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Disclosures

• None

• Off label use of FDA approved devices will be discussed
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Ideal Fontan Circuit

• unobstructed, laminar flow from IVC+SVC to PAs
• no energy loss through circuit
• ?pulsitility or valved forward motion
• stable flow dynamics over time
• growth potential to match somatic growth
• created with minimal impact

–does not increase arrhythmia risk
–does increase injury to ventricle
–does not increase risk to patient
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Lateral Tunnel Fontan

• Advantages
– widespread experience with procedure
– applicable to most anatomic variations
– ease of creation
– growth potential

• Disadvantages
– potential increased arrhythmias

• long atrial suture lines & increased atrial pressure

– loss of laminar flow overtime with dilatation of circuit
– myocardial ischemia to create circuit
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Fontan Technique
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ExtraCardiac Fontan-(tube graft)

• Advantages
–stable laminar flow
–no intra-cardiac suture lines or increased pressure
–can be created without myocardial ischemia

• Disadvantages
–no growth potential
–use of adult sized conduit can create distortion at 

either entrance from IVC or exit into PAs
–potential thromboembolism of conduit 
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NCH Fontan technique

• Modified extra-cardiac pericardial “well”

• On bypass, no x-clamp, no circulatory arrest

• Growth potential, no intra-cardiac suture lines

• Possible respiratory & cardiac “pulsation”
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Fontan Technique



………………..……………………………………………………………………………………………………………………………………..

Fontan Technique



………………..……………………………………………………………………………………………………………………………………..

Holy Grail

• A growing replacement material

• Versatile in possible applications

– Sizes

– Patches vs tubes vs valves

• Easy to handle and suture yet flexible and strong

• Hemostatic

• In-expensive



………………..……………………………………………………………………………………………………………………………………..



………………..……………………………………………………………………………………………………………………………………..



………………..……………………………………………………………………………………………………………………………………..

Back to the Future
Our Original Hybrid Concept of HLHS Repair

• One comprehensive open heart procedure          (combined 
stage 1,2 and part of 3), flanked by two          less invasive 
procedures

• Need a way to initially stabilize patient to an age 
appropriate for the “big operation”

– Control & protect PBF (LPA/RPA bands)

– Provide reliable systemic cardiac output (PDA stent)

– Create unobstructed flow from LA (BAS/stent IAS)

• Develop a way to less invasively complete the Fontan
circuit (covered stent)

Presented at the Society for Thoracic Surgeons Meeting, January 

2003
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Amplatzer PA Flow Restrictor
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All Transcatheter Stage 1



Blind pouch

Radio-opaque marker

Radio-opaque band

Comprehensive Stage 2
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Transcatheter Fontan
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Technique

• Transcatheter Fontan Completion 
– Previous “modified” cavo-pulmonary connection

– Transseptal needle puncture/RF perforation from jugular vein thru “sweet 
spot” into RA

– Snare guidewire to form veno-veno “rail”
– Custom-made covered stent 

• Delivered from groin through 13 or 14 Fr sheath  

– Goal: No interference with PA or IVC/hepatic vein flow & limit 
residual RL shunt

– Be ready to “bail-out”by converting back to BDG using CREBO 
(Cheatham Rapid Exchange Bail Out) 

• a 12-16mm x 1cm long balloon on multi-track design delivered from 
neck



PICS VI, Sept 25th, 2002: 2 y/o HLHS Undergoing Transcatheter Fontan Completion



Transseptal Perforation Along Radio-Opaque Marker (Sweet Spot)



Snare Of Guidewire To Allow CCPS Delivery



8Zig-60mm CCPS With 1 Row Uncovered @ Each End On 16mm BIB Catheter



Post Implant: IVC Angiogram… ↑ O2 Sats 95%



Post Implant: SVC Angiogram… ↑ O2 Sats 95% 



Transcatheter Fontan Completion



The Heart Center At Nationwide Children’s Hospital

After 24 hours, ready for discharge!
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Results

• 5 patients (22-24 months old, 10-12.4 Kg)
• All successful transcatheter Fontan circuit

– ↑ Sats 95%
– PAp increased 1 mmHg
– Unobstructed flow from IVC & hepatic veins into PA 

• No deaths, effusions, or blood transfusions
• All discharged home within 24 hours

Presented to The American Association of Thoracic Surgeons
International Symposium, May 2003
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Results - late

• 4 pts developed R>L shunts with decreased O2 
sats

– 1 btwn interlocking stents

– 3 at the IVC-RA junction

• All successfully treated with additional 
transcatheter covered stent 



4 mo after implant, O2 sats decreased to 72% 

secondary to “fenestration”

O2 sats increased to 96% after covering “fenestration”





The Heart Center At Nationwide Children’s Hospital

Other Past Attempts

• “Hausdorf G; Schneider M; Konertz W. Surgical preconditioning and 
completion of total cavopulmonary connection by interventional cardiac 
catheterisation: a new concept. Heart. 1996; 75(4): 403-9”

