


Transient Ventricular Dysfunction After Tachycardia-Induced Cardiomyopathy: Implications for Timing of Rhythm Control and Device Therapy



Abstract 
Tachycardia-induced cardiomyopathy (TIC) is a reversible form of ventricular dysfunction resulting from sustained or recurrent tachyarrhythmias, often presenting as dilated cardiomyopathy with reduced left ventricular ejection fraction. This study provides a narrative synthesis of current evidence on the recovery of ventricular function following rhythm control and its implications for the timing of device therapy. A comprehensive review of published literature was conducted, focusing on pathophysiology, clinical outcomes, and management strategies in TIC. The findings consistently demonstrate that effective control of the underlying arrhythmia, particularly through early rhythm control or catheter ablation, leads to significant improvement or normalization of ventricular function in most patients. Recovery may begin within weeks but often requires several months for full restoration, depending on the duration and severity of tachycardia. However, a subset of patients may experience incomplete recovery due to irreversible myocardial remodeling or underlying structural heart disease. Recurrence of tachyarrhythmias is associated with rapid deterioration of ventricular function, highlighting the importance of sustained rhythm control. Importantly, the transient nature of ventricular dysfunction in TIC has significant implications for device therapy, as early implantation of implantable cardioverter-defibrillators or cardiac resynchronisation therapy may be unnecessary in many cases. A strategy of deferring device therapy until reassessment after rhythm control is therefore recommended. In conclusion, early recognition and timely rhythm management are critical to optimizing outcomes in TIC, while individualised decision-making is essential to avoid unnecessary interventions.
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Introduction 
Tachycardia-induced cardiomyopathy (TIC) is a potentially reversible form of myocardial dysfunction resulting from persistent or recurrent tachyarrhythmias, characterised by impaired ventricular systolic function and dilatation in the absence of other primary structural heart disease (Shinbane et al., 1997; Khasnis et al., 2005; Danet et al., 2021). It is characterised by the progressive deterioration of left ventricular (LV) function and the subsequent development of heart failure (HF) secondary to the continuous increase in supraventricular or ventricular rates (‌Báez Cabanillas et al., 2023). It represents an important and often underrecognized cause of heart failure, particularly because its clinical presentation may mimic other forms of dilated cardiomyopathy, leading to delays in diagnosis and appropriate management (Umana et al., 2003; Lishmanov et al., 2010). The condition can arise from a variety of supraventricular and ventricular arrhythmias, including atrial fibrillation, atrial flutter, focal atrial tachycardia, and incessant ventricular tachycardia, with the duration and rate of tachycardia playing critical roles in disease development (Gopinathannair et al., 2009; Gupta & Figueredo, 2014). Tachycardia-induced cardiomyopathy can happen at any age and has been reported in utero, infants, children, and adults, and the commonly associated arrhythmia is atrial fibrillation (Khan et al., 2022). 
The pathophysiology of TIC involves complex mechanisms, including impaired calcium handling, neurohormonal activation, myocardial energy depletion, and structural remodelling, all of which contribute to progressive ventricular dysfunction (Martin et al., 2017; Kim et al., 2019). Transient left ventricular dysfunction (TLVD) is characterised by the partial or total recovery of ventricular function when the initial triggering factor that determined it is eliminated. TLVD is associated with the absence of significant obstructive epicardial coronary artery disease, and its causes often remain underdiagnosed and under-addressed, although they represent an important cause of mortality and morbidity in common clinical practice (Trimarchi et al., 2024). Sustained tachycardia leads to reduced diastolic filling time and coronary perfusion, resulting in myocardial ischemia at the cellular level despite the absence of obstructive coronary artery disease (Shinbane et al., 1997; Mohamed, 2007). Over time, these changes culminate in ventricular dilatation and reduced ejection fraction, which may be partially or completely reversible following adequate rate or rhythm control (Khasnis et al., 2005; Cabanillas et al., 2023).
A hallmark feature of TIC is its reversibility, with significant improvement or normalization of left ventricular function typically observed after effective control of the underlying arrhythmia (Medi et al., 2009; Abozaid et al., 2024). This reversibility distinguishes TIC from other cardiomyopathies and underscores the importance of early recognition and timely intervention. However, recovery is not always immediate and may take weeks to months, with some patients experiencing incomplete resolution depending on the duration and severity of tachycardia prior to treatment (Gupta & Figueredo, 2014; Albakri, 2018). Furthermore, recurrent tachyarrhythmias may lead to rapid deterioration of ventricular function, highlighting the need for sustained rhythm control strategies (Gopinathannair et al., 2009).
The evolving concept of arrhythmia-induced cardiomyopathy extends beyond traditional definitions of TIC, encompassing a spectrum in which arrhythmias contribute variably to myocardial dysfunction, even in the presence of underlying structural heart disease (Shoureshi et al., 2024). This broader perspective has significant implications for clinical decision-making, particularly in determining the optimal timing of rhythm control interventions such as catheter ablation and the role of device therapy, including implantable cardioverter-defibrillators (ICDs) and cardiac resynchronisation therapy (CRT). Given the potential for reversibility, premature implantation of permanent devices may be avoided in selected patients if ventricular function improves following arrhythmia management (Lishmanov et al., 2010; Kim et al., 2019).
In this context, understanding the transient nature of ventricular dysfunction in TIC is crucial for guiding therapeutic strategies and improving patient outcomes. Careful evaluation of the timing and extent of recovery following rhythm control can help clinicians differentiate TIC from irreversible cardiomyopathies and inform decisions regarding long-term device therapy.

