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Introduction

Abstract
Introduction: Inappropriate Sinus Tachycardia (IST), first
described in 1979, is a fast heart rhythm arising from the sinus node,
the normal primary pacemaker of the heart but at an inappropriately
high rate. Many treatments have been suggested for patients with IST;
β-adrenergic blockers, even at high doses, generally are ineffective
and tend to be associated with other symptoms.
Small studies and several case reports have demonstrated the
potential value of Ivabradine, the first selective sinus node If channel
inhibitor, to treat IST.
Case Report: We present a case of a young woman of 22 years
old, treated with Ivabradine 5 mg twice a day.

The patient presents episodes of tachycardia compatible with
an Atrioventricular Nodal Reentry Tachycardia (AVNRT), with a
maximum heart rate of 210 bpm.

Many treatments were started without results. Two catheter
ablations, (thermal and cryoablation) were performed. The second
ablation has a good result, but one year ago, the tachycardia episodes
reappeared and because the symptoms were very similar to those
previously had before ablation procedure, even without seeing the
ECG nodal reentrant tachycardia a new electrophysiological study
was performed.
With surprise, the study did not show a double nodal curve. So
treatment with Ivabradine was started with a complete resolution of
symptoms. The drug was effective on heart rate but it does not affect
blood pressure.

The control Holter monitoring shows a normal trend of heart rate
with only a few episodes of sinus tachycardia during effort and no
episodes at rest.

Conclusion: In conclusion the last Holter monitoring does not
match IST diagnosis criteria. The quality of life of the patient improved
significantly. The drug as in literature reports is effective, safe and
well tolerated. The patient wishes to continue the drug after one year
of treatment.
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Inappropriate sinus tachycardia (IST), first described in 1979
[1], is a fast heart rhythm arising from the sinus node, the normal
primary pacemaker of the heart but at an inappropriate high
rate. In a 24-hour Holter monitoring patients have an average
daily heart rates exceeding 100 bpm but the P-wave morphology
during tachycardia is nearly identical to that in sinus rhythm
and usually have symptoms of pulsations in the neck, shortness
of breath, light-headedness, fatigue, sweating, chest pain, nonparoxysmal palpitations at rest and/or early during exercise
associated with a relative or absolute increase in sinus rate out of
proportion to physiological need.
IST is a diagnosis based on the exclusion of all other
pathologies causing tachycardia as anemia, pheochromocytoma,
hyperthyroidism,
anxiety
disorder,
medications
and
cardiomyopathy.

The pathophysiology of IST is poorly understood, although
mechanisms such as excessive sympathetic influences, reduced
parasympathetic influences, excessive intrinsic HR, ectopic
activity of the sinus node, and β-receptor antibodies have been
proposed as substrates for this arrhythmia
Many treatments have been suggested for patients with
IST; β-adrenergic blockers, even at high doses, generally are
ineffective and tend to be associated with other symptoms and
other treatments (fludrocortisone, volume expansion, pressure
stockings, phenobarbital, clonidine, and erythropoietin) may be
harmful but not adequately tested [2].
Small studies [3,4,5] and several case reports have
demonstrated the potential value of Ivabradine, the first selective
sinus node If channel inhibitor, to treat IST. Ivabradine can have
a dramatic effect on heart rate and can slow it from a mean 100
beats/min to fewer than 75 beats/min. The maximum heart rate
can slow from a mean of 160 beats/min to 120 beats/min. The
minimum heart rate also can slow over time.
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Inappropriate Sinus Tachycardia Mistaken For Relapse of Reentrant Supraventricular
Tachycardia in a Young Woman Treated Successfully With Ivabradine
We present a case of young woman ablated for reentry
supraventricular tachycardia that present recurrent episodes
of tachycardia similar to the previous arrhythmias. So let us
think about a recurrence of previous tachycardia, and a new
electrophysiological study was perfumed without a double
pathway. The treatment with Ivabradine completely resolves
symptoms. This case report shows that the Ivabradine is not
useful only in coronary heart disease, but its effect on Heart
rate is important also if the drug is used off-label, and the
normalization of heart rate improves the quality-of-life and this
effect is maintained in the long-term follow-up.

