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Initiation of ivabradine in cardiogenic shock

Michael H. Chiu, Jonathan G. Howlett and Nakul C. Sharma™

Libin Cardiovascular Institute of Alberta, Cummings School of Medicine, University of Calgary, Calgary, Alberta, Canada

Abstract

Aims Ivabradine is a selective sinus node inhibitor indicated in patients with symptomatic chronic heart failure on stable
guideline-recommended heart failure therapy including appropriate doses of beta-blockers. The use in cardiogenic shock re-
mains off label and has been considered a contraindication due to the theoretical risk of attenuating compensatory tachycar-
dia. Tachycardia, especially in the context of inotropic therapy, may be deleterious, resulting in increased myocardial oxygen
consumption and reduction in diastolic filling. As ivabradine does not have negative inotropic action, it may present a potential
means to manage tachycardia in cardiogenic shock. We present a case series of four patients with cardiogenic shock started on
ivabradine who were unable to tolerate beta-blockers.

Methods and results Five patients identified with cardiogenic shock defined as a severe reduction in cardiac index
(<2.0 L/min/m?) and elevated filling pressures on inotropic therapy were started on ivabradine in patients with sinus tachy-
cardia [heart rate (HR) >100] who were intolerant to beta-blockers. Each patient had a cardiac magnetic resonance imaging,
echocardiogram, and coronary angiogram for determination of aetiology. Invasive haemodynamics via pulmonary artery
catheterization were measured during initiation and titration of ivabradine (baseline, 6, 12, 24, and 48 h after ivabradine
administration) with continuous telemetry monitoring for any dysrhythmia or bradyarrhythmias. All patients tolerated
ivabradine initiation, and at 24 h, an observed decrease in HR (106 + 6.8 vs. 91.6 + 6.4 b.p.m., P = 0.04), pulmonary arterial
occlusion pressure (30.4 + 4.8 vs. 24 + 5.1 mmHg, P = 0.04), and right atrial pressure (16.8 + 6.2 vs. 9 + 4.3 mmHg,
P = 0.0002). An improvement was observed in mixed venous oxygen saturation (SvO,) (51 + 8.8 vs. 64.8 + 5.3%,
P < 0.04), stroke volume (37.2 £ 7.6 vs. 49.2 £ 12.9 mL, P < 0.04), and right and left ventricular stroke work index (Table 7).
No significant changes were observed with mean arterial pressure (73.4 = 7.5 vs. 75.8 £+ 5.0 mmHg, P = 0.81) and
thermodilution-derived cardiac index (1.7 + 0.2 vs. 2.5 + 0.7 L/min/m?, P = 0.58). Inotropic support was weaned successfully
in three of five patients (88 + 30 h) with subsequent titration of beta-blocker therapy. Two patients improved clinically but
ultimately required left ventricular assist device implantation. All patients were discharged alive from hospital at 17 + 7.9 days
following ivabradine initiation.

Conclusions In our small non-randomized series of patients in cardiogenic shock, ivabradine was safely used to reduce HR in
patients previously intolerant of beta-blockade. There are limited data surrounding the use of ivabradine in cardiogenic shock,
and future studies should be undertaken to determine the optimal HR in humans with cardiogenic shock and whether system-
atic limitation of peak HR may improve outcomes.
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Introduction filling pressures. Cardiogenic shock is frequently accompanied

by tachycardia and commonly thought to be compensatory in
Cardiogenic shock (CS) is a medical emergency characterized nature. In the presence of cardiac ischaemia and/or structural
by decreased cardiac output and evidence of inadequate heart disease, increasing heart rate (HR) leads to increased
tissue perfusion taken in the presence of adequate cardiac myocardial oxygen consumption demand and may result in
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cardiac ischaemia and reduced contractility. However, cur-
rently used therapies (rate-limiting calcium channel blockers
and beta-blockers) directly depress inotropy.*

Pressor therapy, administered to restore tissue perfusion
pressure, may further drive tachycardia and contribute to
clinical deterioration.

Ivabradine competitively blocks the /K; channel (located
only in the sinoatrial node) to reduce sinus HR through decel-
eration of the gradient of cellular diastolic depolarization
without depressing myocardial contractility.” We report out-
comes associated with the use of ivabradine to treat sinus
tachycardia in a series of patients with CS confirmed by hae-
modynamic monitoring.2

Aims

We aim to evaluate the safety and tolerability of ivabradine
for HR reduction in CS and whether limitation of peak HR
may improve outcomes.

Methods

Five patients (four non-ischaemic and one ischaemic) with
severe left ventricular (LV) dysfunction, CS, and sinus tachy-
cardia were invasively monitored during treatment with
inotropic and/or vasopressor therapy. Haemodynamic values
and mixed venous gases were obtained at baseline, 12, 24,
and 48 h.

