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This  Almanac  highlights  recent  papers  on  congenital  heart
disease  in  the  major  cardiac  journals.  Over  100  articles  are
cited.  Subheadings  are used  to  group  relevant  papers  and
allow  readers  to  focus  on  their  areas  of  interest,  but  are
not  meant  to  be  comprehensive  for all  aspects  of  congenital
cardiac  disease.

Epidemiology

The  prevalence  of  congenital  heart  disease  in  Europe  was
recently  reported  in two  major  papers.  Data  from  a  central
database  for  29  populationbased  registries  in 16  countries
showed  a  total  prevalence  of  8 per  1000.1 The  overall
detection  rate  of  non-chromosomal  congenital  heart  dis-
ease  prenatally  was  only  20%,  although  40%  of  severe  cases
were  diagnosed  before  birth.  It  was  estimated  that  each
year  in  the  European  Union  36  000  children  are  live  born
withcongenital  heart  disease  and  another  3000  are  diag-
nosed  with  congenital  heart  disease  but  die  as  a termination
of  pregnancy  for  foetal  abnormality.  In a  systematic  review2

of  114  papers  and  24  091  867  live  births  the prevalence  of
congenital  heart  disease  increased  over  time  from  0.6/1000
in  1930  to  9.1/1000  after  1995.  The  rate  stabilised  in the
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past  15  years  but  equates  to  1.35  million  children  born
each  year  with  congenital  heart  disease.  The  prevalence  was
higher  in Europe  than  in North  America.

An  increased  risk  of congenital  heart  disease  was  seen
with  assisted  reproductive  techniques  using  data  from  the
Paris  Registry  of  Congenital  Malformations.3 The  higher  risk
varied  with  the  method  of  assisted  reproductive  technique
and  the  type  of cardiac  abnormality.  The  authors  speculate
that  this may  be due  to  the reproductive  technology  or  to
the  underlying  reason  for infertility  of  the  couple.

Genetics

Three-quarters  of  patients  with  22q11.2  deletion  syndrome
(22q11.2DS)  have  congenital  heart  disease  and  although  it
is  common  practice  to  test  all children  with  typical  cardiac
lesions  for  22q11.2DS,  many  adult  patients  have  not  been
investigated.  An  adult  population  of 479  patients  with  typ-
ical  lesions  (tetralogy  of Fallot  and  pulmonary  atresia  and
ventricular  septal  defect)  was  reviewed.4 Twenty  patients
were  already  known  to  have  22q11.2DS  but  a microdeletion
was  detected  in  a further  24  patients.  The  authors  consider
that  as  the  syndrome  has  important  clinical  and reproduc-
tive  implications,  genetic  testing  should  be  considered  in all
adult  patients  with  tetralogy  of  Fallot  and  pulmonary  atresia
with  ventricular  septal  defect.

Tetralogy  of  Fallot  is  common  in  individuals  with  hem-
izygous  deletions  of  chromosome  22q11.2  that  removes
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the  cardiac  transcription  factor  TBX1.  TBX1  exons  were
sequenced  in 93  patients  with  non-syndromic  tetralogy.5 Sin-
gle  nucleotide  polymorphism  analysis  was  performed  in 356
patients  with  tetralogy,  their  parents and  healthy  controls.
Three  new  variants  not  present  in 1000  chromosomes  from
healthy  ethnically  matched  controls  were  identified.  This
study  demonstrated  that  rare  TBX1  variants  with  functional
consequences  are  present  in a  small proportion  of  patients
with  nonsyndromic  tetralogy.  The  thorny  issue  of  the  use
and  interpretation  of  genetic  tests  was  reviewed  by  Caleshu
et  al.6

Familial  transposition  of  the great  arteries  was  shown  to
be  caused  by  multiple  mutations  in the  laterality  genes7 in
a  study  of  seven  families.  This  provides  evidence  that  some
cases  of  familial  transposition  are  caused  by  mutations  in
laterality  genes  and  therefore  are part of  the  same  dis-
ease  spectrum  of  heterotaxy  syndrome,  and  argues  for  an
oligogenic  or  complex  mode of  inheritance  in these  pedi-
grees.  The  editorial  by  Keavney8 considered  this  as  a  useful
step  forward  in understanding  transposition.  Homocysteine
is  known  to  be  an independent  risk  factor  for  congenital
heart  disease  and  genetic  abnormalities  which  affect  homo-
cysteine  may  be  expected  to  influence  the incidence  of
congenital  heart  problems.  This  was  demonstrated  when  a
functional  variant  in methionine  synthase  reductase  intron-
1  significantly  increased  the risk  of  congenital  heart  disease
in  the  Han  Chinese  population.9

Foetal  cardiology

Foetal  cardiology  remains  a cornerstone  of congenital  heart
practice.  The  paper  by  Marek  et  al.10 offered  a  unique
overview  of  prenatal  diagnosis  in the  Czech  republic,  which
by  virtue  of  the strict  organisation  of  the health  service
enabled  a comprehensive  national  registry  to  develop  over
two  decades.  There  were  some  particular  successes  and  in
recent  years  antenatal  diagnosis  of  hypoplastic  left heart
reached  95.8%,  whereas  transposition  was  diagnosed  in only
25.6%  of cases.

Whether  the antenatal  development  of  the  cardiac  cham-
bers  is  dependent  on  flow  is  debated,  but  an  elegant  paper
by  Stressig  et  al. from  Bonn11 demonstrated  that  preferen-
tial  flow  to  the  right  heart  in the setting  of  a  diaphragmatic
hernia  does  impair  left  heart  development.

Isolated  foetal  atrioventricular  block  was  reviewed  in a
retrospective  European  study  of  175 cases.12 Risk  factors  for
poor  outcome  were  gestation  <20  weeks,  ventricular  rate
<50/min,  hydrops  and  impaired  ventricular  function.  No  sig-
nificant  effect  of  treatment  with  corticosteroids  was  seen. In
a  multicentre  French  study,13 141  patients  with  non-immune
atrioventricular  block,  diagnosed  in utero  or  up  to age 15
years,  were  followed  up  long  term  and  showed  surprisingly
good  outcomes,  with  no  deaths  or  dilated  cardiomyopathy
at  a  mean  follow-up  of  11.6  ± 66.7  years.

Atrioventricular  block  can  reflect  prenatal  exposure  to
maternal  anti-SSA/Ro  antibodies  and  the high  mortality
associated  with  cardiac  neonatal  lupus has been  shown.14 In
a  nonrandomised  multicentre  study  of  20  foetuses  exposed
to  maternal  lupus antibodies15 it  was  found  that treatment
with  intravenous  gamma  globulin  and steroids  potentially
improved  the  outcome  for  these  children,  with  better  than

expected  survival.  However,  a prospective  study  of  165 foe-
tuses  with  exposure  to  anti-Ro/La  antibody  found  that  foetal
atrioventricular  prolongation  did not  predict  progression  to
heart  block  so  management  based  on  the strategy  of iden-
tifying  and treating  foetal  atrioventricular  prolongation  was
questioned.16

Transplacental  drug  treatment  for  foetal  tachyarrhyth-
mias  was  reviewed  in a  multicentre  study,17 which  showed
the  superiority  of  flecainide  and  digoxin;  however,  the  study
was  weakened  by  being  non-randomised.

