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Journal of the American College of Cardiology Vol. 52, No. 2, 2008
© 2008 by the American College of Cardiology Foundation ISSN 0735-1097/08/$34.00

Published by Elsevier Inc. doi:10.1016/j.jacc.2008.02.081

MINI-FOCUS ISSUE: THE FONTAN PROCEDURE

A Cross-Sectional Study of

Exercise Performance During the First

2 Decades of Life After the Fontan Operation

Stephen M. Paridon, MD,* Paul D. Mitchell, MS,} Steven D. Colan, MD,* Richard V. Williams, MD,#

Andrew Blaufox, MD,§ Jennifer S. Li, MD,|| Renee Margossian, MD,* Seema Mital, MD,
Jennifer Russell, MD,# Jonathan Rhodes, MD,™ for the Pediatric Heart Network Investigators

Philadelphia, Pennsylvania; Watertown and Boston, Massachusetts; Salt Lake City, Utah;
Charleston, South Carolina; Durbham, North Carolina; New York, New York; and Toronto, Ontario, Canada

Of 411 subjects tested (12.43.2 years of age), 166 achieved a maximal
aerobic capacity. Peak oxygenconsumption (VO2) was 26.3 ml/kg/min
(65% of predicted for age and gender [% predicted]) for the (’
entirepopulation ﬁntan

REGISTRY




Pressure

The Fontan Circulation

Aorta

. High systemic venous pressure

Low preload = WSV rise during exercise

Reduced preload l

Hypertrophy and
- diastolic dysfunction

Ventricle

and cardiac filling
Bottleneck l
Reduced

Systemic veins / contractility
+Pulmonary artery
volume and cardiac

NP Atrium
output
Systemic vascular resistance=SVR
Pulmonary vascular resistance=PVR

foatan

REGISTRY

Increased systemic
vascular resistance

Reduced stroke

Courtesy of Marc Gewillig



Pressure

The Fontan Circulation

Aorta Basal Pulmonary Vascular Resistance and Nitric Oxide

* Responsiveness Late After Fontan-Type Operation

S. Khambadkone, MD, MRCP; J. Li, MBBS; MR. de Leval, MD, FRCS;
S. Cullen, MB, BCh, BaO, FRCPL JE. Deanfield, FRCP; A N. Redington, FRCP

Pulmonary vascular remodelling
Ishida et al. Int J Cardiol 2012
SVR Ridderbos et al. JHLT 2015

Hays et al. Heart 2017

Ventricle

Bottleneck

Systemic veins /
» Pulmonary artery

PVR
$ Atrium

Systemic vascular resistance=SVR
Pulmonary vascular resistance=PVR
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Courtesy of Marc Gewillig



A Fontan Myopathy?

Mean T-score was
-1.47 £ 0.21

Mean Z-score was
markedly abnormal
-1.46 £ 0.22

Number of Fontan Subjects

: I : (p<0.0001)
-4 -3 -2 -1 0 1 2
Relative Appendicular Lean Mass Index T-Score

Figure 1 A T-score represents the number of SDs from the young
normal reference mean. A value <—2.0 represents marked muscle
wasting, defined as in the sarcopenic range.

Skeletal muscle abnormalities and exercise capacity
in adults with a Fontan circulation

Rachael Cordina,"? Shamus O'Meagher,"? Haslinda Gould,>* Caroline Rae,”

Cordina etal. Heart 2013 | Graham Kemp,® Julie A Pasco,>* David S Celermajer'-?




A Fontan Myopathy?

ORIGINAL ARTICLE

Lean mass deficits, vitamin D status and exercise
capacity in children and young adults after
Fontan palliation

Catherine M Avitabile,' Mary B Leonard, > Babette S Zemel,* Jill L Brodsky,’
Dale Lee,® Kathryn Dodds," Christina Hayden-Rush,' Kevin K Whitehead, "*
Elizabeth Goldmuntz,'* Stephen M Paridon, * Jack Rychik,* David J Goldberg'*

Heart 2014

Trtn
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A Fontan Myopathy?

