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Left  superior  vena  cava  draining  into  the
left  atrium:  Clinical  entities,  diagnosis  and
surgical  treatment
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Summary  Left  superior  vena  cava  draining  into  the  left  atrium  in  the  absence  of  coronary  sinus
is an  anomaly  that  can  appear  in  heterotaxy  syndrome  and  unroofed  coronary  sinus  syndrome.
Regardless  of  the  origin  of  these  syndromes,  biventricular  repair  can  be  done  through  rerouting
by intracardiac  procedures  or  through  disconnection-reconnection  of  the  left  superior  vena

Abbreviations: LA:, left atrium; LSVC:, left superior vena cava; RA:, right atrium; RSVC:, right superior vena cava; TAPVC:, total
anomalous pulmonary venous connection; UCSS:, unroofed coronary sinus syndrome.

∗ Corresponding author. Department of Surgery and its Specialities, University of Granada, Avd. de la Investigación 11, 18016 Granada,
Spain.

E-mail address: josemgarrido@ugr.es (J.M. Garrido).

https://doi.org/10.1016/j.acvd.2018.05.007
1875-2136/© 2018 Published by Elsevier Masson SAS.

https://doi.org/10.1016/j.acvd.2018.05.007
http://www.sciencedirect.com/science/journal/18752136
http://crossmark.crossref.org/dialog/?doi=10.1016/j.acvd.2018.05.007&domain=pdf
mailto:josemgarrido@ugr.es
https://doi.org/10.1016/j.acvd.2018.05.007


136  J.M.  Aguilar  et  al.

Persistent  left
superior  vena  cava;
Heterotaxy
syndrome;
Unroofed  coronary
sinus  syndrome;
Surgical  techniques

cava  to  the  right  atrium  or  right  superior  vena  cava  by  extracardiac  procedures.  Different
techniques  can  be  used  for  this  purpose,  each  of  which  has  its  own  advantages  and  limitations.
Therefore,  appropriate  selection  is  necessary  to  obtain  the  best  results  for  each  patient,  and
many factors,  such  as  patient  anatomy,  age,  associated  cardiomyopathies,  etc.,  have  to  be
considered. In  this  review,  we  focus  on  heterotaxy  and  unroofed  coronary  sinus  syndromes,
associated  cardiomyopathies,  the  state-of-the-art  in  their  surgical  treatment  and  our  results  in
a sample  of  10  patients.  Our  experience  highlights  the  importance  of  accurate  diagnosis  and
specific  selection  of  surgical  technique  for  the  management  of  biventricular  repair  in  patients
with left  superior  vena  cava  draining  into  the  left  atrium  in  the  absence  of  coronary  sinus.
© 2018  Published  by  Elsevier  Masson  SAS.
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Résumé  La  veine  cave  supérieure  gauche  en  drainant  à  l’oreillette  gauche  en  l’absence
de sinus  coronaire  est  une  anomalie  qui  peut  apparaître  dans  le  syndrome  d’hétérotaxie  et
le syndrome  de  l’agénésie  du  toit  du  sinus  coronaire.  Indépendamment  de  l’origine  de  ces
syndromes,  la  réparation  biventriculaire  peut  être  effectuée  par  réacheminement  par  des
procédures intracardiaques  ou  par  déconnexion-reconnexion  de  la  veine  cave  supérieure  gauche
à l’oreillette  droite  ou  à  la  veine  cave  supérieure  droite  par  des  procédes  extracardiaques.  Il  y
a différentes  techniques  qui  pourraient  être  utilisées  à  cette  fin  et  toutes  ont  leurs  avantages
et leurs  limites.  Par  conséquent,  une  sélection  appropriée  est  déterminante  afin  d’obtenir
les meilleurs  résultats  pour  chaque  patient,  sans  oublier  de  prendre  en  compte  de  nombreux
facteurs tels  que  l’anatomie  du  patient,  son  âge,  les  cardiomyopathies  associées,  etc.  Dans
cette révision,  nous  nous  intéressons  aux  cardiomyopathies  associées  aux  syndromes  coronariens
hétérotaxiques  et  non-affleurés,  aux  traitements  chirurgicaux  d’avant  garde  les  plus  récents
sans oublier  les  résultats  que  nous  avons  obtenus  dans  un  échantillon  de  10  patients,  l’état
de l’art  dans  leur  traitement  chirurgical  et  notre  expérience  souligne  l’importance  d’un  diag-
nostic précis  et  d’une  sélection  spécifique  de  la  technique  chirurgicale  adéquate  pour  la  prise
en charge  de  la  réparation  biventriculaire  chez  les  patients  ayant  une  veine  cave  supérieure
gauche s’abouchant  à  l’oreillette  gauche  en  l’absence  de  sinus  coronaire.
© 2018  Publié  par  Elsevier  Masson  SAS.
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the  LA.  Throughout  this  paper  we  will  discuss  the  surgical
management  of  subtypes  IA,  IIA  and  IIIA.

