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Summary
Background.  —  Ebstein’s  anomaly  is  a  complex  malformation.  Justification  of  a  procedure  in
mildly symptomatic  adults  is  debatable:  repair  techniques  are  demanding  and  valve  replace-
ment is  associated  with  poorer  outcome.
Objectives.  —  We  report  our  initial  experience  with  the  cone  procedure  versus  medical  follow-
up.
Methods. —  Patients  aged  ≥  15  years  with  Ebstein’s  anomaly  were  enrolled  during  2007—2014.
The cone  procedure  was  performed  in  consecutive  patients  with  severe  tricuspid  regurgita-
tion (TR);  those  with  less  severe  disease  did  not  undergo  surgery,  although  some  underwent

percutaneous  catheter  atrial  septal  defect  closure.
Results.  —  The  cone  procedure  was  performed  in  20  patients  (mean  age  34.3  ±  14.4  years;  TR
grade 3.3  ±  0.7)  because  of  impaired  functional  capacity:  six  New  York  Heart  Association  (NYHA)
class II,  14  class  III.  No  surgical  patient  died  during  a  mean  (range)  follow-up  of  2.8  (0.5—5.0)
years. One  patient  required  subsequent  repair  for  suture  dehiscence  6  months  postoperatively.

Abbreviations: ASD, atrial septal defect; NYHA, New York Heart Association; SD, standard deviation; TR, tricuspid regurgitation.
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All  patients  presented  with  mild  or  less  TR  at  last  echocardiographic  follow-up.  NYHA  functional
class was  significantly  improved  at  follow-up  (P  <  0.0001):  16  NYHA  class  I  and  four  class  II.  Of
24 non-surgical  patients  (mean  age  37.3  ±  16.9  years;  TR  grade  2.2  ±  0.8),  seven  underwent
percutaneous  ASD  closure.  During  a  mean  (range)  follow-up  of  4.8  (3.6—5.0)  years,  two  patients
died: one  sudden  death  and  one  stroke.  Conclusion  The  cone  repair  of  the  tricuspid  valve  in
adults with  Ebstein’s  anomaly  provided  excellent  mid-term  results  and  significantly  improved
functional  status.  This  procedure  might  be  considered  even  in  mildly  symptomatic  patients  in
the presence  of  severe  valve  regurgitation.
© 2017  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé  L’anomalie  d’Ebstein  est  une  malformation  complexe.  L’indication  opératoire  chez
un patient  peu  symptomatique  est  débattue,  la  réparation  de  la  valve  est  requise  car  le  rem-
placement  valvulaire  est  associé  à  de  mauvais  résultats.
Objectifs.  — Nous  rapportons  notre  expérience  initiale  de  chirurgie  de  cône  ainsi  que  le  suivi
médical.
Méthodes.  — Les  patients  de  plus  de  15  ans  furent  inclus  entre  2007  et  2014.  La  chirurgie  de  cône
fut indiquée  chez  les  patients  avec  fuite  tricuspide  sévère,  ceux  ayant  une  forme  moindre  de  la
maladie ne  furent  pas  opérés,  certains  eurent  une  fermeture  percutanée  de  la  communication
interauriculaire.
Résultats.  — La  chirurgie  de  cône  fut  réalisée  chez  20  patients  (âge  moyen  de  34,3  ±  14,4  ans  ;
fuite tricuspide  de  grade  3,3  ±  0,7)  en  raison  de  leur  symptomatologie  fonctionnelle  :  6  étaient
en NYHA  classe  II,  14  en  classe  III.  Il  n’y  a  eu  aucun  décès  de  patients  opérés  durant  in  suivi  de
2,8 (0,5—5,0)  ans.  Un  patient  a  dû  être  réopéré  6  mois  après  pour  lâchage  de  suture.  La  fuite
tricuspide était  de  faible  grade  chez  tous  les  patients  opérés.  La  classe  fonctionnelle  NYHA  a  été
améliorée de  façon  significative  (p  <  0,0001)  :  16  étaient  en  NYHA  classe  II,  4  en  classe  III.  Parmi
les 24  patients  non  opérés  (âge  médian  de  37,3  ±  16,9  ans  ;  fuite  tricuspide  de  grade  2,2  0,8),
sept patients  eurent  une  fermeture  percutanée  de  la  communication  interauriculaire.  Durant
un suivi  moyen  de  4,8  (3,6—5,0)  ans,  deux  patients  décédèrent  :  1  mort  subite  et  1  accident
vasculaire cérébral.
Conclusion.  —  La  chirurgie  de  cône  de  reconstruction  valvulaire  tricuspide  chez  des  patients
adultes avec  anomalie  d’Ebstein  donne  d’excellent  résultats  à  moyen  terme  et  améliore  sig-
nificativement  le  statut  fonctionnel.  Cette  chirurgie  peut  être  discutée  chez  des  patients  peu
symptomatiques  avec  des  fuites  tricuspides  sévères.
© 2017  Elsevier  Masson  SAS.  Tous  droits  réservés.
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bstein’s  anomaly  was  described  for  the  first  time  by  Wil-
elm  Ebstein  in  1866  [1]  and  accounts  for  less  than  1%  of
ongenital  heart  disease  (approximately  1:200,000  births)
2].  This  anomaly  has  always  been  difficult  to  classify,
ecause  of  a  specific  pathophysiology  involving  tricuspid
alve  regurgitation  and  a  primary  abnormality  in  the  devel-
pment  of  the  right  ventricle,  frequently  associated  with  a
ight-to-left  shunt  at  atrial  level  [3].  Another  characteris-
ic  of  this  disease  is  the  wide  variety  of  its  types  and  ages
f  detection,  related  to  a  wide  spectrum  of  severity  of  the
natomical  abnormality,  ranging  from  minimal  apposition  of
he  septal  leaflet  of  the  tricuspid  valve  to  a  quasi-absence

f  functional  right  ventricle.

