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The BeginningThe Beginning
of Pediatric Cardiologyof Pediatric Cardiology



Surgical Progress in Pediatric Cardiology 1Surgical Progress in Pediatric Cardiology 1Surgical Progress in Pediatric Cardiology 1Surgical Progress in Pediatric Cardiology 1

AA19391939 PDA Ligation (Gross)PDA Ligation (Gross)
1945 1945 Coarctation Resection (Crawford)Coarctation Resection (Crawford)( )( )
19451945 BlalockBlalock--Taussig ShuntTaussig Shunt
19501950 S i l S (Bl l kS i l S (Bl l k H l )H l )19501950 Surgical Septectomy (Blalock Surgical Septectomy (Blalock -- Hanlon)Hanlon)
1954 1954 Pump Oxygenator (Gibbon)Pump Oxygenator (Gibbon)p yg ( )p yg ( )
19551955 Open Bypass Heart Surgery (Lillihie)Open Bypass Heart Surgery (Lillihie)
19591959 Senning ProcedureSenning Procedure19591959 Senning ProcedureSenning Procedure
1964 1964 Mustard ProcedureMustard Procedure



Surgical Progress in Pediatric Cardiology 2Surgical Progress in Pediatric Cardiology 2Surgical Progress in Pediatric Cardiology 2Surgical Progress in Pediatric Cardiology 2

19681968 Human Heart Transplant (Barnard)Human Heart Transplant (Barnard)
19711971 Fontan ProcedureFontan Procedure1971 1971 Fontan ProcedureFontan Procedure
1975 1975 DamusDamus--KayeKaye--Stansel ProcedureStansel Procedure
19761976 Arterial Switch Procedure (Jatene)Arterial Switch Procedure (Jatene)
19761976 RastanRastan--Konno ProcedureKonno Procedure19761976 RastanRastan--Konno ProcedureKonno Procedure
19811981 Norwood ProcedureNorwood Procedure
19811981 Pediatric Heart TransplantPediatric Heart Transplant



BlalockBlalock Taussig ProcedureTaussig ProcedureBlalock Blalock –– Taussig ProcedureTaussig Procedure

Dr Helen Taussig conceived Dr Helen Taussig conceived 
id f i PDA fid f i PDA fan idea of creating PDA for an idea of creating PDA for 

cyanotic patients with TOF.cyanotic patients with TOF.
Initially contacted Dr RobertInitially contacted Dr RobertInitially contacted  Dr Robert Initially contacted  Dr Robert 
Gross at Harvard but he Gross at Harvard but he 
rebuked her.rebuked her.
Dr Afred Blalock reluctantly Dr Afred Blalock reluctantly 
accepted the challenge and accepted the challenge and 

Dr Blalock and Dr TaussigDr Blalock and Dr Taussig
At the news conference in 1949At the news conference in 1949

p gp g
persuasion by Dr Taussig.persuasion by Dr Taussig.



Vivien ThomasVivien Thomas
Dr Blalock’s  Lab assistantDr Blalock’s  Lab assistant





Hopkins Reunion in 1976Hopkins Reunion in 1976Hopkins Reunion in 1976Hopkins Reunion in 1976



Historical Management of TGAHistorical Management of TGAHistorical Management of TGAHistorical Management of TGA

19501950 BlalockBlalock--HanlonHanlon -- surgical septectomysurgical septectomy19501950 BlalockBlalock Hanlon Hanlon surgical septectomysurgical septectomy
19561956 Baffes Baffes -- partial venous routingpartial venous routing
19591959 Senning  Senning  -- atrial switchatrial switch
19641964 MustardMustard -- atrial switchatrial switch19641964 Mustard Mustard -- atrial switchatrial switch
19661966 Rashkind  Rashkind  -- balloon atrial septostomyballoon atrial septostomy
19761976 Jatene Jatene –– arterial switcharterial switch