Methods
Study Design and Data Sources
This study was conducted as a narrative review and case-based analytical synthesis focusing on transient ventricular dysfunction in tachycardia-induced cardiomyopathy (TIC) and its implications for timing of rhythm control and device therapy. A comprehensive literature review was performed using established electronic databases including PubMed, Google Scholar, and institutional journal repositories. The search strategy incorporated combinations of key terms such as “tachycardia-induced cardiomyopathy,” “arrhythmia-induced cardiomyopathy,” “ventricular dysfunction,” “rhythm control,” “catheter ablation,” and “device therapy.” Priority was given to peer-reviewed articles, systematic reviews, clinical studies, and state-of-the-art reviews published in English. Seminal and foundational studies were also included to provide historical and mechanistic context, particularly those describing early experimental models and clinical observations of TIC (Shinbane et al., 1997; Khasnis et al., 2005).
The inclusion criteria encompassed studies that addressed the pathophysiology, clinical presentation, reversibility, and management of TIC, with particular emphasis on timing of intervention and recovery of ventricular function. Articles describing outcomes following rhythm control strategies such as pharmacologic therapy or catheter ablation were specifically prioritized (Medi et al., 2009; Cabanillas et al., 2023). Additionally, contemporary literature expanding the concept to arrhythmia-induced cardiomyopathy was included to capture evolving perspectives in this field (Shoureshi et al., 2024). Exclusion criteria included non-English publications, studies lacking clinical relevance, and reports with insufficient methodological detail. Reference lists of selected articles were also manually screened to identify additional relevant studies.
Data Extraction and Synthesis
Relevant data were systematically extracted from selected studies, including study design, patient characteristics, type and duration of tachyarrhythmia, degree of ventricular dysfunction, therapeutic interventions, and outcomes related to recovery of cardiac function. Particular attention was paid to the temporal relationship between arrhythmia control and improvement in left ventricular ejection fraction, as this is central to defining the transient nature of TIC (Gupta & Figueredo, 2014; Gopinathannair et al., 2009). Data regarding recurrence of arrhythmias and subsequent deterioration in ventricular function were also reviewed to understand the durability of recovery and the need for long-term management strategies (Albakri, 2018).
The synthesis of findings was performed qualitatively, integrating evidence across clinical studies, experimental models, and review articles. Mechanistic insights into myocardial dysfunction, including impaired calcium handling, neurohormonal activation, and structural remodeling, were incorporated to provide a comprehensive understanding of disease progression and reversibility (Kim et al., 2019; Martin et al., 2017). Clinical outcomes following rhythm control interventions were analyzed to evaluate the effectiveness of early versus delayed intervention, as well as the role of catheter ablation in achieving sustained recovery (Medi et al., 2009; Lishmanov et al., 2010).
Furthermore, evidence related to device therapy, including implantable cardioverter-defibrillators and cardiac resynchronization therapy, was reviewed in the context of transient ventricular dysfunction. Emphasis was placed on studies highlighting the potential for recovery of ventricular function following arrhythmia control, which may obviate the need for premature device implantation (Umana et al., 2003; Kim et al., 2019). The analysis also considered emerging frameworks that classify TIC within the broader spectrum of arrhythmia-induced cardiomyopathy, thereby influencing diagnostic and therapeutic approaches (Shoureshi et al., 2024; Abozaid et al., 2024).
Overall, this methodological approach allowed for a comprehensive and clinically relevant synthesis of current evidence, providing insights into optimal timing of rhythm control and guiding decision-making regarding device therapy in patients with transient ventricular dysfunction due to tachyarrhythmias.

