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Management of heart failure and the role of the
new inotrope levosimendan

NICHOLAS IOANNOU, DUNCAN LA WYNCOLL

Abstract

espite the availability of an array of medical
Dtherapies for the treatment of heart failure,

quality of life is often poor for the majority of
patients, and the mortality remains high. In addition,
treatment is regularly not well tolerated and this results
in frequent hospital admissions for some patients. This
article reviews the management and medical treatment
of acute heart failure, focusing on the emerging role of
levosimendan.

Levosimendan is currently licensed in 10 European
countries (Simdax, Orion Pharma, Finland) for the
treatment of acute heart failure. It is a new inotropic
drug with a dual mechanism of action: sensitisation qf
the cardiac myofilament to calcium, thus enhancing
cardiac contractility, and vasodilation of vascular
smooth muscle. The published clinical studies.So\far
have utilised intravenous levosimendan. Howeéver, the
agent is also well absorbed orally, and phase two trials
of its use in stable patients with less severe‘heart
failure are underway.’

Key words: acute heart failure, chiehic hearyTaillve,
levosimendan, myocardial infarktior), calciyfy sapsitiser:
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Introduction

With an estimated prevalence of 1-2%, @phhic heart failure is a
major public health problem. It accouynts for approximately
1-2% of healthcare expenditure in{ddgveiegped countries;? in the
US chronic heart failure has an incidence of 2.2/1,000, which
makes it more frequent than breast, cervix and colon cancer
combined.? Furthermore, it has been estimated that heart failure
accounts for 5% of acute hospital admissions, and re-admission
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Table 1. The aetiology of heart failure

o Coronary artery disease

® Hypertension

e \Valvular heart disease

e Cardiomyopathy e.g. dilated, hypertrophic, alcoholic

o Cardiad\arrbythmias such as atrial fibrillation

o /Infitirative disezSe"s,g. amyloid=sarcoid, malignancy

o\, Ihféctive e Q. viraiwhyocargitis, ¥helmatic fever, HIV

& Metabolictand endociing,e.gvthyroid disease, acromegaly

o Lonstritive pericqrditis

rates in tis papUlation are also high. The prevalence is increas-
Ing sigCy %0St new cases occur in the elderly population.*

Healt, failure is a progressive clinical syndrome with multiple
&tialogies, and may occur as a result of many different structur-
a\ or functional cardiac abnormalities. In the developed world the
#ost common cause is coronary artery disease, either alone or in
combination with hypertension. Table 1 lists the common under-
lying conditions involved in the aetiology of heart failure. Other
predisposing factors, such as diabetes mellitus, hypercholesterol-
aemia, obesity and smoking, may increase the risk of developing
this syndrome.

Symptoms of heart failure include fatigue, limited exercise
tolerance, anorexia and dyspnoea. Clinical signs include pulsus
alternans, an elevated jugular venous pressure, a third heart
sound, pulmonary crepitations, peripheral oedema and ascites.
The classification of chronic heart failure can be staged accord-
ing to guidelines published by the American College of
Cardiology and the American Heart Association.® This can be
used in conjunction with the more traditional functional classifi-
cation provided by the New York Heart Association® (table 2).

Those patients with chronic heart failure who experience
symptoms on mild exertion or at rest are at greatest risk for
recurrent or prolonged hospital admissions for acute decom-
pensation. This often results from myocardial ischaemia,
arrhythmias, non-compliance with treatment and/or intercur-
rent infection. Acute heart failure may also arise suddenly fol-
lowing a cardiac insult in a patient without previous evidence
of overt cardiovascular disease, e.g. following acute myocardial
infarction (MI). Whatever the aetiology, the morbidity and mor-
tality remain high despite maximal medical therapy.
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Table 2.  Classification of heart failure

ACC/AHA stage NYHA functional classification

A At high risk for heart failure None
but without structural heart
disease or symptoms of
heart failure

B Structural heart disease but |
without symptoms of heart failure

Asymptomatic during ordinary
physical activity

C  Structural heart disease with [}
prior or current symptoms of
heart failure ]|