The  UCSS  in  its  complete  form  is  also  known  as  Raghib’s
syndrome  [2],  and  belongs  to  subtype  IA  (as  classified  by
ackground

here  are  two  different  clinical  entities  in  which  a  persis-
ent  left  superior  vena  cava  (LSVC)  can  drain  into  the  left
trium  (LA)  in  the  absence  of  coronary  sinus:  heterotaxy
yndrome  and  unroofed  coronary  sinus  syndrome  (UCSS).  In
hese  cases,  biventricular  repair  can  be  done  by  intracar-
iac  rerouting  or  by  disconnection-reconnection  to  the  right
trium  (RA)  or  to  the  right  superior  vena  cava  (RSVC)  using
xtracardiac  procedures.  In  the  period  from  1998  to  2016,  10
atients  with  LSVC  draining  into  the  LA  underwent  11  surg-
ries  for  biventricular  repair.  The  present  study  focuses  on
eterotaxy  syndrome  and  unroofed  coronary  sinus  syndrome
UCSS),  associated  cardiomyopathies,  the  state  of  the  art  in
heir  surgical  treatment  and  our  results  in  our  sample.  Our
xperience  highlights  that  accurate  diagnosis  and  appropri-
te  selection  of  surgical  technique,  considering  different
haracteristics,  such  as  patient  anatomy,  age,  associated
ardiomyopathies,  etc.,  are  important  for  patient  outcome.
CSS

CSS  consists  of  partial  or  total  absence  of  the  coronary
inus.  Xie  et  al.  classified  UCSS  into  three  categories:  type  I
total  absence  of  coronary  sinus);  type  II  (partial  forms  with
ne  or  more  defects  in  the  midportion);  and  type  III  (partial
orms  in  the  coronary  sinus  outlet).  Each  of  these  categories
s  subdivided  into  subgroups  A  and  B,  which  differ  according
o  the  persistence  or  not  of  LSVC,  respectively.  However,
here  are  also  mixed  forms  of  types  II  and  III  [1].

Subtypes  IB,  IIB  and  IIIB  correspond  to  coronary  sinus-type
trial  septal  defects,  which  are  easier  to  manage  surgically.
he  repair  can  be  done  by  closing  the  coronary  sinus  roof
efect  (coronary  sinus  drained  to  the  RA)  or  by  closing  the
trial  septal  defect,  leaving  the  coronary  sinus  draining  into
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Left  superior  vena  cava  draining  into  the  left  atrium  

Xie  et  al.);  it  is  characterized  by  the  LSVC  draining  into
the  upper  left  part  of  the  LA,  complete  absence  of  the  roof
of  the  coronary  sinus  and  coronary  sinus-type  atrial  septal
defect,  which  means  that  it  is  located  at  the  posteroinfe-
rior  edge  of  the  interatrial  septum.  UCSS  is  a  rare  anomaly,
which  is  accompanied  by  the  absence  of  the  innominate
vein  in  80—90%  of  cases  [3].  Clinically,  desaturation  and  left-
right  shunt  are  produced,  and  it  is  usually  associated  with
other  cardiac  abnormalities,  such  as  partial  or  complete
atrioventricular  channel,  tetralogy  of  Fallot,  interventricu-
lar  communication,  heterotaxia  syndrome  and  double  outlet
right  ventricles,  among  others  [3,4].  Some  complications,
such  as  embolism  or  brain  abscess,  have  been  described.
Therefore,  surgical  repair  is  required  after  a  diagnosis  of
Raghib’s  syndrome  [1].

Heterotaxy syndrome

Heterotaxy,  visceral  heterotaxy  or  heterotaxy  syndrome  can
be  defined  as  an  abnormality  in  the  distribution  of  the  inter-
nal  thoracoabdominal  organs  along  the  left-right  body  axis.

