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Background. Reinterventions for proximal conduit
obstruction or on the pulmonary arteries are frequent
after the Sano-modified stage I Norwood palliation of
hypoplastic left heart syndrome. We report our initial
experience with a modified Sano technique using a ring-
reinforced graft inserted transmurally through the right
ventricle with a limited ventriculotomy.

Methods. All patients who underwent the Sano-
modified stage I Norwood procedure using a modified
“dunked” technique from September 2010 to September
2012 at our institution were reviewed. An historical con-
trol group consisted of patients undergoing the tradi-
tional Sano right ventricle-to-pulmonary artery conduit
anastomosed to the epicardium. The primary outcome
measures included death, reintervention on the Sano and
pulmonary arteries, and ventricular function.

Results. The study included 29 patients. No patients
required intervention on the Sano conduit, pulmonary
arteries, or aortic arch before discharge after the stage I
procedure. During a median follow-up of 20 months
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(range, 26 days to 3.3 years), survival was estimated at
96.6% ± 3.4% at 1 month and 86.2% ± 6.4% at the latest
follow-up. One patient underwent heart transplantation.
No interstage intervention was required on the proximal
or distal Sano conduit. Intervention was required on
the midportion of the conduit in 1 patient and on the
pulmonary arteries in 3 patients. At the time of the
bidirectional Glenn anastomosis, freedom from conduit
and pulmonary artery intervention was estimated at
92.3% ±7.4% and 90.1% ± 8.7%, respectively, and global
right ventricular dysfunction was mild or less in 84%
(16 of 19) of patients.
Conclusions. The ring-reinforced right ventricle-to-

pulmonary artery Sano conduit transmurally inserted
into the right ventricle provides acceptable results, with a
low incidence of interstage reinterventions in patients
undergoing stage I palliation.

(Ann Thorac Surg 2015;99:171–9)
� 2015 by The Society of Thoracic Surgeons
onsiderable attention has been given to the man-
Cagement and treatment strategies for palliating pa-
tients with hypoplastic left heart syndrome (HLHS)
during the last decade. The multiinstitutional Single
Ventricle Reconstruction (SVR) Trial randomized 549
neonates and showed that patients receiving a right
ventricle-to-pulmonary artery (RV-PA) conduit had a
higher incidence of transplant-free survival compared
with those who received a modified Blalock-Taussig
shunt (mBTS) [1]. Further subgroup analysis showed
that neonates with aortic atresia also benefited by having
an RV-PA shunt [2]. However, the RV-PA group had
more unintended interstage interventions, which were
predominately for balloon dilation or stent placement, or
both, in the RV-PA shunt or PAs, or both. Others have
reported the need for early bidirectional Glenn anasto-
mosis (BDG) after the use of an RV-PA conduit [3].
To address potential compression of the proximal
RV-PA conduit, the use of a ring-reinforced expanded
polytetrafluoroethylene (ePTFE; Gore-Tex) conduit (W. L.
Gore & Associates Inc, Elkton, MD) has been used and
shown to reduce substernal midconduit compression and
interstage morbidity and has obviated the need for early
BDG [3, 4]. However, proximal conduit obstruction due to
myocardial tissue in-growth remains a problem. This can
be avoided by creating a larger and undermined ven-
triculotomy; however, loss of functional myocardium in a
single ventricle, with the potential for late ventricular
dysfunction, remains a concern. To address some of
these concerns surrounding the RV-PA conduit, we
reviewed our single-institutional experience with the
surgical techniques and outcomes of patients undergo-
ing stage I palliation with a modified RV-PA conduit
where a ringed Gore-Tex graft is inserted transmurally,
or “dunked,” directly into the RV through a limited
ventriculotomy.

