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Typical Scenario of Post-repair PVS

2 days / F
* Obstructive infracardiac TAPVD
Conventional repair for TAPVD

Immediate post-op Echocardiography
: Mild anastomotic site stenosis with turbulent flow

Post-op 6 months Echocardiography
. Severe anastomotic site / individual stenosis

A series of reoperations to relieve PR-PVS
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Experimental Model of PVS

Alterations in Elastin and Collagen Related t
the Mechanism of Progressive Pulmonary
Venous Obstruction in a Piglet Model
A Hemodynamic, Ultrastructural, and Biochemical Study

I. LaBourene, John G. Coles, Dorothy J. Johnson, Arun Mehra,

of progressive central pulmonary venous (PV) obstruction,

therap; ’Twcnt; glets underwent banding of their PVs{ 18 had a sham operation, and
nonoperated controls. After 1, 3, and 6 weeks iemodynaniic data were obtained and correlated
with ventricular weights, PV and pulmonary artery (PA) distensibilities (at 1 week), morpho-
metric structural and ultrastructural analyses, and biochemical assessment of elastin deter-
mined gravimetrically (and by desmosine level at 1 week), collagen, and elastase activity. At\ )
week, PV banding was associated with increased PV compliance (p<0.05). At ;!\weeks. an
increased PA pressure (P,,) (p<0.05) was observed, unaccompanied by a rise in PV pressure
(P,,). In the PV, however, there was breakdown of the internal elastic lamina with apparent

migration of smooth muscle cells from media to subendothelium. At(6)weeks, a rise in P,
(p<0.01), a further rise in P,, (p<0.01), and right ven icularhypen?nphy (p<0.005) were
observed. We also observed mild PV intimal thickening (p<0.01), complete degradation of
elastic laminae (p<0.05), and an increase in collagen assess i (p=<0.01).
The banding procedure resulted in an overall increa stin sis and in the
proportion of el: determined gravimetrically (p<0.05 for both) but not by desmosine level,
suggesting the possibility of poor cross-linking of elastin, which might account for the ear
i sed distensibility of the PV. However, our assay could not detect an increase in elastase
yciated with either the increased distensibility or the ultrastructural changes of
stin degradation. The increased P,, was not associated with significant PA biochemical or
structural changes. We speculate t| n response to distal venous obstruction, early remod-
eling of the PVs increases disten y, protecting the lung from venous congestion and
blunting a rise in P,. PA hypertension precedes the Tise in P, likely because of reflex
K iction. The subsequent modest rise in P, is already associated with extensive fibrosis
of the PV, suggesting a reason for unsuccessful current therapy and a need for consideration of
carlier assessment and intervention. (Circulation Research 1990;66:438—456)
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Pulmonary venoocclusive disease?



Who develops PR-PVS?

e Small confluence and individual PVs

» Unfavorable PV morphology



http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&docid=0MxWgghh-jB1HM&tbnid=VkvOTIF8HbkFwM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.bsatreerecycle.com%2F&ei=TqJOU5_WCYKB8gXKhoDwAg&bvm=bv.64764171,d.dGc&psig=AFQjCNF6Jqb5tvLw11BW65-5-rpxht0eVg&ust=1397748678581587

Factors Associated With Mortality and Reoperation in
377 Children With Total Anomalous Pulmonary
Venous Connection

Tara Karamlou, MD#*; Rebecca Gurofsky, BSc*; Eisar Al Sukhni;
John G. Coles, MD; William G. Williams, MD; Christopher A. Caldarone, MD;
Glen S. Van Arsdell, MD: Brian W. McCrindle, MD, MPH

Background—We sought to determine era-specific changes in the incidence of mortality and reoperation in children with
total anomalous pulmonary venous connection.

Methods and Results—We reviewed the records of 377 children presenting from 1946 to 2005 with total anomalous
pulmonary venous connection. Multivariable parametric regression models determined the incidence and risk factors for
death and reoperation after repair. Pulmonary venous connection was supracardiac in 44%, infracardiac in 26%, cardiac
in 21%, and mixed in 9%. Pulmonary venous obstruction was present in 48% at presentation, most frequently with
infracardiac connection type (P<0.001). In total, 327 patients were repaired (median age, 1.7 months). Overall survival
from repair was 65+6% at 14 years, with a current survival of 97%. Significant (P<<0.01) incremental nisk factors for
postrepair death were cardiac connection type, earlier operation year, younger age at repair, use of epinephrine
postoperatively, and postoperative pulmonary venous obstruction. More recent operation year was associated with
vounger age at repair (P<<0.001), decreased use of deep hypothermic circulatory arrest (P<20.001), and use of specific

drugs postoperatively (P<<0.001). Risk-adjusted estimated 1-vear survival for a patient repaired at birth with unfavorable
morphology n 2003 1s 37% (93% CL 8 to 80) compared with 96% (93% CI, 91 to 99) for a patient with favorable

morphology repaired at 1 year of age. Freedom from reoperation was 82+6% at 11 vears after repair, with increased
risk associated with mixed connection type (P=0.04) and postoperative pulmonary venous obstruction (P<20.001).
Conclusions—Mortality after total anomalous pulmonary venous connection repair has decreased but remains highest in
young patients and in those with cardiac connection type or pulmonary venous obstruction. Unfavorable anatomic
characteristics remain important determinants of postrepair survival despite improved perioperative care. (Circulation.

2007:115:1591-1598.)

Key Words: congenital defects m pulmonary veins m nisk factors m surgery m survival




Total Anomalous Pulmonary Venous Connection
Morphology and Outcome From an International Population-Based Study

Anna N. Seale, MBBChir, MRCP; Hideki Uemura, MD, MPhil, FRCS;
Steven A. Webber, MBChB, MRCP; John Partridge, FRCR, FRCP, FRANZCR; Michael Roughton, MSc;
Siew Y. Ho, PhD, FRCPath; Karen P. McCarthy, BSc; Sheila Jones, BSc; Lynda Shaughnessy, BN;
Jan Sunnegardh, MD, PhD; Katarina Hanseus, MD, PhD; Hakan Berggren, MD, PhD;
Sune Johansson, MD; Michael L. Rigby, MD, FRCP; Barry R. Keeton, MB. BS, FRCP, FRCPCH;
Piers E.F. Daubeney, DM, FRCPCH; on behalf of the Bntish Congenital Cardiac Association

Background—Late mortality after repair of total anomalous pulmonary venous connection is frequently associated with

pulmonary venous obstruction (PVO). We aimed to describe the morphological spectrum of total anomalous pulmonary
venous connection and identify risk factors for death and postoperative PVO.

