
ARTICLE IN PRESS+Model
ACVD-1158; No. of Pages 11

Archives of Cardiovascular Disease (2019) xxx, xxx—xxx

Available  online  at

ScienceDirect
www.sciencedirect.com

CLINICAL RESEARCH

Transcatheter  pulmonary  valvuloplasty  in
neonates  with  pulmonary  atresia  and  intact
ventricular  septum
Valvuloplastie  pulmonaire  percutanée  chez  les  nouveau-nés  ayant  une  atrésie
pulmonaire  à  septum  intact

Sébastien  Hascoët ∗,  Suzanne  Borrhomée,
Nabil  Tahhan,  Jérôme  Petit,  Angele  Boet,
Lucile  Houyel,  Emmanuel  Lebret,  Mohammed  Ly,
Régine  Roussin,  Emre  Belli,  Virginie  Lambert,
Daniela  Laux

Pôle  des  cardiopathies  congénitales  de  l’enfant  et  de  l’adulte,  centre  de  référence
malformations  cardiaques  congénitales  complexes  (M3C),  hôpital  Marie-Lannelongue,
université  Paris-Sud,  université  Paris-Saclay,  133,  avenue  de  la  Résistance,  92350  Le
Plessis-Robinson,  France

Received  29  April  2018;  received  in  revised  form  20  November  2018;  accepted  21  November
2018

KEYWORDS
Pulmonary  atresia
with  intact
ventricular  septum;
Pulmonary  valve
stenosis;

Summary
Background.  —  Transcatheter  pulmonary  valvuloplasty  in  neonates  with  pulmonary  atresia  and
intact ventricular  septum  (PA-IVS)  or  duct-dependent  pulmonary  valve  stenosis  (DD-PVS)  has
become a  reasonable  alternative  to  surgical  right  ventricle  decompression.
Aim. —  To  investigate  mid-term  outcomes  following  pulmonary  valvuloplasty.
Methods.  —  Sixty-five  neonates  with  PA-IVS  (n  =  29)  or  DD-PVS  (n  =  36)  (median  age  4  days;  mean
Please  cite  this  article  in  press  as:  S.  Hascoët,  S.  Borrhomée,  N.  Tahhan,  et  al..  Transcatheter  pulmonary
valvuloplasty  in  neonates  with  pulmonary  atresia  and  intact  ventricular  septum.  Arch  Cardiovasc  Dis  (2019),
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weight 3.0  kg)  undergoing  pulmonary  valvuloplasty  were  reviewed  retrospectively.  Procedural
data and  clinical  outcomes  were  assessed.
Results.  —  Pulmonary  valvuloplasty  was  successful  in  59  patients  (90.8%).  Preterm  birth,  larger
tricuspid  valve  annulus  diameter  and  PA-IVS  correlated  with  procedural  failure.  Eleven  patients
(18.6%) required  a  Blalock-Taussig  shunt  during  early  follow-up,  despite  valvuloplasty.  These

Abbreviations: BT, Blalock-Taussig; CI, Confidence Interval; DD-PVS, Duct-Dependent Pulmonary Valve Stenosis; PA-IVS, Pulmonary Atresia
and Intact Ventricular Septum; PV, Pulmonary Valve; TV, Tricuspid Valve.
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neonates  had  smaller  tricuspid  and  pulmonary  valve  annulus  Z-scores  (—1.9  vs.  —0.8  [p  =  0.04]
and —2.5  vs.  —0.9  [P  =  0.005],  respectively)  and  a  higher  incidence  of  ‘‘bipartite’’  right  ventri-
cle (P  =  0.02).  Mean  follow-up  was  5.4  ±  3.3  years.  Mortality  after  successful  valvuloplasty  was
8.5% (n  =  5).  Among  the  54  survivors,  biventricular  repair  was  achieved  in  52  patients  (96.3%),
including  nine  with  a  previous  Blalock-Taussig  shunt.  The  cumulative  rate  of  subsequent  surgery
(excluding  Blalock-Taussig  shunt)  was  13.7%  (95%  confidence  interval  6.8—26.7%)  and  16.4%  (95%
confidence  interval  8.5—30.4%)  at  2  and  4  years,  respectively.  Secondary  surgery  was  signifi-
cantly more  frequent  in  PA-IVS  compared  with  DD-PVS,  and  in  neonates  with  a  Blalock-Taussig
shunt (P  =  0.003  and  0.01,  respectively).
Conclusions.  —  Selected  neonates  with  DD-PVS  or  PA-IVS  managed  by  transcatheter  pulmonary
valvuloplasty  had  a  good  mid-term  outcome.  In  neonates  with  a  borderline  small  right  ventricle,
a hybrid  strategy  with  a  supplementary  source  of  pulmonary  blood  flow  can  be  efficient  to
achieve biventricular  repair.
© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Contexte.  —  La  valvuloplastie  pulmonaire  percutanée  est  devenue  une  alternative  à  la  décom-
pression chirurgicale  du  ventricule  droit  chez  les  nouveau-nés  ayant  une  atrésie  pulmonaire  à
septum intact  (APSI)  ou  une  sténose  valvulaire  pulmonaire  critique  (SVPC).
Objectif.  —  Nous  avons  étudié  les  résultats  de  cette  procédure  et  le  devenir  à  moyen  terme.
Méthodes.  —  Soixante-cinq  nouveau-nés  ayant  une  APSI  (n  =  29)  ou  une  SVPC  (n  =  36)  (âge  médian
4 j  ;  poids  moyen  3  kg)  et  ayant  eu  une  valvuloplastie  pulmonaire  percutanée  ont  été  rétrospec-
tivement inclus.  Les  données  des  procédures  et  le  devenir  clinique  à  moyen  terme  ont  été
étudiés.
Résultats.  —  La  valvuloplastie  pulmonaire  percutanée  a  été  réussie  dans  59  cas  (90,8  %).  Les
prématurés,  un  anneau  tricuspide  large  et  l’APSI  était  corrélés  au  risque  d’échec.  Onze  patients
(18,6 %)  ont  nécessité  une  anastomose  de  Blalock-Taussig  durant  le  suivi  précoce  malgré  la
valvuloplastie.  Ces  nouveau-nés  avaient  des  Z-scores  des  anneaux  tricuspide  et  pulmonaire  plus
bas (—1,9  vs  —0,8  [p  =  0,04]  et  —2,5  vs  —0,9  [p  =  0,005],  respectivement)  et  une  incidence  plus
élevée de  ventricule  droit  bipartite  (p  =  0,02).  Le  suivi  moyen  a  été  de  5,4  ±  3,3  ans.  La  mortalité
après valvuloplastie  pulmonaire  a  été  de  8,5  %  (n  =  5).  Parmi  les  54  survivants,  52  (96,3  %)
ont évolué  vers  une  circulation  biventriculaire,  incluant  9  patients  avec  précédemment  une
anastomose  de  Blalock-Taussig.  L’incidence  cumulée  d’une  réintervention  chirurgicale  (autre
qu’une anastomose  de  Blalock-Taussig)  durant  le  suivi  était  de  13,7  %  (IC95  %  6,8—26,7  %)  et
16,4 %  (IC95  %  8,5—30,4  %)  à  2  et  4  ans  respectivement.  Une  réintervention  était  plus  fréquente
chez les  nouveau-nés  avec  APSI  et  chez  les  nouveau-nés  ayant  eu  une  anastomose  de  Blalock-
Taussig (p  =  0,003  et  0,01,  respectivement).
Conclusions.  —  Les  nouveau-nés  ayant  une  APSI  ou  une  SVPC  sélectionnés  pour  la  valvuloplastie
pulmonaire  percutanée  ont  un  bon  devenir  à  moyen  terme.  Chez  les  nouveau-nés  avec  un
ventricule  droit  moyennement  hypoplasique,  une  stratégie  hybride  avec  source  additionnelle
de flux  pulmonaire  est  efficace  pour  obtenir  une  circulation  biventriculaire  à  terme.
© 2019  Elsevier  Masson  SAS.  Tous  droits  réservés.
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ranscatheter  pulmonary  valvuloplasty  in  neonates  with
ulmonary  atresia  and  intact  ventricular  septum  (PA-IVS)
as  become  a  reasonable  alternative  to  surgical  right
entricle  decompression  [1].  Several  techniques  have  been
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eveloped  to  perforate  the  atretic  pulmonary  valve  (PV),
uch  as  puncturing  with  the  stiff  end  of  a  guidewire  and
aser  and  radiofrequency  perforation.  Complications  were
ommon  in  the  early  stages  of  use  —  particularly  right
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entricular  outflow  tract  perforation.  Recently,  tran-
catheter  pulmonary  valvuloplasty  has  become  a  valuable
herapeutic  option  in  current  practice  [1].  However,  given
he  rarity  of  this  congenital  heart  disease,  there  is  a  paucity
f  data  regarding  clinical  outcomes  [1—4].

