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Guidelines ?

ESC Guidelines for the management
of grown-up congenital heart disease
(new version 2010)

The Task Force on the Management of Grown-up Congenital Heart
Disease of the European Society of Cardiology (ESC)

Endorsed by the Association for European Paediatric Cardiology (AEPC)
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Congenital

Pulmonary valve disease:

Pulmonary valve stenosis
Pulmonary atresia

Supravalve pulmonary stenosis

Infundibular pulmonary stenosis
Idiopathic pulmonary artery dilatation
Anomalous origin of coronary artery from pulmonary trunk
Coronary arteriovenous fistula e
Acquired cOﬂg ﬂ\'\'.a\ d\SeaS
Rheumatic valve disease Ma\\"\\v n\ta\ heart
Infective endocarditis o f a\\ Conge
Carcinoid heart disease 7 12 / O
Tumors .
latrogenic defECtS; . ht Ventr\CU\ar
Homograft dysfunction following Ross operation Ocy Of a“ R\g
Homograft reconstruction for total correction of 80’9 0 trUCt\On
Pulmonary atresia W {ra cto bS
Complex form of Tetrology of Fallot Outﬂo
Common arterial trunk
Transposition of great arterus with
Pulmonary stenosis
(G
SAINT-LUC
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Pulmonary regurgitation following total correction of Tetrology of Fallot or following balloon valvotomy.
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Pulmonary valve disease:

Congenital

Pulmonary valve stenosis G/

Pulmonary atresia

Supravalve pulmonary stenosis
Infundibular pulmonary stenosis
Idiopathic pulmonary artery dilatation
Anomalous origin of coronary artery from pulmonary trunk

Coronary arteriovenous fistula n‘-\-_a\ d\SeaSe ‘

Acquired
Rheumatic valve disease Ma‘n\v Corciongemta\ heart

Infective endocarditis
Carcinoid heart disease 7 12‘V Of a\
Tumors

latrogenic defe cts, Ri ght Ventr‘CU\ar

Homograft dysfunction following Ross operation “

Homograft reconstruction for total correction of: 80’90% O a trUCt\On
Pulmonary atresia W {ra cto bS
Complex form of Tetrology of Fallot Outﬂo
Common arterial trunk
Transposition of great arterus with
Pulmonary stenosis

H Pulmonary regurgitation following total correction of Tetrology of Fallot or following balloon valvotomy.
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Indications

Pulmonarv sten05|s

EuUrovalve
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RVOTO at any level should be repaired

regardless of symptoms when Doppler peak

Level
gradient is >64 mmHg (peak velocity >4m/s)
substitute is required

Class
provided that RV function is normal and no valve

SPAIN

In asymptomatic patients in whom balloon
valvotomy is ineffective and surgical valve

replacement is the only option, surgery should
be performed in the presence of a systolic RVP
>80 mmHg (TR velocity >4.3 m/s)

Intervention in patients with gradient <64

* decreased RV function or

mmHg should be considered in the presence of
* symptoms related to PS or
progressive) or

Ballon valvuloplasty is
* double-chambered RV (which is usually

the preferred treatment
method

|||||||||||||||||||

éLAINT-LUC

* important arrhythmias or
BRUXELLES

* right-to-left shunting via an ASD or VSD

ESC guidelines GUCH, 2010
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Pulmonarv sten05|s

Indications Class* Level®

RVOTO at any level should be repaired
regardless of symptoms when Doppler peak
gradient is >64 mmHg (peak velocity >4m/s),
provided that RV function is normal and no valve

bstitute i ired .
SUDSHITLTe 1S require Ballon valvuloplasty is

the preferred treatment
method

In asymptomatic patients in whom balloon
valvotomy is ineffective and surgical valve
replacement is the only option, surgery should
be performed in the presence of a systolic RVP
>80 mmHg (TR velocity >4.3 m/s)

Intervention in patients with gradient <

mmHg should be considered in the pre:

* symptoms related to PS or,

* decreased RV function or,

* double-chambered RV (which is usually
progressive) or,

* important arrhythmias or,
'{ ! ﬂ * right-to-left shunting via an ASD or VSD.