Methods and Results—We conducted a retrospective, international, collaborative, population-based study involving all 19

pediatric cardiac centers in the United Kingdom, Ireland, and Sweden. All infants with total anomalous pulmonary
venous connection born between 1998 and 2004 were identified. Cases with functionally univentricular circulations or
atrial isomerism were excluded. All available data and imaging were reviewed. Of 422 live-born cases, 205 (48.6%) had
supracardiac., 110 (26.1%) had infracardiac, 67 (15.9%) had cardiac, and 37 (8.8%) had mixed connections. There were
2 cases (0.5%) of common pulmonary vein atresia. Some patients had extremely hypoplastic veins or, rarely, discrete
stenosis of the individual veins. Sixty (14.2%) had associated cardiac anomalies. Sixteen died before intervention.
Three-year survival for surgically treated patients was 83.2% (95% confidence interval 81.3% to 88.4%). Risk factors
for death in multivariable analysis comprised earlier age at surgery, hypoplastic/stenotic pulmonary veins, associated
complex cardiac lesions, postoperative pulmonary hypertension, and postoperative PVO. Sixty (14.8%) of the 406
patients undergoing total anomalous pulmonary venous connection repair had postoperative PVO that required
reintervention. Three-year survival after imitial surgery for patients with postoperative PVO was 58.7% (93% confidence
interval 46.2% to 69.2%). Risk factors for postoperative PVO comprised preoperative hypoplastic/stenotic pulmonary

veins and absence of a common coniluence.

Conclusions—Preoperative clinical and morphological features are important risk factors for postoperative PVO and

survival. (Circulation. 2010;122:2718-2726.)

Key Words: follow-up studies m pulmonary veins m pulmonary vein stenosis m heart defects, congenital
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Sutureless Repair of PV

Sutureless technique for PVS

Coles procedure

Pericardial Marsupirialization

Chirurgicale sans suture

Atriopericardial anastomosis



Sutureless repair (SR)
- Theoretical advantage -

* Avoid geometric distortion
* No suture material on PVs

* Avoid restriction of ostial growth



Chirurgicale sans suture (1996)

CLINIQUE

Sténose des veines pulmonaires.
Description d'une technique
chirurgicale sans suture

utilisant le péricarde in sifu

Summary

Pulmonary Vein Stenosis. Description of o Sutureless Surgical Technique Using
the Pericardium in sifu.

F. Lacour-Gayet*, C. Rey** Pulmonary vein stenosis is a rare cardiac disease associated with a disastrous pro-
et C. Planché* gnosis. Nowadays, it is more often a iatrogenic complicati following neonatal sur-
& cal repair of total anomalous pulmonary venous drainage (TAPVD). It Is as well
native congenital anomaly. The responsible histologic lesion is an intimal hyperplasia
that proliferates to Involve the extracardiac segment of the pulmonary veins. This
lesion tends to be extremely recurrent following surgical or angioplastic attempts. A
new sutureless surgical technique. that tunelizes the pulmonary veins to the left
atrium through the pericardium, is described. This method was successfully applied
in a 2.5 years old child. presenting with bilateral stenosis of pulmonary veins. follo-
wing neonatal repair of a TAPVD. The resuit. controlied 6 months later. by catheteri-
zatic~ and angiography was judged satisfactory. This new technique, that has to be
confirmed by a longer f¢ up. may provide a therapeutic answer to this challen-
ging disease. Arch Mal Cceur 1886 : 89 : 633-6.

Résumé

La sténose des velnes pulmonalres est une affection rare dont le pronostic est
redoutable. Elle est, actuellement, le plus souvent iatrogénique, compliquant la
chirurgle néonatale du retour velneux pulmonaire anormal total. Elle est ailleurs
primitive, congénitale. La lésion histologique causale est une hyperplasie intimale
prollferauve gagnant progressivement le segment extracardiaque des veines pul-
manaires. Cette lésion a tendance a récidiver aprés toute tentative chirurgicale ou
angloplasﬁque Une nouvelle technique :hlrurglczle sans suture, tunnellisant les
veines puimonaires a l'oreillette gauche, a travers le péricarde cloisonné est
décrite, Cette méthode a été utilisée avec succés chez un enfant de 2 ans et demi,
atteint de sténose bilatérale des veines pulmonaires, acquise aprés chirurgie néo-
natale d'un retour veineux pulmonaire anormal total. Le résultat contrélé a 6 mois
par cathétérisme et angiographique est jugé satisfaisant. Cette nouvelle tech-
nique, qui doit étre validée par un recul plus important. peut apporter une solu-
tion thérapeutique de cette affection redoutable. Arch Mal Cceur 1996 : 89 : 633-6.

acour-Gayet FG

(*) -Service de cn[rurgle cardldque: pé- -
rie:

La sténose des veines pulmo-
naires est une affection rare dont le
pronostic est redoutable. « Aucun
traitement chirurgical ne permet
d'obtenir la guérison ou une pallia-
tion & long terme de cette affection
lethale » [1).

ASPECTS
ANATOMOCUNIQUES

veines pulmcnanres est le plus sou-
vent iatrogénique. compliquant la
chirurgie néonatale du retour vei-

neux pulmonaire anormal total. Elle
est ailleurs primitive. congénitale
survenant isolément ou en associa
tion avec une autre cardiopathie [1-
3]. Une ou plusieurs veines pulmo-
naires peuvent &tre sténosées ; les
lésions pouvant étre uni ou bilaté-
rales.

Il faut distinguer au pian
anatomo-pathologique, les ste-
noses anastomotiques suwenant a
dista P
monaires et liées 3 un défaut dc
croissance de l'anastomose. des
sténoses ostiales veineuses pulrmo-

ARCHIVES DES MALADIES DU CCEUR ET DES VAISSEAUX, lome 89, n° 5, mai 1996 633
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Sutureless In situ pericardial repair
(Lacour-Gayet,1999)




Pericardial Marsupialization (2006)

Edward L. Bove

AUVINISYVAOIAUVD

Management of Congenital and Acquired

Pulmonary Vein Stenosis

Eric J. Devaney, MD, Andrew C. Chang, MD,
Edward L. Bove, MD

Section of Cardiac Surgery, Division of Pediatric Cardiac
Ann Arbor, Michigan

Background. Pulmonary vein (PV) stenosis, whether
congenital or after repair of total anomalous pulmonary
venous connection (TAPVC), continues to carry a poor
prognosis.

Methods. A retrospective review identified 36 patients
who underwent repair of PV stenosis between December
1989 and June 2003. Fourteen with congenital PV stenosis
underwent scar excision and primary repair (n = 2),
intraoperative stent placement (n = 4), or sutureless
pericardial marsupialization (n = 8). Twenty-two with
acquired PV stenosis after TAPVC repair underwent
anastomotic revision and/or vein repair (n = 11) or
sutureless pericardial marsupialization (n = 11). Fol-
low-up ranged from 1 month to 14 years (median, 30
months).

