
©2017 MFMER  |  3628518-1©2017 MFMER  |  3628518-1

Survival Outcomes after Fontan
It is not a “Repair”
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What we will cover this morning …

• History of the Fontan operation

• Issues after Fontan operation

• Outcomes after Fontan operation

• Future for patients after Fontan
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Evolution of Management for
Patients with Single Ventricle Physiology

1940 1950 1960 1970 1980  1990 2018
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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



Fontan Operation: The Reasons

• Eliminate cyanosis
• Reduce risk of stroke

• Eliminate volume overload
• Preserve ventricular function

• Improve exercise tolerance

• Prolong life



“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’s Advice

Fontan F. JTCVS, 1986: 92:1045
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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 
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Spectrum of Fontan Connections

Which size ECC is best?
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%
• ↑ mesenteric vascular resistance

• inflammation



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 ?
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FALD
Fontan Associated Liver Disease

Fontan Physiology Compromises other Organs

• Hypoxemia with low cardiac output

• Chronic � CVP

• Chronic � mesenteric vascular resistance

• Plus: perioperative insults, atrial arrhythmias, 
HCV infection







Mayo Clinic
Proposed Recommendations for Liver 

Evaluation in Pts. with Functional 
Single Ventricle Physiology

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

• When, what tests ?

• If you find something, then what ?



Fontan

Years 1-10 post-Fontan:

• Annual clinical evaluation.

• Laboratory evaluation 

every 2-3 years.

• Calculate APRI and 

FIB-4 scores.

• US 5 years post-Fontan to 

screen for early 

complications.

Laboratory or clinical 

evidence of cirrhosis or 

PH

Evidence of failing 

Fontan?

>10 years post-

Fontan

Abdominal US AND 

referral to 

hepatologist

Surveillance for liver disease 

before and following the 

Fontan procedure.

• US with shear-wave 

elastography

• Pre-operative 

laboratory evaluation

Abdominal 

ultrasound



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



Path + Ultrasound shear modulus 

changes with fluid bolus

• Pig # Fibrosis/Vascular Congestion % ↑shear 

modulus.

• +++++++++++++++++++++++++++++++++++++++++++++++++

• 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

Earing , Cetta, Driscoll, et al , AJC, 2004

164 atrio-pulmonary connection

29   Lateral tunnel

13   TCPC

8     Extra-cardiac conduit



Freedom from IART after Fontan Operation

by Type of Connection

Stephenson, et al,  JACC 2010

APC

ICLT

ECC

ECLT





- AVV replacement
- Fontan > 20 mmHg

NSR = protective

5-7 %



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)
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Fontan Survival with PLEFontan Survival with PLE

Feldt et al:  JTCVS 1996 112:672Feldt et al:  JTCVS 1996 112:672

Survival 
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YearsYears

Survival after 
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Survival after 
diagnosis of PLE
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Transplant-free Survival After Diagnosis of PLE

Follow-up time (year)

%

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

88 20 7



5 yr. 
survival = 

88%

Worse outcome:
Mean PAP > 15 mmHg

EF < 55%

Non-
Cohort 
Study







Study No. 
Woman

Maternal 
Age @ 

Pregnancy 
(yrs)

No. of 
Pregnancy

Preterm %
Mean GA 
Mean BW 

(kg)

Maternal 
Deaths

During   After

Anti-coagulation 
During Pregnancy

Ventricular 
Morphology

Mayo
Pundi et al

2016

35 26 (18-36) 70 81%
33 wks 
(2.1)

0 1 aspirin – 12
LMWH – 3
VKA - 0

LV – 68%

France
Gouton et 

al

2015

37 27 (19-41) 59 69%
34 wks
(2.0 )

0 0 aspirin – 11
LMWH/UFH – 17
VKA - 10

LV – 70%

No. Am.
Cannobio et 

al 2013

52 25 (17-36) 103 -
34 wks
(2.2)

0 5 aspirin – 52
LMWH – 4
VKA - 4

-

ANZ
Zenter et al 

2016

20 25 (23-32) 40 72%
31 wks
(1.6)

0 0 Aspirin - 6
LMWH/VKA - 5

-

Pregnancy after Fontan
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Placenta: 27 week delivery - preeclampsia
30 y/o with tricuspid atresia, s/p Fontan

850 gm male newborn



Casey 4 years later …



Viable Pregnancies after Fontan

• All women 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



Fontan & Pregnancy

• 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

• Stillbirth

• Pre-term delivery

• SGA newborns

• May also be factors in fetus with CHD



Chorionic Villi
in Pre-eclampsia

Normal

Placental 
Infarct

Villous 
Hypoplasia

Courtesy of Sarah Kerr, MD



Decidual Vessels in   
Pre-eclampsia

Normal

Foamy 
histiocytes

Thickened spiral 
arteries

Courtesy of Sarah Kerr, MD



Placental Evidence of Pre-eclampsia

• Chorionic Villi:

• Hypoplasia with  � 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

• Sinus rhythm 

• Systemic arterial saturation > 90%

• EF > 40%
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Survival after Fontan Operation
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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
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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
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Survival after the Fontan Operation

Follow-up time (year)

%

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

Overall Survival

Follow-up time (year)

1973-1990
1991-2000

2001-

%

P<0.001

Survival by 
Surgical Era

1052 650 370 43 775 576 490
191 159 141

86 48 19
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Procedures after Fontan
N = 1052 pts

• Pacemaker/AICD 212 (20%)

• Fontan revision/conversion 117 (11%)

• AV valve repair/replacement 66   (5%)

For many, Fontan is not the end …



PHN study

373 pts

90% Tx-free @
12 yrs f/u

� Exercise 
performance 

with time



Population 
Based Outcomes

1072 pts

29% 
HLHS









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: � long-term survivors … 
unique needs and issues
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Sem Thoracic Cardiovasc Surg 2010



©2016 MFMER  |  3506360-62

Fontan – not a cure …
So, where do we go next  ??
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… from discovery 
to translation
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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

• At the time of stage 2 surgery 

• HLHS patients (3 – 18 months)

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

• Intracoronary injection

• Bone marrow derived mononuclear cells

• RV morphology and failing Fontan, EF < 40% (2 – 30 yrs)
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