PA-IVS  is  a  complex  disease  with  significant  morpho-
ogical  variability.  The  feasibility  of  biventricular  repair
rhomée,  N.  Tahhan,  et  al..  Transcatheter  pulmonary
tact  ventricular  septum.  Arch  Cardiovasc  Dis  (2019),

s  mainly  related  to  the  size  of  the  right  ventricle  and  to
oronary  anatomy.  Transcatheter  pulmonary  valvuloplasty
s  currently  recommended  in  neonates  with  favourable  right

https://doi.org/10.1016/j.acvd.2018.11.015
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Transcatheter  pulmonary  valvuloplasty  in  neonates  

ventricular  anatomy,  excluding  right  ventricle-dependent
coronary  circulation  [1,5,6].  In  neonates  with  borderline
small  right  ventricles,  it  remains  unclear  which  patients  will
benefit  from  valvuloplasty.  Few  data  are  available  on  mid-
and  long-term  outcomes.  This  study  reviews  our  clinical
results  in  neonates  with  PA-IVS  managed  with  transcatheter
pulmonary  valvuloplasty.

Methods

Study design

Using  a  prospective  database  of  catheterizations  at  a
national  referral  centre  for  complex  congenital  heart
disease  (M3C  network),  we  retrospectively  reviewed  65  con-
secutive  neonates  with  PA-IVS  or  duct-dependent  PV  stenosis
(DD-PVS)  undergoing  pulmonary  valvuloplasty  from  2003
to  2015.  DD-PVS  was  defined  as  critical  PV  stenosis,  with
cyanosis  related  to  right-to-left  shunt  through  a  patent
foramen  ovale,  and  duct-dependent  pulmonary  artery  cir-
culation  [1].  DD-PVS  was  included  in  this  study  as  it  shares
a  common  neonatal  clinical  presentation  and  management
strategy  with  PA-IVS  [3,7].  Anatomically  there  can  be  an
overlap  between  these  two  defects,  as  a  tiny  hole  is  some-
times  observed  in  the  PV  during  catheterization  in  neonates
previously  diagnosed  as  having  PA-IVS  on  echocardiography.
These  neonates  were  then  classified  as  having  DD-PVS  in  this
study.

Neonates  were  considered  suitable  for  transcatheter  pul-
monary  valvuloplasty  when  the  right  ventricle  morphology
was  tripartite  or  bipartite,  the  tricuspid  valve  (TV)  annulus
diameter  was  >  7  mm  and  the  TV  annulus  Z-score  was  >  —2.
Neonates  with  DD-PVS  and  PA-IVS  considered  unsuitable  can-
didates  for  transcatheter  valvuloplasty  were  excluded;  this
included  neonates  with  right  ventricular  duct-dependent
circulation  and/or  severe  right  ventricle  hypoplasia,  who
were  managed  surgically  with  a  palliative  approach  for  sub-
sequent  univentricular  repair.

Demographic,  clinical  and  echocardiographic  data  were
collected.  Catheterization  data  were  analysed  regarding
technical  details,  results  and  complications.  Echocardio-
grams  were  reviewed  for  primary  diagnosis,  TV  annulus
diameter,  regurgitation  peak  gradient,  PV  annulus  diameter
and  associated  cardiac  malformations.  The  TV  annulus  was
measured  in  an  apical  four-chamber  view  in  early  diastole,
and  the  PV  annulus  was  measured  in  a  short-axis  parasternal
view  in  early  systole  [8].  PV  and  TV  annulus  Z-scores  were
established  based  on  weight  and  height  at  time  of  echocar-
diography,  according  to  the  methods  described  by  Cantinotti
et  al.  [9].