Results. Among the 14 patients with congenital PV
stenosis, 8 died (3 early deaths, 4 late deaths with
restenosis, and 1 late noncardiac death). Among the six

Richard G. Ohye, MD, and

Surgery, University of Michigan School of Medicine,

survivors, five (4 after marsupialization) have not devel-
oped restenosis. Among 11 of 22 patients with acquired
PV stenosis undergoing anastomotic revision or vein
repair, there were 5 deaths (2 early, 2 late with restenosis,
and 1 late noncardiac death) and 1 of the six survivors has
developed restenosis. Of the remaining 11 undergoing
marsupialization, there was one late death (with resteno-
sis) and 10 survivors have no restenosis. Congenital
etiology, use of marsupialization technique, presence of
associated defect, and extent of disease were identified as
risk factors for poor outcome.

Conclusions. Patients with pulmonary vein stenosis
continue to have a guarded prognosis. Sutureless peri-
cardial marsupialization was associated with satisfactory
midterm results and appears superior to other conven-
tional techniques.

(Ann Thorac Surg 2006;81:992-6)
© 2006 by The Society of Thoracic Surgeons

36 patients with PVS
From 1989 to 2003
Sutureless repair in 8 since 1998




Coles procedure (1998, Najm et al)

Coles JG

ey

A SUTURELESS TECHNIQUE FOR THE RELIEF OF PULMONARY VEIN STENOSIS WITH THE

USE OF IN SITU PERICARDIUM

Hani K. Najm, MD, Christopher A. Caldarone, MD, Jeffery Smallhorn, MD, and John G. Coles, MD,

Toronto, Ontario, Canada

Pulmonary vein (PV) stenosis develops as a progress
and usually lethal complication after surgical repair of
total anomalous PV connection. Conventional surgical
repair for the management of recurrent PV stenosis has
been generally unsuccessful because of proliferative neo-
intimal hyperplasia resulting in recurrent PV obstruction.
The factors that result in recurrent stenos ter the usual
types of patch venoplasty are unknown. We speculated
that direct suturing of PVs and patch material may be the
substrate for turbulent blood flow triggering intimal hy-
perplasia and eventual narrowing of the vein. On the basis
of these considerations, we developed a sutureless tech-
nique for repairing PV stenosis with in situ pericardium.
We present here its early but promising results.

Patients

PATIENT 1. Patient 1 was born in January 1995 with
infradiaphragmatic total anomalous PV connection and
severe obstruction of the descending vertical vein. On day
1, the infradiaphragmatic anomalous vein was ligated and
the confluence was anastomosed to the left atrium under
conditions of hypothermic circulatory arrest. At 6 months,
the child had conspicuous tachypnea. Echocardiography
revealed obstructed left PVs with a mean gradient of 7
mm Hg (peak 16 mm Hg) and suprasystemic right ve
tricular pressure. Angiocardiography demonstrated vz
able obstruction of all four P with a mean pulmonary
artery pressure of 38 mm Hg (systolic 92 mm Hg). At
reoperation, obstruction of all PVs was confirmed. Under
conditions of circulatory arrest, a pedicled flap of free
right atrial wall-superior vena cava junction based at the
inferior vena cava was used to patch the right-sided veins
and carried behind the aorta to patch the left upper PV.
The left lower vein was repaired with a flap created from
the left atrial appendage.’

After that operation, the child had repeated adm

ith respiratory tract infections, complicated at 1 y
hemoptysis. Echocardiography revealed recurrence c
struction. At the second reoperation, atretic left-sided
veins and severe stenosis of right-sided veins were noted.

From the Division of Cardiovascular Surgery, Department of

The PVs were opened, and an in situ pericardial suture-
less patch wa for reconstr . Ec] rdiography
a year later showed patent veins, with mean gradients of 4
mm Hg on the right side and 5 mm Hg on the left. The
estimated mean pulmonary artery pressure was 10 mm
Hg. Perfusion lung scan showed 67% perfusion on the
right side and 33% on the left. The child currently has no
symptoms.

PATIENT 2. Patient 2, a female infant, was born on
Janu 1995 with total anomalous PV connection to
coronary sinus with echocardiographic evidence of partial
obstruction. At 2 weeks, she underwent repair cons
of unroofing of the coronary si described by
Praagh and Harken.> On com on of the procedure, the
patient could not be weaned from cardiopulmonary by-

as placed on extracorporeal

nator and subsequently weaned after 3

with delayed sternal closure in 10 days as a result of

hemod ic i ility ocardiographic

findings before di structed PV con-

fluence-left atrium connection. However, echocardiogra-

phy 4 months later revealed an obstructed right upper PV

with a mean right ventricular pressure of 25 mm Hg.

Perfusion scan showed 87% perfusion to the left lung and

13% to the right. Eleven months after the operation,

echocardiography and cardiac catheterization revealed
pulmonary hypertension, with a mean pulmonary

pressure of 34 mm Hg and anatomically r
At reoperation, the presence of s
ance into
An in situ

Cardiac catheterization 6 months later revealed normal
venous drainage on the left side and mild obstruction on
the right side. The mean pulmonary artery pressure was 16
mm Hg. Perfusion lung scan showed 42% to left lung and
no symptoms at 15 months of
tive follow-up.

Technique. Standard cardiopulmonary bypass tech-

nique is used. The incision i




Coles procedure (1998)




Coles procedure (2005, Yun et al)

Conventional and sutureless techniques for management of
the pulmonary veins: Evolution of indications from
postrepair pulmonary vein stenosis to primary pulmonary

vein anomalies
iy

Christopher A. Caldarons, MD

Coles JG

The Journal of Thoracic snd Cardiovascular Surgery » Yolume 129, Number 1




‘Naive’ PVS (n=36)

PR- PVS (n=17) PO-PVS (n=10) @ Unoperated-PVS (n=26) SmaII PV (n=7)




60 Patients

‘Naive’ PVS (n=36)

PR- PVS (n=17) PO-PVS (n=10) @ Unoperated-PVS (n=26) SmaII PV (n=7)

Sutureless repair (SR)

Patch pulmonary venoplasty (PVP)

Ostial endovenectmy (OE)
Stent
Atrial PVP

* Reop or death



Modified Coles procedure
(primary sutureless repair)




Modified Coles procedure
(primary sutureless repair)




Modified Coles procedure
(primary sutureless repair)




Contemporary management of RAI

Surgery for Congenital Heart Disease Yun et al

Contemporary management of right atrial isomerism: Effect
of evolving therapeutic strategies

an 0. Al-Radi, MD,® lan Adatia, MD° Christopher A. Caldarone, MD " John G. Coles, MD.?
D.t and Glen 5. Van Arsdell, MD®