The  therapeutic  approach  to  Ebstein’s  anomaly  in  paedi-
tric  cardiology  is  still  debated.  Surgery  has  had  a  central
lace  —  since  the  1970s  —  for  most  congenital  heart  defects
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nd  allows  —  for  a significant  proportion  of  patients  —  a
ull  recovery  with  good  long-term  prognosis.  However,  the
anagement  of  Ebstein’s  anomaly,  particularly  in  adults,  is

till  the  source  of  much  debate  on  the  appropriateness  of
n  invasive  procedure  for  many  reasons.  First,  the  surgical
epair  to  directly  correct  the  valvular  abnormality  —  the  tri-
uspid  plasty  —  is  technically  challenging.  Second,  Ebstein’s
isease  can  be  very  well  tolerated  despite  severe  anatom-
cal  lesions.  Third,  effective  tools  to  stratify  the  patient’s
rognosis,  and  predict  the  occurrence  of  right  heart  failure
re  still  lacking.

Several  surgical  techniques  have  been  developed.  The
rst  ones  consisted  of  valve  replacement  by  mechanical
rosthesis  then  bioprothesis  [4,5]. The  first  valve  repair  was
imply  forming  a  ‘mono-cusp’  valve  by  associating  a  trans-

erse  plication  of  the  atrialized  ventricle  to  a  posterior
nnuloplasty  [6].  Carpentier  et  al.  published,  in  1988,  an
nnovative  technique  based  on  the  complete  detachment  of
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Modified  cone  reconstruction  in  Ebstein’s  anomaly  

the  proximal  insertion  of  the  anterior  leaflet  associated  with
the  most  effective  ‘surgical  delamination’  possible  and  the
re-implantation  at  the  anatomic  tricuspid  annulus  level  [7].
A  longitudinal  plication  of  atrialized  ventricle,  a  prosthetic
ring  and,  eventually,  a  superior  cavopulmonary  anastomo-
sis  were  associated  for  most  of  the  patients.  This  surgery
was  guided  by  preoperative  ultrasound  assessment  of  the
state  of  the  anterior  leaflet  in  a  specific  detailed  classifi-
cation  [7].  Until  2007,  the  Mayo  Clinic  team  continued  to
use  this  technique.  Also,  after  stopping  the  original  tech-
nique,  they  preferred  a  functional  reconstruction  technique
using  anterior  leaflet  with  annuloplasty,  moving  the  anterior
pillar  and  making  a  ‘mono-cusp’  valve.  The  proportion  of
tricuspid  valvuloplasties  performed  in  this  group  remained
below  30%  [8].  An  elective  resection  of  atrialized  ventricle
was  preferred  to  the  systematic  plication,  with  a  conserva-
tive  attitude  when  the  atrialized  ventricle  showed  residual
contractility.

The  difficulty  in  Ebstein’s  anomaly  is  the  lack  of  valvu-
lar  tissue  and  the  importance  of  defects  of  the  sub-valvular
apparatus,  making  anatomic  repair  in  three  leaflets  illu-
sory.  Since  the  late  1990s,  introduced  by  da  Silva  et  al.  [9],
there  has  been  a  new  surgical  repair  technique  called  ‘cone
reconstruction’  that  brings  several  important  innovations.
The  first  is  to  replace  the  tricuspid  annulus  in  its  anatomical
position;  the  second  is  to  repair  the  valve  with  two  sheets,
opening  in  the  right  ventricle  in  an  axis  more  ‘physiologi-
cally’  directed  to  the  apex  [9].  Since  the  publication  of  the
paper  by  da  Silva  et  al.  [9]  in  2008,  we  opted  for  this  new
technique  for  all  types  of  Ebstein’s  patients  of  any  age.  In
our  current  practice,  the  original  ‘cone’  technique  was  mod-
ified,  particularly  in  the  adult  population,  including  the  use
of  prosthetic  annulus  and/or  leaflet  patch  augmentation.

The  aims  of  this  study  were  to  evaluate  the  technique
of  modified  ‘cone’  reconstruction  of  the  tricuspid  valve  in
patients  aged  15  years  or  older  with  Ebstein’s  anomaly  and
to  compare  their  outcomes  to  those  of  patients  who  had
received  only  medical  follow-up,  including  some  who  bene-
fited  from  percutaneous  closure  of  their  atrial  septal  defect
(ASD)  by  cardiac  catheterization.

Methods

During  2007—2014,  consecutive  patients  with  Ebstein’s  dis-
ease  underwent  ‘cone’  reconstruction.  Surgical  patients
were  compared  with  those  who  were  not  proposed  for  surgi-
cal  procedure,  some  of  whom  underwent  percutaneous  ASD
closure.