Material and Methods

The Boston Children’s Hospital Institutional Review
Board approved the study, and individual patient consent
was waived.
0003-4975/$36.00
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Study Design
This is a retrospective review of all neonates who un-
derwent a primary stage I/Norwood procedure with an
RV-PA ringed Gore-Tex conduit inserted transmurally
or dunked into the RV between September 2010
and October 2012 at Boston Children’s Hospital. Excluded
were patients who received a nonstandardized (ie, no
supporting rings on the ventricularized portion) or
the traditional RV-PA conduit anastomosed directly to
the epicardial surface. The cardiac surgery and cardiology
databases were queried for all neonates meeting these
criteria during the study period, and all operative
notes, echocardiograms, and most recent follow-up
documents were reviewed. An historical control group
of 27 patients enrolled from our institution in the SVR
trial, between May 2005 and April 2008, who were ran-
domized to a traditional RV-PA conduit anastomosed
to the epicardial surface of the RV were used for
comparisons.

The primary outcome measures included reinterven-
tion of the proximal, middle, and distal RV-PA shunt,
reintervention of the PAs, late RV function, and survival.
Secondary outcome measures included differences in
distal shunt site (right PA [RPA] vs left PA [LPA]), shunt
size, and freedom from aortic arch reintervention. Clin-
ical and treatment variables were recorded in an attempt
to determine predictors of the end points.
Surgical Technique
STAGE I/NORWOOD AND RV-PA SHUNT. The techniques have
generally been previously described [5]. Briefly, after
median sternotomy, the anatomy is confirmed and
extensive dissection of the mediastinum is completed.
After establishing cardiopulmonary bypass (CPB), cooling
is initiated to 18�C, the proximal ductus is tied, the distal
main PA is divided, and the main PA is primarily closed.
After cooling, the circulation is arrested with cold blood
antegrade cardioplegia solution.

After an atrial septectomy, intermittent cerebral
perfusion is maintained, and coarctectomy and arch
reconstruction with the Damus-Kay-Stansel procedure is
performed [6, 7]. Before CPB is initiated, the RV-PA
insertion site is marked and the distance from the RV to
the RPA is measured. A sharp perpendicular incision is
made into the RV, gently stretched, and a premeasured
5.0-mm or 6.0-mm ringed ePTFE tube graft is inserted.
Inserting a right angle through the neoaortic or tricuspid
valve is generally not done to avoid damaging these
valves. Larger RV-PA conduits were used in the dunked
group because they were taken to the right of the aorta
into the RPA, thus traveling a longer course than if placed
to the left of the aorta into the LPA.

Based on the thickness of the RV muscle, 2 to 4 rings
are inserted through the RV free wall, paying particular
attention to the amount of graft protruding into the RV
cavity. Purse-string or interrupted polyproprolene su-
tures are used to secure the conduit. The distal portion of
the ePTFE graft is anastomosed directly to the RPA, or a
gusset of ePTFE or pericardium is used.
After cross-clamp removal and rewarming, CPB is
weaned and modified ultrafiltration is performed. Hepa-
rin anticoagulation is used perioperatively, followed by
aspirin at discharge.
STAGE II/BDG. Early in the series, we did not remove the
entire Gore-Tex from the RV in the dunked group, but
more recently the entire conduit has been removed.
Additional procedures at the BDG procedure were done
as needed, including tricuspid valvuloplasty in 5, atrial
septectomy in 3, relief of pulmonary vein stenosis in 2,
mitral valvuloplasty in 2, and bilateral BDG, aortic
valvuloplasty, endocardial fibroelastosis resection,
Damus-Kay-Stansel anastomosis revision, ligation of
aortopulmonary collateral, unroofing of right coronary
artery, and ligation of anomalous circumflex artery from
the PA. No patients required aortic arch reintervention at
the BDG procedure.

Statistical Analysis
Statistical analyses were performed with SPSS 20 soft-
ware (IBM Corp, Armonk, NY). Data are presented as
mean � standard deviation for continuous variables and
number (percent) for categoric variables. Continuous
variables were analyzed with the Student t test or the
related-samples Wilcoxon signed rank test when appro-
priate and categoric variables using the c2 test or the
Fisher exact test when appropriate. Survival estimates
were calculated using the Kaplan-Meier method and
differences between curves assessed by the log-rank test.
Results