By  convention,  heterotaxy  does  not  include  patients  with
normal  distribution  along  the  left-right  axis  (situs  solitus)  or
those  with  a  reversed  mirror  image  of  the  normal  position
of  the  thoracoabdominal  organs  (situs  inversus  totalis)  [5].
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Table  1 Most  frequent  findings  in  left  and  right  atrial  append

Findings  Atrial  appendage  isomerism

Right  

Conduction
system

Usually  two  sinusal  nodes;  two  AV  nodes  c
present

Interatrial  septal
defects

Usually a  single  atrium  

AV  connection  Complete  AV  channel  with  a  common  AV  v
a  univentricular  connection  can  appear  in
50—75%  of  cases

Interventricular
septal  defects

Interventricular  communication  (100%  of
cases),  commonly  related  to  complete  AV
channel

Arterial-
ventricular
coupling

Discordant  or  double  outlet  in  the  RV  wit
pulmonary  stenosis  or  atresia

Systemic  venous
connection
anomalies

Frequently,  both  the  LSVC  and  RSVC,  or  a
persistent  LSVC  in  the  absence  of  the  RSV
draining  into  the  roof  of  the  LA;  inferior  v
cava  usually  normal

Pulmonary
venous
connection
anomalies

Extracardiac  TAPVC  is  frequent;  pulmona
veins  can  drain  into  a  single  atrium  throu
fibrous  non-muscular  collector  that  can  b
obstructive  (cor  triatriatum)

ASD: atrial septal defect; AV: atrioventricular; LA: left atrium; LSVC: l
ventricle; TAPVC: total anomalous pulmonary vein connection.
137

Left  or  right  atrial  appendage  isomerisms  are  subtypes  of
eterotaxy,  where  appendages  of  both  atria  have  the  same
orphology  as  the  LA  or  RA.  Table  1  shows  the  most  frequent
ndings  in  both  heterotaxy  subtypes  [6,7].  These  abnor-
alities  are  of  great  interest  during  the  surgical  repair  of

eterotaxy-associated  cardiopathies.  Particularly  notewor-
hy  is  the  large  number  of  anomalies  that  can  appear  in  the
ulmonary  and  systemic  venous  return.  In  both  isomerisms,
here  is  the  frequent  existence  of  the  LSVC  and  RSVC,  or  a
ersistent  LSVC  in  the  absence  of  the  RSVC,  draining  into
he  roof  of  the  LA.

Right  atrial  appendage  isomerism  is  associated  with  total
nomalous  pulmonary  venous  connection  (TAPVC).  TAPVC
s  usually  extracardiac,  although  the  pulmonary  veins  can
e  connected  to  one  atrium  or  both  atria.  In  other  cases,
he  pulmonary  veins  can  drain  into  a  single  atrium  through

 fibrous  non-muscular  collector,  which  can  be  obstructive
cor  triatriatum).  In  the  normal  cardiac  venous  system,  it
s  possible  to  distinguish  a  circumflex  component  within  the
trioventricular  groove  and  a longitudinal  component  cours-
ng  on  the  epicardial  surface  of  the  ventricular  mass.  The
oronary  sinus,  which  belongs  to  the  circumflex  component,

s  formed  by  the  union  of  the  greater  cardiac  vein  and  the
blique  vein  of  Marshall.  In  a  sample  of  99  specimens  with
ight  atrial  appendage  isomerism,  Uemura  et  al.  did  not
nd  elements  of  the  circumflex  component,  including  the

age  isomerism  [6,7].

Left
an  be In  most  cases,  the  sinusal  node  is  absent;  when

it  is  present,  it  usually  has  an  unusual  position
and  is  hypoplastic
A  single  atrium,  ASD  ostium  primum  or  ASD
ostium  secundum  may  appear

alve; A normal  AV  valve  in  50%  of  cases;  rarely,  a
complete  AV  channel  with  a  common  AV  valve;
a  biventricular  connection  is  usually  present
Very  frequent  but  not  constant;  when  present,
the  localization  is  variable

h Usually  concordant  and  associated  with
subaortic  stenosis  and  aortic  coarctation;
double  outlet  in  the  RV  and  pulmonary  stenosis
or  atresia  can  be  present