SAINT—LUC ESC guidelines GUCH, 2010

ucL BRUXELLES

Institut de Recherche Expérimentale et Clinique



lllllllllllllllllll

SAINT-LUC

Eurovalve

JelnteldU] A& —=7/, 2017

Peak velocity m/s
Peak gradient <36 36-64 > 64
Baumgartner et al, Eur J Echocardiography (2009) 10, 1-25
Definition Valve Anatomy Valve Hemodynamics Hemodynamic Symptoms
Consequences
Severe PS | o Thickened. o V... >4 m's: peak ¢ RVH o None or
distorted. possibly Instantaneous ¢ Possible RV, RA variable and
calcified leaflets gradient >64 mm Hg enlargement dependent
with systolic doming ¢ Poststenotic on severity
and/or reduced enlargement of main of
excursion PA obstruction
¢ Other anatomic
abnormalities may
be present, such as
narrowed RVOT

|
AHA ACC guidelines valve disease,2008
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Pulmonarv sten05|s

Balloon valvotomy is recommended for asymptomatic patients with a domed pulmonary valve and a peak
instantaneous Doppler gradient greater than 60 mm Hg or a mean Doppler gradient greater than 40 mm Hg
(in association with less than moderate pulmonic valve regurgitation).

Balloon valvotomy is recommended for symptomatic patients with a domed pulmonary valve and a peak
instantaneous Doppler gradient greater than 50 mm Hg or a mean Doppler gradient greater than 30 mm Hg
(in association with less than moderate pulmonic regurgitation).

Surgical therapy is recommended for patients with severe PS and an associated hypoplastic pulmonary
annulus, severe pulmonary regurgitation, subvalvular PS, or supravalvular PS. Surgery is also preferred for
most dysplastic pulmonary valves and when there is associated severe TR or the need for a surgical Maze
procedure.

Balloon valvotomy may be reasonable in asymptomatic patients with a dysplastic pulmonary valve and a
peak instantaneous gradient by Doppler greater than 60 mm Hg or a mean Doppler gradient greater than 40
mm Hg.

Balloon valvotomy may be reasonable in selected symptomatic patients with a dysplastic pulmonary valve
and peak instantaneous gradient by Doppler greater than 50 mm Hg or a mean Doppler gradient greater

than 30 mm Hg.

|||||||||||||||||||

SAINT—LUC AHA ACC guidelines GUCH, 2008
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Pulmonarv sten05|s

Balloon valvotomy is recommended for asymptomatic patients with a domed pulmonary valve and a peak
instantaneous Doppler gradient greater than 60 mm Hg or a mean Doppler gradient greater than 40 mm Hg
(in association with less than moderate pulmonic valve regurgitation).

Balloon valvotomy is recommended for symptomatic patients with a domed pulmonary valve and a peak
instantaneous Doppler gradient greater than 50 mm Hg or a mean Doppler gradient greater than 30 mm Hg
(in association with less than moderate pulmonic regurgitation).

Surgical therapy is recommended for patients with severe PS and an associated hypoplastic pulmonary
annulus, severe pulmonary regurgitation, subvalvular PS, or supravalvular PS. Surgery is also preferred for
most dysplastic pulmonary valves and when there is associated severe TR or the need for a surgical Maze
procedure.

Balloon valvotomy may be reasonable in asymptomatic patients with a dysplastic pulmonary valve and a
peak instantaneous gradient by Doppler greater than 60 mm Hg or a mean Doppler gradient greater than 40
mm Hg.

Balloon valvotomy may be reasonable in selected symptomatic patients with a dysplastic pulmonary valve
and peak instantaneous gradient by Doppler greater than 50 mm Hg or a mean Doppler gradient greater

than 30 mm Hg.

|||||||||||||||||||

SAINT—LUC AHA ACC guidelines GUCH, 2008
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Pulmonarv sten05|s

Balloon valvotomy is recommended for asymptomatic patients with a domed pulmonary valve and a peak
instantaneous Doppler gradient greater than 60 mm Hg or a mean Doppler gradient greater than 40 mm Hg
(in association with less than moderate pulmonic valve regurgitation).

