


Case report 

Arrhythmogenic Left Ventricular Cardiomyopathy, the Great Imitator Unveiled by Cardiac MRI: A Case Report


Abstract:
Background: Arrhythmogenic left ventricular cardiomyopathy (ALVC) is a rare and often underdiagnosed subtype of arrhythmogenic cardiomyopathy (ACM), characterized by predominant left ventricular involvement and a high risk of arrhythmias. In contrast to the classic right dominant form, ALVC presents significant diagnostic challenges due to its phenotypic overlap with other cardiomyopathies and the limited availability of genetic testing.
[bookmark: _GoBack]Case Presentation: We report the case of a 55-year-old man with a history of hypertension and active smoking, who presented with progressive dyspnea, syncope, and palpitations. Initial evaluation revealed atrial fibrillation with rapid ventricular response, elevated cardiac biomarkers (troponin 176,000 ng/L; BNP 420 pg/mL), and signs of congestive heart failure. Transthoracic echocardiography demonstrated biventricular hypertrophic cardiomyopathy with severely reduced left ventricular ejection fraction (LVEF 34%) and global longitudinal strain (GLS) of -11.3%. Cardiac magnetic resonance (CMR) imaging showed moderate left ventricular dilation with significant septal hypertrophy, systolic dysfunction (LVEF 33%), and characteristic subepicardial and mid-myocardial late gadolinium enhancement (LGE) involving more than 30% of the myocardial mass, while the right ventricle remained unaffected.  Comprehensive workup excluded cardiac sarcoidosis through negative angiotensin-converting enzyme levels, phosphocalcic assessment, salivary gland biopsy, and thoracic CT. Twenty-four-hour Holter monitoring revealed ventricular hyperexcitability with non-sustained ventricular tachycardia episodes and a 22% premature ventricular contraction burden.
Management and Outcome: Given the high risk of sudden cardiac death (SCD), the patient received an implantable cardioverter-defibrillator (ICD) and antiarrhythmic therapy with amiodarone, resulting in a significant reduction of arrhythmia burden, with premature ventricular contractions burden decreasing to 1.3%.
Conclusion: This case highlights the diagnostic complexity of ALVC and emphasizes the importance of multimodal imaging and the systematic exclusion of differential diagnoses. In settings with limited access to genetic testing, comprehensive clinical evaluation remains crucial for early recognition and appropriate risk stratification of this potentially life-threatening condition.
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Introduction: 
Arrhythmogenic cardiomyopathy (ACM) is a genetic myocardial disease characterized by fibrofatty replacement, and clinically by ventricular arrhythmias [1]. It is often accompanied by regional or global ventricular dysfunction and represents a leading cause of sudden cardiac death in young individuals and athletes [2]. This condition is strongly linked to mutations in genes encoding desmosomal proteins, resulting in the loss of cardiomyocyte adhesion and disruption of intracellular signaling processes [1]. Initially, it has been described as a condition predominantly affecting the right ventricle (RV), with minor or late involvement of the left ventricle (LV). However, emerging evidence from multiple studies has demonstrated that LV involvement occurs frequently, with reported rates ranging from 16% to 76% of cases [3]. Consequently, this more nuanced understanding has led to the adoption of the term "arrhythmogenic cardiomyopathy", a designation that better captures the full phenotypic spectrum of the disease. As a result, the clinical classification of ACM has been expanded to include three primary phenotypes: the ‘right-dominant’ variant, the biventricular form, with equal involvement of both ventricles, and the ‘left-dominant’ variant, or arrhythmogenic left ventricular cardiomyopathy (ALVC), featuring predominant left ventricular involvement and minimal or no right ventricular abnormalities[4][5]. We present a case of suspected ALVC in a patient with symptomatic ventricular arrhythmias and high risk of sudden cardiac death, requiring the placement of an implantable cardioverter-defibrillator. The report highlights diagnostic challenges, including differentiating ALVC from other cardiac conditions, and emphasizes the importance of risk stratification in guiding management. Our paper was written according to the CARE guidelines[6].