Conclusions: Mortality
pulmonary 5 drainage




What to expect after repair of total anomalous pulmonary venous
connection: data from 193 patients and 2902 patient years'

Jurgen Horer**, Caroline Neuray®, Manfred Vogt®, Julie Cleuziouw®, Jelena Kasnar-Samprec,
Riidiger Lange® and Christian Schreiber:

* Department of Cardiovascular Surgery, German Heart Center Munich at the Technical University, Munich, Germany
® Department of Pediatric Cardiology and Congenital Heart Disease, German Heart Center Munich at the Technical University, Munich, Germany

* Corresponding authaor. Department of Cardiovascular Surgery, German Heart Cemter Munich at the Technical University, Lamnettstrasse 36, Munich D-80636,
Germany. Tel: «49-8012-184117; fax: «49-8912-184123; e-mail hoerer@dhm.mhn.de (. Htrer),

Received 19 October 2012, received in revised form 3 January 2013; accepted 3 February 2013

Abstract

OBJECTIVES: Total anomalous pulmonary venous connection (TAPVC) occurs as isolated cases, in combination with single ventricle
physiology, and may be complicated by pulmonary venous obstruction. We sought to identify potential risk factors for long-term
mortality and reoperations.

METHODS: Data from 193 consecutive patients who had undergone repair of TAPVC between 15974 and 2011 were analysed using
multivariate Cox regression. Mean follow-up time was 15.0 +11.0 years, 95% complete.

RESULTS: Survival was 827 + 2.9% at 20 years. Single ventricle physiology (5.9% of the patients, P <0.001) emerged as the only signifi-

cant risk factor for mortality in multivariate analyses. Freedom from cardiac reoperation was 82.2 £3.3% at 20 years. Single ventricle
physiology (P < 0.001) was the only risk factor for cardiac reoperations in multivariate analyses. Freedom from reoperations for pulmaon-
ary venous obstruction was 90.4 + 2.5% at 20 years. An age at operation of €30 days (52.8% of the patients, P =0.007) was the only risk
factor for reoperations for pulmonary venous obstruction in univanate analyses. In patients with isolated TAPVC (n=177), preoperative
pulmonary wvenous obstruction (53.7% of the patients, P=0.030) and deep hypothermic circulatory arrest (785% of the patients,
P=0017) emerged as risk factors for mortality in univariate analyses. An age at operation of <30 days (53.7% of the patients, P=0.022)
was the only risk factor for reoperations for pulmonary venous obstruction in univariate analyses.

COMCLUSIONS: Survival into the third decade without reoperations is excellent in patients with isolated TAPVC without preoperative
pulmonary venous obstruction, irespective of the type of anomalous connection. In contrast, survival of patients with TAPVC and
single ventricle physiology is among the poorest of all congenital heart defects. Reoperations for pulmonary venous obstruction are
rare and are predominantly required in patients who were operated on as neonates. Survival may be improved by using a strategy of
low-flow cardiopulmonary bypass.

Keywords: Congenital - Anomalous pulmonary venous return = Surgery = Long-term results = Total anomalous pulmonary venous
connection
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Total Anomalous Pulmonary Venous Connection:
An Analysis of Current Management Strategies in a

Single Institution

Camille L. Hancock Friesen, MD, David Zurakowski, PhD, Ravi R. Thiagarajan, MD
Joseph M. Forbess, MD, Pedro J. del Nido, MD, John E. Mayer, MD, and

Richard A. Jonas, MD

Departments of Cardiac Surgery, Cardiovascular Surgery, Cardiology, and Biostatistics, Children’s Hospital Boston, Harvard

Medical School, Boston, Massachusetts

Background. Repair of total anomalous pulmonary ve-
nous connection (TAPVC) continues to be associated
with significant mortality. We reviewed patients under-
going consecutive TAPVC repairs over a 10-year period
at Children's Hospital Boston. The impact of current
surgical and perioperative management strategies on
short-term outcomes (postrepair pulmonary venous ob-
struction and mortality) is evaluated.

Methods. All patients with surgically corrected TAPVC
from November 1989 to December 2000 were included.
Charts were reviewed for patient demographics, opera-
tion variables, and postoperative course.

Results. There were 123 patients in the cohort, of which
72 (59%) were male. The median age and weight at
operation were 10 days and 3.6 kg, respectively. Sixty-
eight (55%) patients presented with pulmonary venous
obstruction, and 65 (53%) underwent emergent TAPVC
repair. Thirty-nine (32%) had single-ventricle anatomy,
and 84 (68%) had two-ventricle anatomy. Thirty patients

(24%) died. Kaplan-Meier survival at 1 month was 65%
(95% confidence interval [CI], 55% to 75%) for single-
ventricle patients versus 90% (95% CI, 90% to 100%) for
two-ventricle patients; at 36 months it was 47% (95% CI,
35% to 59%) versus 87% (95% CI, 81% to 93%), respec-
tively. By Cox multivariable regression analysis, a single
ventricle (p < 0.001, hazard ratio, 4.8; 95% CI, 2.5 to 9.2)
was an independent mortality risk factor. Prerepair pul-
monary venous obstruction was a multivariate risk factor
for death among single-ventricle patients. Postrepair pul-
monary venous obstruction occurred in 11%. If year of
operation is used as a predictor, two-ventricle patient
survival has significantly improved (p < 0.05).
Conclusions. Despite current interventions, single-ven-
tricle patients continue to have a worse prognosis than

two-ventricle patients.

(Ann Thorac Surg 2005;79:596-606)
© 2005 by The Society of Thoracic Surgeons




Functional SV, TAPVD and RAI

FSV

RAI



Sutureless repair for RAl/ TAPVD
- potential benefits-

* Inherently small confluence and PVS
« Unfavorable PV morphology

« CPVC/PVs buried in post. mediastinum



15t sutureless repair




2"d sutureless repair




2"d sutureless repair




2"d sutureless repair




Posteriorly located PVs in RA

Posterior
Pericardium




Retrobronchial Vertical Vein in RAI

Retrobronchial Vertical Vein in
Totally Anomalous Pulmonary Venous
Connection to the Innominate Vein and Its
Specific Occurrence in Right Isomerism

Shi-Joon Yoo, MD, David G. Nykanen, MD, Robert M. Freedom, MD, Leland N. Benson, MD,
C. A. Frederic Moes, MD, and Patricia E. Burrows, MD

Recently, a case of right isomerism with totally
anomalous pulmonary venous connection (TAPVC)
to the innominate vein through a vertical vein that
ascended in the mediastinum posterior to the left-
sided main bronchus was encountered. This retro-
bronchial vertical vein that has not been de-
scribed previously in patients with TAPVC to the
innominate vein prompted.the performance of a
retrospective analysis ses with TAPVC to
the innominate vein in which angiography had
been performed. The 44 cases consisted of 36 pa-
tients with situs solitus, 7 with right isomerism,
and 1 with left isomerism. The spatial relation of
the vertical vein to the adjacent pulmonary artery
and main bronchus could be defined in 41 cases.
The vertical vein was retrobronchial in 4 of 5
cases with ri isomerism in which the location

of the vertical vein could be defined with certain-
ty. No case with situs solitus or left isomerism
was associated with a retrobronchial vertical vein.
In all 4 patients with a retrobronchial vertical vein,
angiographic evidence of obstruction of pulmo-
nary venous drainage was present, and was due
to an extrinsic bronchial compression in 2 and to
an intrinsic narrowing of the vertical vein in 2.

