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Background Pectus excavatum (PEX) is the most common congenital chest wall deformity, occasionally associated with cardiac dis
placement and mild functional impairment. Its role in masking or mimicking cardiomyopathy remains poorly defined, 
particularly in athletes.

Case summary We report the case of a 24-year-old asymptomatic male athlete with severe PEX, frequent monomorphic premature 
ventricular contractions (PVCs), and mildly reduced left ventricular ejection fraction (LVEF). Despite successful PVC 
ablation and absence of genetic mutations, fibrosis, or structural abnormalities on cardiac magnetic resonance and 
electroanatomic mapping, the patient maintained borderline LV dysfunction. These findings raised the possibility of 
either a mild non-dilated left ventricular cardiomyopathy (NDLVC) or a reversible functional impairment due to chest 
wall distortion. Based on Italian guidelines, the patient was deemed ineligible for competitive sports. However, we ex
plored how this case might be handled in other European countries with more permissive or flexible criteria.

Discussion This case underscores the diagnostic uncertainty posed by overlapping anatomical and functional findings, and the poten
tially profound impact of disqualification from sport on young athletes. It also reveals discrepancies in national approaches 
to eligibility and the interpretation of borderline findings. The case prompts reflection on the need for more harmonized 
guidelines and, in selected cases, structured shared decision-making processes involving expert centres and the athlete.

Conclusion In the evolving context of NDLVC, this case highlights the difficulty of acting in rigid frameworks and diagnostic loops, 
advocating instead for individualized, responsible decision-making that balances safety with athlete well-being.
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Cardiology

Learning points
• Severe pectus excavatum may mimic mild non-dilated left ventricular (LV) cardiomyopathy, leading to diagnostic uncertainty, 

especially in athletes
• In this case, despite successful ablation and absence of fibrosis or genetic mutations, mild LV dysfunction persisted, suggesting 

functional impairment from anatomical distortion
• Differences among national eligibility criteria highlight the need for harmonized, shared decision-making models in borderline 

cases of athletes with structural chest deformities

Introduction
Pectus excavatum (PEX), commonly known as funnel chest, is 
the most frequent anterior chest wall deformity in children, oc
curring in approximately 1 in every 400 Caucasian male births. 
The condition is notably more common in males, with a 
male-to-female ratio of 4:1.1 The deformity is likely due to dis
proportionate overgrowth in the costochondral regions, which 
results in a concave shape of the anterior chest wall and can dis
place the heart leftward due to sternal pressure. Aside from mi
tral valve prolapse, in these subjects, structural abnormalities 
within the heart are generally considered rare. Nonetheless, 
PEX is associated with symptoms such as fatigue, rapid breath
ing, chest discomfort, and dyspnoea.1 Recent trials, involving 
also cardiac magnetic resonance (CMR) evaluation,2 showed 

how patients with PEX deformity have varying levels of distor
tion of the right ventricle (RV), associated with a 6% reduction 
in resting RV ejection fraction (RVEF) relative to controls. The 
degree of physiological impairment is likely related to the degree 
of geometrical distortion of the RV due to the sternal 
compression.

We report on a 24-year-old male athlete presenting with fre
quent monomorphic ventricular contractions (PVCs), initially 
discovered during a preparticipation screening program (PPS). 
The PPS is mandatory for sports eligibility and is repeated at 
least annually. It includes medical history, physical examination, 
resting electrocardiogram, and stress exercise testing; additional 
tests are reserved for athletes with abnormal findings.3

The case highlights diagnostic findings, therapeutic interven
tions, and follow-up data.
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Summary figure

Case description
In March 2020, a fully asymptomatic 24-year-old patient, with a 
family history of sudden cardiac death (SCD) in a distant relative 
—but not in first-degree relatives—underwent competitive 
sports screening for soccer, which revealed frequent mono
morphic PVCs with a right bundle branch block (RBBB) morph
ology and an intermediate axis. The physical examination was 
entirely normal except for difficulty in hearing heart sounds 
and the presence of a deep pectus excavatum (Haller index 