Case presentation: 
We report the case of a 55-year-old man with a history of hypertension and active smoking, admitted to our department with recently worsened dyspnea at rest, along with two episodes of syncope associated with palpitations occurring one week prior to admission. Additionally, he reported a three-month history of exertional palpitations that resolved completely with rest.
Upon admission, his vital signs were stable, with a blood pressure of 120/80 mmHg, tachycardia at 115 beats per minute, tachypnea at 22 breaths per minute, and normal oxygen saturation. The clinical examination revealed signs of congestive left heart failure.
[image: ]The electrocardiogram (ECG) revealed atrial fibrillation with a rapid ventricular response, along with multiple supraventricular and ventricular ectopic beats (Fig. 1, Fig. 2). Spontaneous restoration of sinus rhythm occurred without the need for external electrical cardioversion.
Fig.1- ECG showing atrial fibrillation rhythm, left ventricular hypertrophy with secondary repolarization       abnormalities.


[image: ]
Fig.2- ECG showing monomorphic premature ventricular complexes (PVCs) in a bigeminy pattern, with a left bundle branch block (LBBB) morphology and a long R-on-T coupling interval.

[image: ]Biologically, the troponin level was significantly elevated at 176 000 ng/L, while BNP was also increased at 420 pg/mL. Transthoracic echocardiography (TTE) revealed features of biventricular hypertrophic cardiomyopathy with moderate dilation, globally altered wall motion, severely altered left ventricular ejection fraction (LVEF) at 34%, and global longitudinal strain (GLS) at -11.3%, along with atrial dilation (Fig.3). 

Fig.3- Two-dimensional echocardiogram: (A) Parasternal long axis view showing a dilated hypertrophic left ventricle (yellow arrow), (B) Parasternal short axis view demonstrating biventricular hypertrophy (hypertrophic right ventricle: red arrow).

Cardiac function was further assessed with cardiac magnetic resonance imaging (CMR) revealing a moderately dilated left ventricle with significant hypertrophy measuring 15 mm in the basal anteroseptal and mid inferoseptal segments. It also demonstrated systolic dysfunction, with global kinetic abnormalities, intra-left ventricular asynchrony, and non-systematized regional wall motion anomalies, and a left ventricular ejection fraction (LVEF) of 33%. In contrast, the right ventricle exhibited no segmental or global wall motion anomalies. Late gadolinium enhancement (LGE) was detected in a subepicardial and mid-myocardial distribution, involving the basal and mid segments of the anterior, anteroseptal, and inferoseptal walls, and affecting more than 30% of the myocardial mass. The mean indexed left ventricular myocardial mass was 73 g/m². These findings suggest focal fibrosis, which may indicate cardiac sarcoidosis or left-dominant ACM according to the latest European consensus (Fig.4).

[image: ] Fig.4 - Cardiac magnetic resonance imaging: A: LGE significantly delayed enhancement of the LV basal to mid anterior wall and interventricular septum B:  Cardiac MRI demonstrates prolonged T1 mapping values (> 1050 ms), consistent with the presence of late gadolinium enhancement. C : Cardiac MRI showing normal native T2 mapping values, indicating the absence of myocardial edema.

For the etiological workup and to rule out differential diagnoses, measurement of angiotensin-converting enzyme levels, phosphocalcic assessment, salivary gland biopsy, and thoracic CT scan were conducted, all showing no evidence of sarcoidosis.
Although genetic testing plays a key role in the diagnosis of ALVC, it remains largely inaccessible in our country.
Lastly, and from a rhythmic standpoint, an initial 24-hour ECG monitoring showed ventricular hyperexcitability, with two non-sustained episodes of ventricular tachycardia (VT) and multiple premature ventricular contractions (PVC) with a PVC burden of 22%. Supraventricular hyperexcitability was also noted, with multiple episodes of supraventricular tachycardia (SVT). One month later, while on amiodarone therapy, the follow-up Holter monitor demonstrated a reduction in the burden of PVCs (1.3% over 36 hours), with occasional PVC couplets but no progression to VT. Additionally, a few supraventricular extrasystoles were also recorded, with no progression to SVT. Given the high risk of sudden cardiac death (SCD), the patient subsequently underwent implantation of an ICD (Fig.5).
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Fig.5 - A: Operative Image Demonstrating ICD Lead and Generator Positioning, B: Fluoroscopy of Defibrillator Electrode Placement

Discussion
Arrhythmogenic cardiomyopathy (ACM) affects approximately 1 in every 2,000 to 5,000 individuals [2], although the true prevalence of arrhythmogenic left ventricular cardiomyopathy (ALVC) is likely underestimated due to diagnostic challenges and limited genetic testing access. The clinical significance is evident from postmortem studies revealing ACM in up to 20% of sudden cardiac deaths among young individuals [7] and accounting for 10-15% of sudden deaths in athletes[8]. In isolated ALVC, lesions predominantly affect the posterior basal (68% of cases), anterolateral (58%), inferior, and inferolateral regions of the left ventricle [9], which is consistent with our patient's findings. The characteristic non-ischemic late gadolinium enhancement (LGE) pattern typically involves subepicardial layers while preserving subendocardial regions, thereby maintaining global LV systolic function. However, our patient demonstrated compromised function due to mid-myocardial involvement, highlighting the inadequacy of assessments based solely on global LV function [10]. 

