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BackgroundBackground
�� Functional Single VentricleFunctional Single Ventricle

�� 10% of patients with Congenital Heart Disease (CHD)10% of patients with Congenital Heart Disease (CHD)
�� Multiple DiagnosesMultiple Diagnoses

•• Tricuspid atresia, Pulmonary atresia, Double inlet left ventriclTricuspid atresia, Pulmonary atresia, Double inlet left ventricle, Hypoplastic e, Hypoplastic 
left heart syndrome, Unbalanced AV Canal, Heterotaxy syndromeleft heart syndrome, Unbalanced AV Canal, Heterotaxy syndrome

�� Palliation of Single VentriclePalliation of Single Ventricle
�� Functional ventricle: supply systemic blood flowFunctional ventricle: supply systemic blood flow
�� Staged Fontan to supply pulmonary blood flowStaged Fontan to supply pulmonary blood flow

•• Stage 1:  Neonatal periodStage 1:  Neonatal period
�� AortoAorto--pulmonary shunt or stented PDApulmonary shunt or stented PDA
�� Banded or stenotic PABanded or stenotic PA

•• Stage 2:  3Stage 2:  3--6 months6 months
�� Glenn shunt or HemiGlenn shunt or Hemi--Fontan:  Passive PBF to the pulmonary arteries by surgically Fontan:  Passive PBF to the pulmonary arteries by surgically 

anastomosing the SVC to the PAanastomosing the SVC to the PA
•• Stage 3:  2Stage 3:  2--4 years4 years

�� Fontan completion:  Surgically connecting the IVC to the PAFontan completion:  Surgically connecting the IVC to the PA



Single Ventricle Palliation: Stage 2Single Ventricle Palliation: Stage 2

�� William W. L. GlennWilliam W. L. Glenn

�� 1958: first successful 1958: first successful 
RPA to SVC shuntRPA to SVC shunt

�� Pioneered surgical Pioneered surgical 
palliation of Functional palliation of Functional 
Single VentricleSingle Ventricle
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BackgroundBackground
�� 15001500--2000 Glenn shunt surgeries yearly 2000 Glenn shunt surgeries yearly 

(U.S.)(U.S.)
�� 77--10 day hospitalization10 day hospitalization
�� 11--2 days in the intensive care unit2 days in the intensive care unit
�� Morbidity and MortalityMorbidity and Mortality

�� Advances in interventional pediatric Advances in interventional pediatric 
cardiologycardiology

�� Potential for a percutaneous Glenn Potential for a percutaneous Glenn 
shuntshunt

�� Benefits Benefits 
•• Avoid Sternotomy, cardiopulmonary Avoid Sternotomy, cardiopulmonary 

bypass, and surgical risksbypass, and surgical risks
•• 11--2 day hospitalization compared to 72 day hospitalization compared to 7--10 10 

daysdays



Is it possible to connect 2 vessels Is it possible to connect 2 vessels 
by current stent technology?by current stent technology?



Is it possible to connect 2 vessels Is it possible to connect 2 vessels 
by current stent technology?by current stent technology?



Is it possible to connect 2 vessels Is it possible to connect 2 vessels 
by current stent technology?by current stent technology?



Yes!Yes!



Is it anatomically feasible to Is it anatomically feasible to 
perform a percutaneous Glenn?perform a percutaneous Glenn?

SVC and RPA as seen on 
angiogram, AP view



HypothesisHypothesis

1.  A transcatheter magnetic device can be 1.  A transcatheter magnetic device can be 
created to guide a radiofrequency created to guide a radiofrequency 
mediated puncture from SVC to RPA.mediated puncture from SVC to RPA.

2.  A  percutaneous unidirectional Glenn 2.  A  percutaneous unidirectional Glenn 
shunt (SVC to RPA) can be safely and shunt (SVC to RPA) can be safely and 
consistently performed consistently performed in vivoin vivo..



