy developed
HF, although many of these cases had also been
treated with anthracyclines in the past.'"*'1 When
used in combination with an anthracycline, 28% of
patients developed symptomatic cardiomyopa-
thy.['*?] It may be that trastuzumab potentiates the
cardiotoxic effect of anthracyclines by an unknown
mechanism, but it is likely that it causes cardiotoxic-
ity by another independent mechanism.

Encouragingly, there is evidence that tras-
tuzumab-induced cardiomyopathy, unlike anthra-
cyclines, may be reversible on drug cessation,!'43:144]
although this remains unverified.

2.2 Cyclo-Oxygenase (COX)-2 and NSAIDs

Despite improvements in drug design and effica-
cy for a wide variety of illnesses, the choice availa-
ble to physicians to provide analgesia remains mod-
est and dogged by adverse effects. Opiates cause
drowsiness, constipation and dependence, whereas
traditional NSAIDs can impair renal function, exac-
erbate HF and cause gastrointestinal bleeding.

NSAIDs act by reducing prostaglandin produc-
tion by inhibiting both COX-1 and COX-2. It has
long been thought that the analgesic aspect was
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generated by COX-2 inhibition and that the adverse
gastrointestinal effects were COX-1 mediated. This
lead to the development of selective COX-2 inhibi-
tors, such as celecoxib, valdecoxib and others.

COX-2 inhibitors still have some of the adverse
effects seen with NSAIDs, namely the ability to
increase blood pressure and to exacerbate HF via
salt and water retention. Gastrointestinal complica-
tions are less common with COX-2 inhibitors,[145:146]
and these drugs were initially thought to be a suc-
cess. However, soon after their release on the mar-
ket, it became evident that some COX-2 inhibitors
increase the risk of MI and stroke.[67-6%:146]

2.2.1 COX-2 Inhibitors, NSAIDs and MI

An increased MI rate with rofecoxib was an
unexpected finding from the VIGOR (Vioxx Gas-
trointestinal Outcomes Research) study,!'*¢) which
was designed to assess the effect of rofecoxib on the
rate of gastrointestinal bleeding compared with
naproxen. It was argued that this represented the
cardioprotective effect of naproxen, which has aspi-
rin (acetylsalicylic acid)-like qualities. In 2005, the
APPROVe (Adenomatous Polyp Prevention with
Vioxx) study,!®”! which compared rofecoxib and pla-
cebo on the rate of adenomatous polyp recurrence,
found a 2-fold increase in thrombotic events in the
rofecoxib arm and the drug was withdrawn from the
market following this.

Valdecoxib was withdrawn 6 months later. Stud-
ies assessing its effectiveness following surgery
found significantly higher rates of MI, stroke and
cardiac arrest associated with its use.[686%

Only a few COX-2 inhibitors remain on the mar-
ket but there are concerns that increased cardiovas-
cular risk is a class effect of these drugs. A study
comparing celecoxib and placebo in adenoma pre-
vention did see higher rates of a composite endpoint
of MI, stroke and HF in patients treated with
celecoxib.l147)

There are a number of mechanisms by which
COX-2 inhibition may increase the risk of cardio-
vascular events. COX-2 inhibitors can increase sys-
temic blood pressure slightly but may accelerate
atherosclerosis via effects on mitochondrial oxida-
tive phosphorylation or monocyte chemotaxis.!'4®!
There is probably also a prothrombotic effect of
COX-2 inhibition.'"*! Thromboxane is a prothrom-
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botic prostanoid that depends on COX-1 for its
production whilst prostacyclin (epoprostenol), an
antithrombotic agent, is produced using COX-2.
Preferential COX-2 inhibition will lead to reduced
levels of prostacyclin with a lesser effect on throm-
boxane, potentially leading to a prothrombotic state.

As the association between COX-2 inhibition and
adverse cardiovascular events became apparent,
NSAIDs have come under further scrutiny. Differ-
ent NSAIDs have differing relative effects on COX-
1 and COX-2; aspirin as an example, acts almost
exclusively on COX-1 and thus has an antithrombot-
ic effect. However, some NSAIDs act predominant-
ly on COX-2 and may therefore carry the same risk
as COX-2 inhibitors.