Slight limitation of ordinary
physical activity

Marked limitation of ordinary
physical activity

D Refractory heart failure IV Symptoms present at rest
requiring specialised
interventions

Key: ACC = American College of Cardiology; AHA = American Heart
Association; NYHA = New York Heart Association

Management of chronic heart failure

The decline in the effective functioning of the heart as a pumy
characterises the syndrome of heart failure. It usually occyrs as\a
result of left ventricular systolic dysfunction (reduceg conirdc-
tion), although diastolic dysfunction (increased venfritylar stiff-
ness) may be evident in some patients.’

The complex reflex mechanisms that are infitiatet to Ve
cardiac output in the failing heart ultimately.carrsisute to Wrther
cardiac dysfunction. Left ventricular purip~failure=tesults in
reduced blood pressure and reducegd-ferial perfusion. The fallén
blood pressure is detected by bararadeptors, r&sUiting in aetiva®
tion of the sympathetic nervous\system. ThiSynachanism, dauses
vasoconstriction, in an attenipt to Improye_tissué perfusiory sys-
temic vascular resistance, and”thuy” aftefload, afte creased.
Reduced renal perfusion results in\salt and water tetefition and
vasoconstriction, secondary to activation gfy the/renin-angio-
tensin-aldosterone axis, further increasingpyeNoad.

Other neuroendocrine mechanism€ result in raised levels of
noradrenaline, vasopressin and endothelin, and these all con-
tribute to vasoconstriction and increased peripheral resistance.
The elevated afterload and pre-load have further deleterious
effects on the already failing heart. These neurohumoral mecha-
nisms also result in left ventricular remodelling, resulting in
altered ventricular size, shape and function.®? Other mechanisms
such as ventricular dyssynchrony and malignant cardiac arrhyth-
mias may further compromise cardiac performance.®

There are several important goals in the treatment of heart
failure:
® Improvement of the force of cardiac contraction
® Reduction of the resistance to ejection of blood from the ven-

tricles (the afterload)
® Reduction of the pre-load, i.e. the end-diastolic ventricular

filling volume
@ Reversal of the process of ventricular remodelling
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@ Restoration of the atrial contribution to ventricular filling (if
compromised)

Optimisation of medical therapy is of utmost importance to
improve symptoms and quality of life, in addition to reducing
hospital admissions and enhancing long-term outcome. Recent
guidelines published in the UK by the National Institute for
Clinical Excellence (NICE) have set out recommended therapies in
the management of chronic heart failure.™ The following classes
of drug are currently in use.

Diuretics

In combination with salt and water restriction, diuretics such as
bendrofluazide and frusemide are a mainstay treatment for the
management of the fluid overload associated with heart fail-
ure. Diuretics decrease pre-load by causing a natriuresis in the
kidney. Loop.diuretics such as frusemide also have venodilato-
ry effects, \estiting in symptomatic improvement before the
onset of Qiwlesis.

Vasadilétors
\asodilators” Suchvas glfceryd Arinitrate (GTN) and hydralazine
Neduce b@thN\ore-loag~ard afterload, thus lowering filling pres-
sures, atreimproving ¥trgke volume. This results in an enhanced
cardiac\output.

Angiotensinzconverting enzyme (ACE) inhibitors
ACE ighijbitors should be given to almost all patients who have
heart failure due to left ventricular systolic dysfunction (including
&syrdptomatic patients). These agents act by antagonising the
dstivation of neuroendocrine mechanisms such as the renin-
ahgiotensin-aldosterone axis: this results in peripheral vasodilata-
tion and reduction of afterload. ACE inhibitors also act to reverse
the process of ventricular remodelling and promote a return to
normal ventricular size, shape and function. Several large-scale
clinical trials have demonstrated significant mortality, morbidity
and quality of life benefits associated with ACE inhibitors."?
Patients intolerant of ACE inhibitors may tolerate angiotensin
receptor blockers (ARBs). Although they are not currently
licensed in the UK for use in heart failure, their role as additive
therapy in patients already taking an ACE inhibitor is under inves-
tigation.

