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If anything can go wrong,  
it will…….. 

Murphy’s law 



Congenital heart valve defects 

�  Pulmonary valve 
- pulmonary valve stenosis/atresia 

�  Aortic valve 
- bicuspid/monocuspid aortic valve 

�  Tricuspid valve 
- Ebstein anomaly 
- CCTGA 

�  Mitral valve 
- mitral valve prolapse 
- partial AV septal defect  



Severe pulmonary stenosis  
as a child: balloon valvuloplasty 

www.fairview.org 
!

Echo in CHD. Mayo Clinic 



Severe pulmonary stenosis  
as a child: balloon valvuloplasty 



Severe pulmonary stenosis:  
balloon valvuloplasty 

Results of 3-10 year follow-up of balloon dilatation of  
the PV. Rao et al. Heart 1998;80:591-595 

75 30 20 Gradient 



Severe pulmonary stenosis in a 35 yo female:  
combined with severe AS and LVNC 

Rubella embryopathy 
Blind, deaf dumb 
Wheel chair bound 

No cardiac intervention 
- parents wish 
- patient no cardiac symptoms for >30 years 



Severe pulmonary stenosis in a 35 yo female:  
combined with severe AS and LVNC 

Severe PS 
max. gradient 85mmHg 

Severe AS 
max.gradient 90mmHg 



Severe pulmonary stenosis in a 35 yo female:  
combined with severe AS and LVNC 



Severe pulmonary stenosis in a 35 yo female:  
combined with severe AS and LVNC 

Rubella embryopathy 
Blind, deaf dumb 
Wheel chair bound 
Recurrent strokes 

Death due to heart failure 
in 2013 

 



Congenital heart valve defects 

�  Pulmonary valve 
- pulmonary valve stenosis/atresia 

�  Aortic valve 
- bicuspid/monocuspid aortic valve 

�  Tricuspid valve 
- Ebstein anomaly 
- CCTGA 

�  Mitral valve 
- mitral valve prolapse 
- partial AV septal defect  



WHAT DO THEY HAVE IN 
COMMON? 

�  Arnold Schwarzenegger, Robin Williams and 
Barbara Bush have had ..... 



Bicuspid aortic valve 

�  Incidence up to 2 %, familial in 20-80 % 

� Men : women= 3:1 to 5:1 

�  Associated CHD: coarctation, Turner 
syndrome, PDA, William’s syndrome, VSD, 
Shone’s complex etc. 



Bicuspid aortic valve:  
natural history 

Roberts et al.  Medicine 2012;91:287 

Normal functioning valves 

Stenotic valves, no cath 

Stenotic valves, with cath 



Bicuspid aortic valve 

�  Treatment options 
- nothing 
- balloon valvuloplasty 
- aortic valve replacement/repair 
- valve in valve Edwards Sapien 
- composite graft 
- replacement ascending aorta 
 
- other treatments dependent on associated heart 
disease 



60 year old man with BAV 

�  Poliomyelitis as a child 

�  1998 age 45y: CM AV 
replacement due to BAV (M. 
Turina) 

�  2009: composite graft with 
bovine 27mm CE perimount 
prosthesis and 30mm Vaskutek 
Gelweave prosthesis (P. Vogt) 

�  2009 postop PM 3rd degree AV 
block 

�  2010 stroke 

�  2010 ASA/PFO: Amplatzer 
device 

�  2013 propionibacterium acnes 
endocarditis of graft: recurrent 
surgery (composite graft, 
explantation PM and Amplatzer 
device etc.) (P. Vogt) 

�  Remained symptomatic, NYHA 
III 

�  Severe MR 



60 year old man with BAV 



60 year old with BAV  
and severe MR  



60 year old with BAV after clip 



60 year old with BAV after clip 



60 year old with BAV  
after clip 



60 year old with BAV after clip 

�  No relevant cardiac problems, NYHA I-II 

�  Torasem 10mg ½ tbl. every other day, rivaroxaban 
20mg 1 tbl. qd 

�  6 min walking distance 575m 

�  Quality of life decreased 
- Severe depression  
- Unable to work 

 



