
C SDebate in CHD - When Should We 
Replace Pulmonary Valve?Replace Pulmonary Valve?

Lee, Jae YoungLee, Jae Young
Dept of Pediatrics Seoul Saint Mary’s HospitalDept of Pediatrics Seoul Saint Mary’s HospitalDept. of Pediatrics, Seoul Saint Mary s HospitalDept. of Pediatrics, Seoul Saint Mary s Hospital

The Catholic University of KoreaThe Catholic University of Korea



14 yr/m, TOF repair (1yr)14 yr/m, TOF repair (1yr)
FC IFC IFC IFC I

PR Fraction PR Fraction -- 48 %48 %
RV EDV indexRV EDV index 186ml/m2 (z=11)186ml/m2 (z=11)RV EDV index RV EDV index -- 186ml/m2 (z=11)186ml/m2 (z=11)
RV ESV index RV ESV index -- 101ml/m2 (z=10)101ml/m2 (z=10)
RV EF  RV EF  -- 46 %46 %
LV EFLV EF 58 %58 %LV EF  LV EF  -- 58 %58 %
TR, mild.   TR, mild.   



C    ti t ft  TOF iCase : a patient after TOF repair

 Age; 16 year-old-boy/girl
A t TOF i ? Age at TOF repair?

 One unproven episode of dizziness
NYHA l II d N l CPET NYHA class II and Normal CPET

 EKG: QRS duration 150 ms
 Holter: nonsustained VT and/or PVCs
 MRI:  RV volume 150 ml/m2, EF 55%, 

PR fraction 40%
 no TR



B k d PRPRBackground
TRTR

PRPR

 PR after repair of TOF
PSPS

 PR after repair of TOF
 Progressive RV dilatation & 

failure
 Exercise intolerance
 Arrhythmia Arrhythmia
 Sudden death

Gatzoulis MA et al, Lancet 2000;356:975-81



PVR ft  i  f TOFPVR after repair of TOF

 Prevention of irreversible RV dysfunction
 Survival benefit

 Symptomatic improvement y p p
VS.

 Repeated PVR Repeated PVR
 Op risk
 Cost



R d  PVRRedo PVR

85%85%
78%78%

68%68%

85%85%

175 175 homograftshomografts

EurEur Heart J 2006, Heart J 2006, 
NetherlandsNetherlands

JY LEE, JY LEE, EurEur J CardioJ Cardio--thoracic thoracic 
SurgSurg, , 2003, Korea2003, Korea, , SejongSejong GHGH



Longevity of prosthetic pulmonary valves and valved
conduits

J Thorac Cardiovasc Surg 2000;120:1022-31



Longevity of prosthetic pulmonary valves and valved 
conduits

Age is a dominant risk factor 
predictive of pulmonary valve
prosthesis failure

J Thorac Cardiovasc Surg 2000;120:1022-31



M t lit  Mortality 

SeminSemin ThoracThorac CardiovascCardiovasc SurgSurg
PediatrPediatr Card Card SurgSurg Ann, 2006Ann, 2006

SJHSJH 114    114    2 (1.8%)    2 (1.8%)    



I di ti  f PVRIndications of PVR

Symptoms
RV failure
Exercise intoleranceExercise intolerance

• Functional class
• Cardiopulmonary exercise test (CPET)Cardiopulmonary exercise test (CPET)

Arrhythmias
RV / LV function
Associated conditionsAssociated conditions



I di ti  f PVRIndications of PVR

Cardiopulmonary exercise test
Still no definite criteria
Observe the trendObserve the trend 



C di l  i  t tCardiopulmonary exercise test

AJC, 2001, TorontoAJC, 2001, Toronto



C di l  i  t tCardiopulmonary exercise test

EE J C diJ C di th ith iEurEur J CardioJ Cardio--thoracic thoracic 
SurgSurg, 2007, 2007



C di l  i  t tCardiopulmonary exercise test

Circulation 2008, LondonCirculation 2008, London



I di ti  f PVRIndications of PVR

 Arrhythmia
Sustained VT
 IART (flutter / fibrillation) IART (flutter / fibrillation)

QRS duration
 Associated with VT and SCD

• > 180 ms
• Rate of change - 3.5 ms / yr

Lancet 2000Lancet 2000



Gatzoulis MA et al, Lancet 2000;356:975-81



Prognostic significance of ventricular arrhythmia after repair of Prognostic significance of ventricular arrhythmia after repair of 
tetralogy of Fallot: a 12-year prospective study