BlalockBlalock Hanlon OperationHanlon OperationBlalockBlalock--Hanlon OperationHanlon Operation



Surgical Atrial SeptectomySurgical Atrial Septectomy
MortalityMortality

A h lA h lAuthors                         Year       MortalityAuthors                         Year       Mortality
Blalock & Hanlon Blalock & Hanlon 19501950 75%75%
Cornell et alCornell et al 19661966 53%53%
Deverall et alDeverall et al 19691969 45%45%Deverall et alDeverall et al 19691969 45%45%
Baker et alBaker et al 19711971 40%40%
Clarkson et alClarkson et al 19721972 29%29%
Behrendt et alBehrendt et al 19751975 21%21%Behrendt et alBehrendt et al 19751975 21%21%
Herman at alHerman at al 19751975 15%15%



Introduction of Pediatric Interventional Introduction of Pediatric Interventional 
Cardiac CatheterizationCardiac Catheterization

Balloon Atrial Balloon Atrial 
SSSeptostomy  Septostomy  
by Dr William Rashkindby Dr William Rashkind

Revolutionary change in Revolutionary change in gg
management of infants management of infants 
with TGAwith TGA

Dramatic improvement Dramatic improvement 
in morbidity and in morbidity and 
mortalitymortality



Results of Balloon Atrial SeptostomyResults of Balloon Atrial Septostomy
(Rashkind Procedure)(Rashkind Procedure)

AuthorAuthor YearYear Success Compl /mortalitySuccess Compl /mortality
Venables et alVenables et al 19701970 73%73% 15%15%
Rashkind et alRashkind et al 19711971 84%84% --
Baker et alBaker et al 19711971 71%71% 9%9%
Neches et alNeches et al 19731973 89%89% 2%2%N c sN c s %% %%
Hawke et alHawke et al 19741974 62%62% --
Rashkind et alRashkind et al 19741974 87%87% 3%3%Rashkind et alRashkind et al 19741974 87%87% 3%3%

Average 78%Average 78%



Blade Atrial Septostomy CatheterBlade Atrial Septostomy CatheterBlade Atrial Septostomy CatheterBlade Atrial Septostomy Catheter

Conceived the idea Conceived the idea 
in early 1970in early 1970

Hand Made ModelHand Made Model



Animal ExperimentAnimal ExperimentAnimal ExperimentAnimal Experiment

Blade Septostomy onlyBlade Septostomy only



Blade Balloon SeptostomyBlade Balloon SeptostomyBlade Balloon SeptostomyBlade Balloon Septostomy



Clinical Case Clinical Case –– Indianapolis, INIndianapolis, IN

3.5 yr old boy with DORV 3.5 yr old boy with DORV 
i l i i h PSi l i i h PSmitral atresia with PS, post mitral atresia with PS, post 

Waterston shuntWaterston shunt
Restrictive interRestrictive inter atrialatrialRestrictive interRestrictive inter--atrial atrial 
opening with pulmonary opening with pulmonary 
edema and high feveredema and high fevergg
Anesthesiologist and Surgeon Anesthesiologist and Surgeon 
were reluctant to perform were reluctant to perform pp
surgery.surgery.



Clinical Trial of the Blade CatheterClinical Trial of the Blade CatheterClinical Trial of the Blade CatheterClinical Trial of the Blade Catheter

Interatrial Mean GradientInteratrial Mean Gradient
Before 28 mmHgBefore 28 mmHg
After    3 mmHgAfter    3 mmHg



Radiographic ChangeRadiographic ChangeRadiographic Change Radiographic Change 
after the Blade Atrial Septostomyafter the Blade Atrial Septostomy



Pittsburgh Press   January 30, 1977Pittsburgh Press   January 30, 1977



Development of the Blade CathetersDevelopment of the Blade CathetersDevelopment of the Blade CathetersDevelopment of the Blade Catheters



Blade Atrial SeptostomyBlade Atrial SeptostomyBlade Atrial SeptostomyBlade Atrial Septostomy