Cardiomyopathy, heart failure and
transplantation

Pre-participation  screening  for  cardiomyopathy  is  gaining
more  attention  in  the  media.  An  Italian  study  on  the  value
of  preparticipation  screening  of  children  with  ECGs  demon-
strated  that postpubertal  persistence  of  Twave  inversion  was
associated  with  an increased  risk  of  cardiomyopathy.18

When  to  propose  transplantation  remains  difficult  in
ambulatory  patients.  The  risk  of  death  and  transplanta-
tion  in  paediatric  dilated  cardiomyopathy  was  reviewed  in
a  multicentre  database,  and  the authors  showed  that  an
increased  left  ventricular  enddiastolic  dimension  was  associ-
ated  with  increased  risk  of  transplantation  but  not  death.19

Work  by  Giardini  et al.20 has  shown  that  metabolic  exercise
testing  is  useful in predicting  prognosis,  but  the  percent-
ages  of  predicted  values  are  better  than  absolute  numbers.
Transplantation  for  congenital  heart  disease  is  generally
considered  higher  risk,  although  encouraging  results  were
shown  in a  small  adult  congenital  transplant  series  from  the
UK.21 An  American  database  review  of over  a  thousand  trans-
plants  for  adult  congenital  heart  disease  confirmed  the high
30-day  mortality,  but  better  late  survival  after  transplanta-
tion.  Although  heart  transplants  remain  a  precious  resource,
at present  the  results  justify  the  continued  expansion  of
adult  congenital  heart  transplant  programmes.22

An  international  database  showed  that  extracorporeal
membrane  oxygenation  does  not appear  to  be  a  reli-
able  long-term  circulatory  support  for  children  awaiting
heart  transplantation.23 Fortunately,  other  options  of  sup-
port  exist,  and  Stiller  et al.24 provide  a  useful  overview
of  mechanical  cardiovascular  support  in infants  and
children.

The single ventricle

Patients  with  a single  ventricle  remain  a great  focus  for
congenital  heart  disease  resources.  Manycontroversies  exist
about  the management  of  these  patients.  ACE inhibitors
are  often  used  in  this  complex  circulation,  but  the
effects  of  their vasodilatation  are unclear.  Work  in chil-
dren  with  bidirectional  cavopulmonary  shunts  demonstrated
that  enalaprilat  did  not increase  total  cardiac  output  but
redistributed  flow  to  the lower  body,  with  a  concomitant
decrease  in  arterial  oxygen saturation.25 The  authors  con-
cluded  that  it is  difficult  to  increase  cardiac  output  in  these
patients  and  ACE  inhibitors  should  be used  with  caution
in  those  with  borderline  aortic  saturations.  This  work  fits
rather  well  with  the results  of a  randomised  multicentre
trial,  which  found  administration  of  enalapril  to  infants  with
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single-ventricle  physiology  in the first  year  of  life  did  not
improve  somatic  growth,  ventricular  function  or  heart  fail-
ure  severity.26 In  a further  analysis  of  their  study  population,
the  authors  have  also  shown  that  the renin  aldosterone  geno-
type  influences  ventricular  remodelling  in  infants  with  a
single  ventricle.27

The  late outcomes  after  the  Fontan  operation  remain  a
concern.  In  some  patients  there  is  a progressive  failure  of
the  circulation  over  time,  the underlying  pathophysiology
of  which  is  not  fully  understood.  In a  review  of  the  cur-
rent  evidence  for  alterations  in the  pulmonary  vasculature
in  Fontan  patients,  the potential  of  treatments  approved  for
pulmonary  arterial  hypertension  which  may  provide  benefits
was  discussed.28 Liver  disease  is  now  recognised  as  a serious
problem  late  after  a Fontan  operation.  Hepatic  dysfunction
and  cirrhotic  change  were  often  seen  in a series  of  Fontan
patients.29 Hepatic  complications  were  correlated  with  the
duration  of  Fontan  circulation.  The  authors  concluded  that
these  patients  need  regular  evaluation  of  hepatic  function,
although  some  non-invasive  hepatic  fibrosis  markers  can  be
used  effectively.  At  a recent  consensus  meeting  on  this prob-
lem  the  group  recommended  a  prospective  study  protocol  on
the  assessment  of  hepatic  function  10  years  after  a Fontan
operation.30

The  use  of  anticoagulation  after a  Fontan  operation
remains  controversial.  A  multicentre  randomised  study
of  warfarin  or  heparin  after  a  Fontan  procedure  was
reported.31 A total  of  111  patients  were  randomised.  There
was  a  similar,  but  very,  incidence  of  thrombosis  in both
groups:  12/57  with  aspirin  and 13/54 in the warfarin
group.  Although  there  were  no  differences,  the authors  con-
cluded  that as  the thrombosis  rate  was  so high,  alternative
approaches  should  be  considered.

Another  Fontan  controversy  involves  the use  of fenestra-
tions  as  although  they may  improve  early  surgical  results,
there  is concern  about  late  complications.  The  late  results
for  fenestration  of  the  systemic  venous  pathway  at the  time
of  the  Fontan  operation  were  reported  in a multicentre  ret-
rospective  nonrandomised  study.32 Of  the 361  fenestrations,
there  were  few deleterious  later  outcomes  a mean  of 863
years  after  surgery.  Saturations  were  89%  versus  95%  in  the
fenestrated  group.

Imaging

Three-dimensional  echocardiography  is  developing  rapidly
and  its  application  to congenital  heart  disease  may  be one of
its  key  uses  in  future  years.33 Other  emerging  imaging  meth-
ods  include  a new  high-resolution  ultrasound  technique.34

The  authors  described  the  technique  in adolescents  after
coarctation  repair  in early  childhood  and  demonstrated
increased  preductal  arterial  intima  media  thickness,  left
ventricular  mass  and  ascending  aortic  stiffness  in adoles-
cents.  The  more  pronounced  cardiovascular  abnormalities
after  coarctation  stent  implantation  were felt to  be  related
to  older  patient  age  at the time  of  intervention.

Surgery

The  Dutch  Congenital  Corvitia  (CONCOR)  registry  for adults
with  congenital  heart  disease  was  reviewed  for  the results

of surgery  in  predominantly  young  adults  with  congenital
heart  disease.35 One-fifth  required  cardiovascular  surgery
during  a  15-year  period  and in  40%  the surgery  was  a  reopera-
tion.  Men with  congenital  heart  disease  had  a higher  chance
of  undergoing  surgery  in adulthood  and had a consistently
worse  long-term  survival  after  reoperations  in adulthood
than  women.

