
ARRTHYTHMIA-INDUCED CARDIOMYOPATHY 

 

Definition 

The term mainly denotes arrhythmia-induced cardiomyopathy (AiC) that can lead to heart 

failure and death. 1-4 Frequent VPCs and mechanical dyssynchrony are also reversible causes 

of impaired left ventricular function and cardiomyopathy. 

 

Epidemiology 

AiC has been reported at any age group, from the fetus to the elderly. AiCM is present in 

most patients with arrhythmias and LV systolic dysfunction. Approximately 8% of patients 

with an arrhythmia develop AiCM.5  

 

Aetiology 

The syndrome has been initially described with the so-called persistent reciprocating 

junctional tachycardia, a term that denoted, mainly, atrioventricular reentry due to a septal 

decremental pathway, but also atypical (fast-slow) atrioventricular nodal reentry. We know 

now that any chronic cardiac arrhythmia may cause tachycardia-induced cardiomyopathy: 

incessant atrioventricular reentrant tachycardia due to septal accessory pathways, rapid atrial 

fibrillation, idiopathic ventricular tachycardia, inappropriate sinus nodal tachycardia, atrial 

flutter, and persistent ectopic beats are the most described causes.1-4 In young patients <18 

years of age, ectopic atrial tachycardia is the commonest cause.6 Abnormal conduction-

induced cardiomyopathy refers to LV systolic dysfunction caused by high-burden, apical 

right ventricular pacing, LBBB, or pre-excitation.7-10 

 

Pathophysiology 

Rapid pacing in animal models have documented cytoskeletal changes and remodeling of the 

extracellular matrix attributed to abnormal calcium cycling, increased catecholamines and 

decreased beta 1 adrenergic receptor density, oxidative stress, depletion of myocardial 

energy stores, and myocardial ischemia due to increased heart rate.11, 12 Endomyocardial 

biopsy specimens from patients with tachycardiomyopathy exhibit features distinct from 

those of other types of cardiomyopathy, including abnormal cardiomyocyte and 

mitochondrial morphology and macrophage-dominated cardiac inflammation.13 However, it 

is not known why the majority of patients with frequent PVCs have a bening course, whereas 

up to 30% of them may develop cardiomyopathy.14 Cardiomyopathy induced by PVCs is 

mechanistically different to a tachycardia-mediated cardiomyopathy produced by regular 
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ventricular tachy-pacing, with more severe LV systolic dysfunction associated with higher 

levels of LV dyssynchrony, wider QRS complexes, lower peak positive ectopic dP/dt values, 

and lower stroke volumes.15 

 

Presentation 

Patients present with possibly unexplained left ventricular dilatation and systolic dysfunction 

and a history of paroxysmal tachycardias or permanent AF. Heart failure develops slowly but 

sudden death is possible.16 

 

Diagnosis 

No strict criteria exist. Diagnosis is established by excluding other causes of cardiomyopathy 

and demonstrating recovery of LV function after eradication of the arrhythmia or control of 

the ventricular rate. The ventricular rate that causes cardiomyopathy is not known, although 

rates>100 bpm for prolonged periods are considered to be responsible.12 The range of PVCs 

to be accounted for the cardiomyopathy ranges from 13,000 to 20,000 beats/day (or 

alternatively a 24-hour burden of >24% on Holter),3, 17, 18 although ectopy-induced 

cardiomyopathy has been reported in a patient with only 5502 beats/day (6%).19 It is now 

accepted that the diagnosis should be considered in patients with a mean heart rate of >100 

beats/min, atrial fibrillation, or a PVC burden of >10%.20 Worsening of the LV function has 

been reported with >1000 PVCs/day,21 but the clear-cut point that marks the critical 

frequency for cardiomyopathy is not known. It seems, however, that most cases of PVC-

induced cardiomyopathy occur at burdens >10%.22 PVC QRS duration (>=140-150 ms) is 

also predictive of impaired LV function.1  Usually, LVEDD is <65 and LVESD< 50 mm in 

patients with LVEF<30% due to TIC.23 Larger values suggest dilated cardiomyopathy 

although overlapping exists. 

 

Therapy 

In 59% of patients presenting with both arrhythmia and LV systolic dysfunction, the LVEF 

will improve after antiarrhythmic treatment.5 Usually, LV function improves approximately 3 

months following restoration of normal heart rate. In inappropriate sinus nodal tachycardia 

beta blockers are indicated. Sinus node modification with catheter ablation carries a 10% risk 

of sinus nodal damage and need of a PPM. Catheter ablation is indicated when 

tachycardiomyopathy is due to a clinical arrhythmia, such as AF, PJRT, idiopathic VT, and 

monomorphic VPBs.22 In AF both pulmonary vein isolation,24 and AV nodal modification 25 

improve LV function, but PV isolation has been found superior to AV nodal ablation and 

biventricular pacing in this respect.26 When the tachycardia itself cannot be ablated, AV 
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nodal modification with biventricular pacing is appropriate. Specific His bundle pacing may 

offer comparable,27 or even better results with CRT pacing.28  Long-term medical therapy 

with beta blockers and ACE inhibitors or ARBs is indicated before and after successful 

ablation attempts for LV remodeling purposes. However, withdrawal of heart failure therapy 

following AF rhythm control and recovered LVEF may be possible.29 Treatment of pacing 

induced cardiomyopathy consists of upgrade to cardiac resynchronization therapy or 

conduction system pacing.9 Recommendations for therapy are provided in Tables 1 and 2, 

and Figure 1. 

