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CONGENITAL HEART DISEASE

Changing Mortality in Congenital Heart Disease

Paul Khairy, MD, PHD,* Raluca Ionescu-Ittu, M5C,7§ Andrew 5. Mackie, MD, SM,t
Michal Abrahamowicz, PHD,§ Louise Pilote, MD, MPH, PHD,#§ Anane J. Marelli, MD¥
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Distribution of Age at Death in Patients With Congenital Heart Disease in 1987 to 1988 and 2004 to 2005

Histogram bars gepict the proportion of all deaths (x-axis) according to age at death (y-axis) In our cohort of patlents with congenital heart dsease In the first (1987 to
1988; left) and nal (2004 to 2005; right) years of cbservation. Bold black curves with dlamonds represent the comesponding age at death distribution In the general
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[y Am Coll Cardiol 2010:56:1149-57]
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Advances in Cardiovascular Imaging

Multimodality Noninvasive Imaging for Assessment of
Congenital Heart Disease

Ashwin Prakash, MD:; Andrew J. Powell, MD: Tal Geva, MD
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Incidence and Risk Distribution of Heart Failure in Adolescents
and Adults With Congenital Heart Disease After Cardiac Surgery

Kambiz Norozi, MD™*_ Armin Wessel, MD, PhD", Valentin Alpers®, Jan Ole Arnhold®,
Siegfried Geyer, PhD®, Monika Zoege, PhD", and Reiner Buchhorn, MD, PhD¢
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TAm J Cardiol 2006:97-1238—1243]
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’Osservatorio GUCH di Trieste

(11/2009-01/2015; n=492-2.3%; 13.8 % pz con SCC)
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Canzdian rurnal of Cardiokegy 29 (2013) 830—840

Review

New Directives in Cardiac Imaging: Imaging the Adult

With Congenital Heart Disease

[ History, physical sxamination, ECG. GXR )

| Known or suspected CH D)
1
¥

(-Transr.horac.l'c .Echncardl'ngram)
I

X
I:-ﬁulamlnic and physiologic evalsation complele for clinical decision rna:king';\' "FNn further tests

Nao Yoz c
]| Poar acoustic windowa? i CMRTEE CAR D IA | MAG' NG
Any af the following nesded?
= Further delineation of spafial orientafion or 9 o
relationshio of cardiat chambers or vessels o B d

o - Evaluation of coronary amery onigin or proximal course
- Further evaluation of extracardiac thoreclc vessels

- Maasurement of ventricular size, function

- Flow measuremeant (e.g., vahar regurgitation, Opls)
- Myocardial viabdity/fibrosis

= Tissue charactarization (e.g., umor lype)

Any of he Tollowing needed? N

- Evaluation of coronary circulation beyvond arigins® Yas ————————————

* . Evaluation of PA branches beyond lebar branches Cardiac Catheterization >
= Présfgurg msasuremant
= Intervenlional procedura

= I:'r_lnl,r;lndlmllnns o CMR or large metallic artifact? Yas
- menl of distal Bronchial ree o lung
pare-r-chyma needed? )
Yo Stress Echo or
L Evelustion for myacardial ischemia nesded? ) | Strass SPECT/PET or
Stress CMR

*Can also be imaged by CCT in sslecled patients.
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Ventricolo destro in (normale) posizione
sottopolmonare

TOF

Ventricolo destro sistemico

TGA
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Aspetti ecocardiografici delle complicanze piu frequenti

Tetralogia di Fallot

Dilatazione anello aortico
ed aorta ascendente

Dilatazione/disfunzione
Ventricolo dx

Appiattimento del setto IV da
sovraccarico di
volume/pressione

Dilatazione anello tricuspide
con comparsa di IT
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Right Ventricular Mechanics in Adults after Surgical | Sk Area Tracking

Repair of Tetralogy of Fallot: Insights from
Three-Dimensional Speckle-Tracking Echocardiography

.
£E & &

Global Area Straim (%) >

- 2 & 8 ¥ B

Patients Controls

= In adults after tetralogy of Fallot repair, 30 RV deformation is impaired |r|.1"|u iation with RV
', volume overloading, and reduced EF. [J Am Soc Echocardiogr 2014; 27 ]
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CARDIOLOGY

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

Right ventricular-left ventricular interaction in adults with Tetralogy of Fallot:
A combined cardiac magnetic resonance and echocardiographic speckle
tracking study ™