Detailed  functional  outcomes  8.1  years  (range  2.0---14.0)
after  the Ross  operation  were  reported  in  45  subjects  (aged
24.6  years,  range  16.9---52.2  years)  who  underwent  the Ross
procedure  between  1994  and  2006.  Cardiovascular  magnetic
resonance  imaging,  echocardiography  and cardiopulmonary
exercise  testing  were used.36 The  authors  demonstrated
minor  autograft  and homograft  dysfunction  in  the major-
ity  of  patients  after  the Ross  procedure,  associated  with
good  ventricular  function  and  exercise  capacity.  Late  sur-
vival  was  compared  in a  study  of  918 Ross  patients  and  406
mechanical  valve  patients  18---60  years  of  age who  survived
an  elective  procedure  (1994---2008).  With  the use  of  propen-
sity  score  matching,  late  survival  was  compared  between  the
two  groups.37 In  comparable  patients,  there  was  no  late  sur-
vival  difference  in  the  first  postoperative  decade  between
the  Ross  procedure  and  mechanical  aortic  valve  implan-
tation  with  optimal  anticoagulation  self-management.  The
authors  demonstrated  that  survival  in these  selected  young
adult  patients  was  excellent,  perhaps  as  a  result  of  highly
specialised  anticoagulation  self-management,  better  tim-
ing  of surgery  and  improved  patient  selection  in recent
years.  Despite  the advent  of  the Ross  operation,  aortic  valve
surgery in children  remains  a  complex  and  difficult  area  and
a  useful  overview  was  provided  by  d’Udekem.38

In a  report  of  neurodevelopmental  risk  from  surgery,39

neuropsychological  and  structural  brain  imaging  assess-
ments  in  children  16  years  of  age with  transposition  of  the
great  arteries  who  underwent  the arterial  switch  operation
as  infants  were  reviewed.  Children  were  randomly  assigned
to  total  circulatory  arrest  or  continuous  low-flow  cardiopul-
monary  bypass  but  few significant  differences  between  the
treatment  groups  were  found.  However,  adolescents  with
transposition  of  the  great  arteries  who  have  undergone
the  arterial  switch  operation  are  at increased  neurode-
velopmental  risk.  The  authors  consider  that  children  with
congenital  heart  disease  may  benefit  from  ongoing  surveil-
lance  to  identify  emerging  difficulties.

Tetralogy of  Fallot

A study  using  speckle  tracking  data  in patients  with
corrected  tetralogy  of  Fallot  demonstrated  that
rightventricular  outlet  deformation  is  delayed,  caus-
ing  a reduction  in right  ventricular  time  delay  which is
significantly  related  to  impairment  in  right  ventricular
performance.40 Late  right  heart  failure  is  a  serious  problem
in  tetralogy  and  congenitally  corrected  transposition.  In
a  study of  40  of these patients,  with  myocardial  contrast
echocardiography  it was  found  that  right  ventricular
myocardial  microvascular  density  of  the septal  wall  in
patients  with  hypertrophy  due  to  pressure  and/or  volume
overload  is  reduced.  The  authors  considered  that  this may
be  related  to  a  reduced  myocardial  perfusion  reserve  and
impaired  right  ventricular  systolic  function.41 A  report  on
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the  impact  of  restrictive  physiology  on  right  ventricular
function  after  repair  of  tetralogy  found  that  diastolic
right  ventricular  stiffness  was  increased.42 However,  the
lusitropic  response  to  � adrenergic  agents  was  abnormal
regardless  of  restrictive  physiology.  In  an investigation
of  29  asymptomatic  children  with  repaired  tetralogy,43

despite  moderate  right  ventricular  dilatation  and  right
bundle  branch  block  compared  with  controls,  the  authors
demonstrated  neither  right  ventricular  nor  left  ventricular
dyssynchrony  at  rest  but  exercise  induced  mechanical
dyssynchrony.  This  was  unrelated  to  QRS  duration,  ventri-
cular  volumes  and  function,  or  peak  oxygen  consumption.
In  a  study  of  repaired  adult  tetralogy,  left ventricular
longitudinal  dysfunction  was  associated  with  greater  risk
of  sudden  cardiac  death  or  life-threatening  arrhythmias.44

The  authors  conclude  that  in combination  with  echocar-
diographic  right  heart  variables,  these  measures  provided
important  outcome  information  for estimating  prognosis.

Pulmonary hypertension

Further  evidence  of the benefits  of pulmonary  vasodilators
in  Eisenmenger  syndrome  was  provided  in a prospective
open-label  study  of  sildenafil  in 84  patients.45 Twelve
months  of  oral sildenafil  treatment  was  well  tolerated
and  appeared  to  improve  exercise  capacity,  systemic  arte-
rial  oxygen  saturation  and haemodynamic  parameters  in
patients  with  Eisenmenger  syndrome.  The  importance  of
pulmonary  vasoreactivity  as  an  independent  predictor  of
outcome  in 38  patients  with  Eisenmenger  receiving  bosentan
was  reported.46

A  unique  national  patient  cohort  of childhood  pulmonary
hypertension  was  reported  from  the  UK.47 The  authors
showed,  for  the  first  time,  that  the incidence  of  pulmonary
hypertension  is  lower  in children  than  adults  and  that  the
clinical  features  can  be  different.  Most  children  present
with  clinical  evidence  of  advanced  disease,  and  clinical  sta-
tus  at  presentation  is  predictive  of  outcome.  This  7-year
experience  confirmed  the  significant  improvement  in  sur-
vival  over  historical  controls.  The  same  group  also  reported
a  new  CT  approach  to  prognosis.48 They  found  that  fractal
branching  quantifies  vascular  changes  and  predicts  survival
in  pulmonary  hypertension.  The  need  for  paediatric  drug
development  for  pulmonary  hypertension  was  emphasised
by  Barst.49 A study  of  patients  with  Eisenmenger  syndrome
(n  = 181,  age  36.9±12.1 years,  31%  with  Down’s  syndrome),
in  whom  B-type  natriuretic  peptide  (BNP)  concentrations
were  measured  as  part of  routine  clinical  care,  found they
predicted  outcome.50 In  addition,  the authors  speculated
that  disease-targeting  treatments  may  help  to  reduce  BNP
concentrations  in this  population,  while  treatment-naïve
patients  have  static  or  rising  BNP  concentrations.  This  topic
was  discussed  in more  detail  in  an  editorial  by  d’Alto.51

Arterial abnormalities  in  congenital heart
disease

While  aortic  wall  abnormalities  have  been  described  in
inherited  connective  tissue  disorders  such  as  Marfan  syn-
drome  and  bicuspid  aortic  valve  disease,52,53 recent  reports
indicate  similar  aortic  involvement  in classical  congenital

heart  disease  entities  such as  coarctation  of the  aorta,
tetralogy  of  Fallot  and transposition  of  the  great  arteries;
MRI  is  central  in defining  the problem.54 Pulmonary  artery
dilatation  is  not  only  seen  with  pulmonary  valve  abnor-
malities  and  connective  tissue  disease,  but  also  occurs  in
association  with  bicuspid  aortic  valve,  in the absence  of  a
pulmonary  valve  abnormality,  suggesting  a  primary  vessel
wall  pathology  predisposing  to  arterial  dilatation.55

Catheter intervention

With  the  increased  use  of  interventional  cardiological  pro-
cedures  in  the young  it  is  clearly  important  to  consider
radiation  exposure.  Data  from Italy  raised  a  concern  that
children  with  congenital  heart  disease  are  exposed  to  a  sig-
nificant  cumulative  dose  of  radiation.56 Indirect  cancer  risk
estimations  and  direct  DNA studies  showed  that  children
with  congenital  heart disease  are exposed  to  a significant
radiation  dose  and  emphasised  the  need  for strict  radiation
dose  optimisation  in children.  The  accompanying  editorial
from  Hoffmann  and  Bremerich  expanded  on  the risks.57

