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Tachycardia-Induced Cardiomyopathy (TIC)
• Definition 



Tachycardia-Induced Cardiomyopathy (TIC)

= Tachycardiomyopathies

important cause of LV dysfunction

should be recognised by physicians 

potentially reversible 

Definition - classically

as the reversible impairment of ventricular function 

induced by persistent arrhythmia

TIC can be induced by atrial & ventricular ectopy promoting dyssynchrony

→ ‘arrhythmia-induced cardiomyopathy ’



Proposed definition

‘Atrial and/or ventricular dysfunction

secondary to rapid and/or asynchronous/irregular myocardial contraction, 

partially or completely reversed after treatment of the causative arrhythmia’



Proposed definition

‘Atrial and/or ventricular dysfunction

secondary to rapid and/or asynchronous/irregular myocardial contraction, 

partially or completely reversed after treatment of the causative arrhythmia’

Two categories 

Arrhythmia-induced

arrhythmia is the only reason for ventricular dysfunction 

Arrhythmia-mediated

arrhythmia exacerbates ventricular dysfunction 

and/or worsens heart failure (HF) in concomitant heart disease



• cohort of 331 pt.: referred for catheter ablation of incessant AT,
myocardial dysfunction : 9% 
TIC were younger (39 vs 51 yr)
frequently male (60 vs 38 %)
incessant or very frequent paroxysmal tachycardia (100 vs 20%)

• cohort of 625 - catheter ablation for a variety of tachyarrhythmias 
TIC : 2.7 %

• cohort of 1269 - catheter ablation for atrial flutter
184 pt. (14.5%) : reduced LVEF (<40 %)

J Am Coll Cardiol 2009; 53:1791.

J Interv Card Electrophysiol 2013;36:27.

Eur J Heart Fail 2016; 18:394.
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Animal models : developed in the investigation of heart failure (HF)
studied extensively in the evaluation of TIC

• Rapid pacing →   
marked depression of LVEF, elevated filling pressures, 
depressed cardiac output, increased systemic vascular resistance 

• generally reversible with cessation of the tachycardia, 
although in some cases LVEF may not return

Am J Physiol 1990; 259:H218.

Can J Physiol Pharmacol 1988; 66:1505.

J Am Coll Cardiol 1989; 14:489.



in animal models : 
persistent tachycardia →

• depletes high-energy stores 
by reduced myocardial levels of creatine, phosphocreatine, 

& adenosine triphosphate (ATP), 
diminished activity of the Na-K-ATPase pump 

• probably due to alterations in cellular metabolism 
with mitochondrial injury 
& increased activity of Krebs cycle oxidative enzymes 

Am J Physiol 1995; 268:H836.

Can J Physiol Pharmacol 1990; 68:34.

J Mol Cell Cardiol 1981; 13:229.
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Abnormalities in both calcium channel activity 

& sarcoplasmic reticulum calcium transport 

contribute to the myocardial dysfunction in TIC 

Diminished beta-adrenergic responsiveness 

has also been described and may be due to reduced 

Myocyte beta-1 receptor density (down regulation) 

Can J Physiol Pharmacol 1990; 68:34.

Eur Heart J 1992; 13 Suppl E:47.

Circ Res 1991; 69:1546.
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In patients with AF and atrial dysfunction
histologic evidence of oxidative stress 
& injury in the atrial myocardium 

This results in peroxynitrite formation
modifies myofibrillar proteins, 
contributes to loss of fibrillar protein function, 
& alters myofibrillar energetics.

Role of oxidative stress from one animal study 
administration of the antioxidant vitamins E, C, & beta-carotene 
→ attenuated the cardiac dysfunction 
& prevented beta receptor downregulation 

Circulation 2001; 104:174.