Medical  history  prior  to  inclusion  was  collected  through
analysis  of  medical  records  and  interviews  of  the  patients.
The  following  symptoms  were  exhaustively  sought:  dysp-
noea,  cyanosis,  weakness,  palpitations,  angina  pectoris  and
episodes  of  faintness  or  syncope.  Dyspnoea  was  graded
according  to  the  New  York  Heart  Association  (NYHA)  classi-
fication  into  4  grades.  Saturation  at  rest  was  systematically
recorded  at  inclusion.  Ongoing  medical  treatments  were  col-
lected.
A  12-lead  electrocardiogram  was  recorded  in  all  patients
at  inclusion  and  at  every  follow-up  visit,  searching  for:  sinus
rhythm  or  not,  right  bundle  branch  block,  pre-excitation
and  first-degree  atrioventricular  block.  Chest  radiography
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as  available  for  most  patients  (except  for  five  patients  in
he  medical  group)  and  was  used  to  measure  cardio-thoracic
ndex.  Echocardiography  was  available  in  all  patients.  The
egree  of  tricuspid  regurgitation  (TR)  was  graded  into  four
lasses  [10], and  the  existence  of  an  atrial  shunt  and  its  type
ASD  or  patent  foramen  ovale)  were  sought,  as  well  as  any
ssociation  with  other  congenital  heart  defects.  Accurate
nd  reproducible  data  for  assessing  right  ventricular  func-
ion  were  only  available  for  a  limited  number  of  patients  so
ere  not  used  for  this  study.  All  surgical  patients  also  under-
ent  a  transoesophageal  echocardiography  before  leaving

he  operating  room  and  a  transthoracic  echocardiography
rior  to  hospital  discharge,  to  evaluate  surgical  results  and
rack  complications.

he modified ‘cone’ reconstruction tricuspid
alve repair technique

he  repair  consisted,  firstly,  of  a  basal  detachment  of  ante-
ior  and  posterior  leaflets.  The  access  thus  created  allowed
ptimal  surgical  ‘delamination’  of  both  leaflets,  of  the  sep-
al  leaflet  when  it  existed,  and  also  allowed  the  release
f  the  sub-valvular  apparatus,  especially  working  on  the
nteromedial  papillary  muscle.  It  is  essential  to  keep  the
istal  attachments  of  the  leaflets  to  the  ventricle,  but  it
s  necessary  to  reduce  their  number  and  to  extend  them
Fig.  1A).

After  this  initial  preparation  phase,  the  ‘atrialized’  inter-
ediate  chamber  was  plicated  by  means  of  continuous
onofilament  sutures.  This  plication,  as  well  as  the  annular
lication,  was  performed  in  a  limited  manner  by  the  inser-
ion  of  two  or  three  polyester  sutures  at  the  level  of  the
audal  segment  of  the  tricuspid  annulus.  Then,  the  free  end
f  the  posterior  leaflet  was  rotated  in  a  clockwise  direction
o  be  sutured  to  the  free  end  of  the  anterior  leaflet,  form-
ng  a cone.  The  modification  essentially  aimed  to  preserve
he  septal  commissure,  not  to  result  in  an  atrioventricular
alve  without  any  commissure  and,  on  the  other  hand,  to
void  extensive  plication  of  the  atrialized  segment,  partic-
larly  the  annulus.  Meticulous  attention  was  paid  to  avoid
oronary  artery  distortion.  The  posterior  leaflet  was  slid  and
xed  to  the  septum  to  form  a  septal  leaflet.  The  septal

eaflet,  when  it  had  retained  a  certain  mobility,  was  used  to
xpand  the  cone,  using  a  suture  zone  between  the  septal  and
osterior  leaflets.  The  latter  was  then  enlarged  by  means
f  an  autologous  pericardial  patch  in  14  at  the  beginning
f  the  present  experience.  This  patch  formed  part  of  the
one  (Fig.  1B).  The  prosthetic  ring  (Uniring

®
, Peters  Surgical,

obigny,  France)  was  used  in  16  patients  in  the  current  study.
he  prosthetic  ring  was  used  mainly  to  support  leaflet  repair
utures.  The  size  of  the  annulus  was  adjusted  to  reduce  the
osterior  annulus  without  any  particular  size  target  allowed
y  the  specificity  of  the  device,  with  the  number  of  stitches
arying  between  10  and  14.  Only  four  patients  underwent
epair  without  an  additional  patch  or  ring.  In  three  patients,
eaflet  coaptation  was  optimized  by  the  addition  of  Sebening
titches  [11].  Finally,  the  atrial  septal  defect  was  closed.
he percutaneous ASD closure technique

n  the  medical  group,  some  patient  benefited  from  an  ASD
atheter  closure,  which  involved  the  implantation  of  a
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Figure 1. Cone reconstruction’ tricuspid valve repair. A. Subtotal
detachment of leaflet tissue. B. Repair completed using ring and
p
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venous  return,  one  ventricular  septal  defect  and  one  mod-
erate  hypoplasia  of  the  left  pulmonary  artery)  and  in  the
ericardial augmentation patch.

elf-expandable  prosthesis  of  variable  size,  usually  of  the
mplatzer  type,  by  femoral  venous  access,  on  the  edges
f  the  ASD  [12].  The  principal  indication  for  ASD  closure
as  cyanosis  due  to  right-to-left  shunt,  particularly  during
xercise,  which  limited  functional  capacity.

