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La charge:

•  Passe du cœur 
aux organes 
systémiques

Circulation univentriculaire 
en série 
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La charge cardiaque:

•  Diminution précharge
•  Arythmies
•  (Congestion sinus 

coronaire)
Sat. O2: 60 %

Sat. O2: 90 %

Qp / Qs = 1 

Circulation univentriculaire 
en série 



La charge systémique:

•  Débit cardiaque réduit
•  Pression veineuse / 

lymphatique élevée

Normale

Circ Fontan

Circulation univentriculaire 
en série 



La charge pulmonaire

•  Distribution apico-basal
•  Perte de l’élastance 

vasculaire
•  Hypertension lymphatique

Circulation univentriculaire 
en série 



Principe de Fontan

Réalisation 
– Type
– Timing DCPP à 6 ± 2 mois �

DCPT à 4 ± 2 ans

– Fenestration systématique ?



Avantages
•  Calibration contrôlée
•  Ajustement „percutané“
•  Facteur „hépatique“
•  Embolie paradoxale
•  Fermeture facile

•  Création sans CEC



Morphologies différentes �
Pronostics différents



Ventricule gauche

•  Fibres à orientation « spiralée »
•  Valve d’admission robuste
•  Perfusion coronarienne par deux 

troncs
•  Arborisation pulmonaire 

normale
•  Arc aortique normal

•  Stress chirurgical modéré 



Ventricule droit

•  Fibres « péristaltiques »
•  Valve d’admission « lâche »
•  Perfusion coronarienne par un 

tronc
•  Arborisation pulmonaire sous-

développée
•  Arc aortique pathologique

•  Stress chirurgical énorme 



L’inévitable déclin de la circulation 
Fontan

32

Background—The life expectancy of patients undergoing a Fontan procedure is unknown.
Methods and Results—Follow-up of all 1006 survivors of the 1089 patients who underwent a Fontan procedure in Australia 

and New Zealand was obtained from a binational population-based registry including all pediatric and adult cardiac 
centers. There were 203 atriopulmonary connections (AP; 1975–1995), 271 lateral tunnels (1988–2006), and 532 
extracardiac conduits (1997–2010). The proportion with hypoplastic left heart syndrome increased from 1/173 (1%) 
before 1990 to 80/500 (16%) after 2000. Survival at 10 years was 89% (84%–93%) for AP and 97% (95% confidence 
interval [CI], 94%–99%) for lateral tunnels and extracardiac conduits. The longest survival estimate was 76% (95% CI, 
67%–82%) at 25 years for AP. AP independently predicted worse survival compared with extracardiac conduits (hazard 
ratio, 6.2; P<0.001; 95% CI, 2.4–16.0). Freedom from failure (death, transplantation, takedown, conversion to extracardiac 
conduits, New York Heart Association III/IV, or protein-losing enteropathy/plastic bronchitis) 20 years after Fontan was 
70% (95% CI, 63%–76%). Hypoplastic left heart syndrome was the primary predictor of Fontan failure (hazard ratio, 
3.8; P<0.001; 95% CI, 2.0–7.1). Ten-year freedom from failure was 79% (95% CI, 61%–89%) for hypoplastic left heart 
syndrome versus 92% (95% CI, 87%–95%) for other morphologies.

Conclusions—The long-term survival of the Australia and New Zealand Fontan population is excellent. Patients with an 
AP Fontan experience survival of 76% at 25 years. Technical modifications have further improved survival. Patients with 
hypoplastic left heart syndrome are at higher risk of failure. Large, comprehensive registries such as this will further 
improve our understanding of late outcomes after the Fontan procedure.  (Circulation. 2014;130:[suppl 1]S32-S38.)
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the Fontan conduit or AP in 19, pulmonary embolism in 10, 
non–line-related central vein thrombosis in 3, and other in 3. 
Overall freedom from thromboembolic events was 82% at 25 
years (95% CI, 74%–87%).