SpecificSpecific AimsAims

1.  Fabricate a device made of NdFeB 1.  Fabricate a device made of NdFeB 
(Neodynium(Neodynium--IronIron--Boron) magnets to Boron) magnets to 
facilitate the ease and safety of facilitate the ease and safety of 
transvessel puncture form the SVC to RPAtransvessel puncture form the SVC to RPA

2.  Develop and utilize the methodology for 2.  Develop and utilize the methodology for 
creating a Glenn shunt by a noncreating a Glenn shunt by a non--surgical surgical 
connection between the SVC and RPAconnection between the SVC and RPA
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Materials and Methods:  Aim #1Materials and Methods:  Aim #1

�� Ten 3 mm (diameter) x 10 mm (length) x 0.4 mm (inner diameter) Ten 3 mm (diameter) x 10 mm (length) x 0.4 mm (inner diameter) 
NdFeB cylindrical magnets, coated with a nonNdFeB cylindrical magnets, coated with a non--corrosive material corrosive material 
purchased from Dura Magnetics (Sylvania, OH)purchased from Dura Magnetics (Sylvania, OH)

�� 33--pronged wire rail made of Nitinol (NiTi) fabricated using the pronged wire rail made of Nitinol (NiTi) fabricated using the 
NdFeB magnetsNdFeB magnets

�� Tested for its attraction to a single magnet at the end of a catTested for its attraction to a single magnet at the end of a catheterheter



Materials and Methods:  Aim #1Materials and Methods:  Aim #1
�� Simulated in a Simulated in a 

cadaveric porcine cadaveric porcine 
heart modelheart model

�� Nykanen Nykanen 
Radiofrequency Radiofrequency 
ablation wireablation wire

�� Nykanen RF wire Nykanen RF wire 
advanced to RPA advanced to RPA 
and coaxial wire and coaxial wire 
advanced from SVC advanced from SVC 
to RPA.to RPA.

�� Following successful Following successful 
design, design, test in vivotest in vivo..
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Materials and Methods:  Aim #2Materials and Methods:  Aim #2
�� Approval from the UCLA ARC: Approval # 200217002Approval from the UCLA ARC: Approval # 200217002

�� 8 Yorkshire pigs weighing 208 Yorkshire pigs weighing 20--25 Kg 25 Kg 

�� Housed in the UCLA vivarium and quarantined for 5Housed in the UCLA vivarium and quarantined for 5--10 days prior to being 10 days prior to being 
catheterizedcatheterized

�� All catheterizations occurred at the UCLA Rigler Center Animal RAll catheterizations occurred at the UCLA Rigler Center Animal Research esearch 
Catheterization Laboratory, equipped with a Phillips digital sinCatheterization Laboratory, equipped with a Phillips digital single plane fluoroscopygle plane fluoroscopy



Materials and Methods:  Aim #2Materials and Methods:  Aim #2

�� Pigs sedated, intubated, and placed Pigs sedated, intubated, and placed 
under general gas anesthesiaunder general gas anesthesia

�� Prepped and draped in the usual Prepped and draped in the usual 
sterile fashionsterile fashion

�� 7F sheath in FV and 5F sheath in FA 7F sheath in FV and 5F sheath in FA 
by Seldinger techniqueby Seldinger technique

�� Wire advanced from FV to RIJ to Wire advanced from FV to RIJ to 
serve as a fluoroscopic target for serve as a fluoroscopic target for 
sheath placement in RIJsheath placement in RIJ

�� Standard catheters and wires Standard catheters and wires 
(collected from cardiac catheterization (collected from cardiac catheterization 
laboratory and resterilized)laboratory and resterilized)



Materials and Methods:  Aim #2Materials and Methods:  Aim #2

�� Percutaneous Glenn shunt Percutaneous Glenn shunt 
(PGS)(PGS)

�� Initially using standard Initially using standard 
transseptal equipmenttransseptal equipment

�� NdFeB magnet cathetersNdFeB magnet catheters
�� Procedures evaluated and Procedures evaluated and 

comparedcompared
�� Successful pigs survivedSuccessful pigs survived
�� Recatheterization at 1 monthRecatheterization at 1 month
�� EuthanizedEuthanized
�� PostPost--mortem examinationmortem examination



Materials and Methods:  Aim #2Materials and Methods:  Aim #2
Transseptal TechniqueTransseptal Technique

�� 14 mm balloon angioplasty catheter positioned from FV to 14 mm balloon angioplasty catheter positioned from FV to 
RPARPA

�� Target for transseptal punctureTarget for transseptal puncture
�� Cook Transseptal Needle (19 G) positioned from the RIJ to Cook Transseptal Needle (19 G) positioned from the RIJ to 

SVC, and pointed towards the RPA with target balloon inflatedSVC, and pointed towards the RPA with target balloon inflated

�� Transseptal needle advanced through the SVC into the RPATransseptal needle advanced through the SVC into the RPA