Catheterization  was  performed  under  conscious  sedation
in  spontaneously  breathing  neonates  or  under  mechanical
ventilation,  depending  on  haemodynamics  and  clinical
condition.  Femoral  venous  access  was  used  in  all  neonates.
Haemodynamic  assessment  and  angiograms  of  the  left
and  right  ventricles  were  performed.  The  PV  annulus
was  measured.  Absence  of  right  ventricle-dependent
Please  cite  this  article  in  press  as:  S.  Hascoët,  S.  Bor
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coronary  circulation  was  assessed.  In  case  of  PV  atresia,
PV  perforation  was  performed  using  radiofrequency.  A
4-French  Judkins  right  catheter  or  a  Bernstein  catheter
was  positioned  along  the  right  ventricular  outflow  tract.
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ppropriate  positioning  was  confirmed  by  repeated  small
anual  injections  of  iodine  contrast  in  a  lateral  view.  A

.025-inch  Nykanen  radiofrequency  wire  (Baylis  Medical
ompany  Inc.,  Montreal,  Quebec,  Canada)  was  introduced

nto  the  catheter  positioned  in  the  right  ventricular  outflow
ract,  directly  beneath  the  atretic  PV.  Perforation  was
erformed  with  5—7  W  of  energy  delivered,  with  up  to
0—25  W  in  exceptional  cases.  A  0.014-inch  guidewire  was
hen  positioned  in  the  descending  aorta  across  the  PV  and
he  ductus  arteriosus.  Balloon  pulmonary  valvuloplasty  was
erformed  in  two  steps.  First  a  coronary  balloon  was  used
o  dilate  the  valve  and  allow  valve  crossing  with  a  bigger
alloon.  Then  a Tyshak  balloon  (Numed,  Inc.  Hopkinton,  NY,
SA)  corresponding  to  PV  annulus  size  was  used.  Procedural
uccess  was  defined  by  the  establishment  of  an  efficient
nterograde  flow  through  the  PV,  as  assessed  by  angiography.

In  neonates  with  a  borderline  small  right  ventricle  size,
 hybrid  strategy,  with  supplementary  Blalock-Taussig  (BT)
hunt  serving  as  additional  pulmonary  blood  flow,  was  used.
he  timing  of  the  BT  shunt  surgery  was  not  standardized,  and
as  assessed  in  a case-by-case  fashion.  Ductus  arteriosus

tenting  was  not  part  of  the  management  of  PA-IVS  and  DD-
VS  during  the  study  period  in  our  institution.

All  complications  occurring  during  the  catheterization
nd  index  hospitalization  were  recorded.  Major  adverse
vents  were  defined  as  the  need  for  permanent  or  tem-
orary  pacemaker,  cardiac  arrest,  pericardial  tamponade,
mbolic  stroke,  unplanned  cardiac  surgery  or  any  complica-
ion  leading  to  death.  Otherwise,  recorded  adverse  events
ere  defined  as  minor.  To  assess  short-term  outcome,
ata  on  duration  of  mechanical  ventilation,  prostaglandin
1  infusion,  in-hospital  stay,  need  for  early  reinterven-
ion  and  morbidity  were  collected.  Morbidity  included  all
omplications  occurring  after  the  procedure  or  during  the
ndex  hospitalization:  arrhythmia,  leg  ischaemia,  pericardial
r  pleural  effusions,  digestive  disorders  (from  mild  to  ente-
ocolitis)  and  infections  (defined  by  positive  blood  culture  or
erebrospinal  fluid,  seizures,  embolic  stroke  and  haemody-
amic  shock).  Early  reintervention  was  defined  as  the  need
or  surgery  or  another  cardiac  catheterization  during  the
ndex  hospitalization.  Long-term  follow-up  was  assessed  in
erms  of  catheterization,  surgery  and  vital  status.  The  lat-
st  follow-up  data  were  collected  at  the  end  of  the  study
eriod.

tatistical analysis

tatistical  analyses  were  performed  using  Stata
®

software,
ersion  11.2  (StataCorp,  College  Station,  TX,  USA).  Continu-
us  variables  are  expressed  as  means  ±  standard  deviations
or  normally  distributed  variables.  The  Shapiro-Wilk  test
as  used  to  test  the  normality  of  the  distribution  of  the
ariables.  Otherwise,  variables  are  expressed  as  medians
interquartile  ranges].  Comparisons  between  measurements
ere  performed  using  paired  t  tests  or  the  Wilcoxon  signed-

ank  test.  A  paired  t  test  was  used  when  variables  were
ormally  distributed,  and  after  the  homogeneity  of  vari-
nce  was  checked.  Levene’s  test  was  used  to  assess  the
rhomée,  N.  Tahhan,  et  al..  Transcatheter  pulmonary
tact  ventricular  septum.  Arch  Cardiovasc  Dis  (2019),

omogeneity  of  variance.  When  these  conditions  were  not
atisfied,  a  non-parametric  Wilcoxon  test  was  used.  Cate-
orical  data  was  compared  using  a  �2 test  or  Fisher’s  exact
est.

https://doi.org/10.1016/j.acvd.2018.11.015


ARTICLE IN PRESS+Model
ACVD-1158; No. of Pages 11

4  S.  Hascoët,  S.  Borrhomée,  N.  Tahhan,  et  al.

Table  1  Demographics  and  procedural  data.

Total  population  (n  =  65)  PA-IVS  (n  =  29)  DD-PVS  (n  =  36)  P

Gestational  age  (weeks) 38.1  ±  2.5  38.1  ±  2.0  38.1  ±  2.8  0.8
Intrauterine  growth

retardation  <  10th
percentile

8 (12.3)  2  (6.9)  6  (16.7)  0.3

Antenatal  diagnosis  22  (33.8)  14  (48.3)  8  (22.2)  0.03
Male  42  (64.6)  20  (69.0)  22  (61.1)  0.5
Extracardiac  anomalies  6  (9.2)  3  (10.3)  3  (8.3)  1.0
Associated  cardiac

malformations
20  (30.8)  10  (34.5)  10  (27.8)  0.6

Twins 11  (16.9) 2  (6.9) 9  (25.0) 0.09
Monochorionic  diamniotic 8  (12.3) 2  (6.9) 6  (16.7) 0.3

