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Summary

Tachycardiomyopathy (TCM) or tachycardia-induced cardiomyopathy, caused by im-
proper tachycardia in the course of supraventricular or ventricular arrhythmias is a form of
secondary dilated cardiomyopathy.

This disease may occur at any age and leads to both dysfunction and changes in heart
muscle structure.

Tachycardiomyopathy is characterized by a significant reduced left ventricular func-
tion. This dysfunction is partially or completely reversible with normalization of basic sinus
rhythms and heart rate.

The concept of tachycardiomyopathy does not include disorders resulting from hyper-
tensive disease, heart valve damage and coronary heart disease.

Tachycardiomyopathy is characterized by a wide range of symptoms, most commonly
corresponding to heart failure in course of cardiomyopathy. If treated casually, tachycar-
diomyopathy is fully reversible. In the extreme, not treated cases, this condition leads to
severe heart failure and death. The diagnosis of tachycardiomyopathy is not easy because
dilation of the ventricles may cause or be a result of tachyarrhythmias. Moreover, there are
no specific markers available to precise diagnose and clinical features remain the most
useful tool in everyday practice.

Streszczenie

Tachykardiomiopatie (TCM) okreslang réwniez jako kardiomiopatig indukowana tachykar-
dig mozna zdefiniowaé jako wtérna forme kardiomiopatii rozstrzeniowej indukowang nadmier-
na tachykardig towarzyszaca réznym postaciom tachyarytmii nadkomorowych i komorowych.

Pojawia sie w kazdym wieku i prowadzi¢ moze do dysfunkcji czynno$ciowe;j jak réw-
niez zmian morfologicznych mieénia sercowego.

Tachykardiomiopatia cechuje sie istotnym uposledzeniem czynnosci lewej komory,
czesciowo lub nawet catkowicie odwracalnym po przywrdceniu podstawowego rytmu za-
tokowego lub uzyskaniu kontrolowanej wzglednie prawidtowej czestosci akcji serca.

Pojecie tachykardiomiopatii nie obejmuje swoim zakresem stanéw wynikajacych z cho-
roby nadci$nieniowej serca, uszkodzenia zastawek serca i choroby wiencowe;.

Chorzy z tachykardiomiopatig prezentujg szeroki zakres r6znorodnych objawoéw, naj-
czesciej jednak objawy te wynikajg z postepujacej wraz z czasem trwania tachyarytmii
niewydolno$ci serca.

Leczona, tachykardiomiopatia jest w wiekszosci przypadkéw w petni odwracalna. Nie-
leczona prowadzi¢ moze do cigzkiej niewydolnosci serca i zgonu chorego. Rozpoznanie
tachykardiomiopatii jest utrudnione z uwagi na fakt, ze poszerzenie jam serca moze by¢
zar6bwno przyczyna tachyarytmii jak i jej skutkiem.Brak jest ponadto specyficznych dla tej
jednostki markeréw diagnostycznych, co sprawia, ze szczeg6towa analiza obrazu klinicz-
nego pozostaje jak na razie jedyna droga rozpoznania w codziennej praktyce.

Long-term persistence of tachyarrhythmia for many
years has been identified as one of the possible causes
of heart failure and cardiomyopathy in the wake of the
mostly dilated nature (1). In the cases of heart failure, it
was noted that there is a close relationship between in-
hibition deterioration progress of heart muscle function

and elimination of the arrhythmia or at least release
frequency of arrhythmia. This involved a substantial
improvement of the prognosis if arrhythmia were re-
duced. The actual incidence of tachycardiomyopathy
is not known, it is difficult to conclusively determine
whether tachyarrhythmia is the leading cause of heart
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failure in the patient, or is only a secondary process to
an existing, significant muscle damage.

Tachycardiomyopathy may develop on any form of
supraventricular arrhythmias (2). However, it should be
specified as the main atrial fibrillation, atrial flutter, and
various forms of atrial paroxysmal tachycardia. Also ar-
rhythmias such as ventricular tachycardia and ventricu-
lar premature beats may lead to tachycardiomyopathy.

