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Abstract

Virtually, any kind of tachycardia may lead to the development of tachycardia-
induced cardiomyopathy. This term refers to left ventricular dysfunction and dilated
cardiomyopathy pattern that occur as a consequence of persistent tachycardia.
Impaired left ventricular function in the presence of tachycardia can be found
accidentally, but it is often associated with progressive symptoms and signs of heart
failure that force the individual to seek medical help. A hallmark of tachycardia-
induced cardiomyopathy is the reversibility of both hemodynamic and structural
changes after cessation of the index tachycardia. However, contractile dysfunction
and structural changes may persist even weeks after the rhythm/rate correction.
Therefore, tachycardia-induced cardiomyopathy should be considered as a probable
reason of ventricular dysfunction and dilatation in any patient presenting with dilated
cardiomyopathy pattern, despite that the initial rhythm is not pathological or the heart
rate is well controlled. This review summarizes our current knowledge about this

specific form of cardiomyopathy.

Keywords: tachycardia-induced cardiomyopathy, arrhythmia, tachycardia, heart
failure, dilated cardiomyopathy

1. Introduction

Cardiomyopathies represent a heterogenous group of myocardial diseases in which the
myocardium exhibits structural and/or functional dysfunction [1, 2]. Current definition of
cardiomyopathies excludes structural myocardial processes and dysfunction secondary to
specific cardiovascular disorders such as coronary artery disease, systemic arterial hyperten-
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sion, congenital heart diseases or valvular diseases. Although tachycardia-induced cardiomy-
opathy may be seen as secondary due to well-defined causal cardiovascular factor, this
disorder ranks among cardiomyopathies also in the current definition and classification of
cardiomyopathies [1, 2].

Tachycardia-induced cardiomyopathy is a disease with attributes of dilated cardiomyopathy
that develop as a consequence of persistent tachycardia. It is characterized by systolic ventric-
ular dysfunction and dilatation with heart failure symptoms that occur as a result of long-term
tachycardia of either supraventricular or ventricular origin. This disease should be also
considered as a cause of ventricular dysfunction in the absence of tachycardia at the time of
patient presentation since the tachyarrhythmia could disappear spontaneously before the
initiation of patient examination, while the hemodynamic and especially structural changes
of the heart induced by long-term tachycardia may persist even weeks after arrhythmia
disappearance and/or rate control achievement.

The key feature of tachycardia-induced cardiomyopathy is the reversibility of both functional
and structural changes as soon as the heart rate/rhythm is well controlled. In such case,
improvement or even complete functional and structural normalization may be found. A
correct diagnosis is thus often stated retrospectively based on the observation of ventricular
systolic function improvement and regression of ventricular dilatation after appropriate rate/
rhythm control.

2. Incidence, prevalence and prognosis

Although tachycardia-induced cardiomyopathy is considered to be a relatively rare instance,
its precise incidence is not described well yet. In fact, this disease is very likely to be under-
diagnosed in the clinical practice despite that the link between tachycardia and dilated
cardiomyopathy pattern has been known for a long time [3-5]. One reason for its underesti-
mation may be the uncertainty whether the detected tachycardia is the primary cause of the
cardiomyopathy, or whether it is rather a consequence of cardiomyopathy of different origin.

Tachycardia-induced cardiomyopathy may develop at any age. It has been documented in
fetuses with persistent supraventricular tachycardias [6], in children and adolescents [7] as
well as in adults [8].

Virtually, any type of arrhythmia is capable of inducing ventricular dysfunction or cardiomy-
opathy; however, supraventricular arrhythmias are the most commonly reported causes of
tachycardia-induced cardiomyopathy. It has been predominanly described in association with
atrial fibrillation, but other supraventricular arrhythmias may lead to this pathology too.
Tachycardia-induced cardiomyopathy may also develop as a result of persistent ventricular
tachycardia, rapid atrial and/or ventricular pacing or as a consequence of some extracardiac
diseases that are associated with persistent tachycardia (Table 1). Importantly, it may also occur
in patients with "only” frequent ventricular premature beats [9].

Atrial fibrillation (the most frequently reported arrhythmia associated with tachycardia-
induced cardiomyopathy development) is a frequent type of supraventricular tachycardia
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Atrial fibrillation [13, 73]
Atrial flutter [14, 74]

Supraventricular Focal atrial tachycardia [15, 16]
arrhythmias AVNRT [17, 18]
AVRT [19, 75]

Permanent junctional reciprocating tachycardia (PJRT) [20]

Frequent ventricular premature beats (VPBs) [9, 76]

Ventricular arrhythmias Idiopathic right or left ventricular outflow tract tachycardia [7, 8]

Bundle-branch reentry ventricular tachycardia [77]

Atrial pacing at high rates [30]

Cardiac pacin
pacing Ventricular pacing at high rates [32]

Thyreotoxicosis [78]
Extracardiac causes

Glucagonoma [79]

Myocarditis [80]

Table 1. Disorders associated with tachycardia-induced cardiomyopathy development (adapted from [81])

in patients with dilated cardiomyopathy and heart failure. It appears that there is a close
relationship between atrial fibrillation and heart failure: heart failure progression sup-
ports electrical and structural remodeling of the heart, which finally leads to atrial fibrilla-
tion development. On the other hand, epidemiological studies have demonstrated that
patients with atrial fibrillation are at higher risk of heart failure [10] and that abnormal left-
ventricular systolic function is 2.5 times more likely in elderly patients (> 65 years) with
atrial fibrillation than in those without this arrhythmia [11]. In addition, sinus rhythm
restoration or adequate rate control of ongoing arrhythmia are associated with the improve-
ment or even normalization of left-ventricular ejection fraction in some of these patients.
These findings indicate that at least in some cases, left-ventricular dysfunction is primari-
ly caused by rapid heart rate during atrial fibrillation rather than by preexisting dilated
cardiomyopathy. Moreover, some studies indicate that approximately 25-50% of patients
with atrial fibrillation, who simultaneously suffer from ventricular dysfunction, have some
degree of tachycardia-induced cardiomyopathy [12, 13].

Another instance of tachyarrhythmia that used to be associated with a relatively higher
prevalence of cardiomyopathy pattern is atrial flutter. Some observational studies indicated
that left-ventricular systolic dysfunction is present in up to 25% of patients reported to atrial
flutter ablation, and in more than half of these, it is possible to observe a significant improve-
ment or even normalization of ejection fraction during the first twelve months after successful
elimination of the tachycardia [14].