Results 
Recovery of Ventricular Function Following Rhythm Control
Across the reviewed studies, a consistent finding was the significant improvement or normalization of left ventricular systolic function following effective control of the underlying tachyarrhythmia (Table 1). Patients with tachycardia-induced cardiomyopathy (TIC) typically presented with reduced left ventricular ejection fraction (LVEF) and varying degrees of ventricular dilatation; however, these abnormalities were largely reversible once adequate rate or rhythm control was achieved (Khasnis et al., 2005; Umana et al., 2003). The timeline of recovery varied among studies, with initial improvements often observed within weeks, while complete normalization of ventricular function could take several months depending on the duration and severity of the arrhythmia prior to intervention (Gupta & Figueredo, 2014; Cabanillas et al., 2023).
Evidence from both clinical and experimental studies demonstrated that early intervention was associated with more rapid and complete recovery of cardiac function, as summarized in Table 1. Patients who underwent timely rhythm control, particularly through catheter ablation, showed marked improvement in LVEF and symptomatic status compared to those with delayed treatment (Medi et al., 2009; Lishmanov et al., 2010). In cases of focal atrial tachycardia, successful ablation resulted in sustained recovery of ventricular function, with long-term follow-up indicating low rates of recurrence when arrhythmia suppression was maintained (Medi et al., 2009). Similarly, studies emphasized that restoration of sinus rhythm or adequate rate control in atrial fibrillation led to significant reverse remodeling and functional recovery (Gopinathannair et al., 2009).
However, not all patients experienced complete recovery. As highlighted in Table 1, a subset of patients demonstrated persistent ventricular dysfunction despite adequate arrhythmia control, suggesting the presence of irreversible myocardial remodeling or coexisting structural heart disease (Albakri, 2018; Kim et al., 2019). Experimental data further supported that prolonged exposure to tachycardia resulted in more extensive myocardial injury, including fibrosis and cellular alterations, which may limit the degree of reversibility (Shinbane et al., 1997; Martin et al., 2017). Additionally, recurrence of tachyarrhythmias was associated with rapid deterioration of previously recovered ventricular function, underscoring the importance of sustained rhythm control strategies (Khasnis et al., 2005; Mohamed, 2007).
Implications for Timing of Device Therapy
The transient nature of ventricular dysfunction in TIC has significant implications for the timing and necessity of device therapy, as outlined in Table 1. Several studies highlighted that early implantation of devices such as implantable cardioverter-defibrillators (ICDs) or cardiac resynchronization therapy (CRT) may be unnecessary in patients with newly diagnosed TIC, as ventricular function often improves substantially following arrhythmia management (Umana et al., 2003; Lishmanov et al., 2010). This finding supports a strategy of deferring permanent device implantation until reassessment of ventricular function after adequate rhythm control.
Contemporary evidence further reinforces the importance of distinguishing TIC from other forms of cardiomyopathy when considering device therapy. The broader concept of arrhythmia-induced cardiomyopathy emphasizes that arrhythmias may be a primary or contributory factor to ventricular dysfunction, and their treatment can lead to significant clinical improvement (Shoureshi et al., 2024). As such, premature device implantation may expose patients to unnecessary procedural risks and long-term complications if ventricular recovery is achievable.
Nonetheless, device therapy remains relevant in selected cases. As summarized in Table 1, patients with persistent severe ventricular dysfunction despite optimal rhythm control, or those at high risk of malignant arrhythmias, may still benefit from ICD or CRT implantation (Kim et al., 2019; Abozaid et al., 2024). Additionally, temporary measures such as wearable defibrillators have been proposed as interim strategies during the recovery period, allowing time for reassessment of cardiac function before committing to permanent devices.
Overall, the findings underscore the importance of individualized clinical decision-making, with careful monitoring of ventricular recovery following rhythm control. A strategy that prioritizes early arrhythmia management and delayed consideration of device therapy may optimize outcomes while avoiding unnecessary interventions in patients with reversible cardiomyopathy.