ostoperative data collection and follow-up

ll  events  during  hospitalization  were  collected  exhaus-
ively.  The  types  of  prosthetic  equipment  used  were  noted.
n  the  postoperative  period,  the  following  data  were  col-
ected:  duration  of  stay  in  the  intensive  care  unit,  time  to
xtubation,  duration  of  catecholamine  therapy,  occurrence
f  infectious  events  related  to  surgery  or  resuscitation  and
ccurrence  of  other  complications.  Indications  for  immedi-
te  surgical  reintervention  were  the  occurrence  of  severe
leeding,  the  presence  of  a  residual  TR  greater  than  grade
I  and  the  occurrence  of  surgical  site  infection.  The  occur-

ence  of  arrhythmias  or  conduction  disorders  after  surgery
as  investigated.  The  need  for  peri-  or  postoperative  trans-

usion  was  noted.

m
c
d
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We  paid  particular  attention  to  the  data  permitting
omparison  with  previous  studies,  i.e.  mortality  and  mor-
idity,  supraventricular  arrhythmias,  heart  failure  and  the
ncrease  in  functional  status  after  the  procedure.  Event
ates  associated  with  the  disease  were  assessed  using  a
omposite  criteria  consisting  of  recurrence  of  supraventric-
lar  tachycardia  or  occurrence  ≥  2  months  after  procedure,
ardiac  insufficiency,  endocarditis,  stroke  or  sudden
eath.

Forty  of  44  patients  completed  a  telephone  survey  (two
atients  with  mental  retardation  were  helped  with  for  this).
atients  were  asked  about  the  same  types  of  symptoms  as
hose  sought  during  the  first  interview.  In  case  of  death,
uestioning  of  relatives  or  doctors  allowed  us  to  ascertain
ts  causes  and  circumstances.

Patients  were  asked  about  the  need  for  hospitalization
or  whatever  reason,  focusing  on  heart  failure,  arrhythmias
nd  the  use  of  rhythmic  procedures.  Information  on  the  need
or  surgery  (first  time  or  reoperation)  and  its  indication  was
ollected.

Two  questions  derived  from  a  standardized  and  validated
est  of  quality  of  life  seeking  a  possible  global  subjective
unctional  benefit  were  asked:  ‘Since  the  surgery,  do  you
eel:  much  better,  a  little  better,  unchanged,  at  bit  worse
r  much  worse  than  before?’  and  ‘If  you  were  to  give  your
pinion  on  the  support  around  the  intervention,  would  you
e:  very  satisfied,  quite  satisfied,  not  really  satisfied  or  not
atisfied  at  all?’.

tatistical analysis

ata  are  expressed  as  counts  and  percentages  for  categori-
al  variables  and  means  for  continuous  variables.  StatView

®

.0  and  Excel  5.0  softwares  were  used.  Differences  between
roups  were  analysed  by  the  Chi2 test,  the  paired  t-test,
he  Fisher  least  significant  difference  test  and  analysis  of
ariance.  P  values  <  0.05  were  considered  statistically  sig-
ificant.

esults

atients characteristics

he  mean  ±  SD  (range)  ages  at  inclusion  were  34.3  ±  14.4
17—60)  years  in  the  surgical  group  and  37.3  ±  16.9  (15—75)
ears  in  the  medical  group  (P  =  0.55)  and,  overall,  28  (64%)
ere  women  (Table  1).  The  surgical  patients  had  signifi-
antly  worse  NYHA  functional  status  than  patients  in  the
edical  group  (P  =  0.0023).
At  echocardiography,  atrial  shunt  was  found  in  68%  of

atients,  with  no  significant  difference  between  the  two
roups  (Table  1).  TR  grade  was  significantly  more  serious
n  the  surgical  group  (P  <  0.0001).  Echocardiography  allowed
he  diagnosis  of  associated  congenital  heart  defects  in  the
urgical  group  (three  right  partial  anomalous  pulmonary
edical  group  (one  partial  anomalous  pulmonary  venous
onnection,  one  unique  coronary  ostium  and  one  dextrocar-
ia).
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Table  1  Patient  characteristics.

Surgical  group
(n  =  20)

Medical  group
(n  =  24)

P Catheter
subgroup  (n  =  7)

Age  (years)  34.3  ±  14.4  37.3  ±  16.9  0.55  48.2  ±  16.2
Women  13  (65)  15  (63)  NS  4 (57)
NYHA  class  2.4  ±  0.6  1.7  ±  0.7  0.0023  2.0  ±  0.8

I  0  9  (38)  —  2 (29)
II  6  (30) 13  (54) —  3 (43)
III  14  (70) 2  (8) —  2 (29)

Other  symptoms
Cyanosis  7  (35)  6  (25)  NS  3 (43)
Asthenia  6  (30)  4  (17)  NS  1 (14)
Palpitations  12  (60)  10  (42)  NS  1 (14)
Angina  pectoris  0  1  (4)  NS  0
Faintness/syncope  2  (10)  1  (4)  NS  1 (14)

Saturation  at  rest  (%),  mean  95.8  94  NS  90.5
Medical  history  of  SVT

Wolff  Parkinson  White  3  (15)  3  (13)  NS  1 (14)
Atrial  7  (35)  6  (25)  NS  4 (57)

Medical  history  of  rhythmic
procedure

2 (10)  6  (25)  NS  3 (43)

Electrical  cardioversion  1  (5)  3  (13)  2 (3)
Radiofrequency  1  (5)  4  (17)a 1 (1)