New  developments  in  catheterisation  techniques  con-
tinue.  A prospective,  randomised,  multicentre,  investiga-
tional  device exemption  trial  in  America  compared  the  use
of  cutting  balloons  with  high-pressure  balloons  in treat-
ing  pulmonary  artery  stenosis.  The  authors  found a greater
efficacy  for  cutting  balloons  and  a similar  safety profile.58

Data  from  the  UK  on  over 100 stent  procedures  for  coarcta-
tion  from  a  single  centre,59 demonstrated  that  stenting  for
aortic  coarctation  and  re-coarctation  is  effective  with  low-
immediate  complication  rates.  Postprocedural  aneurysm
was  rare  and stent  fractures  were  not seen  with  the  new-
ergeneration  stents.  The  optimal  method  of  follow-up  of
these  patients  is  unclear  with  both  CT  and  MRI  considered
useful.60 A  multicentre  observational  study  from  the USA
reported  data  from 350  children  with  native  coarctation
>10  kg.61 There  were  217  stents,  61  balloon  angioplasties
and  72  surgical  procedures.  Stenting  and surgery  were bet-
ter  than  balloon  angioplasties  in  reducing  upper  limb  to
lower  limb  blood  pressure  gradient  at  short-term  follow-up
and  had  better integrated  aortic  arch  imaging  outcomes.
Stent  patients  had  the  shortest  stay  and  the lowest  compli-
cation  rate, although  they  were more  likely  to  require  a
planned  intervention.  The  authors  cautioned  over  inter-
pretation  of  the results  as  the study  was  not  randomised.
Balloon  angioplasty  for  aortic  arch  obstruction  is  commonly
needed  after  the Norwood  procedure,  and  results  from
a  retrospective  review62 reported  that  only  58%  of  those
having  an initial balloon  angioplasty  were  free  from  arch
reintervention  at  5  years,  with  the  greatest  risk  of reinter-
vention  in  those  <3  months  at  initial  intervention  and  those
with  less successful  initial  results.  Roberts  et al.63 report
multicentre  experience  of  successful  percutaneous  tricus-
pid  valve  replacement  using  the Melody  valve  in 15  patients.
All  patients  had a  prior  bioprosthetic  valve  or  conduit  in
place  and  had  developed  significant  stenosis  or  regurgita-
tion.  Encouraging  results  were  reported  with  the  Edwards
SAPIEN  transcatheter  valve for  conduit  failure  in the pul-
monary  position  in 36  patients  from  four centres.64 Helpful
images  of  this  device  were  published  by  Lauten  et  al.65 The
outcomes  of  pre-stenting  1 year  after  using  the Melody  valve
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in  the  pulmonary  position66 were reported  in 65  patients.
The  early  haemodynamic  results  were  sustained  at 1  year,
but  there  was  no  evidence  of  further  positive  functional
remodelling  after  the  immediate  acute  effects.

The  strategies  surrounding  cardiac  pacing  in infants  and
children  are  often  debated.  A recent  multicentre  study
showed  that left ventricular  pacing  was  associated  with  bet-
ter  systolic  function  than  right  ventricular  pacing,67 and  a
useful  review  put  the problems  of  pacing  in children  into
context.68

Adult congenital heart disease

The expanding  population  of  adults  with  congenital  heart
disease  is  reflected  in the increasing  numbers  of  pub-
lications  in this  field.  The  emerging  burden  of  hospital
admissions  of  adults  with  congenital  heart  disease  was
described  using  a Dutch  national  registry.69 During  28  990
patient-years,  2908  patients  (50%)  were  admitted  to  hos-
pital.  Median  age  at admission  was  39  years  (range
18---86).  Admission  rates  were  at least  two  times  higher
than  in the  general  population,  and  most  marked  in the
older-age  groups.  With  the  ageing  of  this  population,
the  authors  advocate  timely  preparation  of healthcare
resources.

A paper  from  Toronto  described  the respiratory  and skele-
tal  muscle  weakness  in adults  with  congenital  heart  disease
which  resembles  that  seen  in older  adults  with  advanced
heart  failure.70 The  importance  of this shift  in  focus  in
the  mechanisms  of  reduced  exercise  tolerance  in congen-
ital  heart  disease  is  further  discussed  in  the editorial  by
Giardini.71 Biomarkers  may  also  have an important  role  in
assessment  of these  patients.  The  relationship  of  systemic
right  ventricular  function  to  ECG  and  NT-proBNP  levels  in
adults  late  after  the Senning  or  Mustard  procedure  was
investigated.72 Circulating  NT-proBNP  levels  and several  sur-
face  ECG  parameters  were  shown  to  constitute  surrogate
markers  of  systemic  right  ventricular  function and  provide
additional  information  on  heart  failure  status.  Although  pae-
diatricians  are  well  aware  of  the association  of Down’s
syndrome  and  congenital  heart  disease,  information  from
the  Netherlands  documented  that  17%  of  patients  with
Down’s  syndrome  living  in residential  centres  had  undiag-
nosed  congenital  heart  disease.  Thirty-one  centres  and  1158
patients  were  included  in the first  stage  of  the study.73 The
authors  recommend  cardiac  screening  in older  patients  with
Down’s  syndrome,  for  whom  new  therapeutic  options  are
available,  and  for prevention  of  cardiac  complications  in old
age.

Stroke  was  a major cause  of  morbidity  in  adult  congen-
ital  heart  disease  in a retrospective  analysis  of aggregated
European  and  Canadian  databases74 with  a total  of  23  153
patients  aged  16---91 years  (mean  36.4).  Among  them,  458
patients  (2.0%)  had  one or  more  cerebrovascular  accident.
The  highest  prevalence  was  in cyanotic  lesions  50/215
(23.3%).

A meta-analysis  and  systematic  review  of  atrial  sep-
tal  defect  closure  identified  26  studies  including  1841
patients  who  underwent  surgical  closure  and  945 who
underwent  percutaneous  closure.75 Meta-analysis  using  a
random  effects  model  demonstrated  a  reduction  in the

prevalence  of  atrial  tachyarrhythmias  after  atrial  septal
defect  closure  (OR  =  0.66  (95%  CI  0.57---0.77)).  This effect
was  demonstrated  after  both  percutaneous  and  surgical  clo-
sure.  Immediate  (<30  days)  and  mid-term  (30  days---5  years)
follow-up  also  showed  a reduction  in the prevalence  of  atrial
tachyarrhythmias.

Inuzuka  et  al.  reviewed  data  of  1375  consecutive  adult
patients  with  congenital  heart  disease  (age  33  613  years)
who  underwent  cardiopulmonary  exercise  testing  at a  sin-
gle  centre  over a  period  of  10  years.76 They  showed  that
cardiopulmonary  exercise  testing  provides  strong  progno-
stic  information  in  adult patients  with  congenital  heart
disease.  However,  they  considered  prognostication  should
be  approached  differently,  depending  on  the  presence  of
cyanosis,  use  of rate-lowering  drugs  and  achieved  level  of
exercise.