LVEF normale..... tuttavia
LV longitudinal strain ridotto
-> SUBCLINICAL LV
MYOCARDIAL DAMAGE

o

Conclusion: Left and nght ventricular function both by CMR and speckle-tracking is interrelated in adults with

repaired ToF. Despite normal LV ejection faction, 2D longitudinal strain is significantly reduced in ToF
natients, suggesting subclinical LV myocardial damage. Considering the potential prognostic value of LV
dysfunctionin ToF, this measurement may gain importance and should be included in future outcome studies,
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Tetralogia di Fallot

Aspetti ecocardiografici delle complicanze piu frequenti

AuMmer Or NIO G

Endocardite Infettiva

Stenosi polmonare

Insufficienza della valvola polmonare Progressione della stenosi polmonare




4

7

A Lo Scompenso Cardiaco nella cardiopatia congenita dell'adulto

Cardiopatie Congenite
dell’Adulto

Tetralogia di Fallot
INSUFFICIENZA POLMONARE

FLUSSIMETRICA

MRI — FUNZIONE VENTRICOLARE E TOF e 4D CMR

JCMR 2012
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Tetralogia di Fallot
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Tetralogia di Fallot
INSUFFICIENZA POLMONARE

[m¥s] Flow Volume
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Ventricular size and function assessed by cardiac
MRI predict major adverse clinical outcomes late
after tetralogy of Fallot repair

A L Knauth,™? K Gauvreau,” A J Powell,” M J Landzberg,’? E P Walsh,” J E Lock,’

P J del Nido,®* T Geva’ Heart 2008:94:211-216.

Table 2 Predictors of major adverse outcomes
Predictors Odds ratio (95% CI) Area under ROC curve p Value

Univariate analysis (comrofing for time from baseline evalustion to mosi mocemt follow-up)

T U [k =0 yeEals 10 20 1D b U. /30

Era of repair before 1970 405 [1.11 to 14.8) 059 0,035

RV end-diastolic volume Z =7 4.98 (1.47 to 16.9) 0.6B8 0.01
RV end-systolic volume index =50 mlim? 582 (1.22 10 27.7) 0708 0.027
RV ejection frection < 45% 531 (1.59 to 17.8) 0.750 0.007
LV ejection fraction < 55% 713 (211 to 24.0) 0.760 0.002
. . . LV mass/volume ratio 1.5 4.56 (1.27 to 16.4) 0.688 0.02
Eventi maggiori: 18 pts (20.5%) QRS =180 ms B.27 [1.86 to 21.1

Uhuretics &t baseling evalugbion be (L0310 24, U.bdb U.00
Digoxin &t baseling evaluation 4,67 (1.30 to 16.8) 068D 0.018

60 — f-Blocker at baseling evalustion £.88 (1.12 1o 42.3) 0.654 0.037
p=0.002 NYHA class Il or Il &t baseline evalustion 5.27 (1.55 10 17.9) 0.724 0.008
50—
Multivariate snalysis (controlling for time from baseline evalustion to most recent follow-up)
7 400 Model 1
- LV ejection fraction <55% 8.05 (2.14 10 30.2) 0.002
T 01 RV end-diastolic volume Z =7 4.55 (1.10 1o 18.8) 0.037
8 Area under ROC curve for the model: 0.850
& 200
Model 2
0= RV ejection fraction <45% 550 (1.47 to 21.3) 0.011
RV end-diastolic volume Z =7 4.00 (1.10 1o 14.6) 0.036
RVEDV Z<7  RVEDV Z<7 RVEDVZ=7 RVEDVZ=7 Area under ROC curve for the model: 0.807
RVEF=45% RVEF<45% RVEF=45% RVEF<45% Cl, confidence interval; LV, left ventricular; ROC, receiver operator charactenistic; RV, right ventricular; TOF tetralogy of Fallot.
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REVIEW Open Access

The Role of Cardiovascular Magnetic Resonance
in Pediatric Congenital Heart Disease

Hopewell N Ntsinjana, Marina L Hughes and Andrew M Tayl or

Journal of Cardiovascular Magnetic Resonance 2011, 13:51
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Ventricolo destro in (normale) posizione
sottopolmonare

TOF

Ventricolo destro sistemico

TGA (Mustard/Senning)



i

Cardiopatie Congenite
dell'Adulto

Lo Scompenso Cardiaco nella cardiopatia congenita dell'adulto

Trasposizione dei grandi vasi
Operata con tecnica dello switch atriale sec Mustard o Senning