Depression in CHD 

�  More adults with CHD survive to adulthood 

�  Increase risk for mental health problems/depression 

�  Little knowledge on specific treatment for depression in the growing population 
of adults with CHD 

�  Awareness = 1st step 

Pauliks. World J Cardiol 2013;5:186 



Congenital heart valve defects 

�  Pulmonary valve 
- pulmonary valve stenosis/atresia 

�  Aortic valve 
- bicuspid/monocuspid aortic valve 

�  Tricuspid valve 
- Ebstein anomaly 
- CCTGA 

�  Mitral valve 
- mitral valve prolapse 
- partial AV septal defect  



44 year old man with  
Ebstein anomaly 

Letter from a mother 

�  He was born in heart failure 

�  The pediatrician said he would not survive the 
night, he suspected pulmonary stenosis 

�  He did not die: he was a fighter 

�  Age 4 years: Ebstein’s anomaly 

�  Sister: VSD, surgery at age 3 months, death 
postoperatively 



44 year old man with  
Ebstein anomaly 

�  He never married; his CHD did influence his life, 
he never had a lot of energy 

�  He survived 2 heart surgeries 

�  After tricuspid valve replacement with a 
bioprosthesis, he felt so much better 

�  Then, he split from his girlfriend and went on a 
motorbike tour 

�  He was found dead in the hotel in his bed 



Autopsy examples of SCD in 
Ebstein‘s anomaly 

Provided by W.D. Edwards Mayo Clinic 

14 year old SCD at school 4 year old SCD while playing 



171pt with arrhythmic SCD in 
adult CHD with 1189 deaths 

Koyak, Harris et al. Circulation 2012:126:1944-1954 
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Typical Ebstein‘s anomaly 

Provided W.D. Edwards Mayo Clinic 



Shiina et al. JACC 1984;3:356 

Displacement septal 
 leaflet (>8mm/m2) 

normal Ebstein’s 

Displacement index of septal 
leaflet in Ebstein anomaly 



Patient with  
moderate 
EA 

Example of Ebstein anomaly 



20 year old asymptomatic 
moderately severe EA 



Good news – you can survive up 
to old age with Ebstein‘s 

Seward, Tajik et al. Mayo Clin Proc 1979;54:193 

Age 
77 

Age 
84 



Treatment options in Ebstein 
anomaly 

�  Medication 

�  Ablation/arrhythmia procedures 

�  ASD closure 

�  TV repair/replacement 

�  Bidirectional Glenn/Fontan 

�  Percutaneous TV replacement (Melody valve) 

�  CRT 



Tricuspid valve replacement 

�  Low threshold when > 50 y/o  

� Porcine –rarely mechanical 

� Maze frequently in older pt 

  

Provided by Frank M. Cetta  



70 year athlete with Ebstein 
anomaly 

�  In the past: Curling competitions, tennis 
competitions 

�  Now: Plays golf, almost daily 

�  Age 40: diagnosis Ebstein‘s anomaly 



Before PFO closure After PFO closure 

ASD/PFO in Ebstein’s anomaly 



Pregnancy in Ebstein’s Anomaly: 
Echo 2009 after first pregnancy 



Provided by Dearani, Bacha and da Silva 

Cone reconstruction in EA 



2010 Swiss cone-type TV repair 

�  Surgery  
TV reconstruction, plication of the arterial part of 
the RA, reduction plasty of the right atrium (March 
11, 2010; R. Prêtre) 