Procedural  data
Age  (days)  4  [2;  7]  2  [1;  6]  5  [2;  9]  0.1
Weight  (kg)  3.0  ±  0.6  2.9  ±  0.5  3  ±  0.6  0.8
TV  annulus  diameter  (mm)  9.6  [8.9;  12.7]  10.5  [9.2;  14.0]  9.0  [8.0;  11.8]  0.04
TV  annulus  Z-score —0.8  ±  0.7  —0.4  ±  1.7  —1.2  ±  1.5  <  0.05
PV  annulus  diameter  (mm) 6.8  ±  1.5 6.5  ±  1.8  7.0  ±  1.2  0.3
PV  annulus  Z-score —1.4  [—2.3;  —0.2]  —1.4  [—2.7;  —0.2]  —1.1  [—2.0;  —0.2]  0.5
Bipartite  right  ventricle 13  (20.0) 9  (31.0)  4  (11.1)  0.06
Tricuspid
regurgitation  ≥  grade  3

34  (52.3) 17  (58.6) 17  (47.2)  0.5

Mechanical  ventilation 33  (50.8) 20  (69.0) 13  (36.1) 0.008
PV  dilation 59  (90.8) 23  (79.3) 36  (100)  0.006
Maximum  balloon  diameter
(mm)

8 [6;  8] 8 [6;  8] 8  [8;  8] 0.09

Balloon/PV  diameter  1.2  [1.1;  1.4]  1.2  [1.1;  1.6]  1.2  [1.1;  1.4]  0.8

Data are expressed as mean ± standard deviation, number (%) or median [interquartile range]. DD-PVS: duct-dependent pulmonary
valve stenosis; PA-IVS: pulmonary atresia and intact ventricular septum; PV: pulmonary valve; TV: tricuspid valve.
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Kaplan-Meier  curves  of  time  to  clinical  events  (i.e.  rein-
ervention  by  surgery  or  catheterization)  were  plotted  using
onths  since  neonatal  percutaneous  pulmonary  valvulo-
lasty  as  the  time  scale.  Differences  between  cumulative
ates  of  reintervention  among  patients  with  DD-PVS  or  PA-
VS  and  among  patients  with  or  without  BT  shunt  were
ssessed  using  the  log-rank  test.  A  P-value  <  0.05  was  con-
idered  statistically  significant.  The  study  was  approved  by
he  local  ethics  research  committee.  The  study  database
as  declared  to  the  National  Commission  on  Data  Process-

ng  and  Freedoms  (Commission  nationale  de  l’informatique
t  des  libertés;  CNIL  no 1837880).

esults

uring  the  study  period,  65  neonates  underwent  tran-
catheter  pulmonary  valvuloplasty:  29  had  PA-IVS  (44.6%)
nd  36  had  DD-PVS  (55.4%)  (Table  1).  The  median  age  at  the
ime  of  the  procedure  was  4  [2;  7]  days  (ranging  from  0  to
2  days).  The  mean  weight  was  3.0  ±  0.6  kg  (ranging  from
.4  to  4.3  kg).  There  were  eleven  twin  pregnancies  (16.9%),
ncluding  eight  monochorionic  biamniotic  twins  (12.3%).
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ix  patients  had  additional  congenital  disease,  including
own  syndrome  (n  =  1),  Di-George  syndrome  (n  =  1),  corpus
allosum  agenesis  with  microcephalia  (n  =  1),  ureterocele
n  =  1),  kidney  dysplasia  (n  =  1)  and  choanal  atresia  (n  =  1).

l
r
A
t

ssociated  cardiac  abnormalities  were  observed  in  20
atients  (30.8%,  95%  confidence  interval  [CI]  19.9—43.4%).
hese  lesions  were  mostly  tricuspid  abnormalities  (n  =  17),

ncluding  Ebstein’s  anomaly  (n  =  8),  tricuspid  stenosis  (n  =  5)
nd  tricuspid  dysplasia  (n  =  4).  Two  patients  had  coronary
rtery  sinusoids  without  right  ventricle-dependent  coronary
irculation  in  addition  to  Ebstein’s  anomaly.  Two  patients
ad  small  ventricular  septal  defects  (one  membranous,  one
uscular).  One  patient  had  a  sinus  venosus  atrial  septal
efect.

Catheterization  was  performed  in  spontaneously  breath-
ng  neonates  under  conscious  sedation  in  21  cases  (32.8%).
edian  valvuloplasty  balloon  size  was  8  [6;  8]  mm  (ranging

rom  4.5  to  12.0  mm).  Median  PV  diameter  to  balloon  ratio
as  1.2  [1.1;  1.4]  (ranging  from  1.0  to  2.0).  Transcatheter
ulmonary  valvuloplasty  was  successfully  achieved  in  59
atients  (90.8%,  95%  CI  81.0—96.5).  The  success  rate  was
igher  in  neonates  with  DD-PVS  than  in  neonates  with  PA-
VS  (100%,  95%  CI  90.3—100%  vs.  79.3%,  95%  CI  60.3—92.0;

 =  0.006).  The  success  rate  tended  to  be  higher  in  the  last
 years  of  experience  (96.6%,  95%  CI  82.2—99.9  vs.  86.5%,
5%  CI  71.2—95.5).  Before  valvuloplasty,  the  mean  right
entricular  systolic  pressure  was  85.2  ±  23.9  mmHg.  The
rhomée,  N.  Tahhan,  et  al..  Transcatheter  pulmonary
tact  ventricular  septum.  Arch  Cardiovasc  Dis  (2019),

eft  ventricular  systolic  pressure  was  55.1  ±  9.2  mmHg.  The
ight-to-left  ventricle  systolic  pressure  ratio  was  1.6  ±  0.4.
fter  successful  pulmonary  valvuloplasty,  the  right  ven-
ricular  systolic  pressure  decreased  to  43.3  ±  16.1  mmHg

https://doi.org/10.1016/j.acvd.2018.11.015
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Table  2 Demographics  and  procedural  data  in  neonates  with  versus  without  successful  transcatheter  pulmonary
valvotomy.