Historic ProgressHistoric Progress

St diSt di Initi t dIniti t d R p rt dR p rt dStudiesStudies InitiatedInitiated ReportedReported
Animal ExperimentsAnimal Experiments 19731973 19751975
Clinical TrialClinical Trial 19751975 19781978
C ll b i Cli i lC ll b i Cli i lCollaborative Clinical Collaborative Clinical 
StudyStudy 19771977 19821982yy



Collaborative StudyCollaborative StudyCollaborative StudyCollaborative Study

Bakulev Institute, MoscowBakulev Institute, Moscow

Hospital for Sick Children, Hospital for Sick Children, 
TorontoToronto

Indiana University HospitalIndiana University Hospital

Texas Children’s Hospital, Texas Children’s Hospital, 
Houston, TexasHouston, Texas

Dr Charles E MullinsDr Charles E Mullins
Texas Children’s HospitalTexas Children’s Hospital Children’s Hospital of Children’s Hospital of 

PittsburghPittsburghgg



Blade Atrial Septostomy Blade Atrial Septostomy 
Current TrendCurrent TrendCu ent T endCu ent T end

Less used for congenital heart disease as early infantLess used for congenital heart disease as early infantLess used for congenital heart disease as early infant Less used for congenital heart disease as early infant 
surgery becomes routine.surgery becomes routine.

Other indications :Other indications :
Primary pulmonary hypertensionPrimary pulmonary hypertension to help the to help the a y pu o a y ype e s oa y pu o a y ype e s o to he p theto he p the
systemic output.systemic output.
To relieve pulmonary edema in patients onTo relieve pulmonary edema in patients on ECMOECMOp pp p
support.support.
To relieve proteinTo relieve protein--losing enteropathy (losing enteropathy (PLEPLE))



ComplicationsComplications
following Atrial Switch Proceduresfollowing Atrial Switch Procedures

(S i M t d d(S i M t d d ))(Senning or Mustard procedure(Senning or Mustard procedure))

Systemic or pulmonary venous obstructionSystemic or pulmonary venous obstruction
Atrial arrhythmia Atrial arrhythmia 
T i id i iT i id i iTricuspid regurgitationTricuspid regurgitation
Right ventricular dysfunctionRight ventricular dysfunctionRight ventricular dysfunctionRight ventricular dysfunction



ComplicationsComplications
following Atrial Switch Proceduresfollowing Atrial Switch Procedures

Right ventricular dysfunctionRight ventricular dysfunction

Option : Heart transplant orOption : Heart transplant or

ConversionConversion t A t i l S it h did tt A t i l S it h did tConversion Conversion to Arterial Switch candidate to Arterial Switch candidate 
that requires serial pulmonary artery that requires serial pulmonary artery 
banding procedures to train the left ventricle banding procedures to train the left ventricle 
to serve as a systemic ventricle.to serve as a systemic ventricle.yy

Requiring multiple open chest proceduresRequiring multiple open chest procedures



Percutaneously Adjustable Percutaneously Adjustable 
Pulmonary artery Banding DevicePulmonary artery Banding Device



Application of the Percutaneously Adjustable Application of the Percutaneously Adjustable 
Pulmonary Artery BandPulmonary Artery Band



Adjustable Pulmonary Artery BandAdjustable Pulmonary Artery Band
Animal ExperimentationAnimal Experimentation



Adjustable PA BandAdjustable PA Band
Animal ExperimentationAnimal Experimentation



Adjustable Pulmonary Artery BandAdjustable Pulmonary Artery Band
Clinical Case 1Clinical Case 1

Si l TGASi l TGASimple TGA Simple TGA 
5 months 5 months -- Senning ProcedureSenning Procedure
2.5 years 2.5 years -- Reoperation for Reoperation for 
pulmonary venous obstructionpulmonary venous obstruction
3 years 3 years -- RV dysfunction and RV dysfunction and 
tricuspid regurgitation developedtricuspid regurgitation developed
4.5 years 4.5 years –– Adjustable PA band Adjustable PA band 
was appliedwas applied
5 years 5 years –– Arterial switch Arterial switch 
procedure was done successfully.procedure was done successfully.