 

 

 

 

References 

 

1. Ellis ER and Josephson ME. Heart failure and tachycardia-induced cardiomyopathy. Curr 
Heart Fail Rep. 2013;10:296-306. 
2. Gopinathannair R, et al. Arrhythmia-Induced Cardiomyopathies: Mechanisms, Recognition, 
and Management. J Am Coll Cardiol. 2015;66:1714-28. 
3. Ellis ER and Josephson ME. What About Tachycardia-induced Cardiomyopathy? Arrhythm 
Electrophysiol Rev. 2013;2:82-90. 
4. Huizar JF and al. e. Arrhythmia-Induced Cardiomyopathy. JACC. 2019. 
5. Serban T, et al. Prevalence of arrhythmia-induced cardiomyopathy: A systematic review and 
meta-analysis. Heart Rhythm. 2026;23:891-900. 
6. Moore JP, et al. Predictors of myocardial recovery in pediatric tachycardia-induced 
cardiomyopathy. Heart Rhythm. 2014;11:1163-9. 
7. Ponnusamy SS and Vijayaraman P. Left Bundle Branch Block–induced Cardiomyopathy: 
Insights From Left Bundle Branch Pacing. JACC EP. 2021. 
8. Dai C, et al. The effect of ventricular pre-excitation on ventricular wall motion and left 
ventricular systolic function. Europace. 2018;20:1175-1181. 
9. Merchant FM and Mittal S. Pacing induced cardiomyopathy. J Cardiovasc Electrophysiol. 
2020;31:286-292. 
10. Huizar JF and al. e. Abnormal Conduction-Induced Cardiomyopathy. JACC. 2023. 
11. Gopinathannair R, et al. Tachycardia-mediated cardiomyopathy: recognition and management. 
Curr Heart Fail Rep. 2009;6:257-64. 
12. Shinbane JS, et al. Tachycardia-induced cardiomyopathy: a review of animal models and 
clinical studies. J Am Coll Cardiol. 1997;29:709-15. 
13. Mueller KAL, et al. Histopathological and Immunological Characteristics of Tachycardia-
Induced Cardiomyopathy. J Am Coll Cardiol. 2017;69:2160-2172. 
14. Lee GK, et al. Premature ventricular contraction-induced cardiomyopathy: a treatable 
condition. Circ Arrhythm Electrophysiol. 2012;5:229-36. 
15. Walters TE and al. e. Left Ventricular Dyssynchrony Predicts the Cardiomyopathy Associated 
With Premature Ventricular Contractions. JACC. 2018. 
16. Nerheim P, et al. Heart failure and sudden death in patients with tachycardia-induced 
cardiomyopathy and recurrent tachycardia. Circulation. 2004;110:247-52. 
17. Baman TS, et al. Relationship between burden of premature ventricular complexes and left 
ventricular function. Heart Rhythm. 2010;7:865-9. 
18. Sadron Blaye-Felice M, et al. Premature ventricular contraction-induced cardiomyopathy: 
Related clinical and electrophysiologic parameters. Heart Rhythm. 2016;13:103-10. 
19. Yarlagadda RK, et al. Reversal of cardiomyopathy in patients with repetitive monomorphic 
ventricular ectopy originating from the right ventricular outflow tract. Circulation. 2005;112:1092-7. 
20. Shoureshi P and al e. Arrhythmia-Induced Cardiomyopathy. JACC. 2024. 
21. Niwano S, et al. Prognostic significance of frequent premature ventricular contractions 
originating from the ventricular outflow tract in patients with normal left ventricular function. Heart. 
2009;95:1230-7. 



 4 

22. Marcus GM. Evaluation and Management of Premature Ventricular Complexes. Circulation. 
2020;141:1404-1418. 
23. Lishmanov A, et al. Tachycardia-induced cardiomyopathy: evaluation and therapeutic options. 
Congest Heart Fail. 2010;16:122-6. 
24. Prabhu S, et al. Catheter Ablation Versus Medical Rate Control in Atrial Fibrillation and 
Systolic Dysfunction: The CAMERA-MRI Study. J Am Coll Cardiol. 2017;70:1949-1961. 
25. Wood MA, et al. Clinical outcomes after ablation and pacing therapy for atrial fibrillation : a 
meta-analysis. Circulation. 2000;101:1138-44. 
26. Khan MN, et al. Pulmonary-vein isolation for atrial fibrillation in patients with heart failure. N 
Engl J Med. 2008;359:1778-85. 
27. Vijayaraman P, et al. His Bundle Pacing. J Am Coll Cardiol. 2018;72:927-947. 
28. Arnold AD and al. e. His Resynchronization Versus Biventricular Pacing in Patients With 
Heart Failure and Left Bundle Branch Block. JACC. 2018. 
29. Segan L, et al. Withdrawal of heart failure therapy after atrial fibrillation rhythm control with 
ejection fraction normalization: the WITHDRAW-AF trial. Eur Heart J. 2026;47:250-262. 
 