Failure  (n  =  6)  Success  (n  =  59)  P

Demographics
PA-IVS  6  (100)  23  (39.0)  0.006
Male  3  (50.0)  39  (66.1)  0.7
Antenatal  diagnosis  3  (50.0)  19  (32.2)  0.4
Premature  3  (27.2)  6  (11.1)  0.03
Intrauterine  growth  retardation  <  10th  percentile  0  (0.0)  8  (13.6)  1.0
Associated  cardiac  malformations  1  (16.7)  17  (28.8)  1.0
Extracardiac  anomalies 1  (16.7) 7  (11.9)  0.6

Before  catheterization
Age  (days) 3  [1;  6] 4 [2;  7] 0.4
Weight  (kg)  2.8  ±  0.4  3.0  ±  0.6  0.5
Bipartite  right  ventricle  2  (33.3)  11  (18.6)  0.6
Tricuspid  regurgitation  ≥  grade  3  5  (83.3)  29  (49.2)  0.2
PV  annulus  diameter  (mm)  6.8  ±  1.5  6.8  ±  1.5  0.9
PV  annulus  Z-score —1.4  [—2.2;  —0.2]  —1.5  [—2.5;  —0.2]  0.8
TV  annulus  diameter  (mm) 12.8  [11.0;  14.0] 9.5  [8.6;  12.0]  0.03
TV  annulus  Z-score 0.5  ±  1.0  —1.0  ±  1.6  0.03
RV/LV  systolic  pressure  ratio 1.5  ±  0.5 1.6  ±  0.4  0.9

Data are expressed as number (%), median [interquartile range] or mean ± standard deviation. LV: left ventricular; PA-IVS: pulmonary
atresia and intact ventricular septum; PV: pulmonary valve; RV: right ventricular; TV: tricuspid valve.
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(P  <  0.0001)  while  the  left  ventricular  systolic  pressure
remained  stable  (56.1  ±  10.9  mmHg;  P  =  0.3).  The  right-to-
left  ventricle  systolic  pressure  ratio  decreased  to  0.8  ±  0.3
(P  <  0.0001).  Peripheral  arterial  oxygen  saturation  increased
from  85.8  ±  10.3%  to  92.8  ±  6.6%  (P  <  0.0001).  Haemodynam-
ics  after  successful  transcatheter  pulmonary  valvuloplasty
were  similar  in  patients  with  PA-IVS  and  DD-PVS.  Compar-
isons  of  baseline  variables  between  neonates  with  successful
and  unsuccessful  procedures  are  reported  in  Table  2. Failed
procedures  were  only  observed  in  PA-IVS,  and  more  often  in
premature  babies.  Neonates  with  failed  procedures  had  a
larger  TV  annulus  diameter  (P  =  0.03),  and  a  trend  towards
more  severe  tricuspid  regurgitation.

Early outcomes

Technical success (n = 59)
Forty  cases  (77.8%)  required  postprocedural  admission  to  the
intensive  care  unit.  In  these  cases,  median  length  of  stay
was  5  [2;  9]  days.  In  neonates  with  a  successful  procedure
performed  under  mechanical  ventilation  (n  = 43),  extubation
occurred  within  24  hours  in  15  cases  (23.4%).  In  other  cases,
ventilation  duration  ranged  from  2  to  25  days.  Postproce-
dural  prostaglandin  E1  infusion  was  required  in  49  cases
(83.1%),  for  a  median  of  4  [2;  9]  days,  ranging  from  1  to  20
days.  The  median  length  of  hospitalization  after  catheteri-
zation  was  7  [4;  17]  days.

Complications and mortality
Please  cite  this  article  in  press  as:  S.  Hascoët,  S.  Bor
valvuloplasty  in  neonates  with  pulmonary  atresia  and  in
https://doi.org/10.1016/j.acvd.2018.11.015

Pulmonary  valvuloplasty  was  unsuccessful  in  six  cases.  Two
patients  had  a  pericardial  tamponade  as  a  result  of  per-
foration  of  the  pulmonary  artery  by  the  radiofrequency

n
o
w
a

uidewire;  one  died  in  the  catheterization  laboratory,  and
ne  underwent  successful  rescue  surgery  with  surgical
ulmonary  valvotomy  and  BT  shunt.  The  remaining  four
eonates  with  unsuccessful  procedures  were  managed  sur-
ically  with  pulmonary  valvotomy  and  a  complementary  BT
hunt;  one  died  of  heart  failure  2  days  after  the  surgery.

Deaths  occurred  in  five  other  cases,  2  to  10  days
fter  successful  catheterization  (8.5%,  95%  CI  2.8—18.7%);
ne  had  a  complementary  BT  shunt.  Deaths  were  related
o  septicaemia  (Staphylococcus  aureus,  n  =  1),  necrotizing
nterocolitis  in  a patient  requiring  prostaglandin  E1  and
eart  failure  (n  =  3).  Four  of  these  five  patients  had  severe
ricuspid  regurgitation.

Overall,  mortality  (n  =  7  [10.8%],  95%  CI  4.4—20.9%)  was
nly  observed  in  neonates  with  PA-IVS  (24.1%,  95%  CI
0.3—43.5%).  Severe  complications  occurred  in  six  patients
one  severe  stroke,  four  cases  of  septic  shock,  one  operated
ecrotizing  enterocolitis).  Severe  complications  and  death
ere  observed  in  13  cases  (20.0%,  95%  CI  11.1—31.8%).  Con-

idering  only  neonates  with  successful  procedures,  severe
omplications  and  death  were  observed  in  11  cases  (18.6%,
5%  CI  9.7—30.9%).

Minor  complications  were  reported  in  19  patients  (29.3%,
5%  CI  18.6—41.8%),  including  minor  digestive  symptoms,
esolved  arrhythmia,  transient  leg  ischaemia,  transient
enal  failure  (n  =  1)  and  transient  hypothyroidism  (n  =  1).

Overall,  deaths,  major  adverse  events  and/or  unsuc-
essful  procedures  occurred  in  17  cases  (26.2%,  95%
I  16.0—38.5%).  Comparisons  of  baseline  data  between
eonates  with  favourable  versus  unfavourable  short-term
rhomée,  N.  Tahhan,  et  al..  Transcatheter  pulmonary
tact  ventricular  septum.  Arch  Cardiovasc  Dis  (2019),

utcomes  are  reported  in  Table  3.  An  unfavourable  outcome
as  more  often  observed  in  neonates  with  PA-IVS  (P  <  0.001)
nd  younger  age  at  catheterization  (P  =  0.0008).

https://doi.org/10.1016/j.acvd.2018.11.015
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Table  3 Demographics  and  procedural  data  in  neonates  according  to  short-term  outcome.