Ebstein’s Anomaly: Echo 2010 
after Swiss cone-type TV repair 



17 year old with Ebstein 
anomaly 

�  Normal term delivery, 38 3/7 

�  Cyanosis as a baby, O2 sat 50-80 % 

�  Ebstein‘s anomaly, ASD 

�  Age 2: recurrent SVTs, WPW, heart failure, 
cyanosis  

�  Age 6: increasing fatigue 



17 year old with Ebstein 
anomaly 

�  Age 7: June 23, 1998: RFA of accessory bundle 
(right lateral) 

�  Age 8: April 26, 1999: Surgery Paris, Prof. A. 
Carpentier: no tricuspid valve, only „sac“ with 
a 1cm orifice to the pulmonary infundibulum: 
TV repair (neo valve with autologous 
pericardium), CE No. 28mm ring, 
ventriculoplasty RV, ASD closure and 
bidirectional cavopulmonary anastomosis  



17 year old with Ebstein 
anomaly 



4 years later: atrial tachycardia 

Provided by Matthias Greutmann 
USZ 



Melody valve-in-valve 
implantation 

From online.wsj.com 



Melody valve-in-valve implantation 
in Ebstein anomaly 

Cullen, Cabalka et al. JACC Intv 2013;6:258 
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Kaplan-Meier Cum. Survival Plot for AGe death last alive
Censor Variable: death censored

Attenhofer Jost, Mc Leod, 
Dearani, Scott, Connolly  

All patients                                  

Time in years 

Survival in 986 pts with EA: 30 
year survival 95% 



Cause of death in Ebstein 
anomaly 

�  986 pts (58% women) with EA 

�  842 pts (85%) with ≥ 1 heart surgery 

�  Mild (8%), moderate (14%) , severe (78%) EA 

�  Follow-up until a median age of 37 years 

�  Excellent survival 

�  Death in 156 pts: cardiac death in 85 pts (54%): 
Cardiac death most common cause of death 

�  In other pts death due to cancer; CAD; death due to 
accident; unknown cause of death 

 Attenhofer Jost, Mc Leod, 
Dearani, Scott, Connolly  



DEATH ALWAYS DUE TO CHD = 
WRONG 

�  Do not forget to assess for 
 
- cancer/colonoscopy … 
- coronary artery disease risk factors 



Chest pain?! 

�  „He is in bed since a week. 
Bronchitis? 

     ..some days later 

�  But now, as we are walking 
across a bridge, is seems to 
him like a mountain, he is 
so pale and looks sick. 

�  He gets no air and breathes 
heavily.“ 



ccTGA 

Warnes, C. A. Circulation 2006;114:2699-2709 

double discordance  

   The circulation 
continues in the 
appropriate 
direction but 
flows through 
the “wrong” 
ventricles 

 



ccTGA 
FREQUENT associated anomalies 

�  Tricuspid valve anomalies: up to 90 %: 
“limited” Ebstein’s, dysplastic valve 

�  VSD: 70 % 

�  PS: 40 %, subvalvular>>valvular  

� Dual AV node, complete AV block 

� Dextrocardia: 20 % 



Autopsy example of ccTGA 

Provided by W.D. Edwards 



60 year old man with fatigue 

�  Diagnosis at birth 

�  No PM, normal SR 

�  One episode of heart failure 2007 

�  BNP 48 pg/ml 

�  Fatigue, 5.1 min Bruce, 43 % FAC 



60 year old man with fatigue 

Provided by H.M Connolly 



60 year old man with fatigue 

Provided by H.M Connolly 



60 year old man with fatigue 

�  FAC 23 % 

�  dP/dt 1230 

�  Moderate to severe TR: cath severe TR 

�  Patient declined surgery 

�  TV surgery in CCTGA: should NOT BE PERFORMED 
TOO LATE 



How old will I become with 
ccTGA? 