(Am J Cardiol 1993;71:1198-1203)

connection (TAPVC) to the innominate vein, the pul-

monary venous confluence is formed behind the left
atrium and is connected to the innominate vein through
an ascending channel that is called a “‘vertical vein.”’!-8
In patients with situs solitus, the vertical vein usually as-
cends through an anterolateral angle formed as the left
pulmonary artery crosses over the left main stem
bronchus (Figure 1). In some cases, the vertical vein
passes through a narrow triangular space that is bound-
ed by the left pulmonary artery anterolaterally, the liga-
mentous or patent ductus arteriosus medially and the left
main bronchus posteroinferiorly (Figure 2). This spatial
arrangement results in extrinsic compression of the ver-
tical vein and has been referred to as a ‘‘hemodynamic
vise.”’” In patients with situs inversus, there is a mirror-
image bronchovascular spatial relation. In patients with
right isomerism, neither the right- nor the left-sided pul-
monary artery crosses over the main bronchus,”!? and a
different spatial relation of the vertical vein to the adja-
cent pulmonary artery and main stem bronchus may be
expected. '

Recently, we encountered a case of right isomerism
with TAPVC to the innominate vein in which the left
vertical vein was retrobronchial (i.e., it ascended in the
mediastinum posterior to the left-sided main bronchus)
(Figure 3). The vertical vein was displaced and appeared

In patients with totally anomalous pulmonary venous




Retrobronchial Vertical Vein in RAI

Retro-arterial

Pre-bronchial Retrobonchial




Retrobronchial Vertical Vein in RAI
(AMC experience)

Retro-arterial

Pre-bronchial Retrobonchial

N=2 (2/9) N=5 (5/9)

N=2 (2/9)
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Abstract

Surgical repair of total anomalous pulmonary venous connection (TAPVC) in patients with right atrial isomerism is associated with a
significant risk of recurrent pulmonary venous obstruction (PVO). We evaluate the effect of sutureless repair to reduce the risk of recurrent
PVO. Since November Iﬂﬂatients, including three neonates, with right atrial isomerism underwent sutureless repair of TAPVC. The
sutureless repair was used ree neonates as an initial procedure and in two infants as a procedure for postrepair PVO. Under deep
hypothermic circulatory arrest or low flow cardiopulmonary bypass, pulmonary vein (PV) was incised as long as possible. The atrial wall
was partially resected and anastomosed to the pericardial wall around the incised PY. There were no early deaths. No patients showed
recurrence of PVO. There was one late death. Two patients underwent a bidirectional Glenn shunt after the sutureless repair. The
pulmonary venous confluence was confirmed to be left open at the time of the Glenn surgery. The sutureless technique may be useful not
only for postrepair PVO but also for non-operated TAPYC in neonates with right atrial isomerism.
© 2010 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.

Keywords: Right atrial isomerism; Total anomalous pulmonary venous connection; Sutureless pericardial repair

. Introduction reless pericardial repair of TAPVC at Toyama University
Hospital (Table 1). The parents of the patients gave written
Despite improvements in the treatment of complex con- informed consent before the operation. The anatomical
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Early Outcomes of Primary Sutureless Repair

of the Pulmonary Veins

Anthony Azakie, MD, Michael J. Lavrsen, MD, Natalie C. Johnson, BS, and

Anil Sapru, MD

UCSF Benioff Children’s Hospital, Department of Surgery and Department of Pediatrics, University of California-5an Francisco,
San Francisco, California; and Department of Surgery, Oregon Health Sciences University, Portland, Oregon

Background. The “sutureless” repair technique has
improved outcomes for post-repair pulmonary vein (PV)
stenosis. The purpose of this study is to determine the
early outcomes of primary sutureless repair of pulmo-
nary venoocclusive disease in infants with congenital PV
stenosis-hypoplasia or PVs at high risk for progressive
stenosis.

Methods. This is a retrospective review of infants who
had primary sutureless repair of the PVs from October
2002 to April 2010.

Results. Twenty-five infants had primary sutureless
repair of the PVs. Eighteen infants had total anomalous

pulmonary venous return; 14 with obstruction, 10 with

heterotaxy syndrome, and 9 with univentricular anatomy.

Seven infants had congenital PV stenosis. There were 24
perioperative survivors (96%; 95% confidence interval
[CI], 75% to 99%) and 2 late deaths from extracardiac
causes. Follow-up was available on 21 out of 22 survivors
at a median duration of 34 months (range, 9 to 100
months). Persistence-recurrence of PV stenosis occurred

in 3 veins (3%) of 2 infants (8%). On follow-up echocar-
diography, right ventricular systolic pressure was normal
in 13 out of 14 infants with a biventricular heart and 60%
of systemic blood pressure in 1 infant. Kaplan-Meier
1-year cumulative survival was 88% (95% CI, 66% to
96"). Kaplan-Meier cumulative disease-free survival
was 96% (95% CI, 75% to 99%) at 30 days and 84% (95%
CI, 58% to 95%) at 1 year. By Cox proportional hazards,
age, univentricular anatomy, and atrial isomerism-het-
erotaxy syndrome were not associated with an increased
risk of death or persistence-recurrence. One-year disease-
free survival was lower in infants with prematurity (p =
0.0055) and low birth weight (p = 0.0011).

Conclusions. Primary sutureless repair is a feasible,
safe, and relatively effective method of addressing con-
genital PV stenosis and (or) high-risk PVs, particularly in
infants with single ventricle anatomy and (or) heterotaxy
syndrome.

