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Patient presenting withPatient presenting withPatient presenting withPatient presenting with

S/P T F 16 ld S/P ToF, 16 year-old
 RV volume 150ml/m2, EF 55%, PR fraction 40% on 

MRIMRI
 no TR
 Non-sustained VT and/or PVCs on Holter monitor
 QRS duration on surface 12 leads ECG:150 ms
 NYHA class II, normal Ex CP test (one unproven 

i d f di i )episode of dizziness)

 ⇒ Severe PR without ⇒ Severe PR without                                               
significant symptoms and signs

 Suggestion : Early PVRgg y



ToFToF –– Tale with a very long tailTale with a very long tailToFToF Tale with a very long tailTale with a very long tail

 Residual lesions

 Sequellae :  mainly, RV failure

 Ventricular Dysfunction & 

Impairment Of Exercise Tolerancep

 Arrhythmia and Sudden Cardiac 

Death

 Pulmonary RegurgitationPulmonary Regurgitation Pulmonary RegurgitationPulmonary Regurgitation



Indication of PVRIndication of PVRIndication of PVRIndication of PVR

 Uncertainty regarding
 Indication 
 Timing for PVR

 Lack of reliable tools & Lack of reliable tools & 
guidelines



Indication of PVRIndication of PVRIndication of PVRIndication of PVR

1. Patients with serious ventricular arrhythmias, when 
associated with severe PR and RV dilatation, with or without 
RV d f tiRV dysfunction.

2. Symptomatic patients with long-standing severe PR and RV 
dilatation with or without RV dysfunction. 

3. Asymptomatic or symptomatic patients with moderate to 
severe PR and haemodynamically significant associated 
lesions that  need surgical management. 

4. Asymptomatic patients with severe PR and evidence of pro
gressive RV dilatation and dysfunction (ECHO,RNA,CMR) 
and/or progressively diminishing exercise tolerance.



Indication of PVRIndication of PVRIndication of PVRIndication of PVR

4. Asymptomatic patients with severe PR and evidence of progressive RV    
dilatation and dysfunction and/or progressively diminishing exerc
ise tolerance.

 Risk in asymptomatic patients 
Heart 2000;84:416 420 Semi thorac cardio surg2005;17:155 9Heart 2000;84:416-420, Semi thorac cardio surg2005;17:155-9

 RV end-diastolic volume ≥ 170 (or 120) mL/m2
Am J Cardiol 2005;95:779-782

 QRS duration ≥ 180 msec Am J Cardiol 1997; 80:160-163Q S du at o 80 sec ;

 Increased rate of change in QRS duration (≥ 3.5 msec/yr)
Lancet 2000;356:975-981

 RV end-systolic volume (ESV) ≥ 85 (or 95) mL/m2y
Am J Cardiol 2005;95:779-782

 NYHA II or higher                                          Circulation 2002;106:1703-1707



Indication of PVRIndication of PVRIndication of PVRIndication of PVR

 RiskRisk in asymptomatic patients Should do something, 
BEFOREBEFORE ~

 RV end-diastolic volume        
≥ 170 (or 120) mL/m2

 RV end-diastolic volume     
 QRS duration ≥ 180 msec

 Increased rate of change in    
QRS d i ( 3 5 / )

= 170mL/m2

 QRS duration =180 msec
I d f h iQRS duration (≥ 3.5 msec/yr)

 RV end-systolic volume          
≥ 85 (or 95) mL/m2

 Increased rate of change in   
QRS duration (>3.5 msec/yr)

 RV end-systolic volume mea≥ 85 (or 95) mL/m2

 NYHA II or higher 

 RV end systolic volume mea
sured reaches 85  mL/m2



Tail ofTail of SequelaeSequelaeTail of Tail of SequelaeSequelae
i l f i i f i Ventricular Dysfunction & Impairment Of Exercise 

Tolerance
 Exercise tolerance was improved after PVR Exercise tolerance was improved after PVR
 Evaluation of symptoms alone does not reflect the functional RV   

derangement Circulation 1995;91:1775-81

 Potential for RV recovery after PVR might be compromised           
in adult  patients JACC 2000;36:1670-5, ATS 2002;73:1794–800

W iti f t t ll i ibl RV d f Waiting for symptoms to appear may allow irreversible RV dysfun
ction to occur and result in minimal benefits from PVR

Int J Cardiol 2004;97 Suppl 1:91-101

 Plus, The later PVR, the greater chance of RVOT procedure that 
contributes to poor RV recovery Int J Cardiol 2004;97 Suppl 1:91-101

Circulation. 2002;106:1703-1707



Tail ofTail of SequelaeSequelae byby Cardiac MR studyCardiac MR studyTail of Tail of SequelaeSequelae byby Cardiac MR studyCardiac MR study

In adult patients with PR and RV dilatation,             
We advocate a less restrictive management 
concerning PVR in these patients.