�  4 of 100 pt >71 years old 

� 83 yo female, prior TV replacement 

� 107 % FAC! 
Functional class II 

Growing old is not for sissies 



Congenital heart valve defects 

�  Pulmonary valve 
- pulmonary valve stenosis/atresia 

�  Aortic valve 
- bicuspid/monocuspid aortic valve 

�  Tricuspid valve 
- Ebstein anomaly 
- CCTGA 

�  Mitral valve 
- mitral valve prolapse 
- partial AV septal defect  
 
 



Mitral	  valve	  prolapse	  

Anterior	  mitral	  valve	  
leaflet	  

Posterior	  mitral	  valve	  
leaflet	  



Mitral valve prolapse: 2% 

�  Connective tissue disorder (Marfan syndrome etc.) 

�  Rheumatic heart disease 

�  Degenerative mitral valve disease (fibroelastic 
deficiency) 

�  Endocarditis 

�  Coronary artery disease 

�  Others: Williams syndrome, storage disorders 



Marfan	  syndrome:	  Ghent	  Criteria	  –	  
Systemic	  Score	  

Ectopia	  len,s	   Dural	  Ectasia	  

Provided	  by	  Mayo	  Clinic	  



Cause of death in young Marfan patients: rarely 
aortic dissection, 4% death due to arrhythmias 

Characteristic Prevalence 
Aortic root dilatation 63 (90 %) 
Mitral valve prolapse 34 (49 %) 
Moderate/severe MR 2 (2%) 
Left ventricular dilatation 34 (68 %) 
Aortic insufficiency 6 (8 %) 
Left ventricular systolic 
dysfunction 

8 (11 %) 

QTc prolongation 11 (16 %) 
Ventricular ectopy 13/62 (21 %) 
Ventricular tachycardia 4/62 (6 %) 

Yetman et al. JACC 2003;41:329-332 



Caveats	  of	  MR	  quan@fica@on	  

•  No	  exact	  quan@fica@on	  
•  Mul@ple	  jets	  
•  Mid-‐late	  systolic	  MR	  
•  Dependency	  on	  blood	  pressure	  
•  LV	  size	  and	  LV	  EF	  misleading	  

Messika-‐Zeitoun	  et	  al.	  
Cardiol	  Clin	  2013;31:217-‐229	  



18 yo Marfan patient after MVR/
composite graft 



Mitral valve surgery in Marfan patients 
undergoing aortic root surgery 

Kunkala et al. Circulation 2013;128:S243  



Partial AV septum defect 

�  28 yo woman with dyspnea NYHA II and 
palpitations 

�  Systolic murmur at age 23 years: 
partial AV septum defect 

�  Age 28y: Cleft closure mitral valve, tricuspid valve 
repair, ASD closure Nov 2012 (Prof. Michael 
Hübler; Zurich) 

�  Less palpitations, less dyspnea 



Partial AV septum defect 

!CHD handout Mayo Clinic 



Partial AV septum defect: 
preop 

Ostium primum ASD 
moderate left to right 

shunting with some RA and 
RV dilatation 



Partial AV septum defect: 
preop 



Partial AV septum defect: 
preop 



Partial AV septum defect: 
preop 

Symptomatic patients with 
moderate to severe AV valve 
regurgitation should undergo  
valve surgery, preferably AV 

valve repair 

ESC guidelines 2010 
Eur Heart J 2010;31:2915 



Partial AV septum defect 

!
Follow-up after 
cleft closure of mitral valve, 
TV repair, ASD closure 
Nov 2012 
 
Prof. Michael Huebler 
University Hospital Zurich 



Partial AV septum defect 

Mild to moderate left 
AV valve regurgitation 
No symptoms 
Normal pulmonary pressure 



COMPLETE REPAIR IN CHD  
= often misnomer 

�  Residua 
- arrhythmias 
- residual lesions 
- heart failure 
- postop complications: 
  constriction 
- pacemaker insertion 

 

�  Nobody is perfect 



„If God had wanted me otherwise 
he would have created me 

otherwise “ 
 J.W. Goethe 

Hey, a mended 
broken heart is 

tougher than any 
other heart…. 



end 
Thank you 



Tough hearts 
Just keep going 

Good luck 


