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Congenital Heart Disease (including TET):

Determinants of long-term outcome 

 Anatomy 
 Age at surgery
 Type of surgery
 Residual lesions *

 FU and surveillance (including pregnancy)
 Re-operations (timing/increasing complexity)
 Arrhythmia and sudden cardiac death
 Life style issues and functional aspects of care

 Acquired cardiovascular and other disease



Residual Lesions*/Common Problems 
Late After Tetralogy Repair

 RVOT lesions (PR, PS, 

PA stenosis)

 RV/LV dysfunction

 Aortopathy

 Exercise intolerance

 Atrial flutter/fibrillation

 Sustained VT

 Premature death (SCD)
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Natural history of isolated congenital PR

Shimazaki et al.,  Thorac Cardiovasc Surg 1984

• Effort intolerance

• Dyspnoea

• Oedema

• Sudden death



0

20

40

60

80

100

VT

SD

AF

Arrhythmia-free

     RVSP          TR              PR
  (>60mmHg)   (> moderate)  (> moderate)

%
 p

a
ti

e
n

ts

Gatzoulis et al  Lancet 2000

PR after Tetralogy Repair
Arrhythmia and sudden cardiac death (n=793)
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793 adult pts (1985-95)
33 pts died (4.2% mortality)

Late Death in Repaired Tetralogy



TET Multi-Centre Study

(793 pts, 1985-95)

 33 pts sustained VT

 16 sudden deaths

 29 pts AF/Fib

 715 pts arrhythmia-free
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4pts with AF  VT, 

1 of them  SCD



Variable Predictors Effect (b) 95% CI P       .           

PRF TAP +16% 8 to 25 <0.001

RVEDVi RVOTa/a +24% 6 to 42 0.008

PRF +1.5ml/% 1.1 to 1.9 <0.001

RVESVi RVOTa/a +19% 7.2 to 31 0.002

RVEDVi +0.53ml/ml 0.43 to 0.63 <0.001

RVMi +0.28ml/g 0.04 to 0.52 0.025

RVEF RVOTa/a -5.3% -9.8 to -0.8 0.021

RVMi -0.26%/g -0.4 to -0.1 <0.00

LVEF RVEF +0.6%/% 0.42 to 0.78 0.001

ARF -0.46%/% -0.8 to -0.1 0.013

Davlouros et al  JACC 2002



Davlouros et al  JACC 2002

RVOT aneurisms and akinesia common

Not always related to RVOT or transannular patching

Contributory to RF dysfunction

VT focus

RVOT aneurysms and akinesia



Assessing the RV after TET Repair: Diastolic function 

Gatzoulis et al  Circulation 1995

 Common in adults with TET repair (amongst pts with preserved PV annulus) 

 Counteracts chronic effects of PR

 Restrictive pts had smaller RVs and better exercise performance



Peripheral PS augments PR after TET repair 

Chatuverdi et al Circulation 1997



101 TOF pts; prospective; multi-centre; MRI(baseline & 9 months post PVR)

Indications for PVR:  reviewed in next slide

Results

RV volumes decreased (mean of 28%)

RVEF did no change (42 vs 43%)

Concomitant RVOT aneurysm reduction  25% greater RV reduction

Higher pre-op RV volumes associated with higher post-op RV volumes

Receiver operator characteristic analysis  cut off value of <160 ml/m2 

for normalisatation of RVEDV and <82 ml/m2 for RVESV 

Circulation 2007







Circulation 2007



Circulation 2007



Gatzoulis et al  Circulation 1995



Uebing et al  Circulation 2007 



164

166

168

170

172

174

176

178

180

182

PVR Group Control

Group

(Severe PR)

QRS pre

QRS post

Impact of PVR on Arrhythmia Markers
QRS Duration 

P=0.46
P<0.001

Therrien et al  Circulation 2001

70 adults with repaired TET 
Undergoing redo surgery PVR

3 (4%) peri-operative mortality
All 3 had marked RV dysfunction

FU time 4.7 yrs (from PVR)

University of Toronto Congenital Cardiac Center for Adults 
Montreal Heart Institute, Canada
Chiba Cardiovascular Center, Japan
Kardiocentrum, Prague, Czech Republic



