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What we will cover this morning ...

* History of the Fontan operation

* |ssues after Fontan operation

« Qutcomes after Fontan operation
 Future for patients after Fontan
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Evolution of Management for
Patients with Single Ventricle Physiology

Septation

Fontan

Systemic-PA Shunt Bidirectional Glenn
Fenestration
Transplantation

Stem Cells

Classic Glenn

PA Band
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Evolution of Thinking

* 1970s - 1990s:

* “Get all patients with functional single
ventricle to Fontan”

* Currently:

* “The worst thing we do is create a
BAD Fontan”




The Fontan Palliation

1929 - 2018
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Thorax (1971), 26, 240,

Surgical repair of tricuspid atresia

F. FONTAN and E. BAUDET

Cenire de Cardiologie, Université de Bordeaux Il, Hépital du Tondu, Bordeaux, France

Surgical repair of tricuspid atresia has been carried out in three patients ; two of these operations
have been successful. A new surgical procedure has been used which transmits the whole vena
caval blood to the lungs, while only oxygenated blood returns to the left heart. The right atrium
is, in this way, ‘ventriclized’, to direct the inferior vena caval blood to the left lung, the right
pulmonary artery receiving the superior vena caval blood through a cava-pulmonary anastomosis.
This technique depends on the size of the pulmonary arteries, which must be large enough and at
sufficiently low pressure to allow a cava-pulmonary anastomosis. The indications for this procedure
apply only to children sufficiently well developed. Younger children or those whose pulmonary
arteries are too small should be treated by palliative surgical procedures.

Only palliative operations (systemic vein to pul-
monary artery anastomosis; sysiemic artery to
pulmonary artery anastomosis) have been per-
formed in tricuspid atresia. Although these pro-
cedures are valuable, they result in only a partial
clinical improvement, because they do not suppress
the mixture of venous and oxygenated blood.

We have initiated a corrective procedure for

-

tricuspid atresia, which completely suppresses
blood mixing. The entire vena caval return under-
goes arterialization in the lungs and only oxygena-
ted blood comes back to the left heart. This pro-
cedure is not an anatomical correction, which
would require the creation of a right ventricle,
but a procedure of physiological pulmonary blood
flow restoration, with suppression of right and

¥G. 1. Case 2. Tricuspid atresia type Il B. Drawing illustrates steps in surgical repair: (1) end-to-side
anasiomosis of distal end of right pulmonary artery to superior vena cava, (2) end-to-end anastomo sis
of right atrial appendage to proximal end of right pulmonary artery by means of an aortic valve homo-
graft; (3) closure of airial septal defect; (4) insertion of a pulmonary valve homograft into inferior
vena cava; and (5) ligation of main pulmonary artery.
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Fontan Operation: The Reasons

* Eliminate cyanosis
* Reduce risk of stroke

 Eliminate volume overload
°* Preserve ventricular function

* Improve exercise tolerance
* Prolong life




Fontan’ s Advice

“These (Fontan) operations are not
curative...they should not always be indicated if
another less risky option is available...wrong
indications...are responsible for early
takedowns. Poor late results...which are the
shame of this operation, should disappear if we
attach the greatest importance to not
transgressing absolute contraindications™

Fontan F. JTCVS, 1986: 92:1045




Choussat and Fontan Original
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Operative Criteria

Age at operation between 4 and 15 yrs

Presence of sinus rhythm

Normal systemic venous return

Normal right atrial volume

Mean pulmonary artery pressure <15 mm Hg

Pulmonary arteriolar resistance <4 um*

Ratio of pulmonary artery diameter to aorta diameter >0.75
Left ventricular ejection fraction >60%

Competent mitral valve

No adverse effect from prior pulmonary artery operation



The Fontan Palliation

* “Surgically created “un-physiology”

* Caval blood - lungs
° without a ventricular pump

* Many “modifications”

* Not a “repair”, “correction”, or “cure”




Parameters Related to a
Successful Fontan

* Normal systolic & diastolic performance
* Low filling pressure, high compliance

° Low PA pressure & resistance
°* PA size matters ... small is bad

* Only mild AV valve regurgitation

* No obstruction:
* Fontan, PAs, PV, outflow tract, aorta

* Sinus rhythm




Spectrum of Fontan Connections

Atrial appendage
connects to the

IVC PA

Tunnel inside the 6! ‘ ~ Tunnel outside
heart the heart

Surgical era
1970-1990 1990-2000 2000-Present

FIGURE 1. Fontan surgical subtypes. The Fontan operation consists of rerouting systemic bicaval venous
retum directly into the pulmonary arterial confluence, effectively bypassing the subpulmonary ventricle.
These angiograms demonstrate the Fontan subtypes in order of the surgical era: atriopulmonary, in which
the nght atnal appendage is directly sewn to the pulmonary artenal confluence, the supenor vena cava is
left in continuity with the atrium, and the atrium acts as a functional conduit (left); lateral tunnel, in which
the conduit lies within the right atrium, connecting the inferior vena cava (IVC) to the pulmonary artery
(PA) and the superior vena cava is sewn directly to the right PA (middle); and the extracardiac type of
Fontan connection, in which a conduit lying outside the heart connects the IVC to the inferior portion of
the pulmonary arterial confluence and the superior vena cava is sewn directly to the nght PA (right).