Prevalence of ventricular dysfunction is relatively high also in incessant atrial tachycardia,
since it has been reported in approximately 10-19% of cases [15, 16]. It seems that children are
more susceptible to tachycardia-induced cardiomyopathy than adults. Among adults,
tachycardia-induced cardiomyopathy appears to be present more often in younger adult
patients with persistent atrial tachycardia than in those of a higher age, although the lower
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prevalence in the older population may be partially caused by difficulties to distinguish the
effect of tachycardia alone from that of the underlying heart disease with regard to the systolic
ventricular function. Interestingly, elimination of the arrhytmia leads to the restoration of left-
ventricular function in up to 97% [16].

Supraventricular reentrant tachycardias (atrioventricular nodal reentry tachycardia
(AVNRT) and atrioventricular reciprocating tachycardia (AVRT)) have usually only paroxys-
mal nature. If persistent, these may also induce cardiomyopathy and heart failure that are
reversible after catheter ablation [17-20].

Ventricular tachycardias are usually associated with some forms of underlying structural
heart diseases. Therefore, it is difficult to distinguish whether and to what extent is the
observed systolic ventricular dysfunction caused by the primary disease, and how much has
persistent tachycardia contributed to its severity. This may be determined more precisely in
patients with idiopathic ventricular tachycardias, which (if persistent or repetitive enough)
may lead to cardiomyopathy. Restoration of normal systolic performance of the left ventricle
has been described in patients with successful elimination of both right-ventricular outflow
tract tachycardia [8] and left-ventricular outflow tract tachycardia [7].

However, cardiomyopathy with or without symptomatic heart failure may be present also
in patients with “only” frequent premature beats. It has been described mainly in patients
with frequent ventricular ectopy [9, 21-23], but high burden of atrial premature beats may
also lead to reversible cardiomyopathy [24, 25]. A prospective multicenter study that
included patients with reduced left-ventricular ejection fraction due to suspected ventricu-
lar premature beat-associated cardiomyopathy has found that both systolic function and
neurohumoral response (levels of natriuretic peptide) improve as soon as the ectopy is
successfully eliminated and that the extent of improvement is comparable between patients
with and without known structural heart disease [26]. These authors suggested that the
higher the burden of ventricular premature beats (VPB), the higher the probability of systolic
function improvement after ectopy elimination, with 13% baseline VPB burden being 100%
sensitive and 85% specific to predict left-ventricular ejection fraction increase by >5% after
elimination of the ectopic focus. Although not confirmed in all studies [26], some research-
ers have also suggested that the QRS duration of VPB is an important factor in the
development of cardiomyopathy, with wider QRS complexes more likely to lead to
cardiomyopathy pattern with a lower total burden of PVBs [27, 28] and that epicardial
origin of VPBs is also associated with delayed LV function recovery [29].

Prognosis of dilated cardiomyopathy may vary depending on the cause. Tachycardia-induced
cardiomyopathy ranks among forms of dilated cardiomyopathy with (if treated appropriately)
generally good prognoses. Although studies describing recovery of patients with tachycardia-
induced cardiomyopathy after sinus rhythm restoration or rate control include only small
samples of patients, it appears that these causal therapeutic options may result in an improve-
ment of left-ventricular function, positive change in neurohumoral cascade (reduced levels of
natriuretic peptides) [26] and that it is likely to be linked to a generally good prognosis of
tachycardia-induced cardiomyopathy.
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3. Pathogenesis

Our current knowledge about the pathogenesis of tachycardia-induced cardiomyopathy is
predominantly based on animal models that have been introduced to study heart failure
[30-35]. In these experiments, heart failure is induced by rapid cardiac pacing of certain
duration, at the atrial and/or ventricular level. Hemodynamic changes that result from such
pacing strongly resemble findings in humans [31-35]. Similar abnormalities have been also
identified in animals with “only” ventricular premature beats delivered artificially in bigemi-
nal pattern, and these changes are reminiscent of those in humans as well [36]. Observations
proving that all these alterations are fully or at least partially reversible with cessation of
tachycardia also correspond with results found in humans [32, 37].
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Figure 1. Tachycardia-induced cardiomyopathy in a 38-years old male with no previous history of any heart disease or
arrhythmia. First episode of persistent atrial fibrillation with rapid heart rate (1a, 1b) in his life caused progressive de-
terioration of ventricular systolic function leading to clinical manifestation of heart failure during 4 weeks. 1c shows
significantly reduced ejection fraction of the left ventricle with its incipient enlargement during the tachycardia. Both
heart failure symptoms and left-ventricular systolic function rapidly improved during the following 3 weeks after si-
nus rhythm restoration (2a). Size and systolic function of the left ventricle then almost normalized in the horizon of 3
months after the tachycardia termination (2b).
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3.1. Hemodynamic changes

Rapid atrial or ventricular pacing in experimental models leads to biventricular systolic and
diastolic dysfunctions that occur relatively early after the onset of tachycardia [38, 39]. Typical
findings include reduced systolic function of both ventricles reaching up to 55%, decline in
cardiac output, elevation of ventricular filling pressures, systemic vascular resistance as well
as ventricular systolic wall stress [33-35, 40, 41]. Systolic ventricular dysfunction is caused by
the loss of contractility. In addition, contractile reserve in response to volume, inotropic agents
or post-extrasystolic potentiation is affected [42, 43] and myocardial relaxation is impaired [44].
As a consequence of altered hemodynamic situation, mitral regurgitation may develop in
longer-term perspective that leads to volume overload of the failing heart [45].

3.2. Structural changes

Persistent tachycardia, either induced artificially by chronic cardiac pacing or resulting from
persistent tachyarrhythmia, finally leads to the dilatation of all cardiac chambers. Left ventricle
increases both its end-systolic and end-diastolic volume (with end-systolic volume being
affected more [33, 34]) and it further changes its geometry to a spherical shape [46]. This
dilatation is usually associated with wall thinning or preservation of wall thickness without
either increased heart weight or hypertrophy [45, 46].

On microscopical level, remodeling of both cardiomyocytes and extracellular matrix may be
detected: disruptions of sarcolemma-basement membrane interface, myofibrillar misalign-
ment, cellular elongation and myocyte loss (up to 39% of the total myocyte mass) have been
found [40, 47, 48]. Architecture of the extracellular matrix is usually remarkably modified as
well and this also contributes to myocyte misalignment and adversely affects force coupling
and transmission.

In addition to functional and structural changes, electrophysiologic remodeling has been
documented. Abnormal functioning of calcium channels, stretch-sensitive channel dysfunc-
tion and other abnormalities often affect and prolong repolarization that can finally result in
ventricular tachycardias manifestation [49].

3.3. Neurohumoral changes

Similar to other forms of heart failure, marked neurohumoral activation occurs and leads to
elevated plasma levels of natriuretic peptides, epinephrine, norepinephrine, aldosterone and
renin activity [39]. Downregulation of beta-1 receptor density with the resulting decrease in
beta-adrenergic responsiveness have been found as well [50, 51].