The CLASS (Celecoxib Long-term Arthritis
Safety Study) trial,/!™” comparing celecoxib with
ibuprofen/diclofenac, was similar in size and design
to VIGOR; however, although MI was slightly more
common in the celecoxib arm, the overall event rate
between the groups did not differ. The MEDAL
(Multinational Etoricoxib and Diclofenac Arthritis
Long-term) study!>"! found that the rate of cardio-
vascular events with diclofenac was the same as
with etoricoxib, not surprising given they have simi-
lar COX profiles. Meta-analysis has concluded that
high-dose ibuprofen and diclofenac, such as COX-2
inhibitors, are associated with an increased risk of
vascular events; naproxen does not appear to carry
increased risk, reflecting its strong COX-1 propensi-
ty.[70.146]

Thus, it appears that both NSAIDS and COX-2
inhibitors are associated with a higher risk of cardio-
vascular events including MI or stroke. Although
some COX-2 inhibitors have been withdrawn from
the market, NSAIDs have been available for very
many years and are even sold over the counter. A
large number of patients depend on these analgesics
to control pain and, with a lack of alternative effec-
tive treatments, removing these drugs from circula-
tion is not a feasible option.

2.3 Neuro-Psychiatfric Agents
2.3.1 Antipsychotics
Schizophrenia carries a poor prognosis, decreas-

ing life expectancy by a mean of 15 years.[>?! Al-
though a proportion of this is secondary to suicide,
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patients with schizophrenia are twice as likely to
experience adverse cardiovascular events as the
general population.'>3! This can largely be ex-
plained by increased rates of smoking, uncontrolled
hypertension, diabetes and obesity. However,
antipsychotic agents have long been associated with
adverse cardiac effects and this may also contribute
to overall mortality.

As already discussed, older antipsychotics are
associated with QT interval prolongation and ven-
tricular arrhythmias. These agents are also associat-
ed with an increased risk of venous thromboembo-
lism!87:8%.1541 by platelet activation or anticardiolipin
antibody production. This may be expounded by
their sedative effect, resulting in reduced mobility
and dehydration with subsequent haemoconcentra-
tion.

Atypical antipsychotics such as risperidone,
clozapine and amisulpride have much weaker as-
sociations with both venous thromboembolism
and arrhythmia; however, they have a stronger asso-
ciation with the development of myocarditis or
cardiomyopathy.®-19 Clozapine has the strongest
association, with a number of studies demonstrating
this.[11-13]

The first case of clozapine-associated myocardi-
tis to be reported was in 198053 following an
accidental overdose but most cases have occurred
with therapeutic doses. Symptoms of fever and
dyspnoea usually appear after approximately 4
weeks of treatment with mortality as high as
50%.!"°! In survivors, improvement is seen follow-
ing clozapine withdrawal.

The pathophysiology is not known. A drug-in-
duced type 1 hypersensitivity reaction is possible as
seen with other drugs. This is supported by the
finding of peripheral eosinophilia in one-third of
cases and half of autopsied hearts, revealing eosino-
philic infiltrates in the myocardium.!'*®! A clozap-
ine-associated hypereosinophilic syndrome has been
suggested!3! and other unproven hypotheses include
a direct toxic effect on the myocardium or a genetic
defect in clozapine metabolism.

The development of chronic cardiomyopathy
with long-term clozapine use is less frequently re-
ported than the myocarditis syndrome. The median
time to the development of cardiomyopathy is 9
months, although it can present following as many
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as 7 years of treatment.!'"!57) There may be free-
radical mediated injury similar to anthracycline-
induced cardiomyopathy, or it may represent natural
progression from a sub-clinical myocarditis.