C,
ena

Frequently,  both  the  LSVC  and  RSVC,  or  a
persistent  LSVC  in  the  absence  of  the  RSVC,
draining  into  the  roof  of  the  LA  or  coronary
sinus;  the  most  frequent  venous  drainage
anomaly  is  interruption  of  the  intrahepatic
segment  of  the  inferior  cava  vein  with
azygos-hemiazygos  continuation

ry
gh  a
e

The drainage  of  pulmonary  veins  by  a  collector
that  can  be  obstructive  (cor  triatriatum)  or
into  the  ipsilateral  atrium

eft superior vena cava; RSVC: right superior vena cava; RV: right
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38  

oronary  sinus  [8].  In  fact,  the  coronary  sinus  is  universally
bsent  in  the  setting  of  right  atrial  appendage  isomerism
5,9],  so  LSVC  draining  into  the  LA  is  not  generally  consid-
red  as  UCSS.

In  left  atrial  appendage  isomerism,  extracardiac  TAPVC
s  infrequent,  but  not  unusual.  The  most  frequent  venous
rainage  anomaly  is  interruption  of  the  intrahepatic  seg-
ent  of  the  inferior  cava  vein  with  azygos  or  hemiazygos

ontinuation.  Drainage  of  the  LSVC  through  the  coronary
inus  can  only  be  produced  in  cases  of  left  atrial  appendage
somerism.  Because  of  this,  if  the  LSVC  drains  into  the  LA
oof  it  could  be  interpreted  as  an  unroofed  coronary  sinus
5,6].  However,  these  conceptual  differences  are  irrelevant
uring  the  biventricular  repair  of  cardiopathies  associated
ith  heterotaxy  syndromes,  because  if  the  LSVC  is  draining

nto  the  LA,  the  repair  process  implies  a  rerouting  and/or
isconnection-reconnection  to  the  RA  or  RSVC.  However,  if
here  is  communication  between  the  RSVC  and  the  LSVC,
uch  as  through  the  innominate  vein,  ligation  of  the  sec-
ion  and  suture  of  the  distal  segment  of  the  LSVC  would  be
nough  to  re-establish  a  normal  systemic  venous  return.

iagnosis
he  diagnosis  is  usually  made  using  echocardiographic  tech-
iques  (Fig.  1).  The  coronary  sinus  is  generally  identified
n  the  parasternal  long-axis  and  apical  four-chamber  view,

N
h
k
a

igure 1. Diagnostic images. A. Transthoracic suprasternal long-axis ec
nto the right superior vena cava behind the aorta (white arrow). B. Tr
ir-bubble study, showing that after injection of agitated serum through

 and D. Angiographic images showing the LSVC draining into the roof o
D). RA: right atrium.
J.M.  Aguilar  et  al.

ith  a  slightly  backward  deviation.  The  LSVC  is  usually  iden-
ified  along  the  suprasternal  axis.  The  diagnosis  is  confirmed
y  identification  of  the  LSVC  without  dilated  coronary  sinus.
ccasionally,  a  channel-like  drainage  structure  between  the

eft  atrial  appendage  basement  and  the  left  superior  pul-
onary  vein  can  be  found  in  the  suprasternal  short  axis  [1].
hen  some  diagnostic  doubts  persist,  right  heart  contrast

chocardiography  or  echocardiography  with  an  air-bubble
tudy  must  be  used.  In  this  technique,  agitated  saline  serum
s  injected  into  a  peripheral  vein  from  the  left  superior  arm.
hus,  if  the  LSVC  is  connected  to  the  LA,  the  bubbles  are
ound  in  the  LA  before  the  RA.  This  technique  is  especially
seful  when  there  is  partial  absence  of  coronary  sinus  roof.
n  subtype  III,  an  atrial  septal  defect  can  be  found  in  the
sual  location  of  the  coronary  sinus  ostium  [1].  Contrast
omputed  tomography  scans  and  magnetic  resonance  imag-
ng  can  help  during  exploration  of  the  intracardiac  anatomy,
n  identification  of  dysfunction  in  the  systemic  or  pulmonary
enous  return  and  to  complete  the  diagnosis  of  thoracoab-
ominal  anomalies  in  heterotaxy  syndromes  [10].