Adjustable Pulmonary Artery BandingAdjustable Pulmonary Artery Banding
Clinical Case 1Clinical Case 1

Dr Aldo Casneda performedDr Aldo Casneda performed
At Boston Children’s HospitalAt Boston Children’s Hospital

On August 12, 1988On August 12, 1988



Late Result of the Adjustable PA BandLate Result of the Adjustable PA BandLate Result of the Adjustable PA BandLate Result of the Adjustable PA Band



Adjustable Pulmonary Artery BandingAdjustable Pulmonary Artery Banding
Clinical Case 2Clinical Case 2

TGA with small VSDTGA with small VSD
2.5 years 2.5 years –– Developed severe Developed severe 
RV dysfunction and RV dysfunction and V dys c dV dys c d
tricuspid regurgitationtricuspid regurgitation
3 years3 years Adjustable PAAdjustable PA3 years 3 years –– Adjustable PA Adjustable PA 
band was appliedband was applied
3 63 6 A t i l it hA t i l it h3.6 years 3.6 years –– Arterial switch Arterial switch 
was performed successfully.was performed successfully.



Adjustable Pulmonary Artery BandingAdjustable Pulmonary Artery Banding
Clinical Case 2 in PittsburghClinical Case 2 in Pittsburgh

On January 18, 1989On January 18, 1989
At the Children’s HospitalAt the Children’s HospitalAt the Children s Hospital At the Children s Hospital 

of  Pittsburghof  Pittsburgh
By Dr Ralph D SiewersBy Dr Ralph D Siewers



Adjustable Pulmonary Artery BandAdjustable Pulmonary Artery BandAdjustable Pulmonary Artery Band Adjustable Pulmonary Artery Band 

Animal experimentations and limited clinical trials were Animal experimentations and limited clinical trials were 
successfulsuccessfulsuccessful.successful.

H f h li i l i l iblH f h li i l i l iblHowever, no further clinical trial was possibleHowever, no further clinical trial was possible
DUE toDUE to

Limited marketable valueLimited marketable value
Stringent FDA regulatory process Stringent FDA regulatory process 

= Huge expenses= Huge expenses
Loss of interest in manufacturing the productLoss of interest in manufacturing the productg pg p







Special Gathering in 1985Special Gathering in 1985Special Gathering in 1985Special Gathering in 1985



Two Legends in Pediatric CardiologyTwo Legends in Pediatric Cardiology



Some of my mentors and friendsSome of my mentors and friends



Legends in Cardiac MorphologyLegends in Cardiac MorphologyLegends in Cardiac MorphologyLegends in Cardiac Morphology



Defect ClosureDefect ClosureDefect ClosureDefect Closure

FDA approvedFDA approvedFDA approvedFDA approved



Stents for Congenital Heart DefectsStents for Congenital Heart DefectsStents for Congenital Heart DefectsStents for Congenital Heart Defects

PremountedPremounted

18,30,40,50 mm18,30,40,50 mm 19,25,29,39,59 mm19,25,29,39,59 mm 33--10 mm10 mm

10,16, 26, 36 mm10,16, 26, 36 mm



Computer Assisted NavigationComputer Assisted NavigationComputer Assisted Navigation Computer Assisted Navigation 

This CANav was developed This CANav was developed 
to track the trajectory of an to track the trajectory of an 
EM embedded needle and EM embedded needle and 
stylet relative to the position stylet relative to the position 
and orientation of  2D and orientation of  2D 
ultrasound image.ultrasound image.
It allows accurate and rapid It allows accurate and rapid 
navigation through multiple navigation through multiple 
tissue planes to a 3 mm tissue planes to a 3 mm 
target.target.