Beta blockers

Beta blockade has been shown to improve survival, symptoms
and quality of life in several trials.”* The beneficial effects occur
by several mechanisms, including antagonism of the activation of
the sympathetic nervous system resulting in reduced afterload,
and slowing of the heart rate, thus prolonging diastolic filling
time and optimising coronary flow. Moreover, beta blockers have
anti-arrhythmic and anti-ischaemic properties, and they improve
ventricular function by reversing the remodelling process.

Digoxin

Digoxin is often used as a first-line treatment in elderly patients
who have heart failure associated with atrial fibrillation, but can
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be adjunctive therapy for patients in sinus rhythm. Digoxin
enhances cardiac contractility, improves symptoms and reduces
the frequency of hospital admissions; however, it has not been
shown to reduce mortality.™

Aldosterone antagonists

The elevated aldosterone levels in heart failure result in salt and
water retention. Aldosterone antagonists, such as spironolac-
tone, improve mortality and morbidity when used in moderate to
severe heart failure as adjunctive therapy.'

Thiamine (vitamin Bq)

Thiamine deficiency has negative effects on myocardial func-
tion, and patients with heart failure receiving long-term diuret-
ic therapy may be thiamine deplete as a result of thiamine
wasting. Supplementation of thiamine in patients with moder-
ate to severe heart failure is an often-overlooked therapeutic
option.

Acute decompensated heart failure

Acute decompensated heart failure describes a severe episode of
cardiac dysfunction requiring emergency medical treatment ang
hospitalisation. The initial aims are to stabilise the patient, By
improving symptoms, enhancing cardiac function and maxiriyiss
ing organ perfusion; the ultimate goals are to enable hgspital dis-
charge and achieve a survival benefit.

Established early treatment strategies include:
® Oxygen administration and positive airwaf pressure te~eOr=

rect hypoxaemia
® Opioids (such as morphine or diamorphi{ierto regiacgnanxiety,

sympathetic drive and pre-load
® Nitrates to reduce both pre-loag\gnd afterlgad
® Diuretics to effect venodilatiQn aihd a digrgsisy

Refractory cases may reduire intravegaushinotropit\drigs to
reverse haemodynamic compromise. Aradidional inétropes in the
acute setting include the beta adkenergic agoriists (such as
adrenaline, dobutamine, dopexamine.and depamine) and phos-
phodiesterase inhibitors (such as milrirGfeN\and enoximone).
Stimulation of beta adrenoreceptors résylts\in increased activity
of adenylate cyclase, thus increasing piroddction of cyclic adeno-
sine monophosphate (CAMP). Alternatively, phosphodiesterase
inhibition reduces pre-existing CAMP breakdown. Both classes of
inotrope exert their effects via increased levels of cAMP. This
results in increased levels of calcium ions within the cardiac
myocyte, hence increased cardiac contractility.

Although beta agonists and phosphodiesterase inhibitors
have positive effects on cardiac contractility, the deleterious
effects of raised intracellular calcium on the failing myocardium
limit their use. Thus, myocardial oxygen demand is increased,
ischaemia potentially exacerbated, diastolic relaxation is
impaired, and tachycardia and malignant arrhythmias may occur.
The effect of beta agonists is attenuated by the use of beta
blockers: this is clinically relevant since the use of beta blockers
as an effective evidence-based therapy in heart failure is becom-
ing more widespread. In addition, beta agonists also exhibit

AIC 26

Figure 1. The molecular structure of levosimendan

tachyphylaxis<@iug tolerance).

Althowgththese positive inotropic drugs produce short-term
haerfodymamic inpfpvements™in acute heart failure, their
effest Mot loné:terte/ patight "quicome has not been clearly
astablished? Interestingly\thesegdmmon adverse effects and lack
of efficacipoivthese drugs, frave not prevented their widespread
use inglinlcal practicé. Jn fact, the use of traditional inotropes
sueh ds, ‘milringng€™ and dobutamine has frequently been
assodidted @itM\adverse outcomes and increased mortality.?

