CPLACE 3

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

DIAGNOSTICA IN CARDIOLOGIA DELLO SPORTE
: NELLA DIAGNOSI DELLE ARITMIE
Il test cardiopolmonare: campi di

applicazione nell'atleta

Dott. Andrea Segreti

Specialista in Cardiologia e Pneumologia
PhD in Medicina dello Sport
Fondazine Policlinico Universitario Campus Bio-Medico




QOPLACESS

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Valutazione funzionale

Oxidative Phosphorylation (Aerobic Respiration)

Atmospheric O,

Glycolysis

Peripheral circulation

CO, production
Creatine — PO,

4

HEART AND BLOOD

/ CO, flow

MUSCLE
W

VX0

2

Energy /

Glucose

v
o

System

36 ATP
Molecules

MUSCLE CELL

* Obesity * CAD
* Myopathy * Heart failure
¢ Detraining ¢ Other HD

* Anemia

* Occlusive
* Autonomic
dysfunction

ZAT 4—/ ¥> Fermentation

Molecules

MUSCLE CELL

CONGRESSO

ROMA, 25 - 27 Giugno 2026

Pulmonary circulation

N’\_/‘\/\

Expired

LUNGS

\ Inspired
/ )

* Obstructive
* Restrictive
* Infiltrative
* Chest wall
* PPH
* Thromboembolic
*1°and 2° PVD




OPLACESS CPET

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Widespread Applications of Cardiopulmonary Exercise Testing

Patients with Cardiopulmonary Disease
hy El
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Ih;r;?;:r::lead ECG emia/12-lead ECG All Patients Evaluation of treatment effect
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Binder RK et al. Eur J Cardiovasc Prev Rehabil, 2008 Brazile TL et al. NEJM Evid, 2025
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QPLACEZ? Applicazioni

TABLE I.—Several applications of cardiopulmonary exercise test-
ing (CPET) in athletes.

Insights on general cardiovascular efficiency

Response evaluation to exercise training programs

Differential diagnosis of dyspnea (e.g., cardiac or lung etiology)

Suitability for returning to competitive sports participation after an
acute cardiovascular disease (e.g., myocarditis or pericarditis), after an
injury, or SARS-CoV?2 infection

Evaluation of cardiovascular adaptations entity

Identification of overreaching and overtraining conditions

Study of deconditioning grades

Differentiation between athlete’s heart from early cardiomyopathy

Evaluation of direct performance and cardiorespiratory conditions on the
field by portable devices
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Continuous Ramp Protocol Incremental “Step” Protocol
30 W/min Larger Increase

in Work

between

Stages
g
<
<]
=

- Smaller
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Stages

Time (min) Time (min) Ahlets
—— Non-Athlete

Fig. 1. Examples of cardiopulmonary exercise testing protocols in athletes vs. untrained individuals. The panels exclude a “warm-

up” period.

Macfarlane DJ. Eur J Appl Physiol, 2017
Parizher G et al. Clin Sports Med, 2022 Petek BJ et al. Curr Treat Options Cardio Med, 2021
Strzala M et al. Front Physiol, 2023 il
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Parametri

Table 1
‘ ‘ Various cardiopul y exercise g p in athletes & nonathletes
- Similar Between Athletes
CPET Parameter and Nonathletes Can be Different in Some athletes
Metabolic/cardiovascular
. Peak VO2 can be significantly
Vo2 higher particularly with
endurance athletes
AT Occurs at a higher percentage of
peak VO2 particularly with
endurance athletes
Max HR “ Variable when using age predicted
equations
a Often <0.8 owing to relative
“normal” HR response with
exceptional peak VO2
particularly in endurance
athletes
p Well above predicted values with
VO2/h (02 pulse) potential plateau near peak
exercise
RER X
. X
VO2/work slope
Ventilatorylgas exchange
Sp02 EIAH can be seen near peak exercise
in some athletes with very high
peak VO2
PETCO2 X
RC X
VEN/CO2 nadir/slope “ Slope can be elevated if taken
through end exercise
Breathing reserve Can be lower in athletes with
exceptional fitness
RR Can be higher (>50 breaths/min) in
athletes usually with exceptional
fitness

Abbreviations: AT, anaerobic threshold; Cl, chronotropic index; EIAH, exercise-induced arterial hypoxemia; HR, heart rate;
PETCO2, end-tidal carbon dioxide; RC, respiratory compensation; RER, respiratory exchange ratio; RR, respiratory reserve;
Sp02, oxygen saturation; VCO2, rate of carbon dioxide production; VO2, rate of oxygen consumption.