Tail ofTail of SequelaeSequelaeTail of Tail of SequelaeSequelae

 Arrhythmia and Sudden Cardiac Death

 Holter monitoring is not helpful for identification of patients Holter monitoring is not helpful for identification of patients    

with risk JACC 1994;23:1151-5 (12yr f/u), Lancet 2000;356:975-981

 QRS duration stabilized (it continued to increase in a control 

group with similar follow-up duration), but failed to decrease 

as one would have hoped. It is likely that patients would 

benefit more if valve replacement were performed before the f f p p f f

onset of symptoms. Semi thorac cardio surg 2005;17:155-9



Tail ofTail of SequelaeSequelaeTail of Tail of SequelaeSequelae
≥ moderate PR

 Pulmonary Regurgitation Lancet 2000;356:975-981

 Pulmonary regurgitation was the main underlying haemodynamic
≥ moderate TR

y g g y g y

lesion for patients with ventricular tachycardia and sudden death.

 None of the patients who died suddenly underwent late reoperatio

≥ moderate TR

 None of the patients who died suddenly underwent late reoperatio

ns (PVR), implying a role for residual hemodynamic substrate(PR).

At least moderate PR with or without branch pulmonary artery st

RVsysPR

 At least moderate PR, with or without branch pulmonary artery st

enosis, was the culprit hemodynamic lesion in patients who  develo

ped SVT Furthermore PR was virtually present in all cases of suped SVT. Furthermore, PR was virtually present in all cases of su

dden death. 



Inconstant value ofInconstant value of TxTx tool over timetool over timeInconstant value of Inconstant value of TxTx tool over timetool over time

 Ex) ASD device closure

 Advance in Technology

 Support from Society or System (Healthcare System)

 Patient’s preference – Life style or Occupation



Indication of PVRIndication of PVRIndication of PVRIndication of PVR

 On How Bad ?

 On When Bad ? : Timing
 Tail of tale : propensity not the cross sectional Tail of tale : propensity, not the cross-sectional 

results



On When Bad ? :On When Bad ? : TimingTimingOn When Bad ? : On When Bad ? : TimingTiming



On When Bad ? :On When Bad ? : TimingTimingOn When Bad ? : On When Bad ? : TimingTiming

Clinical nature Correlation 

TimeTime



More clues for making a decisionMore clues for making a decisionMore clues for making a decisionMore clues for making a decision

S i l d li i l i f i Serial trend on clinical information
 OP date and Days from the operation
 OP tech Annular preservation or Transannular patch ? OP tech – Annular preservation or Transannular patch ?
 Other pathologic lesion in RV
 Tissue Doppler Tissue Doppler 
 MRI : 

 Volume/mass ratio  
 RV end-systolic & end-diastolic volume

 EKG : 
 Rate of change of QRS duration Rate of change of QRS duration
 Inhomogeneity of repolarisation
 Microvolt T wave alternans

 Gene expression 
 Occupation or wishful life style 



Suggestion :Suggestion : Early PVRSuggestion : Suggestion : Early PVR
 More clinical reports were required More clinical reports were required

 Well-designed, cumulative data
 Cardiac MR

 Don’t get the degree of hemodynamic deterioration to progress 
beyond the capacity for recovery after intervention. 
 Vigilant F/U on asymptomatic or minimally symptomatic 

patients 
 More liberal approach with earlier timing of PVR before More liberal approach with earlier timing of PVR before 

symptoms associated with the hemodynamic substrate ensue, which 
is depends on 

h li f h l h f h i The quality of healthcare system of each society 
 How vigilant the patient follow-up programs are. 

 ?? : simply reducing RV size is “good enough” vs reaching a normal ?? : simply reducing RV size is good enough  vs. reaching a normal 
RV size on long-term morbidity and mortality 