Common causes of tachycardiomyopathy is de-
scribed in table 1.

Table 1. Types of arrhythmia-inducing tachycardiomyopathy.

Supraventricular arrhythmias Ventricular arrhythmias

— Atrial fibrillation — Ventricular tachycardia

— Atrial flutter originated from right ventricular
— Atrial tachycardia outflow tract

—AVRT - Ventricular tachycardia

— AVNRT bi-static beam

- Junctional tachycardia
— Sinus tachycardia
(pathological)

— A number of premature
ventricular beats

— Idiopathic ventricular
tachycardia from the left
ventricle

Other (less common) causes

Stimulation of the ventricles with
a high frequency

Stimulation of the atria with
a high frequency

Other causes of tachycardiomyopathy

— Myocarditis accompanied by tachycardias and tachyarrhythmias
— Thyreotoxicosis
— Glucagonoma

PATHOPHYSIOLOGY

Macroscopic changes: prolonged maintenance of ar-
rhythmia running with high incidence of heart rate leads
primarily to the progressive impairment of systolic func-
tion in both the left and right ventricle (3-5). Ventricu-
lar filling is due to the inscreased pressure, the cardiac
output is reduced and elevated systemic vascular resis-
tance is observed. The lack of increase in left ventricular
muscle mass is a characteristic for this disease. Con-
tractility of the myocardium is reduced, while reducing
its contractile reserve. The lack of left ventricular muscle
hypertrophy causes enlargement and the advent of
usually at least moderate mitral regurgitation. These
changes are observed due to dilatation of the mitral
ring, changes in left ventricular geometry and lack of the
mitral leaflets coaptation. As a result of the deterioration
of the function of the left atrium, the increase of existing
most supraventricular arrhythmias is observed. Increase
rigidity and impairment of left ventricular torsion affects
both systolic and diastolic function. These changes are
substrate in damage to skeletal proteins, extracellular
matrix proteoglycan.

Microscopic changes: changes in the course of
tachycardiomyopathy include primarily the loss of
myocyte contraction, significant increase in myocyte
length, the disruption of connections between the
basement membrane and sarcolemma. This reduces
the possibility of adequate transmission of stress in the
wall of the heart muscle. In addition, the reduction in

604

the number of T-tubules type L calcium channels and
beta-adrenergic receptors takes place. This affects
negatively the duration of action potential of myocar-
dial cells, leading to the development of the incorrect
activation and reduces the systolic dysfunction. After
heart rate normalization some of microscopic changes
recede much slower than macroscopic. This mainly
applies to the focal fibrosis of the heart muscle. These
areas become the arrhythmia substrate and relapse.

Prolonged tachycardia affects not only the systolic
impairment but also interferes with the relaxation of the
heart muscle (6). The heart muscle is in so-called par-
tial relaxation. This is due to the sustained, dispropor-
tionately elevated calcium ions contained in the tanks
of sarcolemma during diastole. It can be illustrated as
the functionally spasmolytic contracture of the heart
muscle. This phenomenon also affects indirectly re-
ducing flows in the sub endocardial layers of the heart
muscle due to lingering high end-diastolic pressure in
the left ventricle. Ischemia and hypoxia can also be the
result of an increased distance between capillary and
myocytes. Ischemia probably corresponds to the myo-
cardial hibernation phenomenon. After the suppres-
sion of the arrhythmia rapid improvement is observed.

Acceleration of the rhythm also causes depletion of
myocardium in high-energy compounds adequately to
the higher incidence of rhythm and duration of tachyar-
rhythmia. Oxidative stress can also be a significant
factor responsible for the diminished systolic function
during atrial fibrillation. Patients with the DD genotype
of angiotensin converting enzyme are characterised by
elevated level of this enzyme which is responsible for
the accelerated changes in the length of cardio myo-
cytes and increase volume of cardiac cavities and the
end-diastolic pressure.

