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Principle of LaserPrinciple of LaserPrinciple of Laser Principle of Laser 
PhotoablationPhotoablation::

 PhotoablationPhotoablation is the use of  light to is the use of  light to 
i d tii d tivaporize and remove tissues.vaporize and remove tissues.



Photochemical Reaction:Photochemical Reaction:Photochemical Reaction:Photochemical Reaction:
Breaking Molecular BondsBreaking Molecular Bonds

 UV light pulse hits tissue for 125 billionth/sec UV light pulse hits tissue for 125 billionth/sec 
 50 microns penetration50 microns penetration50 microns penetration50 microns penetration



Photothermal:Photothermal:Photothermal:Photothermal:
Producing Thermal EnergyProducing Thermal Energy

 Tissue experiences Tissue experiences 
molecular vibrationmolecular vibrationmolecular vibrationmolecular vibration

Intracellular waterIntracellular water Intracellular water Intracellular water 
temperature becomes temperature becomes 
elevatedelevatedelevatedelevated

 Intracellular HIntracellular H22OO Intracellular HIntracellular H22O O 
vaporizes and ruptures vaporizes and ruptures 
cells (cell lysis)cells (cell lysis)



Photomechanical Reaction:Photomechanical Reaction:Photomechanical Reaction:Photomechanical Reaction:
Creating Kinetic EnergyCreating Kinetic Energy

 ByBy--products of products of 
ablation are ablation are HH22OO, , 
gasgas, , small small 
particles particles (<10 (<10 
microns)microns)

*RBC=6*RBC=6--8 microns8 microns



Hi t f LHi t f LHistory of LaserHistory of Laser
19171917: Einstein first: Einstein first 19171917: Einstein first : Einstein first 
postulates energy  is postulates energy  is 
generated from stimulatedgenerated from stimulatedgenerated from stimulated generated from stimulated 
photonsphotons

E= mc2E= mc2

 19601960: Optical laser  : Optical laser  
h l ih l itechnology testingtechnology testing

19871987 first Laser E e S rgerfirst Laser E e S rger 1987:1987: first Laser Eye Surgery first Laser Eye Surgery 
(NY, USA) (NY, USA) 

*Uses a wavelength of *Uses a wavelength of 308 nm308 nm



B i f E i LB i f E i LBasis of Excimer LaserBasis of Excimer Laser

 EXCIMER: ExciEXCIMER: Excitedted && didiMERMER

 LASER:LASER: LLightight AAmplification bymplification by LASER:LASER: LLight ight AAmplification by mplification by 
SStimulated timulated EEmission of mission of RRadiationadiation

 Excimer Laser: Excimer Laser: 2 atoms from a 2 atoms from a 
l d (X Cl) f tl d (X Cl) f tpulsed gas (XeCl) form a temporary pulsed gas (XeCl) form a temporary 

“excited molecule”, creating energy“excited molecule”, creating energy



Equipments: SpectroneticsEquipments: SpectroneticsEquipments: Spectronetics Equipments: Spectronetics 
Laser & cathetersLaser & catheters

CVX 300CVX-300
Excimer Laser System Catheter Size: 0.9-2.5 mm

Laser Catheter



Laser Catheter CaliberationLaser Catheter CaliberationLaser Catheter CaliberationLaser Catheter Caliberation
(0.9mm(0.9mm--2.5mm)2.5mm)



L S ttiL S ttiLaser SettingLaser Setting

Fl (30Fl (30 80)80) Fluence(30Fluence(30--80):80):
output energy density output energy density 
in millijoules/mmin millijoules/mm22in millijoules/mmin millijoules/mm22

 Frequency (25Frequency (25--80Hz):80Hz): Frequency (25Frequency (25--80Hz): 80Hz): 
repetition rate inrepetition rate in
cycle/secondcycle/secondy /y /



Pediatric ClinicalPediatric ClinicalPediatric Clinical Pediatric Clinical 
ApplicationsApplications

 Fetal Intervention: Fetal Intervention: TwinTwin--twintwin
TransfusionTransfusion HLHS with IAS PA/IVSHLHS with IAS PA/IVSTransfusion,Transfusion, HLHS with IAS, PA/IVSHLHS with IAS, PA/IVS