Fontan Failure
Failure of the Fontan circulation occurred in 122 patients. The 
first failure event was New York Heart Association class III/IV 
in 11 patients, protein-losing enteropathy/plastic bronchitis in 
15, conversion to ECC in 31, takedown in 7, transplant in 16, 
and death in 42. Freedom from failure at 15, 20, and 25 years 
was, respectively, 83% (95% CI, 79%–86%), 70% (95%CI, 
63%–76%), and 56% (95% CI, 44%–66%). By multivariable 
analysis, having hypoplastic left heart syndrome predicted 
Fontan failure (HR=3.8 compared with LV; 95% CI, 2.0–7.1). 
Ten-year freedom from failure was 79% (95% CI, 61%–89%) 
for patients with hypoplastic left heart syndrome versus 92% 
(95% CI, 90%–94%) for patients with other morphologies 
(Table 2; Figure 4).

Late Adverse Events
Late adverse events (failure, SVT, thromboembolism, or pace-
maker) occurred in a total of 308 patients. The 15, 20, and 

25 years of freedom from the occurrence of adverse events 
were, respectively, 59% (95% CI, 54%–63%), 34% (95% 
CI, 27%–41%), and 29% (95% CI, 21%–37%; Figure 5). 
Risk factors predicting the late occurrence of adverse events 
are listed in Table 2. Having an arch intervention (excluding 
Norwood procedure) before or at Fontan completion predicted 
late occurrence of adverse events (HR, 1.7; P=0.005; 95% CI, 
1.2–2.4; Figure 6). On a logarithmic scale, having a prolonged 
hospital stay at the time of the Fontan surgery was predic-
tive of both Fontan failure and occurrence of adverse events 
(HR, 2.2; P<0.001; 95% CI, 1.6–2.8 and HR, 1.7; P<0.001; 
95% CI, 1.3–2.1 respectively) with >18 days representing the 
top tertile of patients with regard to hospital length of stay 
(Figure 7).

In a multivariable analysis of the risk factors predicting 
late mortality, Fontan failure, and occurrence of late adverse 
events in the population of patients who underwent the LT 
or the extracardiac procedure, no additional independent pre-
dictors were identified. Fenestration and staging with bidirec-
tional cavopulmonary shunt were not predictors of these end 
points even by univariable analysis.

Analysis of Patients With Incomplete Data
There were 5 (4%) late deaths among patients excluded from 
the multivariable analysis of mortality because of missing 
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203 161(11) 133(12) 93(17) 31(27) 8(6)Atriopulmonary  
271 203(9) 161(6) 75(4) 9(0) 0(0)Lateral Tunnel  
532 338(4) 92(2) 2(0) 0(0) 0(0)Extra−Cardiac  
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0 5 10 15 20 25
Years since Fontan completion
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Figure 3. Freedom from late sustained supraventricular 
tachycardia by Fontan type. Log-rank test P<0.001. Atriopulm 
indicates atriopulmonary connection; ECC, extracardiac conduit; 
and Lat. tunnel, lateral tunnel.
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86 41(11) 10(1) 0(1) 0(0) 0(0)HLHS
230 165(9) 96(5) 46(5) 0(3) 0(0)RV (non−HLHS)
610 459(11) 275(22) 134(17) 46(10) 15(7)LV
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Figure 4. Comparative freedom from failure (death, heart 
transplantation, reoperation on the Fontan circuit, poor functional 
status) for patients with and without hypoplastic left heart 
syndrome (HLHS; log-rank test P<0.001). LV indicates left 
ventricle; and RV, right ventricle.
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Years since Fontan completion

1006 688(135) 433(67) 243(40) 105(32) 30(27)Hosp. survivors  
# at Risk (# Fail)

95% CI

Figure 5. Freedom from adverse events (failure, supraventricular 
tachycardia, stroke, pulmonary embolism, pacemaker insertion). 
CI indicates confidence interval; and hosp. survivors, hospital 
survivors.

0
25

50
75

10
0

F
re

ed
om

 fr
om

 la
te

A
dv

er
se

 E
ve

nt
 (

%
)

 

770 544(93) 366(47) 212(30) 95(29) 27(26)Other Patients  
236 144(42) 67(20) 31(10) 10(3) 0(1)Arch Interven.  

