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CENTRAL ILLUSTRATION Mechanism of Action of Ivabradine

Ivabradine

Action Potential
Lowered
Heart
Rate
—

Ivamowing
of diastolic depolarization (/, inhibition)

Koruth JS, et al. J Am Coll Cardiol 2017;70:1777-84
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2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Patient with symptomatic® HFrEF® W ciass

v

Therapy with ACE-I* and beta-blocker
(Up-titrate to maximum tolerated evidence-based doses)

No

Still symptomatic

Class lla

v

and LVEF <35%

Yes i

Add MR antagonist®*

8 (up-titrate to maximum tolerated evidence-based dose)
E Yes
o . . No
- E Still symptomatic ~
5 w and LVEF <35%
-g E Yes i
o =
§ g Able to tolerate Sinus rhythm, Sinus rhythm,"
ma ACEI (or ARB)"¢ QRS duration =130 msec HR =70 bpm
m E
< ) ! !
%5
= E ARNI to replace 271 E Y need for Ivabradine
& ACE-| CRIE!
=

2016 ACC/AHA/HFSA Focused
Update on New Pharmacological
Therapy for Heart Failure: An Update
of the 2013 ACCF/AHA Guideline for
the Management of Heart Failure

Recommendation for lvabradine

Ivabradine can be beneficial to reduce
HF hospitalization for patients with
symptomatic (NYHA class II-III) stable
chronic HFrEF (LVEF<35%) who are
receiving GDEM, including a beta blocker
at maximum tolerated dose, and who are
in sinus rhythm with a heart rate of 70
bpm or greater at rest.
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JOt=zk 20 BP 94/62 mmHg
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Okumura T, et al. J Cardiol Cases 2020 (in press)
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Baseline 4W sw 12W 16W
NYHA IIm IIm IIs IIs IIs
BNP (pg/mL) 298.5 142.9 38.7 20.0 36.2
LVEF (%) 17.0 18.2 === === 44.8
LVDd/Ds (mm) 67.0/61.0 66.0/60.4 --- 55.9/43.3
E/e’ 14.2 14.6 --- --- 9.7
SV (mL) 34 41 --- 69
ow 4W s8w 12W 16W
Bisoprolol 0.625 mg BID 1.25 mg BID
Ivabradine 2.5mg BID
(mmHa) Systolic BP
(bpm)
120 130
106 122 126
94
100 /
Diastolic BP
77 73 74 74

80 —g7

o
—0
60 70 g9 HR

62

60

65

Okumura T, et al. J Cardiol Cases 2020 (in press)



%:%5@@ Baseline 4W 8w 12W 16W

d NYHA IIm IIm IIs IIs IIs
BNP (pg/mL) 298.5 142.9 38.7 20.0 36.2
LVEF (%) 17.0 18.2 ——— - 44.8
LVDd/Ds (mm) 67.0/62.0 66.0/60.4 --- --- 55.9/43.3
E/e’ 14.2 14.6 === === 9.7
SV (mL) 34 41 --- - 69

ow 4W 8w 12W 16W
Imidapril 2.5mg QD
Bisoprolol 0.625 mg BID 1.25 mg BID
Ivabradine 2.5mg BID
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Baseline 4w 8w 12W 16W

NYHA IIm IIm IIs IIs IIs
BNP (pg/mL) 298.5 142.9 38.7 20.0 36.2
LVEF (%) 17.0 18.2 ——— ——— 44.8
LVDd/Ds (mm) 67.0/62.0 66.0/60.4 --- 55.9/43.3
E/A 1.3 2.2 0.73

(49.8/38.6) (82.1/37.4) (47.6/65.6)
E/e’ 14.2 14.6 --- -—- 9.7
SV (mL) 34 41 --- 69

ow 4W s8w 12W 16W
Bisoprolol 0.625 mg BID 1.25 mg BID
Ivabradine 2.5mg BID

+ MV Peak E Vel

49.8 cm/s EGYOY%

1.0 mmHg

MV Peak A Vel

Vel 38.6 cm/s
PG 0.6 mmHg
E/LatE 11.0
E/Med E 153
MV E/A 13

B

150mm/s

) WF 125Hz
<MV Decel Time 0.12s g, ¢
Sci

- cm/s

Mitral Diastole
FEevel 82.1cm/s A Vel
E/A 2.20 A/E

37.4cm/s
0.46

0.289sec ™!