4.8, Figure 1). The electrocardiogram (ECG) demonstrated sinus 
rhythm (SR) with non-specific repolarization abnormalities in the 
inferior leads and incomplete RBBB, while the echocardiogram, 
although limited due to a poor acoustic window related to chest 
configuration, showed normal RV longitudinal function, normal 
left ventricular (LV) diastolic function, and a mild reduction in 
left ventricle ejection fraction (LVEF) (Figure 2). A 24-hour 
ECG Holter Monitor recorded SR with 10 400 monomorphic 
isolated PVCs (corresponding to 13% of the total heart beats), 
with rare couplets (28 in 24 h). An exercise stress test showed 

Trying to escape the PEX/CMP loop. The figure summarizes the main findings of this case and highlights how challenging the diagnosis of 
CMP can be in this context, despite the comprehensive use of multimodality imaging along with clinical, biomarker, and functional as
sessments. Moreover, it underscores the complexity involved in establishing a definitive diagnosis of ‘absence of CMP’, especially when 
such a decision has significant implications for recommendations regarding competitive sports participation. Abbreviations: PEX, Pectus 
Excavatum; CMP, Cardiomyopathy; hsTNI, High Sensitivity Troponin I; NTproBNP, N-terminal pro-B-type natriuretic peptide; pVO2, 
Peak Oxygen Uptake; SV, Stroke Volume; LGE, Late Gadolinium Enhancement; EP, Electrophysiology; LVEF, Left Ventricle Ejection 
Fraction; RVEF, Right Ventricle Ejection Fraction.
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disappearance of PVCs during maximal exercise. The patient 
underwent a CMR (August 2020) reporting normal LV volumes 
and slightly reduced biventricular systolic function (LVEF 48%; 
RVEF 43%), a small non-significant area of fibrosis in the inferior 
septal insertion between the interventricular septum and RV, 
and mild diffuse pericardial effusion (Figure 3). Given these 
data, a temporary cessation of sports activity was recom
mended. A further assessment, after 6 months, included a new 
CMR (April 2021) showing a slightly enlarged LV with septal dys
kinesia and mildly reduced LVEF (46%), and a normal RV size 
with mild systolic dysfunction (RVEF 45%). The presence of 
PVCs was confirmed in another ECG Holter (May 2021) with 
the same predominant RBBB morphology (9736 isolated 
PVCs). An exercise stress test (May 2021) reported one PVC 
at peak exercise and a couplet during the recovery phase. 
Given the findings of frequent monomorphic and minimally re
petitive PVCs, the patient, who was a young competitive athlete 
with no symptoms (he denied experiencing angina, dyspnoea, or 
syncopal episodes), in April 2022, successfully underwent trans
catheter PVC ablation via an endocardial approach. Acute suc
cess was achieved without complications. Electrophysiological 
study showed no inducible ventricular arrhythmias, and LV 

mapping was negative for low-voltage areas or late/pathologic 
potentials (Figure 4).

In 2023, the patient, asymptomatic and in stable condition, 
underwent a follow-up echocardiogram showing normal LV di
mensions with LVEF 46%; a 24-hour ECG Holter showed an al
most complete disappearance of PVCs (4 PVCs in 24 h). A 
follow-up CMR (March 2023) indicated biventricular hypoki
netic cardiomyopathy with stable reduction in LV and RV EF.

Blood tests (January 2024) were unremarkable—particularly 
normal blood counts, haemoglobin, creatinine, serum electro
lytes, transaminase, TSH, NT-proBNP (< 35 ng/L), and high- 
sensitive Tropinine-I. The patient also underwent cardiopul
monary exercise testing (CPET) (December 2023), showing a 
maximal test with a normal peak VO2 of 38.5 mL/kg/min (84% 
of predicted according to the Hansen/Wasserman equation, 
96% of the predicted according to the Neder equation, and 
VE/VCO2 at 30.2) (Figure 5). Few, rare, isolated monomorphic 
PVCs with RBBB morphology were noted during exercise. 
During the whole follow-up (2020–2024), the patient was not 
on any medications. In the meantime, the results of the genetic 
test became available, showing negative findings for pathogenic 
or likely pathogenic mutations.