# at Risk (# Fail)

0 4 8 12 16 20
Years since Fontan completion

Arch Intervention up to Fontan Other Patients

Figure 6. Comparative freedom from adverse events for patients 
with or without arch intervention before or at Fontan completion 
(excluding Norwood procedures; log-rank test P=0.003).

 by guest on A
pril 14, 2018

http://circ.ahajournals.org/
D

ow
nloaded from

 



Défaillance du Fontan

•  Systémique
–  Insuff rénale
–  PLE
–  Cirrhose hépatique

•  Cardiaque
–  Structurelle

•  Myocarde / Valvulaire

–  Hémodynamique
•  Pré / postcharge

2 à 4ème décade

1 à 3ème décade



Amélioration du pronostic ?



Pression diastolique basse
(ischémie sous-endocardique)

Perfusion asymétrique des poumons

Bonne pression diastolique
Perfusion physiologique des 
poumons
Akinésie infundibulaire 

B-T shunt vs RV-PA shunt



Approche hybride



Avantages présumés

•  Meilleur développement 
cognitif

•  Meilleure fonction 
myocardique

•  Au dépend des artères 
pulmonaires



Réalité : Hybride vs Norwood

•  Développement cognitif similaire
•  Fonction myocardique   

± identique

•  Hypoplasie ++ des AP’s
•  Sténoses de l’arc aortique
•  Défaillance précoce du système



Hybrid
(mm2/m2)

Norwood
(mm2/m2)

Pre-Glenn Nakata 124 172

P-G Lower lobe 103 169

Pre-Fontan Nakata 153 206

P-F Lower lobe 137 149

Branch pulmonary indexes



Hybrid Norwwod

Stent AP gche 80 % 40 %

Stent AP droite 25 % < 5 %

Branch pulmonary indexes





Le Fontan défaillant

•  Défaillance cardiaque
•  Défaillance systémique
– Cirrhose hépatique
– Insuff rénale
– PLE
– Bronchite plastique



Anatomie hostile
« Réserve » systémique amoindrie
Poumons (RVP) faussement rassurants

Le problème de la transplantation



Anatomie hostile
« Réserve » systémique amoindrie
Poumons (RVP) faussement rassurants

Le problème de la transplantation

Assistance circulatoire ?



•  Défi chirurgical accru 
•  Sensitivation du pt 

Récup. « systémique » 
et pulmonaire 

Le dilemme « assistance vs Tx » 



Laquelle ?

•  Défaillance systémique
•  Défaillance myocardique

•  Pushing system
•  Pulling system
•  Les deux 

?



Galerie des anecdotes

Pulling system



Galerie des anecdotes

Une assistance sous-pulmonaire
« Pushing RVAD »

Une assistance bi-circulatoire
« Pushing-pulling VAD »



RVAD – pushing system LVAD – Pulling system

Taille Petite - implantable Moyen

Puissance 0.25 x x

Durabilité Probablement longue Inconnue

Susceptibilité 
thrombotique Probablement augmentée Identique à nos LVAD 

actuels

Conséquences 
emboliques

Mauvaises,
Mais moins « vitales »

Très mauvaises,
Souvent vitales

Risque 
infectieux Faible Faible

Défaillance 
technique  « Plutôt indulgente » Souvent fatale

RVAD ou LVAD ?



Destination therapy ???

•  A première vue, impensable
mais …

•  Défaillance systémique > cardiaque
•  Réticence inavouée, mais bien réelle, des 

chirurgiens à les transplanter
•  En liste, certes, mais sans grande chance sur les 

unités adultes sans programme GUCH 



Destination therapy ???

