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Abstract. Right ventricular (RV) dilatation is a recognized morphological adaptive change induced by exercise, but 

also a major echocardiographic criteria for the diagnosis of inherited cardiomyopathies such as arrhythmogenic right 

ventricular cardiomyopathy (ARVC). Particularly in athletes, the “grey zone”, when mild phenotypes of 

cardiomyopathies overlap with physiological changes, poses important matter of debate. 

We report a case of a 14-year-old elite karate athlete who was referred for transthoracic echocardiographic pre-

participation screening and was found to have increased right ventricle dimensions.  No abnormalities were identified at 

clinical examination. Twelve lead ECG (12-lead ECG) showed sinus rhythm (80 beats/min), QRS axis at 45 degree and 

duration of 120ms. Additionally, delta wave was identified in leads DI, DII, V2-V6. Transthoracic echocardiography 

revealed right ventricular and pulmonary artery trunk enlargement, mild tricuspid regurgitation, a mild rise in 

pulmonary systolic arterial pressure and moderate pulmonary regurgitation. Cardiac magnetic resonance showed 

enlargement of right ventricle with no identifiable abnormalities such as regional RV akinesia, dyskinesia or 

dyssynchronous RV. RV ejection fraction was 71%, end diastolic volume of 91 mL/m
2
 and end-systolic volume of 47 

ml. In conclusion, morphological cardiac consequences of long-term high intensity physical activity may fall into the 

grey zone, and thus becoming a challenge to distinguish the physiologic remodelling from pathological one. Therefore, 

our patient was advised to withdraw from the competitive sport and a close follow-up was crucial. 

Key words: athletes, RV dilation, WPW syndrome.  

  

 

 

Introduction 
Sports activities are divided into static (isometric, resistance), dynamic (isotonic, endurance) and mixed 

according to the type and intensity of the exercise performed (1). Cardiac remodelling induced by sports may 

overlap with pathological changes seen in inherited cardiomyopathies and thus confuse the diagnosis. 

Due to long term pressure overload, high-intensity static exercise was demonstrated to induce left ventricle 

(LV) hypertrophy and minor changes in end-diastolic and end-systolic volumes, whilst high dynamic 

exercise is mostly related to eccentric LV remodelling (2-3). Right ventricular (RV) enlargement is a 

common finding in athletes involved in high-dynamic sports whereas little evidence was noted regarding the 

RV changes in resistance-based athletes such as weight lifting, disc throwing, karate. Long term high-

dynamic activity is associated with RV eccentric remodelling consisting in both enlargement of the cavity 

and increased thickness of RV wall, as a primary response to volume overload (4). 

A greater degree of adaptation was documented at the right ventricle inflow (sinus) than at the outflow 

(infundibulum) and two-dimensional conventional echo measurements of RV function such as fractional area 

change (FAC) and tricuspid plane systolic excursion (TAPSE) are usually normal in athletes (4-6). A mild 

increase of pulmonary arterial systolic pressure (PASP) was also demonstrated in healthy endurance athletes 

(7). Although not included in routine pre-participation, echocardiographic evaluation of RV dimensions and 

morphology is extremely valuable for the exclusion of genetic cardiomyopathies such as ARVC and 

hypertrophic cardiomyopathy (5). Exercise has been shown to trigger the development and progression of 

cardiomyopathies and associated with acute changes in volume and pressure overload (8-9). 

Another consequence of intensive and sustained training is electrical remodelling, associated with ECG 

changes that may be interpreted as normal, borderline or abnormal findings in athletes.  
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Wolff-Parkinson-White (WPW) is a cardiac conduction system disease characterized by the presence of an 

accessory pathway which directly connects the atria to the ventricle, resulting in early activation of 

ventricular myocardium, leading to atrial and ventricular tachy-arrhythmias with potentially life-threatening 

consequences. (10) Amongst athletes, a particular “WPW pattern” was described by ECG changes of WPW 

syndrome without the evidence of clinical symptoms. WPW pattern occurs more common in athletes than in 

general population, with a prevalence of approximately 1:1000. (11) 

We herein describe the case of a14-year-old athlete male performing professional karate with severe right 

ventricular enlargement, which made challenging the differentiation between physiologic adaptation to 

exercise and cardiomyopathies such as arrhythmogenic right ventricular cardiomyopathy. 

 

Case presentation 
A 14-year-old karate athlete participating in competitive activities with no history of palpitation, fatigue, or 

documented arrhythmias, but with electrocardiographic features of Wolff-Parkinson-White Syndrome, was 

referred to Cardiology Research Centre of Emergency County Hospital of Craiova, for complete cardiac 

evaluation.  

Family history was negative for any inherited cardiomyopathies or sudden cardiac death. His vital signs were 

normal. Physical examination demonstrated a systolic ejection murmur grade 2/6 in the left parasternal area. 

Routine laboratory blood tests were within limits.  

A 12-lead electrocardiogram revealed sinus rhythm of 80 bpm, a short PR interval of 100ms, large duration 

of the QRS complex due to the presence of delta wave and inverted T waves in V1 (Figure 1, A).  