The ability of skeletal muscle 'g 3 1 p=0.02
to extract oxygen during
exercise and post-exercise

reoxygenation is abnormal. The A Ry
Inai et al. American Journal of ‘Reflox Ly
Cardiology 2004 ¢
1 oo \Symatte
Important skeletal muscle V= | Blocd
| Flow
afferent nerves that control i MWM SR

blood flow and other
autonomic responses are

impaired in Fontan. lo g w
Brassard et al. International Journal of SlnowaynanooLl. 2 A yo e 09

Cardiology 2006 & <

After 8 weeks of aerobic and light Cordina et al. Heart 2013
resistance training, ergoreceptor

function normalised. (,
ﬁntan

REGISTRY




International Journal of Cardiology 167 (2013) 1333-1338

Contents lists available at SciVerse ScienceDirect

CARDIOLOGY

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

Sympathetic and vascular dysfunction in adult patients with Fontan circulation

Il Elisabeth Lambert 2e1 yves d'Udekem "', Michael Cheung ", Carolina Ika Sari % Julia Inman ?,
Anna Ahimastos ¢, Nina Eikelis %, Atul PathakJ, Ingrid King “#, Leanne Grigg ',
Markus Schlaich ™9, Gavin Lambert *¢

ECG

BP

Trn

REGISTRY

Clinical microneurography
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Aerobic training can also improve exercise capacity

Mean Age n Training Design Results
(yr £ SD)

200 patients, no adverse events ﬁntan
What are the mechanisms that drive improvement? REGISTRY
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Can the muscle pump be augmented?

We hypothesised that resistance training to
augment the peripheral muscle pump in
subjects with a Fontan circulation might
improve:

o Cardiac filling
o Stroke volume and
o Exercise capacity

11 adults (mean 31 years, 2 females, 6 trainers
and 5 controls) were recruited

0 3 days/week of high-intensity total body
resistance  training for 20 weeks.

Carefully

trained and supervised

Strength increased by 43 £+ 7 %
(p=0.002)

Cordina...Celermajer, International Journal of Cardiology 2013

A Total Body Lean Mass (kg)

A Total Body Fat Mass (kg)

257
2.01
1.51
1.01
0.51

0.0

-0.51
-1.01
-1.51
-2.0"

25
2.0
15
1.0
0.5
0.0

-0.5
-1.0
-1.5
-2.0

p=0.003

—

p=0.23

Tan
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A Peak Oxygen Pulse (mis/beat)

Peak VO, increased by 10% (p=0.03)

Trainers
= 159
(4]
b1 ]pzo.047
S
b
£ 104
p=0.002 M Trainers 3 Baseline
251 B Non-Trainers 2 — Post-Training
5-
Cc
S
2.01 =
O 0 T T T T 1
0 20 40 60 80 100
1.51 Proportion of Peak Workload (%)
Non-Trainers
1.01 = 15
(1]
[}
£
)
0.51 £ 10+
% —— Baseline
= Post-20 Weeks Observation
0.0 @ s
c
(]
=
-0.5
O c L] L] L]

20 40 60 80 100
Proportion of Peak Workload (%)

o

Cordina et al. International Journal of Cardiology 2013

Trtn
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Aortic Flow (ml/sec)

IVC Flow (ml/sec)

400

300

200

100

-100

400

300

200

100

-100

Respiratory Dependence in Fontan

Normal Circulation

Aortic Flow (ml/sec)

IVC Flow (ml/sec)

500;

400
300
200
100

cn

Fontan Circulation

-1 DOJ

500
400
300
200
100
0
-100

Tim

l Time

Cordina et al. International Journal of Cardiology 2013

— Resp
— Flow

2

REGISTRY



Respiratory Dependence in Fontan

Fontan Circulation

500, _ Resp
T 400 ﬂ \ ﬂ — Flow
n
E 300
-T . E
_ rain
O 1207  p-0.006 g Jrained g 200
g 110 Untrained L 100
= 100 Normal z
E 90 o o A N Ak .ﬂv A A . A
~ 80 = { 'V\"‘ ' {
2 70 100, Tim
S 6o
WL 50 500
40
E 30 g- 400
- 20 w
E D £ 0
& . 2 200
w -10 T T T E
& W i
I\
Q Q- 100 Time