Case Report

The patient is a 22 year-old Caucasian female. At the age of
11-year-old she showed repeated episodes of tachycardia with
sudden onset at rest, associated with dizziness and chest pain.
The frequency of these episodes was around 5 a day. The first
cardiological examination was performed at the age of 16. In the
Holter monitoring some episodes of tachycardia were recorded
compatible with an Atrioventricular nodal reentry tachycardia
(AVNRT), with a maximum heart rate of 210 bpm (Figure 1). After
the examination, the cardiologist decided to start a treatment with
nadolol. Despite the increase in dosage of the beta blocker, the
treatment did not prove to be effective. At the age of 19 (October
2011) was performed an electrophysiological study and catheter
thermal ablation of the slow-fast pathway was done. Three
months after the procedure the AVNRT episodes restarted with
a heart rate lower than the previous episodes, around 180 bpm
at rest, especially during the day compromising daily activities. A
treatment with flecainide 200 mg was started but was ineffective
then a new attempt with nadolol was performed, unsuccessfully.
Second electrophysiological study and catheter cryoablation of
the slow-fast pathway was performed at the age of 21 (January
2013). The procedure had a good outcome until December 2013
in which the patient began to have new episodes of tachycardia
(5-6/die, at rest with sudden onset similar to the supraventricular
tachycardia previous experienced the tachycardia was
accompanied by presyncope, dizziness, shortness of breath
and a new treatment with nadolol was started unsuccessfully.
Despite the episodes of tachycardia were not registered with
ECG, a new electrophysiological study was performed in June
2014 considering that symptoms were similar to previous.
At baseline, the electrophysiological parameters are normal :
Sinus cycle length (SCL or AA interval) 870 ms, conduction time
of atrioventricular node (AH) 90 ms, and conduction time HisPurkinje( HV) 45 ms. The programmed ventricular pacing (600
drives) shows concentric retrograde decremental conduction
pattern until PRE ventricular 260 ms without evidence of double
nodal curve (Figure 2). The programmed atrial pacing (600 ms
drive) shows retrograde conduction until atrial PRE 470 ms
without a double atrial curve. The incremental atrial stimulus
shows a Wenckebach point at 500 ms. No induction of arrhythmia
with both single and double extrastimulii. After isoproterenol
infusion until 4 mcg/kg/m started a sinus tachycardia 145 bpm
that, the patient recognized as the clinical tachycardia. The
ventricular pacing was repeated (drive 350 ms) and shows a
concentric retrograde decremental conduction pattern until
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PRE ventricular 220 ms without evidence of double nodal
curve. The programmed atrial pacing (350 ms drive) shows
decremental conduction 250 ms without a double atrial curve.
During incremental atrial stimulus, Wenkebach point is at 280
ms without Kay sign. No induction of an arrhythmia with both
single and double extrastimulii. The electrophysiological study
was repeated after stopping isoproterenol infusion without
rising of arrhythmias. At the end of the procedure, sinus rhythm
was 90 bpm. Holter monitoring shows an inappropriate sinus
tachycardia at rest (Figure 3). Considering symptoms and the
electrophysiological study that excluded a relapse of tachycardia,
we started a treatment with Ivabradine (5 mg twice a day) with
complete resolution of the tachycardia. Informed consent was
obtained from the patient for off-label use of Ivabradine and for
the publication of case reports. The Holter monitoring performed
after one year of therapy shows a normal rest heart frequency
with normal response during the effort. The echocardiogram was
normal (Figure 4).

Discussion

The prognosis of patients with IST is excellent: it does
not shorten life; it does not cause death, stroke or myocardial
infarction. It virtually never leads to tachycardiomyopathy.
IST is not fully understood yet and there are not universally
accepted criteria to state a precise definition, which might have
underestimated its real prevalence.

No specific heart rate best defines IST, yet patients with
IST generally have resting daytime sinus rates of more than
100 beats/min and average 24-h heart rates of more than 90
beats/min that are not explained by physiologic demands or
conditions known commonly to increase heart rate [6-10].
Invasive testing, such as electrophysiology studies, is not useful
for making the diagnosis, although it may be useful to exclude
the presence of a supraventricular tachycardia mechanism [11].
Several possible causes have been proposed, but none of them
have been confirmed: autoantibodies to ganglionic acetylcholine
receptor [11], anti-beta receptor immunoglobulin G antibodies
[12], viral infection or toxin exposure as a trigger [13], an excess
of hydrocarbon exposure or halogenated hydrocarbons which
could sensitize the myocardium to catecholamines [14,15] but
none of these have found enough proof to have any confirmation.
To be noted that in one report, 100% of the patients with IST had
some psychiatric diagnosis [16].

