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Novel Catheter Techniques
in Congenital Heart Disease

1. Transcatheter pulmonary valve 
replacement

2. Fetal therapy to prevent or palliate 
hypoplastic left heart syndrome

3. Cutting balloon therapy for resistant 
peripheral pulmonary stenosis



• Bovine Jugular Venous Valve Segment

• Platinum-Iridium Stent

Melody® Transcatheter Pulmonary Valve

First implant - Sept 2000

Worldwide experience to date
- Over 650 patients
- Over 60 centers

Bonhoeffer et al.



Procedures 1/07 - 9/08Procedures 1/07 - 9/08

Catheterization
(N=66)

Successful
(N=59)

Unsuccessful
(N=1)

Not Attempted
(N=6)

Implant Attempted
(N=60)

In follow-up
(N=59)

Risk of coronary
compression (n=3)

Need for PA stenting (n=1)

Did not meet hemodynamic
criteria (n=2)

Homograft rupture

Transcatheter Pulmonary Valve Replacement:
Melody



Acute Hemodynamic Outcomes

N = 59

Pre-TPV   Post-TPV   P-value

Peak RV-PA grad (mmHg)   34.1� 15.6 14.3� 7.1   <0.001

RV pressure (mmHg) 65.2 ± 17.2   48.3 ± 14.6  <0.001

RV:AO pressure ratio 0.71 ± 0.18    0.44 ± 0.12  <0.001



Acute Hemodynamic Outcomes: PR

N = 59
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6-Month Follow-up MRI

N = 32 

Pre-TPV     6 Months    P-value

PR fraction (%) 30 (0-49) 0 (0-9) <0.001

RV EDV (mL/m2)   150 � 66 122 � 51      <0.001

RV EF (%) 48.5 ± 14.1     48.3 ± 14.6      0.32

LV EDV (mL/m2) 86 ± 18 92 ± 15          0.04

LV EF (%) 57.6 ± 7.9       57.4 ± 7.6 0.72



6-Month Follow-up Functional Status

N = 40 
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Procedural Adverse Events

• 3 (4.5%) procedural complications
- 1 conduit rupture

Rx: emergency surgery 

- 1 wide-complex tachycardia

Rx: cardioversion

- 1 perforation of distal PA

Rx: coil embolization

N = 66 



Stent Fracture

Total N=13
Within 6 months N=12

Freedom from stent fracture:

3 months:  93� 3%

6 months:  85� 5%



RVOT Reintervention

• 5 reinterventions for recurrent RVOT obstruction
- Second TPV in 4

- Balloon dilation in 1

• 3-14 months after initial TPV

• 4 with associated stent fracture

• All stenotic or mixed indication

• No regurgitation

• 1 later explanted for recurrent 

obstruction



Hypoplastic left heart syndrome (HLHS)
Spectrum of left heart hypoplasia and dysfunction 
at multiple levels

Evolving HLHS
Mid-gestation fetal AS with normal/dilated LV size
Progression to HLHS postnatally

Background

34 wks
LV LV

22 wks



Makikallio et al. Circ 2006

Progression of Mid-Gestation Fetal AS to HLHS

Among mid-gestation fetuses (23±4 wks) with AS 
and a normal size or dilated LV

- Retrograde flow in the transverse arch
- Monophasic MV inflow
- Severe LV dysfunction
- Left-to-right PFO flow

Predict postnatal HLHS
Retrograde flow in transverse arch



Fetal Cardiac Intervention: Technique

• Ultrasound guided

• Percutaneous/laparotomy

• Maternal anesthesia

• Uterine relaxation

• Fetal positioning

• Fetal anesthesia

• 19G needle

• 0.014” wire

• Coronary balloon



Technical Outcomes
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Outcomes

Failure
N=18

Procedures 
Attempted

N=70

Success 
N=52

2 Ventricle 
Circulation

N=17

Technical 
Outcome 

Pregnancy
Outcome 

Postnatal
Outcome 

No LB
N=5

Viable 
Live 
Birth
N=45

HLHS
N=28

No LB
N=3

IU
N=2

Fetal demise or 
pre-viable delivery  

N=5

Fetal demise N=2  
TAP N=1

HLHS
N=15



<0.00142/47 (89%)8/47 (17%)Biphasic MV inflow

<0.00139 ± 1521 ± 10LV ejection fraction (%)

0.059/47 (19%)1/47 (2%)PFO bidirectional flow 

<0.00135/47 (74%)0/47 (0%)Antegrade flow in TAA

P

Post-
dilation

32.8±2.8 wks

Pre-
dilation

23.5±2.1 wksVariable

Changes in Left Heart Function After Fetal 
Intervention



Changes in Left Heart Size After Fetal Intervention
2Ventricle
1 Ventricle
Unsuccessful



Factors Associated with Biventricular Outcome

Multivariable logistic regression

OR [95% CI] P

LV long axis Z-score      2.3 [1.3-4.1] 0.005      

“High” LV pressure 7.1 [1.5-34] 0.009

Postnatal mgmt at CHB 4.8 [1.0-22] 0.04



Threshold score
Value of 1 assigned for values above these thresholds:

LV long-axis Z-score > 0
LV short-axis Z-score > 0 
Aortic annulus Z-score > -3.5
MV annulus Z-score > -2
MV or AS max gradient � 20mmHg

Biventricular outcome
17 of 40 with score � 4
0 of 28 with score <4 

Threshold score � 4
100% NPV
43%  PPV for 2V outcome
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Severe PA Stenosis

• A feature of complex heart disease 
particularly TOF

• 50% responsive to low pressure 
angioplasty

• Another 20-30% respond to high 
pressure





Cutting Balloons

Characteristics
–Non compliant
–Coronary Cutting Balloon Diameter 2.0-4.0 mm 

3-4 microsurgical blades (profile 0.005”)

–Peripheral Balloon Diameter 5.0-8.0 mm 
Self folding mechanism

Mechanism
Score the vessel with blades

Propagate the tear with balloon inflation



Cutting Balloons for Resistant PA Stenosis

1. PA obstructions that did not respond to standard 
(8 atm) angioplasty were randomized to either 

high pressure (20 atm) or cutting balloon

2. Cutting balloon diameter limited to no more than 1 

mm larger than waist on standard balloon

3. In stent and collateral obstructions were 

disqualified



PA stenosis resistant to dilation at high pressures

High Pressure Angioplasty



Resistant PA stenosis successfully dilated with CB

Cutting Balloon Angioplasty



Procedural success (>50% increase) in 92% (35/38) of vessels

Effectiveness of Cutting Balloon Angioplasty for 
Resistant PA Stenosis

Bergersen et al 
Am J Cardiol 2003



Use of Cutting Balloons in Resistant PA Stenosis

1.  8 centers, 60 patients, 150 eligible vessels

2. 98 vessels randomized to CB: CB increased 
diameter 82% (versus 56% with HPB)

3. Vessels that failed HPB crossed over to CB, 
with a further increase in diameter of 38%

4. No difference in frequency of adverse events



Summary

1. Melody transcatheter pulmonary valve placement 
eliminates PR and reduces PS and RV volume at 

6-12 month follow-up

2. Fetal intervention for critical AS improves left 

heart filling and valvar growth, and results in 
biventricular outcome in ~50% of technically 

successful cases

3. Cutting balloons significantly improve therapy for 

resistant PA stenosis


