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1 | INTRODUCTION

The incidence of heart failure (HF) due to cancer therapy-
related cardiac dysfunction (CTRCD) is increasing and
is associated with poor clinical outcomes.! CTRCD,
defined based on reduction in the left ventricular ejec-
tion fraction (LVEF), is a well-documented side effect
of cancer therapeutic agents, especially anthracyclines.2
Conservative treatment with medications is often diffi-
cult, especially in advanced HF.>* Ivabradine, a specific
I; channel inhibitor, lowers the sinus heart rate (HR) with-
out affecting myocardial contractility. It is indicated for
controlling HR as a second-line medication after the op-
timal therapy with beta-blocker, angiotensin-converting
enzyme inhibitor (or angiotensin receptor blocker), and
mineralocorticoid receptor antagonist in patients with
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In cases of decompensated heart failure related to cancer therapy-related cardiac dys-
function, ivabradine administration could lead to an increased stroke volume by re-
ducing the sinus heart rate, resulting in favorable hemodynamics. Assessment of the

overlap between the E- and A-waves facilitates understanding the effects of ivabra-

A wave, anthracycline, cancer, CTRCD, decompensated heart failure, E wave, echocardiography,

chronic HF and reduced ejection fraction.>® However,
some studies report that ivabradine has a positive effect
on the hemodynamics of decompensated HE.”'° Here, we
report a case of advanced HF due to CTRCD refractory
to conventional HF therapy that was successfully treated
with ivabradine.

2 | CASE HISTORY /
EXAMINATION

A 61-year-old man with a history of coronary interven-
tion for angina pectoris, complaining of gradual onset of
shortness of breath for 5 days, was admitted to our uni-
versity hospital for decompensated HF. He reported no
cardiovascular risk factors, including hypertension, dys-
lipidemia, diabetes, obesity, and chronic kidney disease,
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except for a past habit of smoking. However, he had been
diagnosed with stage II diffuse large B-cell lymphoma with
performance status 2 and had been receiving chemothera-
pies including anthracycline since 2 years. The treatment
comprised combination chemotherapy with R-THP-COP

FIGURE 1
Echocardiography showed diffuse severe hypokinesis, increased left

Long-axis view on echocardiography on admission.

ventricular end-diastolic diameter, and moderate mitral regurgitation

(rituximab plus tetrahydropyranyladriamycin (pirarubicin,
THP: total 400 mg/mz), cyclophosphamide (total 6000 mg/
mz), vincristine, and prednisolone) had been administered
every 3 weeks for eight cycles. Computed tomography and
positron-emission tomography had confirmed complete
remission. However, because the lymphoma had recurred
10 months later, R-DeVIC therapy (rituximab combined
with etoposide, dexamethasone, ifosfamide (total 3.4 g/
m?), and carboplatin) had been added every 4 weeks for
three cycles. Subsequently, computed tomography had
confirmed remission. His cardiac function had gradually
declined from the normal limit of left ventricular ejection
fraction (LVEF) of 60.0% at baseline to minimum 15.4% on
eighteen months after the first initiation of chemotherapy.
He had no coronary stenosis on coronary angiography; dur-
ing his previous hospital admission, and he had been di-
agnosed with CTRCD according to the diagnostic criteria
based on the expert consensus from the American Society
of Echocardiography and the European Association of
Cardiovascular Imaging.2 This hospitalization for HF was
the third in the previous 10 months.

On admission, his blood pressure was 96/64 mm Hg,
pulse rate 118 /min, body temperature 36.0°C, and oxygen
saturation 92% on room air, which increased to 98% with 4 L/
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FIGURE 3

(right) ivabradine administration. Before ivabradine, echocardiography

Echocardiographic changes before (left) and after

shows an extreme overlap between the E- and A-waves, low LVOT-
VTI, and low SV. After ivabradine, the overlap decreased and LVOT-
VTI and SV increased. HR; heart rate, LVOT-VTI; velocity-time
integral at the left ventricular outflow tract, SV, stroke volume

min cannula oxygen supply. Physical examination revealed
an engorged jugular vein, tachycardia with a grade II systolic
murmur over the apex, rales in both lower lung fields, and
bilateral edema in the lower extremities.

3 | INVESTIGATIONS AND
TREATMENT

Routine laboratory tests showed an increase in B-type
natriuretic peptide (BNP: 2208 pg/mL), total bilirubin
(1.98 mg/dL), aspartate aminotransferase (AST: 81 U/L),

FIGURE 4 Long-axis view on echocardiography at the time of

discharge. Echocardiography showed diffuse severe hypokinesis, but
LVEF and mitral regurgitation had improved compared to the time of
admission

alanine aminotransferase (ALT: 75 U/L), blood urea nitro-
gen (33.1 mg/dL), and creatinine (1.46 mg/dL). Chest radi-
ography revealed cardiomegaly with pulmonary congestion.
Electrocardiography demonstrated sinus tachycardia (HR:
104 /min). Transthoracic echocardiography showed diffuse
severe hypokinesis of LVEF 30.8%, an increased left ventric-
ular end-diastolic diameter of 64.4 mm, and moderate mitral
regurgitation (Figure 1).