• First Stage: modified Hemi Fontan

» Subtotal banding of SVC-RA post Glenn

» Multiperforated baffle 5-7 (5 mm each) in RA

• Second Stage: Percutaneous completion

– Technique-1: Non-covered stent at surgically banded SVC-RA + Septal
Occlusion devices at each fenestration

– Technique-2: Angioplasty of surgically banded SVC-RA + Covered stent from 
IVC to dilated SVC-RA

8 patients with no mortality
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The “Set Up” For Transcatheter Completion Of Fontan



Gerd Hausdorf

Interventional completion of Fontan
Technique  2

Interventional completion of Fontan
Technique  1



Fontan Completion in the Cath Lab
Lessons Learned

for Surgeons & Interventionalists

International Symposium on the Hybrid Approach
to Congenital Heart Disease

Lee Benson & Christopher Caldarone
The Hospital for Sick Children

Toronto, Ontario



A Simple Surgical Technique For Interventional Transcatheter
Completion Of The Total Cavopulmonary Connection

Igor E. Konstantinov, MD, Lee N. Benson, MD, FRCPC, Christopher Caldarone, MD, Jia Li, 

MD, PhD, Mikiko Shimizu, MD, John G. Coles, MD, FRCSC, Glen S. Van Arsdell, MD, FRCSC 

and William G. Williams, MD, FRCSC

♥ Performed transcatheter Fontan completion successfully in 4 Yorkshire pigs



Hemi-Fontan BCPC

Surgical Setup at BCPS



Procedure performed in 7 children. 

Sat’s: 77±3% before intervention

96±4% @ case completion

90±8% @ hospital DC (n=4)

95±3% 2 weeks after DC’ (n=4)

3/4 children had PAVM’s detected @ cath.

A pleural effusion occurred in 6 children, 1 

requiring pleurocentesis.

Outcomes



Morbidity & mortality: due to stent migration.

IVC dislodgement was noted at cath and a 2nd stent
placed uneventfully, the child DC’ home.

SVC dislodgement in 1, IVC dislodgement in 2
resulting in the need for ECMO support, & ultimately
stent removal & surgical Fontan’s.

One of these children suffered a neurological injury
& was withdrawn from ventilatory support, despite an
intact CCF circuit.

Outcomes



What have we learned

The concept of a CCF has been supported.

Stent stability in the superior (SVC) &

inferior (IVS) ends, is not completely solved.

The IVC-RA junction undergoes dynamic changes
in it’s topology during respiration and retching  

The fixed SVC end exacerbates the problem.





Aperture creation in the PTFE medial wall of the lateral tunnel.

Sallehuddin A et al. Eur J Cardiothorac Surg 2007;32:195-
201

© 2007 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights 
reserved.



Angiogram following stent and ASD device placements within the lateral atrial tunnel.

Sallehuddin A et al. Eur J Cardiothorac Surg 2007;32:195-
201

© 2007 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights 
reserved.



The Heart Center At Nationwide Children’s Hospital

Ideas in the Works

• Novel surgical set-ups

• “Docking stations”

• Different covered stents

– Self-expanding vs balloon 

• Tapered balloons

• Novel membrane materials

• Cavo-pulmonary Assist Device



The Heart Center At Nationwide Children’s Hospital

Lateral Tunnel Docking Port

Courtesy of Evan Zahn, M.D.
Miami Children’s Hospital



The Heart Center At Nationwide Children’s Hospital

Creating the Docking Port

Courtesy of Evan Zahn, M.D.
Miami Children’s Hospital



PATENT OF INVENTION

For a term of 20 years for an invention for a title

FENESTRATION WITH INTRINSIC MEANS OF SELECTIVECLOSURE 

INCORPORATED TO A TUBULAR BODY AND USED IN INTERVENTIONAL  

CARDIOVASCULAR  PROCEDURES

Applied by RICARDO GAMBOA MD

Argentinian

Address: Calle 8 Nº 823

Postal code: 1900

Tolosa, La Plata

Buenos Aires Province

Argentina

Inventor: Ricardo Gamboa MD

The Future
Total cavopulmonary connection

The experimental model



Total cavopulmonary connection
The experimental model



FENESTRATION

Open

Closed



PROTOTYPE    

right branch

left branch

fenestration

Anatomic View

Total cavopulmonary connection
The experimental model



PROTOTYPE IN NITINOL

left branch

right branch

principal body

Anatomic View

Total cavopulmonary connection
The experimental model



• Fontan rescue

• Neonatal Fontan!
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Conclusions

• Yes, there has been and will be again a 
transcatheter Fontan option

• Merging forces of influence
– Surgical efforts to limit exposure to cross-clamping 

and development of techniques for off-bypass Fontan
completion

– Hybrid collaboration yielding new combined surgical-
cath procedures

– Rapidly emerging transcatheter technologies



THANK YOU