(Ann Thorac Surg 2011;92:666-72)
© 2011 by The Society of Thoracic Surgeons
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Primary correction of total anomalous pulmonary venous return with
a modified sutureless technique
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Abstract

OBJECTIVES: The objective was to evaluate primary sutureless repair of total anomalows pulmonary venous retum (TAPVR) in necnates
using a modified technique that minimizes hypothermia and drculatory amest times

METHODS: From 2002 to E{Ilm:msemthre patients underwent primary sutureless repair for the treatment of TAPYR, by which
the prepared posterior percardil as sutured to an opening in the left atdum. Three patients had the obstructed infracardiac type,

and four patients had the unobstruded supracardiac type of TAPYR. Modemte hypothermia was used in all patients with a median
temperature of 28°C (25-32). Circulatory arrest was not used except for the ope ning of the collector, which |ated between 3 and 5

min. The connecting vein was ligated in all seven patients (five during repair and two early postopemtively). The follow-up was 100%
complete, with 2 median duration of 652 jrange 370-1023) days

RESULTS: There '-uasd no late death. Mo patient required recperation Postoperative echocardiography
showed uncbstructed pulmoiaTyvermoE flow in all patients. Recument pulmonary venows stenosis was not seen during the follow-up

in any patient.

CONCLUSIONS: The sutureless technique & an effective technigue with potential advantages even tor the primary comection of TAPVRE.
With the desoribed technique, the need for circulatory arrest is substantially reduced. Mot handling the pulmonary venous collector by
avoiding a direct anastomosis may contribute to better compliance, better growth and the absence of subsequent stenosis.

Keywords: Congenital cyanotic heart disease + Pulmonary venous obstruction + Total anomalous pulmonary venous retum + Total
anomalows pulmonary venous connection = Sutureless repair + Pulmonary hypertension
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Abstract

OBJECTIVES: Total anomalous pulmonary venous connection (TAPVC) occurs as isolated cases, in combination with single ventricle
physiology, and may be complicated by pulmonary venous obstruction. We sought to identify potential risk factors for long-term
mortality and reoperations.

METHODS: Data from 193 consecutive patients who had undergone repair of TAPVC between 15974 and 2011 were analysed using
multivariate Cox regression. Mean follow-up time was 15.0 +11.0 years, 95% complete.

RESULTS: Survival was 827 + 2.9% at 20 years. Single ventricle physiology (5.9% of the patients, P <0.001) emerged as the only signifi-
cant risk factor for mortality in multivariate analyses. Freedom from cardiac reoperation was 82.2 £3.3% at 20 years. Single ventricle
physiology (P < 0.001) was the only risk factor for cardiac reoperations in multivariate analyses. Freedom from reoperations for pulmaon-
ary venous obstruction was 90.4 + 2.5% at 20 years. An age at operation of £30 days (52.8% of the patients, P =0.007) was the only risk
factor for reoperations for pulmonary venous obstruction in univanate analyses. In patients with isolated TAPVC (n=177), preoperative
pulmonary wvenous obstruction (53.7% of the patients, P=0.030) and deep hypothermic circulatory arrest (785% of the patients,
P=0017) emerged as risk factors for mortality in univariate analyses. An age at operation of <30 days (53.7% of the patients, P=0.022)
was the only risk factor for reoperations for pulmonary venous obstruction in univariate analyses.

COMCLUSIONS: Survival into the third decade without reoperations is excellent in patients with isolated TAPVC without preoperative
pulmonary venous obstruction, irespective of the type of anomalous connection. In contrast, survival of patients with TAPVC and
single ventricle physiology is among the poorest of all congenital heart defects. Reoperations for pulmonary venous obstruction are
rare and are predominantly required in patients who were operated on as neonates. Survival may be improved by using a strategy of
low-flow cardiopulmonary bypass.

Keywords: Congenital - Anomalous pulmonary venous return = Surgery = Long-term results = Total anomalous pulmonary venous
connection
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Abstract

OBJECTIVES: Surgical outcomes of patients with functional single ventricle have improved, though those for patients whose condition
is complicated by extracardiac type total anomalous pulmonary vencous connection (TAPYC) remain poor. We retrospectively reviewed
our 21 years of surgical experiences with this challenging group.

METHODS: From 1990 to 2010, 48 consecutive patients with functional single ventricle complicated by extracardiac TAPVC (26 males,
46 with right atrial isomerism) underwent initial surgical palliation at our centre. The median age and body weight at surgery were 69
days and 35 kg, respectively. The type of TAPVC was supracardiac in 31 patients, infracardiac in 14 and mixed type in 3. TAPVC was
repaired in 25 patients before bidirectional Glenn (BDG) and 18 at BDG, while it remained in 3 patients. Since 2007, stent imEantaIiDn
for obstructive drainage veins for patients with preoperafive pulmonary venous obstruction and sutureless marsupialization for relief o
postoperanve pulmonary venous stenosis (PVS) have been initiated. The mean follow-up period was 4.2 £ 5.7 years.

RESULTS: The owerall survival rates at 1, 3 and 5 years after the initial surgical intervention were 583, 41.1 and 31.3%, respectively.
Sixteen patients achieved the Fontan operation (333%). The freedom from postoperative PVS rates at 1 and 3 years after repair was
68.7 and 63.4%, respectively. Univariate analysis detected that infracardiac TAPVC (£ =0036), coexisting major acrtopulmonary collat-
erds [P=0.017), and TAPVC repair before BDG (P =0036) all reduced survival, and multivariable analysis indicated the repair of TAPVC
before BDG as the only risk factor (P =0.032). Whereas the occurrence of postoperative PVS did not reduce survival, which had a sig-
nificant negative impact on achieving the Fontan operation (P =0.008). The cumulative survival rate did not improve by surgical era.

CONCLUSIONS: Surgical outcomes of patients with functional single ventricle undergoing the repair of extracardiac TAPVC in the neo-
nafal period due to obstruction of the venous drainage pathway remain poor. Stent implantation for obstructive drainage veins to delay
the timing of surgical correction and sutureless marsupialization as relief of postoperative PV are expected to improve the late out-

comes; however, the effect is still limited.

Keywords: Heterotaxy « Total anomalous pulmonary venous connection « Single ventricle = Sutureless technique
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Case Reports

Preoperative Balloon Dilatation of Obstructed Total
Anomalous Pulmonary Venous Connection in a Neonate

Sivasubramanian Ramakrishnan, mo, and Shyam Sunder Kothari,™ mo

Prompt recogrition and early surgical comection are datory in pressnting
with obstructed total anomalows pulmonary venous connection [TAPYVC) Precperative
balloon angioplasty of ohstructed TAPYC in a sick neonate is rarely reported. We de-
soribe sucoessful short-term palliation with balloon angioplasty of a ontically ill neonate
with obstructed supracardiac TAPWC. Catheter Cardiovasc Interv 2004:64:128-1 30,

@ 2004 Wikey-Linw, nc.