Died/unsuccessful
catheterization/major
adverse  events  (n  =  17)

Successful  procedure
with  favourable  early
outcome  (n  =  48)

P

Demographics
PA-IVS  14  (82.4)  15  (31.3)  <  0.001
Male  10  (58.8)  32  (66.7)  0.6
Antenatal  diagnosis  9  (52.9)  13  (27.1)  0.08
Premature  3  (17.7)  6  (12.5)  0.7
Intrauterine  growth  retardation  <  10th  percentile  1  (5.9)  7  (14.6)  0.7
Associated  cardiac  malformations 4  (23.5) 14  (29.2)  0.8
Extracardiac  anomalies 2  (11.8) 6  (12.5) 1.0

Before  catheterization
Age  (days)  2  [1;  4]  5  [2;  8]  0.0008
Weight  (kg)  2.9  ±  0.4  3.0  ±  0.6  0.3
Bipartite  right  ventricle  5  (29.4)  8  (16.7)  0.3
Tricuspid  regurgitation  ≥  grade  3  12  (70.6)  22  (45.8)  0.1
PV  annulus  diameter  (mm) 6.2  ±  1.9  7.0  ±  1.3  0.2
PV  annulus  Z-score —1.4  [—2.9;  —0.2] —1.3  [—2.1;  —0.2]  0.6
TV  annulus  diameter  (mm) 11.5  [9.3;  13.8]  9.4  [8.5;  11.9]  0.1
TV  annulus  Z-score —0.3  ±  1.8 —1.1  ±  1.5  0.1
RV/LV  systolic  pressure  ratio 1.6  ±  0.5 1.6  ±  0.4 0.4

Data are expressed as number (%), median [interquartile range] or mean ± standard deviation. LV: left ventricular; PA-IVS: pulmonary
atresia and intact ventricular septum; PV: pulmonary valve; RV: right ventricular; TV: tricuspid valve.

Table  4  Demographics  and  procedural  data  in  neonates  with  versus  without  a  Blalock-Taussig  shunt  after  successful
transcatheter  pulmonary  valvotomy.

No  BT  shunt  (n  =  48)  BT  shunt  (n  =  11)  P
Demographics

PA-IVS  17  (35.4)  6  (54.6)  0.3
Intrauterine  growth  retardation  <  10th  percentile  5  (10.4)  3  (27.3)  0.2
Prematurity  6  (12.5)  0  (0.0)  0.6
Antenatal  diagnosis  16  (33.3)  3  (27.3)  1.0
Male  32  (66.7)  7  (63.7)  1.0
Associated  cardiac  malformations  13  (27.1)  4  (36.4)  0.7
Extracardiac  anomalies  4  (8.3)  2  (18.2)  0.3

Before  catheterization
Age  (days)  4  [2;  7]  3  [2;  6]  0.4
Weight  (kg)  3.0  ±  0.6  2.9  ±  0.6  0.8
PV  annulus  diameter  (mm)  7.1  ±  1.2  5.4  ±  1.7  0.0003
PV  annulus  Z-score  —0.9  [—1.9;  —0.1]  —2.5  [—5.0;  —1.4]  0.005
TV  annulus  diameter  (mm)  10.0  [8.9;  13.5]  9.0  [7.0;  9.5]  0.02
TV  annulus  Z-score —0.8  ±  1.7  —1.9  ±  0.9  0.04
Tricuspid  regurgitation  ≥  grade3 24  (50.0%) 5  (45.5%)  1.0
Bipartite  RV  6  (12.5%)  5  (45.5%)  0.02
RV  systolic  pressure  (mmHg)  82.8  ±  22.7  98.0  ±  27.4  0.08
RV/LV  systolic  pressure  ratio  1.5  ±  0.4  1.9  ±  0.6  0.03

After  catheterization
RV  systolic  pressure  (mmHg)  42.0  ±  12.5  50.3  ±  28.7  0.2
RV/LV  pressure  ratio  0.8  ±  0.2  1.0  ±  0.6  0.07

Data are expressed as number (%), median [interquartile range] or mean ± standard deviation. BT: Blalock-Taussig; LV: left ventricular;
PA-IVS: pulmonary atresia and intact ventricular septum; PV: pulmonary valve; RV: right ventricular; TV: tricuspid valve.

https://doi.org/10.1016/j.acvd.2018.11.015
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Figure 1. Flow chart displaying short- and long-term outcomes of neonates with attempted transcatheter pulmonary valvuloplasty. ASD:
nden
ry; SC
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(n  =  1)  and  tricuspid  valvuloplasty  (n  =  1).  The  cumulative
atrial septal defect; BT: Blalock-Taussig shunt; DD-PVS: duct-depe
ventricular septum; PDA: patent ductus arteriosus; Pulm.: pulmona

BT shunt
In  neonates  with  successful  transcatheter  valvuloplasty,  a  BT
shunt  was  required  in  11  cases  (18.6%,  95%  CI  9.7—30.9%).
No  ductus  arteriosus  stenting  was  performed.  Details  of
neonates  with  a  BT  shunt  compared  with  neonates  without
a  BT  shunt  are  reported  in  Table  4.  Neonates  requiring  a  BT
shunt  had  a  smaller  TV  annulus  (P  =  0.02;  Z-score,  P  =  0.04),
a  smaller  PV  annulus  (P  =  0.0003;  Z-score,  P  =  0.005)  and
a  higher  incidence  of  bipartite  right  ventricle  (P  =  0.02).
Neonates  with  a  BT  shunt  had  a  longer  duration  of  mechan-
ical  ventilation  (8  [3;  11]  vs.  1  [0—;  3]  days;  P  <  0.0001),  a
longer  intensive  care  unit  stay  (10  [7;  13]  vs.  2  [0;  4]  days;
Please  cite  this  article  in  press  as:  S.  Hascoët,  S.  Bor
valvuloplasty  in  neonates  with  pulmonary  atresia  and  in
https://doi.org/10.1016/j.acvd.2018.11.015

P  <  0.0001),  a  longer  in-hospital  stay  (20  [14;  29]  vs.  10  [7;
19]  days;  P  =  0.008)  and  a  higher  rate  of  major  adverse  events
(12.5%  vs.  45.5%;  P  =  0.02).

n
1
w

t pulmonary valve stenosis; PA-IVS: pulmonary atresia with intact
PD: superior cavopulmonary derivation.