Figure 1 PEX anatomical and radiological findings. Panel A: PEX is clearly visible on physical examination. Panel B: Chest X-ray already 
shows typical features of PEX, including leftward displacement of the heart, blurring of the right cardiac border, and altered rib orien
tation; Panel C: CMR was also used to calculate the HI, which in this case was compatible with a severe form of PEX (4.8). Abbreviations: 
PEX, Pectus Excavatum; CMR, Cardiovascular Magnetic Resonance; HI, Haller Index.
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The patient presented for cardiological consultation in March 
2024, at the age of 24, in the context of the return to play (soc
cer) screening, following the sports physician’s advice.

Discussion
We reported the case of an asymptomatic 24-year-old male 
with PEX and isolated mild LV dysfunction, persisting after 

frequent PVCs ablation, with no fibrosis at CRM, genetic 
mutations or familial predisposition, normal serum biomarkers, 
cardiac chambers volumes, functional capacity, and no patho
logical findings on ventricular myocardial mapping.

Given the clinical and follow-up data presented, the diagnosis 
of cardiomyopathy in this patient remains uncertain and war
rants a careful evaluation of both supporting and opposing fac
tors. While a mildly reduced LVEF has been observed, a closer 

Figure 2 ECG and echocardiographic findings. Panel A: The ECG shows sinus rhythm with P pulmonale, normal AV conduction, mild 
RBBB, and a normal cardiac axis; Panel B: Despite suboptimal acoustic windows due to PEX, the echocardiogram clearly demonstrates 
normal filling pressures, normal TAPSE, and normal LV size and wall thickness. Abbreviations: RBBB, Right Bundle Branch Block; TAPSE, 
Tricuspid Annular Plane Systolic Excursion; PEX, Pectus Excavatum; IV, Interventricular; PL, Postero-Lateral; LVEDD: Left Ventricle 
End-Diastolic Diameter.
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Figure 3 CMR findings. The patient underwent CMR, which showed normal LV volumes, slightly reduced biventricular systolic function 
(LVEF 48%; RVEF 43%), a small non-significant area of fibrosis at the inferior septal insertion between the interventricular septum and 
the RV, and mild diffuse PE. Panel A: Systolic and diastolic function assessment and evidence of mild PE; Panel B: Coronal views showing 
anatomical distortion, particularly of the RV, related to PEX; Panel C: Tissue characterization demonstrating normal ECV, T1, and T2 
values in the investigated sequences. Abbreviations: CMR, Cardiac Magnetic Resonance; LV, left ventricle; RV, right ventricle; LVEF, 
Left Ventricle Ejection Fraction; RVEF, Right Ventricle Ejection Fraction AO, aorta; PE, pericardial effusion; ECV, extracellular volume; 
PEX, Pectus Excavatum.

Figure 4 Electrophysiological study and LV mapping. Panel A: Electroanatomical mapping demonstrated normal endocavitary poten
tials, with no areas of abnormal substrate. Panel B: Electrophysiological study confirmed a monomorphic ventricular ectopic focus, which 
was successfully targeted by transcatheter ablation. Abbreviations: LV, Left Ventricle.
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examination of additional findings and their clinical relevance 
suggests that the criteria for a definitive diagnosis of cardiomy
opathy may not be met.

Although CMR excluded a structural origin of PVCs, previous 
studies have shown that an increasing PVC burden, even when 
idiopathic and considered benign, can impair LV function.4–6

Due to the high suspicion of PVC-induced tachicardiomyopathy, 
the patient underwent cardiac ablation, as cardiac function usu
ally recovers following PVC burden reduction.7,8 However, des
pite PVCs resolution, LVEF did not improve after 1 year, thus 
reducing the likelihood of a PVCs-induced cardiomyopathy.