4 | OUTCOME AND FOLLOW-UP

As shown in Figure 2, administration of dobutamine and pi-
mobendane in addition to azosemide and tolvaptan resulted
in good diuresis initially, which gradually deteriorated and
the patient's HR showed an elevation to 120 /min. The
subsequent administration of eplerenone and enalapril to
manage residual pleural effusion resulted in hemodynamic
deterioration with low systolic pressure (approximately
80 mm Hg). Transthoracic echocardiographic examination
revealed low stroke volume (SV) and an extreme overlap
between the E- and A-waves (Figure 3-left). Administration
of oral ivabradine (5 mg twice daily) improved tachycardia
and decreased the overlap; the velocity-time integral at the
left ventricular outflow tract (LVOT-VTI), SV, and blood
pressure increased (Figure 2, and Figure 3-right). His hemo-
dynamics stabilized subsequently, and the pulmonary con-
gestion disappeared, allowing the patient to be weaned from
catecholamines. Eventually, the LVEF increased to 32.0%
(Figure 4). His BNP, total bilirubin, AST, ALT, and cre-
atinine levels decreased to 43 pg/mL, 0.54 mg/dL, 37 U/L,
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FIGURE 5 The plausible mechanism
of an increase of SV by ivabradine. The
increased SV by ivabradine is derived from
alterations in hemodynamics such as pre-
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49 U/L, and 0.98 mg/dL, respectively. HF improved, and
he was discharged on the 60th day. There was no further
worsening of the HF after discharge, but the patient died a
few months later because of an intracranial recurrence of
lymphoma.

This case report has been published with the prior consent
of the patient.

5 | DISCUSSION

The present case shows the favorable hemodynamic effect
of ivabradine in a patient with decompensated HF due to
CTRCD, refractory to conventional medical therapy.

It is reported that the incidence of CTRCD due to anthra-
cycline is 9%, with 98% of the cases developing within 1 year.
Anthracycline-induced myocardial damage is irreversible,'"
and the 2-year survival rate has been reported to be 50% or
less when anthracyclines are the cause of HF. The treatment
is often difficult in such cases, where HF is advanced and
refractory to inotropes.3 The use of ivabradine in decom-
pensated HF is off-label. However, due to its unique mech-
anism of reduction of HR without influencing myocardial
contraction, ivabradine does not cause the undesired effect
of hypotension, which is a major problem on up-titration of
beta-blockers, and might have favorable effects on hemody-
namics even in decompensated HF due to CTRCD. In some
patients in advanced HF or cardiogenic shock, ivabradine was
safely used to reduce HR and increase SV without impairing
their hemodynamic status.”

Although the reason ivabradine increases SV in decom-
pensated HF is not fully understood, the mechanisms are
suggested to be as follows (Figure 5). Ivabradine causes
prolongation of diastolic time, which leads to an increase
of LV diastolic filling along with an increase of coronary

’47

perfusion, increasing SV via the Franck-Starling mecha-
nism.”'?!* Moreover, ivabradine has a positive inotropic
effect primarily due to increased sarcoplasmic/endoplasmic
reticulum calcium ATPase 2a activity and does not have a
negative inotropic effect, unlike [3-blockers.15 Afterload re-
duction based on the reciprocal interaction between HR and
effective arterial elastance (Ea) has also been reported.”z'14
Ventricular arterial coupling was improved because of the
decrease in Ea, resulting in higher SV in patients treated with
ivabradine.'*

How much should the heart rate be reduced by ivabra-
dine? From the viewpoint of echocardiography, monitoring
the degree of overlap between the E- and A-waves might
be useful as a way to optimize HR (Figure 6). The over-
lap between E- and A-waves observed at higher sinus HR
suggests that LV relaxation is interfered with by atrial
systole. This could result in reduced LV filling volume.
Izumida et al propose a novel formula to estimate ideal HR
in patients with HF using echocardiographic parameters,
the overlap between the E- and A-waves, and deceleration
time.'®

In the present case, the HR lowering effect of ivabradine
could increase SV, with its attendant favorable hemodynamic
consequences. Though medical therapy is often difficult in
advanced HF related to CTRCD, ivabradine might be ef-
fective as a complementary medical option in these cases.
Moreover, assessing the degree of overlap between the E- and
A-waves facilitates estimation of the effects of ivabradine.

In conclusion, the administration of ivabradine could
lead to improvement of hemodynamic status in decom-
pensated HF related to CTRCD via the increase of SV.
Assessment of the overlap between the E- and A-waves fa-
cilitates receiving the benefits of ivabradine in such cases.
Further large-sample verification will be needed to confirm
these findings.
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FIGURE 6 HR optimization from the viewpoint of echocardiography. A, Normal. B, LV diastolic dysfunction prolongs LV relaxation time.
C, In higher heart rate, LA systole could interfere with LV complete relaxation. D, Prevention of the E- and A-waves from overlapping using
echocardiographic monitoring might help LV complete relaxation. LV, left ventricle; LA, left atrial; TMF, transmitral flow; IRT, isovolumic
relaxation time; RF, rapid filling; SF, slow filling; AS, atrial systole; the red line indicates the overlap between the E- and A-waves
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