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Abstract
Background Inappropriate sinus tachycardia (IST) often
causes palpitations, dyspnea, and exercise intolerance, that
are generally treated with beta blockers and non-
dihydropyridine calcium-channel antagonists. Ivabradine, a
selective inhibitor of cardiac pacemaker If current, has recent-
ly emerged as an effective and safe alternative to conventional
drugs for IST.
Methods We performed a systematic overview of clinical
studies on the therapeutic yield of ivabradine in patients with
inappropriate sinus tachycardia, published in MEDLINE da-
tabase from January 2000 to March 2015.
Results Overall, five case reports were found, all showing
efficacy of ivabradine in subjects affected by IST. Eight non-
randomized clinical studies demonstrated short- and medium-
term safety and efficacy of ivabradine administration in IST,
also in adjunction to or in comparison with metoprolol. One
double-blind randomized crossover study also showed that
ivabradine is superior to placebo for heart rate (HR) reduction
and symptoms control in patients affected by IST.

Conclusions Ivabradine is effective and safe in short- and
medium-term treatment of IST. However, long-term follow-
up studies and randomized studies comparing ivabradine with
beta blockers are still lacking.
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Abbreviations
Bpm Beats per minute
CCA Calcium-channel antagonists
EF Ejection fraction
HF Heart failure
HR Heart rate
IST Inappropriate sinus tachycardia
LV Left ventricular
METS Metabolic equivalents

1 Introduction

Inappropriate sinus tachycardia (IST) is a non-paroxysmal
arrhythmia, characterized by a persistent high sinus heart rate
(HR) and/or an exaggerated HR in response to minimal exer-
tion, secondary neither to medical disorders nor mental or
physical stress [1, 2]. Generally, patients with IST have resting
daytime sinus rate of more than 100 beats per minute and
average 24-h Holter ECG HR of more than 90 beats per min-
ute, in the absence of conditions commonly known to increase
HR [1, 2]. Multiple mechanisms have been proposed to ex-
plain the pathophysiology of IST, including sympatho-
parasympathetic imbalance, β-adrenergic receptor super-sen-
sitivity, β-adrenergic receptor auto-antibodies, autonomic
neuropathy, and intrinsic abnormality in the sinus node [1, 2].
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IST can be responsible for palpitations, chest pain, dys-
pnea, and dizziness, that are generally treated with HR-
lowering agents such as beta blockers and non-
dihydropiridinic calcium-channel antagonists [3]. These
drugs, however, are often insufficient or not well tolerated
because of side effects, that often limit the administered dose.
Rarely, invasive procedures such as radiofrequency modifica-
tion of the sinus node are performed in the most resistant cases
[4].

Ivabradine is a selective and dose-dependent inhibitor of
the mixed inward Na+/K+ funny (If) current mediated by the
HCN4 channels localized in the sinoatrial node [5]. Ivabradine
is characterized by a use-dependent effect, due to a slowly
progressing block accumulation during repetitive channel
activation/deactivation cycles, that is responsible for a higher
HR reduction during sinus tachycardia and a minimal effect
during normal HR. It also has a neutral inotropic effect and
does not affect the atrioventricular and intraventricular con-
duction times and ventricular repolarization, appearing to be
particularly safe [5]. Ivabradine is approved for patients with
stable angina due to its ability to reduce anginal symptoms and
to increase exercise tolerance by reducing heart rate [6]. For
patients with heart failure, it has been demonstrated to reduce
hospitalization [7]. However, due to its efficacy and its favor-
able profile, ivabradine has been used in various different
clinical contexts, including IST.

The aim of this study was to perform a systematic overview
of clinical studies on the therapeutic yield of ivabradine in
patients with IST.

2 Methods

A MEDLINE-search with the terms “inappropriate sinus
tachycardia” and a systematic overview of clinical studies on
treatment of IST with ivabradine was done.

Prospective clinical studies and case reports of ivabradine
administration in IST [1] were included in the review. More-
over, clinical studies that met all of the following specified
criteria were considered:

1) Publication before February 2015 in peer-reviewed
journals indexed in MEDLINE, in English language, in-
volving human subjects affected by IST, defined as rest-
ing daytime sinus rate of more than 100 beats per minute
and/or average 24-h Holter ECG HR of more than 90
beats per minute, in the absence of conditions commonly
known for increasing HR [1];

2) Study protocol: at least 7 days of ivabradine administra-
tion for control of IST-related symptoms, regardless of
eventual concomitant anti-arrhythmic drugs intake;

3) HR reduction after ivabradine administration as a speci-
fied endpoint, assessed with rest ECG and/or Holter ECG.