Taylor JL et al. Front Cardiovasc Med, 2021

Baccelli A et al. Clin Med (Lond), 2025
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QOPLACE 22 Interpreta ione nell’atleta
Skill Power Mixed Endurance
@ . 5 ' .
(j |’ d -q\ (% VO, max 40 ml/kg/min VO,max 70 ml/kg/min
. [ ‘\ [
’

Golf (buggy) Shot putting Soccer (adapted) Jogging
% Golf (18 holes walking) (recreational) Basketball (adapted) Long distance walking @ \
= Table tennis (double) Discus (recreational)  Handball (adapted) Swimming (recreational)

Table tennis (single) Alpine skiing Volleyball Speed walking ’ Aerobi‘

Shooting (recreational) Tennis (double) Mid/long distance

: P - running \

Curling Short distance running  |ce-Hockey =
5 Bowling Shot putting Hockey Sejletinaliig 7 AT
B Sailing Discus Rugby gty [ : \
= . . it Mid/long dista [ (

Yachting Alpine skiing Fencing sv:,im:nniﬁg S Lr'wcr.eas.ing L 3 2>

Equestrian Judo/karate Tennis (single) Eong diftance:dkiling imitation

Yepe g Waterpolo Pentathlon
- Whrestling Soccer (cOMPetitive) R owing High VOZM = demand on the pulmonary system but little 1 in capacity
o Boxing Basketball ) .
T B Cancelog Peters CM et al. Med Sci Sports Exerc, 2023
(competitive) X-country skiing
Handball (competitive) Biathlon

Low Medium High Triathlon

- intensity - intensity - intensity

Pelliccia A et al. Eur Heart J, 2021
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Taylor JL et al. Front Cardiovasc Med, 2021

Figure 1. Values of VOmax in mL/min/Kg according to practiced sports discipline, divided into
skill (green), power (red), mixed (yellow) and endurance (blue) categories.

Squeo MR et al. J Clin Med, 2025
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Lattati

Fase Il

Fase | Fase Il
Prima soglia Seconda soglia
ventilatoria (VT,) ventilatoria (VT,)
Intensita Intensita Intensita
lieve moderata vigorosa

Lattati < 2 mmol/l
Borg 1-2
%FCpicco <65

%V O2piceo <40
%FCR <40
%VO,R 20-40

Lattati 2-3 mmol/
‘Borg 3-4

%FCicoo 55-74
%V picc0 40-69
‘%FCR 40-69
%VO,R 40-60

Lattati 3-5 mmol/l
Borg 5-6
%F Cipiceo 75-90
%VOpiceo 70-85 |
%FCR 70-85
%VO,R 60-85

Lattati 2 5 mmol/I
Borg 27

%F Cpiceo >90
%VOpicco >85
%FCR >85
%VO,R 285

Percentuale di VO,
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

V02 at Anaerobic Threshold

2. Trained (fit) person

Predicted peak V02 1. Healthy subject

Actual VO, 3. Heart failure
» AT e vo,
Sedentary ?2?? predicted
VO, AT at
AT = Actual VO, 80%0f mEEmmESE
predicted
Regular People -60% VO, AT at vo.
g p 50-60% saveof PRTRElE= 2 Vo,ATat  ActualVO,
AT e—— predicted 30% of
y VO, predicted g mmmmms
Elite Athletes 70-80% Vo,

Exercise Below AT Exercise Above AT

If exercise capacity Athletes: Patients* or
is normal, VO, AT VO, AT is high, Untra_ined:
Sustainable without Increased release of is 50 — 60% of e.g. 80% of VO, AT is < 40%
% - predicted VO, predicted VO, of predicted VO,
fatigue catecholamines
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Prescrizione dell’esercizio

Intensit VO:max HRmax HRR RPE Training
¥ (%) (%) (%) Scale Zone
- ” a8 w0 o pera
Moderate intensity 40-69 55-74 40-69 12-13 Aerobic
exercise’
High intensi 70-85 75-90 70-85 14-16 Aerobic
igh intensity® + lactate
o Aerobic
Very high intense >85 >90 >85 17-19 +lactate
exercise )
+ anaerobic
Example of Training Program
4 B /
For a maximal steady state (MSS) Month 1 ( Month 2 Month 3
heart rate of 165 bmp and a maximal
heart rate of 190 bmp, heart rate goals Base Training Base Training Base Training
can be divided into 5 zones. 1x per week 1x per week 1x per week
Zone 2 for 60 minutes Zone 2 for 60 minutes Zone 2 for 60 minutes
Zone 1: <149 bpm || q
Moderate Training _~ Moderate Training > Moderate Training

Zone 2: 140-159 bpm (base training)
Zone 3: 160-170 bpm (MSS)
Zone 4: 171-180 bpm (critical power)
Zone 5: >180 bpm (intervals)