2.3.2 Antipsychotics and Dementia

Adverse cardiovascular events associated with
atypical antipsychotics also extend to those patients
without psychosis. These medications are used
in patients with dementia to control aggression, anx-
iety and other behavioural and psychological
problems. Cognitive impairment of any aetiology
is a strong independent risk factor for ischaemic
stroke;!!381 however, the possibility that atypical an-
tipsychotics increase this risk further was first re-
ported in 2002.1%51 Analysis of 11 randomised con-
trolled trials concluded that the relative risk of cer-
ebrovascular adverse events (CVAE) with
risperidone and olanzapine compared with placebo
was 3.2 and 1.8, respectively.[®6

There are a few mechanisms by which antipsy-
chotics could increase the stroke risk, in addition to
their potential to precipitate venous thromboembo-
lism. Hyperprolactinaemia, an adverse effect of all
antipsychotic agents, may accelerate atherosclerosis
by affecting endothelial function and insulin sensi-
tivity.[1>]

This apparent increased risk of CVAE is a con-
cern, although further scrutiny of these studies has
cast doubt on their conclusion. The definition of
CVAE was open to misclassification and overlap,
encompassing a wide range of events including is-
chaemic stroke, transient ischaemic attack, cere-
brovascular accident and cerebrovascular distur-
bance. When divided into serious (defined as death,
life threatening, requiring hospitalisation, persistent
disability, etc.) and non-serious events, examination
of the risperidone studies showed no difference be-
tween risperidone and placebo in terms of serious
CVAE frequency.['® Non-serious CVAE were
more frequent with risperidone but included epi-
sodes such as ‘brief unresponsiveness’, which may
not have represented primary cerebrovascular pa-
thology. The olanzapine studies do not allow CVAE
to be divided into serious and non-serious events;
however, olanzapine appears to have no increased
risk of stroke compared with risperidone or typical
antipsychotics.[101]
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The evidence of increased risk of stroke with
antipsychotic use in dementia is not as robust as
initial studies suggested. However, they are proba-
bly best avoided in this patient group.

2.3.3 Antidepressants

Antidepressants are another class of drugs that
have a poor reputation regarding cardiac adverse
effects. As with antipsychotics, the older agents in
general carry an increased risk. TCAs have been
used for many years but, as already discussed, are
associated with LVSD and arrhythmia. Postural hy-
potension, tachycardia and syncope are also associ-
ated with their use, particularly in older patients, in
addition to many non-cardiac adverse effects.

Selective serotonin reuptake inhibitors (SSRIs)
have largely replaced TCAs for treating mild-to-
moderate depression and are also used to treat anxie-
ty and panic disorders. They have a much better
adverse-effect profile and there are no associations
with arrhythmia or LVSD. Even in overdose, ar-
rhythmia is uncommon, with only citalopram having
any significant effect on the QT interval.['®?] The
main concern about SSRIs has been a potential
increased risk for suicidal idealation, although there
are suspicions regarding cardiovascular toxicity.[1%3
An association between SSRIs and vasoconstrictive
or haemorrhagic stroke has been investigated. How-
ever, large scale reviews have concluded that SSRIs
have a very low rate of cerebrovascular adverse
reactions.!63]

Venlafaxine, a serotonin and noradrenaline
(norepinephrine) reuptake inhibitor, has already
been discussed as causing hypertension. Other
recognised adverse effects include palpitation, vaso-
dilation and QT interval prolongation (rarely). Be-
cause of concerns regarding cardiotoxicity, it is con-
traindicated in patients with heart disease or hyper-
tension, and an ECG should be performed before
treatment is commenced.

2.4 Hormone Therapy

2.4.1 Female Hormone Therapy

Both COC and HRT have been in widespread use
since the middle part of the 20th century. COC were
first introduced in the 1950s but case reports of
pulmonary embolism,!'%* MI!'%] and stroke!'! as-
sociated with their use appeared within a decade.
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Oestrogen and progesterone increase pro-coagu-
lant factors (factors VII, X, XII) and reduce antico-
agulant factors (factor S, antithrombin) by unknown
mechanisms, possibly at a cellular level.'*” Studies
have shown that COC increase the risk of venous
thrombosis, at least 3-fold,”’" including deep venous
thrombosis, pulmonary embolism and cavernous si-
nus thrombosis. The risk is higher in people with
inherited clotting factor deficiencies such as factor 5
Leiden;[108:1991 however, there is no association with
age or smoking. Lowering the oestrogen content of
COC does not appear to have reduced the risk of
venous thrombosis,”?! and newer ‘third generation’
COC containing alternative progesterones may car-
ry an even higher risk.l"!