Levogiméndan: a new inotrope

Levosimiandan is a novel inotropic agent that can be adminis-
feredyintravenously in the treatment of acute decompensated
fieart failure. It is a pyridazinone-dinitrile derivative. Figure 1 illus-
#ates the molecular structure. Levosimendan exhibits linear
pharmacokinetics, with approximately 97-98% bound to plas-
ma proteins. It has an elimination half-life of approximately one
hour and it appears to be completely metabolised. The active
metabolites of levosimendan have longer half-lives and may
account for the prolonged haemodynamic effects of this drug,
which sometimes persist for up to one week. Impaired renal
function does not significantly alter plasma concentrations,
though the elimination of the active metabolites may be affect-
ed. In contrast, the elimination of levosimendan may be slightly
prolonged in the presence of hepatic impairment.?'

Mechanism of action
Levosimendan has two important mechanisms of action. Its pri-
mary action is to enhance cardiac contractility. This is achieved via
a pharmacological mechanism known as calcium sensitisation.
The role of calcium ions in the contractile process of cardiac
myocytes is well established. The cardiac myofilament is the sub-
unit of contraction within cardiac muscle cells. It consists of actin
and myosin protein filaments plus regulatory proteins —
tropomyosin, troponin C and troponins | and T. Electrical excita-
tion of the cardiac myocyte results in the entry of calcium ions
into the cell and subsequent mobilisation of calcium ions from
the sarcoplasmic reticulum. Calcium binds to cardiac troponin C,
resulting in a conformational change in the tropomyosin regula-
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tory protein which is closely associated to the actin helix. This
conformational change unlocks the active sites that exist on the
actin-myosin proteins, enabling the formation of adenosine
triphosphate (ATP)-dependent cross-bridges and contraction of
the myocyte.

Contraction is followed by relaxation and recovery of the
contractile apparatus; this is an active process achieved by pump-
ing calcium ions into the sarcoplasmic reticulum and loss of
actin-myosin cross-bridges. These calcium ion shifts within the
cardiac myocyte are highly energy-dependent processes. The
contraction and relaxation of the cardiac myofilament is illustrat-
ed in figure 2.

Traditional inotropes enhance contractility by increasing the
available intracellular calcium that can bind to cardiac troponin
C, at the expense of increasing myocardial energy and oxygen
demand and increasing the risk of arrhythmias. In contrast, lev-
osimendan exerts its inotropic effect by binding to cardiac tro-
ponin C, thus stabilising calcium ion-induced conformational
changes in the tropomyosin regulatory protein. As a result, actin-
myosin filament protein cross-bridge formation is facilitated and
prolonged. The contractile apparatus is sensitised to the available
calcium ions without increasing the influx of calcium ions in Q
the cell.? Cardiac performance and contractility are impri
without a significant increase in total myocardial energy
and oxygen consumption. The potential for arrhyt
reduced as total intracellular calcium levels are not

An additional benefit of calcium sensitisations
bilisation effect on cardiac troponin C is cdlci
Levosimendan only exerts its effects duri
bind to cardiac troponin C during t
contractile process, when the intra

t
8, of the

;
s

he %lon

WULr calciu c \
tration is low. The clinical effect of s phen ‘%n Is th )‘E&\
duration of diastole is not af nd h (@tricul rqe_ly—
ation is not impaired.? Cons@n y, ad %entri@illing
and optimal coronary perfusiorstill gtcu

Levosimendan has an importar\{ Qggmdary vasodila-

tion of vascular smooth muscle. It a po sitive potas-

Figure 2. Myofilament contraction and relaxation
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sium channels found in the myocardium, %al blood vessels
and coronary arteries.??® This Widesp(é/asodilation has the
beneficial effect, in the failing heart%L cing cardiac pre-load
and afterload in addition to improvirtg coronary flow, reducing

ischaemia and improving renal blood flow. Dose-dependent
hypotension may occur, however.