Aspetti ecocardiografici delle complicanze piu frequenti

N

Rigurgito valvola
atrio-ventricolare
sistemica

Disfunzione del
ventricolo
sistemico

Appiattimento SIV da Stenosi dei ritorni venosi
sovraccarico di pressione sistemici o polmonari
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European Heart Journal (2014) 35, 1666—1674 CLINICAL RESEARCH
doi:10.1093/eurheartjf'ehu102 Congenita{ heart disease

T he natural and unnatural history of the Mustard
procedure: long-term outcome up to 40 years

Judith A.A_E. Cuypers’®, Jannet A. Eindhoven?, Maarten A. Slager!, Petra Opiél,
Elisabeth M.W_.]. Utens?, Willem A. Helbing?3, Maarten Witsenburgl,
Annemien E. van den Bosch', Mohamed Ouhlous?, Ron T. van Domburg?,
Dimitris Rizopoulos?, Folkert J. Meijboom?¢, Ad ).J.C. Bogers’,

and Jolien W. Roos-Hesselink!

Table4 Predictors for clinical endpoints; all-cause mortality, reinterventions, heart failure, and armhythmias

Survival and event-free survival

Endpoint Univariable model Multivariable moda

100;

L= L=

_—
=]
s P<0.001 Al-cuuse o bty
o 80 Eurly postoperrative arrhypthrmicas 2004 (07 &—550) 158 150 {55—410% 433
[ Termperaturs during surgeny 115 (104126} 0004 1.05 (295—1.17) 328
.a Cormples o simmple TGRA o939 {43 —2235) [1 -] 1000 (44— 2 304 0I5
z Auge at operion 111 (055 —128) [1RE: -] a7 (RB0—1.17) 738
: w" Oper-sad bafors 1977 426 (144941260 Ly 289 {1.00—A3 3) LR S
z Fiirmbesrwen thon
Z 40‘_ Early postoperative arrhythrmias 050 (012 —20F) 343 123 (62— 003 6) QFIe
- Termperaturs during surgeny as7 (OHEA —1 08) 5aS 1.03 (QF0—1.18) 6I2
§ N .sk Cormple: o simmple TGA, 135 (064 —2 RE) 428 133 (&3 —2HT) 450
n Ape 21 Operion 4 F:E:] (03 —1.048) [k a9 (LT T —128) 5ad
20"91 79 71 “ 31 O stencl] by e 1977 a3v7 (018 —078) et g 34 (14— 84 LiErii]
91 58 Hemrt faiure
o c ' L 315 1 213 ' q ' By postoperative arrhythrmias 3000 (81 —11.13) (e R a13 {L£15—30_72) LRy
Temperatune during surgeny 102 (a9 —1148) O T @92 (ETTF—1.11) 393
o 5 10 15 20 25 m 35 40 Cormplex o simmple TGA [ (022 —21F) [+ T 126 (238—41F) QF06
Years Auge 2t operaion 123 {1041 —1.50) 0.038 126 {1.01—1.58) LY. "1
Operated before 1977 122 a339—386) 730 57 (@:15—207) 03"
—— Survival Dutch population
Arrhythrnas
e Survival TGA Exrly postoperative arrhythmias 442 (1961090 <0001 2 {1.54—9.49) 0004
Temperaturs during surgsny 111 (102-121}) o1z 105 (Q95—1.17 3N
without heart transplantation Corrgbe: or single TGA 142 ;r_'_-._i—z_is: a7es 1.42 ;r_'s:.—_ir_'g: 378
c—— Event.free 'unival Ape at operaion 148 (103-135) oLo1e 0 (291—1.29) 356
Operated before 1977 135 (236 —358) ROES 110 {48—251) [ak: o)
Conclusion Long-termsurvival after Mustard repair is clearly diminished and morbidity is substantial. Early postoperative arrhythmias

are a predictor for heart failure and late arrhythmias.
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CLINICAL RESEARCH
Congenital heart disease

European Heart Journal (2014) 35, 1666—1674
doi:10.1093/eurheartjf'ehu102

T he natural and unnatural history of the Mustard
procedure: long-term outcome up to 40 years

Judith A.A_E. Cuypers’®, Jannet A. Eindhoven?, Maarten A. Slager!, Petra Opiél,
Elisabeth M.W_.]. Utens?, Willem A. Helbing?3, Maarten Witsenburgl,
Annemien E. van den Bosch', Mohamed Ouhlous?, Ron T. van Domburg?,
Dimitris Rizopoulos?, Folkert J. Meijboom?¢, Ad ).J.C. Bogers’,

and Jolien W. Roos-Hesselink!