Cordina et al. International Journal of Cardiology 2013 J ot

&=

——
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Effects of Training on Tolerance to Inspiratory Stress
Assessed at Free Breathing Real-Time MRI

®Trained
¥ Untrained
Normal circulation

Change in Cardiac Output (%)

(P

Cordina et al. International Journal of Cardiology 2013 Joetan



Real time free-breathing MRI

» 1001 ® Trained
E " Untrained
g 90+ Normal circulation
3 80+
(=]
> 701
©
X
8 60+ 1
7]
50 L} L L]
\
& &
L) /\‘)
Q- Q-

\ P

, . , s
Cordina et al. International Journal of Cardiology 2013 Feiveteers ugn | Ib cl



Impact of Inspiratory Muscle Trainina in Fontan

~
ORIGINAL RESEARCH J

American = American
Heart | Stroke
Association | Association.

Inspiratory Muscle Training |s Associated With Improved Inspiratory
Muscle Strength, Resting Cardiac Output, and the Ventilatory

Efficiency of Exercise in Patients With a Fontan Circulation

Karina Laohachai, MBBS, FRACP; David Winlaw, MBBS(Hons), MD, FRACS; Hiran Selvadurai, MBBS, FRACP, PhD; Ganesh Kumar
Gnanappa, MBBS, MD; Yves d’'Udekem, MD, PhD, FRACS; David Celermajer, MBBS, MSc, FRACP, PhD, DSc; Julian Ayer, BSc(Med), MBBS,
FRACP, PhD

(/ Am Heart Assoc. 2017;6:e005750. DOI: 10.1161/JAHA.117.005750.)

B 180 -
160

140
& 120
100
80

MIP (ecmH,

1 . "
60 {—F—

Laohachai..Ayer, JAHA 2017 40

20

0 L] L)
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Forces contributing to
cardiac filling in the

Fontan circulation . .

= push

Diastolic
suction

Inspiratory
suction

uscle
. . Rest
Contraction = Vertistay pomp
> [0 Submaximal exercise
()]
I
o]
B
o\o 08 4
o I

Residual post-
capillary energy

Control Fontan
Shafer et al. JACC 2012



TABLE 1. Fostan subject charaderistics

g 8 Sex (femalcmale)

. The Journal of Thoracic and Cardiovascular Surgery™ = __ As ) sesaesy
:

AlLIN = 1)

} BMI (kg/m’) 20+ 30167275

5 Available online 27 October 2017

12 (86)
V »e L
n Press, Acce plea Manuscripi 1H
10(71)
2014
s a omplex 2(14)
Super-Fontan: Is it possible?
Type of TCPC repanr
Atropalmonay conn tioa J2n
Rachael Cordina MBBS PhD FRACP * ®, Karin du Plessis PhD < 9, Derek Tran BAppSc(ExPhys) ®, Yves SRkt Ryl s 160,
. Extracandiac conduit 2
4 N ERAC 0. e N = Extracardia: conduit post-ARC 1D
d'Udekem MD PhD FRACS — covenioas
Patent fenesiratron S (36%:)
Pacemaker
AAL (ot paced during exercise) 1M
DDDR (1007 ventrcular paciag) 1))
DDDR (atrial pacing during 17
133 pts who had a recent CPET study ey
Age at Fontaa completson (v) 420210
Surgical procedures pre-Fontan 15103
completion

Surgical or percutanooss interventions post-Fontas

14 (11%) had VO, max > 80% of predicted value

shluton

All of them participating in moderate to vigorous o
sporting activities at least 3 times a week. e

ACEVARB 2014y

All employed or studying full time for graduate or S (,

Exchocandiogrsghy

Ventnicular systolic function

ost-graduate education r
p g Mild to moderate impairment 2(14) mtan

Atrovenincalar valve regurgitatson

Noee-trivial 85T REG'STRY

Mild 6(43)
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Normal flow profile in pulmonary artery

CF
75%
2.5MHz

md 'ﬂ M -d& nw | w
,‘

'WW ". | 'J U .‘:‘" ’.