All the above-mentioned hemodynamic, structural and neurohumoral changes have been
demonstrated also in humans, which supports the conclusion that pacing-induced model
of heart failure could be a useful tool to study pathogenesis of tachycardia-induced
cardiomyopathy.
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3.4. Pathophysiology of tachycardia-induced cardiomyopathy

The development of tachycardia-induced myocardial dysfunction appears to be a result of
multiple factors. Various alternations of neurohumoral and cellular activation have been
identified; however, it is still uncertain whether they represent the causal factor of the
functional and subsequent structural changes in all cases, or whether they are rather a
consequence of tachycardia. Although the precise mechanism behind contractile dysfunc-
tion with the resulting structural changes is not fully understood yet, the research has
focused mainly on three potential factors: 1) depletion of high-energy stores in the myocardi-
um with impaired energy utilization, 2) myocardial ischemia and 3) abnormality in calcium handling.

On subcellular level, persistent tachycardia leads to energy-stores depletion, which is
associated with the reduction of adenosin-triphosphate (ATP), phosphocreatinine and
creatinine levels in the myocardium. In addition, a reduced activity of the Na/K-ATPase
pump has been described [52, 53a, 53b]. It is very likely due to enhanced activity of Krebs
cycle oxidative enzymes and mitochondrial injury [40, 41].

Similar findings have been described in the case of myocardial ischemia. In the ischemic model,
rapid depletion of energy-stores and left-ventricular dysfunction occur shortly after vessel
occlusion [54]. However, their return to normal values lasts mostly about days long after the
ischemic attack, which also corresponds with findings in tachycardia-induced cardiomyop-
athy where altered hemodynamic and structural changes resolve in prolonged time interval.
Proceeding from these facts, myocardial ischemia is considered to be a potential factor that
contributes to the tachycardia-induced cardiomyopathy development. In fact, abnormal
coronary flow and changed ratios of subendocardial and subepicardial flow have been
observed in tachycardia-induced cardiomyopathy [55, 56].

The hypothesis that abnormal handling of calcium plays a role in the genesis of tachycardia-
induced cardiomyopathy has received substantial support, because the severity of calcium
cycling abnormalities has been shown to correlate with the extent of ventricular dysfunction
[41]. Abnormal calcium handling occurs already in the first 24 hours of rapid cardiac pacing
and it may persist for more than 4 weeks after tachycardia termination [41]. Altered functions
of calcium channels and transport system of the sarcoplasmatic reticulum have been identified
[41, 57] and they may thus contribute to myocardial dysfunction observed in tachycardia-
induced cardiomyopathy due to lower calcium availability to myocytes with the resulting
contractility reduction. Some other studies suggest altered calcium-sensitivity and excitation-
contraction coupling [57, 58].

An observation that tachycardia-induced cardiomyopathy does not evolve in every patient
with the same type, duration and rate of a tachycardia implies possible genetic predisposition of
some patients to develop a dilated cardiomyopathy pattern during tachycardia. In fact, one
study [59] suggests that polymorphism in angiotensin-converting enzyme (ACE) gene may be
involved, since one type of such polymorphism (which is associated with higher serum levels
of ACE) is more frequently linked to idiopathic and ischemic cardiomyopathy manifestation.
Looking at the prevalence of this polymorphism among 20 patients with tachycardia-induced
cardiomyopathy as compared to another sample of 20 patients without this pattern, the authors
reported a higher detection of this ACE polymorphism in the cardiomyopathic group [59].
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3.5. Course of the changes over time and their reversibility

Experimental studies demonstrate that changes of hemodynamics with the reduction of
cardiac output or altered systemic arterial pressure occur already in the first 24 hours of rapid
pacing [32]. When continued, fast cardiac pacing theninduces an elevation of ventricular filling
pressures, pulmonary artery pressure and a decrease of systemic arterial pressure that reach
certain plateau after one week, while cardiac output, volumes and ejection fraction deteriorate
continually for 3-5 weeks with the final end-stage heart failure development [35, 45].

Cessation of tachycardia results in a resolution of these changes: in the first 48 hours after
termination of cardiac pacing, a significant improvement of cardiac output, systemic vascular
resistance, mean arterial pressure and filling pressures are present [39]. Left-ventricular
ejection fraction also improves dramatically and normalizes within 1-2 weeks [39]. All
hemodynamic variables normalize within the horizon of four weeks after tachycardia inter-
ruption, but diastolic dysfunction remains detectable even after the first month period.
Importantly, elevated end-diastolic and end-systolic volumes are still present after twelve
weeks of pacing discontinuation, which is consistent with substantial ventricular remodeling
[33, 46], that requires longer time for its resolution.

Although the hallmark of tachycardia-induced cardiomyopathy is an improvement or even
normalization of cardiac function and size with the resulting disappearance of heart failure
symptoms after cessation of tachycardia or rate control achievement, there is growing evidence
that the ultrastructural abnormalities of the myocardium and residual contractility dysfunc-
tion may persist. This has already been suggested in the experimental studies [53b], but similar
conclusions have also been made in clinical observational reports [60, 61]. In one of these
studies, ventricular function has been assessed using specle tracking and contrast-enhanced
MRI with ventricular T1 mapping used as an index of diffuse fibrosis. Although the ejection
fraction normalized three months after a successful ablation of initial tachycardia already, it
has been possible to detect a somewhat greater indexed end-diastolic and end-systolic volume
of the left ventricle in patients with tachycardia-induced cardiomyopathy as compared to
healthy controls. Moreover, patients with previous tachycardia-induced cardiomyopathy
have demonstrated reduced global left-ventricular corrected T1 time that implies a diffuse
fibrosis [61]. In addition, another study [60] suggests that tachycardia tends to recur in some
patients initially diagnosed with tachycardia-induced cardiomyopathy pattern and this
recurrence of arrhythmia leads to a new decline of systolic ventricular function. Moreover,
sudden death may occur in some of these patients despite normal or almost normal systolic
function during the last evaluation [60].

4. Clinical manifestation and diagnosis

Itis important to consider tachycardia-induced cardiomyopathy in all cases as a possible cause
of systolic dysfunction and manifest heart failure, especially in patients with a new or wors-
ened ventricular systolic dysfunction or in cases with their uncertain duration in which
persistent tachycardia is found simultaneously. Since contractile dysfunction and structural
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changes may persist even weeks after the rhythm/rate correction, tachycardia-induced
cardiomyopathy should be considered as a probable reason of ventricular dysfunction and
dilatation in any patient presenting with dilated cardiomyopathy pattern, despite that the
initial rhythm is not pathological or the heart rate is well controlled.