 Creation of PFO/ASDCreation of PFO/ASD Creation of PFO/ASDCreation of PFO/ASD

 Perforation of Valve Tissues:Perforation of Valve Tissues: PulmonaryPulmonary Perforation of Valve Tissues: Perforation of Valve Tissues: Pulmonary Pulmonary 
Atresia/ IVSAtresia/ IVS

 Creation of FenestrationCreation of Fenestration in Extracardiac in Extracardiac 
(Goretex) and Lateral Tunnel Fontan(Goretex) and Lateral Tunnel Fontan



First Use of Laser in FetalFirst Use of Laser in Fetal Cardiac Cardiac 
Intervention:Intervention: In Utero PFO Creation inIn Utero PFO Creation inIntervention: Intervention: In Utero PFO Creation in In Utero PFO Creation in 

HLHS/IASHLHS/IAS
l h b i hl h b i hElsa Suh, Ruben Quintero, James HuhtaElsa Suh, Ruben Quintero, James Huhta

 2005:2005: a 28 week gestational age fetus with a 28 week gestational age fetus with 
HLHS and intact atrial septumHLHS and intact atrial septumHLHS and intact atrial septumHLHS and intact atrial septum

 Transatrial delivery of Laser beam x 7Transatrial delivery of Laser beam x 7 Transatrial delivery of Laser beam x 7 Transatrial delivery of Laser beam x 7 
against the atrial septum (fenestrated PFO) against the atrial septum (fenestrated PFO) 

 ResultResult: FT 3.2 Kg infant with HLHS and : FT 3.2 Kg infant with HLHS and 
restrictive PFO but patent who underwent arestrictive PFO but patent who underwent arestrictive PFO but patent, who underwent a restrictive PFO but patent, who underwent a 
Stage I Norwood.Stage I Norwood.



C ti f PFO/ASDC ti f PFO/ASDCreation of PFO/ASDCreation of PFO/ASD

LL--R ShuntingR Shunting
(Decompression of LA(Decompression of LA

RR--L ShuntingL Shunting
((D i f RAD i f RA(Decompression of LA (Decompression of LA 

Hypertension)Hypertension)
((Decompression of RA Decompression of RA 

Hypertension)Hypertension)

 Mitral Stenosis/ Mitral Stenosis/ 
HLHS+IASHLHS+IAS

 RV Hypertension RV Hypertension 
(f PHTN(f PHTNHLHS+IASHLHS+IAS

 Mitral Regurgitation/ Mitral Regurgitation/ 
PHTN etcPHTN etc

(from PHTN, (from PHTN, 
postop TAPVC,  postop TAPVC,  
TOF/PA/MAPCA’STOF/PA/MAPCA’SPHTN, etc.PHTN, etc. TOF/PA/MAPCA S, TOF/PA/MAPCA S, 
etc.) etc.) 



PFO Creation for RPFO Creation for R--LLPFO Creation for RPFO Creation for R L L 
shuntingshunting

 1 month old 3.9 Kg male1 month old 3.9 Kg male
S/PS/P TAPVC R iTAPVC R i S/PS/P TAPVC RepairTAPVC Repair

 SevereSevere PHTNPHTN with with 
f t lf t lfrequent pulmonary frequent pulmonary 
hypertensive crisis hypertensive crisis 
Ob t t d bil t l iliOb t t d bil t l ili Obstructed bilateral iliac Obstructed bilateral iliac 
veins and upper veins and upper 
compartment veinscompartment veinscompartment veinscompartment veins

 Create atrial level RCreate atrial level R--L L 
decompression viadecompression viadecompression via decompression via 
transhepatic approachtranshepatic approach















Creation of PFO for LCreation of PFO for L--RRCreation of PFO for LCreation of PFO for L R R 
Shunting: Mitral StenosisShunting: Mitral Stenosis

A 5 YO l ithA 5 YO l ith A 5 YO male with A 5 YO male with 
Shone’s Complex with Shone’s Complex with 
Mitral Arcade & MSMitral Arcade & MS