Results

All patients tolerated ivabradine (Table 1) during the 48 h
period. At 24 h after initiation (vs. baseline), we observed a
reduction in HR (91.6 * 6.4 vs. 106 + 6.8 b.p.m., P = 0.04),
pulmonary arterial occlusion pressure (24 + 5 vs. 30 £+ 4 mmHg,
P = 0.04), and right atrial pressure (9 £ 4.3 vs. 17 + 6 mmHg,
P = 0.0002). An increase was observed in mixed venous
oxygen saturation (SvO,) (65 = 5 vs. 51 + 9%, P < 0.04),
stroke volume (vs. 37 + 8 mL vs. 49 + 13 mL, P < 0.04), and
right and LV stroke work index (Table ). No significant
changes were observed with mean arterial pressure or
thermodilution-derived cardiac index. Inotropic support was
weaned successfully in all five patients (88 + 30 h) with subse-
quent initiation of beta-blocker therapy. All patients were
discharged alive from hospital at 17 + 7.9 days following
ivabradine initiation.

Discussion

Cardiogenic shock is frequently accompanied by tachycardia
thought to be compensatory for maintenance of cardiac
output, despite the attendant increasing oxygen costs of
work. This is thought to occur via two mechanisms: first,
increased frequency of contraction (presumably at similar
contractility) leading to a linear increase in cardiac output
and, second, through an often-overlooked phenomenon,
the Bowditch—Treppe effect.®> This term describes the in-
creased force of contraction that accompanies increased fre-
quency of muscle depolarization. While this phenomenon
describes the physiology in normal muscle, the opposite ef-
fect has been shown to occur in failing myocardium, where
contractility may fall above HRs above 80-100 b.p.m. Early
data were predominately derived via animal models; how-
ever, more recently, ex vivo and in vivo human data support
an abnormal Bowditch-Treppe effect in humans with
systolic LV dysfunction and increased rates of right ventricu-
lar pacing, worsening cardiac performance despite a 75%
increase in HR.>*

There is an abundance of evidence regarding HR reduction
in chronic heart failure with beta-blockers, which demon-
strate short-term reduction followed by a longer-term
improvement in myocardial performance.> A case series of
patients with severe LV dysfunction (n = 10) with pulmonary
capillary wedge pressure >15 mmHg and sinus tachycardia
experienced a 27% reduction in HR without any adverse
effects following intravenous ivabradine.® Similarly, Porcile
et al.” reported on 52 patients with decompensated heart
failure (but not in shock) and sinus tachycardia during treat-
ment with dobutamine reported a significant decrease in
HR in association with increased stroke volume and without
deleterious effects on CO or mean arterial pressure. In each
of these studies, stroke volume rose in association with HR
reduction as in our series. Indeed, our patients, in clinical
and haemodynamic CS, were able to improve stroke volume,
belying the notion of a ‘fixed’ stroke volume in the setting of
sinus tachycardia. These benefits may be due to partial
reversal of a negative force-frequency effect in the setting
of severe LV systolic dysfunction, possibly in combination
with a more favourable oxygen cost of myocardial work.

Ivabradine is well tolerated with a favourable side effect
profile, which includes fatigue, symptomatic bradycardia,
phosphenes, and a small increase in risk of atrial fibrillation
but does not include negative contractility.® We observed
no adverse events related to ivabradine in our case series
with up to 1 year of follow-up. Although there are no
randomized studies evaluating the use of ivabradine in CS,
one prospective study aims to evaluate the use in patients
with shock and multiple organ dysfunction syndrome not
exclusive to cardiac dysfunction (NCT01186783).

In our small non-randomized series of patients in CS,
ivabradine was safely used to reduce HR in patients

ESC Heart Failure 2019; 6: 1088-1091
DOI: 10.1002/ehf2.12499



M.H. Chiu et al.

1090

"92IASP 1SISSE JB|NDLIIUBA ‘QW//\ SWN|OA 83041S
'AS X3pUul JJ0M 8041 Je[NDLIIUSA IYBL ‘MSAY ‘ainssaud |eule 1ybu ‘dyvy ‘2anssaid abpam Areuownd ‘dand ‘Adessyy |edipsw jewndo ‘I NQ (UOIIRIDOSSY HEaH YI0A MBN “VHAN ‘opik
-dad onainueu uleig-oid [euiwisy-N ‘dNgodd-| N ‘ainssald [eLIS1Ie UBSW ‘di/|Al ‘X2PUl JI0M 83041S JB|NDLIIUA 13| ‘|MSAT ‘Uoidel) uoildala JendLjuaA 1s| ‘437 101e||LIgIap Jalanolpled
a|qejuejdwi ‘gD ‘S1eJ 1eay “YH xapul deipied ‘D loyqiyul uisAjudau Joydsdal uisuslolibue ‘|NYY 119320|q J01dedas ulsusiolbue ‘gyy ‘1oliqiyul swAzus BunusAuod-uisuslolbue 130y