Generally, persistent tachycardia (i.e. tachycardia lasting usually weeks or months) predis-
poses an individual to ventricular dysfunction and dilatation development, regardless of the
rhythm disturbance characteristics. However, the resulting degree of systolic dysfunction and
heart dilatation, the rate of their progression and the reversibility of hemodynamic and
structural abnormalities after rhythm/rate correction are partially dependent on the heart rate,
type and duration of the tachycardia and also on the concomitant presence of other heart
diseases. In addition, there is growing evidence that irregularity of the rhythm alone may
contribute to these changes manifestation and that it may also affect the rate and the extent of
their resolution after rhythm correction.

Heart rate is apparently one of the most important factors. Tachycardia-induced cardiomy-
opathy is rate dependent: tachycardias with higher rates manifest themselves usually earlier
than those with slower rates [31, 62]. In an experimental setting, pacing at slower rate or for a
shorter time usually yields a lesser degree of left-ventricular systolic dysfunction [39, 63].
However, some observational studies imply that tachycardia-induced cardiomyopathy may
be found more often in patients with a slower heart rate than in those with a higher rate. This
was reported in retrospective observational studies that included patients referred to cathe-
terization ablation of focal atrial tachycardia [15, 16]. Tachycardia-induced cardiomyopathy
was present in 9-19% of these cases, more frequently in patients with heart rate of less than
120 bpm. Possible explanation for this finding may include the fact that faster tachycardia is
associated with early symptom manifestation in form of palpitation, whereas tachycardias
with lower heart rate are better tolerated by the patient, so the remodeling and signs of heart
failure have enough time to develop before the patient visits a doctor.

How fast does the tachycardia have to be to induce tachycardia-induced cardiomyopathy is
still not clear. Basically, any rhythm with the rate exceeding 100 bpm for a longer period of
time may lead to this pathology. In this context, it is important to note that heart rate (especially
in atrial fibrillation) may vary significantly as a result of physical or mental activity, i.e. patients
may show well-controlled heart rate at rest that increases abnormally during minimal exercise.
Therefore, Holter ECG monitoring may be useful to identify such behavior and to raise
suspicion of tachycardic origin of an observed ventricular dysfunction. Cut-offs for adequate
rate control have been derived from atrial fibrillation patients. They generally vary with age,
but heart rate ranging between 60 and 80 bpm at rest and 90-115 bpm during a moderate
exercise are usually considered as adequate (so-called strict rate control) [64]. These target rates
are sometimes difficult to achieve, however. A lenient rate control strategy [65] aiming at
resting heart rate <110 bpm seems to have similar long-term results as the strict rate control of
atrial fibrillation and is thus preferred nowadays.

In the experimental model, persistent ventricular tachyarrhythmias induce generally more
significant ventricular dysfunction than supraventricular tachycardias [38].
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Tachycardia-induced cardiomyopathy may develop in a variable time-horizon since the
tachycardia onset (even after many months). Together with heart rate and type of the arrhyth-
mia, the tachycardia duration is responsible for the severity and reversibility of ventricular
systolic dysfunction [31] as it has been discussed earlier.

Tachycardia-induced cardiomyopathy can be present as either sole pathology or it may
accompany another heart disease. It means that the presence of other structural heart disease
does not exclude concurrent presence of tachycardia-induced cardiomyopathy. In these cases,
tachycardia may worsen the pre-existing ventricular dysfunction and dilatation [12]. The
degree of a ventricular dysfunction is then usually inadequate to the severity of the underlying
heart disease (i.e. atherosclerotic changes of the coronary arteries). Tachycardia-induced
cardiomyopathy is highly probable especially in patients with recently normal systolic
function of the ventricles and in those with an improvement of dysfunction after the achieve-
ment of an adequate rate/rhythm control.

Another factor which appears to contribute to tachycardia-induced cardiomyopathy is the
irregularity of a rhythm. It is based not only on the observations that frequent ectopic
supraventricular or ventricular beats are able to induce the pattern of reversible dilated
cardiomyopathy [9, 22, 24], but also on studies on rate control in atrial fibrillation [66], which
demonstrate that the irregularity of a fast rhythm may worsen cardiac function whereas it does
not cause any significant hemodynamic worsening if the heart rate of the irregular rhythm
falls generally within a normal range.

Assessment of a patient with suspected tachycardia-induced cardiomyopathy includes a
detailed history and physical examination with the subsequent laboratory and imaging tests
to state the diagnosis and severity of the disease.

4.1. Symptoms and signs

The manifestation of tachycardia-induced cardiomyopathy is various. The most common
symptoms include palpitations and signs of heart failure. Palpitations resulting from either
high rate or irregularity of the arrhythmia are often the dominant complaint of a patient with
fast tachycardia. These patients thus often consult a doctor early in search of intervention and
cardiomyopathy pattern then does not have enough time to develop. On the other hand,
symptoms and signs of a heart failure may predominate in those patients who do not feel
palpitation and are not aware of a rhythm disturbance. In such patients, decreased exercise
capacity, fatigue or congestion may be the main complaint.

Due to the fact that acuteness of the symptoms forces a patient with rapid heart rate to seek
medical help shortly after the arrhythmia onset, some scholars hypothesize that tachycardia-
induced cardiomyopathy is present rather in patients with slower arrhythmias. Some clinical
observations support such conclusions [15, 16]: The first retrospective observational study [16]
included a sample of 331 patients without structural heart diseases who underwent ablation
of atrial tachycardia. Tachycardia-induced cardiomyopathy was present in 9% of them and
affected rather younger patients (mean age 39 vs. 51 years), more often males (60% versus 38%)
with incessant or very frequent paroxysmal tachycardia (100% vs. 20%) with a slower heart



Tachycardia-Induced Cardiomyopathy
http://dx.doi.org/10.5772/60716

rate (120 bpm vs. 149 bpm), than arrhythmias that have not been associated with ventricular
dysfunction. Similar findings have been reported also in children with persistent atrial
tachycardias [15]: atrial tachycardia originating within the atrial appendage was more often
associated with slower heart rate (<120 bpm) at examination, asymptomatic course (75% versus
25%) and higher prevalence of tachycardia-induced cardiomyopathy as compared to atrial
tachycardia of other origins.

In all other aspects, tachycardia-induced cardiomyopathy resembles other forms of dilated
cardiomyopathy: symptoms and signs of heart failure, their severity as well as neurohumoral
activation are principally similar.

4.2. Diagnosis

As soon as tachycardia-induced cardiomyopathy is suspected, tests that aim to confirm the
diagnosis take place.

All patients should have 12-lead ECG to document basic heart rhythm and its rate at patient
presentation. Especially in cases with persistent atrial tachycardia, it is helpful to compare
recent ECG tracing with an older one (if available) to distinguish whether the current P wave
morphology corresponds with the documented sinus rhythm morphology or if it is rather
suggestive for atrial focus. Since the heart rate may change over time, due to mental or physical
activity, patients with suspected tachycardia-induced cardiomyopathy should undergo
continuous ECG monitoring for at least 24 hours (ambulatory Holter ECG monitoring or in-
patient telemetry). If uncertainty regarding the underlying rhythm persists, electrophysiologic
testing should be considered.