Randomized controlled trials comparing ivabradine versus
placebo or versus beta blockers in IST treatment, with either
open-label, blind or crossover designs, were included. From
each article, the following outcome measures were consid-
ered: mean, maximal and minimal Holter ECG HR, ECG
stress test-maximal HR, total exercise time, and metabolic
equivalents (METS); adverse event occurrence secondary to
ivabradine administration; and IST-related symptoms reduc-
tion after ivabradine treatment.

3 Summary of studies

Case reports of ivabradine use in IST Some case reports
have been published regarding the use of ivabradine in IST, all
demonstrating its short- and long-term effectiveness and safe-
ty, in men and women of various age [8–12] (Table 1). Almost
all patients were unsuccessfully treated with or presented
contra-indications to beta blockers and/or other anti-
arrhythmic drugs. Studies have demonstrated that ivabradine
reduces HR, normalizes functional parameters, including
stress test ECG, and improves symptoms and quality of life,
without significant side effects (Table 1).

Non-randomized clinical studies of ivabradine in IST The
encouraging results of previous case reports were followed by
several prospective studies evaluating the safety and efficacy
of ivabradine in subjects affected by IST (Table 2). The first
one [13] evaluated 13 patients affected by IST and demon-
strated ivabradine to cause a reduction in Holter ECG mean
HR of about 20 % of basal value. In one patient, ivabradine
was added to metoprolol, allowing for a better HR control and
attenuation of side effects secondary to the beta blocker with
no marked sinus bradycardia.

A second trial [14], including ten women affected by IST
resistant to beta blockers, class IC anti-arrhythmic drugs, or
calcium-channel antagonists (CCA), demonstrated that
ivabradine, alone or in combination with other drugs, reduced
the average HR of about 12 %. Ivabradine did not lower the
minimal Holter ECG HR, likely due to its use-dependent ef-
fect. Only three out of ten patients reported self-limiting phos-
phenes (objective visual sensations occurring in the absence of
ret inal s t imulat ion) , which did not lead to drug
discontinuation.

In a further study [15], including 24 patients, 6-month treat-
ment with ivabradine caused an 18 % reduction in Holter
mean HR and an improvement of symptoms, assessed by
the SF-36 Health Survey quality of life questionnaire. Nota-
bly, after 1 year, among ten patients who were asked to stop
ivabradine, only two remained on IST criteria, suggesting an
eventual long-term drug-related remodeling effect on HR.
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Another small but well-designed study by Kaplinsky
et al. [16], enrolling four IST women affected by IST
complaining of effort intolerance, dyspnea, and palpita-
tions, demonstrated that ivabradine improved Holter
ECG mean HR of about 24 % of baseline level after
3 months. Resting ECG HR also showed a progressive
decrease, with a dose-dependent effect. ECG stress test
showed longer total exercise time, together with a greater
intensity of effort, probably thanks to an improvement in
the cardiac chronotropic reserve.

A further study conducted by our group [17], involv-
ing 18 patients suffering IST, evaluated at baseline and
after 1, 3, and 6 months of ivabradine treatment, showed
a progressive reduction in the maximal, average, and
minimal HR values on Holter ECG. However, after
6 months, the minimal HR lowering was not statistically
significant, suggesting a safe profile of ivabradine. A
strong correlation was observed between pretreatment
mean HR and reduction at Holter ECG at the end of
follow-up [17], as justified by ivabradine use-dependent
effect. The stress test also revealed a significant decrease
of maximal HR in comparison to the pretreatment value,
together with an improvement of stress tolerance, as
proved by the progressive increase of the maximal load
of exercise reached (Table 2). Notably, after 6 months of
treatment, no patient complained of symptoms. In ad-
junction, ivabradine was safe, since it provoked only
early manifesting and mostly reversible phosphenes.

Non-randomized studies comparing ivabradine and beta
blockers in IST Two non-randomized controlled studies were
aimed at comparing ivabradine versus beta blockers for IST
treatment (Table 2). The first one [18] compared administra-
tion of ivabradine versus metoprolol succinate (mean dose,
157±38 mg/day) in 20 subjects. The study protocol included
metoprolol administration for 1 month, followed by Holter
ECG and treadmill test. Thereafter, metoprolol was
interrupted and replaced by ivabradine treatment for 1 month,
followed again by Holter ECG and treadmill test. The study
demonstrated that ivabradine was superior to metoprolol in
reducing Holter ECG daily HR, in increasing the duration of
treadmill exercise test and in controlling symptoms, probably
due to the scarce tolerance to the beta blocker among patients
suffering IST. The target dose of metoprolol was indeed
reached in only 50 % of them. Notably, only metoprolol
caused episodes of nocturnal sinus bradycardia.