Table 1. Summary of Key Findings on Ventricular Recovery and Device Therapy in Tachycardia-Induced Cardiomyopathy
	Domain
	Key Findings
	Supporting Evidence
	Clinical Implications

	Baseline Ventricular Dysfunction
	Reduced LVEF and ventricular dilatation are common at presentation
	Khasnis et al., 2005; Umana et al., 2003
	TIC often mimics dilated cardiomyopathy, requiring high clinical suspicion

	Reversibility of Dysfunction
	Significant improvement or normalization of LVEF after rhythm control
	Gupta & Figueredo, 2014; Cabanillas et al., 2023
	Confirms TIC as a potentially reversible cause of heart failure

	Timeline of Recovery
	Improvement begins within weeks; full recovery may take months
	Gupta & Figueredo, 2014
	Necessitates follow-up before long-term decisions

	Impact of Early Intervention
	Early rhythm control leads to faster and more complete recovery
	Medi et al., 2009; Lishmanov et al., 2010
	Supports prompt diagnosis and early rhythm management

	Effect of Catheter Ablation
	Sustained recovery with low recurrence rates after successful ablation
	Medi et al., 2009
	Ablation is a key definitive therapy in selected patients

	Atrial Fibrillation Management
	Rate/rhythm control leads to reverse remodeling and functional improvement
	Gopinathannair et al., 2009
	AF is a major reversible cause of TIC

	Incomplete Recovery
	Some patients have persistent dysfunction due to fibrosis or underlying disease
	Albakri, 2018; Kim et al., 2019
	Suggests need for individualized evaluation

	Effect of Prolonged Tachycardia
	Longer duration leads to irreversible myocardial damage
	Shinbane et al., 1997; Martin et al., 2017
	Highlights importance of early detection

	Recurrence of Arrhythmia
	Recurrence causes rapid decline in recovered ventricular function
	Khasnis et al., 2005; Mohamed, 2007
	Emphasizes need for durable rhythm control

	Device Therapy Timing
	Early ICD/CRT implantation may be unnecessary
	Umana et al., 2003; Lishmanov et al., 2010
	Supports delayed decision-making

	Reassessment Strategy
	Ventricular function should be reassessed after rhythm control
	Lishmanov et al., 2010
	Prevents unnecessary device implantation

	Arrhythmia-Induced Cardiomyopathy Concept
	Arrhythmias may be primary or contributory to LV dysfunction
	Shoureshi et al., 2024
	Expands diagnostic and therapeutic framework