Besides arrhythmia detection, the presence of left-ventricular dysfunction with/without
ventricular dilatation should be documented. With this regard, transthoracic echocardiogra-
phy represents a gold standard. Morphological findings are principally similar as in the dilated
cardiomyopathy of other origins and differentiation between tachycardia-induced cardiomy-
opathy and other forms of dilated cardiomyopathy is generally not possible based on the
echocardiographic pattern only, although left-ventricular end-diastolic diameter tends to be
usually smaller in cases of tachycardia-induced cardiomyopathy [67].

Despite that the patient presents with tachyarrhythmia, other reasons of dilated cardiomyop-
athy pattern should be therefore considered as soon as the ventricular dysfunction and
dilatation is documented at any imaging modality. Adult patients are thus often indicated to
coronary angiography to exclude the most common substrate of ventricular dysfunction, i.e.
a significant underlying coronary artery disease. History of alcohol intake, drug abuse, cancer
and its treatment, thyreopathy or other metabolic or congenital disease should be searched for
further.

A single-center experience suggests that also serial NT-pro BNP measurement may be useful
to distinguish between tachycardia-induced cardiomyopathy and cardiomyopathies due to
structural heart disease [68]. This study included patients who presented with supraventric-
ular tachycardia and reduced left-ventricular ejection fraction <40% and underwent cardio-
version. The NT-pro BNP level has initially been elevated in all patients. After a successful

85
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cardioversion, NT-pro BNP has decreased in virtually all patients, but the decrease has been
quicker in tachycardia-induced cardiopmyopathy patients. Therefore, the ratio between the
baseline NT-pro BNP and NT-pro BNP after one week following cardioversion > 2.3 has had
90% sensitivity, 95% specificity and 90% accuracy to predict tachycardia-induced origin of
ventricular dysfunction based on these authors.

5. Therapy

Therapeutic approach to the tachycardia-induced cardiomyopathy includes two steps: 1.
tachyarrhythmia correction as it represents causal therapeutic intervention and 2. heart
failure treatment.

Due to the potential reversibility of hemodynamic and structural changes in tachycardia-
induced cardiomyopathy, all efforts should be made to achieve heart rate correction or
appropriate rate control. Rhythm or rate control may be achieved using both pharmacological
and non-pharmacological tools. Depending on the type of arrhythmia and presence/absence
of concomitant structural heart disease, various antiarrhytmic drugs may be used to terminate
the arrhythmia or to achieve adequate rate control. Especially, betablockers and class III
antiarrhythmics play an irreplaceable role regarding this treatment. It is very important to
avoid drugs with higher pro-arrhythmic effect (e.g. flecainide) in the presence of systolic
dysfunction or drugs that may contribute to further progression of systolic dysfunction (e.g.
disopyramide). Most arrhythmias that lead to tachycardia-induced cardiomyopathy are
currently treatable using catheterization ablation, success rate of which reaches 60-90%
depending on the type of arrhythmia. This therapeutic approach should be therefore consid-
ered as a first-line treatment in the absence of contraindication.

In atrial fibrillation, rate and rhythm control strategy have been shown to be comparable with
respect to quality of life, mortality or stroke rate [64, 69]. The decision to favor rhythm control
over rate control should thus be made on an individual basis, and discussed with the patient
[70]. In case rate control strategy is chosen, repeated long-term ECG monitoring is instrumental
to decide whether the selected treatment is appropriate and ensures acceptable rate control
(strict rate control requires 60-80 bpm at rest and 90-115 bpm at moderate exercise; lenient
rate control requests resting rate < 110 bpm). Atrial arrhythmias are often refractory to
antiarrhythmic drugs and an acceptable rate control may be then achieved only with higher
doses of AV nodal blocking agent. In such cases, catheter ablation is an option. By other
supraventricular tachyarrhythmias, which lead to tachycardia-induced cardiomyopathy,
restoration of sinus rhythm is usually preferred. Rhythm correction may be achieved through
either pharmacological or electrical cardioversion or (preferably) via catheter ablation of the
arrhythmia in these patients.

In rare cases, failing to restore sinus rhythm (even using catheter ablation) and to achieve
adequate ventricular control, an ablation of AV node with insertion of a permanent pacemaker
may be considered. Because of the present ventricular dysfunction prior to pacemaker
insertion, biventricular systems are usually favored [71].
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Treatment of heart failure symptoms due to tachycardia-induced cardiomyopathy includes
standard regimen and drug spectrum as in heart failure of other origin, i.e. ACE inhibitors,
beta-blockers, angiotensin-receptor blockers, diuretics and digoxin.

6. Risk of tachycardia-induced cardiomyopathy recurrence

Similarly as in the experimental models, improvement of ventricular systolic function may be
often found in one week horizon and full recovery (including chamber size reduction), usually
over a time period of 4-6 weeks after rhythm/rate correction. In some patients, size of the left
ventricle may remain slightly enlarged [72].

Although there are no recommendations regarding follow-up of the patients who once
experienced tachycardia-induced cardiomyopathy, it is advisable to observe such patients
closely for at least one or two years after the initial manifestation. The reason for it is certain,
although not specifically determinable risk of arrhythmia recurrence that may induce new and
rapid decrease of left-ventricular ejection fraction despite cardiomyopathy could develop
within months during the initial episode. Patients experiencing the recurrence of tachycardia-
induced cardiomyopathy are at higher risk of sudden death [72] and implantation of an ICD
may be thus considered in these cases.

7. Conclusion

The difficulties to differentiate reliably between tachycardia-induced cardiomyopathy and
other forms of dilated cardiomyopathy, and the fact that the correct diagnosis is often estab-
lished only retrospectively based on the improved systolic function after heart rate correction
are the two most important reasons why the real prevalence of tachycardia-induced cardio-
myopathy may be much higher than it is currently reported. Since it is a potentially reversible
cause of heart failure, it is very important to always consider this option in the concomitant
presence of dilated cardiomyopathy pattern and persistent tachycardia. An early heart rate
intervention may then have substantial clinical impact.

Although experimental studies helped us to understand the basic pathophysiologic process
behind the tachycardia-induced cardiomyopathy development, there is still a number of
questions that need to be answered. For example, it is not clear why the tachycardia-induced
cardiomyopathy does not occur in all patients with persistent tachycardia of the same type
and heart rate. Furthermore, it is not clear whether or not are the patients who once developed
tachycardia-induced cardiomyopathy in their life more susceptible to heart failure of another
origin in the long-term perspective, similarly as are women with gestational diabetes more
prone to develop the second type of diabetes in their future life. In addition, the exact patho-
physiology behind tachycardia-induced cardiomyopathy is still not well understood. All these
and other questions should therefore become the subjects of future research.