Evidence for clinical use of levosimendan
Levosimendan is administered to patients with acutely decom-
pensated heart failure via central or peripheral intravenous infu-
sion. The typical treatment regimen involves a loading dose of
6-12 pg/kg over 10 minutes, followed by a continuous 24-hour
infusion of 0.05-0.2 pg/kg/min. Levosimendan has been
assessed clinically in more patients than any other intravenous
inotrope. More than 1,300 patients with heart failure have taken
part in trials conducted in Europe and the US.

Following initial dose-finding?” and dose-escalation studies,
two major clinical studies involving levosimendan have investi-
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gated its haemodynamic effects in addition to its effects on
symptoms, morbidity and mortality.**° The relevant features of
these studies are compared in table 3. Since coronary artery dis-
ease is the leading cause of heart failure, new inotropic agents
need to be comprehensively evaluated in this group. A high pro-
portion of the patients included in trials with levosimendan had
ischaemic heart disease.

The LIDO study

The LIDO study (levosimendan infusion versus dobutamine in
severe low-output heart failure) was an international, multicen-
tre, double-blind, randomised controlled trial of patients with
severe, low-output, decompensated heart failure.?® They were
randomised to receive intravenous levosimendan (a loading dose
of 24 pg/kg followed by a 24-hour infusion of 0.1 to 0.2
pg/kg/min) or intravenous dobutamine (5 to 10 pg/kg/min for 24
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Table 3. Comparison of major trials involving levosimendan
Study No. of patients No. of patients Comparative NYHA LVEF Aetiology of Beta blockers
treated with therapy class heart failure used
levosimendan
Dose-finding? 151 95 Placebo/dobutamine -1V < 40% IHD 100% 28%
Dose-escalation® 146 98 Placebo nv =30% IHD 60% Not reported
DCM 40%
LIDO* 203 103 Dobutamine v <35% IHD 47% 38%
Other 53%
RUSSLAN=® 504 402 Placebo \% Not reported Acute post-MI 39%

Key: IHD = ischaemic heart disease; Ml = myocardial infarction; DCM = dilated cardiomyopathy; LVEF = left ventricular ejection fraction; NYHA = New York Heart

Association

hours). One hundred and three patients were assigned to receive
levosimendan and 100 patients were assigned to receive dobut-
amine.

Patients were monitored in an intensive care setting. The pri-
mary end points at 24 hours were haemodynamic and defined
as: an increase in cardiac index by > 30% compared to baselirie
and a reduction in pulmonary artery occlusion pressure (PAOP) &f
> 25%. Secondary end points included symptomatig impxove-
ment, and mortality and morbidity at 30 days and”six _months
after randomisation.

After 24 hours, 28% of levosimendarf-treated patiarits
achieved sustained haemodynamic improventest (the peimary
end point) compared to only 15% in {the¢ dobutamine, group
(p=0.022). In addition, there was a leWekmortality in the levosi-
mendan group at both 30 days (R%rs. 17 %#p=0:849) apd sIR
months (26% vs. 38%; p=0.029). This trangigtes\into a RUmber-
needed-to-treat (NNT) of 12(to save oneglife at T80 days.

Levosimendan was well toferated and caused signiticantly
fewer cardiac adverse events whén'\compared/tondebutamine.
Chest pain indicating myocardial ischiaemia vap teported less fre-
guently in the levosimendan group (p=0.@T3$)\ here were signif-
icantly fewer rhythm disturbances in{the Mevosimendan group
(3.9% vs. 13%; p=0.023). The mos{chnwfonly reported adverse
events in the levosimendan-treated gsoup were headache and
hypotension. Levosimendan was also reported to improve symp-
toms such as dyspnoea and fatigue to a greater extent than
dobutamine, but this finding was not statistically significant.