Balloon valvotomy is recommended for symptomatic patients with a domed pulmonary valve and a peak
instantaneous Doppler gradient greater than 50 mm Hg or a mean Doppler gradient greater than 30 mm Hg
(in association with less than moderate pulmonic regurgitation).

Surgical therapy is recommended for patients with severe PS and an associated hypoplastic pulmonary
annulus, severe pulmonary regurgitation, subvalvular PS, or supravalvular PS. Surgery is also preferred for
most dysplastic pulmonary valves and when there is associated severe TR or the need for a surgical Maze
procedure.

Balloon valvotomy may be reasonable in asymptomatic patients with a dysplastic pulmonary valve and a
peak instantaneous gradient by Doppler greater than 60 mm Hg or a mean Doppler gradient greater than 40
mm Hg.

Balloon valvotomy may be reasonable in selected symptomatic patients with a dysplastic pulmonary valve
and peak instantaneous gradient by Doppler greater than 50 mm Hg or a mean Doppler gradient greater

than 30 mm Hg.

|||||||||||||||||||

SAINT—LUC AHA ACC guidelines GUCH, 2008
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Pulmonarv sten05|s

Balloon valvotomy is recommended for asymptomatic patients with a domed pulmonary valve and a peak
instantaneous Doppler gradient greater than 60 mm Hg or a mean Doppler gradient greater than 40 mm Hg
(in association with less than moderate pulmonic valve regurgitation).

Balloon valvotomy is recommended for symptomatic patients with a domed pulmonary valve and a peak
instantaneous Doppler gradient greater than 50 mm Hg or a mean Doppler gradient greater than 30 mm Hg
(in association with less than moderate pulmonic regurgitation).

Surgical therapy is recommended for patients with severe PS and an associated hypoplastic pulmonary
annulus, severe pulmonary regurgitation, subvalvular PS, or supravalvular PS. Surgery is also preferred for
most dysplastic pulmonary valves and when there is associated severe TR or the need for a surgical Maze
procedure.

Balloon valvotomy may be reasonable in asymptomatic patients with a dysplastic pulmonary valve and a
peak instantaneous gradient by Doppler greater than 60 mm Hg or a mean Doppler gradient greater than 40
mm Hg.

Balloon valvotomy may be reasonable in selected symptomatic patients with a dysplastic pulmonary valve
and peak instantaneous gradient by Doppler greater than 50 mm Hg or a mean Doppler gradient greater

than 30 mm Hg.

|||||||||||||||||||

SAINT—LUC AHA ACC guidelines GUCH, 2008
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Pulmonarv sten05|s

Balloon valvotomy is recommended for asymptomatic patients with a domed pulmonary valve and a peak
instantaneous Doppler gradient greater than 60 mm Hg or a mean Doppler gradient greater than 40 mm Hg
(in association with less than moderate pulmonic valve regurgitation).

Balloon valvotomy is recommended for symptomatic patients with a domed pulmonary valve and a peak
instantaneous Doppler gradient greater than 50 mm Hg or a mean Doppler gradient greater than 30 mm Hg
(in association with less than moderate pulmonic regurgitation).

Surgical therapy is recommended for patients with severe PS and an associated hypoplastic pulmonary
annulus, severe pulmonary regurgitation, subvalvular PS, or supravalvular PS. Surgery is also preferred for
most dysplastic pulmonary valves and when there is associated severe TR or the need for a surgical Maze
procedure.

Balloon valvotomy may be reasonable in asymptomatic patients with a dysplastic pulmonary valve and a
peak instantaneous gradient by Doppler greater than 60 mm Hg or a mean Doppler gradient greater than 40
mm Hg.