•  Pushing RVAD semble préférable à un pulling 
LVAD

•  Faible énergie – filtre pulmonaire

•  Implantation avant le développement de 
défaillance systémique



Fontan avec RVAD vs. Tx

Fontan + RVAD Transplantation

Débit cardiaque au repos Normal Normal

Débit cardiaque à l’effort Probablt réduit Normal

Pression veineuse / 
lymphatique Normale Normale, 

légèrement élevée

Anticoagulation Oui Non

Risques immunosupp. Non Oui

Diabètes, HTA, insuff 
rénale Non Oui



Développements

RESULTS
Computer Simulation

The unsupported Fontan circulation results in diminished
cardiac output and aortic systolic and diastolic pressures
compared with normal biventricular circulation (Table 1).
VIP support increases cardiac output, ventricular end-
diastolic pressures and volumes, and aortic systolic and di-
astolic pressures in patients with Fontan circulations
(Figure 3). One hundred–percent VIP support restored car-
diac output, ventricular end-diastolic pressures, and aortic
systolic and diastolic pressures to normal biventricular cir-
culation values. VIP support increased the ventricular end-
systolic and end-diastolic volumes from baseline Fontan
values (Figure 3, C). Significantly, the restoration of hemo-
dynamic parameters of the Fontan circulation to near nor-
mal values was achieved with only a modest shift of
pressure head (!6 mm Hg) in the cavopulmonary junction
(CPPH ¼ pressure difference between the venae cavae and
proximal pulmonary arteries, Table 1, Figure 3). A simu-
lated VIP flow of 3.5 L/min is higher than the predicted

cardiac output of 3.3 L/min owing to 0.2-L/min of retro-
grade flow (recirculation) around the VIP.

Mock Circulation
Mock circulatory system experiments demonstrate that

VIP support augments cardiac output by up to 23% and
mean common atrial pressure by up to 22mmHg at its max-
imal operational speeds. Further, VIP support increases pul-
monary arterial pressure, aortic systolic and diastolic
pressures, and ventricular end-systolic and end-diastolic
volumes. Importantly, only a modest (8 mm Hg) shift of
cavopulmonary pressure head in the direction of the single
ventricle leads to these significant improvements in hemo-
dynamic parameters of the Fontan circulation. The percent-
age increase in cardiac output and cavopulmonary pressure
head are consistent with computer simulation results (Table
2 and Figure 3, B).
No cavitation was observed at 11,000 rpm, the maximum

rotational speed for the VIP. Partial clamping (50%-60%)
of the venae cavae with the VIP at 11,000 rpm reduced

FIGURE 1. Viscous impeller pump (VIP). A catheter-based, biconical, vaned pump which can be inserted percutaneously and advanced to the cavopul-

monary junction, expanded, and rotated. SVC, Superior vena cava; IVC, inferior vena cava.
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pattern characteristic of the TCPC, increasing the complex-
ity of implantation and explantation, and risk of failure; (2)
obstructive to flow, which significantly limits the ability to
wean support to no net contribution to Fontan flow and

may be catastrophic in the event of pump failure; (3) have
an inherently high risk of inlet suction owing to high rota-
tional speed; (4) any imbalance in flows between the pumps
will lead to undesirable backpressure; and (5) have a highde-
gree of complexity and very low manufacturing tolerances,
which may increase risk of mechanical failure. To avoid
these limitations, Lacour-Gayet and associates20 have pro-
posed modification of the existing Fontan junction to
a Y-shaped 3-way junction.20 Although this approach en-
ables Fontan support using a single microaxial pump, it
would require an additional major surgical procedure with
cardiopulmonary bypass to reconstruct the Fontan cavopul-
monary junction. Further, implantation of a microaxial
pump in a 3-way junction (with or without a barrier to recir-
culation) would have obstructive potential, which will com-
plicate the ability to wean cavopulmonary support and may
be catastrophic in the case of pump failure.
To overcome these limitations, we are developing a cavo-

pulmonary assist device (VIP) that is both expandable and
multidirectional, and can be implanted percutaneously.20

The biconical design of the VIP allows for a single impeller
to stabilize and augment cavopulmonary flow in 4 axes. No
reconstruction of the existing cavopulmonary junction is re-
quired. Computer simulation and mock circulation results
demonstrate that the VIP may augment cavopulmonary
flow and restore cardiac output, ventricular pressures and
volumes, and aortic pressures to normal biventricular values
with only a modest rise in cavopulmonary pressure head (6-
8 mm Hg). Importantly, these hemodynamic benefits were
observed with the VIP operating at nomimal operational
speeds (5000-7000 rpm, Table 2). Operation of the VIP at
higher rotational speeds (9000-11,000 rpm) in pediatric
Fontan patients with normal pulmonary resistance may
lead to significant increases in pulmonary artery and atrial
pressures (Table 2) without a significant increase in cardiac
output and should be avoided. However, at higher rotational
speeds (9000-11,000 rpm), the VIP produces a higher pres-
sure head and can pump against a significantly higher after-
load (30-40 mm Hg) to support Fontan patients with