Key words: angioplasty; pul y vein sh

INTRODUCTION

Ohbstructed total anomalous pulmonary venous con-
nection (TAPVC) commonly presents in the first few
days of life. Prompt recognition and early surgical cor-
rection are mandatory. The reporied early operative mor-
tality of TAPYC repair in the current era is 5-8% [1.2].
However, the operative mortality in a critically ill neo-
nate is likely to be higher. Hence, measures directed at
preoperative stabilization, if feasible, may be worthwhile
before comective surgery. Preoperative balloon angio-
plasty of obstructed TAPYC is rarely reported [3-6]. We
describe successful short-term palliation with balloon
angioplasty of a critically ill neonate with obstructed
supracardiac TAPYC.

CASE REPORT

A 36-hr-old full-term neonate (2.5 kg) had presented
with central cyanosis, severe hyvpoxia, metabolic acidosis
(pH 7.29; PCOy, 22.2 mm Hg: HCO5, 14.1 mEg/it) and
pulmonary edema. Cyanosis did not improve by ventila-
tion with 100% oxygen (POy, 37.2 mm Hg; Sa0;. 58%).
Peripheral pulses were feeble, and the blood pressure was
46/28 mm Hg on high doses of inotropes, including
adrenaline, dopamine, and dobutamine. There was oligu-
ria nonresponsive to fluid challenge. On auscultation,
there was split second heart sound and no muormurs.
There were diffuse crepitations over both the lung fields
and 6 cm hepatomegaly. The chest radiograph showed
nivrmal cardiac silhouette with bilateral interstitial pul-
monary edema. The electrocardiogram showed right axis

& 2004 Wiley-Liss, Inc.

deviation and right ventricular hypertrophy. The echo-
cardiogram revealed a secundum atrial septal defect
shunting from right to left and evidence of pulmonary
artery hypertension. The pulmonary wveins were very
=mall in caliber and were joining an ascending vein of 2.6
mm in size, which was draining into the superior vena
cava. There was high-velocity tarbulent continuous fAow
detected at the site of entry into the superior vena cava.
The hematological and biochemical investigations were
unremarkable except for unconjugated hyperbilin-
hinemia {serum bilirubin, 9.2 mg/dl). The patient did not
improve despite aggressive comection of acidosis, ino-
tropic support, and mechanical ventilation. In view of the
poor clinical condition, the patient was perceived to have
very high surgical risks that were unacceptable to the
parents. Hence, it was planned to catheterize and dilate
the: ohstruction if feasible as a desperate measwre.

A written informed consent was obtained for the pro-
cedure. The right femoral venous approach (6 Fr) was
used. The ascending wein was hooked with a 4 Fr Cobra
catheter. Angiography confirmed the dingnosis of supra-

Departnent of Cardioiogy, All Indla Instifute of Medical Sci-
ances, New Delhl, India

*Cormespondence ioc Dr. Shyem Sunder Kothard, Department of Cor-
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India. E-mail: kotharis@ dell vsnl.net.in
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Fig. 1. Angiogram in anteropostenior view showing all the pul-
monary veins joining an ascending vein that is draining into
superior vena cava. There is tight stenosis (indicated by the
arrowhead) at the site of entry of ascending vein into the supe-
rior vena cava.

Fig. 2. Angiogram in antercpostenior view following balloon
dilatation showing significant relief of cbstruotion.



TABLE |. Palliative Transcatheter Interventional Procedures for Obstructed Total Anomalous Pulmonary Venous Connection
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Table L. Palliative Transcatheter Interventional Procedures for Obstructed Total Anomalous Pulmonary Venous Connection [continued)
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Table I. Palliative Transcatheter Interventional Procedures for Obstructed Total Anomalous Pulmonary Venous Connection (continued)

Pulmo-  Gradient
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Sutureless repair (SR) for PV anomalies

2000 2010

. Lacour-Gayet, Posii—repair PVS
Najm, Post-repair PVS

. Lat'cour—Gayet, Post-repair

Yun, post-repair PVS
Primary SR for RAI

@ Decvaney, post-replair PVS
Yun, Primary SR fior RAI
Yun,ihybrid stenting of draining V
(] Buit%ago, primary SR, simple TAPVD
C;)shima, primary SR, RAI
| Yoshimura, primary SR, RAI

Honjo, primary SR for mxied TAPVD
Yanagawa, SR for simple TAPVD
@ Azakie, Pimary SR
Matsuhisa, Pimary SR
' Mueller, Pimary SR




Primary SR for TAPVD

-AMC experience-

21 Patients over 10 years (2004-2014)

12 boys and 9 girls

Age at SR: 0 — 269 days (median: 21 days)
RAI/FSV: 13/21

BVR: 8/ 21

Early mortality: 5/ 21 (24%)



Primary sutureless repair for TAPVD
-AMC experience (2004-2014) -

SR age (days)

RAIl / FSV

TAPVD type

Associated anomalies

Early death

2

Infracardiac

DORYV, AVSD, BSVC, PDA

52

Supracardiac

DORYV, PS, AVSD, BSVC, PDA

31

Supracardiac

DORYV, PA, AVSD, BSVC, PDA

37

Supracardiac

DORYV, MA, CoA

21

Infracardiac

DORYV, AVSD, PDA

9

Infracardiac

DORYV, PA, AVSD, BSVC, PDA

Supracardiac

DORYV, PS, AVSD, BSVC, PDA

31

Infracardiac

DORYV, PS, AVSD, BSVC

1

Supracardiac

DORYV, AVSD, BSVC

52

Supracardiac

DORY, PS, AVSD

Supracardiac

DORYV, PS, AVSD

o S N I I S A A

Supracardiac

DORYV, PA, MA, CoA

mixed

none

mixed

none

Infracardiac

none

Infracardiac

none

Infracardiac

none

Infracardiac

none

Infracardiac

CoA, mVSD

Supracardiac

DORV, AP window, BSVC

= I = = e ) T = - e e e 1

Infracardiac

TGA with IVS




Case 1

lendering Froméecut

Dx: DORYV, AVSD, no PS, BSVC, PDA,
{ x - - RAI, obstructive supracardiac TAPVD

Hybrid DV stenting (23 days, 2.2 kg)

TAPVD repair (52 days, 2.7 kg)

BCS (8 months)

Extracardiac Fontan (42 months)
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Abstract

A twenty-four-tiay-old girl, whe was premeturely borm at 36 weeks of gestation, and weighed 2.3 kg, and diagnesed with right atrial
Isomerism, functionally single wentricle, bitateral superior wena cawa (S¥C) and obstructive supracardiac total anomalous pulmonary venous
drainage (TAPYD) draining to the junction batwaen the right SYC and the right atdum, undarwant 3 hybrid procedure in the oparating
room, which consisted of pulmanary artery banding, ductus ligation and stenting of the draining wein of TAPVD. Obstruction at the drainage
site of TAPYD was Inftially retiewed arter stenting, but, ane month after the procedura, the distal end of the stent became stenatic and
she recetved bilateral sufureless repalr of TAFVD. At postoperative seven months, she underwent bidirectional cavopulmonary shunt
unasantiully, and she has been rolipwed-up for teo months in 3 stable state without any problem in the pulmonary wenous patieay.
= 1008 Published by Europaan Association for Cardio-Thoracic Surgery. ALl rights resanvad.
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1. Introduction