2% §

Mitral Diastole
FEevR' 12 47.6 cm/s A Vel

Okumura T, et al. J Cardiol Cases 2020 (in press)

65.6 cm/s
E/A 0.73 A/E 1.38
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Baseline 4w sw 12W 16W 20w 24W
NYHA IIm IIm IIm IIs IIs IIs IIs
RR 12 12 10 12 11 10 10
CTR 49.3 46.6
BNP 159.0 157.9 103.1 136.5 69.9 36.2 44.6
LVEF 18.6 20.6 21.7
LvVDd/Ds 64.0/60.0 61.4/57.5 ——- 60.2/57.6 -—- -—- -—-
peakVO2 10.1 14.4
4W S8W 12W 16W 20w 24W
Enarapril 1.25mg
Spironolactone 25mg
Carvedilol 10 mg 15 mg 20 mg
Ivabradine  2.5mg BID 5.0mg BID
(mmHg) 120 118
(bpm)
104 104
@
100 —
76 76
80
N
74 '
60 66 68

Okumura T, et al. J Cardiol Cases 2020 (in press)
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Baseline 4W s8w 12w 16W 20w 24W
NYHA IIm IIm IIm IIs IIs IIs IIs
RR 12 12 10 12 11 10 10
CTR 49.3 46.6
BNP 159.0 157.9 103.1 136.5 69.9 36.2 44.6
LVEF 18.6 20.6 21.7
LVDd/Ds 64.0/60.0 61.4/57.5 60.2/57.6

4W S8W 12W 16W 20W 24W
Enarapril 1.25mg

Spironolactone 25mg
Carvedilol 10 mg 15 mg 20 mg
Ivabradine 2 ,5mg BID 5.0mg BID

Okumura T, et al. J Cardiol Cases 2020
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Baseline

MY DecT

MY DecSlope 349.74 cm/s2
MY A Vel

MY E/A Ratio

+ MV Peak E Vel
Vel 20.9 cm/s
PG 0 mmHg
Decel Time 134 ms
156 cm/s?

39ms

MV Peak A Vel A A i
Vel B el ==y e
PG 6 mmHg

E/Med E 76
MVA (P%t) 5.64 cm
0.2

Baseline 4w 8W 12W 16W 20W 24W 42W
NYHA IIm IIm IIm IIs IIs IIs IIs IIs
RR 12 12 10 12 1 10 10 10
CTR 49.3 46.6
BNP 159.0 157.9 103.1 136.5 69.9 36.2 44.6 32.8
LVEF 18.6 20.6 21.7
LVDd/Ds 64.0/60.0 61.4/57.5 -—- 60.2/57.6 --- --- —— =

4W 8w 12W 16W 20W 24W
Enarapril 1.25mg

Spironolactone 25mg
Carvedilol 10 mg 15 mg 20 mg
Ivabradine 2 ,5mg BID 5.0mg BID

MVA By PHT. 542 cm?
1 MVEVel  430cmVs
MVDecT  1378ms
MVAVel 978cn/s
MV E/A Ratio 044

Okumura T, et al. J Cardiol Cases 2020 (in press)
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CARDIAC OUTPUT
*

\STROKE VOLUME X HEART RATE)’

P

PRELOAD CONTRACTILITY AFTERLOAD

Hypertension
Valvular stenosis

\

Diastolic filling Systolic Resistance to
with venous blood ejection systolic ejection

https://quizlet.com/329565162/cusom22-cardiac-hemodynamics-and-frank-starling-relationship-flash-cagds/
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=2 -2>->Forward Wave & &Reflected wave
l. Cormrelates of

Pulse Pressure d. Pulse wave velocity

a. € Stroke volume e. Reflection

¢. aortic distance

compliance

b. Effective aortic
diameter

Il. Peripheral P {”‘ \
Amplification / \(\u \r\ﬁ, / e

of Pulse Wave A

Systolic Pressure

Ill. Summated Forward
& Reflected Waves
in the setting of a stiff aorta

Diastolic Pressure

Vasan RS. Hypertension. 2008;51:33-36

Heart Rate}

Stroke Volume ¢ Ventriculo-vascular
Mismatch

Central Pressure Wave Cardiac Sequelae

#Systolic BP LV Overload

{ Myocardial
Perfusion

-

m— SumMMative Wave  ====Forward Wave === =Reflection Wave

Messerli FH, et al. JACC. 2016 68(7):754-62.
®
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(A) Heart Rate After Ivabradine Treatment (B) Systolic Duration After Ivabradine Treatment (C) Diastolic Duration After Ivabradine Treatment