The presence of mild associated abnormalities like the RBBB 
and minimal pericardial effusion, despite being observed also in 
different cardiac diseases, can be entirely explained by their high 
prevalence in patients with severe PEX9 and, in this clinical con
text, are not necessarily indicators of underlying cardiomyop
athy.10 Indeed, Conte et al.11 recently described a 37% 
prevalence of pericardial effusion in unselected PEX subjects, 
not leading to significant clinical events. A similar prevalence 
of pericardial effusion was reported in a small trial by Oezcan 
et al.,12 together with a 50% prevalence of incomplete RBBB. 
Additionally, the absence of a progressive LV dilation in our pa
tient over time is reassuring, as cardiomyopathy often presents 

with ventricular enlargement. Even considering their low nega
tive predictive value,13 genetic testing also supports a benign in
terpretation, as no pathogenic or likely pathogenic mutations 
were identified. This finding is crucial in a young patient with a 
possible family history of SCD in a distant relative, as genetic 
cardiomyopathies frequently present with identifiable muta
tions.14 The totally silent clinical condition, together with the ab
sence of family history of SCD in first-degree relatives and of 
genetic mutation, reduces the likelihood of a hereditary cardio
myopathic condition and, more importantly, speaks in favour of 
a good prognosis.

Moreover, the presence of true myocardial structural altera
tions is more than questionable, given a normal electroanatomical 
mapping during the invasive electrophysiology study and the ab
sence of significant fibrosis at CMR (often observed in cardiomy
opathy and a hallmark of myocardial disease). On top, blood 
markers, including troponin and NT-proBNP, were consistently 
within normal ranges, indicating an absence of ongoing myocardial 
injury or increased cardiac wall stress. The patient’s preserved 
functional capacity on CPET supports a functional reserve incon
sistent with cardiomyopathy, especially without medical therapy.

It is important to note that the LVEF measurement alone, while 
slightly reduced, may not provide a reliable indication of this 

Figure 5 PFT and CPET findings. Panel A: PFT data showing FEV1 and FVC values within normal limits despite the presence of PEX, 
which can be associated with restrictive lung patterns; Panel B: Normal TV increase during exercise (∼300%), indicating preserved ven
tilatory capacity; Panel C: The patient achieved excellent pVO2 of 38.5 mL/kg/min, within normal range; Panel D: A wide respiratory 
reserve at the end of exercise is evident, excluding a ventilatory limitation to the exercise also at high intensity, with no arterial oxygen 
desaturation. Panel E: Normal ventilatory efficiency demonstrated by normal VE/VCO2 slope values. Abbreviations: CPET, 
Cardiopulmonary Exercise Testing; PFT, Pulmonary Function tTst; FEV1, Forced Expiratory Volume in 1 s; FVC, Forced Vital 
Capacity; TV, Tidal Volume; pVO2, Peak Oxygen Uptake; BR, Breathing Reserve; x\VE/VCO2s, Ventilatory Equivalent for Carbon 
Dioxide slope; PEX, Pectus Excavatum.
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patient’s true stroke volume (SV) or functional capacity.15 This 
could be particularly true and relevant in patients with peculiar 
anatomical conditions (i.e. PEX), when EF measurements can be 
challenging to interpret due to geometrical variations (or due to 
poor acoustic window in the case of echocardiography), and EF 
may poorly correlate with actual SV or physical performance.

On the other side, the PEX, per se, has been related to differ
ent degrees of cardiac function impairment. Indeed, Zens et al. 
demonstrated a significant LV and RV impairment in a cohort 
of 345 young PEX patients who underwent CMR.2
Specifically, an abnormal RV and LV function (defined as a re
duction in EF) was present in 32% and 18% of the cases, respect
ively. Moreover, among these patients, an inverse correlation 
between Haller index and RVEF or LVEF had been demon
strated. These data were in line with previous smaller trial.12

Although surgical correction of chest defect with the aim of im
proving cardiac function is debated,15 some studies16,17 under
lined that LV functional alterations promptly reverted after 
surgery, supporting the hypothesis of ‘anatomical dysfunction,’ 
as patients with PEX showed significant alterations of cardiac 
morphology and function that manifest as an exaggerated inter
ventricular dependence.18 Moreover, the rise in negative thor
acic pressure could play a role after surgery. In 20 adult 
patients, Neviere et al. analysed inspiratory muscle strength be
fore and 1 year after chest surgery, demonstrating a significant 
increase along with an exercise of O2-pulse and peakVO2, sug
gesting an improvement in the capacity of the inspiratory mus
cles to produce an intrathoracic negative pressure, thus 
increasing cardiac filling and improving biventricular stroke.