Chest X-ray was normal.  

 

 

A) 

 

B) 

Figure 1. A) On presentation, 12 lead-ECG revealing delta waves (red arrows) B) Follow-up 12-lead ECG  showing no 

change after 4 months of detraining. 
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Transthoracic echocardiography was performed using a Vivid S6 machine (GE Medical Systems-Vingmed, 

Horten, Norway) and showed normal left ventricular dimensions and function with an ejection fraction of 

60%.  

Measurement of proximal right ventricular outflow tract (RVOT) showed severe dilation (45 mm, 26 

mm/m
2
) which raised the suspicion of arrhythmogenic right ventricular cardiomyopathy (Figure 2, Panel A). 

Functional assessment using both tissue Doppler Imaging and speckle tracking echocardiography showed, 

however, preserved RV free wall function with a basal RV segmental velocity of 14 cm/s and RV global 

longitudinal strain value of -19.1. Additionally, dilated pulmonary trunk, moderate pulmonary and tricuspid 

regurgitation were identified. PASP was calculated 39 mmHg (Figure 3, A). 

In the light of this findings, the patient was referred for cardiac magnetic resonance imaging (CMR) The 

examination was performed with a Siemens Magnetom Avanto 1.5 T MRI equipment (Siemens Medical 

Solutions USA) and confirmed right ventricle enlargement with no identifiable abnormalities such as 

regional RV akinesia, dyskinesia or dyssynchronous RV. RV ejection fraction was 71%, end diastolic 

volume of 91 mL/m
2
 and end-systolic volume of 47 mL (Figure 4). Gadolinium enhancement uptake was 

normal in the RV myocardial regions, without myocardial fibrosis.  

The patient was discharged home, with the recommendation of withdrawal from karate sports and to be 

reviewed after 4 months. During echo follow-up, performed at 4 months after the initial examination we 

could determine a decrease in RV end-diastolic dimensions (from 45 mm to 34 mm) (Figure 2, Panel B), but 

no significant change in tricuspid and pulmonary regurgitation grading and PASP (37 mmHg) (Figure 3, B), 

12-lead ECG tracing was unchanged (Figure 1, B). 

 

PANEL A 

1) 

 
 2) 

PANEL B 

1)  2) 

Figure 2. Transthoracic echocardiography (TTE) 1) RVOT basal diameter (mm). 2)  RVOT proximal diameter (mm) - 

Panel A. First echocardiographic assessment, RVOT basal and proximal dimensions showing a dilated right ventricle. 

Panel B. Follow-up assessment showed a decrease in RV end-diastolic dimensions from 45 mm to 34 mm. 
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  A)       B) 
Figure 3. Transthoracic echocardiography. No significant change in PASP (mmHg) between first echocardiographic 

and follow-up assessment. 

 

 

 A)  B) 

Figure 4. Cardiovascular Magnetic Resonance (CMR) (4-chamber view). Cine images in end-diastole (A) and end-

systole (B) showing right ventricular enlargement with an end diastolic volume of 91 mL/m
2
 and no identifiable 

abnormalities. 

 

 

Discussion 

According to the type and intensity of the exercise performed, sports activities are divided into static 

(isometric, resistance), dynamic (isotonic, endurance) and mixed (1). Intensive exercise was associated with 

the development of both electrical and structural cardiac changes which, in certain situations, may overlap 

with inherited cardiomyopathies making thus challenging the differentiation of “grey-zone” exercise-induced 

structural adaptations from pathologic remodelling (13-14). The morphologic and functional changes 

determined by intensive exercise have been extensively studied (15-16) and include enlargement of 

ventricular cavities with preserved function (12) (endurance activity) and left ventricular concentric 

remodelling (resistance activity). Right ventricular dilatation is a common finding in athletes performing 

high intensity endurance exercise and in certain situations of excessive remodelling the differential 

diagnostic with inherited cardiomyopathies may become clinically challenging.  

We presented the case of a young athlete performing karate (static) who was found to have severe dilatation 

of right ventricle, pulmonary artery trunk enlargement, mild tricuspid regurgitation, a mild rise in pulmonary  
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systolic artery pressure and moderate pulmonary regurgitation. Additionally, he presented 

electrocardiographic features of Wolff-Parkinson-White Syndrome. 

The case posed important dilemmas as karate was classified a high-static demand training with reduced 

structural and functional consequences on the RV. 

Apart from a characteristic of sports, RV enlargement is also considered a major echocardiographic criteria 

for the diagnosis of arrhythmogenic right ventricular cardiomyopathy (ARVC), which is the most common 

differential diagnosis. Therefore, in our case the justification for further assessment of right ventricular 

structure was based on confirming or excluding this pathology which is a life threatening genetically 

inherited disease, being attributed to 4-22% of SCD (17-18). It is characterized by fibro fatty infiltration of 

normal cardiac myocytes (14) which leads to right ventricular structural remodelling and systolic dysfunction 

and a high risk of malignant ventricular arrhythmias. 