3x per week
Zone 3 for 30 minutes

3x per week
Zone 3 for 35 minutes

Interval Training
1x per week
4x3 intervals at zones 4-5

3x per week
Zone 34 for 40 minutes

Interval Training
2x per week
4x3 intervals at zones 5

CONGRESSO RoMA, 25 - 27 Giugno 2026




CPLACF22 Risposta cardiovascolare

CPET-derived parameters for the
evaluation of cardiovascular response

Main CPET-derived
parameters

VO,

| Traditional ergometric
test parameters

Blood Heart dE(r:iﬁg
‘ pressure rate exercise ||

VCo,

Figure 1.—Parameters of cardiovascular interest obtained by cardiopul- A
monary exercise testing. b ...
Segreti A et al. J Sports Med Phys Fitness, 2023 : TR
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COPLACESS VO,/HR
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Guazzi M et al. J Am Coll Cardiol, 2017
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Figure 1. Athletes with different exercise economy as shown by VO, /workload responses to incremental exercise.

Mazhaeri R et al. J Clin Med, 2021




CPLACEZ VE/VCO, slope
‘ Efficienza ventilatoria

Elevated ’ Normal
Earallo-pulmonary Left Ventricular
Interface Output

Peak VO,

VE

Weber Class B
16.0-20.0 mIO,+kg'min”*

Vco,
Leclerc K. CCJM, 2017
15000] cuen oo 15000
rashi o) o
co, o 10
i s
-~ -
VE/VCO, - -
£ soml 000 3
S o oo £
§ 70.00 Ignore after RC 70.00 E
§ 60.00 6000 2
Ventilatory Class Il 5000 50.00
slope 30.0-35.9 coz (\ :: :::
= A (G,
& —o % e ; e
2 S '

N o 1 2 3 4
VCO? (LUmin) (Mid S of 7)

Fig. 3. VE/VCO2 slope in athletes should be measured up to the respiratory compensation point. Athletes often

have a hyperventilatory drive after the respiration compensation point that increases the VE/VCOZ2 slope. In this,

population, the VE/VCO2 slope should be taken from the start of exercise to the respiratory compensation (RC)

Skeletal Muscle _point

Right Ventricular
Output

Arena R et al. Expert Rev Cardiovasc Ther, 2019
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PLACEZ Risposta cardiovascolare

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Comparative Study > Echocardiography. 2026 May;43(5):e70505. doi: 10.1111/echo.70505.

. .
EChocardlograpth Parameters and Athlete TABLE 3 | Cardiopulmonary Exercise Test findings of the Three Study Groups.
. . . . . .
Performance: Associations and Training Profile Total Long-Distance Mid-Distance _ Detrained
. CPET findings: n=_88 n=30 n=27 n=31 p-value
Comparisons
Ramp, (W) 24+7 27 £ 5 25+ 6 19+6 <0.001
Emiliano Guerra !, Andrea Segreti 2 3 4, Myriam Carpenito 2 3, Martina Ciancio 2 3, RQ 115+ 0.07 114 £ 0.05 115+ 0.05 115+ 0.09 0.777
Lorenzo Guarino 2 3, Danilo Ricciardi 2 2, Chiara Fossati 4, Sergio Suma ®, Nicola Gaibazzi >, Exercise capacity, (W) 240 £75 290 + 66° 255 + 56" 179 £ 48 <0.001
Renato Rosiello 1, Corrado Lettieri ©, Rocco Papalia 7 8, Fabio Pigozzi 4, Giuseppe Boriani ?, Exercise duration, (min) 10115 10.6 +1.4 10115 9.5+1.6 0.117
Francesco Grigioni 2 3 HR max, (bpm) 166 + 13 167 +10 167 13 164 £ 16 0.477
e Peak VO,, (ml/min/kg) 41.5+11.2 50.2 + 6.2%¢ 455 +8.1° 295+55 <0.001
g T ! " — 18 118 + 32 145 + 18*¢ 128 + 20° 84+14 <0.001
H I3 97| {
3- : VO,/HR max, (ml/beat) 17246 20.0 £ 4.4 181 +3.9° 13.6 £2.7 <0.001
12 i L - %Pred-VO2/HR max, (%) 120+ 33 155 + 19%¢ 141 + 23 94 +15 <0.001
i 3 o
§ - il e | pecon VO,/WR slope, (ml/min/W) 105+ 0.9 10.5+0.7 105+ 0.8 105+ 1.1 0.968
- | 1 VE/VCO, slope 251+3.2 259+29 255+24 24.1+3.8 0.063
e oo e o et ot Note: Data are presented as mean + SD. Statistical analys s performed using one-way ANOVA for normally distributed continuous variables and Kruskal-
" - . Wallis for non-normally distributed variables. Levene’s test was used for homogeneity of variances, with the Brown-Forsythe test applied when variances were
g 8 . unequal. Chi-square tests were used for categorical variables. Post hoc pairwise comparisons were conducted using Bonferroni and Tamhane corrections, with a
§ - — P significance level set at p = 0.017. Significant post hoc comparisons:.
§ - | i o Abbreviations: HR; Heart Rate; RQ; respiratory quotient; VCO2; Carbon Dioxide production; VE; Minute Ventilation; VO2; Oxygen uptake; WR; Work Rate.
BT - g B “Long-Distance > Detrained.
s - "Mid-Distance > Detrained.
i | — ° . e “Long-Distance > Mid-Distance.
“ N Continuous variables are presented as mean + standard deviation (SD).
Tong-Disance id-Disance Oetraned Tora-Dance = Sewaned
FIGURE 2 | Graphical ion of advanced i i across three study groups. Comparison of advanced echocardio-
graphic between long-distance, mid-distance and detrained groups. Left upper panel: Graphical representation of LV global longitudinal