Our finding should also be commented with respect to the re
cent ESC guidelines on cardiomyopathies,13 which identified a 
new phenotype (i.e, non-dilated left ventricular cardiomyop
athy, NDLVC) that is defined as the presence of non-ischaemic 
LV scarring or fatty replacement regardless of the presence of 
global or regional wall motion abnormalities, or isolated global 
LV hypokinesia without scarring. This definition, while import
ant for identifying cases of cardiomyopathy that were previous
ly ‘orphaned’ due to a lack of appropriate phenotypic 
characterization, is nonetheless rather broad and general. 
Under the NDLVC umbrella, cardiomyopathies that differ sig
nificantly in terms of epidemiology and clinical-therapeutic ap
proach can be grouped together.19 Furthermore, certain 
specific cases, such as that of our patient, risk being equated 
with much more severe cardiac conditions, with the result of im
pacting clinical management and quality of life, as though a con
ditioning grant for participation in competitive sports activities.

Isolated systolic dysfunction and competitive 
sports. Return to play?
The Italian perspective
A nationwide preparticipation screening program (PPS) was in
troduced in Italy in 1982, resulting in an 89% decrease in the in
cidence rate of SCD among young competitive athletes aged 
12–35 years, as demonstrated in the Veneto region.3
However, the 2023 edition of Italian Cardiological Guidelines 
(COCIS) for Competitive Sport Eligibility20 was published prior 
to the 2023 ESC Guidelines on the management of cardiomyop
athies and therefore does not include NDLVC. Consequently, 
this patient would be classified and managed according to the 
recommendations for DCM.

Competitive sports activities are not recommended (class of 
recommendation III C) in patients with DCM and one or more 
of the risk markers of SCD or haemodynamic deterioration: 
symptoms, particularly syncope; family history of SCD before 

age 40 in first-degree relatives, Atrial Fibrillation (AF), paroxys
mal supraventricular tachycardia, frequent and polymorphic 
PVCs, non-sustained ventricular tachycardia (≥3 beats, >120 
bpm); moderate-to-severe LV dysfunction (LVEF <45%), seg
mental LV akinesia or dyskinesia, insufficient improvement in 
LVEF (<15%), or an abnormal blood pressure response (less 
than a 20 mmHg increase at peak exercise) during exercise 
stress testing, extensive areas of LGE on CMR, pathogenic or 
likely pathogenic mutations in genes associated with a high 
risk of adverse outcomes (such as LMNA, SCN5A, PLN, 
TMEM43, FLNC, RBM20, and DSP). Asymptomatic patients 
with a diagnosis of DCM with no risk markers may engage in 
competitive sports activities after an accurate evaluation in ex
perienced centres, considering the discipline that the patient 
wishes to practice (class of recommendation II C). For these rea
sons, the patient of our case was considered ineligible for com
petitive sports participation.

The United Kingdom perspective
In the United Kingdom (UK), eligibility for competitive sports in 
athletes with potential cardiac abnormalities is addressed 
through a nuanced, risk-based approach rather than rigid ex
clusion criteria. Clinical decision-making is guided by inter
national recommendations,21 specialists’ expertise, and a 
personalized, patient-centred model, with a strong emphasis 
on shared decision-making between clinicians and athletes. 
This approach allows for individualized assessment and man
agement, aiming to ensure both athlete autonomy and safety. 
The 2022 UK Cardiovascular Consensus Statement on risk 
stratification in sport22 emphasizes shared decision-making, 
considering not only structural findings but also the athlete’s 
symptoms, functional capacity, and personal values. In this 
case, the athlete has a mildly reduced LV ejection fraction 
(∼46%), which is not typical for physiological remodelling, par
ticularly given the volume of training he is undergoing. 
However, is entirely asymptomatic, the EF remained stable, 
there were no inducible arrhythmias or structural myocardial 
scarring, normal cardiopulmonary performance, and no high- 
risk genetic findings. In the absence of clear indicators of pro
gressive disease or arrhythmic vulnerability, a multidisciplinary 
evaluation—including a sports cardiologist, an electrophysiolo
gist, and a sports physician—might support a return to com
petitive football, especially given the successful suppression 
of PVCs post-ablation.