Pregnancy  and congenital  heart disease

Heart  disease  has  become  the  major  factor  in mater-
nal  mortality  during  pregnancy  in  developed  countries.
The  increasing  number  of  women  with  congenital  heart
disease  surviving  to  adult  life  has  made  care  in  preg-
nancy  for  this group an  important  area  of obstetric
cardiology.  The  care  needed  for  this  vulnerable  group
has  been  highlighted.77 The  outcomes  of  405  pregnancies
of  women  with  congenital  heart  disease  were  inves-
tigated  and  late  cardiac  events  investigated.78 While
adverse  events  during pregnancy  are  well  known, the
problem  of  late  cardiac  events  after  pregnancy  is  less
well  known. The  authors  found  pre-pregnancy  maternal
characteristics  can  help  to  identify  women  at increased
risk  for late  cardiac  events.  Adverse  cardiac  events  dur-
ing  pregnancy  were  also  important  and  are associated
with  an increased  risk  of  late  cardiac  events.  Opo-
towsky  et  al.  used  the US  national  registry  of hospital
admissions  to  assess  annual  deliveries  for  women  with
congenital  heart  disease.79 These  increased  34.9%  from
1998  to  2007  compared  with  an increase  of 21.3%  in
the  general  population.  Women  with  congenital  heart  dis-
ease  were  more  likely  to  sustain  a cardiovascular  event
(4042/100  000 vs  278/100  000 deliveries);  arrhythmia  was
the  most  common  cardiovascular  event.  Death  occurred  in
150/100  000 patients  with  congenital  heart  disease  com-
pared  with  8.2/100  000  patients  without.  Complex disease
was  associated  with  greater  odds  of  having  an adverse
cardiovascular  event  than  simple  congenital  heart  disease
(8158/100  000 vs  3166/100  000,  multivariable  OR  =  2.0,  95%
CI  1.4---3.0).

Lui  et al. investigated  heart  rate response  during  exer-
cise  and pregnancy  outcome  in  women  with  congenital  heart
disease.80 Peak  heart  rate, percentage  of  maximum  age
predicted  heart  rate  and  chronotropic  index  were  associ-
ated  with  a  cardiac  event.  Neonatal  events  occurred  in
20%. Peak  oxygen  consumption  was  not  associated  with  an
adverse  pregnancy  outcome.  The  authors  concluded  that
an abnormal  chronotropic  response  correlates  with  adverse
pregnancy  outcomes  in women  with  congenital  heart  dis-
ease  and  should  be considered  in refining  risk  stratification
schemes.
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Global burden of  cardiovascular disease

Congenital  heart  disease  in developing  countries  is  clearly
important  as  the great  majority  of patients  are born  there.
A  concerning  finding  from  New  Delhi81 is  that female gender
is  an  important  determinant  of  non-compliance  with  paedi-
atric  cardiac  surgery.  Their  prospective  study  of  405  cases
included  indepth  interviews.  They  concluded  that  deep-
seated  social  factors  underlie  this  gender  bias.  An  interest-
ing  overview  of this problem  is  given  by  Singh  et al.82 In  a
developed  country  (Taiwan)  an  investigation  of 289  patients
with  adult  congenital  heart disease  found  that  female  gen-
der  was  associated  with  poor  physical  and  psychological
quality  of  life.83 The  common  denominators  for quality  of
life  were  primarily  personality  trait,  psychological  distress
and  family  support,  but  interestingly,  not  disease  severity.

A  patent  ductus  is  an easily  treatable  lesion  but,  if
untreated,  large ducts  can  lead to  pulmonary  vascular  dis-
ease.  Late  presentation  in developing  countries  means  that
many  patients  have  a  level  of  pulmonary  hypertension  that
could  make  intervention  dangerous.  The  results  from  a study
in  Mexico84 are  important  and  encouraging.  They  reported
168  patients  with  isolated  patent  ductus  arteriosus  (PDA)
and  pulmonary  artery  systolic  pressure  50  mm  Hg.  Mean
age  was  10.36---14.3  years  (median  3.9),  PDA  diameter  was
6.4±2.9  mm  (median  5.9),  pulmonary  artery  systolic  pres-
sure  was  63.5±16.2  mm Hg  (median  60),  The  overall  success
rate  was  98.2%.  Follow-up  in  145  (86.3%)  cases  for  37.1  ±  24
months  (median  34.1)  showed  further  decrease  of  the  pul-
monary  pressure  to  30.1±7.7  mm Hg (p  <  .0001).  The  authors
have  shown  that  in  selected  cases  percutaneous  treatment
of  hypertensive  ductus  is  safe  and  effective  and  that  pul-
monary  pressures  decrease  immediately  and  continue  to  fall
with  time.

Images of congenital heart disease

Perhaps  one  of  the most  alluring  aspects  of  congenital  heart
disease  is  the  aesthetics  of  the abnormalities.  This  lends
itself  to  imaging,  and congenital  heart  images  brighten  up
the  pages  of  many  major  cardiac  journals.  Therefore  it
seems  appropriate  to  end  this  Almanac  with  reference  to
some  of  the  more  stunning  images  that  reflect the key
areas  in  congenital  heart  disease  that  were  discussed  above,
including  intervention,85---91 foetal  and  neonatal,92---95 heart
failure  and  mechanical  support,96 adolescent  and adult con-
genital  heart  disease,97,98 advanced  imaging  with  MRI  and
CT99,100 and  unusual  morphology.101---107 All of  these  are  well
worth  a  look  to  brighten  up  a night catching  up  on the  cardiac
journals.

Contributors

Contributors  MB  and  ND  carried  out  the literature  review;  MB
wrote  the  first  draft  of  the  manuscript,  which  was  revised
and  approved  by  both  authors.

Competing interests

The  authors  have  no  conflicts  of  interest  to  declare.

Provenance and peer review

Commissioned  and  internally  peer  reviewed.

References

1. Dolk H, Loane M,  Garne E, European Surveillance of Congenital
Anomalies (EUROCAT) Working Group. Congenital heart defects
in Europe: Prevalence and perinatal mortality, 2000 to 2005.
Circulation. 2011;123:841---9.

2. Van der Linde D,  Konings EE, Slager MA, et al. Birth prevalence
of congenital heart disease worldwide: A systematic review
and meta-analysis. J Am Coll Cardiol. 2011;58:2241---7.

3. Tararbit K,  Houyel L, Bonnet D,  et  al. Risk of congenital heart
defects associated with assisted reproductive technologies: A
population-based evaluation. Eur Heart J. 2011;32:500---8.

4. Van Engelen K, Topf A, Keavney BD, et al. 22q11.2 deletion
syndrome is underrecognised in adult patients with tetralogy
of Fallot and pulmonary atresia. Heart. 2010;96:621---4.

5. Griffin HR, Töpf A, Glen E, et al. Systematic survey of variants
in TBX1 in nonsyndromic tetralogy of Fallot identifies a novel
57 base pair deletion that reduces transcriptional activity but
finds no evidence for association with common variants. Heart.
2010;96:1651---5.

6. Caleshu C,  Day S, Rehm HL, et al. Use and interpre-
tation of genetic tests in cardiovascular genetics. Heart.
2010;96:1669---75.

7. De Luca A, Sarkozy A, Consoli F, et  al. Familial transposition of
the great arteries caused by multiple mutations in laterality
genes. Heart. 2010;96:673---7.