As already discussed, COC can cause hyperten-
sion but may also accelerate atherosclerosis via in-
terfering with aspects of lipoprotein, glucose and
insulin metabolism."7%171" As such, COC increases
the risk of stroke and MI. The risk of M1 is increased
as much as 5-fold,['7?! although it appears to only
occur in women already at risk of cardiovascular
disease, such as smokers and those with hyperten-
sion. Studies have shown that COC add negligible or
no increased risk of MI in people without other
major cardiovascular risk factors.l">!73174] The risk
of ischaemic stroke with COC is increased 4-fold
and is again higher in smokers and those with hyper-
tension. A history of migraine also confers an in-
creased risk of COC associated stroke,!'7>! although
this may represent patent foramen ovales and para-
doxical embolism.

It is important not to overstate the dangers of
cardiovascular events associated with COC. At a
population level, the overall risk is low and 87% of
MIs in young women occur in those not taking
coc.l7el

2.4.2 Hormone Replacement Therapy and
Cardiovascular Disease

The observation that women experience major
cardiovascular events at a higher rate following
menopause suggests that HRT could confer some
protection from theses events, and early studies ap-
peared to confirm this.!'’7:!781 However, the Fram-
ingham Heart study in 198573 was the first to
counter this theory, demonstrating a 50% increase in
cardiovascular mortality and a 100% increased risk
of stroke associated with HRT.
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Recent large studies assessing the cardiovascular
effect of HRT have yielded conflicting results. Re-
duced risk of coronary events,!'”°! increased risk of
coronary heart disease,[! increased risk of stroke!”!
and no significant cardiovascular effect!!’®! have all
been reported. Some authors suggest that HRT may
have a dual effect, being prothrombotic in the short-
term but becoming antiatherogenic with prolonged
use.!18% The picture is unclear, and meta-analysis of
the major studies has concluded that there is insuffi-
cient evidence to support or refute any association
between HRT and cardiovascular risk to women.!81]
At the present time, there is no longer any justifica-
tion for prescribing HRT simply as a method of
reducing cardiovascular risk.

2.4.3 Male Hormone Therapy

Male hormones have also been linked to cardio-
vascular disease.” Hypoandrogenaemia in men
and hyperandrogenaemia in women are associated
with insulin resistance, central obesity and adverse
lipid profiles. However, there is no strong evidence
to support an independent association between an-
drogen levels and cardiovascular events in either
men or women. Exogenous androgen therapy, tradi-
tionally used for hypogonadism in men, is finding
new roles as male contraception and treatment of a
number of chronic medical conditions. This has
been shown to have both adverse and beneficial
effects on cardiovascular risk profiles and there is no
evidence that exogenous androgens increase cardio-
vascular risk.

2.5 Non-Prescription Drugs

Patients presenting with cardiovascular disorders
may deny taking any regular prescribed medications
but the possibility of their illness being drug-related
may still exist. The use of herbal medicines, recrea-
tional drugs or illicitly obtained drugs may be over-
looked. It is important that physicians are aware of
all potential toxins being ingested by patients, pre-
scribed or otherwise.

2.5.1 Recreational Drugs

Cocaine is one of the most common illicit drugs
used in the UK and US, and it has many cardiovas-
cular complications.'®?) Absorbed quickly through
mucous membranes, it is a potent sympathomimetic
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agent acting via both o and B receptors and with
muscarinic receptors.