strain across three study groups. right upper panel: Graphical representation of LV global work efficiency across three study groups. Left lower panel:

Graphical representation of LV global constructive work across three study groups. Left lower panel: Graphical representation of LV global wasted work
across three study groups. LV, Left ventricular.

Guerra E et al. Echocardiography, 2026
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Risposta cardiovascolare

TABLE IIl.—Types of sport disciplines and relative effects on CPET-derived parameters. Modified from Pelliccia et al.22.23

Power

X

Mixed

A

Endurance

Skill
Z
HR Mild-to-moderate increase
BP Mild-to-moderate increase
coO Mild increase
VO, No significant change
VO,/HR No significant change

VO,/WR slope
Ve/VCO, slope
Cardiac remodeling

No significant change
No significant change
No significant change

Moderate-to-huge mcrease
Very huge increase
Mild-to-moderate increase
Mild-to-moderate increase
Mild-to-moderate increase
Mild-to-moderate increase
No significant change
Moderate increase

Moderate-to-huge increase
Moderate-to-huge increase
Moderate-to-huge increase
Moderate-to-huge increase
Moderate increase
Moderate increase
No significant change
Moderate-to-huge increase

Very huge mcrease
Moderate-to-huge increase
Very huge mcrease
Very huge increase
Moderate-to-huge increase
Moderate-to-huge increase
No significant change
Very huge increase

HR: heart rate; BP: blood pressure; CO: cardiac output; VO,: oxygen consumption; VO,/HR: the ratio between oxygen consumption (VO,) and heart rate (HR); VO,/
WR slope: the slope throughout the exercise of the relationship between oxygen consumption (VO,) and work rate (WR); LT: anaerobic threshold; V¢/VCO, slope:
the slope of the relationship between minute ventilation (Vg) and carbon dioxide production (VCO,).
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CQPLACEZ2 Patologie cardiache

PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

ROLE OF CPET IN
CVD AMONG
ATHLETES

-

Cardiorespiratory fitness SPECIAL AGE GROUPS
= PEDIATRIC ATHLETES N
CPET authorizes safe return to )
sport after treatment and identifies =N I .
high-risk congenital heart diseases. \ { CV Risk Factors H Chronic Coronary Syndromes
VO2peak l or ~ = MASTER ATHLETES A

CPET could be used to assess VO2peak, and lower
VO2peak could be a risk factor for the development

VENCO2-slope T T of more vulnerable coronary plaques.

THE MOST COMMON CVD IN ATHLETES

. . = HYPERTROPHIC CARDIOMYOPATHY
Hypertrophic cardiomyopathy
Risk stratification and monitoring of
the course requires comprehensive
" analysis of CPET scores - VO2peak
an VE/VCO2-slope.

= ARRHYTHMIAS

Exercise-induced arrhythmias are
an important diagnostic factor in
CVD among athletes.

= VALVE DISEASES

A - .

VO2peak l

CPET with stress echocardiography
could be used to grade exercise
tolerance and response to exercise.

Chronotropic competence ll
Heart rate recovery

Arrhytmias

- VO2peak l or ~
O2Ppeak ll

Valve diseases

3. Shared Decision Making

2. Risk Stratification
4.Treatment
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Normal, borderline or
N abnormal findings

EXERCISE STRESS IMAGING

Unmasking covert abnormalities

ECHOCARDIOGRAPHY
Low cost and wide availability
Chambers size and function
Tissue Doppler imaging
Deformation imaging

Physiological haemodynamic response

Athlete’s
Heart

CPET
Peak VO, robust predictor

CMR
Morphology and function
Flow assessment
Strain analysis
Tissue characterisation

Comprehensive physiology

Metabolic, cardiovascular and

respiratory response

Fig.1 The diagnostic continuum between exercise-induced cardiac remodeling and pathology. CPET cardiopulmonary exercise testing, CMR
cardiovascular magnetic resonance