The modern Fontan operation shows no increase in mortality
out to 20 years: A new paradigm

Robert 1. Dabal, MD," James K. Kirklin, MD," Manisha Kukreja, MBBS, MPH," Robert N. Brown, BS,"
David C. Cleveland, MD," Michael C. Eddins, MD,” and Yung Lau, MD*

Objective: Dating back to the first published repart of the Fontan circulation in 1971, multiple studies have
examined the long-term results of this standard procedure for palliation of single-ventricle heart disease in
children. Although the technique has evolved over the last 4 decades to include a polyletrafiuorethylene
(PTEE) conduit for a large percentage of patients, the long-term outcome has not yet been established. The
aim of the current study was 1o investigate the possibility of a late increasing risk for death after 15 years among
patients with a modem Fontan operation and to evaluate late morbidity.

Methods: Between January 1, 1988, and December 31, 2011, 207 patients underwent the Fontan procedure
using an intemal or external PTFE conduit plus a bidi y ion. Survival and late
adverse events were analyzed. Risk factors for early and late mortality were examined using hazard function
methodology.

Results: At 1, 10, and 20 years, s for the entire cohort was 95%, §8%. and 76%, respectively. with no
deaths in the last 6 years of the study. Hazard modeling showed a 1.3% risk of death per year 24 years after the
Fontan procedure, with nolate increasing hazard phase. Freedom from reaperations was greater than 90% at 20
years and freedom from thrombotic complications was 98% at 20 years (with greater than 80% of patients on
aspirin alone). Survival curves were superimposable for 16- to 20-mm conduits, and the freedom from any
reoperation including transplantation was greater than 90% afier 20 years. Multivariable risk factor analysis
identified only earlier date of operation as a predictor of carly and late mortality. By era of surgery, the
10-year predicated survival is 89% for patients undergoing surgery in 2000 and %4% for patients in 2010,

Conclusions: Early and late survival after a Fontan operation with a PTFE conduit is excellent, with no late
phase of increasing death risk after 20 years. Late functional status is good, the need for late reoperation is
rare, and ? ications are on a standard medical regimen including aspirin as the
only anticoagulation medication. (J Thorac Cardiovase Surg 2014:148:2517-24)

CLINIC Which size ECC is best?

7y 16 mm or larger?



Issues after Fontan

° Arrhythmia

* Heart Failure

* Cyanosis

* PLE

°* Thrombosis

* Plastic Bronchitis

* Hepatic Dysfunction

° Pregnancy ?




Issues after Fontan
* Arrhythmia
* > 60%, |IART, Afib/flutter

* Heart Failure
° PHN study: 27% systolic; 72% diastolic

* Cyanosis
° Veno-veno collaterals, pul. AV fistula

* PLE — 10%
° 1 mesenteric vascular resistance
° inflammation

@ MAYO CLINIC




Issues after Fontan

* Thrombosis

* 5-7% baffle, RA, PA, PA stump
* antiplatelet vs. warfarin Rx

* Plastic Bronchitis
* 1-2% - cast formation, difficult to Rx

* Hepatic Dysfunction
* chronic elevation of CVP
* fibrosis, cirrhosis, nodularity, HCC
* Increased frequency, Rx ?
* Heart/liver Tx ?




FALD

Fontan Associated Liver Disease
Fontan Physiology Compromises other Organs

* Hypoxemia with low cardiac output
* Chronic A CVP
* Chronic A mesenteric vascular resistance

* Plus: perioperative insults, atrial arrhythmias,
HCV infection
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portal fibrosis (portal triads circled in yellow, bridging fibrosis depicted
by yellow arrows, and central vein depicted by the red astensk) and

centrilobular and penisinusoidal fibrosis (blue arrow). Sinusoida hepatic
cells are vulnerable to ischemic injury in low cardiac output as in the

Fontan physiology.

Q
= =
-

7]
‘@

o]
£
k=

O
I
D

11

C
8

=

o}
L.
—

o)

o
=
5>,

=
-

O
80
O
9
84
o =
K
kY,

Q.

>~
'_
=
w
o
—
o
o

W MAYO CLINIC




R A

SN T E ] E WO CHROGUD AR R0y ok
L e : ot ! TR T T B VIR L2 T [Tae] O TPl 51 U BRSO Y
L ETHUUD G O S0 SrMeds et i) Ui s
LANAILYd NELWOD N HOILINMdS AL
R HIAIT A0 ADOTOISAHAOH LY | 2

I} FUC{IEAND SO “uo e e L.