The use of beta blockers attenuates the effects of beta adren-
ergic agonists such as dobutamine, as discussed previously. In the
LIDO study, 37% of patients in the levosimendan group and
39% of patients in the dobutamine group were taking beta
blockers prior to randomisation. Analysis of this subgroup
demonstrated that the use of beta blockers did not attenuate the
effects of levosimendan. However, the use of beta blockers
might have attenuated the actions of dobutamine and perhaps
even subjected these patients to predominantly alpha adrenergic
actions. (Dobutamine is a racemic mixture of L- and D-dobuta-
mine: the former is a potent alpha agonist and the latter a potent
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Tablesd4.\ Comparisen of properties of levosimendan, dobutamine and

milrinone

Levesimandan Dobutamine Milrinone

Mechanism“of Calgam Beta adrenergic  Phosphodiesterase
actign sensliser agonist inhibitor
Intedsed No Yes Yes
intracellulai Ca2+

Increase¥ cANMP  No Yes Yes
Increased cardiac  Yes Yes Yes
contractility

Ihcreased O, No Yes Yes
demand

Tachyphylaxis No Yes No
Antagonised No Yes No

by beta blockers

Adverse effects  Hypotension,

headache

Tachycardia,
arrhythmias

Hypotension,
arrhythmias

beta agonist.) At baseline, 90% of the patients were receiving
ACE inhibitors.

The LIDO study provides data from a well-designed small trial
to support the use of levosimendan as a safe and efficacious
inotropic agent, and to suggest that it is significantly more effec-
tive than dobutamine therapy. Levosimendan enhances cardiac
output and reduces PAOP without increasing cardiac workload.
However, it is acknowledged that the haemodynamic improve-
ments and mortality benefits of levosimendan were obtained in
comparison to dobutamine, a beta adrenergic agonist for which
there have been no previous randomised controlled trials assess-
ing clinical efficacy and safety. Table 4 summarises the properties
of levosimendan compared with dobutamine and milrinone.

The RUSSLAN study
The RUSSLAN study (randomised study on safety and effective-
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ness in patients with left ventricular failure after an acute
myocardial infarction) was another multicentre, randomised,
double-blind but placebo-controlled study.® Five hundred and
four patients with acute symptomatic heart failure occurring
despite conventional therapy, within five days of an MI, were ran-
domised to placebo or to one of four levosimendan treatment
groups. Only 16% of patients had received thrombolysis and
45% were receiving ACE inhibitors. Levosimendan was adminis-
tered intravenously as a loading dose of 6, 12, 24 or 24 ug/kg
followed by an infusion of 0.1, 0.2, 0.2 or 0.4 ug/kg/min, respec-
tively. Total duration of treatment was only six hours. The prima-
ry end points were evidence of hypotension and myocardial
ischaemia, and secondary end points included worsening heart
failure and all-cause mortality. Exclusion criteria included systolic
blood pressure < 90 mmHg.

In this study levosimendan at doses of 0.1-0.2 pg/kg/min did
not exacerbate hypotension or myocardial ischaemia, although a
higher frequency of adverse cardiac events was reported in the
highest levosimendan dose group.

Patients treated with levosimendan had a significantly
reduced risk of death and worsening heart failure compared with
those in the placebo group, both at six hours (2% vs. 5.9%;
p=0.033) and at 24 hours (4% vs. 8.8%; p=0.044). In addition
all-cause mortality at 14 days was reduced in patients freated
with levosimendan (11.7% vs. 19.6%; p=0.031). This,redt¢tion
in mortality appeared to be maintained at six month$’ tetrospec-
tive follow-up regardless of the dose of levosimefidan used,
translating to a NNT of 8 to save one life at 180 .days.

The RUSSLAN study was not originally aowesed for martalty
as a primary end point but it provides fugthérimpressive data for
the safe use of levosimendan in high:Tisi_patients;\it is)also thte
largest study of levosimendan puhlisked to dat€.