CONGRESSO RoMA, 25 - 27 Giugno 2026

TABLE IV—CPET parameters of essential value in the differential diagnosis of the athlete’s heart.

p? 7 N . PVCs during exercise with
VOspenk VO, at LT V¢/VCO, slope O, pulse VO,/WR slope origin and morphology
Athlete’s heart >50 mL/kg/min >70% Normal Increased Increased « Absent, when present
or >120% of monomorphic
predicted + LVOT: LBBB, inferior axis,

early transition <V4

« RVOT: LBBB, inferior axis, late
transition >V4

« Fascicular: typical RBBB,
QRS<130 msec, inferior axis
(left anterior fascicle), superior
axis (left posterior fascicle)

* Reduction or resolution with
increasing effort (may return in

recovery)
Left ventricle <50 mL/kg/min 50-70% Slight increase ~ Normal or Reduced (with  + Polymorphic, repetitive
cardiomyopathy or <120% of reduced with possible « LV: atypical RBBB-like
predicted early flattening  flattening) morphology QRS >130 msec
* Induced by increasing effort
Right ventricle <50 mL/kg/min 50-70% Moderate Normal or Reduced (with  « Polymorphic, repetitive
cardiomyopathy or <120% of increase reduced with possible * RV free wall or moderator band:
predicted early flattening ~ flattening) LBBB with intermediate or

superior axis
« Induced by increasing effort

VO,: oxygen consumption; O, pulse: the ratio between oxygen consumption (VO,) and heart rate (HR); VO,/WR slope: the slope throughout the exercise of the
relationship between oxygen consumption (VO,) and work rate (WR): LBBB: left bundle branch block: LT: lactate threshold: LVOT: left ventricular outflow tract;
PVCs: premature ventricular contractions; RVOT: right ventricular outflow tract; Vg/VCO, slope: the slope of the relationship between minute ventilation (Vi) and
carbon dioxide production (VCO,).
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

A. Association of LVOTO and Peak VO2 B. Association of LVOTO and ppVO2
Distribution of Sports Played * -
p Yy o7 g 150 -
2%2% 5 >
500 3% e 2
= )
B Basketball E =
[ Baseball t 8
=1 Football ~ B
I Soccer Q a
1 Volleyball x =
[ Misc. 8 3
[ Cross-country K
[ Hockey
Il Weightliting
. Lacrosse
Track
Il Marathon @ 0)
o o
Total=79 & X
C. Relationship of ppVO2 Class to LVOTO Gradient  D. Relationship of ppVO2 Class to High Intensity Sport
Cardiopulmonary exercise testing 200+ * e —— >
o >
. . . k= .
Exercise Time (min) 121 +24 E 150 ‘}‘”», 704
FAC (%) 91 + 18 £ 100 g
Peak VO, (ml/kg/min) 379+ 8.7 T s : :z: 60
. 5]
Predicted peak VO, (%) 83 £ 19.7 o | g 50
RER 1.16 g &
Major arrhythmia with exercise* 0 %0° o,»' & o“l
Minor arrhythmia with exercise’ 13 (20%) & &e“ (@«“
. . . & oS ()
Hypotensive BP response with exercise 7 (12%) SR ¢
Chronotropic incompetence 11 (19%) o

Newman DB et al. Am J Cardiol, 2023
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

Cardiopulmonary Exercise Testing Parameters in Healthy Athletes
versus Equally Fit Individuals with Hypertrophic Cardiomyopathy

Athletes with HCM frequently display normal Hypothesis:
to supranormal pVO,, limiting this parameter’s There will be differences in other CPET
diagnostic utility in distinguishing between parameters between healthy athletes &
healthy athletes and those with HCM. equally fit individuals with HCM.
Nonobstructive Healthy Matched Ventilatory Efficiency Worse
HCM (n=30) Athletes (n=60) in HCM vs. Healthy Athletes
—— \
j 4 \
Supranormal pVO, 40 p=0.004 40 p=0.018
(125% predicted) . f 1 °g’. ' !
k=1 A »n :
E 30 4 3 4 % 30
@ Y | 5
s 8 e o ! ;
2 20 * o O 20 - '.
\ W E -g -: e®00,
w
>
@ 10 T T 10 T T
‘ 3 HCM Athlete HCM Athlete
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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE

