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Disclosures

Children's Hospital, Ladywood

Congenital Cardiologist since 1993

NHS for 42 years

Clinical and research interest
Sports Cardiology UK

Remember Suzie when she
was a Ward sister ....

CHILDRENS HOSFITAL .




| am at the grandfather
stage in life |

AGS in couple of years ?

Harry & Elsie Arlo & Peggy Rune dressed as Pumpkin!



Exercise is really important for
patients with CHD |

drugs / operations 9/10 lifestyle 1/10



Regular Exercise
- general health benefits

Diabetes

Lipid profile

CaNCEer wionoresst/prostate
Osteoporosis
Anxiety/depression
Dementia

Regular
exercise

Incidence



Summary of the main effects of regular physical activity (PA) and @ ESC
exercise on cardiovascular disease (CVD). ... Elropean Society

of Cardiclogy
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Valenzuela et al Eur Heart J, Volume 44, Issue 21, 1 June 2023, Pages 1874—1889, https://doi.org/10.1093/eurheartj/ehad170
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Main mechanisms explaining improvements in metabolism, @ ESC

European Society
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Mechanism of exercise benefit

gene adaptation in skeletal muscle: epigenetics!

Energy Blood vessel Immune Gene Structural
metabolism regulation regulation regulation
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Mechanism of exercise benefit

exercise induced tissue regeneration
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Chen et al Molecular mechanisms of exercise contributing to tissue regeneration. Signal Transduction and Targeted therapy Nature.com 2022:7:383 https://doi.org/10.1038/s41392-022-01233-2



Exercise and the Fontan Heart

Exercise training increases the ['1 U [T] Derangadiameter of

arterial blood vessels in skeletal muscle and myocardium

Exercise training Im DIOVES cardiac function, reduces vawe regurgitation.

wenn..acts a bit like ACEI !

Exercise | €0 U CES vascular stifiness, I €0 U CES blood pressure

Exercise | [1CI€ASES skeletal muscle efficiency
increases number and size of mitochondria

Chen et al Signal transduction and targeted therapy 2022:7:383 https://doi.org/10.1038/s41392-022-01233-2
Valenzuela et al Eur Heart J, Volume 44, Issue 21, 1 June 2023, Pages 1874-1889, https://doi.org/10.1093/eurheartj/ehad170
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How does exercise treatment compare with
antihypertensive medications? A network meta-analysis
of 391 randomised controlled trials assessing exercise
and medication effects on systolic blood pressure

Huseyin Naci,' Maximilian Salcher-Konrad,' Sofia Dias,” ** Manuel R Blum,**
Samali Anova Sahoo,’ David Nunan,® John P A loannidis>®®

6

“The SBP- lowering effect of exercise among
hypertensive populations appears similar to that
of commonly used antihypertensive medications “

Naci et al BrJ Sports Med 2019;53:859-869
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 General health benefits of exercise
e CVS benefits of Exercise
* What about post Fontan?
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Can a Home-based Cardiac Physical Activity Program : : : : .. . .
Improve the Physical Function Quality of Life in Children Aerob_lc e?xerasfe and 1psp1ra‘t0ry n_luscle tralqlng increase functional )
with Fontan Circulation? capacity in patients with univentricular physiology after Fontan s

operation: A randomized controlled trial

Roni M. Jacobsen, MD,* Salil Ginde, MD,*" Kathleen Mussatto, PhD, RN,*
Jennifer Neubauer, RN, MSN, CPNP;* Michael Earing, MD,*" and

’ 3 5 . . . . . . . .
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Leg-focused high-weight resistance training
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W
mepage'
journal h® R

cise . ventrict
perobic exert with unt . . .
capacty PN e conueled! - with @ Fontan circulation
i T
operatio