Decreased QRSd after PVR

RV volume and QRS duration pre and post PVR

van Huysduynen et al, Eur Heart J 2005



Till et al, Circulation (suppl) 1995



0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

VT

SD

AF

Arrhythmia-free

Q
R

S
 a

n
n

u
a
l 

c
h

a
n

g
e
, 

m
s
/y

e
a
r

Gatzoulis et al Lancet 2000



0

5

10

15

20

25

30

35

40

Sustained

Arrhythmia

Atrial

Flutter/Fib

Ventricular

Tachycardia

Pre PVR

Post PVR

P=0.002

Circulation 2001

P=0.32
P<0.001

Impact of PVR on Arrhythmia Recurrence

0

20

40

60

80

100

0 2 4 6 8 10

Years from PVR

F
re

e
d

o
m

 f
ro

m
 l

a
te

 a
rh

y
th

m
ia

 (
%

) 





Tetralogy and Gadolinium enhancement

Babu-Narayan et al Circulation, 2005



Babu-Narayan et al  Circulation 2005

MRI Gadolinium enhancement
Myocardial fibrosis in repaired TET



Khairy et al  Ciruclation 2008 

Tetralogy: AICDs (Tetralogy n=121)
Secondary vs Primary Prevention



Khairy et al  Circulation 2008



Babu-Narayan 25/01/2010 sonya@imperial.ac.uk 

ICDs in ACHD and appropriate therapies

Circ 2008

>6 high risk

3-5 intermediate risk

< 2 low risk



Babu-Narayan

Effects of Pulmonary valve implantation:     exercise performance post PVI

Eyskens et al., Am J Cardiol 2000

n = 11



Muller et al, Int J Cardiol 2015



Muller et al, Int J Cardiol 2015



Muller et al,  Int J Cardiol 2015



Biomarkers in TET: BNP 

130 pts with repaired TET, 16+/-7 years of age

Serial BNP levels

Echo and exercise assessment at baseline



Biomarkers in TET: BNP 

Koch et al Int J Card 2010 



BNP elevated compared with controls

BNP elevated in asymptomatic patients

BNP≥15pmol/L associated with five-fold increased risk of death.

Absolute risk of death at 5 years 19% for BNP≥15pmol/L vs 3% in patients with 

BNP≤15pmol/L 

BNP was also a predictor of sustained tachyarrhythmia

BNP predicts mortality in Fallot – n=90

Heng et al, Heart 2015



ACE inhibitors for Potential PRevention Of the deleterious 

effects of Pulmonary Regurgitation In Adults with TEtralogy 

of Fallot Repair 

- The APPROPRIATE Study
A Randomised, Double-Blinded, Parallel Group, Placebo-Controlled Trial In Adults with 

Congenital Heart Disease 

Sonya V Babu-Narayan, Anselm Uebing, Periklis A. Davlouros, 

Michael Kemp, Simon Davidson, Omer Goktekin, Stephanie Bayne, 

Philip J. Kilner, Wei Li, Michael A. Gatzoulis.*

Royal Brompton Hospital

*Supported by the British Heart Foundation

International Standard Randomised Controlled Trial Number 97515585



The APPROPRIATE Study/Primary endpoint: 

CMR derived RVEF

CoV (%) Right Ventricle Left Ventricle

InterScan Intraobserver Interoberver InterScan Intraobserver Interoberver

Variable Observer 1 Observer 2 Obs1 vs. Obs 2 Observer 1 Observer 2 Obs1 vs Obs 2

EDV 4.91 2.89 5.65 4.80 4.73 7.86

MASS 4.49 5.27 7.91 3.12 5.86 4.44

ESV 3.69 4.15 6.82 6.27 5.77 11.31

SV 5.53 6.22 4.68 4.99 5.46 3.46

EF 1.46 3.10 4.92 2.07 2.37 2.69

Babu-Narayan, Bouzas et al, JCMR 2005; 7: S-153 – S-153 



Excluded (n=3)

- Not fulfilling inclusion 

criteria after baseline 

assessment (n=3)

Allocation

Analysis

Follow -

Up

Excluded (n=10)

- Declined to participate 

(n=8)

- Did not attend / other 

(n=2)

Analysed  (n=32)

Excluded from analysis (n=0)

Ramipril

N=32

Allocated to intervention (n=35)

- Received allocated intervention 

(n=35)

- Did not receive allocated 

intervention (n=0) 

Lost to follow-up (n=2)

- Regimen never commenced (n=1)

- Compliance reported but 

declined   follow-up visit 

(n=1)

- Administrative error (n=1)

- Discontinued intervention (n=0)

- 3 switched to losartan as per 

protocol

Analysed (n=32)

- Excluded from analysis (n=1)

- Lack of compliance with 

medication without reported side 

effects (n=1)

Allocated to intervention  

(n=37)

- Received allocated intervention 

(n=37)

- Did not receive allocated 

intervention (n=0) 

Placebo

N=33

Lost to follow-up (n=4)

- Patient declined; never commenced 

regimen (n=1)