The same authors [19] also compared the efficacy and safe-
ty of a month’s treatment with metoprolol alone or in combi-
nation with ivabradine in 20 patients (Table 2). Both regimens
were safe and effective. However, Holter ECG mean HR dur-
ing daily activity was significantly better lowered by
ivabradine+metoprolol as compared to monotherapy [19].
Moreover, the combined treatment yielded a significant im-
provement in exercise capacity, as assessed by treadmill stress
test, and a significant reduction in IST-related symptoms [19].
The latter were evaluated by means of the European Heart

Table 1 Case reports of patients affected by inappropriate sinus tachycardia treated with ivabradine

Study Retegui G[8] Celebi OO[9] Schulze V[10] Weyn T[11] Wilson D[12]

Sex Woman Woman Woman Woman Woman

Age (years old) 29 16 30 47 62

ECG mean HR (bpm) 105 160 NA 122 NA

Holter ECG mean HR (bpm) NA NA 101 NA 106

Symptoms Asthenia, palpitations,
chest pain

Palpitations Dyspnea, palpitations,
chest pain

Fatigue, exertional
dyspnea

Palpitations

Comorbidities Smoking Ineffective ablation for IST Mitral prolapse None None

Previous drugs Propranolol Metoprolol 200 mg+
verapamil 240 mg

Metoprolol sotalol,
verapamil

BB BB, diltiazem

Ivabradine daily dose (mg) 15 15 15 15 15

FU NA 1 month NA NA 1 month

FU ECG HR (bpm) 63 NA NA NA NA

FU ECG HR reduction (%) 40 NA NA NA NA

Holter ECG mean HR (bpm) NA NA 76 90 89

FU Holter ECG mean
HR reduction (%)

NA NA 24.7 NA 16

Side effects None Phosphenes None None None

Symptoms at FU Sporadic None Mild None Mild

% means percentage of baseline value

HR heart rate, bpm beats per minute, NA not available, BB beta blockers, FU follow-up
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Rhythm Association score [20], that is commonly adopted to
assess AF-related symptoms and was previously demonstrat-
ed to be useful for assessment of symptoms in subjects affect-
ed by IST by the same authors [18].

Randomized clinical studies of ivabradine in IST A dou-
ble-blind, placebo-controlled crossover study [21] was
recently published, enrolling 21 patients affected by
IST, who were firstly randomized to receive 6-week
treatment with ivabradine or placebo, and secondarily,
after a washout period, to cross over for an additional
6 weeks. When compared to placebo, ivabradine caused
a significant reduction of mean, maximal, and minimal
Holter ECG HR and of maximal HR during stress ECG.
Moreover, it led to a significant increase in exercise
performance with no cardiovascular side effects and to
resolution of symptoms in almost half of patients.

A further randomized study (www.clinicaltrial.org;
NCT01657136), comparing the safety and effectiveness of
ivabradine versus bisoprolol in consecutive patients affected
by IST, is currently ongoing in our center [22]. Preliminary
results, about 24 subjects, revealed that both drugs effectively
reduced Holter ECG mean HR at 3 months with respect to
baseline level. However, ivabradine alone also lowered
maximal and minimal Holter ECG HR and maximal HR at
stress test. A complete resolution of IST-related symptoms
occurred in about 90 and 75 % of cases with ivabradine and
bisoprolol, respectively. Impaired vision (mostly phosphenes)
occurred in 5.3 % of patients with ivabradine, while bisoprolol
caused hypotension in 25 % of cases. The higher efficacy of
ivabradine in comparison to bisoprolol observed in our study
is probably explained by the scarce tolerance to the beta
blocker, whose mean dose administered was relatively low
(2±1 mg/day).

4 Discussion

Overall, case reports and clinical studies on ivabradine admin-
istration in patients affected by IST demonstrated that
ivabradine, although is still an off-label therapy:

1) is effective in reducing HR at rest and during effort, which
are reflected by mean and maximal Holter ECG,
respectively.

2) successfully controls IST-related symptoms, also in pa-
tients resistant to beta blockers and CCA.

3) seems to be superior to metoprolol in limiting exaggerate
HR increase during effort and in attenuating IST-related
symptoms.

4) is safe and does not cause any significant side effect,
including excessive sinus bradycardia, even though itsT
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HR-lowering effect is progressive over time, as revealed
by slight decrease of minimal Holter ECG HR.

5) is safe and effective in association with metoprolol to treat
resistant IST.

6) in some subjects, may induce HR normalization after
long-lasting administration, persisting also after drug
discontinuation.