Linda E. Scheffers'?>**, Willem A. Helbing ® 1:5% Thomas Pereira’, Elisabeth

£ T O - e Aan a



Physical exercise traini atients with a Fontan

circulation: A systemati W Scheffers et al

Exercise training in Fontan patients is

-16 studies of exercise intervention - is safe

- has positive effects on
- exercise capacity,

- cardjac function
-~ quality of life

Eur J Prev Cardiol. 2021 Sep 20;28(11):1269-1278. doi: 10.1177/2047487320942869



Longitudinal Outcomes of Pati ith Single Ventricle After the

Fontan Procedure

* Ped Heart Network

o . .
* Longitudinal survival study Future interventions
n=543 might focus on

preserving exercise

* 90% survived to adult life L ”
independent of ventricular morphology, Ca p a C I ty

* Gradual fall in exercise tolerance

Atz et al J Am Col Cardiol 2017;69:22:27735-44



EDITORIAL COMMENT
Cardiorespiratory fitness, not the
severity of the condition dictates
late outcomes after Fontan
procedures

d’Udekim J Am Col Cardiol 2017;69:22;0735-1097

“the only advice that |
will keep giving to the
young patients who are
coming to see me after
Fontan procedures is
‘exercise, exercise,
exercisel!”

Yves D’Udekem



@ ESC European Heart Journal (2021) 42, 17—96 ESC GUIDELINES

European Society doi:10.1093/eurheartj/ehaa605
of Cardiology

2020 ESC Guidelines on sports cardiology and
exercise in patients with cardiovascular disease

Recommendations Class®* Level”

Participation in regular moderate exercise is rec-
|

ommended in all individuals with
CHD 588591594619

A discussion on exercise participation and provi-

sion of an individualized exercise Erescrietiun is

recommended at every CHD patient

encgunter_!i?#j??ﬁ?ﬂ.m 7




@ ESC oo e joumat 2020) 41, 41914195 CURRENT OPINION

European Society doi:10.1093/eurheartj/ehaa501 Congenital heart disease
of Cardiology

Recommendations for participation in Competitive
Sport in adolescent and adult athletes with CHD

Individualised exercise prescription recommended !

EAPC /AEPC Consensus Document Physical Activity in Children with
cardiovascular disease ............. due for publication 2025



Parental reco dations and exercise attitudes in

congenital he

Curtis A Wadey 1,
A Graham Stuart &

* 83 respondents
* 7.3 +/5yrs (0-20)
* 72% never received activity advice
* 10% inconsistent advice
* Parental attitude important

Cardiol Young. 2023 Sep 20:1-9. doi: 10.1017/S104795112300327X.



S,

€ i LiVInGISIRESH Life

UK che
th hol

If

with a single ventricle

How do we go about providing an
exercise prescription to a post Fontan
single ventricle patient?
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Exercise cription

factors sider

* Think about it !

Promotion of Physical Activity for Children and Adults With Congenital Heart Disease : A
Scientific Statement From the American Heart Association
Patricia E. Longmuir, Julie A. Brothers, Sarah D. de Ferranti, Laura L. Hayman, George F. Van
Hare, G. Paul Matherne, Christopher K. Davis, Elizabeth A. Joy and Brian W. McCrindle

Circulation 2013,127;2147-2159

“Counselling to encourage daily participation in

appropriate physical activity should be a core component
of every patient encounter....”



Exercise cription

* Think about it |
 Patient beliefs /wishes

Ask what form of exercise/PA they
enjoy and what they would like to do !

Walking Gamification



Exercise Scription

factors to consider

* Think about it |
 Patient beliefs /wishes
* Family beliefs

START EARLY !




Exercise cription

factors sider

* Early discussion infancy/preschool
* Realistic goals and outcomes

* Involve whole clinical team
* Nurse specialists
 Cardiologists/junior medical staff
* Psychologists/physiologists

* Involve school
* Future proof — sports / patients change !