urgical techniques
umerous  intracardiac  and  extracardiac  surgical  techniques
ave  been  described  (Fig.  2  and  Fig.  3).  A  thorough
nowledge  of  all  of  these  techniques  is  required  for  the
ppropriate  selection  to  be  made,  because  it  depends  on

hocardiography, showing the left superior vena cava (LSVC) draining
ansthoracic echocardiography apical four-chamber view during an

 a vein in the left arm, the bubbles first enter the left atrium (LA).
f the LA (C), and the releasing of the percutaneous closure device
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Figure 2. Schematic representations of intracardiac repair techniques. A. Anatomy of unroofed coronary sinus syndrome. B. Two-patch
repairing technique: the first patch reroutes the flux from the left superior vena cava (LSVC) to the interatrial septum plane (B1); the second
patch closes the atrial septal defect (B2). C. Single-patch repairing technique: the patch is used to redirect the LSVC flux to the tricuspid
valve, and to close the atrial septal defect. D. Two-patch repairing technique for reconstruction of the coronary sinus: the first patch creates
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a new coronary sinus that redirects the flux from the LSVC to the tri
LA: left appendage; LPVs: left pulmonary veins; RPVs: right pulmon

important  characteristics,  such  as  the  patient  anatomy,  age
and  concomitant  cardiopathies  and  abnormalities.

Within  the  group  of  intracardiac  techniques,  rerouting  of
the  LSVC  and  coronary  sinus  must  be  highlighted.  Rerout-
ing  of  the  LSVC  implies  atrial  septation  with  a  single  patch
[11—14]  or  two  patches  [4,15]  of  the  pericardium  or  syn-
thetic  materials.  Reroofing  of  the  coronary  sinus  is  focused
on  the  creation  of  a  new  coronary  sinus  using  the  peri-
cardium,  synthetic  materials  or  even  autologous  left  atrial
tissue  [3,11,16].  Then,  a  new  atrial  septation  must  be  cre-
ated  with  a  new  patch.

Regarding  extracardiac  techniques,  first,  the  atrial  sep-
tal  defect  has  to  be  closed  or  the  single  atrium  has  to
be  septated,  according  to  the  specific  case.  The  different
extracardiac  techniques  that  can  be  selected  are:  simple
ligation  of  the  LSVC  or  LSVC  occlusion  in  the  catheteri-
zation  laboratory,  independent  of  the  presence  or  not  of
the  innominate  vein,  measuring  and  controlling  the  blood
pressure  into  the  vein  after  clamping  and  taking  care  not
to  exceed  15  mmHg  [4]  or  30  mmHg  [17];  terminolateral
anastomosis  between  the  LSVC  and  RSVC  in  front  of  [18]
or  behind  [19]  the  aortic  arch,  or  otherwise  using  a  left
atrial  appendage  flap  [20];  anastomosis  of  the  LSVC  to

the  right  atrial  appendage,  directly  [19]  or  interposing  left
atrial  tissue  [21,22],  a  PTFE  graft  [23]  or  a  venous  homo-
graft  [24];  terminolateral  anastomosis  between  the  LSVC
and  left  pulmonary  artery  [19];  and  when  a  vestige  of

1
p
A
U

d valve (D1); the second patch closes the atrial septal defect (D2).
eins; RSVC: right superior vena cava.

he  innominate  vein  is  present,  it  can  be  extended  in  size
sing  an  autologous  pericardial  patch  or  other  material
25].

urgical series

n  the  period  from  1998  to  2016,  11  surgical  procedures  in
0  patients  were  performed  by  our  surgical  team  (Table  2).
ix  patients  had  been  diagnosed  with  heterotaxy  syndrome
nd  four  with  UCSS.  Some  intraoperative  images  are  shown
n  Fig.  4. In  the  patients  with  heterotaxy  syndrome,  an
ntracardiac  repair  procedure  (single-patch  or  two-patch
erouting)  was  used,  with  the  exception  of  patient  6,  in
hom  ligation  of  the  LSVC  was  done  because  of  the  pres-
nce  of  innominate  vein  and  RSVC.  Among  the  patients
ith  UCSS,  a  surgical  procedure  was  selected,  consid-
ring  patient  characteristics.  Extracardiac  repairing  was
one  in  two  patients:  disconnection-reconnection  to  the
A  (patient  9)  or  to  the  RSVC  via  a  retroaortic  approach
patient  8).  Patient  7  was  treated  by  two-patch  intracar-
iac  rerouting,  and  patient  10  was  diagnosed  after  surgical
epair  of  tetralogy  of  Fallot.  In  this  case,  because  patient

0  presented  innominate  vein  and  RSVC,  we  performed
ercutaneous  embolization  of  the  LSVC  using  a  16  mm
mplatzer