Hij s DO0fAnD AL Sunjie) LW, LY b o S O A AR |0 SRR TR A7) L U SRRO R SRR TURRSRL

warnblly pumeriuecs Gp e 3 ¥ ATEREIA-CLE B A DR O S SOTRMIUAR 00 W SN SR e e Sij | weOd e SAf) L pELEreRD

B EARMLOS ey UG 4-1Eed 0 Woncleienl puE ool

T JEANS [E3SET]-SCRER A O LN LD S| o) LB S

|‘._ I_l___.- A —"J-.n_ o - -.f..-.l._ i ) .r_.n__—!-i.ar iy s E Ji.-—!-._ =R -11_ .ri:.:.-q

W L) L T IR 0 MDAl D AT SRl 'y (Rl | PR R 0 R
LEE § L (SR NRLGRE L S T 0D [y (RN RN
FECETT A0 S T e E i, WS SO 0
PR S )| ORI K ¥ ¥ 'y "R R
ENIHEW [ERETT J0 WD T Vet T S HUGRD
JO LN 20 U DYARTSDHAY L SN N A S PN LoD

LETRES§ p G ROARRE Sjusucoesp aiopedapd iy J e 3 : B L2 SR £

FERCHI) JTRLF) PELLLET) A U | she ROpUg Saeue Aruougnd ; e wrle Sy 0 s puos

S0UCD SN0 ST el AU U By PSR ) IS ) W R S PR B L ST SO SR M SRR

L A ] [T B R T T i D 0D s e Al gy sey e tunpaooed sy) CASopeodiyd ot -giurs i

LN STRLERS, AR ST [RMEES ST STELE A[Rs0] pap 1] ML LERE] SILRE] 0 LR DL SR DD R0 B ST DO RO i) |
TELETT LRI o f] O ARTROsas Sl o o 24 | y LR by

ERE S W TN WL NUOY LN

npacdraLErE ke
LT LD e s
SOI0MATH BN EIPORTE ShG BESOG (RS DOE JEL-7
ORI VA A LD Ty LR By
ETET T T
TR JsEEsd U] -0 SN U] SR LT RO |0 SO

DY) S0 5K EOLCHURLIOOC T0ROUC] U SOURID TUELLIND 2] ey A Y Eien o | acked spp o peod
Y uorEndod Lo Sy ) SN 24 0o R SOLEAD B O W aAfE S oy NP
i L TN 51 SN0 0L L JETTHED S| SSOAE 00 S JOp SOUjioA S ayriadaidde
Bapaiai Erlr ) b ees sl e SR D ey BTy o DjEuRepD e

i il 4 B | Ly el k]

RSy

a [ IR g s T L eI AlEUUeD ] e
Qi ‘Zaysues weliny | oW EYInsEled T uyer | ezl 10350 T preg
peliW BRID HuURl] | o OW “uosuyor ‘N usyleuer | Ol USR4S| g o

ainpanoud uejuo4 ayy Jaye suonedljdwod Jaal| Joj adue|laang

wEIC 1T [ OF ATTIM 31210HY MIIAIY

DINIIO OAVIA @




Mayo Clinic
Proposed Recommendations for Liver
Evaluation in Pts. with Functional
Single Ventricle Physiology

e Searching for evidence-based
surveillance and management of
post-Fontan hepatic complications

* When, what tests ?

* If you find something, then what ?




Surveillance for liver disease
before and following the
Fontan procedure.

US with shear-wave
elastography
Pre-operative
laboratory evaluation

l

Fontan

l

Evidence of failing
Fontan?

l

Abdominal
ultrasound

Years 1-10 post-Fontan:

Annual clinical evaluation.

Laboratory evaluation
every 2-3 years.
e (Calculate APRI and
FIB-4 scores.
US 5 years post-Fontan to
screen for early
complications.

Laboratory or clinical
evidence of cirrhosis or
PH

|

>10 years post-
Fontan

v

l

Abdominal US AND
referral to
hepatologist

!




Moving Toward an Animal Model
for FALD ...




Porcine Pilot Study for Liver Disease

Wanek Program large animal model for RV
dysfunction (PA band +/- Cork) creates hepatic
disease similar to that seen in FALD

Acute fluid bolus & hydration status influence
u/s shear wave measurement of liver stiffness

Static and dynamic component to hepatic
fibrosis & congestion

Next steps ... cath/USW correlation, ? Rx



P552

Moderate Fibrosis & Severe Congestion




P551

Pre-Bolus Post-Bolus




Pig # Fibrosis/Vascular Congestion % M shear
modulus

++++++++H b

P551 Moderate/Moderate 152%
P552 Moderate/Severe died early
P553 Mild/Mild 127%
P554* None/None 115%

* PA band but not corked



After Fontan, aging brings this ...