Exercise

CONSeNsus

@ ESC European Heart Journal (2020) 00, 1-80 ESC GUIDELINES

European Society. doi:10.1093/eurheartj/ehaat05
of Cardiclogy

2020 ESC Guidelines on sports cardiology and
exercise in patients with cardiovascular disease

The Task Force on sports cardiology and exercise in patients with
cardiovascular disease of the European Society of Cardiology (ESC)

Authors/Task Force Members: Antonio Pelliccia* (Chairperson) (ltaly),

Sanjay Sharma* (Chairperson) (United Kingdom), Sabiha Gati (United Kingdom),
Maria Back (Sweden), Mats Borjesson (Sweden), Stefano Caselli (Switzerland),
Jean-Philippe Collet (France), Domenico Corrado (Italy), Jonathan A. Drezner
(United States of America), Martin Halle (Germany), Dominique Hansen (Belgium),
Hein Heidbuchel (Belgium), Jonathan Myers (United States of America),

Josef Niebauer (Austria), Michael Papadakis (United Kingdom),

Massimo Francesco Piepoli (Italy), Eva Prescott (Denmark),

Jolien W. Roos-Hesselink (Netherlands), A. Graham Stuart (United Kingdom),

Rod S. Taylor (United Kingdom), Paul D, Thompson (United States of America),
Monica Tiberi (Italy), Luc Vanhees (Belgium), Matthias Wilhelm (Switzerland)
Document Reviewers: Marco Guazzi (CPG Review Coordinator) (Italy), André La Gerche (CPG Review
Coordinator) (Australia), Victor Aboyans (France), Paolo Emilio Adami (Italy), Johannes Backs
(Germany), Aaron Baggish (United States of America), Cristina Basso (Italy), Alessandro Biffi (Italy),
Chiara Bucciarelli-Ducci (United Kingdom), A. John Camm (United Kingdom), Guido Claessen (Belgium),
Victoria Delgado (Netherlands), Perry M. Elliott (United Kingdom), Maurizio Galderisi' (italy),

Chris P. Gale (United Kingdom), Belinda Gray (Australia), Kristina Hermann Haugaa (Norway),
Bernard lung (France), Hugo A. Katus (Germany), Andre Keren (Israel), Christophe Leclercq (France),

cription

endations

@ ESC European Heart Journal (2020) 0, 1-10 CURRENT OPINION

European Society dei:10.1093/eurheartj/ehaasol
of Cardiology

Recommendations for participation in
competitive sport in adolescent and adult
athletes with Congenital Heart Disease (CHD):
position statement of the Sports Cardiology &
Exercise Section of the European Association of
Preventive Cardiology (EAPC), the European
Society of Cardiology (ESC) Working Group on
Adult Congenital Heart Disease and the Sports
Cardiology, Physical Activity and Prevention
Working Group of the Association for European
Paediatric and Congenital Cardiology (AEPC)

Werner Budts © "*T, Guido E. Pieles ® **T, Jolien W. Roos-Hesselink @ 4,

Maria Sanz de la Garza®, Flavio D’Ascenzi®, George Giannakoulas ® 7, Jan Miiller®,
Renate Oberhoffer®, Doris Ehringer-Schetitska®, Vesna Herceg-Cavrak'®,

Harald Gabriel'!, Domenico Corrado ® *?, Frank van Buuren'?, Josef Niebauer'?,
Mats Bérjesson @ %) Stefano Caselli ® "¢, Peter Fritsch'’, Antonio Pelliccia'®,
Hein Heidbuchel'?, Sanjay Sharma ® 2°, A. Graham Stuart © ®, and

Michael Papadakis ® 2°
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Eur Heart J. 2021 Jan 6;42(1):17-96

Eur Heart J. 2020 Nov 14;41(43):4191-4199

All cardiology including CHD

All CHD — adults and adolescents




Physical Activity in adolescents and adults with congenital heart disease; individualised exercise

Prescription Position article from the Working group of the Grown up Congenital Heart Disease and the Section of Sports