Current licence and future uses

Intravenous levosimendan is catrently licehsed in<€10 fufopean
countries (Sweden, Finland, Spain, ltaly, Ifelaqd/ Greece,
Luxembourg, Norway, Portugal and“Austria) iowever, a licence
has not yet been granted in the UK, Fragce &r Germany. Phase
three clinical studies are currently ongaing i the US and Europe.
Additional trials are required to bre@gen\ie therapeutic indica-
tions for levosimendan in clinical practice safely. Considering the
mechanism of action of levosimendan, patients with cardiogenic
shock, diastolic heart failure or low cardiac output states follow-
ing coronary artery bypass surgery may be groups that also ben-
efit. The combination of levosimendan with beta blockers may
prove useful in chronic heart failure. In addition, the sustained
haemodynamic effects of levosimendan suggest a role for
repeated and intermittent use of this drug in patients with refrac-
tory chronic heart failure.

Conclusion

The calcium sensitiser, levosimendan is a novel inotropic agent
with additional vasodilator properties that has been evaluated in
several clinical trials. In comparison with traditional inotropic
agents used in acute heart failure, levosimendan is effective and
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% Key messages

® Heart failure accounts for 5% of hospital admissions

® Optimisation of medical therapy is important to improve
quality of life in heart failure

® The long-term effect of traditional inotropes has not
been established

® [evosimendan increases cardiac contractility without
increasing myocardial oxygen demand

® |n clinical trials of acute heart failure, levosimendan was
shown to decrease morbidity and mortality

well toleratet;"and appears to offer substantial therapeutic ben-
efits with\rmiljimal adverse effects. It increases cardiac contractil-
ity withot®increadingmyocargiaihoxygen demand, and in clinical
trialS\tN\Nads beefy showin todeciease morbidity and mortality.
Further, frials afe unéeriay to ascertain the effects of this
axciting néwdrug onkhademadynamic parameters, symptoms and
mortafily-\in  patiends) with severe acute heart failure.
Lewosirhehdan hag™fe potential to become a routine first-line
inotrogic agéntNthe management of acute heart failure.
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CASE REPORT

Obstruction of the supériorvenacava
secondary to right atrial-prasmyocytoma

SAHRKAW AZAT MUHYALDEEN, NICGLUA SYMENGKANT, SWJART DAVID PRINGLE,
GRAEME PETER MCNEILL, TERENTENHARCLDPRINGLE

Introduction

lasma cell neoplasia ha$ thiee distince

manifestations — extramedullag.piasmocytama,

solitary plasmocytoma-and puliiple myélorpa:'?
Extramedullary plasmocytomal\is\found mgst\ofien in
soft tissue, usually in the submu<casa of“the.wpper
airways. Extramedullary plasmocyteiia &f the heart is
extremely rare, with only 11 case<reparted in the
literature. We report the case of an20-year-old man
with multiple myeloma. He preseirted with superior
vena caval obstruction secondary to a combination of
extravascular compression and right atrial
plasmocytoma.
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Case report

An 80-year-old Caucasian man was admitted to the acute medical
ward with a four-month history of progressively increasing dysp-
noea, paroxysmal nocturnal dyspnoea and swelling of the face
and ankles. His past medical history included angina, hyperten-
sion, right hemicolectomy for Duke's stage B carcinoma of the
colon, multiple myeloma (with lesions in the neck, chest, arm and
stomach, treated by deep radiotherapy), and repeated courses of
melphalan. Two months previously he had been admitted with a
microcytic anaemia secondary to colonic polyps, which was treat-
ed with a blood transfusion.

On admission, he was in atrial fibrillation with a ventricular
response of 80 beats per minute, his blood pressure was 128/66
mmHg, his jugular venous pressure was raised and he had mild
pitting oedema of the ankles. Heart auscultation revealed a grade
I ejection systolic murmur. Abdominal examination revealed a
smooth superficial mass 2 cm x 3 ¢cm in the lower abdomen.