TABLE 2. Mock circulation results for Fontan with various levels of VIP support

Case VIP speed (rpm) HR (beats/min) SV (mL) CO (L/min) CO % increase VCP (mm Hg) PAP (mm Hg) CAP (mm Hg)

Fontan baseline — 110 20.0 2.2 — 9 8 2

FontanþVIP 0 110 20.1 2.2 — 9 8 2

FontanþVIP 3000 110 20.9 2.3 4.5 9 12 3

FontanþVIP 5000 110 21.8 2.4 9.1 9 13 4

FontanþVIP 7000 110 24.1 2.65 20.4 8 16 5

FontanþVIP 9000 110 24.5 2.7 22.7 8 25 12

FontanþVIP 11,000 110 24.7 2.72 23.6 8 37 24

FontanþVIP,

VC partial clamp

11,000 110 19.1 2.1 "4.5 5 24 21

The normal operating range of the pediatric viscous impeller pump (VIP) is expected to be approximately 5000 to 7000 rpm. At higher operational speeds, the VIP produces
a significant pressure head, which may only be needed in pediatric Fontan patients with relative pulmonary hypertension. Importantly, VIP stoppage does not alter the cardiac
output or cavopulmonary pressures from baseline values. VIP, Viscous impeller pump; HR, heart rate; SV, stroke volume; CO, cardiac output; CO % increase, percent increase
from baseline Fontan cardiac output; VCP, vena caval pressure; PAP, pulmonary artery pressure; CAP, common atrial pressure; VC, vena cava.

FIGURE 4. A, Pump hydraulic performance (H-Q). The VIP is capable of

providing flows up to 4 L/min and can pump against a pressure head of up to

40mmHg.B, Scalar shear stress contours showmaximum shear stress of 160

Pa (clinical threshold> 300 Pa), indicating low risk for hemolysis. CFD,

Computational fluid dynamic; EXP, hydraulic performance experimental.
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Performance evaluation of a pediatric viscous impeller pump for
Fontan cavopulmonary assist

Guruprasad A. Giridharan, PhD,a Steven C. Koenig, PhD,a Jeffrey Kennington, BS,b

Michael A. Sobieski, RN, CCP,a Jun Chen, PhD,b Steven H. Frankel, PhD,b and Mark D. Rodefeld, MDc

Objective: The anatomic and physiologic constraints for pediatric cavopulmonary assist differ markedly from
adult Fontan circulations owing to smaller vessel sizes and risk of elevated pulmonary resistance. In this study,
hemodynamic and hemolysis performance of a catheter-based viscous impeller pump (VIP) to power the Fontan
circulation is assessed at a pediatric scale (!15 kg) and performance range (0-30 mm Hg).

Methods: Computer simulation and mock circulation studies were conducted to assess the hydraulic perfor-
mance, acute hemodynamic response to different levels VIP support, and the potential for vena caval collapse.
Computational fluid dynamics simulations were used to estimate VIP hydraulic performance, shear rates, and
potential for hemolysis. Hemolysis was quantified in a mock loop with fresh bovine blood.

Results:AVIP augmented 4-way total cavopulmonary connection flow at pediatric scales and restored systemic
pressures and flows to biventricular values, without causing flow obstruction or suction. VIP generated flows up
to 4.1 L/min and pressure heads of up to 38 mm Hg at 11,000 rpm. Maximal shear rate was 160 Pa, predicting
low hemolysis risk. Observed hemolysis was low with plasma free hemoglobin of 11.4 mg $ dL"1 $ h"1.