Cardiology of EAPCR Budts et al Eur Heart J 2020:41:4191-99

History and Physical Examination

symptoms
past cardiac history

Exercise history

Type / Frequency
Supplements / drugs

Know details of CHD
comorbidity




Physical Activity in adolescents and adults with congenital heart disease; individualised exercise
Prescription Position article from the Working group of the Grown up Congenital Heart Disease and the Section of Sports

Cardiology of EAPCR Budts et al Eur Heart J 2020:41:4191-99

History and Physical Examination
Assessment of 5 basic parameters

Ventricular function

PA pressure

Assessment of aorta
Assessment of arrhythmia
Saturations rest/exercise




Physical Activity in adolescents and adults with congenital heart disease; individualised exercise

Prescription Position article from the Working group of the Grown up Congenital Heart Disease and the Section of Sports

Cardiology of EAPCR Budts et al Eur Heart J 2020:41:4191-99

History and Physical Examination

Assessment of 5 basic parameters

Recommendation: type of exercise




ESC Classification of Sports

Sport Disciplines

% > o Pt ® T ®
j . Skill Power Mixed (?b Endurance
Heart rate +/++ Heart rate ++ Heart rate ++/+++ Heart rate +++
Blood pressure + Blood pressure Eaiats Blood Pressure ++ Blood Pressure ++
Cardiac output + Cardiac output ++ Cardiac Output ++/+++ Cardiac output +++
Volume of training - Volume of training + Volume of training ++ Volume of training +++
Cardiac remodeling - Cardiac remodeling | + Cardiac remodeling | ++ Cardiac remodeling | +++

= Archery

= Curling

= Equestrian”

= Golf

* Motor racing™™"
= Sailing

= Scuba diving™
= Shooting

= Ski jumping”
= Table tennis

* Risk of collision

** Risk of harm if syncope

Budts et al Eur Heart Journal 2020:41:4191-99

Alpine skiing”
Bobsleigh™
Discus

Javelin

Rock climbing”
Shot-putting
Snowboarding”
Sprinting
Water skiing
Weightlifting
Wrestling

= Baseball

= Basketball
* Cricket

* Fencing

= Football™

= Gymnastics
= Handball™

= lce/ffield hockey™

= Rugby™
* Soccer
= Squash

= Tennis
= Volleyball
* \Waterpolo®

Biathlon

Canoeing
Cross-country skiing
Cycling

Long-distance skating
Mid-Long dist. running
Mid-Long dist. skating

Mid-Long dist. Swimming”

Modern pentathlon
Rowing
Triathlon




Physical Activity in adolescents and adults with congenital heart disease; individualised exercise

Prescription Position article from the Working group of the Grown up Congenital Heart Disease and the Section of Sports

Cardiology of EAPCR Budts et al Eur Heart J 2020:41:4191-99

History and Physical Examination

Assessment of 5 basic parameters

Recommendation: type of exercise

CPET....... ?7? Exercise echo

Exercise related BP / Saturations / Arrhythmias
Peak VO2 / Borg scale




Physical Activity in adolescents and adults with congenital heart disease; individualised exercise

Prescription Position article from the Working group of the Grown up Congenital Heart Disease and the Section of Sports

Cardiology of EAPCR Budts et al Eur Heart J 2020:41:4191-99

History and Physical Examination

Assessment of 5 basic parameters
Recommendation: type of exercise

CPET....... ?7? Exercise echo

Recomendation: relative intensity




ESC Guidelines on sports cardiology and exercise in patients with
cardiovascular disease

Table 4 Indices of exercise intensity for endurance sports from maximal exercise testing and training zones

Intensit VO,max HRmax HRR RPE Training
Y (%) (%) (%) Scale Zone
<40 <55 <40 10-11 Aerobic
40-69 55-74 40-69 12-13 Aerobic
High intensity® 70-85 75-90 70-85 14-16 Aerobic
g Y + lactate
&
L. Aerobic =)
V7 2T >85 >90 >85 17-19 + lactate O
exercise . wy
+ anaerobic 5

HRmax = maximum heart rate; HRR = heart rate reserve; RPE = rate of perceived exertion; VOamax = maximum oxygen consumption.