In IST, there is not one therapy which reduces heart rate and
resolves symptoms completely and effectively, likely related to
the complexity of the problem and the lack of full understanding
of the causes [17]. The common treatment at the moment is
a control of the high HR with negative chronotropic agents as
beta-blockers and calcium channel blockers, which are often
ineffective and, since are given at high doses to have a response,
cause collateral effects. Even when they are effective in slowing
down the HR they do not necessarily eliminate symptoms.
When the pharmacological treatment is not effective, sinus node
modification using a variety of catheter ablation techniques
have been attempted [18-19]. Although the short-term results
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Figure 1: Strip Holter monitoring: Atrioventricular nodal reentry tachycardia (AVNRT).

Figure 2a: Electrophysiological parameters: At baseline the electrophysiological parameters are normal:Sinus cycle length (SCL or AA interval) 870
ms, conduction time of atrioventricular node (AH) 90 ms, and conduction time His-Purkinje( HV) 45 ms.

Figure 2b: Electrophysiological parameters: The programmed ventricular pacing (600 drives) shows concentric retrograde decremental conduction
pattern until PRE ventricular 260 ms without evidence of double nodal curve.
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Figure 3: Strip Holter monitoring: Inappropriate sinus tachycardia at rest.

Figure 4: Sinus tachycardia during effort at Holter monitoring.
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of ablation are generally good, symptoms and elevated heart
rate commonly recur after successful sinus node modification.
Revising the available literature regarding the subject, it is
possible to find a handful of case reports and only a few studies
about treating IST with a new category of drugs, the If blockers,
especially Ivabradine. They all suggest that Ivabradine may be
effective in IST treatment. The studies are mostly simple casecontrol based on a non significant number of subjects and followup, except the double-blind, randomized, placebo-controlled
trial with a crossover design of Cappato et al. [20]. The patients
were randomized to receive either Ivabradine or placebo for 6
weeks, with the following crossover after a brief washout period,
permitting within-subject comparisons. Symptoms and heart rate
parameters were determined for each patient on and off therapy.
Seventy-five percent of IST-related symptoms were eliminated,
with nearly 50% of patients having a sudden and complete
resolution of all symptoms with Ivabradine. Adverse events are
reported with only 1 patient presenting phosphenes, a known
and reversible side effect of the drug. In other two studies, there
are some follow up after the observational treatment. In one Calò
et al. [21] reported the efficacy of Ivabradine administration in
16 consecutive patients followed up to 6 months. Data from this
study suggest that Ivabradine significantly reduces the mean and
maximum 24-h HR and that its impact on HR reduction tends
to improve over time, as suggested by the greater degree of
change observed at 6 months compared with that observed at 3
months. In the other study, Benezet-Mazuecost al. [22] followed
up to 12 months 20 patients with ITS treated with Ivabradine.
When they were proposed to interrupt the treatment, only 10
of them accepted. The other 10 patients preferred to remain on
treatment because of significant clinical improvement. Patients
who stopped Ivabradine were reevaluated with a 24-hour Holter
recording 1 month later, when only two patients (20%) matched
IST diagnosis criteria. In our case, the patient experimented some
antiarrhythmic drugs as nadolol, that cause severe hypotension,
flecainide that was ineffective and association with digoxin and
nadolol that controlled for some period the heart rate. The other
cause of tachycardia was excluded or corrected as anemia. We
do not obtain an ECG during tachycardia, because the symptoms
were similar to the previous. In fact, lower recurrence rate is
achieved when cryoablation is performed at a younger age [23].
The patient experienced some antiarrhythmic drugs with an
important side effect, so was started ivabradine with a complete
resolution of symptoms. The drug was effective on heart rate but
does not affect blood pressure which has always been a problem
for hypotensive patient constitutionally, and that prevented the
use of certain medications that adequately used could improve
symptoms and control heart rate. The drug was well tolerated and
the treatment is still in progress. The control Holter monitoring
shows a normal trend of heart rate with only a few episodes of
sinus tachycardia during effort and no episodes at rest.

diagnostic criteria of this entity. It has been recently published in
a case series comparing the effect of metoprolol and ivabradine
[24] on resting HR and during exercise in IST patients. Ivabradine
was more effective to relieve symptoms during exercise or daily
activity and was better tolerated. Ivabradine is a drug that can
control the HR, avoiding the side effects of other drugs. In the
revised literature, the beneficial effect of Ivabradine persisted
after 1 year on treatment. The patient wishes to continue it. The
drug is effective and safe in rate control in patients with IST,
especially as a second-line therapy in cases of lack of efficacy
or intolerance of beta-blockers, Ivabradine was better tolerated
without effect on blood pressure.