Freedom from SVT after Fontan for DILV

164 atrio-pulmonary connection
29 Lateral tunnel
13 TCPC

8 Extra-cardiac conduit

— QOverall

1974-1988
Early cohort

- = = 1989-2001
Recent cohort
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O B Earing , Cetta, Driscoll, et al , AJC, 2004




Freedom from IART after Fontan Operation

by Type of Connection

1.0
E\— ECC

0.9

0.8

0.7

0.6

}_
o
<
5
o]
£
2
X

0.5

0.4 AP connection
' Intracardiac LT
Extracardiac LT
0.3 Extracardiac Conduit
I I | | [ I

2 4 6 8 10 12 14

No. at risk Years since Fontan

AP connection 67 64 63 61 55 47 29 13
Intracardiac LT 279 223 164 98 48 15
ExtracardiacLT 55 51 38 16 2 0 0 0
Extracardiac Conduit 63 62 56 37 13 0 0 0

Stephenson, et al, JACC 2010
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Abstract

Objectives: We sought to examine the inddence and predictors of amhyihmiss and sodden
candiac death (SCOY after Fonitan operathon

Badcground: Asivythimias and 500 have been reported following operations for congenidtal heart
dizease, but the incidence and risk factors have not been well defined in patients after & Fontan
operation

Methods: We reviewed records of al patients who had a Fontan operation from 1973 to 2012
(n=105% at our nstitution. A guestionnaire was malled to patients who were not known to be
deceased at the indtiation g

tachyamhythrias reguiding

Results: We induded #94
Overall 10-, 30 and 30 ve]
B&4 patients who survive

atrial fibrillation, 108 | 13%)
dia, 40 {5%) had ventricula
late amtythmias indided a
mias postoperatively. Du
documentation available 8

NSR = protective

average time to 5COof 6.7 0.7 yed 2 pam com —

28/43 (65%)] patients prior to SCO. Predictors of SC0 B tricnvenvtr cular vahre replacement
and post-bypass Fontan pressunes =20 mm He preoperative sinus rythm was protective.

Condusions: Anhwythmias and SC0 are significant concems among Fontan patients and spedific
rigk factors may wamant doser follow-up and earfier consider ation for therapy:

KEYWORDS
ammwythimias, Fontan, ICD, pacemaker, sudden candiac death
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Sudden Cardiac Death after Fontan

* 1052 patients with 426 deaths

» 43/426 (10%) deaths were SCD

° Age: 20.5 = 10.1 yrs
° Duration from Fontan: 6.9 + 6.7 yrs

10-, 20-, and 30-year incidence of SCD:
* 4.6%, 6.2%, and 7.1%

28/43 (65%) had arrhythmias prior to SCD
* vs. 41% in overall Fontan cohort (p = 0.0018)




Fontan Survival with PLE

100
80

Survival A

(%)
40 -

Survival after
20 - diagnosis of PLE

0

7y Feldtetal: JTCVS 1996 112:672




Transplant-free Survival After Diagnosis of PLE

10 15
Follow-up time (year)
20

Pundi et al: J Am Coll Cardiol 2015; 66:1700
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Clinical Outcomes and Improved
Survival in Patients With Protein-Losing
Enteropathy After the Fontan Operation

S Vyr.
survival =
8%

Anitha S. John, MD, PuD," ! Jennifer A. Johnson, MD,: Munziba Khan, MPH," David J. Driscoll, MD,
Carole A. Warnes, MD, | Frank Cetta, MD

ABSTRACT

BACKGROUND Patients with pro i pathy (PLE)
mortality at 5 years after diagnosis.

the Fontan operation have a reported 50%

OBJECTIVES The aim of this study was to review outcomes in patients with PLE following the Fontan operation.

METHODS From 1992 to 2010, 42 patients (55% male) with PLE following the Fontan operation were identified from
clinical databases at the Mayo Clinic. Data were collected retrospectively.

RESULTS Mean age at PLE diagnosis was 18.9 + 11,0 years. Initial Fontan operation was performed at 10.1 + 10.8 years
of age. Mean time from Fontan operation to PLE diagnosis was 8.4 + 14.2 years. Survival was 88% at 5 years. Decreased
survival was seen in patients with high Fontan pressure (mean =15 mm Hg; p = 0.04), decreased ventricular function
(ejection fraction <55%; p = 0.03), and New York Heart Association functional class >2 at diagnosis (p = 0.04). Patients
who died had higher pulmonary vascular resistance (3.8 + 1.6 Wood units [WU] vs. 2.1 = 1.1 WU; p = 0.017), lower cardiac
index (1.6 = 0.4 /min/m? vs. 2.7 + 0.7 l/min/m% p < 0.00071), and lower mixed venous saturation (53% vs. 66%; p
0.01), compared with survivors. Factors were assessed at the time of PLE diagnosis. Treatments used more frequently in
survivors with PLE included spironolactone (21 [68%]), octreotide (7 [21%]), sildenafil (6 [19%]), fenestration creation
(15 [48%]), and relief of Fontan obstruction (7 [23%]).

Worse outcome:
Mean PAP > 15 mmH
EF < 55%

CONCLUSIONS PLE remains difficult to treat; however, in the current era, survival has improved with advances in
treatment. Further study is needed to better understand the mechanism of disease and ideal treatment strategy.
(J Am Coll Cardial 2014;64:54-62) © 2014 by the American College of Cardiology Foundation.

rotein-losing enteropathy (PLE) occurs in 5%

to 15% of patients after the modified Fontan

operation and has been a historically difficult
complication to treat (1,2). PLE is characterized by
the enteric loss of proteins such as albumin,
immunoglobulins, and clotting factors. The protein
loss that occurs leads to the clinical findings of pe-
ripheral edema, ascites, diarrhea, weight loss, and
malabsorption. The exact mechanisms of this compli-
cation are poorly understood, and treatment strate-
gies vary.