Study Population
Beginning in 2010, we transitioned from using a tradi-
tional Sano technique to the dunked technique. Between
September 2010 and September 2012, 29 patients (25
HLHS, 4 non-HLHS) underwent a stage I/Norwood pro-
cedure and RV-PA shunt using the modified ringed and
dunked ePTFE conduit and were included in the present
study. Patient baseline characteristics at stage I/Norwood
are summarized in Table 1. Nine patients (31%) were
considered high-risk, including 2 patients with prematu-
rity or low birth weight (<2.5 percentile), 3 with a genetic
syndrome (1 patient each with mosaic Turner syndrome,
an undefined genetic syndrome, and chromosome 4 and 8
deletions), 3 with a restrictive atrial septum, 2 with cor
triatriatum, 2 with anomalous pulmonary venous
drainage, and 1 with anomalous origin of a coronary ar-
tery from the PA.
Longer cross-clamp times were necessary in the

dunked group because a complete coarctectomy was
routinely done, and the proximal and distal RV-PA
anastomosis was completed under cross-clamp. No
identifiable factors were adversely affected by longer
cross-clamp times. No operative deaths occurred after the
dunked RV-PA conduit.
The study included 27 historical controls from the SVR

trial (May 2005 to April 2008) from our institution. Their
baseline characteristics are also summarized in Table 1.



Table 1. Patient Baseline and Operative Characteristics at Stage I Norwood Palliation

Variablesa Dunked Sano (n ¼ 29) Traditional Sano (n ¼ 27) p Value

Age, d 4.2 � 1.6 4.8 � 2.6 0.36
Weight, kg 3.2 � 0.49 3.2 � 0.45 0.98
Gestational age, wk 38 (32–38) 38 (36–40) 0.17

< 38 weeks 1 (3.4) 7 (25.9) 0.02
Anatomic diagnosis 0.27

Hypoplastic left heart syndrome
Mitral atresia/aortic atresia 12 (41) 5 (19)
Mitral stenosis/aortic stenosis 8 (28) 12 (44)
Mitral stenosis/aortic atresia 3 (10) 6 (22)
Mitral atresia/aortic stenosis 2 (7) 2 (7)

Unbalanced CAVC 3 (10) 1 (3)
Double-inlet left ventricle 1 (3) 0 (0)
Other 0 (0) 1 (3)

Any associated diagnosis 6 (20.7) 0 (0) 0.02
Obstructed pulmonary venous return 0 (0) 0 (0) >0.99
Moderate-severe TR 2 (6.9) 3 (11.1) 0.66
RV-PA conduit size

5 mm 10 (35) 26 (96) <0.001
6 mm 19 (66) 1 (4) <0.001

RV-PA conduit proximal hemostasisb

Pursestring 8 (29) 0 (0) <0.001
Tacking sutures 20 (71) 26 (100) <0.001

RV-PA conduit sidednessc

Right of aorta 23 (82) 5 (42) 0.02
Left of aorta 5 (18) 7 (58) 0.02

RV-PA conduit distal anastomosis
Direct anastomosis 19 (65)
Gusset interposed 10 (35)

Aortic arch reconstruction
Pulmonary homograft 20 (69)
Autologous pericardium 9 (31)

Cardiopulmonary bypass, min 172 � 41 166 � 41 0.59
Aortic cross-clamp time, min 127 � 22 66 � 31 <0.001
Circulatory arrest, min 27 � 18 25 � 21 0.64
Length of stay, d

Cardiac intensive care unit 13.8 � 12.6 22.3 � 55.5 0.43
Total 31.4 � 14

a Continuous data are presented as mean � standard deviation or median (range) and categoric data as number (%). b Unidentified in operative notes
in 2 patients. c Unidentified in 15 patients.

CAVC ¼ complete atrioventricular canal defect; PA ¼ pulmonary artery; RV ¼ right ventricle; TR ¼ tricuspid regurgitation.
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Follow-Up After Stage I Palliation
Follow-up was available for the 29 patients in the dunked
conduit group at a median of 20 months (range, 26 days to
3.3 years) after stage I. At the latest follow-up, 26 of
29 patients (90%) had undergone BDG, with 3 deaths. The
current physiology at latest follow-up was BDG in
14 patients, Fontan in 9, and 1 underwent orthotopic heart
transplantation (OHT). There were no known complica-
tions attributed directly to the dunk technique.