Conclusions: AVIP will augment Fontan cavopulmonary flow in the proper pressure and flow ranges, with low
hemolysis risk under more stringent pediatric scale and physiology compared with adult scale. This technology
may be developed to simultaneously reduce systemic venous pressure and improve cardiac output after stage
2 or 3 Fontan repair. It may serve to compress surgical staging, lessening the pathophysiologic burden of repair.
(J Thorac Cardiovasc Surg 2013;145:249-57)

Despite advances, palliative repair of functional single ven-
tricle remains an enigmatic challenge.1 Intractable morbid-
ities in the interim-staged palliative approach include severe
hypoxemia, ventricular hypertrophy, sudden hemodynamic
instability, and neurocognitive dysfunction. Late sequelae
have been linked to prior repair in which a shunt source
of pulmonary blood flow was used.2 Furthermore, recent
studies question the benefit of interim staging with respect
to late Fontan ventricular function and functional status.3

It would appear that a physiologic cost incurred early in re-
pair is reflected in suboptimal late functional status.

In the setting of preserved systolic ventricular function,
modest augmentation of cavopulmonary blood flow would
shift the univentricularFontan circulation toward a ‘‘biventric-
ular Fontan’’: single-ventricle anatomy with the physiologic

attributes of more stable 2-ventricle physiology.4 Develop-
ment of a safe and reliable means to apply cavopulmonary as-
sist in younger patients as a bridge to Fontan may permit
compression of surgical staging of Fontan conversion.5 It
may ultimately obviate dependence on use of a systemic arte-
rial shunt source of pulmonary blood flow and resolve the as-
sociated hallmarks of hypoxemia, ventricular volume
overload, unstable parallel circulations, and impaired diastolic
coronary perfusion. A clinical device to accomplish this does
not currently exist.
To address these problems, we are developing an

expandable viscous impeller pump (VIP) to provide tempo-
rary cavopulmonary support.6 The VIP is a catheter-based,
biconical, vaned rotary pump that can be inserted percuta-
neously using a modified Seldinger technique and advanced
to the cavopulmonary junction via either the superior or in-
ferior vena cava and expanded (Figure 1). The biconical de-
sign of the VIP allows for simultaneous pumping of blood
from both the superior and inferior venae cavae to each of
the pulmonary arteries using only a single pump head.
The VIP is designed to fit within the cavopulmonary
junction of a pediatric patient and is stabilized inside the
cavopulmonary junction by an expandable nitinol cage.
In pediatric patients, the anatomic and physiologic con-

straints for cavopulmonary assist are more stringent than
for adults with failing Fontan circulations. Chief among
these are smaller vessel size and risk of elevated pulmonary
vascular resistance. This study was performed to assess
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An Artificial Right Ventricle for Failing Fontan:
In Vitro and Computational Study
François G. Lacour-Gayet, MD, Craig J. Lanning, BS, Serban Stoica, MD,
Rui Wang, PhD, Bryan A. Rech, BS, Steven Goldberg, MD, and Robin Shandas, PhD
Department of Pediatric Cardiac Surgery, University of Colorado Health Sciences Center, Denver, Center for Bioengineering,
University of Colorado Denver, Denver, and Department of Mechanical Engineering, University of Colorado Boulder,
Boulder, Colorado

Background. The aim of this study is to develop a
destination low-pressure artificial right ventricle (ARV)
to correct the impaired hemodynamics in the failing
Fontan circulation.

Methods. An in vitro model circuit of the Fontan
circulation was created to reproduce the hemodynamics
of the failing Fontan and test ARV performance under
various central venous pressures (CVP) and flows. A
novel geometry of the extracardiac conduit was designed
to adapt to the need of the pump. The ARV was a
low-pressure axial flow pump designed to produce a low
suction inflow pressure and moderate outflow increase.
With the power off, the passive forward gradient across
the propeller is 2 mm Hg at 4.5 L/min. The ARV would
require 4 watts at a rotation of 5000 rpm. To examine the
shear loading on the red blood cells, virtual particles
were injected upstream of the ARV inducer and tracked
by computerized modeling.