00’1 00'L 00'L 00'L 1’0 ¥ 6'9€ 70 F0LE L'0 ¥ 6'9€ € F0LE G0 F 89€ (D,) @1mesadwa|
60l X9/ » 0L X €€ 80°0 V/N 08l F00LL 0OGLFT6LL L9l F99CL V/N 6'9L F 8LeL  (1/jow) suluneasd
GE0 70 zLo 6L°0 0 ¥ 960 0¥ 80°'L 7’0 F vl 9'0 ¥ 85'L S0 F e (INw) s3epde
2,01 X 99 , 0L X08 200 €€0 9'LL ¥ 795 6'C7L ¥ Tev 9L ¥ 09 76 F8 9LFTLE (w) AS
S000°0 200 zLo L0 8CTF VLI TTF V9l 9'€ ¥ 8¥l 6L F8€l SCTF T (;W/w-B) IMSAT
€000 200 Lo 97'0 TT¥08 8TF VL 6LFTL 0EF9L L'LF VS (;W/w-6) IMSAY
850 790 ¥6°0 860 S0F9¢C L0FST v'0F ¢ 0¥ LT TOF L)L (;w/uiwr) 1D
010 %00 200 €0 9% ¥ 8'€C L'S ¥ 0ve €eF 0L 67 ¥ 09¢ 8V ¥ v'0¢ (BHww) dd
€000°0 €000°0 £00°0 %000 67V F06 €Y ¥ 06 6SF Ll 09 ¥ 80! 79 ¥ 89l (BHWW) 4wy
7000000°0 70000°0 €000°0 100 L'€ ¥ 999 €S ¥ 819 v'SF ¥e9 8'8 ¥ 896 88 F 0°LS (%) cons
%000 ¥0°0 €20 ¥9°0 1'9 ¥ 988 79 ¥ 9'l6 08 ¥ ¥'S6 6'L ¥ 66 78 ¥ 901 (wrd'q) YH
850 180 680 960 L8F VU 0'S ¥86S. v'S ¥ 9SL 69 F VL 9LFVEL (BHWW) dvIA
Y 8 ‘SA Y 'SA Yzl sA Y9 s (as F uesw) (@s  uesw) (as  uesw) (as F uesw) (@s * uesw) Jolsweled
aulleseq anjeA 4 auldseq anjen 4 dul|aseq anjeA 4 auljdseq anjeA 4 Yy st y ¢ yzl yo9 auleseg
@Dl uonuanaid
avA Jaue Qv Jaye pabieydsip 1IN O Uo shiels 1INO U0 shiels Aewnd Bulpuad pasearsq
snyels Al VHAN Ajpuaiind NI VHAN Apuaund || YHAN utl pabieydsig I VHAN U1 pafueydsiqa  'snieis || YHAN Ul pabieydsig uoisodsiqg
V/N vLTY S/6€ 0929 8€65 (1/6u) dNgoad-IN
(7/6u) 1 uiuodouy
00001 Gl LL Ll 8/ Anasuas-ybiH
Bw 0z xise "prrrq Bw o8 xise] Ajrep Bw oy xise PrIrq bw op xise Ajiep Bw op xise BIEIITq
SuopN bw z'0 yored oaN SUON SuoN bw 0 yored osyN 91N
BUON  'p'I'q Bw GZ1 € |o|IpanIed SUON  'p'I'q Bw Gz L€ |ojIpanied Prrrq Bw gz € |o]ipanted 19%20|q-e12g
"prrrq bw gz |udejeusy Bw  |udopuniad Bw ¢ udopuniad ‘pI'q bw g judejeusy bw ¢ judopuad  gYV 40 INYV 40 1DV
snonunuo) snonuiuo)D ozl 926 237 uolneinp Jossald
aulwelnqoqd [uolIUIN SUOIIU|IA SUOMIU|IA LT IVITI 9dAy Jossaud
Ll 9l 144 1z Gl (%) 43A1
S 6 o zs 6V (s1eak) a6y
G judned ¥ Judned € Juaned 7 udned L Juaned

SUIpeICeAl JO UOIHPPE Y} YHM pue aulj9seq 1e JuaWainseaw diweuApowsaey pue soisuaieieyd Juaned | ajqel

ESC Heart Failure 2019; 6: 1088-1091

DOI: 10.1002/ehf2.12499



Ivabradine in cardiogenic shock

1091

previously intolerant of beta-blockade. Future studies should
be undertaken to determine the optimal HR in humans with
CS and whether systematic limitation of peak HR may im-
prove outcomes.
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