Medical  history  of  cardiac
insufficiency

1 (5)  1  (4)  NS  0

Medical  history  of  stroke  2  (10)  2  (8)  NS  1 (14)
Electrocardiogram

Sinus  rhythm  19  (95)  23  (96)  NS  6 (86)
Right  bundle  branch  block  18  (90)  19  (79)  NS  6 (86)
First-degree  atrioventricular
block

3 (15)  5  (21)  NS  3 (43)

Pre-excitation  3  (15)  1  (4)  NS  0
Cardio-thoracic  index,  mean  0.58  0.59  NS  0.6
Haematocrit  (%),  mean  45.6  50.7  0.02  53.7
Tricuspid  regurgitation  grade  3.5  ±  0.7  2.3  ±  0.8  <  0.0001  2.6  ±  0.6

I  0  3  (13)  —  0
II  2  (10) 13  (54)  —  3 (43)
III  7  (35)  7  (29)  —  4 (57)
IV  11  (55) 1  (4)  —  0

Atrial  shunt  13  (65)  17  (71)  NS  7 (100)
Other  cardiac  congenital  anomaly  5  (25)  3  (13)  NS  0
Medical  treatment 14  (70)  12  (50)  NS  5 (71)

Diuretics  4  (20)  2  (8)  NS  0
Anticoagulants  (VKA  or  similar) 7  (35)  8  (33)  NS  5 (71)
Antiarrhythmic  drugs  6  (30)  7  (29)  NS  4 (57)
Beta-blocker,  ACEI  6  (30)  6  (25)  NS  3 (43)

Data are expressed as mean ± standard deviation or number (%) unless otherwise indicated. ACEI: angiotensin-converting enzyme
inhibitor; NYHA: New York Heart Association; SVT: supraventricular tachycardia; VKA: vitamin K antagonist.
a Two Wolff Parkinson White, two flutter.
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Early outcomes

Modified  ‘cone’  repair  was  performed  in  all  patients  in  the
surgical  group.  Two  patients  required  a  second  bypass  for

a  significant  residual  TR  at  transoesophageal  echocardiog-
raphy  (Tables  2  and  3),  leading  to  a  good  functional  result.
Fifteen  of  20  patients  (80%)  had  trivial  postoperative  TR,
while  five  patients  had  a  moderate  residual  TR  (Fig.  2A).
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he  mean  gradient  after  repair  was  2.8  mmHg.  Two  patients
6.2—8.3%)  had  a  gradient  >  5  mmHg  in  the  immediate  post-
perative  period.

In  terms  of  early  complications  related  to  the  surgical

rocedure,  two  patients  had  postoperative  heart  failure  that
equired  mechanical  ventilation,  catecholamine  support  and
itric  oxide.  It  was  not  necessary  to  use  mechanical  cir-
ulatory  support  in  these  patients.  No  severe  surgical  site
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Table  2  Early  complications  after  surgery  or  percutaneous  catheter  closure  (within  30  days).

Surgical  group
(n  = 20)

Catheter  subgroup
(n  =  7)

Failure  of  procedure  0  1  (14)
New  cardiopulmonary  bypass 2  (10)a 0
Extracardiac  infection 1  (5) 0
Mediastinitis/endocarditis  0  0
Cardiac  insufficiency  1  (5)  0
Supraventricular  tachycardia  3  (15)  1  (14)
Atrioventricular  block  requiring  pacemaker  implantation  1  (5)  0
Stroke  0  1  (14)
Pericardial  effusion  requiring  drainage  1  (5)  0
Blood  cells  transfusion  7  (35)  0

Data are expressed as number (%).
a Both immediately after the procedure.

Table  3  Events  during  follow-up.

Surgical  group
(n  =  20)

Medical  group
(n  =  22)

P Catheter  subgroup
(n  =  6)

Death  0  2  (9)  NS  1  (17)
Reintervention  2  (10)  3  (14)  NS  2  (33)
Mediastinitis  0  0  —  0
Endocarditis  0  1  (5)  NS  1  (17)
Supraventricular  tachycardia 4  (20)  7  (32)  NS  5  (83)

Early  first  episode  (<  2  months) 3  (15) 3 (14)  1  (17)
Late  first  episode  (>  2  months)  1  (5)  0  0
Recurrence  2  (10)  4  (18)  4  (67)

Atrioventricular  block  requiring
pacemaker

0 0  —  0

Stroke  0  1  (5)a NS  1  (17)a

Parietal  complications 6  (30) — —  —
Superficial  infection 0  —  —  —
Scar  disjunction  3  (15)  —  —  —
Keloid  scar  2  (10)  —  —  —
Pain  2  (10)  —  —  —

Cardiac  insufficiency  1  (5)  2  (9)  NS  1  (17)
Requiring  hospitalization  0  2  (9)  1  (17)

Disease  evolutionb 3  (15)  8  (36)  NS  4  (67)
Hospitalization  (all-cause)  3  (15)  6  (27)  NS  3  (50)

Data are expressed as number (%).
a Within 2 months.
b Recurrence of supraventricular tachycardia or occurrence ≥ 2 months after procedure, cardiac insufficiency, endocarditis, stroke or
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sudden death.

nfection  was  observed  in  the  surgical  group.  One  patient
ad  pericardial  effusion  and  required  surgical  drainage.