 S/P 6 mm Genesis PM S/P 6 mm Genesis PM 
stent at 8 mo of age stent at 8 mo of age 
for LA HTN causing for LA HTN causing 
secondary PHTNsecondary PHTNsecondary PHTNsecondary PHTN

 Underwent MVRUnderwent MVRUnderwent  MVR Underwent  MVR 
surgery at age 5 YOsurgery at age 5 YO



Perforation of Pulmonic Valve:Perforation of Pulmonic Valve:Perforation of Pulmonic Valve:Perforation of Pulmonic Valve:
Pulmonary Atresia/IVSPulmonary Atresia/IVS



2 M j T f PA/IVS2 M j T f PA/IVS2 Major Types of  PA/IVS2 Major Types of  PA/IVS

Normal-Dilated RV
< 20%

Hypoplastic RV
> 80%  20% 80%



Postnatal Echocardiogram:Postnatal Echocardiogram:
PA/IVS / f l lPA/IVS / f l lPA/IVS s/p fetal valvotomyPA/IVS s/p fetal valvotomy

 Fetal Dx of PA/IVSFetal Dx of PA/IVS

 S/P fetal pulmonic S/P fetal pulmonic 
valvotomy at 29valvotomy at 29valvotomy at 29 valvotomy at 29 
weeks gestationweeks gestation

 FT female delivery FT female delivery 
BW = 2.9 KgBW = 2.9 Kg











FontanFontan Conduit: Creation ofConduit: Creation ofFontanFontan Conduit: Creation of Conduit: Creation of 
FenestrationFenestration

 Useful technology Useful technology 
for perforating for perforating 
Goretex (PTFE) Goretex (PTFE) 
conduit in conduit in 
Extracardiac FontanExtracardiac Fontan

 Melting Point ofMelting Point of
PTFE = 400 CelsiusPTFE = 400 CelsiusPTFE = 400 Celsius PTFE = 400 Celsius 

(752 F)(752 F)



Extracardiac FontanExtracardiac FontanExtracardiac Fontan Extracardiac Fontan 
AngiogramAngiogram









New Fenestration with RNew Fenestration with R--LLNew Fenestration with RNew Fenestration with R L  L  
ShuntingShunting

3 5 mm3.5 mm





Conclusion: Advantage ofConclusion: Advantage ofConclusion: Advantage of Conclusion: Advantage of 
Laser TechniqueLaser Technique

1.1. The smallest laser catheter could  be The smallest laser catheter could  be 
inserted  through a 4f delivery : inserted  through a 4f delivery : useful in useful in 
small infantssmall infants

2.2. Perforates Perforates all tissue typesall tissue types, including , including 
synthetic materials i.e. PTFE (Goretex)synthetic materials i.e. PTFE (Goretex)synthetic materials i.e. PTFE (Goretex) synthetic materials i.e. PTFE (Goretex) 

3.3. Vascular access Vascular access does not limitdoes not limit its its 
feasibility: the only requirement is a feasibility: the only requirement is a 
physical contact of the laser catheter physical contact of the laser catheter 



Disadvantage of LaserDisadvantage of LaserDisadvantage of Laser Disadvantage of Laser 
TechniqueTechnique

1.1. Old calcified (>12 years) PTFE graft did not Old calcified (>12 years) PTFE graft did not 
d t L ( l did t d td t L ( l did t d trespond to Laser ( also did not respond to respond to Laser ( also did not respond to 

BrockenbrauBrockenbrau needle)needle)
2.2. It is quite It is quite EXPENSIVEEXPENSIVE $$$:$$$:

Laser System: Laser System: $ 250,000 $ 250,000 yy $ ,$ ,

Laser Catheter: Laser Catheter: $1915$1915



Cli i l SCli i l SClinical SummaryClinical Summary

Total: 10 patientsTotal: 10 patients

Fetal: PFO creation (n 1)Fetal: PFO creation (n 1)Fetal: PFO creation (n=1)Fetal: PFO creation (n=1)
PFO/ASD Creation (n=3)PFO/ASD Creation (n=3)
Pumonary valve perforation (n=1)Pumonary valve perforation (n=1)
Fontan: (n=5 with 2 failure)Fontan: (n=5 with 2 failure)Fontan: (n 5 with 2 failure)Fontan: (n 5 with 2 failure)