ComputerComputer--Assisted Navigation: Assisted Navigation: pp gg
Large Animal Validation in Fetal SheepLarge Animal Validation in Fetal Sheep

Use of the NDI Aurora magnetic generator, ultrasound Use of the NDI Aurora magnetic generator, ultrasound 
imaging and a custom needle containing a 0 4 mm diamimaging and a custom needle containing a 0 4 mm diamimaging, and a custom needle containing a 0.4 mm diam imaging, and a custom needle containing a 0.4 mm diam 

NDI magnetic positioning coil (right hand) within the NDI magnetic positioning coil (right hand) within the 
trocar of the needle, with sensor wires attached to thetrocar of the needle, with sensor wires attached to thetrocar of the needle, with sensor wires attached to the trocar of the needle, with sensor wires attached to the 

NDI system NDI system 
NDI: Nothern Digital IncNDI: Nothern Digital Inc



Novel Image Guided TechniqueNovel Image Guided Techniqueg qg q

Electromagnetic guided Electromagnetic guided 
imaging technologyimaging technologyimaging technologyimaging technology

En bl f t lEn bl f t lEnables fetal Enables fetal 
intervention such as intervention such as 
valvuloplasty andvalvuloplasty andvalvuloplasty and valvuloplasty and 
septosplastyseptosplasty

Prevention of HLHSPrevention of HLHS



We can now accurately diagnoseWe can now accurately diagnoseWe can now accurately diagnose We can now accurately diagnose 
congenital heart disease even in the fetus, and congenital heart disease even in the fetus, and 
can s rgicall repair or palliate the heart defectcan s rgicall repair or palliate the heart defectcan surgically repair or palliate the heart defect can surgically repair or palliate the heart defect 

in majority of  cases.in majority of  cases.

We can also intervene the residual lesion We can also intervene the residual lesion 
by  non surgical, transcatheter procedures.by  non surgical, transcatheter procedures.



Growing Number of Adult Growing Number of Adult 
with Congenital Heart Diseasewith Congenital Heart Disease



Future ChallengesFuture ChallengesFuture ChallengesFuture Challenges

Increasing population of adults with residual Increasing population of adults with residual 
heart disease heart disease –– previously palliated previously palliated p y pp y p
Close surveillance of highClose surveillance of high--risk patients (postrisk patients (post--
Senning & Mustard procedure)Senning & Mustard procedure)Senning & Mustard procedure)Senning & Mustard procedure)
Uncertain future of postUncertain future of post--Fontan patients Fontan patients 
Timely protection of RV in patients with Timely protection of RV in patients with 
significant pulmonary regurgitation (postsignificant pulmonary regurgitation (post TOFTOFsignificant pulmonary regurgitation (postsignificant pulmonary regurgitation (post--TOF, TOF, 
postpost--truncus repair,  & posttruncus repair,  & post--Ross group)Ross group)



Heart / Lung TransplantHeart / Lung TransplantHeart / Lung TransplantHeart / Lung Transplant



Ventricular Assist Device for InfantVentricular Assist Device for InfantVentricular Assist Device for InfantVentricular Assist Device for Infant



Our Team and CollaboratorsOur Team and Collaborators

Bradley B. Keller, MD      Kimimasa Tobita, MD             Joe TBradley B. Keller, MD      Kimimasa Tobita, MD             Joe Tinney, BA                  Steve Emery, MDinney, BA                  Steve Emery, MD