id-term outcome (n = 54)

ean  follow-up  duration  was  5.4  ±  3.3  years.  Four  patients
7.4%)  were  lost  to  follow-up.  No  late  death  was  reported.
atient  outcomes  are  illustrated  in  Fig.  1.  Kaplan-Meier
urves  displaying  cumulative  reintervention  rate  following
uccessful  pulmonary  valvuloplasty  are  shown  in  Fig.  2.
omplementary  surgical  procedures  (excluding  BT  shunt
uring  neonatal  care)  were  required  in  eight  cases,  includ-
ng  bidirectional  cavopulmonary  anastomosis  (n  =  2),  surgical
ulmonary  valvotomy  (n  =  4)  with  atrial  septal  defect  closure
rhomée,  N.  Tahhan,  et  al..  Transcatheter  pulmonary
tact  ventricular  septum.  Arch  Cardiovasc  Dis  (2019),

eed  for  late  surgery  was  13.7%  (95%  CI  6.8—26.7%)  and
6.4%  (95%  CI  8.5—30.4%)  at  2  and  4  years  respectively;  it
as  significantly  higher  in  PA-IVS  compared  with  DD-PVS,  and

https://doi.org/10.1016/j.acvd.2018.11.015
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igure 2. Kaplan-Meier curves displaying cumulative reinterven
ependent pulmonary valve stenosis; PA-IVS: pulmonary atresia wit
Please  cite  this  article  in  press  as:  S.  Hascoët,  S.  Bor
valvuloplasty  in  neonates  with  pulmonary  atresia  and  in
https://doi.org/10.1016/j.acvd.2018.11.015

n  neonates  with  a  BT  shunt  (P  =  0.003  and  0.01).  Interven-
ional  catheterizations  were  required  in  13  cases,  including
epeat  transcatheter  pulmonary  valvuloplasty  (n  =  9),  atrial
eptal  defect  closure  (n  =  2),  patent  ductus  arteriosus

c
t
3
a

rate following successful pulmonary valvuloplasty. DD-PVS: duct-
ct ventricular septum.
rhomée,  N.  Tahhan,  et  al..  Transcatheter  pulmonary
tact  ventricular  septum.  Arch  Cardiovasc  Dis  (2019),

losure  (n  =  1)  and  BT  shunt  occlusion  (n  =  2).  The  cumula-
ive  reintervention  rate  by  surgery  or  catheterization  was
1.3%  (95%  CI  20.5—46.0%)  and  36.4%  (95%  CI  24.6—31.7%)
t  2  and  4  years,  respectively;  it  was  significantly  higher

https://doi.org/10.1016/j.acvd.2018.11.015
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in  PA-IVS  compared  with  DD-PVS  (P  =  0.04).  At  the  end
of  follow-up,  pulmonary  regurgitation  ≥  grade  3,  tricus-
pid  regurgitation  ≥  grade  2  and  dyspnoea  were  reported  in
28.9%,  16.7%  and  7.0%,  respectively.

Discussion

This  study  reports  early  and  mid-term  outcomes  of  65
consecutive  neonates  with  PA-IVS  or  DD-PVS  treated  by
transcatheter  pulmonary  valvuloplasty.  The  study  included
patients  considered  suitable  to  achieve  biventricular  repair,
with  a  tripartite  or  bipartite  right  ventricle  and  mild  tri-
cuspid  hypoplasia.  The  pulmonary  valvuloplasty  success  rate
was  >  90%.  PA-IVS,  preterm  birth  and  younger  age  were  asso-
ciated  with  procedural  failure,  major  adverse  events  and
death.  The  postprocedural  need  for  a  BT  shunt  was  associ-
ated  with  smaller  PV  and  TV,  and  bipartite  right  ventricle.
Neonates  with  a  BT  shunt  had  longer  mechanical  ventilation,
a  longer  in-hospital  stay  and  higher  morbidity  than  those  who
did  not  require  a  source  of  supplementary  pulmonary  blood
flow.  Reintervention  was  a  common  event  in  this  series,  with
31%  needing  interventional  or  surgical  reintervention  in  the
2  years  following  initial  valvuloplasty.

Transcatheter  pulmonary  valvuloplasty  for  neonates  with
PA-IVS  and  DD-PVS  has  become  the  gold-standard  procedure
in  appropriately  selected  patients  [10].  In  this  single-centre
study,  the  technical  success  of  pulmonary  valvuloplasty  was
high,  particularly  in  the  current  era,  as  previously  reported
[2—4,11—17].  Procedural  failures  were  mostly  observed  at
the  start  of  our  experience,  and  were  always  related  to
the  inability  to  perforate  the  atretic  PV,  which  is  the  tech-
nical  challenge.  Despite  DD-PS  and  PA-IVS  sharing  common
anatomical  features  and  management  strategies,  our  series
shows  that  valvuloplasty  is  more  successful  in  DD-PS,  and
fails  more  often  in  PA-IVS.  It  is  not  the  decompression  of
the  right  ventricle  that  represents  the  true  procedural  chal-
lenge,  but  more  the  valvular  perforation  that  is  technically
complex,  and  can  lead  to  catastrophic  complications  [4].
Transthoracic  echocardiography  may  be  useful  to  guide  the
procedure  [18].  Additionally,  premature  infants  appear  to
be  at  increased  risk  of  procedural  failure,  potentially  as
a  result  of  smaller  vascular  access  and  higher  myocardial
fragility.

Periprocedural  mortality  was  high  in  early  reports,
approaching  50%.  In  our  cohort,  periprocedural
complications  leading  to  death  were  observed  in  10%  of
cases,  as  similarly  described  in  recent  reports  [2—4,19,20].
Mortality  and  morbidity  are  not  only  related  to  the  technical
aspects  of  the  procedure,  but  also  to  associated  cardiac
abnormalities,  particularly  TV  regurgitation  or  extracardiac
malformations  [7].  A  100%  procedural  success  rate  without
mortality  was  reported  in  a  selected  patient  group,  with
neither  tricuspid  hypoplasia  nor  anomalies  of  the  TV  [2].
Half  of  the  neonates  in  our  study  had  significant  tricuspid
regurgitation  caused  by  a  dysplastic  valve  or  Ebstein’s
anomaly.  A  larger  TV  annulus  (a  surrogate  of  severe  regurgi-
tation)  was  associated  with  procedural  failure  in  our  study,
Please  cite  this  article  in  press  as:  S.  Hascoët,  S.  Bor
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but  not  with  death  and  major  adverse  events.  In  patients
with  a  patent  ductus  arteriosus,  severe  tricuspid  regurgi-
tation  can  lead  to  high-output  cardiac  failure  after  right
ventricular  decompression  [19].  Interestingly,  with  regard
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o  mid-term  outcomes, tricuspid  regurgitation  appeared  to
e  a favourable  marker  of  right  ventricular  development
nd  growth  and  biventricular  evolution  in  a  multicentre
tudy  [7].