J Am Coll Cardiol 2001; 38:1734.
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An association has been reported
between a gene polymorphism & TIC 

Levels of angiotensin converting enzyme (ACE) 
associated with a 287 base pair insertion (I)/deletion (D)

polymorphism in intron 16 of the ACE gene
DD genotype is associated with 

increased serum ACE levels 
& a higher incidence of both ischemic & idiopathic DCMP

In a study comparing 
20 patients with TIC,
20 controls with persistent tachycardia but normal LV function, 
24 normal volunteers, 
: DD genotype was significantly more common in TIC

Int J Mol Med 2004; 13:455.
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cohort of 189 patients with new onset HF and reduced LVEF 
not related to valvular or ischemic heart disease 
19 pt met criteria for TIC 

• Endomyocardial biopsies in TIC
compared with patients with idiopathic DCMP 
stronger myocardial expression of MCH class II molecule 
& enhanced infiltration of CD68+ macrophages 

• TIC had fewer T cells and macrophages. 
compared to patients with ischemic cardiomyopathy

• Fibrosis was also less prominent in TIC 
However, electron microscopy 
showed abnormal mitochondrial distribution & enhanced myocyte size. 

J Am Coll Cardiol 2017; 70:1687.
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Supraventricular 
Atrial fibrillation (AF)
Atrial flutter 
Atrial tachycardia 
AV nodal re-entrant tachycardia 
AV re-entrant tachycardia 
Permanent junctional reciprocating tachycardia Junctional ectopic 
tachycardia 

Ventricular 
Idiopathic ventricular tachycardia 
Fascicular tachycardia 

Ectopy 
Frequent premature ventricular contractions 
Frequent premature atrial contractions 

Pacing Persistent rapid atrial and/or ventricular pacing



Epidemiologic studies : patients with AF are at increased risk for HF 
some pt. : restoration of sinus rhythm 
or control of the rapid ventricular rate 
-> markedly improves or even normalizes the LVEF
indicating that the LV dysfunction was primarily due to the rapid AF 

rather than another etiology. 
Am J Med 2002; 113:359.



There are less data - frequency and predictors of TIC with atrial flutter
one study : undergoing ablation for atrial flutter

25 % : evidence for cardiomyopathy prior to ablation 
Of these, 57 % significant improvement in their LVEF postablation
only predictor of reversibility of cardiomyopathy : average heart rate



Atrial tachycardia

Incessant AT

infrequent cause of symptomatic SVT

can cause myocardial dysfunction in 10 % of pt. 

Children are more likely than adults 

to present with TIC due to incessant AT 

When AT is seen in adults, 

m.c. associated with another cardiac problem

J Am Coll Cardiol 2009; 53:1791.



Reentrant supraventricular tachycardias

Reentrant SVT, 
atrioventricular nodal reentrant tachycardia (AVNRT) and
atrioventricular reciprocating tachycardia (AVRT)
more commonly paroxysmal but can cause a persistent tachycardia 

Cases of TIC 
described with persistent junctional reciprocating tachycardia, 
accessory pathway mediated tachycardia (ie, AVRT) and AVNRT

In the absence of other factors
cardiomyopathy related to an incessant reentrant SVT 
reversible following catheter ablation

Am J Cardiol 1986; 57:563.

Pacing Clin Electrophysiol 1998; 21:2073.



Ventricular arrhythmias

Only rare reports have described reversible cardiomyopathy related to VT, 
since this arrhythmia is usually associated with some form of 
underlying structural heart disease. 

However, idiopathic LV tachycardia or right ventricular outflow tract (RVOT) 
VT can arise in structurally normal hearts 
In rare cases, these are persistent or repetitive 
enough to result in a cardiomyopathy 

Pacing Clin Electrophysiol 1996; 19:42.



Frequent ventricular ectopy-1

Very frequent ventricular ectopy in the form of PVCs 
reversible cardiomyopathy 
“frequent" as greater than >15 %

Although some patients with similarly high PVC burdens 
can maintain normal cardiac function, 
PVC-induced cardiomyopathy has also been reported 
in patients with PVC burdens as low as 4 - 5 %

J Cardiovasc Electrophysiol 2011; 22:663.