In conclusion, the last Holter monitoring does not match
IST diagnosis criteria. Our case confirms the possibility to use
ivabradine off-label in patients without coronary heart disease.
There are controversy and a lack of consensus regarding the

9. Olshansky B, Sullivan RM. Inappropiate Sinus Tachycardia. J Am Coll
Cardiol. 2013; 61(8): 793-801. doi: 10.1016/j.jacc.2012.07.074.

Conclusion

Future studies should clarify the potentially curative effects
of Ivabradine in this entity, but we hope it will become the
treatment of choice.

References

1. Bauernfeind RA, Amat Y Leon F, Dhingra RC, Kehoe R, Wyndham C,
Rosen KM. Chronic non paroxysmal sinus tachycardia in otherwise
healthy persons. Ann Intern Med. 1979; 91(5): 702-10.
2. Brady PA, Low PA, Shen WK. Inappropriate sinus tachycardia, postural
orthostatic tachycardia syndrome, and overlapping syndromes. Pacing
Clin Electrophysiol. 2005; 28(10): 1112-21.

3. Zellerhoff S, Hinterseer M, Felix Krull B, Schulze-Bahr E, Fabritz L,
Breithardt G, et al. Ivabradine in patients with inappropriate sinus
tachycardia. Naunyn Schmiedebergs Arch Pharmacol. 2010; 382(5-6):
483-6. doi: 10.1007/s00210-010-0565-y.
4. Calò L, Rebecchi M, Sette A, Martino A, de Ruvo E, Sciarra L, et
al. Efficacy of ivabradine administration in patients affected by
inappropriate sinus tachycardia. Heart Rhythm. 2010; 7(9): 1318-23.
doi: 10.1016/j.hrthm.2010.05.034.
5. Kaplinsky E, Comes FP, Urondo LS, Ayma FP. Efficacy of ivabradine
in four patients with inappropriate sinus tachycardia: a three monthlong experience based on electrocardiographic, Holter monitoring,
exercise tolerance and quality of life assessments. Cardiol J. 2010;
17(2): 166-71.

6. Blomström Lundqvist C, Scheinman MM, Aliot EM, Alpert JS, Calkins
H, Camm AJ, et al. ACC/AHA/ESC guidelines for the management of
patients with supraventricular arrhythmias- executive summary.
A report of the American college of cardiology/American heart
association task force on practice guidelines and the European
society of cardiology committee for practice guidelines (writing
committee to develop guidelines for the management of patients
with supraventricular arrhythmias) developed in collaboration with
NASPE-Heart Rhythm Society. J Am Coll Cardiol. 2003; 42(8):1493–
531.
7. Cossu SF, Steinberg JS. Supraventricular tachyarrhythmias involving
the sinus node: clinical and electrophysiologic characteristics. Prog
Cardiovasc Dis. 1998; 41(1):51-63.
8. Still AM, Raatikainen P, Ylitalo A, Kauma H, Ikäheimo M, Antero
Kesäniemi Y, et al. Prevalence, characteristics and natural course of
inappropriate sinus tachycardia. Europace. 2005; 7(2):104–12.

10. Frankel DS, Lin D, Anastasio N, Mountantonakis SE, Dixit S,
Gerstenfeld EP, et al. Frequent additional tachyarrhythmias in

Citation: Demarie D, Anselmino M, Ravera L, Bertolusso B, Bignamini A, et al. (2015) Inappropriate Sinus Tachycardia Mistaken for
Relapse of Reentrant Supraventricular Tachycardia in a Young Woman Treated Successfully with Ivabradine. J Clin Trial Cardiol 2(4):
1-6. DOI: http://dx.doi.org/10.15226/2374-6882/2/4/00131

Page 5 of 6

Inappropriate Sinus Tachycardia Mistaken For Relapse of Reentrant Supraventricular
Tachycardia in a Young Woman Treated Successfully With Ivabradine
patients with inappropriate sinus tachycardia undergoing sinus
node modification: an important cause of symptom recurrence. J
Cardiovasc Electrophysiol. 2012; 23(8): 835-9. doi: 10.1111/j.15408167.2012.02297.x.