Taking into account morphological changes dis-
cussed above, the irregularity of neurohormonal are
very close to the classic heart failure of the other sub-
strate (7, 8). Typically activation of the renin-angiotensin-
aldosterone system occur. Increased levels of angioten-
sin Il and endothelin are observed. An elevated level of
atrial natriuretic peptide is observed due to increased
pressure in atria and reduced sodium expulsion. Its con-
centration decreases, with the progression of heart fail-
ure. The concentration of cerebral natriuretic factor is
also higher. Aldosterone — the final component of the
renin-angiotensin-aldosterone system — affects the pro-
gressive fibrosis and enhances the arrhythmias and
conduction in the damaged heart muscle. Expression of
beta-adrenoreceptors on the surface of the cells of the
myocardium is significantly reduced.

It should be noted that right ventricle reacts a little
differently on the load generated by prolonged arrhyth-
mias. Both the mass and the possibility of contraction
by myocytes are increased.

DIAGNOSIS

Currently there is no strictly defined, clear criteria
for diagnosis of tachycardiomyopathy. Arrhythmias
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present in the patient with newly diagnosed heart fail-
ure running with a fast rhythm of the ventricles, not
controlled in an appropriate manner, with a frequency
of over 100/min should induce to consider this entity as
the underlying disease. Coronary heart disease should
be ruled out. The diagnosis of tachyarrhythmias can be
considered in a situation:

— no other causes of non-ischemic events (such as:
hypertension, alcohol intoxycation, drugs intoxy-
cation, stress),

— lack of features of left ventricular hypertrophy,

— or the correct dimensions of the left ventricle (in
particular its end-diastolic dimension < 5.5 cm),

— the return of normal left ventricular systolic func-
tion after restoring normal rhythm or by applying
frequency control of rhythm in the period from 1
to 6 months after the start of therapy,

— rapid deterioration of heart muscle function
caused by arrhythmia in patients previously treat-
ed due to tachycardiomyopathy,

— quick normalization of the previously elevated lev-
els of natriuretic peptide after restoring the basic
sinus rhythm.

Tachycardiomyopathy can reveal many months or
even years after the onset of cardiac arrhythmias and
cardiac arrhythmias which cause the tachycardiomy-
opathy may not be visible in the course of the investi-
gation. On the other hand, heart failure secondary to
rapid pacing rhythm reveals often in the first 24 hours
after stimulation. The degree of progress of heart fail-
ure depends primarily on the time of duration of ar-
rhythmia, and ventricular rate generated in the course
of arrhythmia. Of great importance in the diagnosis of
tachycardiomyopathy is echocardiography execution
after the liquidation of the rhythm disturbances, espe-
cially paroxysmal ones.

The incidence of tachycardiomyopathy determined
on the basis of the above criteria is quite wide depend-
ing on the type of arrhythmia. In the case of large ex-
tra systolic premature beats tachycardiomyopathy is
diagnosed in about 10% of patients. In patients with
atrioventricular nodal reentrant tachycardia in 20-50%,
and in patients with atrial flutter in 25% of cases. The
actual prevalence of tachycardiomyopathy in the pop-
ulation with atrial fibrillation is the most difficult to de-
termine due to the additional load usually occurring
in this group of patients. It is believed that patients at
a younger age, with higher incidence of heart rate and
chronic cardiac arrhythmias are more likely to devel-
op tachycardiomyopathy. Recurrent arrhythmias with
higher frequencies contribute to a greater extent to the
development of tachycardiomyopathy than chronic
arrhythmias with relatively slower rhythm of the ventri-
cles. However the most important factor in the develop-
ment of this disease, rhythm and artial fibrillation is an
outstanding example for that.

Special attention should also be paid to patients
who have been already diagnosed with tachycardio-
myopathy, and recurrent arrhythmias (9). Relapse oc-

curs very quickly and the deterioration of health status
may even lead to death (10-12).