Late follow-up was available for all patients in the
control group, with a median follow-up of 6.4 years
(range, 6 days to 8.6 years). Twenty-four of 27 patients
underwent stage II/BDG, 2 died, and 3 underwent OHT.
No data were available for 1 patient who underwent BDG,
and the patient died after undergoing this procedure at
another institution. Seventeen patients underwent a
Fontan completion, and 4 had biventricular conversion.

Characteristics at BDG
Patient baseline characteristics at stage II/BDG are sum-
marized in Table 2. The mean age was 5.1 � 1.2 months in
the dunked conduit group (26 infants) and 5.3 � 1.1
months in the control group (23 infants, p ¼ 0.53). Echo-
cardiography showed mild or less global RV dysfunction
in 26 patients (96%) in the dunked conduit group
compared with 19 patients (83%) in the control group



Table 2. Patient Characteristics at Stage II/Bidirectional Glenn

Variablesa Dunked Sano (n ¼ 26) Traditional Sano (n ¼ 24)b p Value

Age, mon 5.1 � 1.2 5.3 � 1.1 0.46
Weight, kg 6.0 � 1.1 5.8 � 1.0 0.57
Growth percentile, % 27 (1–79) 19 (1–73) 0.61
RV-PA conduit size

5 mm 9 (35) 23 (96) <0.001
6 mm 17 (65) 1 (4) <0.001

RV dysfunctionc

Mild or less 26 (96) 19 (83) 0.17
Moderate or greater 1 (4) 4 (17) 0.17
Tricuspid regurgitationd

Mild or less 16 (89) 20 (91) >0.99
Moderate or greater 2 (11) 2 (9) >0.99

Home oxygen 3 (12) 5 (21) 0.31
Pre-stage II cardiac catheterization 21 (81) 21 (88)
Systemic saturation, % 76 � 6 75 � 7 0.69
Qp:Qs 1.2 � 0.4 0.9 � 0.4 0.09
Svo2, % 51 � 8 52 � 8 0.58
Cardiac index, mL/min/m2 3.6 � 0.8 3.3 � 0.9 0.30

a Continuous data are presented as mean � standard deviation or median (range) and categoric data as number (%). b One patient was excluded
from the control group because the bidirectional Glenn was done at another institution and no data were available before the bidirectional
Glenn. c RV dysfunction was not quantified in 1 patient. d Ticuspid regurgitation was not quantified in 10 patients.

PA ¼ pulmonary artery; Qp:Qs ¼ ratio of pulmonary blood flow to systemic blood flow (shunting); RV ¼ right ventricular; Svo2 ¼ mixed
venous oxygen saturation.
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(p ¼ 0.17). Tricuspid regurgitation was mild or less in
16 patients (89%) in the dunked conduit group compared
with 20 patients (91%) in the control group (p � 0.99). In
the dunked conduit group, there were no differences in
RV function when comparing conduit size (5 vs 6 mm,
p ¼ 0.26) or method of securing (tacking vs pursestring
sutures) the conduit (p > 0.99). Figure 1 illustrates mag-
netic resonance imaging findings before BDG in a patient
with a dunked conduit. It shows very localized RV
hypokinesis/dyskinesis around the dunked RV-PA
Fig 1. A series of magnetic reso-
nance images from a patient hav-
ing undergone a stage I procedure
with a right ventricle-to-
pulmonary artery conduit just
before a bidirectional Glenn pro-
cedure. It shows very localized
right ventricular hypokinesis/dys-
kinesis around the “dunked” right
ventricle-to-pulmonary artery
conduit insertion site, with no ev-
idence of late gadolinium
enhancement suggesting preserved
ventricular function.
conduit insertion site, with no evidence of late gadolin-
ium enhancement, suggesting preserved regional ven-
tricular function around the conduit.