HeartRhythm AW Heart

Rhythm
S ———— Society, ® RER

and The Pediatric & Congenital Electrophysiology Society

HRS Consensus Statement “l) Checkfor upda{es‘
2024 HRS expert consensus statement on arrhythmias in the athlete: P
Evaluation, treatment, and return to play @ 1
Rachel Lampert, MD, FHRS, (Chair),"* Eugene H. Chung, MD, MPH, MSc, FHRS, (Vice-Chain),>* §
Michael J. Ackerman, MD, PhD,** Alonso Rafael Arroyo, MD,"'* " Douglas Darden, MD,** o QU OZIENTE RESPIRATORIO
Rajat Deo, MD,** Joe Dolan,* Susan P. Etheridge, MD, FAHA, FHRS, FACC, CEP-5, 1.4 - (] RER = VCO,/VO
Belinda R. Gray, MBBS, PhD, FHRS, CCDS,”* Kimberly G. Harmon, MD,®" - = 2 2
Cynthia A. James, PhD, CGC,”* Jonathan H. Kim, MD, MSc, FACC,"®* Andrew D. Krahn, MD, FHRS,""* -
Andre La Gerche, MBBS, PhD,'?** Mark S. Link, MD, FHRS,** Ciorsti MacIntyre, MD,** 1 Peak RER > 1.10
Lluis Mont, MD, PhD, FEHRA,'* " Jack C. Salerno, MD, FHRS,"¢"! 1 2 A '
Maully J. Shah, MBBS, FHRS, CCDS, CEPS-P'** bl | Test massimale
Athletes may present with symptoms only at very high ex- 4
ercise intensities. As such, it is critical that in the clinical Y Y
evaluation of the symptomatic athlete, exercise stress 1 -
testing proceeds to maximal volitional effort (or symp- : ®
toms) and is not terminated based on heart rate thresh- I 0‘ v
olds (eg, 85% maximum predicted heart rate). Maximal 0.8 =1
effort may be determined by the rating of perceived exer- 1
tion (eg, Borg scale) or maximum heart rate achieved, 4
although heart rate alone should not be considered a 0.6 — —T T T T T T T
stopping point. Cardiopulmonary exercise testing 0 5 10 15 20
(CPET) is also useful in adjudicating maximal effort
through measured VOjp.., maximum exercise heart Time (MinUtGS)

rate, surpassing the ventilatory threshold, and the respira-
tory exchange ratio. CPET that incorporates quantitative
gas and metabolic analyses may enhance understanding
of a patient’s particular physiology and limitations. Exer-
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A D -
Journal of the American Heart Association | neckforupdates » v ol : Jm
RESEARCH LETTER - L — 51 s
Preserved Cardiorespiratory Fitness After S i

A0-—————

Catheter Ablation in Athletes With e s ke

Index CPET
. ' ' . Sinus Rhythm (%) 92 83
Atrial Fibrillation i
AAD (%) 2 1 80 Single 80 Redo
B . Time to ablation 108425 i 0.3% bl
P. Nelson Hsieh ©, MD, PhD; Mark E. Czeisler, MD; Marius Chukwurah ©, MD; Katie M. Stewart, CNP; g:g:gﬂswccv '0 5 . T 0] ov .. &
Sarah K. Gustus, MS, ATC; Kristen Steinmetz, BS; Alexa Volfson, BS; Conor D. Barrett, MD, MBA; Time to DCCV (months) a na § I T S 4 .
Timothy W. Churchill @, MD; Aaron L. Baggish 2, MD; James S. Guseh 2, MD; Eugene H. Chung 2, MD, MPH; - PET g4 l"i‘ w07 4 s
Cardiovascular Performance Program Study Group T Ty ™ L
Nodal blockade agent 28 38 2
(%)
AAD (%) 18 16 Z 0 T
Time from ablation (months) 13 422.2 i
% received DCCV 0 W & & & s
Time from DCCV (months) 0.85+0.05 o
c . F
80 Ablation Medical i
2.1% -11.4%
E 60 -.: o s °
® T X
< 20%e  artest ° o2
CR ot
i ot e 20T el
“o 20 ks :
> .
0 T ‘; T lz
F S o S Q1 Q@ Q3 Q4 Total
S

Peak HR Quartile (Index CPET)

Hsieh PN et al. J Am Heart Assoc, 2026
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'.) Check for updates

Circulation
@ESC o ot cotony om0 20 1569157 POSITION PAPER
E;Jrcoanrzia;:;ycietv doi10.1093/eurjpc/zwab058

AHA/AGC SCIENTIFIC STATEMENT
Clinical Considerations for Competitive Sports Athletes with valvular heart disease and
Participation for Athletes With Cardiovascular competitive sports: a position statement of the
Abnormalities: A Scientific Statement From Sport Cardiology Section of the European
the American Heart Association and American Association of Preventive Cardiology