87



88 Abnormal Heart Rhythms

Acknowledgements

The work was supported by the Project for Conceptual Development of the Research Organ-
ization no. 00064203 from Ministry of Health, Czech Republic.

Author details

Lucie Riedlbauchova’

Address all correspondence to: Lucie Riedlbauchova

Section for Electrophysiology and Cardiac Pacing, Department of Cardiology, University
Hospital Motol and 2nd Faculty of Medicine, Charles University in Prague, Czech Republic

References

[1]

Maron BJ, Towbin JA, Thiene G, et al. Contemporary definitions and classification of
the cardiomyopathies: an American Heart Association Scientific Statement from the
Council on Clinical Cardiology, Heart Failure and Transplantation Committee; Qual-
ity of Care and Outcomes Research and Functional Genomics and Translational Biol-
ogy Interdisciplinary Working Groups; and Council on Epidemiology and
Prevention. Circulation 2006;113(14):1807-1816.

Elliot P, Andersson B, Arbustini E, et al. Classification of the cardiomyopathies: a po-
sition statement from the European Society of Cardiology working group on myocar-
dial and pericardial diseases. Eur Heart ] 2008;29:270-276.

Gossage AM, Braxton Hicks JA. On auricular fibrillation. QJM 1913;6:435-440.

Coleman HN 3rd, Taylor RR, Pool PE, et al. Congestive heart failure following chron-
ic tachycardia. Am Heart ] 1971;81(6):790-798.

Kasper EK, Agema WR, Hutchins GM, et al. The causes of dilated cardiomyopathy: a
clinicopathologic review of 673 consecutive patients. ] Am Coll Cardiol 1994;23(3):
586-590.

Krapp M, Gembruch U, Bauman P. Venous blood flow pattern suggesting tachycar-
dia induced cardiomyopathy in the fetus. Ultrasound Obstet Gynecol 1997;10:32—40.

Singh B, Kaul U, Talwar KK, Wasir HS. Reversibility of “tachycardia induced cardio-
myopathy” following the cure of idiopathic left ventricular tachycardia using radio-
frequency energy. Pacing Clin Electrophysiol 1996;19(9):1391-1392.

Vijgen ], Hill P, Biblo LA, Carlson MD. Tachycardia-induced cardiomyopathy secon-
dary to right ventricular outflow tract ventricular tachycardia: improvement of left



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

Tachycardia-Induced Cardiomyopathy
http://dx.doi.org/10.5772/60716

ventricular systolic function after radiofrequency catheter ablation of the arrhythmia.
J Cardiovasc Electrophysiol 1997;8(4):445-450.

Baman TS, Lange DC, Ilg K], et al. Relationship between burden of premature ven-
tricular complexes and left ventricular function. Heart Rhythm 2010;7(7):865-869.

Stewart S, Hart CL, Hole DJ, McMurray JJ. A population-based study of the long-
term risks associated with atrial fibrillation: 20-year follow-up of the Renfrew/Paisley
study. Am ] Med 2002;113(5):359-364.

Aronow WS, Ahn C, Kronzon I. Echocardiographic findings associated with atrial fi-
brillation in 1699 patients aged 60 years. Am ] Cardiol 1995;76:1191-1192.

Redfield MM, Kay GN, Jenkins LS, et al. Tachycardia-related cardiomyopathy: a
common cause of ventricular dysfunction in patients with atrial fibrillation referred
for atrioventricular ablation. Mayo Clin Proc 2000;75:790-795.

Edner M, Caidahl K, Bergfeldt L, et al. Prospective study of left ventricular function
after radiofrequency ablation of atrioventricular junction in patients with atrial fibril-
lation. Br Heart ] 1995;74:261-267.

Pizzale S, Lemery R, Green MS, et al. Frequency and predictors of tachycardia-in-
duced cardiomyopathy in patients with persistent atrial flutter. Can ] Cardiol 2009
Aug;25(8):469-472.

Sakaguchi H, Miyazaki A, Yamamoto M, et al. Clinical characteristics of focal atrial
tachycardias arising from the atrial appendages during childhood. Pacing Clin Elec-
trophysiol 2011;34(2):177-184.

Medi C, Kalman JM, Haqqani H, et al. Tachycardia-mediated cardiomyopathy secon-
dary to focal atrial tachycardia: long-term outcome after catheter ablation. ] Am Coll
Cardiol 2009;53(19):1791-1797.

Furushima H, Chinushi M, Sugiura H, Aizawa Y. Radiofrequency catheter ablation
for incessant atrioventricular nodal reentrant tachycardia normalized H-V block as-
sociated with tachycardia-induced cardiomyopathy. J Electrocardiol 2004 Oct;37(4):
315319.

Selvaraj R, Ananthakrishnapillai A, Sadasivam R, Balachander J. “Pseudo PJRT” —
fast-slow AV nodal reentrant tachycardia presenting with tachycardia-induced cardi-
omyopathy. Pacing Clin Electrophysiol 2013 Jan;36(1):e4—6. doi: 10.1111/.
1540-8159.2011.03210.x. Epub 2011 Sep 2

Packer DL, Bardy GH, Worley SJ, et al. Tachycardia-induced cardiomyopathy: a re-
versible form of left ventricular dysfunction. Am ] Cardiol 1986;57(8):563-570.

Aguinaga L, Primo ], Anguera I, et al. Long-term follow-up in patients with the per-
manent form of junctional reciprocating tachycardia treated with radiofrequency
ablation. Pacing Clin Electrophysiol 1998;21(11Pt1):2073-2078.

89



90 Abnormal Heart Rhythms

[21]

[22]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Bogun F, Crawford T, Reich S, et al. Radiofrequency ablation of frequent, idiopathic
premature ventricular complexes: comparison with a control group without inter-
vention. Heart Rhythm 2007;4(7):863-867.

Yokokawa M, Kim HM, Good E, et al. Relation of symptoms and symptom duration
to premature ventricular complex-induced cardiomyopathy. Heart Rhythm
2012;9(1):92-95.

Lamba J, Redfearn DP, Michael KA, et al. Radiofrequency catheter ablation for the
treatment of idiopathic premature ventricular contractions originating from the right

ventricular outflow tract: a systematic review and meta-analysis. Pacing Clin Electro-
physiol 2014;37(1):73-78.

Pacchia CF, Akoum NW, Wasmund S, Hamdan MH. Atrial bigeminy results in de-
creased left ventricular function: an insight into the mechanism of PVC-induced car-
diomyopathy. Pacing Clin Electrophysiol 2012;35(10):1232-1235.

Hasdemir C, Simsek E, Yuksel A. Premature atrial contraction-induced cardiomyop-
athy. Europace 2013;15:1790.