At  repair,  no  concomitant  arrhythmia  procedure  was  per-
ormed,  as  per  the  decision  of  the  referring  cardiologist.
wo  patients  had  postoperative  rhythm  disorders  and  one
ad  a  complete  atrioventricular  block  requiring  pacemaker
mplantation  (Table  2).

Seven  patients  in  the  medical  group  underwent  success-

ul  closure  of  an  atrial  shunt  by  Amplatzer  prosthesis.  In
wo  of  them,  a  moderate  residual  shunt  was  identified  by
ransthoracic  echocardiography  at  the  end  of  examination.
nother  patient  underwent  percutaneous  closure,  but  the
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rocedure  failed  due  to  insufficient  support  for  the  prosthe-
is  (Table  2).  No  in-hospital  procedural  complications  were
eported  in  the  catheterization  subgroup.

ate outcomes

he  median  (range)  durations  of  follow-up  were  2.8
0.5—5.0)  years  in  the  surgical  group  and  4.8  (3.6—5.0)  years

n  the  medical  group.  Two  patients  of  the  medical  group
ere  lost  to  follow-up  (one  of  whom  was  in  the  catheteriza-

ion  subgroup),  but  none  in  the  surgical  group.  The  overall
omplication  rates  associated  with  the  disease  were  15%  in
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Figure 2. Comparisons of (A) New York Heart Association (NYHA)

Table  4  Questionnaire  evaluation  of  functional  status
after  surgery.

Surgical  group  (n  =  20)

Amelioration
Much  better  12  (60)
A  little  better  6  (30)
Unchanged  1  (5)
A  bit  worse  1  (5)
Much  worse 0

Satisfaction
Very  satisfied 8  (40)
Quite  satisfied 11  (55)
Not  really  satisfied  1  (5)
Not  satisfied  at  all  0

Data are expressed as number (%).
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class and (B) tricuspid regurgitation (TR) grade before and at last
visit in the surgical group (n = 20).

the  surgical  group  and  36%  in  the  medical  group.  After  dis-
charge,  no  patients  died  in  the  surgical  group,  whereas  two
patients  (5.7%)  in  the  medical  group  died  during  follow-up:
one  sudden  death  10  days  after  the  ASD  closure  and  one
stroke  (1  month  after  the  cardiac  catheterization  process)
(Table  3).

In the  surgical  group,  at  last  visit,  18  patients  (90%)  had
improved  NHYA  functional  class  (the  two  patients  preoper-
atively  in  class  II  remained  in  class  II)  (Fig.  2B).  No  surgical
patients  displayed  any  postoperative  cyanosis.  Two  of  three
patients  suffering  from  asthenia  were  improved  and  eight  of
12  patients  reporting  palpitations  were  not  suffering  these
after  the  operation.

In the  surgical  group,  three  patients  (15%)  developed
de  novo  atrial  tachycardia  (flutter)  within  the  first  2
months  (Table  3).  Two  of  them  underwent  percutaneous
radiofrequency  ablation  and  one  underwent  electrical  car-
dioversion.

In  the  catheterization  subgroup,  residual  shunts
described  evolved  to  complete  closure  within  6—12  months.
Two  patients  in  the  catheterization  subgroup  required
reintervention  (Table  3):  one  right  heart  failure  occurred  5
years  after  the  procedure  and  required  surgery  for  tricuspid
valve  replacement  in  another  institution;  and  one  patient
developed  a  late  confirmed  infectious  endocarditis  on  the
pacemaker  leads,  3  years  after  ASD  closure,  and  needed  a
surgical  procedure.  The  existence  of  a  residual  shunt  (due
to  a  dehiscence  of  the  edges  of  the  prosthesis)  meant  that
the  device  had  to  be  extracted  and  the  ASD  closed  by  a
pericardial  patch.  In  this  procedure,  which  was  carried  out
at  our  centre,  no  valve  repair  was  performed.

By  subjective  functional  overall  assessment,  18  surgical
patients  (90%)  ‘felt  better’  after  surgery  and  19  patients
(95%)  were  ‘satisfied’  with  the  global  surgical  management
(Table  4).

Discussion

The  present  study  analysed  20  consecutive  adults  who
underwent  surgery  for  Ebstein’s  disease.  All  surgical  patients

benefited  from  native  valve  preservation.  Although  two
patients  (10%)  required  a  second  bypass  run  before  leaving
the  operating  room  for  residual  TR,  the  immediate  success
rate  was  very  high,  regardless  of  disease  severity.
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Tricuspid  reconstruction  in  an  adult  population  using
he  ‘cone’  concept  seems  to  be  a  surgical  procedure  with
ncouraging  early  and  medium  outcomes  in  terms  of  func-
ional  improvement,  morbidity  and  mortality.  In  our  series,
ricuspid  ‘cone’  reconstruction  was  associated  with  no  mor-
ality,  a  moderate  percentage  of  specific  complications  and
n  excellent  success  rate.  It  resulted  in  significant  improve-
ent  in  functional  status  compared  with  medical  treatment,
ith  a  significant  degree  of  patient  satisfaction.