Patients with PLE following the Fontan operation
have a reported 50% mortality at 5 years after ini-
tial diagnosis (1,2). Numerous treatment strategies
have been used, including medical therapy, such

SEE PAGE 63

as controlled-release budesonide and sildenafil,
as well as interventional and surgical therapies,
such as Fontan revision and Fontan fenestration
creation (3-6). Even with these treatment advances,
limited studies have reported improved survival

From the *Division of Cardiology, Children’s National Medical Center, George Washington University School of Medicine,

Washington, DC; 1 Division of Cardiovascular Diseases, Mayo Clinic, Rachester, Minne: Division of Pediatric Cardiology, Mayo

Clinic, Rochester, Minnesota; and the «Division of Pediatric Cardiology,

children’s Hospital of Pittsburgh, Pittsburgh, Pennsyl

vania. The authors have reported that they have no relationships refevant to the contents of this paper to disclose.

Manuscript reccived February 10, 2014; revised manuscript received April 21, 2014, accepted April 21, 2014

Downloaded From: http:/content.onlincjacc.org/ by Anitha John on 07/02/2014
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Pregnancy after Fontan

No. Maternal No. of Preterm % Maternal Anti-coagulation Ventricular
Woman Age @ Pregnhancy Mean GA Deaths During Pregnancy Morphology
Pregnancy Mean BW During  After

(yrs) (kg)

Mayo 26 (18-36) aspirin — 12 LV — 68%
Pundi et al LMWH -3
2016 VKA -0

France aspirin — 11 LV —70%
Gouton et LMWH/UFH - 17

al VKA - 10
2015

No. Am. aspirin — 52
Cannobio et LMWH -4
al 2013 VKA -4

ANZ Aspirin - 6
Zenter et al LMWH/VKA - 5
2016

W MAYO CLINIC




Pregnancy after Fontan

No. Maternal No. of Preterm % Maternal Anti-coagulation Ventricular
Woman Age @ Pregnhancy Mean GA Deaths During Pregnancy Morphology
Pregnancy Mean BW During  After

(yrs) (kg)

Mayo 26 (18-36) aspirin — 12 LV — 68%
Pundi et al LMWH -3
2016 VKA -0

France aspirin — 11 LV —70%
Gouton et LMWH/UFH - 17
VKA -10

aspirin — 52
Cannobio et LMWH -4
al 2013 VKA -4

ANZ Aspirin - 6
Zenter et al LMWH/VKA - 5
2016
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Placenta: 27 week delivery - preeclampsia

30 y/o with tricuspid atresia, s/p Fontan
850 gm male newborn
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Casey 4 years later ...
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Viable Pregnancies after Fontan

* Allwomen with viable pregnancies had:

° EF > 40%
* Systemic oxygen saturation > 90%

* No maternal deaths or thrombotic events

* 1 death: 11 yrs after successful pregnancy
(cause unknown)

° Pregnancy outcome did not correlate with
postop Fontan pressures




Advice for Women after Fontan re. Pregnancy

Fertility and pregnancy in the Fontan population# @m”m

Dominica Zentner **, Aneta Kotevski ™%, Ingrid King ™, Leeanne Grigg?, Yves d'Udekem "¢

* Deparrment of Candiology, Royal Melbowrne Hespiral, Ausemlia

* Department of Cardlothomdc Surgery, Royal Children's Hasplral Awsralia

© Murdoch Children's Research Insdnge, Australia

# Deparmment of Paedlarrics, Faculty of Medicne, The University of Melbawme, Victoria, Austmlia

ARTICLE INFO ABSTRACT

Asticle history: Background: Women with a Fontan droulation are deemed at significantly increased risk of matemal morbidity
Received 5 Oatober 2015 and martality during pregnancy. Publications describe a small number of pregnancies worldwide and a high mate
Received in revised form 7 December 2015 of miscrriage. We compiled the experience of women enrolled in the Australia and New Zealand Fontan (ANZ)
Accepted 11 J""""_'yzmﬁ o Registry with regard o menarche, contraceptive use, pregnancy advice and pregnancy outcomes.
Avzilable online 13 January 2016 Methods: Wornen within the ANZ Fontan Registry were contacted and asked w consent to recaving sequential
Keywands: questionmaires
Fontan ciroilation Results 156 women = 18 years of age [including 4 deceased individuak) were identified, 101 women consentzd
Women and 97 ¢ leted the inital o ire Women were aged (median) 25 years (23-32); menarche occurred
Contraception at a median 14 years (13-16) A wide variety of contraceptive methods was reported. 81% of women reported
Menarche having received advice that pregnancy cared an increased risk or was inadvisable. Pregnancy was reported in
Pregrancy aminority (n = 27 ). Miscarrigge (42.5%) and termination ( 7.5%) accounted for half the pregrancy outcomes
Congeniml hean disease and the habies were born eardy (median 31.5 weeks) and small (median 1350 g ). Maternal complications of
bleeding, arthythmia and heart failure were reported with no early matemal mortality.
Conchsions: In women with a Fontan droulation the fertility onset is delayed and pregnancy has a higher rate of
miscamiage, Successful pregnancy resulted in small and premature babies. Significant maternal morbidity oc-
curred. Whether pregnancy with its volume loading has an adverse effect an the long-term outcame of
waomen with a single ventride remains to be elucdated.
Crown Copyright © 2016 Published by Elsevier lreland Lid, All rights reserved.