2Adapted from refs #*#° using training zones related to aerobic and anaerobic thresholds. Low-intensity exercise is below the aerobic threshold; moderate is above the aerobic
threshold but not reaching the anaerobic zone; high intensity is close to the anaerobic zone; and very intense exercise is above the anaerobic threshold. The duration of exer-
cise will also largely influence this division in intensity.



ESC Guidelines on sports cardiology and exercise In
patients with cardiovascular disease

1. Ventricles No systolic dysfunction Mo systolic dysfunction Severe systolic dysfunction

No hypertrophy No hypertrophy Severe hypertrophy
No pressure load Severe pressure load
No volume load Moderate/severe volume load

2. Pulmonary Low pulmonary artery  Low pulmonary Moderately/severely elevated
artery pressure pressure artery pressure pulmonary artery pressure

3. Aorta No/mild dilatation

4. Arrhythmia No arrhythmia No arrhythmia Significant arrhythmic burden
Malignant arrhythmia

5. Saturation at No central cyanosis No central cyanosis No central cyanosis
rest/during
exercise

B

When all applicable WWhen at least one applicable
Static component Up to high static Low static
of sport
HIGH INTENSITY LOW INTENSITY
Relative intensity RPE Borg scale: 15-17 RPE Borg scale: 11-12
of sport Training HR: 75%—90% of Training HR: <60% of
achieved MHR during CPET achieved MHR during CPET

Solid lines indicate recommendation; if option for sports with high static component, reduce intensity (dotted lines).




Physical Activity in adolescents and adults with congenital heart disease; individualised exercise

Prescription Position article from the Working group of the Grown up Congenital Heart Disease and the Section of Sports

Cardiology of EAPCR Budts et al Eur Heart J 2020:41:4191-99

History and Physical Examination

Assessment of 5 basic parameters
Recommendation: type of exercise

CPET....... ?7? Exercise echo

Recommendation: relative intensity

Follow-up




Exercise Scription

factors nsider

* Think about it !

 Patient beliefs /wishes

* Family beliefs

* Consensus recommendations and strategy
* Clinician factors !!



EXERCISE PRESCRIPTION

how to ensure compliance

There is compelling evidence
that a physician’s own attitude
to exercise influences the
exercise advice he gives to
patients.

Lobelo et al 2009 Br J Sports Med



Heart Research UK C

cal Activity Toolkit
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“Father of medicine”
460-370 BC

est Life
ventricle

“If we could give every
individual the right
amount of nourishment
and exercise, not too little
and not too much, we
would have found the
safest way to health “

&]z’men ﬁoog 1



Any Questions?




Craig Williams
Dan Dorobantu
Guido Pieles
Lynsey Forsyth
Nurul Amir
Nathan Riding
Curtis Wadey
Caroline Evans
Graham Stuart

Exercise In CHD Research




oo i F.I.T.T PRINCIPLE

Patients need more than activity suggestions...

|

Magnitude of effort. / 3Id

0"

Single session and overall training (months/years).
Every 10 minutes counts.
Frequency and time can be traded.

- Longer fewer sessions v shorter more frequent.

OPO - Aerobic, Resistance, Dynamic, Static.

**Progressive Overload**



Review

Systematic review of the effects of physical exerq_ise training programmes in children
and young adults with congenital heart disease

* systematic review
* 31 studies

* 621 participants

* age 4-45yrs

* No safety issues
identified

Duppen et al Int J Cardiol 2013;168:1779-1787

Conclusion

Participation in exercise program was
safe AND improved physical fitness in
patients with CHD.

Recommended

Patients with CHD should participate
in exercise training programs.
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