 48-h ambulatory ECG in 86 patients (3 to 45 years ) 
 Followed up prospectively for 12 years Followed up prospectively for 12 years

n % Death
Normal rhythm 31 36 1Normal rhythm 31 36 1

(SCD)Infrequent uniform PVC (<30/hr) 16 19

Frequent uniform PVC (> 30/h) 2 2 1Frequent uniform PVC (  30/h) 2 2 1
(non sudden 
death)Complex PVC (couplets or multiform) 30 35

Nonsustained ventricular tachycardia 7 8y

total 86 100

Cullen S et al. J Am Coll Cardiol 1994;23:1151–55



RV f tiRV functions

MRI study – gold standard
Echocardiography



RV functionsRV functions

RV EDVI >170 ml/mRV EDVI >170 ml/m22 or RV ESV > 85 ml/mor RV ESV > 85 ml/m22

AJC 2005, Toronto



MRI t d  MRI study 

 33 patients
 Age at PVR (median); 15.8 yrs (5.8 - 46 yrs )
 Age at TOF repair (median); 2.7 yrs (0.7 - 36 yrs)
 MRI study

• Median 9 days (6 - 45 days) before
M di 9 9 (6 7 11 9 ) ft PVR• Median 9.9 mo (6.7 – 11.9 mo) after PVR



Correlation; pre & postop RV volumes



RV d f ti  ft  PVRRV dysfunction after PVR

RV EDV Z score > 5.5RV EDV Z score > 5.5
((RV EDV RV EDV  160ml/m160ml/m22))

RV ESV zRV ESV z--score > 6.0 score > 6.0 
(RV ESV(RV ESV 82 ml/ m2)82 ml/ m2)

sensitivity 67%, specificity 83% sensitivity 67%, specificity 83% sensitivity 73%, specificity 78% sensitivity 73%, specificity 78% 



RV d f ti  ft  PVRRV dysfunction after PVR

RV EDV z-score < 5.5 RV EDV z-score > 5.5

AND

RV ESV z-score < 6.0

OR

RV ESV z-score > 6.0

p value

Patients, n 16 17

NYHA class > II, n 1 4 ns

Post-PVR RV dysfunction, n (%) 2 (13%) 13 (73%)* < 0.001

Post-PVR RV EDV z- score 0.10 ± 0.93 2.30 ± 1.42 < 0.001

Post-PVR RV ESV z- score 0.65 ± 1.26 2.93 ± 1.37 < 0.001

Post-PVR RV EF, % 56 ± 8.0 51 ± 4.7 < 0.05

*Fisher’s exact test odds ratio for RV dysfunction; 22.8 (95% CI 3.6 - 146, p < 0.001).



RV f ti   RV EFRV function : RV EF

AJC 2005, Toronto
Data from SJH

* , p<0.001

Pre PVR RV EF (%)
< 45 > 45

Post PVR RV EF (%) 40  11* 55  8*Post PVR RV EF (%) 40  11 55  8
Relative risk (95% CI) 2.8 (1.4 – 5.6) 0.2 (0.1 – 0.6)



RV f tiRV functions

RV EDV > 160-170 ml/m2

RV ESV > 80-85 ml/m2

RV EF < 45 %RV EF < 45 % 

LV dysfunctionLV dysfunction



A i t d l iAssociated lesions

Residual VSD
Severe TR
RVOTO or huge neurysmRVOTO or huge neurysm
PS, branch PA
AR
 Lung problems Lung problems 



Thi  C  Y ’d b tt  f  di llThis Case – You’d better fu medically

Indicator Patient OP ?
PR f ti 25 40% 40 % M idPR fraction 25-40% 40 % May consider
Age ? 16 yr ?
Symptom + Dizziness ?Symptom Dizziness ?
NYHA class > II or III ? II ?
CPET ? Normal no
QRS duration >180 ms 150  ms no
Holter ? Nonsustained VT no
Cli i l VT YClinical VT Yes no no
RV EDV > 160-170 ml/m2 150 ml/m2 no
RV EF < 45% 55 % noRV EF < 45% 55 % no
Associated lesions Yes no no



I  iIssues remain

 RV dysfunction after PVR
H b d i t b d? How bad is too bad?

P t l i ti Percutaneous valve insertion
 New indication?

 Mechanical valve?
 Bioengineered valve?
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