Tabde 4
Presmanoy advice

Pregnancy advice Mumber of wommen [X)

No advice provided b [BX)
Pregnancy would be all right 9 [9X)
Pregnancy woeld be all right o at increased risk 3 [3E)
Pregrnancy would be at increased sk 42 [43%)
Pregrancy woeld be at increased rsk o inadvisable 12 [12%)
Pregnancy would be inadvisable 25 [26X)

This table presents the reported medical advice given to this cohort of women regarding
thedr capacity t0 under oo presmancy.
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Fontan & Preghancy

* Select women after Fontan can have
successful pregnancies

° Low maternal mortality, some morbidity

* Pre-term birth (> 65%) and obstetrical
complications are common

° Require rigorous pre-pregnancy evaluation
and care at highly specialized centers

* Placenta —
* Another site of end-organ damage?




The Placenta

* End-organ effected by Fontan
hemodynamics

* Factors effecting the placenta:
* Low cardiac output
° Maternal hypoxemia
* Elevated central venous pressure

° May contribute to:
* Placental thrombosis, ischemia




Placental Insufficiency

° Pre-eclampsia

* Oligohydramnios
* Miscarriage

e Stillbirth

* Pre-term delivery
* SGA newborns

* May also be factors in fetus with CHD




Villous
Hypoplasia

Chorionic Vill
in Pre-eclampsia

Courtesy of Sarah Kerr, MD

Placental
Infarct




Thickened spiral
histiocytes arteries

Decidual Vessels in
Pre-eclampsia

gy Courtesy of Sarah Kerr, MD




Placental Evidence of Pre-eclampsia

* Chorionic Villi:
° Hypoplasia with A syncytial knotting
* Infarction

* Decidual Vessels:
° Hypertrophic vasculopathy
* Thickened vessel walls
° Foamy histiocytes ... fibrinoid necrosis
* Acute atherosis




Parameters Related to Successful
Pregnancy after Fontan

°* Normal systolic & diastolic function
* Low PA pressure and resistance
* Only mild AV valve regurgitation

* No obstruction:
°* Fontan, PAs, PV, outflow tract, aorta

e Sinus rhythm

* Systemic arterial saturation > 90%
* EF > 40%

@ MAYO CLINIC




Survival after Fontan Operation

30 6mMo 1yr

day

W MAYO CLINIC

Syr

10yr

15 yr

—e— (3) Fontan (perfect, 1968-88)
—=— (3) Fontan (All, #334, 1968-88))
(4) Driscoll (TA, #125, 1973-85)
(4) Driscoll (UH, #114, 1973-85)
—x— (4) Driscoll (Cpx, #113, 1973-85)
—e— (5) Julsrud (All, #500, 1973-87
—+— (6) Cetta (All, #339, 1987-92)
—— (2) Mair (TA, # 216, 1973-98)
(7)Stamm (heter, # 135, 1981-
(280)%%)rrell (hypopla, #76, 1984-89)
(9)Stamm (lat tun, # 220, 1987-91)
(10) Hsu (All, #61, 1990-96)
(11) Gaynor (All, #332, 1992-99)




FOUNDATION

40-Year Follow-Up After the

Fontan Operation

Long-Term Outcomes of 1,052 Patients

Kavitha N. Pundi, MD,* Jonathan N. Johnson, MD,*{ Joseph A. Dearani, MD,| Krishna N. Pundi, BS,; Zhuo Li, BS,

Cynthia A. Hinck, RN, BSN,* Sonja H. Dahl, RN, DNP,* Bryan C. Cannon, MD,"t Patrick W. O’Leary, MD,"t
David J. Driscoll, MD,* Frank Cetta, MD"{

40-Year Follow-Up After the Fontan Operation

Long-Term Outcomes of 1,052 Patients

Kavitha N. Pundi MD, Jonathan N. Johnson MD, Joseph A. Dearani MD,
Krishna N. Pundi BS, Zhuo Li BS, Cynthia A. Hinck RN BSN,

Sonja H. Dahl RN DNP, Bryan C. Cannon MD, Patrick W. O’Leary MD,
David J. Driscoll MD, Frank Cetta MD

MAYO
CLINIC
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technigue for successful palliation of patients
with tricuspid atresia (1.2), Subseguently, this
technique has been applied to treat most forms
of functional single ventricles (3-7). Theoretically,
the Fontan coperation separates the systemic and

I n 1971, Fontan and Baudet described a surgical

pulmonary venous returns to ameliorate the disad-
vantages of long-term hypoxemia, reduce thrombo-
embolic events, preserve ventricular function, and
prolong survival for patients with single-ventricle
physiology. Although some of these beliefs have
been fulfilled, a number of adverse results of the