®
vascular  plug  (St.  Jude  Medical,  St.  Paul,  MN,

SA).
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Figure 3. Schematic representations of extracardiac repair tech-
niques. A. Persistent left superior vena cava (LSVC) draining into the
left atrium roof, with a hypoplastic innominate vein. B. The extrac-
ardiac repair can be performed by expansion of the innominate vein
using an autologous pericardial patch in addition to ligation of LSVC
drainage into the left atrium roof. C. Persistent LSVC draining into
the left atrium roof without hypoplastic innominate vein; the circle
shows the surgical incision lines for disconnection of the LSVC from
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he left atrium roof. D and E. Then, the disconnected LSVC (D) can
e reconnected (circles) to the right atrial (RA) appendage (E) or to
he right superior vena cava (RSVC) behind the aorta (F).

Patient  3  required  a  reintervention  36  months  after
urgery  because  of  a  partial  dehiscence  of  the  LSVC  rerout-
ng  patch.  For  that,  we  performed  reconstruction  of  the
oronary  sinus  and,  later,  closure  of  the  atrial  septal
efect,  using  a  heterologous  pericardial  patch  in  both
nterventions.  The  mean  follow-up  for  the  overall  cohort
as  65.0  months  (range  4.0—212.0  months).  Two  patients

xperienced  complications,  although  no  reintervention  was
eeded  during  the  conduction  of  this  study:  patient  1  with
oderate  left  superior  pulmonary  vein  stenosis;  and  patient

 with  light  supramitral  stenosis.

s
u
a
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verall assessment of the surgical
rocedures
mbryologically,  the  persistence  of  the  LSVC  is  caused  by
he  absence  of  atrophy  of  the  left  common  cardinal  vein,
ndependent  of  the  presence  of  heterotaxy  syndrome  or
CSS  [26]. As  stated  before,  because  the  coronary  sinus  is
bsent  in  the  setting  of  right  atrial  appendage  isomerism,
SVC  draining  into  the  LA  is  not  generally  considered  as
CSS  [5,8,9].  In  left  atrial  appendage  isomerism,  if  the  LSVC
xists,  it  would  drain  into  the  coronary  sinus.  Therefore,  if
he  LSVC  drains  into  the  roof  of  LA,  the  diagnosis  would  be
CSS.

Independent  of  the  clinical  entity,  biventricular  repair  is
irected  to  the  rerouting  or  disconnection-reconnection  of
he  LSVC  to  the  RA  or  RSVC.  As  we  have  stated  before,  there
re  numerous  surgical  techniques  for  this  purpose,  which  can
e  divided  into  two  main  groups:  extracardiac  and  intrac-
rdiac.  Because  of  potential  complications  in  intracardiac
echniques,  such  as  stenosis  in  the  pulmonary  veins,  stenosis
n  the  LSVC  tunnel  or  supramitral  stenosis  [19,25,27],  most
uthors  prefer  extracardiac  techniques.  These  techniques
re  easier  to  apply,  and  reconnection  of  the  LSVC  to  the  RSVC
r  right  atrial  appendage  can  be  realized  after  intra-atrial
ommunication  closure  or  after  single  atrium  septation,
ccording  to  each  individual  case,  thereby  diminishing  aortic
lamping  time  [19,22].  Reddy  et  al.  highlighted  the  ter-
inolateral  anastomosis  between  the  LSVC  and  retroaortic
SVC,  arguing  that  this  represents  a more  natural  path-
ay,  closer  to  that  seen  when  a  retroaortic  innominate
ein  exists.  This  technique  was  employed  for  patient  8,  in
hom  other  extracardiac  techniques  (such  as  left  atrial  roll)
ould  not  be  used  because  of  possible  compression  of  the
SVC  by  the  surrounding  great  vessels.  Consequently,  we
erformed  a  retroaortic  anastomosis  to  avoid  compression
19].

There  are  patients  in  whom  extracardiac  techniques
re  especially  difficult,  as  a  result  of  the  distance
etween  the  LSVC,  once  sectioned,  and  the  RSVC  or
ight  atrial  appendage.  In  these  cases,  a  useful  option
s  the  interposing  of  a  polytetrafluoroethylene  (PTFE)
onduit  for  the  connection.  In  infants  and  young  chil-
ren,  the  duct  has  to  be  of  sufficient  size  (at  least

 mm  in  diameter)  to  avoid,  as  far  as  possible,  its  future
eplacement  [23]. Patient  7  was  a  4-month-old  baby,  who
as  treated  surgically  for  the  closure  of  an  interven-

ricular  communication.  Intrasurgical  examination  revealed
 persistent  LSVC  totally  unroofed  (Raghib’s  syndrome).
he  presence  of  pulmonary  trunk  dilatation  along  with
bsence  of  dilatation  of  the  right  atrial  appendage  led
s  to  discard  an  extracardiac  repair,  because  of  its  com-
lexity,  and  perform  an  intracardiac  repair  with  two
atches.