The  BT  shunt  has  long  been  established  as  the  surgical
pproach  to  providing  a  supplementary  source  of  pulmonary
lood  flow  in  patients  with  PA-IVS  or  DD-PS  requiring  pro-
onged  postprocedural  prostaglandin  E1  support.  Neonates
ith  PA-IVS  or  DD-PS  with  smaller  TVs  and  PVs,  as  well  as
ipartite  right  ventricle,  were  more  likely  to  require  sub-
equent  intervention  after  valvuloplasty  in  our  study  and
thers  [2—4,7,21].  BT  shunt  surgery  carries  an  associated
isk  of  mortality  and  morbidity.  As  expected,  neonates  hav-
ng  to  undergo  a BT  shunt  operation  had  longer  intensive
are  unit  and  hospital  stays,  as  well  as  a  longer  duration
f  mechanical  ventilation.  Twenty  per  cent  of  patients  in
ur  study  needed  a  BT  shunt  as  a complementary  source  of
ulmonary  blood  flow—a  higher  rate  than  that  reported  in
ther  studies.  However,  these  studies  included  ductus  arte-
iosus  stenting,  which  provided  complementary  palliation  in
lmost  50%  of  cases  [19].

Ductus  arteriosus  stenting  has  become  a  valuable  alter-
ative  to  BT  shunt  palliation  [3,22—24];  it  is  a  complex
rocedure,  with  a  failure  risk  of  17%  in  a  multicentre  study
nd  an  increased  risk  of  complications  compared  with  other
tenting  procedures  in  congenital  heart  disease  [25,26].
uctus  arteriosus  stenting  is  often  performed  at  the  same
ime  as  pulmonary  valvuloplasty,  and  can  reduce  hospital
tay  in  well-trained  teams  [19].

Thus  far,  our  strategy  has  relied  on  the  close  follow-
p  of  right  ventricle  evolution  following  the  procedure.
n  the  case  of  ductal-dependent  pulmonary  perfusion  with
ipartite  right  ventricle,  BT  shunt  was  performed  after
he  initial  catheterization.  In  other  cases,  with  borderline
ight  ventricular  function,  weaning  of  prostaglandin  E1  sup-
ort  was  feasible  up  to  2 weeks  after  the  catheterization,
nd  eliminated  or  postponed  the  need  for  complementary
alliation.  With  this  standardized  approach,  the  rate  of
T  shunt  was  <  3%  [20]. In  this  study,  reintervention  was
nly  indicated  in  patients  who  failed  to  be  weaned  from
rostaglandin  E1  infusion  14  days  after  cardiac  catheteriza-
ion.  Prostaglandin  E1  was  continued  if  oxygen  saturation
as  ≤  70%,  or  for  metabolic  acidosis.  Prostaglandin  E1  sup-
ort  carries  an  increased  risk  of  adverse  effects,  such  as
nterocolitis;  its  potential  side  effects  must  be  balanced
gainst  the  expected  benefits  from  postponing  or  avoiding  a
urgical  procedure.  Consequently,  ductal  stenting  could  be
onsidered  as  a  valuable  alternative,  especially  in  patients
t  risk  of  requiring  a  complementary  source  of  pulmonary
lood  flow.  In  the  future,  one  could  imagine  a  tailored  strat-
gy  of  elective  stenting  of  the  duct  at  the  time  of  pulmonary
alvuloplasty  in  patients  with  bipartite  right  ventricle  or
mall  TVs  and  PVs.

With  regard  to  mid-term  outcome,  the  reintervention
ate  was  high,  with  nearly  one  third  of  patients  needing
nterventional  catheterization  and/or  surgery  during  follow-
p  [7].  The  nature  and  incidence  of  reinterventions  were
onsistent  with  previous  findings  [7,19,20]. Significant  PV
egurgitation  was  observed  in  nearly  30%  of  cases.  Pul-
onary  regurgitation  is  well  tolerated  for  a  long  time,  and
rhomée,  N.  Tahhan,  et  al..  Transcatheter  pulmonary
tact  ventricular  septum.  Arch  Cardiovasc  Dis  (2019),

V  replacement  was  not  observed  during  the  study  period,
ut  is  to  be  expected  in  the  future  [27].

https://doi.org/10.1016/j.acvd.2018.11.015
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tudy limitations

his  was  a  retrospective  study  with  the  inherent  limitations
s  a  result  of  missing  data  or  incomplete  follow-up.  Given
he  small  number  of  patients,  this  study  was  underpowered
o  detect  true  differences  between  subgroups.  Hetero-
eneity  in  follow-up  duration  limited  analysis  of  predictive
arkers  of  events.  There  were  no  standardized  patient

election  criteria  for  the  initial  therapeutic  approach.  As
he  patients  were  cared  for  in  a  tertiary  surgical  centre,  the
ocal  tendency  to  perform  a  BT  shunt  could  represent  bias.
inally,  as  explained  above,  ductal  stenting  has  not  been
art  of  our  management  strategy,  which  excludes  the  oppor-
unity  to  compare  our  data  with  other  studies  that  employed
he  two  techniques  or  to  study  the  pros  and  cons  of  ductal
tenting  versus  a  BT  shunt.

onclusions

his  large  study  confirms  that  neonates  with  DD-PS  and  PA-
VS  and  tripartite  or  bipartite  ventricle  will  benefit  from
ulmonary  valvulotomy  as  an  initial  treatment  strategy.

 large  majority  reach  biventricular  circulation  despite
otable  initial  mortality  and  the  need  for  later  reinter-
ention.  The  procedure  carries  a  higher  risk  in  premature
nfants,  neonates  with  PA-IVS  and  those  with  significant
ricuspid  regurgitation.  TV  and  PV  hypoplasia,  as  well
s  bipartite  right  ventricle,  might  be  risk  factors  for
arly  BT  shunt  or  ductal  stenting.  Multicentre  studies  are
eeded  to  confirm  the  described  risk  factors  for  the  need
or  supplementary  pulmonary  blood  flow  after  pulmonary
alvulotomy.
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