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Cardiac Adaptation to Exercise – The “Athlete’s Heart”

Electrical

Structural

• Sinus bradycardia 
• Voltage for chamber 
enlargement 
• Repolarisation anomalies

• Increased cavity size 
• Increased wall                                                
.  thickness

•  Increase in stroke 
vol.

Functional



Sivalokanathan S,….Finocchiaro G, Heart 2026





SV1 + RV6 > 3.5 mV = LVH

Incomplete RBBB

SV1

RV6

Right axis deviation

ER

Sinus bradycardia 45 bpm



Can this be attributed to exercise?  





Can this be attributed to exercise?  



27-year-old male, bodybuilder, competitive  for the last 2 
years



27-year-old male, bodybuilder, competitive  for the last 2 
years
➢ What would you do next:

A. Nothing. All clear.
B. Transthoracic echocardiogram. If normal, all clear.
C. Referral.
D. Repeat screening in 2 years.



Low QRS voltages <5mm
in all limb leads



27-year-old male, bodybuilder, competitive  for the last 2 
years• Over the last 2 years, he has been on testosterone for 

performance enhancement:

Testosterone Enanthate 175mg per week, plus
- Metformin 400mg daily
- Telmisartan 40mg daily



Low QRS voltages

?



Low QRS voltages



Isolated low QRS voltages

Finocchiaro G et al. Abnormal electrocardiogram findings in 
athletes. Eur Heart J. 2026 Jan 7;47(2):152-169. 



25-year-old female, dancer



Flat T waves

Sharma, S . et al. International Recommendations for Electrocardiographic 
Interpretation in Athletes. JACC. 2017 Feb, 69 (8) 1057–1075.



Flat T waves



CRY screening 2015

2018  on the heart transplant list

• 21 year-old female, former cyclist
• Shortness of breath in the last 3 months
• Treated with inhalers by the GP
• Asthma does not improve on inhalers

Echocardiogram:
• Mild LVH
• Normal LVEF
• Restrictive filling pattern
• Dilated atria





Mark, 42 years old

▷ Athlete
▷Asymptomatic
▷No history of chest pain, palpitation, syncope, dyspnea
▷Family history of CV diseases in his mother and his brother (no further 

details)
▷Screening for sport activity
▷ECG 





• Maximum wall thickness 23mm
• Complete apical obliteration
• No wall motion abnormalities
• LVOT obstruction with MV systolic 

anterior motion (SAM)
• Moderate posterior MR
• Bilateral dilatation
• Good RV function, moderate RVH



What would you do next?

A) No further tests, start medical treatment
B) CMR 
C) ETT 
D) 24h Holter
E) Genetic test







T1 mapping NORMAL PATIENT





▷Symmetric concentric LV hypertrophy

▷Lateral LGE 

▷Reduced T1 mapping



Circ Cardiovasc Imaging. 2013;6:392-398 



-16 years old Caucasian male  
 

-Cyclist at a national level 
 

-No FH of cardiac disease/sudden death 
 

-Asymptomatic  



ECG (2013) – CRY screening



What would you do next?
A) Echocardiogram

B)  Cardiac MRI

C)  Exercise test

D)  Restriction from competitive sport

E)  No further test or restriction from competitive sport



Echocardiogram (2013)







What would you do next?
A) Repeat the ECG in one year

B) Further investigations including cardiac MRI

C) Restriction from competitive sport

D) No restriction from competitive sport

E) Detrain for 3 months and repeat ECG and echo



Cardiac MRI (11/2013)







Cardiac MRI (11/2013)

• Normal biventricular size and function
• No valvular abnormalities

Follow-up in 1 year

September 2014: reduction in functional capacity during long 
races and occasional dizziness during races.



ECG (2015)



2013

2015



What would you do next?
A) Repeat the ECG in one year

B) Further investigations including cardiac MRI

C) Screen the family

D) Restriction from competitive sport

E) Detrain for 3 months and repeat ECG



Echocardiogram (2015)







LVEF: 55%
RV area: 37 cm2

RVFAC: 32%
RVOT1:  38 mm
RVOT2: 26 mm



Cardiac MRI (7/2015)





LGE(2015)



Cardiac MRI (2015)

-Left ventricle: low normal indexed volume with mildly reduced EF.  
Abnormal septal motion with pronounced flattening in diastole. Subtle 
region of hypokinesis in the mid lateral wall. 
 

-Right ventricle: severely elevated indexed volumes (RVEDV/RVESV 
183/139 ml) with severely reduced ejection fraction (EF 24%). Relatevely 
preserved contraction of the basal free wall with akinesis/hypokinesis of all 
remaining segments.

-Tissue characterization: there is epicardial/mid wall late enhancement of 
the mid lateral wall.  
 
The findings are strongly suggestive of ARVC



24h Holter (2015)

Frequent VEs, with 6 triplets and 246 couplets. No 
NSVT.



T wave inversion- a diagnostic conundrum

ARVC HCM



ECG in ARVC
2013 2015



Differential diagnosis
BF, “pre-clinical” ARVC Marathon runner, male 18



How to differentiate ARVC from “benign” TWI?

Finocchiaro, et al Europace 2018
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