8. Keavney B. Left, right: A step forward in understanding trans-
position of  the great arteries. Heart. 2010;96:653---5.

9. Zhao JY, Yang XY, Gong XH, et al. Functional variant in methi-
onine synthase reductase intron-1 significantly increases the
risk of  congenital heart disease in the Han Chinese population.
Circulation. 2012;125:482---90.

10. Marek J, Tomek V, Skovránek J, et  al. Prenatal ultrasound
screening of congenital heart disease in an unselected national
population: A 21-year experience. Heart. 2011;97:124---30.

11. Stressig R, Fimmers R, Eising K, et al. Preferential stream-
ing of the ductus venosus and inferior caval vein towards the
right heart is associated with left heart underdevelopment in
human fetuses with left-sided diaphragmatic hernia. Heart.
2010;96:1564---8.

12. Eliasson H, Sonesson SE, Sharland G,  et al. Fetal working
group of  the European association of pediatric cardiology.
Isolated atrioventricular block in the fetus: A retrospective,
multinational, multicenter study of  175 patients. Circulation.
2011;124:1919---26.

13. Baruteau AE, Fouchard S, Behaghel A, et al. Characteristics and
long-term outcome of non-immune isolated atrioventricular
block diagnosed in utero or early childhood: A multicentre
study. Eur Heart J. 2012;33:622---9.

14. Izmirly PM, Saxena A, Kim MY, et al. Maternal and
fetal factors associated with mortality and morbidity in a
multi-racial/ethnic registry of anti-SSA/Ro-associated cardiac
neonatal lupus. Circulation. 2011;124:1927---35.

15. Trucco SM, Jaeggi E, Cuneo B, et  al. Use of intravenous gamma
globulin and corticosteroids in the treatment of maternal
autoantibody-mediated cardiomyopathy. J  Am  Coll Cardiol.
2011;57:715---23.

16. Jaeggi ET, Silverman ED, Laskin C, et  al.  Prolongation of the
atrioventricular conduction in fetuses exposed to maternal
anti-Ro/SSA and anti-La/SSB antibodies did not predict pro-
gressive heart block. A  prospective observational study on the



Almanac  2012:  Congenital  heart  disease  61

effects of maternal antibodies on 165 fetuses. J  Am Coll Car-
diol. 2011;57:1487---92.

17. Jaeggi ET, Carvalho JS, De Groot E, et  al. Compari-
son of transplacental treatment of fetal supraventricular
tachyarrhythmias with digoxin, flecainide, and sotalol:
Results of  a nonrandomized multicenter study. Circulation.
2011;124:1747---54.

18. Migliore F,  Zorzi A, Michieli P, et  al. Prevalence of  cardiomyopa-
thy in Italian asymptomatic children with electrocardiographic
T-wave inversion at preparticipation screening. Circulation.
2012;125:529---38.

19. Alvarez JA, Orav EJ, Wilkinson JD, et  al., Pediatric cardiomy-
opathy registry Investigators. Competing risks for death and
cardiac transplantation in children with dilated cardiomy-
opathy: Results from the pediatric cardiomyopathy registry.
Circulation. 2011;124:814---23.

20. Giardini A, Fenton M,  Andrews RE, et al. Peak oxygen
uptake correlates with survival without clinical deterioration
in  ambulatory children with dilated cardiomyopathy. Circula-
tion. 2011;124:1713---8.

21. Irving C, Parry G, O’Sullivan J, et  al.  Cardiac transplantation in
adults with congenital heart disease. Heart. 2010;96:1217---22.

22. Burch M.  Is heart transplantation for adult congenital heart
disease an appropriate use of  a scarce resource? Heart.
2010;96:1172---3.

23. Almond CS,  Singh TP, Gauvreau K,  et  al. Extracorporeal mem-
brane oxygenation for bridge to heart transplantation among
children in the United States: Analysis of  data from the organ
procurement and transplant network and extracorporeal life
support organization registry. Circulation. 2011;123:2975---84.

24.  Stiller B, Benk C, Schlensak C. Congenital heart disease:
Mechanical cardiovascular support in infants and children.
Heart. 2011;97:596---602.

25. Lee KJ, Yoo SJ, Holtby H, et  al. Acute effects of the ACE
inhibitor enalaprilat on the pulmonary, cerebral and systemic
blood flow and resistance after the bidirectional cavopul-
monary connection. Heart. 2011;97:1343---8.

26.  Williams RV, Zak V, Ravishankar C, et al., Pediatric Heart Net-
work Investigators. Factors affecting growth in infants with
single ventricle physiology: A report from the Pediatric Heart
Network Infant Single Ventricle Trial. J  Pediatr. 2011;159,
1017---22.e2.

27. Mital S, Chung WK, Colan SD, et  al., Pediatric Heart Network
Investigators. Reninangiotensin-aldosterone genotype influ-
ences ventricular remodeling in infants with single ventricle.
Circulation. 2011;123:2353---62.

28. Beghetti M.  Fontan and the pulmonary circulation: A poten-
tial role for new pulmonary hypertension therapies. Heart.
2010;96:911---6.

29.  Baek JS, Bae EJ, Ko JS, et  al. Late hepatic complications after
Fontan operation; non-invasive markers of  hepatic fibrosis and
risk factors. Heart. 2010;96:1750---5.

30. Rychik J,  Veldtman G, Rand E, et al.  The precarious
state of the liver after a fontan operation: Summary of
a multidisciplinary symposium. Pediatr Cardiol. 2012,
http://dx.doi.org/10.1007/s00246-012-0315-7 [published
online first: 26 April 2012].

31. Monagle P, Cochrane A, Roberts R, et  al. A multicenter, ran-
domized trial comparing heparin/warfarin and acetylsalicylic
acid  as primary thromboprophylaxis for 2 years after the
Fontan procedure in children. Fontan Anticoagulation Study
Group. J Am Coll Cardiol. 2011;58:645---51.

32. Atz AM, Travison TG, McCrindle BW, et al., Pediatric
Heart Network Investigators. Late status of Fontan patients
with persistent surgical fenestration. J Am Coll Cardiol.
2011;57:2437---43.

33. Vettukattil JJ. Three dimensional echocardiography in congen-
ital heart disease. Heart. 2012;98:79---88.

34. Sarkola T, Redington AN, Slorach C, et al. Assessment of
vascular phenotype using a novel very-high-resolution ultra-
sound technique in adolescents after aortic coarctation repair
and/or stent implantation: Relationship to central haemo-
dynamics and left ventricular mass. Heart. 2011;97:1788---
93.

35. Zomer AC, Verheugt CL, Vaartjes I,  et al. Surgery in adults
with congenital heart disease. Circulation. 2011;124:2195---
201.

36. Puranik R, Tsang VT, Broadley A, et al. Functional outcomes
after the Ross (pulmonary autograft) procedure assessed with
magnetic resonance imaging and cardiopulmonary exercise
testing. Heart. 2010;96:304---8.

37. Mokhles MM, Körtke H, Stierle U, et  al. Survival comparison
of  the Ross procedure and mechanical valve replace-
ment with optimal self-management anticoagulation therapy:
Propensity-matched cohort study. Circulation. 2011;123:
31---8.

38. d’Udekem Y.  Aortic valve surgery in  children. Heart.
2011;97:1182---9.