11. Vernino S, Low PA, Fealey RD, Stewart JD, Farrugia G, Lennon VA.
Autoantibodies to ganglionic acetylcholine receptors in autoimmune
autonomic neuropathies. N Engl J Med. 2000; 343(12): 847-55.
12. Chiale PA, Garro HA, Schmidberg J, Sánchez RA, Acunzo RS, Lago M, et
al. Inappropriate sinus tachycardia may be related to an immunologic
disorder involving cardiac beta andrenergic receptors. Heart Rhythm.
2006; 3(10): 1182-6.

13. Jiao Z, De Jesús VR, Iravanian S, Campbell DP, Xu J, Vitali JA, et al. A
possible mechanism of halocarbon-induced cardiac sensitization
arrhythmias. J Mol Cell Cardiol. 2006; 41(4): 698-705.

14. Skoczynska A, Szechinski J, Juzwa W, Smolik R, Behal FJ. Carotid sinus
reflexes in rats given small doses of lead. Toxicology. 1987; 43(2):
161-71.

15. Mariussen E, Fonnum F. Neurochemical targets and behavioral effects
of organohalogen compounds: an update. Crit Rev Toxicol. 2006;
36(3): 253-89.
16. Shen WK. How to manage patients with inappropriate sinus
tachycardia. Heart Rhythm. 2005; 2(9): 1015-9.

17. Marrouche NF, Beheiry S, Tomassoni G, Cole C, Bash D, Dresing T,
et al. Three-dimensional nonfluoroscopic mapping and ablation of
inappropriate sinus tachycardia. Procedural strategies and long-term
outcome. J Am Coll Cardiol. 2002; 39(6): 1046-54.

18. Lee RJ, Kalman JM, Fitzpatrick AP, Epstein LM, Fisher WG, Olgin JE,
et al. Radiofrequency catheter modification of the sinus node for

Copyright:
© Demarie et al. 2015

“inappropriate” sinus tachycardia. Circulation. 1995; 92(10): 291928.

19. Man KC, Knight B, Tse HF, Pelosi F, Michaud GF, Flemming M, et al.
Radiofrequency catheter ablation of inappropriate sinus tachycardia
guided by activation mapping. J Am Coll Cardiol. 2000; 35(2): 451–7.

20. Cappato R, Castelvecchio S, Ricci C, Bianco E, Vitali-Serdoz L,
Gnecchi-Ruscone T, et al. Clinical efficacy of ivabradine in patients
with inappropriate sinus tachycardia: a prospec- tive, randomized,
placebo-controlled, double-blind, crossover evaluation. J Am Coll
Cardiol. 2012; 60(15): 1323-9. doi: 10.1016/j.jacc.2012.06.031.

21. Calò L, Rebecchi M, Sette A, Martino A, de Ruvo E, Sciarra L, et
al. Efficacy of ivabradine administration in patients affected by
inappropriate sinus tachycardia. Heart Rhythm. 2010; 7(9): 1318-23.
doi: 10.1016/j.hrthm.2010.05.034.
22. Benezet-Mazuecos J, Rubio JM, Farré J, Quiñones MÁ, Sanchez-Borque
P, Macía E. Long term outcomes of ivabradine in inappropriate sinus
tachycardia patients: appropriate efficacy or inappropriate patients.
Pacing Clin Electrophysiol. 2013; 36(7): 830-6. doi: 10.1111/
pace.12118.
23. Drago F, Placidi S, Righi D, DI Mambro C, Russo MS, Silvetti MS,
et al. Cryoablation of AVNRT in Children and Adolescents: Early
Intervention Leads to a Better Outcome J Cardiovasc Electrophysiol.
2014; 25(4): 398-403. doi: 10.1111/jce.12339.

24. Ptaszynski P, Kaczmarek K, Ruta J, Klingenheben T, Wranicz
JK. Metoprolol succinate vs. ivabradine in the treatment of
inappropriate sinus tachycardia in patients unresponsive to previous
pharmacological therapy. Europace. 2013; 15(1): 116-21. doi:
10.1093/europace/eus204.

Citation: Demarie D, Anselmino M, Ravera L, Bertolusso B, Bignamini A, et al. (2015) Inappropriate Sinus Tachycardia Mistaken for
Relapse of Reentrant Supraventricular Tachycardia in a Young Woman Treated Successfully with Ivabradine. J Clin Trial Cardiol 2(4):
1-6. DOI: http://dx.doi.org/10.15226/2374-6882/2/4/00131

Page 6 of 6