Investigations revealed a normochromic, normocytic anaemia
with haemoglobin (Hb) 6.9 g/dL. His urea was 8.6 mmol/L and his
creatinine 78 pmol/L. Liver function tests, creatine kinase, correct-
ed calcium, C-reactive protein and plasma viscosity were all nor-
mal but his paraprotein band 2 was elevated at 11 g/dL.
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Figure 1. Transoesophageal echocardiogram showing a mass

attached to the right atrium

Figure 3. Post mortem findings, showing two masses adjacent to the
tricuspid valve

Figure 2. Echocardiogram showing a 2 cm x 2 cm mobile mass
attached to the interatrial septum
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atiefit was treated with a one-week course of palliative
> ra o&py, and the signs of superior vena caval obstruction
i ed. His haemoglobin level continued to fall and he received
ated blood transfusions. His condition gradually deteriorated,

\ d he died three and a half months after his acute admission.
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Autopsy findings
At post mortem, the patient was found to have multiple tumour

deposits, bilaterally in the perinephric fat, around the left adrenal

Transthoracic echocardiography was pe
poor views were obtained, there was nev.
his left ventricular systolic function % poor.

The patient was treated with a bldod transfusion. Treatment
for heart failure, including frusemide and an angiotensin-convert-
ing enzyme inhibitor, was started. Upper gastrointestinal
endoscopy and sigmoidoscopy failed to reveal a source of bleed-
ing. The patient made slow progress and was discharged home.

Two days later he was readmitted with more swelling of the
face and arms plus dilated veins on the anterior chest wall, sug-
gesting obstruction of the superior vena cava (SVC). A left cephal-
ic venogram showed a filling defect in the right atrium.
Transoesophageal echocardiography revealed a 3 cm x 3 cm mass
attached to the upper part of the right atrium, obstructing the
drainage of the SVC (figure 1). A 2 cm x 2 cm round mobile mass
was seen attached to the interatrial septum; it prolapsed through
the tricuspid valve during diastole (figure 2).

Computerised tomography scanning of the abdomen and tho-

%ﬂ" although only
| heart disease and
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gland, in the left para-aortic area, and within the pelvis and the
mesentery of the small bowel.

The right atrium contained two polypoid masses measuring
30 x 25 x 20 mm and 15 x 10 x 8 mm, respectively. These were
firmly adherent to the posterior atrial wall just superior to the valve
ring and they were obstructing the tricuspid valve even though
they were not adherent to it (figure 3). Their cut surfaces had a
variable appearance, with pale and haemorrhagic areas. On fur-
ther sections, both masses were found to be in direct communi-
cation with an area of solid pale tumour within the valve ring itself
and extending into the myocardium of the right ventricle (figure
4). The right coronary artery was compressed by this tumour. The
atrial appendages were free of thrombus.

Histology of all the masses was similar. They were composed
of a diffuse infiltrate of plasma cells with varying levels of matura-
tion.

Discussion

Extramedullary plasmocytoma of the heart is extremely rare: only
11 cases have been reported in the literature.** One common
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Figure 4. Post mortem findings, showing a mass of solid pale tumour
extending into the myocardium of the right ventricle
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finding in all these cases has been the predominant,in Ivemen
of the right atrium. Clonal immunoglobulin gene ngem
studies have suggested that malignant cells fr r|m
travel in the venous blood and are dep05| |ght a

Plasmocytoma involvement of the arter
reported only once before, by Cha
reported a 57-year-old man with le mye

tic plasmocytoma involvemen myo ) o %pg
the right coronary artery and nﬂltra mg t ary sW%v our
case the right coronary artery by dlasrhjocytoma
within the tricuspid valve ring.

This case presented with superi ruction sec-
ondary to mediastinal and right atrial p %oma However,
multiple myeloma and extramedullary% ocytoma can cause
other cardiovascular pathology SU% yperviscosity, cardiac
amyloidosis, various dysrhythmias, mydeardial infarction” and high
output cardiac failure secondary to extensive bony involvement.

In the literature there are no specific guidelines for the treat-
ment of cardiac plasmocytoma, since the number of cases is so
small and the survival data so limited. Localised extramedullary
plasmocytoma usually responds to deep radiotherapy, and the
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® Secondary cardiac tumours are reported in as many as
10-15% of patients with metastatic tumours

® (linicians should have a low threshold for performing
echocardiography in patients with widespread

malignancy who present with cardiac symptoms

Transoesophageal echocardiography is more sensitive
than transthoracic in detecting structural abnormalities
of the heart
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