Several  studies  corroborate  the  improvements  obtained
ith  the  surgical  management  of  Ebstein’s  patients.  In

he  largest  series  of  patients  operated  on  for  Ebstein’s
nomaly,  published  by  the  Mayo  Clinic,  539  patients  (mean
ge  24.1  ±  18.1  years)  underwent  tricuspid  valve  surgery
8,13]. Mortality  at  30  days  was  4.9%  after  tricuspid  valvulo-
lasty  and  6.8%  after  valve  replacement.  Carpentier’s  group
eported  on  a  series  of  191  patients  (mean  age  24.4  ±  15
ears)  [14].  They  reported  significant  immediate  postopera-
ive  mortality  due  to  right  heart  failure,  but  this  decreased
rom  12%  to  7%  by  systematically  adding  a  bidirectional
avopulmonary  derivation.  da  Silva  et  al.  presented  a  series
f  52  patients  who  underwent  ‘cone’  reconstruction  [15],
ith  mortality  of  the  procedure  reduced  to  3.8%.  In  the  lat-
st  study  published  by  the  Mayo  Clinic,  mortality  related  to
one  reconstruction  was  reduced  to  1.0%  [16].

Regarding  the  complications  before  hospital  discharge
within  30  days),  arrhythmias  are  the  most  frequent  in  all
eries.  However,  postoperative  heart  failure  still  remains

 real  challenge,  causing  100%  of  the  immediate  deaths
n  the  last  Mayo  Clinic  series  [16], 75%  in  da  Silva’s  series
15]  and  50%  in  Carpentier’s  group  [14].  Mechanical  circula-
ory  support  must  be  added  to  drug  support  and  nitric  oxide
hen  these  are  insufficient.  In  our  series,  two  patients  (10%)
eveloped  an  episode  of  heart  failure  (mainly  right)  requir-
ng  mechanical  ventilation,  catecholamine  and  nitric  oxide
upport,  but  without  need  of  mechanical  circulation  support
r  new  surgical  procedures.

There  are  two  possible  explanations  for  the  low  incidence
f  heart  failure  in  our  study.  Firstly,  the  modified  ‘cone’

econstruction  technique  with  the  principle  of  closure  of  the
SD  produced  good  functional  results.  Secondly,  we  must
ake  into  account  the  characteristics  of  our  cohort,  which
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32  

ncluded  adults  with  no  previous  history  of  severe  heart
ailure  episodes  (despite  a  severe  mean  TR  grade)  and  only
wo  patients  with  a  cardio-thoracic  index  ≥  0.65.  To  predict
eart  failure,  reliable  tools  for  estimating  right  ventricular
unction  preoperatively  need  to  be  found,  covering  systolic
unction  and,  more  importantly,  ventricular  compliance.
agnetic  resonance  imaging  and  three-dimensional
chocardiography  are  now  used  for  this  objective
17,18].

Finally,  regarding  the  complications  of  atrialized  ven-
ricle  plication,  several  authors  have  reported  a risk  of
ostoperative  ischaemia  (0.4%  postoperative  myocardial
nfarction  in  a  series  from  the  Mayo  Clinic)  by  ‘kinking’  of
he  right  coronary  artery  [19].  Neither  myocardial  infarc-
ion  nor  ventricular  tachycardia  was  reported  in  our  series,
aking  care  to  make  this  plication  after  analysis  of  coronary
natomy  and  with  superficial  endocardial  points.

In  adults,  a  significant  discrepancy  between  the  annu-
ar  size  and  the  surface  of  the  available  leaflet  tissue  is
ot  uncommon.  On  the  other  hand,  despite  this  inconve-
ient,  restrictive  leaflet  opening,  and  also  direct  anterior
eaflet  insertion  into  the  right  ventricle  can  be  observed.
n  this  population,  insistence  on  conventional  ‘cone’  repair
an  require  excessive  annular  plication  and  can  also  result
n  restrictive  leaflet  opening.  The  use  of  a  prosthetic  ring
nd  leaflet  augmentation  (Fig.  1B)  can  be  helpful  to  obtain
ood  functional  results  despite  these  unfavourable  anatom-
cal  factors.

The  advantages  of  the  ‘cone’  technique  are  numerous.
he  new  tricuspid  valve  is  reconstructed  in  the  anatom-

cal  plane  which,  combined  with  longitudinal  plication,
rings  the  right  ventricle  to  a  sub-normal  morphology.  Then,
alvular  coaptation  is  done,  more  likely  with  two  leaflets,
educing  the  risk  of  residual  regurgitation.  The  use  of  a  pros-
hetic  ring  also  has  the  advantage  of  annular  reinforcement,
hich  reinforces  repair  and,  eventually,  prevents  dehis-
ence.  Finally,  we  did  not  observe  severe  tricuspid  stenosis
t  hospital  discharge.  Nevertheless,  we  must  remember  that
very  patient  was  at  least  15  years  old.

ASD  closure  was  always  performed.  However,  one  patient
eceived  a  concomitant  bidirectional  cavopulmonary  shunt
or  a  postoperative  left  heart  preload  failure  suspected  dur-
ng  the  intervention.

unctional improvement

n  our  study,  80%  of  patients  were  in  NYHA  class  I  and
0%  in  NYHA  class  II  after  surgery,  significantly  better
han  before  surgery  (P  <  0.0001),  which  showed  a  good
orrelation  between  cardiac  and  functional  status.  The
esults  of  our  study  also  showed  an  improvement  in  over-
ll  subjective  functional  assessment  in  18  of  20  patients
90%).