A T Pl QRS 199020012012 MeanSD IGR  Abmorml
s e M M 20 Echocadiography R
- p<0001 P=0001 MR vmax (m/s) 2.9+ 08 (02-34) 50
Edhoardogan 1= 1=3 1= g :P\\;::]::hf:j:m} ;3 f —,? ’ E::_—sts}m :
RV sstol functionnormal 0% 18 (%) .00 03 - 1 RVapexbase(mm) 81410  (74-87) 35
Vabe reqrgtaton (2trace) 5 Eifén;‘;} E i :0 E:II‘:::J; z
Rortc requrpiation 4 5(%) T(5%) 003 0 ﬁ 1 TDIS tricuspidannulus 7.5+15  (63-85) 97
Mirl egagtion e 0@ e 0 0 g NWCcolpse =S0% A 0TS
Ry et 115 5 T 1) A 3 0 4411 10417 17419 e et resenmee e
Tricipidregurgtton o T 1 I 0.00f 0 ¢ o LVEDV/BSA (mL/m?) 60 (37-89)
g LVESV/BSA (mUm?) 21 (10-46)
SE\'EI'EMEUSPMFE@UWWEH 1 (1%} 1l (1%} il (38%] <00t 01 LV EF (%) 63 (43-76)
Mitra regurgrzion vmax mf) ki I i 07 4 0 RVEDVIESA (’“U”‘:} 93 (30-145)
T T T RVESV/BSA (mLim?) 41 (17-78)
Pumonay requytaionvmar ()~ 19 19 10 0 0 1990 2001 2012 RVEF (%) 47 28-71)
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Journil of the American Callege of Cardiology
© 2013 by the American Callege of Cardiology Foundation
Published by Elsevier Inc.
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5 ()
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Adult Congenital Heart Disease

Right Ventricular End-Diastolic Volume
Combined With Peak Systolic Blood Pressure
During Exercise ldentifies Patients at
Risk for Complications in Adults With a

Systemic Right Ventricle

Ceath

Death

Eventsfres survival (3]

Asymptomatic

RWELCWi [echo) < S0ml
Sinus rhythim

RVECMI (echa) = 50ml

# :
= Wentricular tachycardia Logrank = 7.7; & = 1; p = 005 J Logrank=6.0;df=1; 5= 014 J Logrank=74.df = 1:p= 006
- Vascular svents
= T T T T T T T T T T T T T T T T T T T
= 0 1 2 4 5 1] 1 2 3 4 5 -1 o 1 2 3 4 5 &
] — Drath Falloveup (years)
% . ventricular tachycardia
g 7 Vascular svents 100 Peak SBF > 180mmHg
w Tricuspid regurgitation RVEDVI [CMR/MIDCT)
Wariening heart failure &0 < 150ml
g J
20 4 — [eath ?_g
Vertricular Lachycardia £ 60 1
Vascular events @
Li 2 4 4
Tricuspid regurgitatian £ 4@ Peak SBF < 1B0mmHg RVEDVI [CMRAMDCT)
Warsening heart failure £ 150 ml
. » 151
a4 Supraventricular arrhythmia & ap | "
T T T T T T
a Logrank = 12.3;df = 1; p < 001 J Logrank =23.7;df = 1; p<.001
Follow-up (years) 0 1 b 3 4 5 T T T T T T T T T T T T T
1} 1 2 3 & 5 a o 1 2 3 4 5 &
Patients at risk EB ] a7 ED 55 23 Followmup (ymars)
Conclusions Patients with a right ventricular end-giastolic volums inde above 150 ml/m™ and peak exerciss systolic blood

pressune below LB0 mm Hg had a 20-Told higher annueal event rate than patients withoul these risk factors. Regular
candiovasc ular magnalic resonance imaging and exencise esting ane i mpoartant in the rfisk assesament of these

patients. () Am Coll Cardiol 201362 926-36) ‘B 2013 by the Amedcan College of Candology Fowndat on
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Latest insights in therapeutic options for systemic
right ventricular failure: a comparison with left
ventricular failure

"M M Winter,” B J Bouma,” M Groenink,’? T C Konings,® J G P Tijssen,' D J van
Veldhuisen,* B J M Mulder'*®

Table 1  Summary of trials with [-blockers, ACE inhibitors and ATIl antagonists in patients with a systemic right ventricle