The highest risk of cardiovascular complications
with cocaine use is within the first hour after inges-
tion.['83) Myocardial ischaemia is induced by in-
creased heart rate and blood pressure combined with
coronary vasospasm with users often reporting chest
pain. Cocaine also induces platelet activation and
has been associated with coronary artery dissection.
These effects explain why cocaine increases the risk
of MI 24-fold."8 Reversible cardiomyopathy,
acute myocarditis and arrhythmias have all been
reported with cocaine.!'®1%7! It also increases the
risk of left-sided endocarditis,!'® via valvular injury
secondary to sudden haemodynamic changes.

Narcotic analgesics (heroin or morphine) may
cause a variety of arrhythmias, and the inhalation of
volatile substances (‘glue sniffing’) can precipitate
lethal arrhythmias.'”) Both amphetamines and
3, 4-methylenedioxymethamphetamine (ecstasy) in-
duce hyperadrenergic states and MI has also been
reported with these drugs.!'*!

2.5.2 Herbal Medicines

The alternative medicine industry is becoming
increasingly popular. As many as 3% of English
speaking adults in the US report having taken herbal
remedies!'®!! and this figure may well be higher in
non-English speakers. The scientific knowledge of
many herbal medicines is sparse, although some
cardiovascular effects are recognised.

Veratrum (hellebore) was used for the treatment
of hypertension but has fallen out of favour as a
result of complications such as heart block and
hypotension.['?l Topical application of aconite
(monkshood) as an anti-inflammatory can cause fa-
tal arrhythmias, and herbal diuretics such as broom,
corn silk and dandelion may lead to QT interval
prolongation and ventricular arrhythmias.!!%%

Herbal glycosides are found in a wide variety of
natural sources and accidental poisoning or suicide
attempts with herbal glycosides are not rare, with
oleander the most commonly associated herb in the
US.[]94]

Ephedra (Ma huang) is the herb from which
ephedrine was derived. It is used worldwide in many
herbal forms including herbal ecstasy and khat for
weight loss and energy improvement. Reported
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complications include MI, cardiomyopathy, arrhyth-
mias and sudden death.[!95-197]

St Johns wort, or hypericum, has been used for
centuries for a variety of illnesses. More recently, it
has become increasing used as a herbal antidepres-
sant. It is not associated with any particular cardio-
vascular adverse effect. However, it is important
that physicians recognise that it influences the me-
tabolism of many commonly used cardiovascular
drugs, such as warfarin, statins and digoxin.['%

The list of available herbal remedies is extensive
and their full pathophysiology is not known. Physi-
cians should recommend patients stop taking any
herbal medicines that they suspect is causing cardio-
vascular disease.

2.5.3 Other Non-Prescribed Drugs

As already discussed, fenfluramine and dexfen-
fluramine can cause cardiac valvular disease.!'??!
These drugs have now been removed from the mar-
ket but may still be used illegally or secreted in
herbal diet pills.['*]

Anabolic steroids are used illegally by some ath-
letes to increase performance. Their use is associat-
ed with hypertension, left ventricular hypertrophy,
myocardial ischaemia and sudden death.”° This
effect is not entirely reversible following cessa-
tion,?°! and athletes presenting with cardiovascular
disease should be questioned about current or past
use.

3. Differentiating Drug-Induced
Cardiovascular Disease from
Other Aetiologies

The challenge for physicians assessing patients
with cardiovascular disease is to distinguish drug-
induced disease from other aetiologies. Drug-in-
duced disease will be responsible for only a small
fraction of the overall burden of disease and may be
easily overlooked. The clinical presentation of a
drug-induced cardiovascular disorder will be identi-
cal to that secondary to other causes.

Even if one strongly suspects that a drug has been
responsible for ill health, it is often impossible to
prove. A thorough drug history and awareness of
common drug culprits are a physician’s best weap-
ons in distinguishing drug-related cardiovascular
disease.
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3.1LVSD

LVSD secondary to drugs will appear on echo as
global ventricular hypokinesia. This will often dis-
tinguish it from ischaemic LVSD, where regional
wall motion abnormalities are apparent. Bi-ventric-
ular hypertrophy is characteristic of chloroquine-
and hydroxychloroquine-induced cardiomyopathy,
but this may also be present in hypertensive heart
disease. A peripheral eosinophilia is present in ap-
proximately one-third of clozapine-induced myocar-
ditis;!'>% however, this test would be neither specific
nor sensitive for diagnosing this condition.