Materials and Methods:  Aim #2Materials and Methods:  Aim #2
Transseptal TechniqueTransseptal Technique

�� Wire advanced from SVC to distal RPAWire advanced from SVC to distal RPA

�� Sheath advanced over the wire into the RPASheath advanced over the wire into the RPA

Sheath in 
the SVC

RPA



Materials and Methods:  Aim #2Materials and Methods:  Aim #2
Transseptal TechniqueTransseptal Technique

�� Atrium iCAST, polytetrafluoroethylene (PTFE) covered stent, Atrium iCAST, polytetrafluoroethylene (PTFE) covered stent, 
premounted on a 12 mm balloon catheter, advanced through premounted on a 12 mm balloon catheter, advanced through 
the sheath, and positioned across the SVCthe sheath, and positioned across the SVC--RPA junctionRPA junction

�� Stent unsheathed and deployedStent unsheathed and deployed



Materials and Methods:  Aim #2Materials and Methods:  Aim #2
Transseptal TechniqueTransseptal Technique

�� SVC angiogram to demonstrate flow from the SVC to the RPASVC angiogram to demonstrate flow from the SVC to the RPA



Results:  Aim #1Results:  Aim #1
�� Magnet catheter fabrication:  Design of 3 pronged magnet catheteMagnet catheter fabrication:  Design of 3 pronged magnet catheter was unsuccessfulr was unsuccessful

�� Design changed to 2 single magnet cathetersDesign changed to 2 single magnet catheters



Results:  Aim #2Results:  Aim #2

�� 6 pigs catheterized and attempted 6 pigs catheterized and attempted 
Percutaneous Glenn shuntPercutaneous Glenn shunt

�� Successful SVC to RPA stent graft in 5 of 6 Successful SVC to RPA stent graft in 5 of 6 
pigs catheterized using standard transseptal pigs catheterized using standard transseptal 
systemsystem
•• iCAST covered stents too small to entirely occlude iCAST covered stents too small to entirely occlude 

SVCSVC
•• RPA thrombosis in all casesRPA thrombosis in all cases

�� Unsuccessful in 1 of 6 pigsUnsuccessful in 1 of 6 pigs
•• Cardiac arrest secondary to tamponadeCardiac arrest secondary to tamponade



Results:  Aim #2Results:  Aim #2
Transseptal PGS Case 1Transseptal PGS Case 1
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Results:  Aim #2Results:  Aim #2
Transseptal PGS Case 2Transseptal PGS Case 2



Results:  Aim #2Results:  Aim #2
Transseptal PGS Case 2Transseptal PGS Case 2



Results:  Aim #2Results:  Aim #2
Transseptal PGS Case 3Transseptal PGS Case 3



PostPost--MortemMortem

Post-mortem examination demonstrating 
stent graft connecting SVC to RPA



Results:  Aim #2Results:  Aim #2
Magnet Catheters: SVCMagnet Catheters: SVC--RPARPA



Results:  Aim #2Results:  Aim #2
Magnet Catheters: DAoMagnet Catheters: DAo--LPALPA



Results:  Aim #2Results:  Aim #2
Magnet Catheters: Central ShuntMagnet Catheters: Central Shunt



Discussion:Discussion:
Percutaneous Glenn ShuntPercutaneous Glenn Shunt

�� Feasibility of placing a stent graft from SVC to Feasibility of placing a stent graft from SVC to 
RPARPA

�� Using standard transseptal equipmentUsing standard transseptal equipment
�� ReproducibleReproducible

�� Need to exclude entire SVC to promote flowNeed to exclude entire SVC to promote flow
�� Larger Atrium iCAST stent prototypes now availableLarger Atrium iCAST stent prototypes now available--

max diameter 25 mmmax diameter 25 mm
�� RPA thrombosisRPA thrombosis

�� Heparin protocol modificationsHeparin protocol modifications
�� Excluding entire SVC will promote flow to RPAExcluding entire SVC will promote flow to RPA

�� Testing in other speciesTesting in other species



Discussion:Discussion:
Magnetic CathetersMagnetic Catheters

�� Current designs make it difficult for SVC to Current designs make it difficult for SVC to 
RPA punctureRPA puncture

�� Plans for modificationPlans for modification

�� Success in puncture from Ao to LPASuccess in puncture from Ao to LPA
�� Demonstrates feasibility of technologyDemonstrates feasibility of technology

�� Creation of central shunt has clinical Creation of central shunt has clinical 
applicationsapplications
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