The natural history of ARVC is considered to include four distinct phases. If in advanced stages the 

diagnosis can be more rapidly established, the early clinical phase is characterized only by ECG 

abnormalities and RV-originating tachyarrhythmia during adolescence, in the absence of structural 

anomalies. Sudden death is often the first symptom during this phase; therefore, early non-invasive diagnosis 

is important.  

Early diagnosis of ARVC is challenging owing to the nonspecific clinical presentation (8-9). The current 

guidelines proposed a set of diagnostic criteria including major and minor criteria in 6 categories: 1) global 

or regional dysfunction and structural alterations, 2) tissue characterization of the wall, 3) repolarization 

abnormalities, 4) depolarization or conduction abnormalities, 5) arrhythmias, and 6) family history.   

The presence of two major, one major and two minor, or four minor criteria is considered definite diagnostic. 

(19-20).  Whereas these criteria are highly specific, they lack sensitivity for early disease (21). 

In most of the cases advanced imaging techniques such as cardiovascular magnetic resonance is required for 

the evaluation of potential tissue abnormalities. 

Our athlete was referred for CMR which confirmed the enlargement of right ventricle with no identifiable 

abnormalities such as regional RV akinesia, dyskinesia or dyssynchronous RV. 

Hence, in this young male only one major echocardiographic criteria for ARVC was met thus definite 

diagnosis for this pathology was not fulfilled. 

To make things more challenging, in 2012, La Gerche et al. documented a group of endurance athletes with 

ventricular arrhythmias RV-originating in whom intensive endurance exercise may cause impairment of the 

myocardial interstitial matrix mimicking an ARVC phenocopy. Genetic analysis demonstrated a low 

incidence (12.8%) of a specific desmosomal gene mutation in this cohort, when compared with the 

prevalence of desmosomal gene mutations in series describing familial ARVC probands (30-50%).  

Thus, intense physical exertion may itself cause and accelerate an acquired form of cardiomyopathy (22). No 

evidence was found, however, regarding the involvement of high-static training in the development of the 

acquired form of ARVC (4, 22). 

In view of this, our patient was advised to withdraw from competitive sport to establish the implication of 

exercise in the development of right ventricular enlargement. At the follow-up date, we noticed a decrease in 

right ventricular proximal diameters of 25 %, but no significant change in tricuspid and pulmonary 

regurgitation grading and PASP, highlighting that even static exercise is a factor in the progression of RV 

cardiac structural changes. 

Moreover, in our patient was noted the presence of WPW pattern. Electrical abnormalities such as profound 

bradyarrhythmia, supraventricular and complex ventricular arrhythmias (VA) were described in athletes. (23) 

Nonetheless, the incidence of death appears to be low (1 in 355 athletes during an 8-year follow-up) in 

athletes presenting with frequent and complex ventricular tachyarrhythmias. (24). 

Wolff Parkinson White syndrome may be responsible for the occurrence of ventricular tachyarrhythmias and 

sudden cardiac arrest in athletes. (11) The diagnosis is established by the classic triad: a short PR interval 

<120ms, the presence of delta wave and QRS complex duration >120ms (25). Nevertheless, the main 

majority of athletes with WPW have normal cardiac structure.  

The presence of clinical manifestations differentiates between the “Wolff-Parkinson-White pattern”, also 

known as ECG evidence of WPW without symptoms from WPW syndrome itself. When symptoms are 

present, the patient should be referred for ablation to eliminate the pathway, whilst in the absence of 

symptoms, a complete clinical evaluation including transthoracic echocardiogram (in order to establish the  
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potential presence of Ebstein disorder or associated cardiomyopathy) and an exercise treadmill test are 

recommended.  

The latter is of particular importance dictating future management considering that the disappearing of the 

accessory pathway during the exercise is associated with low risk for SCD, and sports activity is allowed. 

(26). In our case, during follow-up date, we established that the WPW pattern was present as the ECG 

tracing was unchanged and the patient was still asymptomatic. The young athlete needs further exercise 

testing to evaluate whether he either continue or avoid vigorous exercise. 

We recommended that the young athlete should undergo lifelong clinical follow-up (every 12 months) 

including 12-lead ECG, echocardiography in view to periodically evaluate new-onset symptoms and 

progression of morphological remodelling. In view of this, in athletes an accurate diagnosis is crucial as an 

erroneous diagnosis carries serious risks, leading to either adverse events or disqualification from sport, with 

financial and psychological implications. 

 

Conclusion 

The current case described the association of WPW pattern with right ventricular enlargement in an athlete 

practicing karate. Our patient’s investigations placed him in the “grey zone” noticing the presence of right 

ventricular dilation, pulmonary trunk enlargement with the presence of tricuspid regurgitation, but all the 

parameters were framed as borderline and was met only one major criteria for inherited cardiomyopathy. At 

the follow up date, after 4 months of detraining, there was a decrease in right ventricular diameters, 

highlighting the role of exercise in the development of cardiac structural changes. WPW pattern was 

unchanged. In conclusion, our case was a challenge in establishing the real boundaries between physiological 

cardiovascular features related to sports and pathological remodeling, in the lack of normative athletic 

cardiac references/values. 
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