ACM results from pathogenic mutations in genes encoding intercellular junction structural proteins [11], primarily cardiac desmosomal proteins including desmoplakin (DSP), plakophilin (PKP2), desmoglein (DSG2), and desmocollin (DSC2). Mutations in DSP, phospholamban (PLN), and filamin C (FLNC) are most frequently associated with left-sided forms [12]. The 2020 international consensus established "Padua criteria" for diagnosis (Table 1)[5]. However, in isolated LV forms, a definitive diagnosis requires either pathogenic ACM-related gene mutations or a positive family history, due to significant phenotypic overlap with conditions such as dilated cardiomyopathy, myocarditis, and sarcoidosis [13,14]. In this context, multimodal imaging, particularly cardiac MRI combined with global longitudinal strain, enhances diagnostic accuracy [15]. 
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Table 1 : The ‘Padua criteria’ for diagnosis of arrhythmogenic cardiomyopathy [5].

Cardiac MRI plays a pivotal role in distinguishing ALVC from dilated cardiomyopathy, primarily through characteristic imaging patterns. ALVC typically demonstrates subepicardial inferolateral late gadolinium enhancement (LGE), whereas dilated cardiomyopathy more commonly presents with mid-septal LGE. Additionally, the extent of fibrosis in ALVC is more pronounced and directly correlates with left ventricular systolic dysfunction [16], a feature that was also observed in our patient. Furthermore, the "hypokinetic, non-dilated LV cardiomyopathy" variant, although classified as dilated cardiomyopathy, may more closely resemble ALVC due to its unique pattern of non-transmural scarring [17]. 
Cardiac sarcoidosis can similarly mimic ALVC through myocardial fibrosis and ventricular dysfunction; however, it more frequently involves infrahisian conduction abnormalities [18]. While biopsy remains the gold standard for diagnosis, cardiac MRI [19] and FDG-PET imaging [20] are increasingly used to detect basal septal enhancement and focal inflammatory uptake. Another notable differential diagnosis is isolated left ventricular scarring, often resulting from prior myocarditis. This highlights the crucial need for a comprehensive evaluation, including family history, clinical assessment, and genetic testing, to accurately distinguish it from ALVC [21,22]. 
In our setting, limited access to genetic testing means that ALVC diagnosis relies mainly on clinical, ECG, and imaging findings, despite the crucial role of genetics in confirmation and risk stratification. This underscores the need for thorough clinical evaluation and close follow-up, while emphasizing the importance of expanding genetic testing to improve diagnostic accuracy and personalized care.
Risk stratification focuses on arrhythmic severity and the extent of fibrofatty replacement, with independent predictors including a history of cardiac arrest, unstable ventricular tachycardia, younger age, and LV involvement with reduced ejection fraction [23]. Left-dominant variants demonstrate poorer outcomes compared to isolated right ventricular disease [24,25]. Management includes exercise restriction [26], antiarrhythmic therapy, and standard heart failure treatment for advanced cases [27]. 
ICD therapy remains a key strategy for preventing sudden cardiac death in patients with ALVC, [23,27].The 2015 Task Force consensus outlines a risk-based approach for ICD indication, stratifying patients into high-, moderate-, and low-risk categories [27]. ICD implantation is recommended with Class I indication for prior cardiac arrest, unstable ventricular tachycardia, or severe biventricular dysfunction (RV EF ≤ 35% and/or LV EF ≤ 35%).  Based on these criteria, our patient is considered at high risk and met the indication for ICD implantation, which was subsequently performed.
Catheter ablation via epicardial approach can address scar-related VT [28], while heart transplantation remains the final option for end-stage disease [28].
Unlike dilated cardiomyopathy, where risk is primarily linked to impaired contractility, the development of malignant arrhythmias in ALVC is closely tied to extensive myocardial fibrosis, which acts as a potent arrhythmogenic substrate regardless of LV systolic function [10,29]. In our patient, device interrogation revealed that shocks had been appropriately delivered in response to detected arrhythmias.
Conclusion: 
The primary takeaway lessons from this case report are the diagnostic complexity of ALVC and the need to maintain high clinical suspicion in patients with ventricular arrhythmias and left ventricular dysfunction. Despite the absence of genetic confirmation, our patient's presentation with characteristic subepicardial late gadolinium enhancement (LGE) on CMR and systematic exclusion of differential diagnoses supported the ALVC diagnosis.
The case highlights three key clinical points: the necessity of multimodal imaging including CMR for accurate diagnosis, the importance of excluding phenotypically similar conditions such as sarcoidosis and dilated cardiomyopathy, and the critical role of risk stratification in guiding ICD implantation. In resource-limited settings where genetic testing remains inaccessible, clinicians must rely on comprehensive clinical assessment and advanced imaging to establish diagnosis and implement appropriate management strategies.
Increased awareness of ALVC as a distinct phenotypic variant of arrhythmogenic cardiomyopathy is crucial for early recognition, appropriate risk stratification, and optimal patient outcomes.
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Criteria for RV Involvement Criteria for LV Involvement