Unfortunately,  these  excellent  results  could  not  be

onfirmed  by  objective  tests,  e.g.  peak  exercise  oxygen  con-
umption,  as  these  were  only  available  for  a  low  percentage
f  patients.  Patients  were  referred  to  our  centre  for  surgery
rom  numerous  different  hospitals  and  it  is  very  difficult
o  develop  standardized  and  comparable  preoperative  and
ollow-up  examinations.
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lace of interventional catheterization

he  indications  for  catheter  closure  of  ASD  are  limited.  It
hould  be  remembered  that  the  existence  of  a  right-to-left
hunt  reflects  low  right  ventricular  compliance.  There  is,
herefore,  a  risk  of  worsening  or  onset  of  subsequent  conges-
ive  heart  failure.  In  addition,  although  patients  initially  feel

 symptomatic  improvement  because  of  the  correction  of
ypoxaemia,  the  procedure  does  not  correct  TR  and  cannot
mprove  long-term  prognosis.  It  seems  that  percutaneous
SD  closure  to  relieve  cyanosis  in  the  Ebstein’s  setting  is  not
ecommended.  The  remaining  indications  for  percutaneous
losure  are  probably  the  rare  cases  of  documented  para-
oxical  embolism  with  reduced  Ebstein’s  anomaly  without
unctional  impact  on  the  right  ventricle.

tudy limitations

he  present  study  included  a  cohort  of  adult  patients
resenting  with  Ebstein’s  anomaly  analysed  in  two  non-
andomized  groups:  medical  and  surgical.  There  are
undamental  differences  in  the  baseline  characteristics  of
hese  two  groups.  The  20  severe  patients  underwent  surgi-
al  repair  during  the  study  period.  The  remaining  patients
ere  not  considered  for  surgical  procedure  because  of  their

unctional  status,  degree  of  TR  and  the  referring  cardiolo-
ist’s  decision.  This  study  design,  along  with  the  small  size
f  the  cohort,  meant  that  statistical  comparisons  between
he  two  groups  were  not  appropriate.

The  cone  reconstruction  technique  is  the  first  technique
o  approach  the  restoration  of  a  normal  right  heart  anatomy.
he  annulus  returned  to  its  anatomical  position  and  the  cone
estored  a  sub-normal  filling  flow.  We  could  suppose  that
hese  new  morphologic  conditions  can  lead  to  a  better  right
eart  remodelling,  restoring  an  almost  normal  right  ven-
ricular  volume,  and  may  also  permit  an  improvement  in
ight  ventricular  compliance.  The  decrease  of  the  incidence
f  complications,  preventing  the  occurrence  of  arrhythmias
nd  right  heart  failure,  may  be  suspected.  Unfortunately,
ur  present  results,  including  the  comparison  with  the  medi-
al  group,  do  not  provide  firm  conclusions.  The  number  of
urgical  patients  was  small  and  the  follow-up  period  does  not
xceed  the  mid-term.  Adding  to  the  good  immediate  results,
he  benefits  of  this  anatomical  reconstruction  technique
ould  probably  be  more  visible  during  a  longer  follow-up
nd  in  larger  studies.  However,  long-term  follow-up  data
re  missing,  so  while  we  would  like  to  propose  this  low-risk
urgery  in  asymptomatic  adult  Ebstein’s  patients  presenting
ith  TR,  longer  follow-up  data  are  required.

onclusion

iven  the  very  low  morbi-mortality  and  the  high  success
ate  of  repair  (regardless  of  anatomical  form)  afforded
y  experienced  teams,  we  believe  that  a  modified  ‘cone’
econstruction  should  be  proposed  for  every  symptomatic

bstein’s  patient.  Although  the  benefit  of  surgery  on  the
ong-term  evolution  of  Ebstein’s  anomaly  in  adults  has  not
et  been  precisely  determined,  this  short  series  leads  us  to
ropose  an  intervention  on  the  tricuspid  valve  in  all  patients
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presenting  more  than  moderate  regurgitation  before  they
progress  to  the  stage  of  decompensated  heart  failure.

Tricuspid  ‘cone’  reconstruction  seems  to  be  the  surgical
procedure  that  has  given  the  best  results  in  terms  of  func-
tional  improvement  and  morbidity  and  mortality  in  the  short
and  medium  term.  In  our  series,  modified  ‘cone’  repair  was
associated  with  low  mortality,  a  low  percentage  of  specific
complications  and  an  excellent  success  rate.  It  allowed  a
significant  improvement  in  functional  status  in  comparison
to  medical  treatment,  with  a  significant  degree  of  patient
satisfaction.

We  would  suggest  surgery  for  all  patients  with  moderate
or  severe  TR  and,  particularly,  we  observed  that  percuta-
neous  ASD  closure,  despite  reducing  cyanosis,  should  be
considered  with  extreme  caution.

Developing  tools  for  accurate  and  reproducible  prognos-
tic  evaluation  and  assessing  the  potential  benefit  in  terms  of
reduction  in  the  incidence  of  arrhythmias  and  heart  failure
warrant  a  larger  series  and  a  long-term  follow-up.

After  the  study  period,  eight  additional  adults  have
undergone  the  cone  procedure  for  Ebstein’s  repair,  one
of  whom  had  already  undergone  a  failed  tricuspid  valve
repair  attempt.  No  mortality  occurred  and,  at  discharge,
all  patients  had  mild  or  less  residual  regurgitation.  With
this  increasing  experience,  the  need  for  valvular  patch  aug-
mentation  —  as  well  as  prosthetic  annuloplasty  —  were  not
required.
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