Penela D, Van Huls Van Taxis C, Aguinaga L, et al. Neurohormonal, structural, and
functional recovery pattern after premature ventricular complex ablation is inde-
pendent of structural heart disease status in patients with depressed left ventricular
ejection fraction: a prospective multicenter study. ] Am Coll Cardiol 2013;62(13):
1195-1202.

Carballeira Pol L, Deyell MW, Frankel DS, et al. Ventricular premature depolariza-
tion QRS duration as a new marker of risk for the development of ventricular prema-
ture depolarization-induced cardiomyopathy. Heart Rhythm 2014;11(2):299-306.

Deyell MW, Park KM, Han Y, et al. Predictors of recovery of left ventricular dysfunc-
tion after ablation of frequent ventricular premature depolarizations. Heart Rhythm
2012;9(9):1465-1472.

Yokokawa M, Good E, Crawford T, et al. Recovery from left ventricular dysfunction
after ablation of frequent premature ventricular complexes. Heart Rhythm
2013;10(2):172-175.

Whipple GH, Sheffield LT, Woodman EG, et al. Reversible congestive heart failure
due to chronic rapid stimulation of the normal heart. Proc N Engl Cardiovasc Soc
1962;20:39-40.

Armstrong PW, Stopps TP, Ford SE, De Bold A]J. Rapid ventricular pacing in the dog:
pathophysiologic studies of heart failure. Circulation 1986;74:1075-1084.

Wilson JR, Douglas P, Hickey WF, et al. Experimental congestive heart failure pro-
duced by rapid ventricular pacing in the dog: cardiac effects. Circulation 1987;75(4):
857-867.



[33]

[36]

[37]

[38]

[39]

[40]

[41]

[45]

Tachycardia-Induced Cardiomyopathy
http://dx.doi.org/10.5772/60716

Howard R]J, Stopps TP, Moe GW, et al. Recovery from heart failure: structural and
functional analysis in a canine model. Can ] Physiol Pharmacol 1988;66(12):1505—-
1512.

Morgan DE, Tomlinson CW, Qayumi AK, et al. Evaluation of ventricular contractility
indexes in the dog with left ventricular dysfunction induced by rapid atrial pacing. J
Am Coll Cardiol 1989;14(2):489-495.

Ohno M, Cheng CP, Little WC. Mechanism of altered patterns of left ventricular fill-
ing during the development of congestive heart failure. Circulation 1994;89(5):2241—
2250.

Huizar JF, Kaszala K, Potfay J, et al. Left ventricular systolic dysfunction induced by
ventricular ectopy: a novel model for premature ventricular contraction-induced car-
diomyopathy. Circ Arrhythm Electrophysiol 2011;4(4):543-549.

Damiano R]J Jr, Tripp HF Jr, Asano T, et al. Left ventricular dysfunction and dilata-
tion resulting from chronic supraventricular tachycardia. ] Thorac Cardiovasc Surg
1987;94(1):135-143.

Zupan I, Rakovec P, Budihna N, Brecelj A, Kozelj M. Tachycardia induced cardiomy-
opathy in dogs; relation between chronic supraventricular and chronic ventricular ta-
chycardia. Int ] Cardiol 1996;56(1):75-81.

Moe GW, Stopps TP, Howard R], Armstrong PW. Early recovery from heart failure:
insights into the pathogenesis of experimental chronic pacinginduced heart failure. |
Lab Clin Med 1988;112:426-432.

Spinale FG, Hendrick DA, Crawford FA, et al. Chronic supraventricular tachycardia
causes ventricular dysfunction and subendocardial injury in swine. Am ] Physiol
1990;259:H218-H229.

O'Brien PJ, lanuzzo CD, Moe GW, et al. Rapid ventricular pacing of dogs to heart
failure: biochemical and physiological studies. Can J Physiol Pharmacol 1990;68(1):
34-39.

Komamura K, Shannon RP, Thara T, et al. Exhaustion of Frank-Starling mechanism in
conscious dogs with heart failure. Am J Physiol 1993;265:H1119-H1131.

Spinale FG, Fulbright BM, Mukherjee R, et al. Relation between ventricular and myo-
cyte function with tachycardia-induced cardiomyopathy. Circ Res 1992;71:174-187.

Zile MR, Mukherjee R, Clayton C, Kato S, Spinale FG. Effects of chronic supraventric-
ular pacing tachycardia on relaxation rate in isolated cardiac muscle cells. Am J Phys-
iol 1995;268:H2104-H2113.

Howard R], Moe GW, Armstrong PW. Sequential echocardiographic-Doppler assess-
ment of left ventricular remodelling and mitral regurgitation during evolving experi-
mental heart failure. Cardiovasc Res 1991;25:468-474.

91



92 Abnormal Heart Rhythms

[46]

[47]

[49]

[50]

[52]

[53]

[54]

[55]

[56]

Tomita M, Spinale FG, Crawford FA, Zile MR. Changes in left ventricular volume,
mass, and function during the development and regression of supraventricular ta-
chycardia-induced cardiomyopathy. Disparity between recovery of systolic versus
diastolic function. Circulation 1991;83:635-644.

Zellner JL, Spinale FG, Eble DM, Hewett KW, Crawford FA. Alterations in myocyte
shape and basement membrane attachment with tachycardia induced heart failure.
Circ Res 1991;69:590-600.

Kajstura J, Zhang X, Liu Y, et al. The cellular basis of pacing-induced dilated cardio-
myopathy. Myocyte cell loss and myocyte cellular reactive hypertrophy. Circulation
1995;92:2306-2317.

Pak PH, Nuss HB, Tunin RS, et al. Repolarization abnormalities, arrhythmia and
sudden death in canine tachycardia-induced cardiomyopathy. ] Am Coll Cardiol
1997;30(2):576-584.

Marzo KP, Frey MJ, Wilson JR, et al. Beta-adrenergic receptor-G protein-adenylate
cyclase complex in experimental canine congestive heart failure produced by rapid
ventricular pacing. Circ Res 1991;69(6):1546-1556.

Yonemochi H, Yasunaga S, Teshima Y, et al. Rapid electrical stimulation of contrac-
tion reduces the density of beta-adrenergic receptors and responsiveness of cultured
neonatal rat cardiomyocytes. Possible involvement of microtubule disassembly sec-
ondary to mechanical stress. Circulation 2000;101(22):2625-2630.

Moe GW, Montgomery C, Howard R]J, et al. Left ventricular myocardial blood flow,
metabolism, and effects of treatment with enalapril: further insights into the mecha-
nisms of canine experimental pacing-induced heart failure. ] Lab Clin Med
1993;121(2):294-301.