H 1,2 . :3,41 . 5 M: .5
College of Cardiology Favte i Adai, ose it Ao el Vokar Raoi,
Jonathan H. Kim, MD, MSc, FACC, Chair; Aaron L. Baggish, MD, FACC, Vice Chair; Benjamin D. Levine, MD, FAHA, FACC, Vice Chair; Mats Bérjesson®’, Francois Carre', Erik Solberg'!, Hein Heidbuchel'?,
Michael J. Ackerman, MD, PhD, FACC; Sharlene M. Day, MD, FAHA; Elizabeth H. Dineen, DO, FACC; Stefano Caselli'}, Domenico Corrado'?, Luis Serratosa'>'é, Alessandro Biffi®,
J. Sawalla Guseh II, MD; Andre La Gerche, MBBS, PhD; Rachel Lampert, MD, FHRS, FACC; Matthew W. Martinez, MD, FACC; Axel Pressler"’m, Christian Schmied", Nicole M. Panhuyzen-Goedkoopzn,

Michael Papadakis, MBBS, MD, FRCP; Dermot M. Phelan, MD, PhD, FACC; Keri M. Shafer, MD, FACC; on behalf of the American 21 22 1 . 21
Heart Association Leadership Committee of the Council on Clinical Cardiology; Council on Basic Cardiovascular Sciences; Council Hanne Kruse Rasmussen™, Andre La Gerche™, Lothar Faber’, Nikola Bogunovic’,

on Cardiovascular and Stroke Nursing; Council on Cardiovascular Surgery and Anesthesia; Council on Peripheral Vascular Disease; Flavio D’Ascenzi??, and Klaus Peter Mellwig'

and American College of Cardiolo
’ N Van Buuren F et al. Eur J Prev Cardiol, 2021
Kim JH et al. Circulation, 2025

Review > J Clin Med. 2023 May 19;12(10):3562. doi: 10.3390/jcm12103562. @ ESC European Heart Journal - Cardiovascular Imaging (2019) 20, 772780
E;J?aeiia;osgydelv do‘\:1g.1093/ehjci/1e1001 e ’
Mitral and Tricuspid Valve Disease in Athletes
Andrea Segreti ' 2, Mihail Celeski ', Luigi Maria Monticelli !, Alfonso Perillo ', BiCUSpid aortic valve behaviour in elite athletes

Simone Pasquale Crispino ', Giuseppe Di Gioia ! 2 3, Valeria Cammalleri ', Chiara Fossati 2, ' 12 13
Araceli Boraita'*, Francisco Morales-Acuna'?!, Manuel Marina-Breysse'=1,

Maria-Eugenia Heras‘, Alicia Canda", Maria-Eugenia Fuentess, Antonio Chac()ns,
Leonel Diaz-Gonzalez', Manuel Rabadan‘, Begona Parra Laca7,
Leopoldo Pérez de Isla’, and José Tunon®

Simona Mega ', Rocco Papalia 4 3, Fabio Pigozzi 2, Gian Paolo Ussia !, Francesco Grigioni !

Affiliations + expand
PMID: 37240669 PMCID: PMC10219091 DOI: 10.3390/jcm12103562 5

Segreti A et al. J Clin Med, 2023 Boraita A et al. Eur J Prev Cardiol, 2019
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Review > J Clin Med. 2024 Aug 30;13(17):5144. doi: 10.3390/jcm13175144. Review > J Cardiovasc Dev Dis. 2024 Nov 5;11(11):357. doi: 10.3390/jcdd11110357.
The Spectrum of Coronary Artery Disease in Elite The Complementary Role of Cardiopulmonary
Endurance Athletes-A Long-Standing Debate: State- Exercise Testing in Coronary Artery Disease: From
of-the-Art Review Early Diagnosis to Tailored Management

Mihail Celeski ! 2, Giuseppe Di Gioia 3 4, Annunziata Nusca ' 2, Andrea Segreti 1 2 4,
Maria Rosaria Squeo 3, Erika Lemme 3, Federica Mango 3, Armando Ferrera 3 3,
Gian Paolo Ussia ! 2, Francesco Grigioni ! 2

Simone Pasquale Crispino ', Andrea Segreti ! 2, Martina Ciancio ', Dajana Polito ',

Emiliano Guerra ' 3, Giuseppe Di Gioia 2 4, Gian Paolo Ussia ', Francesco Grigioni
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Prognostic Information?526
Exercise Prescription?%728

Determination Of Aerobic And
Athletes Perf. Capacity®
Figure 1. Mechanisms of exercise-related coronary atherosclerosis in athletes and contributing factors. erformance Capacity
PTH = parathyroid hormone.

