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Abstract

This article reviews the precautions and adverse effects associated with

vesnarinone use, and the potential mechanisms responsible for these complications
as well as suggested treatment strategies. Vesnarinone, a quinolinone derivative,
improves the haemodynamics and quality of life in patients with congestive heart
failure (CHF); however, it is associated with the adverse effects of increased sudden
cardiac death and neutropenia. These adverse effects have limited the application of
vesnarinone to the general population but perhaps with continued research into
vesnarinone-induced neutropenia and advances in arrhythmia management, the risk/
benefit ratio of vesnarinone may become favourable. For now, the use of vesnarinone
should be limited to patients with CHF who have demonstrated a poor response to
other cardiac medications and devices. These patients should be closely monitored for
both cardiac and non-cardiac adverse effects.

Vesnarinone (OPC-8212), a quinolinone deriva-
tive, was introduced in the late 1980s as a positive
inotropic agent for symptomatic left ventricular
dysfunction. While vesnarinone improved short-
term haemodynamics, congestive symptoms, and
quality of life, mixed survival results were noted in
the clinical trials..'"™ Consistent across all the
clinical trials, however, was the risk of neutropenia.
This article reviews the precautions and adverse
effects associated with vesnarinone use, and the
potential mechanisms responsible for these com-
plications as well as suggested treatment strategies.

1. Precautions for Vesnarinone Use

Vesnarinone has been primarily studied in
symptomatic New York Heart Association
(NYHA) class III or IV heart failure patients who
have failed conventional heart failure medical
therapy, including ACE inhibitors, diuretics, di-
goxin, and vasodilator therapy. These patients had

no acute ischaemic symptoms, overt arrhythmias,
or reversible causes of heart failure. After the
recognition of agranulocytosis as a possible
vesnarinone adverse effect, patients at a higher
risk of neutropenia were also excluded from the
studies.

The various mechanisms of action of vesnar-
inone result in a slowing of the heart rate,
prolongation of the action potential, and suppres-
sion of the delayed outward potassium current. As
a precaution, patients receiving [-blockers, antiar-
rhythmic medications, and those requiring higher
dose digoxin, were also excluded from the studies.
The exclusion criteria from the larger clinical trials
are listed in table I.

Vesnarinone requires the hepatic cytochrome
P450 (CYP) system for conversion into its primary
metabolite, OPC-18692.1) While the clinical im-
plications are undetermined, drugs that affect the
CYP pathway (table II) should be used with
caution. Additionally, vesnarinone and its metabo-
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Table I. Vesnarinone trial exclusion criteria

Recent myocardial infarction

Reversible cardiac disease (i.e. postpartum
cardiomyopathy)

Recent CABG (within the last 3 months)

History of cardiac arrest

Presence of implantable defibrillator

Significant obstructive valvular or subvalvular disease
Heart rate-slowing medications (digoxin level > 1.8 ng/dI,
p-blockers)

Creatinine > 2.4 mg/dI

Treatment with tocainide

Influenza vaccine

History of haematological or immunological disease
(drug-induced haematotoxicity, history of drug-induced
neutropenia, history of lupus or lupus-like syndrome,
neutrophil < 2000/mm?)

CABG = coronary artery bypass graft.

Table Il. Commonly used drugs that affect the cytochrome
P450 system pathway

Inhibitors Inducers
Amiodarone Phenobarbital
Cimetidine Rifampicin
Fluoroquinolones Isoniazid
Ticlopidine Ethanol
Erythromycin Carbamazepine

Ketoconazole
Indomethacin
Lansoprazole

lites are eliminated via renal mechanisms. Patients
with an elevated creatinine level (= 2.5 mg/dl)
should not receive vesnarinone, and agents that
may worsen renal function should be used with
caution.

Vesnarinone inhibits adenosine uptake in endo-
thelial cells, smooth muscle cells, and myocytes.[s]
This may provide some cytoprotective effects
during episodes of hypoxia and reperfusion;[ﬁ]
however, in prolonged hypoxic situations (e.g.
myocardial infarction), larger amounts of endo-
genously released adenosine unable to be taken up
and metabolised could cause the adverse effects of
bradycardia and hypotension. The same effects
may also be seen after exogenously administered
adenosine (e.g. acute therapy for supraventricular
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tachycardia, pharmacological myocardial ischae-
mia stress perfusion imaging).

2. Adverse Effects of Vesnarinone

The adverse effects noted with vesnarinone
appear to be dose dependent.m The adverse effects
attributed to vesnarinone can be divided into two
broad categories: cardiac and non-cardiac. The
primary adverse cardiac effect noted was an
increase in mortality — presumably due to
arrhythmogenic sudden death. The primary non-
cardiac adverse events noted were diarrhoea and
neutropenia.

The increase in cardiac mortality presumably
due to arrhythmias caused by vesnarinone was not
expected. In animal studies, vesnarinone prolongs
the action potential duration and blocks the delayed
rectifier K* current, which should make it an
excellent class IIT antiarrhythmic agent without the
risk of proarrhythmia.m Likewise, vesnarinone did
not increase the number of premature ventricular
contractions (PVCs), as assessed by 24-hour Holter
monitoring.[g] Nevertheless, a dose-dependent in-
crease in cardiac mortality was noted with the 60
and 120mg doses of vesnarinone, with no signifi-
cant change observed with the 30mg dose com-
pared with placebo.[2’3] However, this adverse
effect may not be unexpected given the reduced
survival rates noted in congestive heart failure
(CHF) patients treated with other inotropic
agents.”'"!