Follow-up
Agent TGA/ceTGA No {months) MRI* VO zmax NYHA Pro/retro
f-blocker
Lindenfeld er af’ Carvedilol ccTGA T ND pro
Giardini et al™ Carvedilol both T = pro
Josephson er ai™ Various TGA ND retro
Doughan et al® Various TGA ND ND retro
ACE inhibitor
Hechter et a™ Various TGA 14 24 = = ND retro
Robinson et a™ E ralapril TGA 9 12 ND = ND pro
Therrien et al™ Ramipril TGA 17 12 = = ND pro
AT antagonist
Dore et af™ Losartan both 29 35 ND = ND pro
Lester ef al™ Losartan TGA 7 2 T3 ND ND pro
CONCLUSIONS

Progressive dysfunction of the systemic rght ventricle is an
inevitable complication in patients with corrected TGA. The
exact pathophysiology remains unclear, but seems multifactor-
ial and heterogeneous. Although treatment regimens for left
ventricular failure are well established, convincing data on the
treatment of patients with a systemic right ventricle remain
sparse. Combined efforts to perform prospective, randomised
trials could overcome this shortcoming and provide these Heart 2009;95:960-963.
patients with an optimal long-term treatment and a better
future.
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Effect of Valsartan on Systemic Right Ventricular Function

A Double-Blind, Randomized, Placebo-Controlled Pilot Trial

Teun van der Bom, MD"; Michiel M. Winter, MD, PhD"; Berto J. Bouma, MD, PhD:
Maarten Groenink, MD, PhD; Hubert W. Vliegen, MD, PhD; Petronella G. Pieper, MD, PhD;
Arie PJ. van Dijk, MD, PhD; Gertjan T. Sieswerda, MD, PhD; Jolien W. Roos-Hesselink, MD, PhD;
Aeilko H. Zwinderman, PhD; Barbara J.M. Mulder, MD, PhD

100 o
.T%

n (%)
e ST Valsartan  Placebo Hazard Ratio

g Events (n=44) (n=44) (95% Cl) P
Heart failure 6(14) 5 (1) 1.2(0.4-4.0) 073
l;f 40 - Supraventricular 8(18) 8(18) 1.0(0.4-2.7) 0.96
z arrhythmia

1 o Ventricular arrhythmia 3 (7) 1(2) 11(0.3-303) 032

0 { toofank= 030,01 ;p=0sa - Cemor Death 1(2) 1(2) 10(0.1-157)  0.99
S Reoperation 2(5) 0(0) 67 (0.01-5.8x10% 0.47
Placeho 44 40 3|6 20 6 ° Composite end point 16 (36) 14 (32) 1.2 (0.6-2.5) 0.58

Follow-up(years)

Conclusions—There was no significant treatment effect of valsartan on right ventricular ejection fraction, exercise
capacity, or quality of life. Valsartan was associated with a similar frequency of significant clinical events as placebo.
Small but significant differences between valsartan and placebo were present for change in right ventricular volumes
and mass.

Circulation] 2013:127:322-33(|
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International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijeard

Randomised trial of ramipril in repaired tetralogy of Fallot and

pulmonary regurgitation

The APPROPRIATE study (Ace inhibitors for Potential PRevention Of the deleterious
effects of Pulmonary Regurgitation In Adults with repaired TEtralogy of Fallot)

There was no difference in the primary endpoint RV ejection fraction. RV long-axds shortening significantly
improved inthe amipril group compared to placebo (RY: 234 38 vs (U2 + 2.7 mm; P=0017) a5 did LV long-
axis shortening (194 4.5vs —0.2 437 mm respectively; P=0.030). No clear differences were detected between
rarmnipril and placebo for other measures. In 3 subgroup of patients with restrictive RV phyddogy, mmipril resulted
in decrease in LV end-systolic volume index and increase in LVEF [—244 5.0 vs 27 + 36 ml/m*; P=0.005,

& 4 2 v 1 4 & 3 Conclusiors: Ramipril is a well tolerated therapy, improves biventricular function in patients with {TOF and may

have a particular role in patients with restrictive RV physiology. Larger, longer-tfem studies are needed fo
A RV long-axis shortening, mm E Pk POLHE 8 i & i B
: g % 1| determine if ACE inhibitors can impeove both ventricular remodelling and clinical outcomes, (ISRCTN: 97515585)

A LV long-axis shortening, mm p=0.030

. Ramipril . Placebo
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Ambulatorio
Cardiopatie Congenite

dell’Adulto

Lo Scompenso Cardiaco nella cardiopatia congenita dell'adulto

1) L'imaging integrato e fondamentale nel follow up dei GUCH
soprattutto nello spirito dell’INNOVAZIONE e del
COWORKING

2) La terapia medica non ha dimostrato di essere una valida
alternativa nei GUCH alla terapia interventistica/chirurgia