The UK model would also consider the psychological and so
cial impact of sport disqualification. After full risk disclosure, if 
the athlete expresses a strong wish to return, participation 
may be granted under regular follow-up, including annual ECG 
Holter, CMR every 1–2 years, CPET, and stress testing tailored 
to the athlete’s sport. This personalized, collaborative approach 
contrasts with more prescriptive models and reflects a broader 
shift in sports cardiology toward empowering the athlete in 
decision-making.

The Dutch perspective
The Netherlands adopts a similarly flexible and patient-centred 
approach in evaluating eligibility for sports participation in ath
letes with cardiac anomalies. Dutch guidelines, developed 
through collaboration between the Nederlandse Vereniging 
voor Cardiologie (NVVC) and sports medicine societies, empha
size functional status over static structural metrics, in line with 
ESC recommendations but interpreted through a pragmatic 
lens.23 Key principles in the Dutch approach include risk strati
fication based on comprehensive evaluation, not isolated 
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parameters such as LVEF alone. Emphasis on functional capacity 
(e.g. CPET), arrhythmia burden, and symptomatology. 
Consideration of the athlete’s own preferences and level of 
sport (recreational vs. elite competitive). In this patient’s 
case—mild, stable LV dysfunction, no residual arrhythmias, 
no genetic markers or myocardial fibrosis, and normal per
formance on CPET—the Dutch approach would likely view 
the profile as low arrhythmic risk, particularly in the absence 
of red flags such as syncope, VT, or progressive myocardial 
changes. Athletic clearance might be granted with informed 
consent, ongoing structured follow-up, and sport-specific 
evaluation, particularly considering football’s intermittent 
high-exertion demands. The Dutch system supports ‘condi
tional eligibility,’ meaning that athletes can be cleared for par
ticipation with agreed-upon safeguards and monitoring 
protocols, reinforcing the idea that risk management does 
not equal risk elimination, but rather informed engagement 
in physical activity.

Table 1 summarized the slight differences in approaching the 
same condition in the three different countries considered.

The USA prospective
The latest statement from the American College of Cardiology 
regarding competitive sport participation24 emphasizes the crit
ical role of shared decision-making. Rather than enforcing rigid 
exclusion criteria, the document serves as a framework to guide 
clinicians in evaluating the athlete’s risk related to sport partici
pation. In this case, the reduction in EF is inconsistent with what 
would be expected from training induced physiological remodel
ling, especially because no reverse remodelling has been ob
served after the extensive detraining. However, the reduction 
may be, at least partially, explained by his PEX. Furthermore, 
the EF has remained stable during follow-up, he is asymptomat
ic, his arrhythmic burden is negligible after the ablation, and no 
inducible arrythmias have been observed during exercise test
ing. The CMR failed to show any myocardial scaring, and the 
CPET demonstrated a normal functional capacity. In addition, 
the athlete does not harbour any high-risk genetic mutation. 
Although cardiomyopathy cannot be definitively ruled out, the 
overall risk of SCD is likely to be perceived as low; thus, he 
may be deemed eligible for competitive sport participation fol
lowing a comprehensive assessment at a specialized centre 
and extended discussion of the potential risks. Ongoing surveil
lance would remain essential to monitor for any progression of 
left ventricular dysfunction.

Conclusions
This case highlights the diagnostic and management chal
lenges in athletes with mildly reduced systolic function and se
vere pectus excavatum, where anatomical distortion can 
mimic cardiomyopathy. Despite a thorough evaluation, the 
diagnosis remained uncertain, raising concerns about rigid in
terpretations of functional impairment in the absence of clear 
structural or genetic findings. Differences in sports eligibility 
policies across countries reveal a need for more harmonized 
and nuanced approaches, especially in borderline cases. 
Exploring shared decision-making models—supported by ex
pert centres and structured follow-up—may offer a balanced 
alternative, reducing the physical and psychological burden 
of exclusion from competitive team sports. The evolving def
inition of NDLVC is clinically relevant, but care must be taken 
not to fall into diagnostic loops that hinder effective, indivi
dualized strategies.
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