Atrial fibrillation is the most common disorder of the
rhythm and frequency of its prevalence in the general
population may reach as much as 1.5 percent. This
type of arrhythmia causes systolic impairment as a re-
sult of too high a frequency of rhythm (typically above
120/min), loss of function of the atria, irregularity and,
of course, the loss of atrioventricular synchrony (13).
A minute cardiac output is reduced by approximate-
ly 20%. In this situation, it seems highly desirable to
restore as soon as possible the proper basic rhythms
—sinus rhythm — or at least precise control of frequency
of ventricular rate during atrial fibrillation. Previous clini-
cal observations indicate possible worse prognosis
in patients in whom it is impossible to maintain sinus
rhythm. This phenomenon may be associated with the
use of antiarrhythmic drugs, which may have proar-
rhythmic side effects. In this situation, the ablation can
be a solution without adverse events of antiarrhythmic
drugs (14). In most cases, the cause of induction of
atrial fibrillation is a pathological impulse activity from
the muscle of the pulmonary veins. Isolation of pulmo-
nary veins in such cases can result in a complete cure
of the patient, but in selected cases it can be necessary
to perform more than one ablation treatment. Isolation
of pulmonary veins in selected patients is beneficial
compared to the ablation of the atrioventricular con-
nection followed by synchronising pacing. Rhythm
control in addition to ablation seems to be superior
compared to single control of the incidence of rhythm.
The special method of treatment is the rythm or rate
control with atrio-ventricular node ablation followed by
pacemaker implantation. Of course, this strategy leads
to permanent atrial fibrillation and is reserved for older
patients with multiple diseases. Right ventricle pacing
influent on the previously impaired myocardial systolic
function through the induction of interventricular and
intraventricular asynchrony. Accordingly in such situa-
tions, it is desirable to perform cardiac resynchronizing
pacing. Its application in selected cases significantly
reduces mortality.

Tachycardiomyopathy can also develop among
patients with other disorders of the supraventricular
rhythm. Particularly, atrial flutter and paroxysmal and
permanent supraventricular tachycardia. Ablation sig-
nificantly improves the prognosis for these patients,
especially in cases when sources of the arrhythmia are
located within the atria or pulmonary veins. The effec-
tiveness of ablation is very high and reaches 97%.

Ventricular tachycardia and ventricular premature
beats with similar QRS morphology may also contribute
to the formation of tachycardiomyopathy (15, 16). This
applies to patients without prior structural abnormality
of the heart muscle and idiopathic ventricular tachy-
cardia originated from right and left ventricular outflow
tract. In these cases, the most effective solution is abla-
tion. The similar QRS morphology, male, younger age
and incessant tachycardias are the main risk factors for
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the development of tachycardiomyopathy. Longer ob-
servation of these patients indicates the need to search
for them the other causes of arrhythmias. The number
of premature beats seems to correlate with severity of
left ventricular systolic dysfunction. One-third of the
patients with more than 10 000 ventricular premature
beats per day were at risk of tachycardiomyopathy
development. The established reasons for tachycar-
diomyopathy in patients with ventricular arrhythmias
are: high frequency heart rate, premature beats with
short feedback time with longer extrapotentializa-
tion which leads to the accumulation of intracellular
calcium and increase in oxygen consumption. QRS
widening, presence retrograde P waves and subepi-
cardial-originated ventricular premature beats indi-
cate a higher risk of developing heart failure among
patients with tachycardiomyopathy. In the case of this
type of arrhythmias ablation seems to be an optimal
treatment although pharmaceuticals such as beta-
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vent the development of heart failure (17).
Tachycardiomyopathy, caused by persistent

supraventricular or ventricular tachyarrhythmia, is
a seldom but potentially curable form of dilated
cardiomyopathy. Over the last years new risk and
etiology factors, as well as recent advances in ab-
lation treatment have been described. Because
there are no specific markers available to precise
diagnose tachycardiomyopathy, clinical features
still remains the only available tool to diagnose.
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diomyopathy. Clinical observations suggest also
that the maintenance of sinus rhythm or heart rate
control is crucial in the prevention and treatment of
tachycardiomyopathy. Future research need to be
directed towards risk factors, diagnostic tools and
new methods of treatment.
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