Fred Sherman, MD, MPH   Fred Sherman, MD, MPH   CHP and MWHCHP and MWH
Jacqueline Kreutzer, MD    Jacqueline Kreutzer, MD    CHPCHP
Mick McCaffrey, MD         Mick McCaffrey, MD         CHPCHP
Harvey Borovetz Ph DHarvey Borovetz Ph D Bioengineering MIRMBioengineering MIRMHarvey Borovetz, Ph.D.  Harvey Borovetz, Ph.D.  Bioengineering, MIRMBioengineering, MIRM
Johnny Huard, Ph.D.       Johnny Huard, Ph.D.       Orthopedics, MIRMOrthopedics, MIRM
Bruno Peault, Ph.D.        Bruno Peault, Ph.D.        Pediatrics, MIRMPediatrics, MIRM
Carter Ralphe, M.D.        Carter Ralphe, M.D.        Pediatric CardiologyPediatric Cardiology
Guy Salama Ph DGuy Salama Ph D Cell Physiol and BioCell Physiol and BioGuy Salama, Ph.D.          Guy Salama, Ph.D.          Cell Physiol. and Bio.Cell Physiol. and Bio.
Sanjeev Shroff, Ph.D.      BSanjeev Shroff, Ph.D.      Bioengineering, MIRMioengineering, MIRM
David Vorp, Ph.D.           David Vorp, Ph.D.           Surgery, MIRMSurgery, MIRM
Bill Wagner, Ph.D.          Bill Wagner, Ph.D.          Surgery, MIRMSurgery, MIRM
Jim Antaki Ph DJim Antaki Ph D Bioengineering CMUBioengineering CMU

Li Jun Liu, MD                  Kelly Clause, BSLi Jun Liu, MD                  Kelly Clause, BS

Jim Antaki, Ph.D.            Jim Antaki, Ph.D.            Bioengineering, CMU Bioengineering, CMU 
Takeo Kanade, Ph.D.       Takeo Kanade, Ph.D.       Robotics, CMURobotics, CMU
Jim Osborn, M.S.             Jim Osborn, M.S.             Robotics, CMURobotics, CMU

CASurgica, Inc.,  CASurgica, Inc.,  BlueBeltBlueBelt Technologies, Inc.Technologies, Inc.
Ension, Inc., Launch Point Technologies, Inc.Ension, Inc., Launch Point Technologies, Inc.



Gene Therapy is already in Clinical TrialsGene Therapy is already in Clinical TrialsGene Therapy is already in Clinical TrialsGene Therapy is already in Clinical Trials



Our Wishes may come True someday!Our Wishes may come True someday!Our Wishes may come True someday!Our Wishes may come True someday!



Pediatric Cardiology StaffPediatric Cardiology StaffPediatric Cardiology StaffPediatric Cardiology Staff
At the Children’s Hospital of PittsburghAt the Children’s Hospital of Pittsburgh



Final PleaFinal PleaFinal PleaFinal Plea

HH I i IdI i IdHave an Have an Innovative IdeaInnovative Idea

Have a firm Have a firm CommitmentCommitment to Work Hard to Work Hard 
to Achieve the Goalto Achieve the Goal

Have steadfastHave steadfast AmbitionAmbition purely for thepurely for theHave steadfast Have steadfast Ambition, Ambition, purely for the       purely for the       
benefit of the patientsbenefit of the patients

NeverNever Give UpGive Up



Why are we climbing Mt Everest?Why are we climbing Mt Everest?Why are we climbing Mt Everest?Why are we climbing Mt Everest?



No Pain = No Gain!No Pain = No Gain!No Pain  =  No Gain!No Pain  =  No Gain!



Final Take Home MessageFinal Take Home MessageFinal Take Home MessageFinal Take Home Message

I i IdI i IdInnovative IdeaInnovative Idea
C iC iCommitmentCommitment
Ambiti nAmbiti nAmbitionAmbition
Never Give UpNever Give UpNever Give UpNever Give Up



Final Take Home MessageFinal Take Home MessageFinal Take Home MessageFinal Take Home Message

Innovative IdeaInnovative Idea
CommitmentCommitment
A bi iA bi iAmbitionAmbition
N Gi UN Gi UNever Give UpNever Give Up









ALWAYS EXCITING IN ALWAYS EXCITING IN 
PITTSBURGHPITTSBURGH……