In  heterotaxy  syndrome,  single  atrium  association  is
ather  usual.  In  these  cases,  septation  of  the  single  atrium
or  biventricular  repairing  is  necessary,  and  it  can  be  done
sing  single-patch  or  two-patch  procedures.  The  inclu-
ion  of  the  LSVC  hole  in  the  septation  patch  does  not

sually  increase  the  difficulty.  For  all  these  issues,  intrac-
rdiac  repair  is  the  usual  treatment  for  single  atrium
14].
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Table  2  Characteristics  of  surgical  series.

Patient  Age
(months)

Diagnosis  Type  of
surgery

Timing  of
diagnosis

Previous
operation

Reoperation  Follow-up
(months)

Complications

1  20  Heterotaxy;  left
isomerism;
complete  AVSD;
PAPVC

Intracardiac:
rerouting
(one patch)

Presurgery  No  No  212  Moderate
PV  stenosis

2  39  Heterotaxy;  left
isomerism;
complete  AVSD;
single  atrium;  no
RSVC

Intracardiac:
rerouting
(one  patch)

Presurgery  PAB  No  136  No

3  40  Heterotaxy;  left
isomerism;
transitional  AVSD;
single  atrium

Intracardiac:
rerouting
(two
patches)

Intrasurgery  PAB  Yes:  residual
ASD;  rerouting
of  CS

109  No

4  32  Heterotaxy;  left
isomerism;
transitional  AVSD;
single  atrium;
Ellis-van  Creveld
syndrome

Intracardiac:
rerouting
(two
patches)

Presurgery  No  No  77  Mild
supramitral
stenosis

5  153  Heterotaxy;  left
isomerism;
transitional  AVSD;
single  atrium;  no
RSVC

Intracardiac:
rerouting
(one  patch)

Presurgery  No  No  33  No

6  32  Heterotaxy;  right
isomerism;
complete  AVSD;
DORV;  PA;  TAPVC

Surgical
closure  of
LSVC
(innomi-
nate
vein)

Presurgery  MBTS
3.5  mm;
MBTS  5  mm

No  29  No

7  4  VSD;  UCSS  type  IA  Intracardiac:
rerouting
(two
patches)

Intrasurgery  No  No  22  No

8  88  VSDs;  UCSS  type
IIIA

Extracardiac:
retroaortic
LSVC-RSVC
anastomo-
sis

Postsurgery  PAB;
closure  of
VSDs
(hybrid
approach)

No 8  No

9  552  UCSS  type  IA  Extracardiac:
LSVC-RAA
anastomo-
sis

Presurgery  No  No  20  No

10  53  TOF;  UCSS  type
IIA

Percutaneous
closure  of
LSVC
(innomi-
nate
vein)

Postsurgery  Complete
repair;
relief  of
residual
RVOTO

No  4  No

ASD: atrial septal defect; AVSD: atrioventricular septal defect; CS: coronary sinus; DORV: double outlet right ventricle; LSVC: left
superior vena cava; MBTS: modified Blalock-Taussig shunt; PA: pulmonary atresia; PAPVC: partial anomalous pulmonary vein connection;
PV: pulmonary vein; PAB: pulmonary artery banding; RAA: right atrial appendage; RSVC: right superior vena cava; RVOTO: right
ventricular outflow tract obstruction; TAPVC: total anomalous pulmonary vein connection; TOF: tetralogy of Fallot; UCSS: unroofed
coronary sinus syndrome; VSD: ventricular septal defect; VSDs: multiple ventricular septal defects.
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Figure 4. Intraoperative images. A and B. Extracardiac repair by disconnection-reconnection of the left superior vena cava (LSVC) to the
right superior vena cava (RSVC) behind the aorta. A. Terminolateral anastomosis between both veins (black arrow). B. The LSVC course from
its origin to the RSVC after surgery. C. Two-patch intracardiac repair in Raghib’s syndrome: the image shows the opened right atrium (RA)
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