1. Morpho-functional ventricular abnormalities By 2D echocardiogram, CMR or angiography: By 2D echocardiogram,CMR or angiography:
Major Minor
* Regional RV akinesia, dyskinesia or bulging plus one of the following: * Global LV systolic dysfunction (depr of LV EF or reduction of iograp!
- global RV dilatation (increase of RV EDV according to the imaging test specific monograms  global longitudinal strain), with or without LV dilatation (increase in LV EDV according to
for age, sex and BSA) the imaging test specific nomograms for age, sex, and BSA)
or
- global RV systolic dysfunction (reduction of RV EF according to the imaging test specific
monograms for age and sex)
Minor Minor
« Regional RV akinesia, dyskinesia or aneurysm of RV free wall * Regional LV hypokinesia or akinesia of LV free wall, septum or both
IL Structural myocardial abnormalities By CECMR: By CECMR:
Major Major
* Transmural LGE (stria pattern) of =1 RV region(s) (inlet, outlet, and apex in 2 orthogonal ~ * LV LGE (stria pattern) of =1 Bull's Eye segment(s) (in 2 orthogonal views) of the free wall
views) (subepicardial or al), septum or both (g septal junctional LGE)
By EMB (limited indications):
Major
« Fibrous replacement of the myocardium in =1 sample, with or without fatty tissue
IIL. ECG repolarization abnormalities Major Minor
« Inverted T waves in right precordial leads (Vs, V2 and V) or beyond in individuals with « Inverted T waves in left precordial leads (V4-Ve) without complete LBBB
complete pubertal development (in the absence of complete RBBB)
Minor
. Inverted T waves in leads V1 and V2 in individuals with completed pubertal
development (in the absence of complete RBBB)
© Inverted T waves in V1, V2, V3 and V4 in individuals with completed pubertal
development in the presence of complete RBBB.
IV ECG depolarization abnormalities Minor Minor
* Low QRS voltages (<0.5 mV peak to peak) in limb leads (in the absence of obesity,
« Epsilon wave (reproducible low amplitude signals between end of QRS complex to emphysema or pericardial effusion)
onset of the T wave) in the right precordial leads (V1 to V3)
* Terminal activation duration of QRS = 55 ms measured from the nadir of the S wave to
the end of the QRS, including R’ in V1, V2 or V3 (in the absence of complete RBBB)
\. Ventricular arrhythmias Major Minor
« Frequent ventricular extrasystoles (>500 per 24 h) o non-sustained o sustained « Frequent ventricular extrasystoles (>500 per 24 h) or non-sustained or sustained
ventricular tachycardia of LBBB morphology ventricular tachycardia with an RBBB morphology (excluding the “fascicular pattern”)
Minor
« Frequent ventricular extrasystoles (>500 per 24 h) or non-sustained or sustained
ventricular tachycardia of LBBB morphology with inferior axis (‘RVOT pattern”)
VI Family Major
history/genetics
. ACM confirmed in a first-degree relative who meets diagnostic criteria
. ACM confirmed pathologically at autopsy or surgery in a first-degree relative
. Identification of a pathogenic or likely pathogenetic ACM mutation in the patient under evaluation
Minor
. History of ACM in a first-degree relative in whom it is not possible or practical to determine whether the family member meets diagnostic criteria
. Premature sudden death (<35 years of age) due to suspected ACM in a first-degree relative

. ACM confirmed pathologically or by diagnostic criteria in second-degree relative
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