Balloon valvotomy may be reasonable in selected symptomatic patients with a dysplastic pulmonary valve
and peak instantaneous gradient by Doppler greater than 50 mm Hg or a mean Doppler gradient greater

than 30 mm Hg.

|||||||||||||||||||

SAINT—LUC AHA ACC guidelines GUCH, 2008
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Pulmonarv stenosis:

Balloon valvotomy is not recommended for asymptomatic patients with a peak
instantaneous gradient by Doppler less than 50 mm Hg in the presence of normal
cardiac output.

Balloon valvotomy is not recommended for symptomatic patients
with PS and severe pulmonary regurgitation

Balloon valvotomy is not recommended for symptomatic patients
with a peak instantaneous gradient by Doppler less than
30 mm Hg.

JREC
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Symptomatic patients: intervention if

— PG> 64/60 mmHg Mean: > 40 mmHg
— selected pts 50 mmHg (US)

Asymptomatic patients: intervention if

PG > 80 mmHg (TR: >4.3m/s) (EU)
PG > 60 mmHg/40 (US),
no intervention if PG50 mmHg

lllllllllllllllllllllll
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EU: consider symptoms RV function, arythmia if lower gradient
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Tetralogv of FaIIot

Pulmonary artery

* 4 features:
e VSD (non-restrictive)
e OQverriding aorta (but ,50%)

e RVOTO : infundibular,valvular, or
(usually) a combination of both, with or
without supravalvular or branch PA

Left stenosis

ventricle

e RVH.

vertricle

e 6-11% all cardiopathies

2%
: &
" -~
-]
@
\\\IW/
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Tetralogv of FaIIot

Direct Vision Intracardiac Surgical Correction of the Tetralogy

of Fallot, Pentalogy of Fallot, and Pulmonary Atresia Defects

Report of First Ten Cases®

C. Warton Lmirerer, M.D., MorLEY CoHEN, M.D., HERBERT E. WaARDEN, M.D.,
Raymono C. Reap, M.D., JosepH B. Aust, M.D., Ricaarp A. DEWALL, M.D.,
AND RicHarD L., Varco, M.D,

Minneapolis, Minn.

Annals of surgery 1955, 142:418 - 442
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etralogv of FaIIot

Pulmonary
‘ \s‘renosis

Pulmonary
s atresia

bl ]
gy
.........

llllllllllllllllllll

SAINT-LUC Hickey et al , Eur J Thorac Surg 2
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Tetralogv of FaIIot

10
Correction
0
o o 1985
90
80 8
_701 5
S. : < 60 RC
| o
'%bo_ | PUImon,ar'y = orrection
S50k \stenosis e 1965
O\ H4d
40_‘._
303 Pulmonary 2
RS w2 o 2 %
10— 515 0 35 0 10 20 30 40
40 45 50 55 60 month Years after cor'r'ec’rlve
w S surgery

lllllllllllllllllllll

SAINT-LUC Hickey et al , Eur J Thorac Surg
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Sudden death

Heart faillure
95 o——
R=0.27%/year -

290l until 25 years p.o. \ .
E N
> N

85
U:L-)' R=0.94%/year

after 25 years p.o.
80)
|
P=0.003.
751
1 N=490
0
0 5 10 15 20 25 30 35

'Cb‘ﬂ Years after corrective surgery Jl EC

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

3{“"!;};}1& Nollert et al , JACC 1997:30: 1374-138
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Long term FU Tetralogy:

Surgery « patch » Pulmonary regurgitation

RV Dilatation

RV outflow tract « well tolerated »

VSD patch

~ L\ Arythmia
) Interaction RV/V C
SAINT-LUC Heart Failure

UCL BRUXELLES
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PR and RV dllatatlon

150+ 150
BPatch
“g 130~ BlNo patch
ZE.. 100
£ 110- o
e
S 90+ °
2 x=037y-18.4 <
-é r=078 g 50
. . p<0.00! S
w ?ﬂ' E
SHH : | ] L| | | L] L L LI L] O
0 5 10 15 20 25 30 35 40 45 50 RVEDVi RVESVi .
Pulmonary regurgitation (ml/beat/m?) (ml/m2) (ml/m?2) PRF (%)

\\l’///
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SAlNT'LUC Redington et al , Br Heart J 1988;60: 57-65 Davlouros et al ,JACC2002:40: 20
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PR and rlsk of arythmlas

100  mmy Ventricular tachycardia
Bl Sudden death

L3 Atrial Flutter/Fib
80 [ Arrhytmia free

o
o

N
o

Patients (o/o)

n
o
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Pulmonary valve replacement is indicated for severe pulmonary regurgitation and symptoms or decreased
exercise tolerance.