Fieem the *Tivition of Pedia trie Cardiokegy, Maye Clinte, Rechester, Min neots; $ TN igon of Cadiovasenls D, Maye Clinic,
Rochester, Minhesota; (Diison of Candiovascubr Surgery, Mayo Clink, Rodvester, Mitnexota; MayoClink College of Medicine,
My o Clinie, Rochester, Mitmeots: and te [Tivigonof Biaredio] Sta tistics and Informatics, Mayo Clinde, Rochester, Minnssos,
Dit, Cannon has served a5 2 consultant to Medtronic, All other authors havwe reported that they have o rebati onds ps relevant 1o

thie comtents of thic ppar to disclse,

Ligtesi to this manisenpt's sulo sismmary by JACC Editis -th-Clil el T, Valentin Fister,

Mamseript received April 22, 2015; revived manuseript o ved e 26, 2015, accepted Tuly 24, 2055,




40 Years of the Fontan at Mayo

* October 1973 - June 2012
- 1052 patients had Fontan @ Mayo

* Median age @ Fontan = 7 yrs
7 mos > 53 yrs

» Oldest survivor = 67 years old




Survival after the Fontan Operation

Survival by

Overall Survival Surgical Era

=
80 1 80 1

60 - 60 -
Y%

40 - 40 - 1973-1990
—1991-2000
20 T 20 - —2001-

P<0.001
0 - : . 0 1 1
0 10 20 30 0 o) 10
Follow-up time (year) Follow-up time (year)

650 370 775 576 490
—_— 191 159 141
—_— 86 48 19

MAYO

C%C Pundi et al: J Am Coll Cardiol 2015; 66:1700




Procedures after Fontan
N = 1052 pts

« Pacemaker/AlICD 212 (20%)
» Fontan revision/conversion 117 (11%)

» AV valve repair/replacement 66 (5%)

For many, Fontan is not the end ...

MAYO
CLINIC
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Longitudinal Outcomes of
Patients With Single Ventricle
After the Fontan Procedure

Andrew M, Atz MD," Victor Zak, FuD,” Lymn Mahony, MD,” Karen Uzark, PeD,” Nicholks D'agincourt, WS,
David 1. Goldberg, MOL" Richard V., Williams, MD,” Hoger E. Breithart, MD.* Steven 0. Colan, MD*

Kristin M. Burns, MD," Renes Margossian, MO Heather T. Hendeson, MO, Rosalind Komin, BN,
Bradley 5. Marino, MD,* Kaitlm Daniels, RM,” Brian W. McCrindle, MD, MPH,

for the Pediatnc Heart Network Investigators

ABSTRACT

BACKGROUND Multicenter lnngitudinal object e data for survival into adulthood of patients who have undengone
Fontan procedamnes. ane Laokng .

CBJECTIVES This shudy sought 1o desonibe transplant -free sunaval and explore rel ationships between lalpora tory
maasines of wentriouar performance and funciional status over time

METHODSE Exercike testing, echocardiography, B-Type natriunetic peptide, functional healin assecsment, and medical
history sbstraction were regeated 9.4 4 04 years Sfiter the Fontan Cross-Sectional Study (Fontan 1) and compared with
previos valies Con regression analysis explored nisk factors for intenim daath or cardac transplant ation.

RESULTS From theorgina cohort of 546 subsjects, 466 wene mntacted again, and 373 (80% wereenroliadat 1.2 £ 35 yaars.
ofage. Among subpd swith pabed testing the perosnt predicted manimum coygen uptake decrezsed (59 4 145 va 61 L 169
p < 000 n = 95), spdion fracton decressed GE £ 115 vs. 554 10%; p < 0.000; n = 259}, and B-type nat sunetic pentide
inoezsed (median [interquartils range ] 13 [7 10 25] pgdmol vs. 18 [9 10 36] pouimiol; p < G000 0 = 3400, At Latest foll ow-up, 3
Iower Padiatric Quality of Life Inventory physical sumimany soone was assooited withponner exsrcise performance (i adjsted <
020 po«< 000 n = Z74). Qumulative amplications since the Fontan procedure included additional candiac sunpeny (390,
cativeter intenvention {62%), arhytihmia treatment (12%), thremboss (1296), and protein-osing entempathy (B Since Fantan
1, 54 subjects {10%:) have recshved a heart transplant {n =23} ordied without transplantation (n= 31). The intenal risk of death
acfcandac transplantation was asodated with pooner ventrioular performance and functionad hesl th stahis asecsed at Fontan,
Dt & weas mot associated with wentraoilar morpholngy, the subject's age, o the type of Fontan connection.