Fontan flow profile

Tan
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Fontan - Pulmonary Endothelial Function

‘;‘,:‘
0 There is evidence for £
pulmonary endothelial £ 1 .
. < o
dysfunction that probably = £ ™ °
relates to reduced flow Z 140]

HF : g | =0.89
and pulsatility in the g 1» o .6 disiy
vascular bed. g0l 9 °

Kurotobi et al., JTCVS 2001 g8 1 .o
Khambadkone et al., Circ 2003. B MB s °
2 1l ©
T‘: 100‘
; w M B ] L | v L L L] M | . L4 LA | LI ”
£01234567891011
Pulsatility index
Kurotobi et al. JTCVS 2001 (,

fountan
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Fontan - Pulmonary Artery Growth

P <0.001

O Pulmonary artery growth is
probably attenuated or n
even ceases at Fontan T
completion B

300 4

Nakata-PAl (mm¥m

Fontan Follow up

b

Ouvroutski et al. Annals of Thoracic Surg 2009 (p

Foutan
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JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY VOL. 69, NO. 22, 2017
2017 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION ISSN 0735-1097/%36.00
PUBLISHED BY ELSEVIER

EDITORIAL COMMENT

Cardiorespiratory Fitness, Not the ®
Severity of the Condition, Dictates Late
Outcomes After Fontan Procedures*®

Yves d’Udekem, MD, PuD

Lower physical activity score at first testing was predictive of death and transplantation !!!

In the meantime, the only advice that I will keep giving to the young patients who are
coming to see me after Fontan procedures is “Exercise, exercise, exercise!”

foatan
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Systemic endothelial Diastolic function

function
Systolic function Mood and anxiety
levels
Confidence
Quality of life
Body image

Cardiovascular risk

Trtn
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Regular Exercise
for the Fontan Circulation:

How?

Trtn

REGISTRY



Conclusions

OA Fontan myopathy exists that has important
implications for the peripheral muscle pump and
venous return

D Regular exercise to maintain peripheral muscle bulk
improves cardiac preload and exercise capacity

a7 Periodically increasing pulmonary blood flow with
exercise may have beneficial effects on pulmonary
vascular physiology

O Frequent vigorous exercise is central to a well-
functioning Fontan circulation

2

REGISTRY



 Current recommendations
*Physiology
What we know

 Future recommendations




>m._.m_m_m_m
DU .Gmu:%?@\fm%ﬂ.&ﬂ
\LN sspp)) swoydwAs [edrur SUrIddUOd JIY)0 I0 ‘Bruud

Av -yosI ‘uorsudjodAy ‘seruy)Ayrae pIdNPUI-ISIIIIXI
JO JDUIPIAI JNOYJIM }SI) ISIIIXI Uk IPR[duwod 03 A
-[1qe S,3)3[Y)e ) 10J PIE3I Y)IM SISeq [enpIAIpUl UE
U0 PIJIPISU0) 3 Aew sprods Jayjo ur uonednnied °¢
‘(D 2ouaprazy Jo 124277 J ssv)))
sy10ds Y] ssep Ajsudjur-mof ul Ajuo dedonaed ued
SOIWUBUAPOWY JB[NISEARIJUI [BULIOUQR Apjuedyiu
SIS J0 JIN|IeJ }aBIY JJBWOJdWAS OU JABY OYyM pue
Inpadoxd uejuof 3Y) JU0SIIPUN JARY OYM SIP[YPIV ‘T
‘(g 2ouaprazg fo 12477 £J ssvp)) sul
~}$9) ISINIIXI PUE ‘UONIUNJ JB[NILIJUIA JO JUIWSSISSE
guidewr ‘97 ‘JUIWISSISSE [BIUIP SIpnpul jey)
uoneneAd ue o0sIpun pmoys npadoxd uejuog
3} JUO03IIpPUN IABY oYM SIP[YIe [Ie ‘siaods aannad
-wod ur uonednnaed 310J9q jey) PIPUIWWIOIANI ST I ‘T

SUOT)RPUIMUIOIIY



11 0d 1SNf