7000 ¥ _EEE 0.15 0.15

600} _ — —
—_ 0 L)

L T

g 500 T I S o1 S 0.1 T I
o 400} < g l J_ Il Control (n=9)
- 3
£ 300f K % O Ivabradine (n=9)
S S 0.05} <= 0.05]
T 200f % - . k *p<0.05

100} T ~ Q *%p<0.01

*$%0<0,001
0 0 0
Day 0 Day 3 Day 0 Day 3 Day 0 Day 3

Figure 1. Differences of cardiac parameters between control mice (n =9) and Ivabradine-treated mice (n =9).
The graphs are shown as mean + standard deviation. (A) Heart rate; (B) Duration of the systolic phase; (C)
Duration of the diastolic phase. Note: *p < 0.05, **p < 0.01, ***p < 0.001.

® Xing R, et al. Sci Rep. 2018 Sep 18;8(1):14014,



Incomplete relaxation

>

LV Pressure (mmHg) ¢ LV Pressure (mmHg)

150,

Heart Rate = 60 bpm

Tau = 20 msec
Tau = 40 msec

Tau = 60 msec
Tau = 80 msec 200

Re2liE

Heart Rate = 120 bpm

15
100 0_ HR73 bpm HR 96 bpm HR 102 bpm HR 113 bpm HR 121 bpm HR 126 bpm
ECG £
o P G OGO sy
50/ avF e ) S | A8 ™ ‘ Sl eaTmnrs
50+
40 80 120 40 80 120 S - " w e |
D Ao %0 %0 " %0
40 40
LV
30 30 % > " . "
N
20/ 20 ~
\_ HR (bpm) 73 96 102 113 121 126
10 104 L_/—/ sym“f/%i‘:;*:fc’m“n 112/63/82 | 103/66/79 | 100/66/78 & 91/62/72 85/60/68 78/51/61
— LV (mmHg)
0 Systolic/DiastoIic/Eid»diastolic 108/9/13 97/10/12 94/13/14 85/18/20 79/20/28 72/19/25
40 80 120 40 80 120
LV Volume (ml) LV VOlume (ml) Figure 1. Abnormal blood pressure response in exercise stress test during cardiac catheterization.

As exercise stress load increased, heart rate (HR) increased, and blood pressure markedly decreased. No pressure gradient between the aorta

(Ao) and the left ventricle (LV) was provoked.

Am J Physiol Heart Circ Physiol. 2005 Mar;288(3):H1203-8.

Okumura T, et al. Circ Heart Fail. 2020 Oct;13:e00'7l64.



Mechanisms of ivabradine’s action
through reduction of heart rate

Ilvabradine

HR Refluction

r T 1
No Negative Lusitropic Effect Mutual Interaction of HR and Ea HR Variability l,
4 \ 4 4 L 4
Diastolic Time Arterial Compliance RAAs §I [« SNs 1 | ’
No alpha-adrenergic == Ea ‘ l
coronary vasoconstriction §
Coronary Flowt < Perivascular Fibrosis‘
v « N _ - .
LV Filling T L{EDP‘ : Myocardial Fibrosis [ ]
T\ Y, I\ Ventricular-Arterial Couplingt 1 l
l r |/ /N Renal, Arterial, and
e v Venous Pressures
Stroke Volumet<— Myocardial Perfusiont v
l l [— mvo, | «/—wall Stress § —
Exercise Capacity t v v v v

> LV Reverse Remodeling

¥

Herat Failure Events J

Figure. Mechanisms of ivabradine’s action through reduction of heart rate. Ea, effective arterial elastance; HR, heart rate; LV, left
ventricular; LVEDP, left ventricular end-diastolic pressure; MVO2, myocardial oxygen consumption; RAAS, renin-angiotensin-
aldosterone system; SNS, sympathetic nervous system.

Seo Y, et al. Circ J 2019; 83: 1991-1993
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