COMCLUSKIMNS |nterim transplant -free surdval over 12 years in this Fontan cohort was 909 and was independent
of ventricular morphology. Exercise performance decreased and was 2ssocia ted with worse functional health status.
Future interantion might foous on presarving exeniss capacity. (Relstlonship Between Funciional Health Status and
Ventricolar Performance After Fontan—Pediatric Heart Metwork; WCTOOTE37E2) () Am Coll Candiol 20178927354 4)
& 27 by the American College of Cardiology Foundation,

W MAYO CLINIC

PHN study

373 pts

90% Tx-free @
12 yrs f/u

V Exercise
performance
with time
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Population
Based Outcomes

The Australia and New Zealand Fontan Registry: description
and initial results from the first population-based
Fontan registry

A_ L lyengar,"?® D. 5. Winlaw * I. C. Galati*** T. L. Gentles R. G. Weintraub >3 R. N. Justo,”
G. R. Wheaton," A. Bullock," D. 5. Celermajer'®™ and Y. d'Udekem'*?

Departments of 'Cardiac Surgery and *Cardiciogy, Roval Children's Hospital, *Heart Research Group and *Clinical Epidamiclogy and Biostabistics Unit,
Murdoch Children's Research institute, 'Degartment of Paadiatrics, University of Melbourne, *Department of Mathematics and SEtistcs, La Tobe
University, Melbourne, Victoria, *Heart Centre for Children, The Children's Hospital at westmead, “Department of Cardeology, Roval Prince Afred
Haospatal, "Heart Aesearch Institute, University of Sydney, Sydney, New South Wales, *Pasdiatric Cardicfogy, Queensiand Paediabric Cardiac Senice,
Mater Childrer’s Hospital, Brisbane, Queensland, ™Department of Cardiokogy, Women's and Childrerrs Hospital, Adelaide, South Australia,
‘Childran's Cardiac Centra, Princass Margaret Hospital for Children, Parth, Westemn Australia, Australia, and "Green Lane Congenital Cardiac Sarvice
Starship Children®s Hospital, Auckland, Mew Zeafand

1072 pts

¥y words Abstract
Fontan procadure, heart defect, conganstal, .
registry, outcome assessment (ieathcare), Background: The Fontan procedure b the final In o sedes of staged pallations Tor

research design

Corespondence

Afay L. lyengar, Degartment of Cardhac Surgery,
Aoy Children’s Hospital, Flemington Road
Mefbourme, Vic 3063, Ausiralia

Emnail: ajayjivengariigmai com

ajay vengarimoriedu.au

Received I7 August 3013; accepted 30
October 2013,
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single-weniride congenital heart disease, which encompasses rare and heterogeneoos
cardiac lestons. 1 represents an unasuzl and novel physiolegical state charadiersed by
absenoe of 2 subpulmonary ventrice.

Alms: The population iz growing steadily, prompting crestion of this reglsiry to study
thelr epldemiolegy, demographic trends, realment and oulcmmnes,

Methods: This multicentre, binational, prospective and retrospective, web-based reg-
latry imvolving all congenilal cardisc centres 0 the region has dentified neardy all
Fomlan patients tn Austrafia and New Zealand. Patients identtfied retrospectively were
approached for recrultment New recipients are aulomatcally enrolied prospectively
unbess they choose o opt-oul Follow-up data ame collected yeardy.

Results: Baseline data were obtalned In 1072 paticnis as at 1 fanoary 200 1. Ninety-
nine patients died: £4 were lost to follow ap. Forty-Tour per cent of patkents lost were
between 20 and 30 years of age. The sioe of the Fontan popolation is iIncresstng steadily.
Among 973 living patients, 541 (56%) gave consent for prospeciive collection ol Todlow
up. Between | January 2011 and 1 Januoary 2003, an additbonal 47 subjects were
enmbled prospectively. The corrent progoriion of patienis operated with hypoplastic left
heart syndrome 18 currently 29% and b growing rapldly.

Conclusion: The popolation surviving after the Fonlan procedure has been growing In
recenl decades, espedally since survival with hypoplastic keft bearl syndrome has
tmproved. The Australla and New Zealand Fontan Reglstry provides population-based
data, and only large databases ke this will give opportunities for understanding the
popalation and performing prospective trizls.

29%

HLHS
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All Patients with Single Ventricle Physiology
are not the Same

* Older studies:
* Tri atresia, DILV
* PA/IVS

* Heterotaxy:
* over/under represented
°* more AV valve problems

°* HLHS: A long-term survivors ...
unigue needs and issues




Pediatric Cardiac
Surgery Annual

Forty Years of The Fontan
Operation: A Failed Strategy

Jack Rychik

Sem Thoracic Cardiovasc Surg 2010
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Fontan — not a cure ...
S0, where do we go next
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... from discovery
to translation

MAYO
CLINIC

@y




MAYO
CLINIC

@y




Stem Cells for Single Ventricle Physiology:
Current Clinical Phase 1 Trials

1. HLHS: (ClinicalTrials.gov: NCT01883076)

 Direct intramyocardial injection
 Umbilical cord blood derived stem cells
 Atthe time of stage 2 surgery
 HLHS patients (3 — 18 months)

2. Failing Fontan: (clinicalTrials.gov: NCT02549625)

* |ntracoronary injection
e Bone marrow derived mononuclear cells

* RV morphology and failing Fontan, EF < 40% (2 — 30 yrs)
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