Frequent ventricular ectopy-2

In a 2014 systematic review and meta-analysis of radiofrequency ablation 
for the treatment of idiopathic PVCs originating from the RVOT, 
catheter ablation : associated with a significant improvement in LVEF

Pacing Clin Electrophysiol 2014; 37:73.



Frequent atrial ectopy

Premature atrial complexes (PACs) also referred to as 
premature atrial beats, 
premature supraventricular complexes, or 
premature supraventricular beats
are usually benign, 

high burden of PACs 
associated with a reversible cardiomyopathy

Pacing Clin Electrophysiol 2012; 35:1232.



Signs and symptoms

The clinical presentation of TIC is variable 
but usually involves symptoms of palpitations or HF
present with palpitations or other symptom (dyspnea, chest discomfort) 
related to the rapidity or irregularity of their arrhythmia 

Eur Heart J 2021; 42:3599.



ECG findings

All patients 
should have an electrocardiogram (ECG) 
to document the cardiac rhythm and ventricular heart rate

Whenever possible, obtaining prior ECGs can be extremely helpful 
to determine whether ambiguous P wave morphologies 
related to the sinus node vs. ectopic atrial focus

No specific ECG findings that distinguish patients with 
TIC and without TIC

ECG findings will vary depending upon the underlying tachyarrhythmia 
TIC heart rate >100 bpm



DIAGNOSTIC TESTING
Cardiac monitoring

Heart rate over time 
continuously measured for 24 to 48 hr
inpatient telemetry or ambulatory (Holter) monitoring 
to document the average heart rate 

Sustained HR > 100 bpm, and particularly > 120 bpm
consistent with TIC 

potential reversible nature of TIC
if uncertainty persists regarding the cardiac rhythm, 
full invasive electrophysiologic studies may be necessary 
to establish the underlying cardiac rhythm and 

guide the optimal therapy

Eur Heart J 2020; 41:655.



Assessment of cardiac structure and function

Suspected TIC 
should undergo an assessment of cardiac structure and function 
to document LV size and function, in particular LVEF. 

Transthoracic echocardiography 
most common test for documenting cardiac structure and function
CMR imaging is an alternative approach 

No absolute echocardiographic parameters 
that can distinguish TIC from other forms of dilated cardiomyopathy, 
LV end-diastolic dimension tends to be smaller in patients with TIC.

Clin Cardiol 2008; 31:172.



TREATMENT

Initial treatments for a patient with HF and suspected TIC 
same as those used in most other patients with HF with reduced EF 
- ACE inhibitors or ARBs, 
- Beta blockers
- diuretics and 
Tachyarrhythmias 
- rate-control medications, consideration of antiarrhythmic drugs 
and/or cardioversion 

However, because of the potentially reversible nature of TIC, 
achieve adequate ventricular HR control or to restore sinus rhythm 
cardiac resynchronization therapy 
or an implantable cardioverter-defibrillator.

J Am Coll Cardiol 2015; 66:1714.



Patients with atrial fibrillation or flutter

AF or atrial flutter is the suspected cause of cardiomyopathy 
initial approach to management is similar to other patients with HF 
includes prompt rate control with AV nodal blockers 
& appropriate anticoagulation
Beyond these initial steps, controversy still exists as 
to whether rate control or rhythm control 

One strategy =
• minimally symptomatic patients with AF – adequate rate control 

continue medical therapy 
can be effective at improving cardiac function.

• AF who remain significantly symptomatic 
rhythm control strategy.

• atrial flutter, rapid ventricular rates, & newly recognized LV systolic function 
early electrical cardioversion

Am J Cardiol 1992; 69:1570.



Patients with another SVT

For supraventricular tachyarrhythmias (SVTs) with TIC 
restoration of sinus rhythm is the usual goal 

Options for the restoration of sinus rhythm 
electrical cardioversion,
antiarrhythmic drugs, 
and catheter ablation. 