Interstage RV-PA Conduit Reinterventions
None of the 29 patients in the dunked conduit group
required operative reintervention on the RV-PA shunt
before BDG. One patient (5%) underwent interstage
balloon dilation and stenting of the midportion of the
RV-PA conduit at 4.2 months. This patient’s saturations



Fig 2. Kaplan-Meier estimates of freedom from interstage right
ventricle-to-pulmonary artery (RV-PA) conduit proximal insertion
site (A) reintervention and (B) complications for dunked conduit (blue
line) and traditional conduit (green line). Complications were defined
as reintervention, reoperation, moderate to severe obstruction without
reintervention or reoperation at follow-up, or bidirectional Glenn
procedure or pseudoaneurysm development.
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did not improve significantly after stenting, and the atrial
septum was subsequently found to be malposed and
restrictive, obstructing the right pulmonary veins. At
5 months of age, she was taken for BDG, complete atrial
septectomy, and sutureless repair of the right pulmonary
veins. At the latest follow-up, she was doing well, without
recurrent pulmonary vein stenosis.

In the control group, 3 patients required operative
reintervention for severe proximal conduit obstruction in
the early postoperative period (<7 days). Importantly,
none of these patients survived through BDG (1 death
and 2 OHTs). The median time to operative reinterven-
tion was 6 days (range, 0 to 7 days). One patient required
addition of an mBTS on postoperative day 0 and further
conduit stenting before BDG, and later underwent OHT.
In 1 patient an mBTS was added and RV-PA conduit
takedown was done on postoperative day 7. The patient
later required OHT. One patient required upsizing of the
conduit from 5 to 6 mm on postoperative day 6 but died
on postoperative day 24. In addition, 3 patients required
4 transcatheter interventions (2 in the proximal conduit
and 2 in the distal conduit), with balloon dilation only in
1 and balloon dilation/stenting in 3. The median time to
any reintervention was 49 days (range, 0 to 126 days).

Overall, proximal RV-PA conduit complications
developed in 11 patients (40.7%) in the traditional conduit
group, including 3 reinterventions and 2 reoperations,
5 patients with moderate to severe proximal obstruction
who did not undergo reintervention or reoperation before
BDG, and 1 proximal pseudoaneurysm, compared with
none in the dunked conduit group (0%, p < 0.001). The
Kaplan-Meier estimates showed significantly better
freedom from proximal conduit reintervention (p ¼ 0.046)
and freedom from proximal conduit complications in the
dunked group (p ¼ 0.004, Fig 2).

Interstage PA Reinterventions
No patients required PA intervention before discharge
after the stage I procedure in the dunked conduit group.
Three patients (15%) underwent PA intervention with
balloon dilation only, and no patients underwent PA
stenting during the interstage before BDG. The median
time to reintervention was 73 days (range, 52 to 84 days).
The location of narrowing was similar in each patient, at
what appeared to be secondary to ductal involution. Each
of these patients underwent central and proximal left PA
plasty at the time of BDG.

In the control group, 4 patients underwent PA inter-
vention during the interstage, 3 for balloon dilation of the
LPA and 1 for balloon dilation and stenting of the RPA.
The median time to reintervention was 61 days (range,
1 to 118 days). Freedom from PA reintervention was
estimated at 84.4% � 8.3% in the dunked conduit group
compared with 82.8% � 9.4% in the control group
(p ¼ 0.72) at the latest follow-up.

Survival and OHT
Eight patients died in the entire study population, 5 in
the dunked conduit group (3 pre-BDG, 1 post-BDG,
1 post-Fontan) and 3 in the control group (2 pre-BDG,
1 post-BDG). Four patients required OHT, 1 in the
dunked conduit group and 3 in the control group.
Figure 3 represents the Kaplan-Meier survival estimates
stratified by conduit technique (dunked vs traditional),
which was 96.6% � 3.4%, 92.4% � 5.2%, 87.7% � 6.7%,
and 87.7% � 6.7% at 1, 3, and 6 months and through the
latest follow-up in the dunked conduit group, respec-
tively, compared with 96.2% � 3.8%, 96.2% � 3.8%,
92.3% � 5.2%, and 88.5% � 6.3% at the same time points,
respectively, in the control group (p ¼ 0.72).
Survival in the dunked conduit group was estimated at

96.6% � 3.4% at 1 month and 86.2% � 6.4% at 12 months



Fig 3. Kaplan-Meier estimates of survival for patients with dunked
conduit (blue line) and traditional conduit (green line).
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through the latest follow-up. Five patients died at a mean
of 64 � 38 days (23, 71, and 98 days) after the stage
I procedure. None of the nonsurvivors in the dunked
conduit group required RV-PA conduit reintervention.