Despite characterized by a generally good prognosis, the
management of patients affected by IST may be challenging.
Indeed, IST-related symptoms are often interpreted as a mark-
er of anxiety, with consequent delay in the correct diagnosis of
the arrhythmia. Moreover, drugs commonly employed in IST,
such as beta blockers and CCA, often cause hypotension and
fatigue, with limited effectiveness eventually needing dose
reduction.

Ivabradine effects on symptoms and clinical outcomes
Clinical studies on ivabradine administration in IST, although
limited by designs, small sample sizes, and short follow-ups,
reveal that this drug is effective in terms of HR lowering,
exercise capacity improvement, and symptoms reduction, also
in patients unresponsive to beta blockers and anti-arrhythmic
drugs [8–19, 21, 22]. Moreover, ivabradine has demonstrated
to be safe with no significant side effects [8–19, 21, 22].

Ivabradine effects on the sinus node, heart rate, and he-
modynamics The possible explanation of ivabradine’s high
efficacy in the treatment of IST may be found in its specific
action mechanism. The drug, indeed, directly inhibits the If
current in the sinoatrial node and causes a reduction of the
steepness of phase 4 of action potential, with consequent HR
lowering [5]. Beta blockers and anti-arrhythmic drugs, con-
versely, regulate the If current only indirectly [5].

A further strength of ivabradine relies in its use-dependent
effect, with a progressive If current block accumulation during
repetitive channel activation/deactivation cycles [5]. Conse-
quently, the faster the sinus tachycardia is, the higher the prob-
ability that ivabradine binds to the HCN4 channel. This makes
this drug not really a HR-lowering agent, but rather an anti-
tachycardic one, with eventual particular benefit in IST forms
mostly characterized by daily elevated HR values normalizing
during the night [3]. In these cases, indeed, beta blockers or
CCA should be avoided because of the risk of nocturnal sinus
bradycardia. Moreover, the neutral effect of ivabradine on
cardiac inotropism, blood pressure, and atrioventricular and
intraventricular conduction times allows for drug dose optimal
titration [5]. This gives ivabradine a great advantage over beta
blockers, CCA, and other anti-arrhythmic drugs, whose side
effects often limit the dose to be safety administered.

Comparison of ivabradine to beta blockers The superiority
of ivabradine over metoprolol in IST treatment, both in terms
of HR and symptoms control, has been suggested by a non-
randomized study [18], that however is limited by its sub-
optimal design, the short follow-up (1 month), and selection
bias (patients unresponsive to beta blockers).

Initial results of an ongoing randomized controlled study
[22] confirm the superiority of ivabradine over bisoprolol in
reducing HR during effort and suggest a higher ability of this
drug in improving stress tolerance and symptoms, likely due
to its neutral effect on hemodynamics and its favorable impact
on cardiac chronotropic reserve [5]. However, to confirm such
hypothesis, the conclusion of the study is to be expected.
Whenever non-inferiority or even a superiority over
bisoprolol (and beta blockers in general) is demonstrated,
ivabradine could eventually be considered not only as an al-
ternative, but as the potential first-line treatment for IST. This
may be justified by ivabradine’s higher efficacy in attenuating
HR during effort, which is particularly diffused among pa-
tients affected by IST, and mostly by its high tolerability, that
will eventually make this drug a Bfirst choice^ in subjects
generally complaining of low blood pressure values.

Future directions An interesting future field of research is
represented by the long-term effect of ivabradine in IST, with
a particular focus on possible normalization of intrinsic HR
over time, persistent even after drug discontinuation, as dem-
onstrated in some patients in a recent study [15]. This phe-
nomenon is not yet clear. However, in a rat model of myocar-
dial infarction, funny current and HCN4 transcription overex-
pression were demonstrated to be significantly reduced in
ventricle tissue by ivabradine, thanks to post-transcriptional
expression modulation of the HCN4 gene [23]. This could
suggest eventual influence of ivabradine on HCN4 transcrip-
tion overexpression in patients suffering IST.

5 Conclusions

Published case reports and clinical studies demonstrated that
ivabradine is effective in reducing HR at rest and during effort
and successfully controlled IST-related symptoms, also in pa-
tients resistant to beta blockers and CCA. Moreover,
ivabradine is safe, does not cause any significant side effect,
including excessive sinus bradycardia, and seems to be supe-
rior to metoprolol, both in terms of control of symptoms and
of HR during effort. Further randomized trials comparing
ivabradine versus beta blockers could possibly confirm this
drug as the first-line treatment for IST. Moreover, long-term
studies on ivabradine administration in patients affected by
ISTcould add information on its eventual Bremodeling effect^
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on funny current, leading to definitive treatment of this
arrhythmia.
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