- Patient reported compliance but did 

not attend follow-up visit (n=3) 

- Discontinued intervention (n=0)

Randomisation

Assessed for 

eligibility 

n=85

Enrollment n=75

Baseline 

Assessment

Study Population
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Subgroup analysis: Patients with RV restrictive physiology 

Changes in LV systolic function after 6 months

Ramipril

Placebo
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Davlouros et al  JACC 2002

Right / Left ventricular interaction



LV dysfunction and SCD
Echo

Ghai et al JACC 2002

Moderate/Severe LV dysfunction 

is common late after TET repair 

(12.4%)

LV dysfunction Risk factor for SCD       
(predictive values)

+ve -ve

LV dysfunction alone 29%     94%

with QRS >180ms    66%     93% 



Khairy et al  Circulation 2004

EPS inducible sustained VT

N=252



Inducible VT at EPS predicts clinical VT/SCD

Khairy et al, Circulation 2004



Tsai et al  Am J Card 2010

Predictors of EP catheter inducible VT:
Myocardial fibrosis (MRI/LGE)



INDICATOR multicentre study of 873 adult Fallot

•Outcome: death (n=28) or sustained VT (n=4) in FU
•Freedom from Death/VT  98% at 5 years and 98% at 10 years if none of these predictors

Valente AM et al, Heart 2014

•RVH, ventricular dysfunction and atrial tachyarrhythmias predict death or sustained VT



Babu-Narayan 25/01/2010 sonya@imperial.ac.uk 

Emerging Image Merge possibilities



VT from RVOT scar treated with image integration VT 

ablation, surgical scar resection and PVR and or 

secondary prevention AICD

from Tetralogy of Fallot in Diagnosis and Management of ACHD, Gatzoulis, Daubeney and Webb, 3rd edition 2017



Criteria for PV replacement (evolving)

• CTR >50% 

• QRS prolongation

• RVESV/RVEDV  with moderate/severe PR (respectively 82/160 ml/m2)

• Drop in MVO2

• Symptoms (SOB, fatigue, arrhythmia)   

PVR after Tetralogy Repair (and timing)



Babu-Narayan et al., Circulation 2014 



n=209

n=96

305 PVRs

n=209

n=96

305 PVRs

Babu-Narayan et al., Circulation 2014 



Babu-Narayan et al., Circulation 2014 



Overall survival was 97.3% at 1 year, 95.8 % at 3 years and 93.7% at 10 years. 



P=0.0205

Babu-Narayan et al., Circulation 2014 



mVO2 >16.7; n=131

P=0.0068

mVO2 < 16.6; n=43

Babu-Narayan et al., Circulation 2014 



Freedom from reintervention was  100% at 1 year, 96.9% at 5 years, 85.3% at 12 years. 
No deaths occurred in reintervention patients. 



Bonhoeffer et al, JACC 2002

PVR late after repair of Tetralogy 
Transcatheter PV implantation 

Major advance
Native PV “annulus” is a problem for patients with non-conduit repair 
We take percutaneous PVR into account, when planning surgical PVR  



A. Prestenting RVOT

B. RV Angiogram

C. Valve deployment

D. PA Angiogram



PPVI – Results
Pulmonary Regurgitation

Lurz et al., Circulation 2008

Echocardiographic assessment



PPVI – Results
Pulmonary Stenosis

Lurz et al., Circulation 2008



Davlouros et al  JACC 2002

RVOT aneurisms and akinesia common

Not always related to RVOT or transannular patching

Contributory to RF dysfunction

VT focus

RVOT aneurysms and akinesia



Extending Current Procedures

• Percutaneous Stented Tissue Valves matched to aneurysmal 

RVOT

• Percutaneous Decellularised Homografts/Allografts

Does merely covering the aneurysmal outflow prevent

Ventricular arrhythmias ??



ACHD Catheter Interventions
Royal Brompton
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Pulmonary Regurgitation & Pregnancy:

Adverse long-term Impact on RV ?

Uebing et al,  IJC 2008
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Pulmonary Valve Replacement: 
Rationale and Timing 

 To maintain RV function

 Reduce overall heart size, neurohormonal activation and objective 

exercise capacity and thus potentially improve survival.

 To improve quality of life and functional capacity

 In paralel risk stratification for VT and SCD is clearly required. Non-

invasive and invasive tools (EP) should all be taken into account and 

an individualized decision/approach needs to be taken (always in 

conjunction with the patient)

 A combination of surgical PVR, this point in time with percutaneous 

PVR next time round, in conjunction with arrhythmia targeting 

intervention is likely in a significant number of patients

 Contemplating pregnancy may bring forward this cycle  