	Indications for Device Therapy
	Persistent severe dysfunction or high arrhythmic risk warrants ICD/CRT
	Kim et al., 2019; Abozaid et al., 2024
	Identifies subgroup needing definitive intervention

	Temporary Measures
	Wearable defibrillators may be used during recovery phase
	Abozaid et al., 2024
	Provides interim protection while awaiting recovery

	Overall Management Strategy
	Early rhythm control + delayed device consideration improves outcomes
	Multiple sources
	Supports individualized, stepwise clinical approach



Discussion
Tachycardia-induced cardiomyopathy (TIC) represents a unique and clinically significant subset of reversible heart failure in which sustained or recurrent tachyarrhythmias lead to ventricular systolic dysfunction. The findings from this study reinforce the central concept that TIC is not only potentially reversible but also highly dependent on the timing and effectiveness of rhythm control strategies. The consistent observation of substantial improvement or normalization of left ventricular ejection fraction (LVEF) following arrhythmia control underscores the importance of early recognition and targeted management. These findings align with earlier reports demonstrating that TIC can mimic other forms of dilated cardiomyopathy, often leading to diagnostic uncertainty and delayed intervention if not carefully considered in the differential diagnosis (Khasnis et al., 2005; Umana et al., 2003).
The reversibility of ventricular dysfunction in TIC is a defining feature that distinguishes it from primary cardiomyopathies. Mechanistically, prolonged tachycardia induces a cascade of deleterious effects, including impaired calcium handling, mitochondrial dysfunction, neurohormonal activation, and adverse structural remodeling (Kim et al., 2019; Martin et al., 2017). These processes result in reduced contractility and ventricular dilatation; however, unlike irreversible cardiomyopathies, these changes may regress significantly once the inciting arrhythmia is controlled. Experimental models have demonstrated that cessation of tachycardia leads to gradual normalization of myocardial structure and function, although the extent of recovery is influenced by the duration and severity of tachycardia exposure (Shinbane et al., 1997). This biological plasticity provides a critical therapeutic window during which appropriate intervention can lead to near-complete recovery.
One of the most clinically relevant observations from the present analysis is the strong association between early rhythm control and improved outcomes. Patients who undergo prompt intervention, particularly through catheter ablation, tend to experience faster and more complete recovery of ventricular function compared to those with delayed treatment (Medi et al., 2009; Lishmanov et al., 2010). This finding has important implications for clinical practice, as it supports a proactive approach to arrhythmia management rather than a conservative or stepwise escalation of therapy. In the context of atrial fibrillation, for instance, early rhythm control strategies have been associated with reverse remodeling and improved functional capacity, further emphasizing the role of timely intervention (Gopinathannair et al., 2009). These observations are consistent with emerging paradigms in electrophysiology that favor early ablation in selected patients to prevent long-term myocardial damage.
Despite the generally favorable prognosis, not all patients with TIC achieve complete recovery of ventricular function. A subset of individuals demonstrates persistent systolic dysfunction even after adequate control of the underlying arrhythmia. This phenomenon may be attributed to irreversible myocardial injury, including fibrosis and structural remodeling that occur with prolonged tachycardia exposure (Albakri, 2018; Kim et al., 2019). Experimental evidence supports the notion that sustained tachycardia leads to cumulative cellular damage, which may eventually exceed the threshold for reversibility (Shinbane et al., 1997; Martin et al., 2017). Additionally, the presence of underlying structural heart disease may confound the clinical picture, making it difficult to distinguish pure TIC from mixed or secondary forms of cardiomyopathy. These findings highlight the importance of early diagnosis and intervention, as delayed treatment may limit the potential for full recovery.
Another critical consideration is the risk of recurrence and its impact on ventricular function. The literature consistently demonstrates that recurrence of tachyarrhythmias can lead to rapid deterioration of previously recovered ventricular function, often occurring more quickly than the initial development of cardiomyopathy (Khasnis et al., 2005; Mohamed, 2007). This underscores the need for durable rhythm control strategies and close long-term follow-up. Catheter ablation has emerged as a highly effective modality in this regard, offering the potential for definitive treatment in selected patients, particularly those with focal atrial tachycardia or other amenable arrhythmias (Medi et al., 2009). However, even with successful ablation, ongoing monitoring is ضروری to detect recurrence early and prevent relapse of ventricular dysfunction.