Transplant-free survival in the dunked conduit group
was 97% at 30 days, 94% at discharge, and 86% at the
latest follow-up. One patient underwent OHT, 79 days
after BDG and tricuspid valvuloplasty for severe tricuspid
valve disease. His initial diagnosis was HLHS (mitral
atresia/aortic stenosis), single inlet–double-outlet RV with
arch hypoplasia, and severe tricuspid regurgitation, and
he underwent stage I/Sano/tricuspid valve repair with
subsequent BDG/tricuspid valve repair. In the interstage,
he required extracorporeal membrane oxygenation for
intractable arrhythmias and severe tricuspid regurgita-
tion but required no RV-PA conduit reinterventions.

Survival in the control group was 93% at 30 days, 93%
at discharge, and 85% at the latest follow-up. Four
patients died at an average of 102 � 84 days (6, 27, 178,
and 190 days) after stage I. OHT-free survival in the
Fig 4. Postmortem studies examining a
ringed Gore-Tex (W.L. Gore and Associates,
Elkton, MD) conduit dunked into the right
ventricular infundibulum. (A) Magnetic
resonance imaging details the course of the
modified Sano conduit. (B) Gross pathologic
specimen shows the ring-reinforced Gore-
Tex Sano conduit inserted into the
infundibulum of the right ventricle, without
evidence of proximal conduit obstruction.
control group was 93% at 30 days, 93% at discharge, and
74% at latest follow-up. Three patients required OHT at
an average age of 181 � 213 days (172, 181, and 629 days).
Two of the 3 patients who required OHT had severe
proximal conduit obstruction and required reintervention
within the first week after stage I. Progressive RV
dysfunction after BDG occurred in the other patient who
required OHT. Figure 4 represents a postmortem MRI
study and gross pathologic specimen without evidence of
proximal conduit obstruction.
Comment

The initial multicenter randomized SVR trial [1], with its
subsequent follow-up analysis, identified many impor-
tant issues with regard to patients with HLHS undergoing
stage I palliation. As a primary outcome, short-term
OHT-free survival was improved in patients having
undergone the RV-PA conduit compared with the mBTS;
however, the rates of unintended complications and
interventions were higher at 1 year for the RV-PA conduit
group. These interventions were predominately associ-
ated with balloon dilation or stenting, or both, of the
shunt or PAs before BDG. In the SVR trial RV-PA conduit
group, nearly one-half of patients underwent interstage
balloon dilation (41%) or stenting (7%), or both. After
further analysis, it became apparent that several features
of the original technique described for RV-PA conduit
placement [8] could be altered to reduce the number of
associated unintended interstage interventions.
In 2009 due to concerns about conduit compression,

Schreiber and colleagues [4] first reported the use of ring-
reinforced RV-PA conduits anastomosed to the RV
epicardium in patients undergoing stage I procedures.
When ringed vs nonringed conduits were compared,
their results showed a significantly lower rate of mid-
conduit (7% vs 49%) and proximal anastomotic stenosis
(23% vs 45%) with the use of ring-enforced conduits [4]. In
2010 Hasaniya and colleagues [9] modified this technique,
whereby the proximal portion of the RV-PA ringed
conduit was placed transmurally, and follow-up showed
significantly fewer hospital admissions for cyanosis and
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proximal conduit stenosis. Similarly, our subset of
patients with a ringed RV-PA conduit had low reinter-
vention rates (5%) in the midportion of the RV-PA
conduit, and but even more significant was that they
required no reinterventions at the proximal portion of the
conduit.

In the SVR trial, an RV-PA conduit was placed in 274 of
the 549 enrolled patients, of which few or none had the
conduit inserted or dunked directly into the RV. Forty-six
percent of patients in the SVR trial required interstage
balloon dilation or stenting, or both, of the conduit or PAs
compared with 13% of the patients reported in this study.
Furthermore, 4.4% of the SVR trial patients and none of
the patients having a dunked conduit required interven-
tion before discharge from the stage I hospitalization. In
addition, when we compared patients from our institu-
tion entered in the SVR trial who had a traditional conduit
(our control group), we found significant morbidity and
mortality related to proximal conduit obstruction. None
of the 3 patients who required operative reintervention
for severe proximal conduit obstruction in the early
postoperative period (<7 days) survived to BDG.
Furthermore, 2 of the 3 patients who required OHT had
severe proximal conduit obstruction that had required
surgical conduit reintervention in the immediate period
after stage I. However, no conduit obstruction occurred in
the patients with the conduit dunked into the RV, and
none of the deaths in the dunked group were related to
the conduit.