39. Bellinger DC, Wypij D,  Rivkin MJ, et al.  Adolescents with d-
transposition of the great arteries corrected with the arterial
switch procedure: Neuropsychological assessment and struc-
tural brain imaging. Circulation. 2011;124:1361---9.

40. Van der Hulst AE, Roest AA,  Delgado V, et  al. Relationship
between temporal sequence of  right ventricular deformation
and right ventricular performance in patients with corrected
tetralogy of Fallot. Heart. 2011;97:231---6.

41. Rutz T, de Marchi SF, Schwerzmann M, et al. Right ventricular
absolute myocardial blood flow in complex congenital heart
disease. Heart. 2010;96:1056---62.

42. Apitz C, Latus H, Binder W, et al. Impact of  restrictive phys-
iology on intrinsic diastolic right ventricular function and
lusitropy in children and adolescents after repair of  tetralogy
of Fallot. Heart. 2010;96:1837---41.

43. Roche SL, Grosse-Wortmann L,  Redington AN, et al. Exer-
cise induces biventricular mechanical dyssynchrony in children
with repaired tetralogy of Fallot. Heart. 2010;96:2010---5.

44. Diller GP,  Kempny A, Liodakis E, et al. Left ventricular longitu-
dinal function predicts life-threatening ventricular arrhythmia
and death in adults with repaired tetralogy of Fallot. Circula-
tion. 2012;125:24440---6.

45. Zhang ZN, Jiang X, Zhang R, et  al. Oral sildenafil treatment for
Eisenmenger syndrome: A prospective, open-label, multicen-
tre study. Heart. 2011;97:1876---81.

46. D’Alto M, Romeo E, Argiento P, et  al. Pulmonary vasoreactiv-
ity  predicts long-term outcome in patients with Eisenmenger
syndrome receiving bosentan therapy. Heart. 2010;96:
1475---9.

47. Moledina S, Hislop AA, Foster H, et al. Childhood idiopathic pul-
monary arterial hypertension: A national cohort study. Heart.
2010;96:1401---6.

48. Moledina S, de Bruyn A, Schievano S,  et al. Fractal branching
quantifies vascular changes and predicts survival in pul-
monary hypertension: A proof of principle study. Heart.
2011;97:1245---9.

49. Barst RJ. Children deserve the same rights we do: The need
for paediatric pulmonary arterial hypertension clinical drug
development. Heart. 2010;96:1337---8.

50. Diller GP, Alonso-Gonzalez R, Kempny A, et al. B-type natri-
uretic peptide concentrations in contemporary Eisenmenger
syndrome patients: Predictive value and response to disease
targeting therapy. Heart. 2012;98:736---42.

51. D’Alto M.  Brain natriuretic peptide, survival and response to
targeting therapy: Another piece in the complex puzzle of
Eisenmenger syndrome. Heart. 2012;98:681---2.

52. Braverman AC. Aortic involvement in patients with a  bicuspid
aortic valve. Heart. 2011;97:506---13.

dx.doi.org/10.1007/s00246-012-0315-7


62  M.  Burch,  N.  Dedieu

53. Benedetto U, Melina G,  Takkenberg JJ, et  al. Surgical manage-
ment of aortic root disease in Marfan syndrome: A  systematic
review and meta-analysis. Heart. 2011;97:955---8.

54. Grotenhuis HB, de Roos A.  Structure and function of  the aorta
in  inherited and congenital heart disease and the role of MRI.
Heart. 2011;97:66---74.

55. Kutty S, Kaul S, Danford CJ, et  al. Main pulmonary artery
dilation in association with congenital bicuspid aortic valve
in the absence of  pulmonary valve abnormality. Heart.
2010;96:1756---61.

56. Ait-Ali L, Andreassi MG, Foffa I, et al. Cumulative patient
effective dose and acute radiation-induced chromosomal DNA
damage in children with congenital heart disease. Heart.
2010;96:269---74.

57. Hoffmann A, Bremerich J.  The danger of  radiation exposure in
the  young. Heart. 2010;96:251---2.

58. Peng LF, Lock JE, Nugent AW, et al. Comparison of  conventional
and cutting balloon angioplasty for congenital and postopera-
tive pulmonary vein stenosis in infants and young children.
Catheter Cardiovasc Interv. 2010;75:1084---90.

59. Chakrabarti S,  Kenny D, Morgan G,  et al. Balloon expand-
able stent implantation for native and recurrent coarctation
of the aortaeprospective computed tomography assessment of
stent integrity, aneurysm formation and stenosis relief. Heart.
2010;96:1212---6.

60. Rosenthal E, Bell A. Optimal imaging after coarctation sten-
ting. Heart. 2010;96:1169---71.

61. Forbes TJ, Kim DW, Du W, et  al. Comparison of surgical, stent,
and balloon angioplasty treatment of  native coarctation of the
aorta: An observational study by the CCISC (Congenital Cardio-
vascular Interventional Study Consortium). J  Am Coll Cardiol.
2011;58:2664---74.

62. Porras D, Brown DW, Marshall AC, et  al. Factors associ-
ated with subsequent arch reintervention after initial balloon
aortoplasty in patients with Norwood procedure and arch
obstruction. J  Am  Coll Cardiol. 2011;58:868---76.

63. Roberts PA, Boudjemline Y,  Cheatham JP, et al. Percutaneous
tricuspid valve replacement in congenital and acquired heart
disease. J  Am Coll Cardiol. 2011;58:117---22.

64. Kenny D, Hijazi ZM, Kar S, et  al.  Percutaneous implantation
of the Edwards SAPIEN transcatheter heart valve for conduit
failure in the pulmonary position: Early phase  1 results from
an international multicenter clinical trial. J Am Coll Cardiol.
2011;58:2248---56.

65. Lauten A, Hoyme M, Figulla HR. Severe pulmonary regurgi-
tation after tetralogy-of-Fallot repair: Transcatheter treat-
ment with the Edwards SAPIEN XT heart valve. Heart.
2012;98:623---4.

66. Nordmeyer J, Lurz P, Khambadkone S,  et al. Pre-stenting
with a  bare metal stent before percutaneous pulmonary valve
implantation: Acute and 1-year outcomes. Heart. 2011;97:
118---23.

67. van Geldorp IE, Delhaas T, Gebauer RA, et  al. Impact of
the  permanent ventricular pacing site on left ventricular
function in children: A retrospective multicentre survey. Work-
ing Group for Cardiac Dysrhythmias and Electrophysiology of
the Association for European Paediatric Cardiology. Heart.
2011;97:2051---5.

68. McLeod KA. Cardiac pacing in infants and children. Heart.
2010;96:1502---8.

69. Verheugt CL, Uiterwaal CS, van der Velde ET, et al. The emerg-
ing burden of  hospital admissions of adults with congenital
heart disease. Heart. 2010;96:872---8.

70. Greutmann M, Le TL, Tobler D, et  al. Generalised muscle weak-
ness in young adults with congenital heart disease. Heart.
2011;97:1164---8.

71. Giardini A. Generalised myopathy in young adults with congen-
ital heart disease. Heart. 2011;97:1115---6.

72. Plymen CM,  Hughes ML, Picaut N, et al. The relationship of
systemic right ventricular function to ECG parameters and NT-
proBNP levels in adults with transposition of the great arteries
late after Senning or Mustard surgery. Heart. 2010;96:1569---73.