The implications of these findings extend significantly to the domain of device therapy. Traditionally, patients presenting with reduced LVEF are evaluated for implantation of devices such as implantable cardioverter-defibrillators (ICDs) or cardiac resynchronization therapy (CRT) devices. However, in the context of TIC, where ventricular dysfunction may be transient and reversible, premature device implantation may not only be unnecessary but also potentially harmful. The evidence reviewed in this study supports a strategy of deferring device therapy until reassessment of ventricular function following adequate rhythm control (Umana et al., 2003; Lishmanov et al., 2010). This approach minimizes exposure to procedural risks, device-related complications, and long-term management burdens in patients who may ultimately not require permanent intervention.
The evolving concept of arrhythmia-induced cardiomyopathy further refines this clinical framework by recognizing that arrhythmias can be both primary drivers and contributing factors to ventricular dysfunction (Shoureshi et al., 2024). This broader perspective emphasizes the need for a nuanced approach to diagnosis and management, taking into account the dynamic interplay between arrhythmia burden and myocardial function. In some cases, arrhythmias may exacerbate pre-existing cardiomyopathy, while in others, they may represent the sole reversible cause of dysfunction. Distinguishing between these scenarios is essential for guiding therapeutic decisions, particularly with respect to device implantation.
Nevertheless, device therapy remains an important consideration in selected patients. Individuals with persistent severe ventricular dysfunction despite optimal rhythm control, or those at high risk of life-threatening arrhythmias, may derive significant benefit from ICD or CRT implantation (Kim et al., 2019; Abozaid et al., 2024). In such cases, the decision to proceed with device therapy should be individualized, taking into account the extent of ventricular recovery, the likelihood of further improvement, and the patient’s overall risk profile. Temporary strategies, such as wearable cardioverter-defibrillators, may serve as valuable interim measures during the recovery phase, providing protection while allowing time for reassessment of cardiac function.
From a broader clinical perspective, the findings of this study highlight the importance of a tailored and dynamic approach to the management of TIC. Early identification of the condition, prompt initiation of rhythm control, and careful monitoring of ventricular recovery are essential components of optimal care. Clinicians should maintain a high index of suspicion for TIC in patients presenting with unexplained cardiomyopathy and concurrent tachyarrhythmias, as timely intervention can dramatically alter the disease trajectory. Furthermore, serial assessment of ventricular function is crucial to guide decisions regarding long-term therapy, including the need for device implantation.
This study also underscores several gaps in the current literature. While the reversibility of TIC is well established, there remains limited consensus on the optimal duration of observation before considering device therapy. Additionally, predictors of incomplete recovery are not fully defined, and further research is needed to identify clinical, imaging, and biomarker-based indicators that can guide risk stratification. The role of advanced imaging modalities, such as cardiac magnetic resonance imaging, in distinguishing reversible from irreversible myocardial injury represents another area of ongoing investigation. Moreover, the long-term outcomes of patients with TIC, particularly those with recurrent arrhythmias or partial recovery, warrant further study.

Conclusion 
Tachycardia-induced cardiomyopathy represents a reversible yet potentially severe form of ventricular dysfunction that requires timely recognition and management. The evidence strongly supports early rhythm control as the cornerstone of therapy, with catheter ablation playing a central role in achieving durable outcomes. The transient nature of ventricular dysfunction in many cases necessitates a cautious and individualized approach to device therapy, emphasizing reassessment after arrhythmia control. By integrating these principles into clinical practice, clinicians can optimize outcomes, avoid unnecessary interventions, and improve the overall management of patients with this unique form of cardiomyopathy.
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