(a) Spinale FG, Clayton C, Tanaka R, et al. Myocardial Na+, K(+)-ATPase in tachycar-
dia induced cardiomyopathy. ] Mol Cell Cardiol 1992;24(3):277-294. (b) Spinale FG,
Holzgrefe HH, Mukherjee R, et al. LV and myocyte structure and function after early
recovery from tachycardia-induced cardiomyopathy. Am J Physiol 1995;268:H836—
H847.

Reimer KA, Hill ML, Jennings RB. Prolonged depletion of ATP and of the adenine
nucleotide pool due to delayed resynthesis of adenine nucleotides following reversi-
ble myocardial ischemic injury in dogs. ] Mol Cell Cardiol 1981;13(2):229-239.

Spinale FG, Tanaka R, Crawford FA, Zile MR. Changes in myocardial blood flow
during development of and recovery from tachycardia-induced cardiomyopathy.
Circulation 1992;85:717-729.

Shannon RP, Komamura K, Shen YT, et al. Impaired regional subendocardial coro-
nary flow reserve in conscious dogs with pacing-induced heart failure. Am ] Physiol
1993;265:H801-H809.



[57]

[58]

[59]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Tachycardia-Induced Cardiomyopathy
http://dx.doi.org/10.5772/60716

Perreault CL, Shannon RP, Komamura K, et al. Abnormalities in intracellular calcium
regulation and contractile function in myocardium from dogs with pacing-induced
heart failure. ] Clin Invest 1992;89(3):932-938.

Wolff MR, Whitesell LF, Moss RL. Calcium sensitivity of isometric tension is in-
creased in canine experimental heart failure. Circ Res 1995;76:781-789.

Deshmukh PM, Krishnamani R, Romanyshyn M, et al. Association of angiotensin
converting enzyme gene polymorphism with tachycardia cardiomyopathy. Int ] Mol
Med 2004;13(3):455-458.

Nerheim P, Birger-Botkin S, Piracha L, Olshansky B. Heart failure and sudden death
in patients with tachycardia-induced cardiomyopathy and recurrent tachycardia.
Circulation 2004;110(3):247-252.

Ling LH, Kalman JM, Ellims AH, et al. Diffuse ventricular fibrosis is a late outcome
of tachycardia-mediated cardiomyopathy after successful ablation. Circ Arrhythm
Electrophysiol 2013;6(4):697-704.

Ravens U, Davia K, Davies CH, et al. Tachycardia-induced failure alters contractile
properties of canine ventricular myocytes. Cardiovasc Res 1996;32(3):613-621.

Redfield MM, Aarhus LL, Wright RS, Burnett JC, Jr. Cardiorenal and neurohumoral
function in a canine model of early left ventricular dysfunction. Circulation
1993;87:2016-2022.

AFFIRM Investigators. A comparison of rate control and rhythm control in patients
with atrial fibrillation. N Engl ] Med 2002;347:1825-1833.

Van Gelder IC, Groenveld HF, Crijns HJ, et al. Lenient versus strict rate control in
patients with atrial fibrillation.N Engl ] Med 2010;362:1363-1373.

Melenovsky V, Hay I, Fetics BJ, et al. Functional impact of rate irregularity in pa-
tients with heart failure and atrial fibrillation receiving cardiac resynchronization
therapy. Eur Heart ] 2005 Apr;26(7):705-711.

Jeong YH, Choi K]J, Song JM, et al. Diagnostic approach and treatment strategy in ta-
chycardia-induced cardiomyopathy. Clin Cardiol 2008;31(4):172-178.

Nia AM, Gassanov N, Dahlem KM, et al. Diagnostic accuracy of NT-proBNP ratio

(BNP-R) for early diagnosis of tachycardia-mediated cardiomyopathy: a pilot study.
Clin Res Cardiol 2011;100(10):887-896.

Roy D, Talajic M, Nattel S, et al. Rhythm control versus rate control for atrial fibrilla-
tion and heart failure. N Engl ] Med 2008;358:2667-2677.

Camm AJ, Kirchhof P, Lip GY, et al. Guidelines for the management of atrial fibrilla-
tion: the Task Force for the Management of Atrial Fibrillation of the European Soci-
ety of Cardiology (ESC). Eur Heart ] 2010 Oct;31(19):2369-2429.

93



94  Abnormal Heart Rhythms

[71]

[72]

[73]

[74]

[76]

[77]

[78]

Brignole M, Auricchio A, Baron-Esquivias G, et al. 2013 ESC guidelines on cardiac
pacing and cardiac resynchronization therapy: the task force on cardiac pacing and
resynchronization therapy of the European Society of Cardiology (ESC). Developed
in collaboration with the European Heart Rhythm Association (EHRA). Europace
2013 Aug;15(8):1070-1118.

Dandamudi G, Rampurwala AY, Mahenthiran ], et al. Persistent left ventricular dila-
tation in tachycardia-induced cardiomyopathy patients after appropriate treatment
and normalization of ejection fraction. Heart Rhythm 2008;5(8):1111-1114.

Brill IC. Auricular fibrillation with congestive failure and no other evidence of organ-
ic heart disease. Am Heart ] 1937;13:175-182.

David M, Rothman S, Shapiro T. First reported case of recurrent tachycardia-induced
cardiomyopathy due to atrial flutter. QJM 2014 May;107(5):383-386.

Cheruvu C, Walker B, Kuchar D, Subbiah RN. Successful ablation of incessant AV re-
entrant tachycardia in a patient on extracorporeal membrane oxygenation. Heart
Lung Circ 2014 Jan;23(1):e12-5. doi: 10.1016/j.h1c.2013.06.011. Epub 2013 Aug 6.

Chugh SS, Shen WK, Luria DM, Smith HC. First evidence of premature ventricular
complex-induced cardiomyopathy: a potentially reversible cause of heart failure. J
Cardiovasc Electrophysiol 2000;11(3):328-329.

Singh B, Sudan D, Kaul U. Radiofrequency ablation for bundle branch reentrant ta-
chycardia in a patient with aortic valve replacement and left ventricular dysfunction.
Indian Heart ] 1998;50(5):551-553.

Yu YH, Bilezikian JP. Tachycardia-induced cardiomyopathy secondary to thyrotoxi-
cosis: a young man with previously unrecognized Graves’ disease. Thyroid
2000;10(10):923-927.

Chang-Chretien K, Chew ]JT, Judge DP. Reversible dilated cardiomyopathy associat-
ed with glucagonoma. Heart 2004;90(7):e44.

Cognet T, Lairez O, Marchal P, et al. A family history of dilated cardiomyopathy in-
duced by viral myocarditis. Case Rep Cardiol 2012;2012:204371. doi:
10.1155/2012/204371. Epub 2012 Feb 27.

Khasnis A, Jongnarangsin K, Abela G, et al. Tachycardia-induced cardiomyopathy: a
review of literature. Pacing Clin Electrophysiol 2005 Jul;28(7):710-721.