The timing to onset of symptoms will rarely help
in identifying drug-induced LVSD. For example,
anthracycline- or clozapine-induced cardiomyopa-
thy typically present many years after their use, but
can occur within weeks to months afterwards.

Myocardial biopsy may help distinguish clozap-
ine-induced myocarditis (eosinophilic infiltrate)!>!
or chloroquine-induced cardiomyopathy (myocyte
hypertrophy, vacuolated cytoplasm),>! but this is
rarely performed in clinical practice.

3.2 Decompensated HF

A proportion of hospital admissions with decom-
pensated HF will be secondary to drugs. However, it
is worth remembering that the absence of drugs, or
non-compliance, will be responsible for 15% of
cases.[?21 Onset of symptoms typically occurs with-
in days or weeks of starting the culprit drug.
NSAIDs, verapamil and TDZs are frequently to
blame. It is important to ask specifically about
NSAIDs, as they may be non-prescribed.

3.3 Hypertension

Drugs associated with hypertension are usually
identifiable from a careful drug history. If such
drugs are to be introduced (venlafaxine, COC), it
would be prudent for physicians to check blood
pressure before drug commencement and at regular
intervals following this. If hypertension is seen, the
drug should be stopped and blood pressure moni-
tored to ensure it returns to baseline levels. It can
take up to 1 year for COC-induced hypertension to
recover.”

Drug Safety 2007; 30 (9)
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Dyslipidaemia, glucose

intolerance
Venous thrombosis

Dyslipidaemia
Dyslipidaemia

Other

Pericardial
disease?

Arrhythmia

Hypertension

++
++
++

infarction or

Myocardial
stroke

LVSD/exacerbation

of heart failure

myocarditis

Acute

Table VI. Contd
Drugs

TNFo antagonists
Others
Corticosteroids
Erythropoietin
Calcineurin inhibitors
B2-Adrenoceptor agonists
HAART
Recreational drugs
Cocaine
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Endocarditis

++ ++

++

++

++

Venous thrombosis,

endocarditis

Opiates

Drug-induced lupus or systemic lupus erytheromatosis exacerbation.

a

left ventricular systolic dysfunction; TCAs = tricyclic antidepressants; TNF = tumour necrosis factor;

— indicates no association; + indicates weak association; ++ indicates recognised association; +++ indicates strong association; ? indicates association not clarified.

highly active anti-retroviral therapy; LVSD =

cyclo-oxygenase; HAART =

cox

3.4 Ml and Stroke

A MI or stroke secondary to drugs will be clini-
cally identical to those caused by other aetiologies.
If drugs known to exacerbate risk factors (cortico-
steroids, HAART, ciclosporin) cannot be discontin-
ued for clinical reasons, stringent control of blood
pressure, diabetes and lipid levels is essential to
minimise the risk of cardiovascular events.

3.5 Arrhythmia

Ventricular arrhythmias are of primary concern
when discussing drug proarrhythmia. TdP and ven-
tricular tachycardiain the absence of myocardial is-
chaemia or electrolyte imbalance should always
prompt a look at drug history. A resting 12-lead
ECG is useful, to look specifically at the QT inter-
val. Suspected culprit drugs should be stopped if
possible. Ambulatory ECG may be required and
specialist input should be sought.

4. Conclusion

Drug-induced cardiovascular disorders are often
difficult to distinguish from cardiovascular disease
from other causes. If drugs are to blame, they may
be only partly responsible. Many of the drugs dis-
cussed in this review are extremely effective at their
intended role and the risk of serious cardiovascular
complications is low (table VI). It is important to
weigh up the benefits and risks of any drug. A high
clinical awareness of drug-induced cardiovascular
disease is essential and continued pharmacovigi-
lence is imperative if the medical profession is to
maintain their patients’ trust.
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