Results. The effect of the ARV on the failing Fontan
was studied at various CVP pressures and flows, and
under constant values of lung resistances and left atrial
pressure set respectively to 2.5 Woods Units and 7 mm
Hg. The CVP pressures decreased respectively from 25,

22.5, 20, 17.5, 15, and 10 mm Hg to a minimal value of 2 to
5 mm Hg with a pump speed varying from 1700 to 4500
rpm. The pulmonary artery pressures increased moder-
ately between 12.5 and 25 mm Hg at 4500 rpm. Cardiac
output at 4500 rpm was increased by an average gain of 2
L/min. The average blood damage index was 0.92%, far
below the 5% value considered to cause hemolysis. The
flow structure produced by the pump was suitable.

Conclusions. The performance of this novel low-pres-
sure ARV was satisfactory, showing good decrease of
CVP pressures, a moderate increase of pulmonary artery
pressures, adequate increase of cardiac output, and min-
imal hemolysis. The use of a mock Fontan model circuit
facilitates device prototyping and design to a far greater
extent than can be achieved using animal studies, and is
an essential first step for rapid design iteration of a novel
ARV device. The next steps are the manufacturing of this
device, including an electromagnetic engine, a regulatory
system, and further testing the device in a survival
animal experiment.

(Ann Thorac Surg 2009;88:170–6)
© 2009 by The Society of Thoracic Surgeons

The Fontan circulation, first described by Fontan and
Baudet [1], is characterized by the absence of a sub-

pulmonary ventricle and functions with unique hemody-
namics. The absence of the subpulmonary ventricle induces
an elevation of pressure in the systemic venous territory.
The central venous pressure (CVP) rises to a mean pressure
of about 12 mm Hg in the best cases to a mean ranging from
15 to eventually 20 mm Hg and further in the poor results.

The elevated CVP is poorly tolerated with time in the
inferior vena cava territory and has deleterious effects on
the liver and the splanchnic circulation. Protein-losing en-
teropathy and plastic bronchitis [2] characterize the worst
outcomes. At the liver level, the elevated CVP may induce
complex liver dysfunction with a stimulation of angiogen-

esis factors [3] favoring venovenous anastomosis, pulmo-
nary venous fistulas, and potentially, aortopulmonary col-
lateral anastomoses (MAPCA). Liver carcinoma has also
been reported [4]. At the lung level, the upper pulmonary
artery (PA) branches are poorly or not perfused, and the
lymphatic circulation is globally impaired [5]. The systemic
single ventricle faces a significant increase in total systemic
resistance because it needs to “push” against not only the
usual systemic resistance but also the lung resistance. As a
consequence, the systemic ventricle becomes hypertro-
phied, with elevated end-diastolic pressure, which dimin-
ishes its diastolic performance [6–8]. In addition, this “sec-
ond portal circulation” decreases ventricular preload,
which also affects diastolic performance.

There is a consensus in the literature that the most
significant factor to predict the failure of the Fontan
circulation is the time elapsed since the operation, given
the regular attrition of the survival curve [9, 10]. How-
ever, it is also expected that performing the Fontan in the
later years using an extracardiac conduit [10, 11] has a
better anatomic geometry and should function better.

Accepted for publication March 31, 2009.

Presented at the Poster Session of the Forty-fifth Annual Meeting of The
Society of Thoracic Surgeons, San Francisco, CA, Jan 26–28, 2009.

Address correspondence to Dr Lacour-Gayet, Pediatric Cardiac Surgery
Department, The Children’s Hospital, 13123 E 16th Ave, Denver-Aurora,
CO 80045; e-mail: lacour-gayet.francois@tchden.org.

© 2009 by The Society of Thoracic Surgeons 0003-4975/09/$36.00
Published by Elsevier Inc doi:10.1016/j.athoracsur.2009.03.091

PED
IA

T
R

IC
C

A
R

D
IA

C



Lueur d’espoir ?

•  Explosion des LVAD
•  Performance et expérience
•  Destination therapy

•  Défaillance du VD : 10 – 15 % 
•  Besoin d’un support VD
•  Large marché potentiel



Conclusion
Pas de percée récente notable
Quelques espoirs de développement
mais …

… qui sont, avant tout, théoriques