Celeski M et al. J Clin Med, 2024
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Heart failure Low Prognostic Value

Only Wmax and Exercise Time

Crispino SP et al. J Cardiovasc Dev Dis, 2024
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Review > J Clin Med. 2024 Aug 22;13(16):4961. doi: 10.3390/jcm13164961.
A Health | Rest == == Peak Exercise |
T 1t1 ! Start Exercise
Effects of Environmental Conditions on Athlete's ot Exercls 3
M ™
Cardiovascular System ELY
9 3
\ - SRV o
Andrea Segreti 123 Mihail Celeski ! 2, Emiliano Guerra 4, Simone Pasquale Crispino 12 Lo =
Francesca Vespasiano 12 Lorenzo Buzzelli ' 2, Chiara Fossati 3, Rocco Papalia 5 6 Fabio Pigozzi 3 e ’ ® ey
Francesco Grigioni 1 2
Volume
Work Rate
Cold ‘*‘* fHeart rate *Stroke Volume fvasooostriction *Cardlac output 1Performanr.e T Injuries risk
1
Heatand ‘g’ g
Humidity ',,\‘ 4 hcart rate ¥ stroke Volume 4 Vasoditation 4 cardiac output 1performanceT:f"i:lmd JiC ..
:__:} EELV
*
———
Diving  ER@ H:::.:::c YHeartrate W stroke Volume ) Cardiac output f::ze:::reeart T:‘Ijﬁzlmu
Pressure
Allergic Diseases
A ‘ Work Rate
Polluti $heart rate ¥ stroke Volume W Cardiac output Performance Cardiac Diseases 4§ c ILD
ution Respiratory Diseases
Segreti A et al. J Clin Med, 2024 J
N\
\ ll) ; EILV
acapemic  Sports Physician Handbook (Fourth Edition) |
PRESS
FRE 2026, Pages 139-198 Yo EELV
Pressure coume Work Rate
FIGURE 2 | Representative volume-time, pressure-volume, flow-volume, and operating lung volume relationships during exercise obsarved in (A) healthy controls,
(B) COPD, and (C) ILD. COPD, chronic obstructive pulmonary disease; EELV, end-expiratory lung volume; EILV, end-inspiratory lung volume; IC, inspiratory capacity;
Cha ter 8 _ Relevant medical conditions ILD, Interstitial lung disease; IRV, Inspiratory reserve volume; RV, residual volume; TLC, total lung capacity. Reprinted from O'Donnell et al. (12). Copyright (2019), with
p permission from Elsevier (12). Reprinted with permission of the American Thoracic Soclety. Copyright © 2020 American Thoracic Soclety. All rights reserved. O'Donnell
ff t_ . . t. et al. (13). Proceedings of the American Thoracic Society* Is an official journal of the American Thoracic Sodiety. *Now titied Annals of the American Thoracic
affecting sports participation Socet (9

Harbour E et al. Front Physiol, 2022

Paolo Borrione !, Paolo Sgro %, Arrigo Giombini !, Andrea Segreti ! 2, Juergen M. Steinacker 3,

Fabio Pigozzi!

Borrione P et al. Sport Physician Manual, 2025
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COPLACE S Ritorno allo sport
Dopo infezione

( - ! H
l )(Il?alzagﬁk— CRF i | Short- to long-

--------------------------- COVID-19- and \ term sequelae
inactivity-induced =~ T @
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Lung function &
(CTTTTTm oo s s s e m e gas exchange

direct

Cardiac function, O,

-------------------------- carrying capacity A %@,\ ~

\ Fm———————
N« Bed rest/ inactivity

« Drug treatment
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Ritorno allo sport

Dopo infortunio

> J Sports Med Phys Fitness. 2024 Jul;64(7):615-623. doi: 10.23736/S0022-4707.24.15496-5.

Assessment of cardiopulmonary capacity in
deconditioned athletes because of knee injury

Andrea Segreti 12 Chijara Fossati 3, Maria T Mulé 4, Valerio Fanale 4, Simone P Crispino 4

Federica Coletti 4, Francesco R Parisi 5 6, Biagio Zampogna 5 6, Sebastiano Vasta 3 ° 6,

Elena Mannacio 7, Rocco Papalia 5 6, Raffaele Antonelli-Incalzi 8, Fabio Pigozzi 3,
Francesco Grigioni 4
Global longitudinal strain = t) Myocardial work indexes

Measurement of systolic
blood pressure

+ Assessment of valve events -

2 J Funct Morphol Kinesiol. 2024 Sep 22;9(3):172. doi: 10.3390/jfmk9030172.

Changes in Cardiopulmonary Capacity Parameters
after Surgery: A Pilot Study Exploring the Link
between Heart Function and Knee Surgery

Andrea Segreti 12 3 Chiara Fossati 3, Luigi Maria Monticelli 12 Daniele Valente ! 2,

Dajana Polito ' 2, Emiliano Guerra 4, Andrea Zampoli ® ©, Giorgio Albimonti 5 ©,

Biagio Zampogna > ©, Sebastiano Vasta 3 * 6, Rocco Papalia > ©, Raffaele Antonelli Incalzi 7 8,
12

Fabio Pigozzi 3, Francesco Grigioni

-
Pre-surgery Post-surgery
assessment assessment
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Oxygen uptake at work (tréadle)
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