The initial choice of modality will vary depending upon the underlying SVT 
local expertise and availability of options 

If an ablation is performed, close follow-up is required 
because of the tendency for TIC to recur if tachycardia recurs



Patients with frequent ectopy

For patients presenting with a high burden of PVCs 
& newly recognized cardiomyopathy, 

initial management 
look for underlying causes 

CAD, valvular heart disease, 
arrhythmogenic right ventricular dysplasia (ARVD) 

initiation of guideline-based optimal medical therapy for HF. 
Correction of electrolytes 
initiation of beta blockers 

TIC in patients with a high PVC burden 
(eg, >15 to 20 % on a 24-hr ambulatory monitor) 
and associated with LV dysfunction, 
-> radiofrequency catheter ablation is attempted. 

JACC Clin Electrophysiol 2019; 5:537.

J Am Coll Cardiol 2018; 72:e91.



Patients with refractory tachyarrhythmias

Supraventricular arrhythmia is likely the cause of cardiomyopathy 
and cannot be primarily ablated, 
: AV node ablation 

+ either biventricular pacing or conduction system pacing 

Eur Heart J 2018; 39:3999.



FOLLOW-UP

Initial cardiomyopathy may have taken months to develop, 
recurrent tachycardia can lead to an abrupt decline in LVEF. 

Diastolic dysfunction can persist even after systolic function has normalized 
can lead to decreased coronary flow reserve. 

In patients who develop a recurrence of the arrhythmia, 
the increased myocardial oxygen demand 
in the face of the decreased reserve 
can lead to redevelopment of cardiomyopathy 

Close ongoing monitoring with clinic visits, 
ambulatory (Holter) monitoring, and echocardiography are essential 

No guidelines regarding the frequency of monitoring
follow up with patients using a combination of clinic visits, 
echocardiography, and 
ambulatory monitoring every three to six months for one to two years 

Heart Rhythm 2008; 5:1111.



PROGNOSIS

Following the restoration of sinus rhythm or ventricular rate control, 
most : significant improvement and/or
normalization of LVEF over a period of months 

In some patients whose LVEF has normalized, 
the LV chamber may remain somewhat enlarged. 

Despite the apparent normalization of cardiac function, 
ultrastructural abnormalities of the myocardium may persist. 

Circ Arrhythm Electrophysiol 2013; 6:697.

Circulation 2004; 110:247.



Pediatric tachycardia-induced cardiomyopathy

An international multicenter study of pediatric TIC

Children <18 years with incessant tachyarrhythmia, 
Cardiac dysfunction(LVEF <50%), and 
LV dilation (LVEDD z-score >2) 

Heart Rhythm 2014 Jul;11(7):1163-9.



Pediatric tachycardia-induced cardiomyopathy

Eighty-one children from 17 centers met inclusion 
criteria 

Median age : 4 years 
baseline LVEF 28%. 

most common arrhythmias 
ectopic atrial tachycardia(59%),
PJRT(23%), and 
ventricular tachycardia(7%) 

Thirteen required ECMO(n= 11) or 
ventricular assist device(n=2) support.

Median time to recovery was 51days for LVEF and
71days for LVEDD.

Two(4%) underwent heart transplantation, and 
1died(1%).

Heart Rhythm 2014 Jul;11(7):1163-9.



Pediatric tachycardia-induced cardiomyopathy

Factors associated with faster recovery 
include younger age, 
higher presenting heart rate, 
use of mechanical circulatory support, and
higher LVEF, 

whereas only smaller baseline LV size 
predicts reverse remodeling. 



SUMMARY-1



SUMMARY-2

Clinical presentation –

TIC is variable but related to 

- tachyarrhythmia (palpitations, dyspnea, chest discomfort, ect)

- heart failure (dyspnea, edema, weight gain, orthopnea, etc)

ECG findings –

ECG to document the cardiac rhythm and ventricular heart rate, 

with comparison to prior ECGs 

Treatment –

initial treatments for a patient with HF and suspected TIC 

- HF (eg, ACEi or ARBs, BB, diuretics) 

- tachyarrhythmias (eg, rate-control medications, 

antiarrhythmic drugs and/or cardioversion) 



Thank you for your attention