Pulmonary valve replacement is reasonable in adults with previous tetralogy of Fallot, severe pulmonary
regurgitation, and any of the following:

a. Moderate to severe RV dysfunction. (Level of Evidence: B)

b. Moderate to severe RV enlargement. (Level of Evidence: B)

c. Development of symptomatic or sustained atrial and/or ventricular arrhythmias. (Level of Evidence: C)
d. Moderate to severe TR. (Level of Evidence: C)

Surgery is reasonable in adults with prior repair of tetralogy of Fallot and residual RVOT obstruction

(valvular or subvalvular) and any of the following indications:

a. Residual RVOT obstruction (valvular or subvalvular) with peak instantaneous echocardiography
gradient greater than 50 mm Hg. b. Residual RVOT obstruction (valvular or subvalvular) with RV/LV
pressure ratio greater than 0.7.

b. Residual RVOT obstruction (valvular or subvalvular) with progressive and/or severe dilatation of the
right ventricle with dysfunction.

c. A combination of multiple residual lesions (eg, VSD and RVOT obstruction) leading to RV enlargement
or reduced RV function.

SAINT—LUC AHA ACC guidelines GUCH, 2008
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Tetralogy of FaIIot

Indications Class® Level®

PVRep should be performed in symptomatic
patients with severe PR and/or stenosis (RV
systolic pressure >60 mmHg, TR velocity >3.5
m/s)

PVRep should be considered in asymptomatic

patients with severe PR and/or PS when at least

one of the following criteria is present:

* Decrease in objective exercise capacity

* Progressive RV dilation

* Progressive RV systolic dysfunction

* Progressive TR (at least moderate)

* RVOTO with RV systolic pressure >80 mmHg
(TR velocity >4.3 m/s)

* Sustained atrial/ventricular arrhythmias

4

Il
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SAINT-LUC ESC guidelines GUCH, 2010
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TOF exercise capautv

Significant univasiate and multivariate predictors of death and
hospitalization
Wariable p Walue  Hazard Ratio a5% 1
Univariate analysis
MYHA functicnal class = 0.001 2286 1.780-3.524
Peak heatt fate (beatafmin)  -=0.001 0.982 00660908
Right veniricular systolic 0002 10z1 L.014-1.038
pressure (mm Hg)
Peak oxygen uptake (% of  -<0.001 0482 0.034-0.962
pradicted)
VENCOD, slope = 0.001 Loag 10461148
Pulmonary regurgitation = 0.001 1782 1.256-1 987
Right ventricular systolic = 0,001 1934 1252134
function
Multivariate anatysiz
MYHA functicnal class 0001 2118 13443542
Peak oxygen uptake (% of 0.1 0974 0.950-0.904
pradicted)
VENCOD, slope 0002 1074 1.038-1.115
Hazard ratics refer to unit increases in NYHA functional class, peak
oxygen uptake (percent of prediceed), VENVOD, slope, heart rate (beats!
min}, and right ventricular gystolic pressure (mim Hg).

W

Cliniques universitaires
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Long rank p< 0.001
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40 I

Peak oxygen uptake > 35%
20| — Peak oxygen uptake < 35%

Freedom from death(%)

§ O 1 2 3 4 5 6 7 8
Follow up (years)
100,

& 80 Long rank p< 0.001
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—‘Cg 60

S 40

Gy

£ Peak oxygen uptake > 44%

S 20| —— Peak oxygen uptake < 44%
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O 1 2 3 4 5 6 7 8 9 10
Follow up (years) .
Giardini et al, Am J Cardiol 2007;99: 1462-1467 K \¥ C
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PVR usefull to reduce RV dimensions?