73. Vis JC,  de Bruin-Bon RH, Bouma BJ, et  al. Congenital heart
defects are underrecognised in adult patients with Down’s syn-
drome. Heart. 2010;96:1480---4.

74. Hoffmann A, Chockalingam P, Balint OH, et al. Cerebrovascu-
lar accidents in adult patients with congenital heart disease.
Heart. 2010;96:1223---6.

75. Vecht JA, Saso S, Rao  C, et  al. Atrial septal defect closure is
associated with a reduced prevalence of atrial tachyarrhyth-
mia in the short to medium term: A systematic review and
meta-analysis. Heart. 2010;96:1789---97.

76. Inuzuka R, Diller GP, Borgia F, et  al. Comprehensive use of car-
diopulmonary exercise testing identifies adults with congenital
heart disease at  increased mortality risk in the medium term.
Circulation. 2012;125:250---9.

77. Kaleschke G,  Baumgartner H. Pregnancy in congenital and
valvular heart disease. Heart. 2011;97:1803---9.

78. Balint OH, Siu SC, Mason J,  et  al. Cardiac outcomes after
pregnancy in women with congenital heart disease. Heart.
2010;96:1656---61.

79. Opotowsky AR, Siddiqi OK, D’Souza B, et  al. Maternal car-
diovascular events during childbirth among women with
congenital heart disease. Heart. 2012;98:145---51.

80. Lui GK, Silversides CK,  Khairy P, et al. Heart rate response
during exercise and pregnancy outcome in women with con-
genital heart disease. Alliance for Adult Research in Congenital
Cardiology (AARCC). Circulation. 2011;123:242---8.

81. Ramakrishnan S, Khera R, Jain S, et al. Gender differences in
the utilisation of  surgery for congenital heart disease in India.
Heart. 2011;97:1920---5.

82. Singh D, Wander GS, Singh RJ. Gender equality in India for
children with congenital heart disease: Looking for answers.
Heart. 2011;97:1897---8.

83. Chen CA, Liao SC, Wang JK, et  al. Quality of  life in adults
with congenital heart disease: Biopsychosocial determinants
and sex-related differences. Heart. 2011;97:38---43.

84. Zabal C, García-Montes JA, Buendía-Hernández A, et al. Per-
cutaneous closure of hypertensive ductus arteriosus. Heart.
2010;96:625---9.

85. Mullens W, Dubois C, De Keyser J.  Images in cardiology:
Coronary fistula: A rare case of right heart failure. Heart.
2005;91:1329.

86. Tzifa A, Razavi R. Test occlusion of Fontan fenestration: Unique
contribution of  interventional MRI. Heart. 2011;97:89.

87. MacDonald ST, Arcidiacono C, Butera G. Fenestrated Amplatzer
atrial septal defect occluder in an elderly patient with restric-
tive left ventricular physiology. Heart. 2011;97:438.

88. De Vlieger G, Budts W, Dubois CL. Images in cardiology: Horner
syndrome after stenting of a coarctation of  the aorta. Heart.
2010;96:714.

89. Mitchell G,  Loo  B, Morgan-Hughes G. Atrial septal defect
closure device, a threedimensional volume render. Heart.
2010;96:1222.

90. Bartel T,  Bonaros N, Müller S.  Device failure weeks to months
after transcatheter closure of secundum type atrial septal
defects. Heart. 2010;96:1603.

91. Deo SV, Burkhart HM, Ammash N, et  al.  Successful hybrid rescue
of occluded pulmonary artery in pulmonary atresia. Circula-
tion. 2011;123:2431---3.

92. Padalino MA, Vida VL, Bhattarai A, et al. Giant intramu-
ral left ventricular rhabdomyoma in a newborn. Circulation.
2011;124:2275---7.

93. Battista Danzi G, Salice P, Mosca F. Double aortic arch in
neonates: Optimal definition by means of contrast-enhanced
helical CT scan. Heart. 2011;97:950.



Almanac  2012:  Congenital  heart  disease  63

94. Nagashima M,  Higaki T,  Kurata A. Ectopia cordis with right and
left ventricular diverticula. Heart. 2010;96:12.

95.  Sridharan S, Dedieu N, Marek J. Images in cardiology: Power
Doppler threedimensional visualisation of aortic arch interrup-
tion in fetal life. Heart. 2010;96:15.

96.  Arendt K, Doll S,  Mohr FW. Failing mustard circulation with
secondary pulmonary hypertension: Mechanical assist device
to achieve reverse pulmonary vascular remodelling for subse-
quent heart transplantation. Heart. 2010;96:14.

97. Farahmand P, Redheuil A, Chauvaud S, et  al. Images in
cardiovascular medicine: Septic pulmonary thromboemboli
in an adolescent with tetralogy of Fallot. Circulation.
2011;123:2164---6.

98. Radojevic J,  Redheuil A, Iserin L. Pulmonary atresia with
intact ventricular septum and diastolic liver expansion. Heart.
2011;97:1813---4.

99. Gulati A, Gheta R, Chan CF, et al. Longitudinal follow-
up of a right atrial appendage aneurysm by cardiac
magnetic resonance imaging. Circulation. 2011;123:
2289---91.

100. Fukui D, Kai H, Takeuchi T, et al. Longest survivor of  pul-
monary atresia with ventricular septal defect: Well-developed

major aortopulmonary collateral arteries demonstrated by
multidetector computed tomography. Circulation. 2011;124:
2155---7.

101. Defaye P, Kane A, Jacon P. An unusual connection of the right
and left inferior pulmonary veins in the left atrium via a com-
mon ostium. Heart. 2010;96:1951.

102. Lee MS, Pande RL, Rao B, et al. Cerebral abscess due to per-
sistent left superior vena cava draining into the left atrium.
Circulation. 2011;124:2362---4.

103. Chaowu Y, Xin S,  Shihua Z, et al. Complete transposition of  the
atrioventricular valves associated with left ventricular apical
hypoplasia. Circulation. 2011;124:e538---9.

104. Cheng ST, Lan  CC. Obstructive sleep  apnoea syndrome related
to double aortic arch. Heart. 2011;97:1456---7.

105. Jayan JP, Vijayalakshmi IB, Narasimhan C. Images in
cardiology: A rare anomaly: Hemitruncus’. Heart. 2011;
97:12.

106. Jang SW, Rho TH, Kim JH. Membranous interventricular septal
aneurysm resulted in complete atrioventricular block. Heart.
2010;96:244.

107. Salahuddin S, Ramakrishnan S, Bhargava B. Classic supravalvu-
lar  aortic stenosis. Heart. 2010;96:1808.


	Almanac 2012: Congenital heart disease
	Epidemiology
	Genetics
	Foetal cardiology
	Cardiomyopathy, heart failure and transplantation
	The single ventricle
	Imaging
	Surgery
	Tetralogy of Fallot
	Pulmonary hypertension
	Arterial abnormalities in congenital heart disease
	Catheter intervention
	Adult congenital heart disease
	Pregnancy and congenital heart disease
	Global burden of cardiovascular disease
	Images of congenital heart disease
	Contributors
	Competing interests
	Provenance and peer review
	References