It should also be noted that patients with
implantable  cardioverter-defibrillators  (ICDs)
were excluded from participation in the vesnar-
inone trials. It is likely that these devices would
have prevented most of the deaths due to a lethal
arrhythmia. In light of the growing evidence that
ICDs should be considered for all patients with
ischaemic- related cardiomyopathy, the adverse
cardiac effects of vesnarinone may become less of
an issue in the future.!'"

Neutropenia  (absolute granulocyte count
< 1000/mm?) with sparing of other cellular lines
has been reported in 1-3% of patients receiving
vesnarinone. From the initial Japanese experience
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(1991-1994), the reported incidence of neutro-
penia from 14 921 patients who received the drug
at least once was <1%.!">"*! The US and European
experience from 1984 until 1992 (n = 692) found a
composite incidence of neutropenia of 3.1 8% A
larger US-based multicentre study (n = 3833)
found an incidence of 1.2% in patients receiving
the 60mg dose and an incidence of 0.2% in those
receiving the 30mg dose.”!

There has been a significant amount of research
evaluating vesnarinone-induced neutropenia but no
conclusive mechanism has yet been identified (table
III). At present, no predisposing risk factor for
neutropenia has been found. Most patients develop
the neutropenia between 1 and 3 months following
first-time exposure (figure 1). Two patients who
recovered from vesnarinone-induced neutropenia
were rechallenged with the drug; both experienced
recurrentneutropenia. There seems to be no relation-
ship between age, sex, or renal function and
vesnarinone-induced neutropenia in the US/Eur-
opean trials;"'* however, J apanese women tended to
be ata higher risk than Japanese men."'>"* The large
multicentre US trial found a lower incidence of
neutropenia at the 30mg dose, suggesting a dose-
dependent risk.”! There is no clear association with
the use of concomitant medications, with the
possible exception of allopurinol.m]

The typical bone marrow morphology from the
vesnarinone-induced neutropenic patient shows
normal or increased megakaryocytes, erythroid
hyperplasia, and myeloid hypoplasia and an ab-
sence of all maturing forms.">' Vesnarinone may
suppress, in a reversible fashion, differentiation of
granulocyte-macrophage cells.') This effect
seemed to be overcome with the addition of
granulocyte-macrophage colonystimulating factor
(GM-CSF). Adding vesnarinone to stromal cells
suppresses the production of GM-CSF, suggesting
that vesnarinone impairs normal stromal cell
function and prevents the differentiation of more
mature myeloid cells.l"*"") Inhibition of granulo-
cyte-monocyte colony-forming unit growth has
been observed with vesnarinone concentrations
normally noted in the plasma after a vesnarinone
60mg dose.I'¥)
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With regard to cytokine production, vesnarinone
plays a role that may benefit patients with CHF. In
patients with heart failure, the level of circulating
cytokines, particularly interleukin, tumour necrosis
factor-o. (TNFa), and interferon-y (IFNvy), are
elevated. These cytokines have direct cardiac
depressant effects, lower blood pressure, precipi-
tate pulmonary oedema, alter membrane poten-
tials, and cause cardiac cachexia. Vesnarinone
inhibits the production of TNFa and IFNy, which
may contribute to the beneficial effects seen in
patients with CHE"®"! Vesnarinone was shown to
inhibit granulocyte-colony stimulating factor (G-
CSF) in a patient who subsequently developed
neutropenia, suggesting that measurement of cyto-
kines may be useful in predicting the occurrence of
neutropenia.[lg] Additionally, vesnarinone has been
found to cause oxidative damage in myeloid cell
lines and induces myeloid apoptosis through
inhibition of catalase function.”” Each of these
effects seems more pronounced in leukaemic cell
lines, suppressing blast colony-formation and thus
making vesnarinone potentially useful in acute
myelogenous leukaemia.”?"

More patients develo&; the neutropenia in the fall
and winter seasons.'" This seasonal variation
suggests a possible association with the influenza
vaccine or infection. Vesnarinone will covalently
bind to activated neutrophils. Metabolism of
vesnarinone by the neutrophils may produce an
iminium ion and a reactive quinone imine.!*
These reactive metabolites may be responsible for
the vesnarinone-induced agranulocytosis. There-
fore, factors such as infection or vaccination may
activate neutrophils, increase the number of reac-
tive metabolites, and induce agranulocytosis.

3. Potential Strategies to Prevent Adverse
Effects

There are several strategies that may be em-
ployed in order to minimise vesnarinone-related
complications. The recently reported Multicenter
Automatic Defibrillator Implantation Trial II
(MADIT-2) data would suggest that all patients
with ischaemic-related cardiomyopathies should

Drug Safety 2004; 27 Suppl. 1
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locyte count for the first 16 weeks of exposure. If
the absolute granulocyte count falls < 2000/mm?,
administration of vesnarinone should be discon-
tinued, and weekly granulocyte counts continued.
If the absolute granulocyte count falls to << 1000/
mm?, the patient should be hospitalised for close
observation, prophylactic antibiotic therapy, and
possible G-CSF therapy.[13’l4]

4. Conclusion

Vesnarinone improves the haemodynamics and
quality of life in patients with CHF; however, it is
associated with the adverse effects of increased
sudden cardiac death and neutropenia. These
adverse effects have limited the application of
vesnarinone to the general population but perhaps
with continued research into vesnarinone-induced
neutropenia and advances in arrhythmia manage-
ment, the risk/benefit ratio of vesnarinone may
become favourable. For now, the use of vesnar-
inone should be limited to CHF patients who have
exhibited a poor response to other cardiac medica-
tions and devices. These patients should be closely
monitored for both cardiac and non-cardiac ad-
verse effects.
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