Although the prognosis of right atrizl isomerism (RAI)
associated with obstructive total amomalous pulmonary
venous drainage (TAPVD) is wery poor even in contemparary
series [1, 2], aggressive TAPYD repair upon initial palliation
was reported to improve the long-term outcome [2]. Sur-
gical intervention for TAPYD using cardiopulmaonary bypass,
however, may be too dangerous in small babies with RAl
having multiple risk factors. 'We present a case of hybrid
palliation for a baby with RAl and obstructive TAPYD with-
out cardiopulmaonary bypass.

1. Case

A female baby was borm at 36 weeks of gestation with a
birth weight of 2.2 kg. On fetal echocardiography, she was
found to hawe RAl, unbalanced atrioventricular septal
defect, double cutlet right ventricle, large patent ductus
arteriosus (FDA), bilateral superior vena cava (SWC), and
supra-cardiac total anomalous pulmonary venous drainage
(TAPYD) draining to the junction between the right SWC
and the right atrium without obstruction. Initial cxygen
saturation (5a0;) was E at room air. The postnatal
echocardiography and cardiac computerized tomograpiy
(CT) {Fig. 1) confirmed the diagnosis. At the 10th day of
life, she showed abdominal distension and elevation of
C-reactive protein. On suspicion of neonatal sepsis and

“Dormesponding author. Tol.: +H1-3-HA0-I5E9; ta: -+ H1-2-3010-6966.
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necrotizing enterocolitis, antimicrobial treatment was ini-
tiated. From the 15th day of life, she began to show
desaturation (70%), tachypnea, and pulmonary venous con-
gestion on chest X-ray. Follow-up echocardiography
revealed that the draining site of TAPYD had become
obstructive with a peak Doppler velocity of 2.1 my/s. Given
her low body weight and suspected necrotizing enterocoli-
tis, we alected to perform hybrd palliation. On the 24th
day of life, she was brought to the operating room and
underwent a hybrid procedure, consisting of (1) the ligation
of POA, (2) pulmonary artery banding (PAB), and (1) stent
ingertion into the draining vein of TARVD (Fig. 2). For the
intraoperative stenting, we used a balloon & pandable drug
eluting coronary stent (Endeaver™ Medtronic Inc. . Minne-
apolis), which was balloon dilated at 10 atmospheres with
a final length and diameter of 12 mm and 4 mm, respec-
tively. After the patient arrived in the intensive care unit
(ICLD, she showed fluctuations in 530y, and pulmonary
artery pressure, which was deemed to be caused by
increased pulmonary vascular reactivity after an abrupt
relief of pulmanary venous ocbstruction. Thus, mitric oxide
(MO} inhalation therapy was applied from them on. On
postoperative day 4, she began to show a high 5a0, (> 95%
at room air) and signs of pulmonary over-circulation, so MO
therapy was discontinued and PAB was tightened in the
ICW. 5She was extubated and transferred to the general
ward at postoperative day 10 and 13, respectively. Post-
operative echocardiography showed mild obstruction at the
distal end of the stent with a peak velacity of 1.5 m/sina
continuous flow pattern at the SYC end of the stent, and

Fig. 1. Preoperative cardiac computerized tomography showing supracardiac
total anomalous pulmonary venous drainage which was draining to the junc-
tion batween the right SVC and the right atrium. LPA, laft pulmonary artery;
LUPV, left upper pulmonary vedn; LLPV, left lower pulmonary veln; RSVC,
right supersor vena cava; DV, draing veln; RPA, right pulmonary arteryt; RUPY,
right upper putmonary vein; RLPV, right lower pulmonary vein.

Flg. 2. Hybrid procedure for RAl, functionally singie ventricle, unrestrictive
putmonary blood flow, PDA, and supracardiac TAPVD draming to the junction
between the right SVC and RA. a. Angfocath (22 gauge) §s Introduced into
the draining veln of TAPVD after PDA ligation and putmonary artery banding.
Utilization of intra-operative C-arm fluoroscopy and anglographic visuaitza-
tion of the draining vetn by njecting contrast media Into the common put-
monary venous chamber through the anglocath confirms the exact location
of the anglocath In the draining vedn. b. Aguidewire (5 Franch) Is mtroduced
through the Anglocath. c. A baltoon expandable drug etuting coronary stent
(Endeaver™, Medtronic Inc., Minneapalis) & advanced following the guide
wire. d. The stent 1s placed In the draming vein of TAPVD, and balicon diated
at 10 atmosphere with a final length and diameter of 12 mm and 4 mm,
respectively. e. Distal end of the stent becomes abstructive one month after
the hybrid procedure due to the shrinkage of the right SVC. RAI, rght atrial
isomerism; PDA, patent ductus arteriosus; TAPVD, total anomalous putmo-
nary venous drainage; SVC, suparior vena cava; RA, right atrium.
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Case 2

Dx: DORYV, AVSD, PA, PDA,

RAI, non-obstructive supracardiac TAPVD

TAPVD repair, RMBT shunt (31 days, 3.5 kg)

BCS, LPA angioplasty (8 months)
LMBT shunt (3 years)

Extracardiac Fontan (5 years)




Case 2




Dx: DORV, AVSD, no PS, PDA, RAI,

non-obstructive supracardiac TAPVD

TAPVD repair, PAB (52 days, 4.5 kg)
BCS, LPA angioplasty (7 months)

Currently 30 months old, doing well




Case 3




Dx: Infracardiac TAPVD (Isolated)

TAPVD repair (7 days, 2.9 kQ)

Uneventful hospital course




Case 4
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Case 5

Dx: Infracardiac TAPVD (Isolated)
TAPVD sutureless repair (1 day, 2.6 kg)

Uneventful hospital course
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Case 5
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1lume Rendering No cug

oV 11,9 cm

olume Rendering iepgsit

FOV 11.9 cm

Dx: Infracardiac TAPVD, d-TGA with IVS, VACTER

TAPVD sutureless repair, Arterial switch Op
(6 day, 2.5 kQ)

Massive capillary leak, LCP, ARF

Early mortality, POD 21 days)




Current indications for SR

Post-repair PVS
Congenital PVS
TAPVD associated with FSV, RAI

Isolated TAPVD with unfavorable anatomy