Study name Statistics for each study Weight (Random) Difference in means and 95% CI
Difference Standard Relative
in means error  P-Value weight (%) Indexed RV-EDV (mL/n’) PV R
Chalard 2012 93000 17.178 <0.001 174 B —
Lee 2012 -63.000 5867 <0001 537 —a— ' Re d uce P R
Quail 2012 (Matched) -46.400 3619 <0.001 6.47 -
Quail 2012 (Unmatched)  -64.400 4511 <0.001 6.05 -
Jang 2012 (Matched) -70.900  12.056 <0.001 2.84 B — ¢ d H I H I
Jang 2012 (Unmatched)  -77.300 9.500 <0.001 3.71 —_— ' RV Ia StO IC volume
Tobler 2012 -79.000 7.418  <0.001 461 —_—
Frigiola 2012 -54.000 6220 <0.001 519 —— . .
Chen 2012 -45000 9742 <0001 362 —— ' ¢ t I | LV f N t| ]
Ovcina 2011 (arm 1) -54900  11.437 <0.001 303 L — Sys olic unctio
Ovcina 2011 (arm 2) -42.800  11.136 <0.001 3.13 D . —
Geva 2010 (arm 1) -73.000 7.485 <0.001 458 —_— ¢ Q : d h
Geva 2010 (arm 2) -83.000 8.995 <0.001 3.91 —— ' RS Wi t
Lindsey 2010 -46.000 13752 0.001 240 —_—
Tsang 2010 70000  11.982 <0.001 2.87 —_—
Harrild 2009 -63.000  14.209 <0.001 230 —_— ' Sy m ptO ms
Knirsch 2008 92000  12.334 <0.001 277 -—
Frigiola 2008 -54000  12.771 <0.001 2.65 D —
Henkens 2007 (arm 1) -62.000 6552 <0.001 503 ——
Henkens 2007 (arm 2) 72000  14.739 <0.001 218 ——
Oosterhof 2007 -52.000 6.646 <0.001 498 ——
Ghez 2007 -55.000  14.321 <0.001 227 B —
Kleinveld 2006 -58.300 5613 <0.001 550 —
Therrien 2005 -56.000  10.381 <0.001 3.38 o
Buechel 2005 -81.100 9.437 <0.001 374 ——
Straten 2005 -57.100  13.950 <0.001 2.35 —_—
Vliegen 2002 -52.500  10.468 <0.001 3.35 B —
Overall effect -62.734 2591 <0.001 -
Total (95% Cl): 782 (Pre-PVRY); 725 (Post-PVR) -100.00 -50.00 0.00 50.00 100.00
Test for heterogeneity: Chi? = 61.96; df = 26 (P < 0.001); I? = 58.3%
Test for overall random effect: Z = -24.20 (P < 0.001) Change after PVR

J

Cliniques universitaires

SAINT-LUC Cavalcanti et al , JACC 2013:62:2227-2243
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< 160 ml/m2

200

100

Change RV EDVI (ml/m2)

0 100 200 300 400
Pre-operative RV EDVI (ml/m2)

\ (& JREC
SAINT-LUC B

Oosterhol et al , Circulation. 2007;116:545-551
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When ?

Huge dilatation > 160 (150) ml/m2 RV EDVI no recuperation
Rv dimension and function

Lower limit ? 140 ?, 150 ? ??7?

Other aspect:

— Pulmonary pressure

— Pulmonary branch
— RV function ?

lllllllllllllllllllllll
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Effect of PVR on arvthmlas

45
39%
40
30
20
10
0
Clinical :
arrhytmia AF/Flb Vi
| Pl PrePVR | PostPVR De novo g o
W o IREC
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SAINT-LUC Thierrien et al , Circ 2001;103: 2489-2494 K
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Indication for interventions in pulmonary valve disease are
less well defined than for other valve disease

If there is threshold quite well defined for valve stenosis, the

guestion remain frequently open for pulmonary regurgitation

of the RV

One part of problem is related to assessment of RV dilatation
and function and the lack of knowledge of functional recovery
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