Much of the initial scrutiny and potential deleterious
effects surrounding the RV-PA conduit were centered
around the larger ventriculotomy necessary to minimize
the chances for proximal RV-PA conduit obstruction and
significant undermining of the ventriculotomy to avoid
muscular obstruction below the anastomosis. Beginning
with the initial experience using the RV-PA conduit as a
source of pulmonary blood flow with the stage I proce-
dure, there have been significant concerns regarding
reduced long-term ventricular function related to the
ventriculotomy [10]. More recently the investigators of the
SVR trial speculated that the reduction in survival
advantage over time in patients with an RV-PA conduit
might be attributed to RV damage.

Follow-up data on regional RV wall motion abnor-
malities in patients after stage I procedure with an RV-PA
conduit has been limited. However, Menon and col-
leagues [11] recently reported that echocardiography
showed persistently reduced velocity and strain patterns
compared with other wall segments, which correlated
with impaired RV systolic function that persisted after
BDG. As an attempt to minimize these potential unto-
ward effects, the use of a limited ventriculotomy with the
insertion of a full-thickness ringed ePTFE graft through
the RV free wall into the RV chamber was described [4].
This technique allows continuous antegrade flow
throughout systole during ventricular contraction, pre-
venting collapse of the conduit toward end-systole.
In addition, the edges of the conduit are away from the
muscle edge, thus minimizing the chances for tissue
ingrowth and obstruction.
We used a similar technique, and no interstage
interventions were required on the proximal portion of
the RV-PA conduit. This could be attributed to the tech-
nical details of conduit insertion into the RV as well as the
rigid supporting rings attached to the ePTFE conduit. In
addition, 83% of our patients who received a dunked
conduit had mild or less global RV dysfunction at the
latest follow-up. In several of our patients undergoing
magnetic resonance imaging before BDG, there was only
very localized RV hypokinesis/dyskinesis around the
dunked conduit insertion site, with no evidence of late
gadolinium enhancement. In contrast, large segments of
the RV infundibulum are typically akinetic at the conduit
insertion site after a traditional conduit insertion. Further
follow-up will be necessary to see if the limited ven-
triculotomy will afford improved late regional and global
RV function compared with patients having had a tradi-
tional larger ventriculotomy with extensive undermining.
This study is limited by its single-center, retrospective

nature. Furthermore, the sample size and number of
events (PA or conduit reinterventions, deaths) limits
our ability to identify significant predictors of these
events. Finally, we used an historical control group, with
possible changes in perioperative and late management
confounding our outcome measures.
In conclusion, our initial experience using a ringed

ePTFE conduit as a source of pulmonary blood flow in
patients undergoing a stage I operation is promising. We
have shown a substantially reduced rate of unintended
interstage interventions in the conduit and PAs than
previously reported. Although our initial results suggest a
reliable source of pulmonary blood flow, further follow-
up and an increasing experience are necessary before
firm recommendations about which subsets of patients
will most benefit from a dunked RV-PA conduit.
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DISCUSSION
DR NAHIDH W. HASANIYA (Loma Linda, CA): In fact, we
reported our study in January 2010 in the Annals of Surgery. It was
an electronic chart. Again, 28 patients compared to historical
controls where we called it invagination rather than dunking the
ringed Gore-Tex graft (W.L Gore & Associates Inc, Elkton, MD).
And again, we showed zero as you presented here. It was zero
stenosis in the proximal anastomosis, yet we still had a problem
with the distal anastomosis.

So my first question is, do you keep the rings all the way to the
distal anastomosis? The second question is, when we invaginated
the graft, we started with the graft through the full thickness of
the myocardium. So when you pulled it in, it was flush with the
endocardium. In this technique, you are just going blindly
pushing the graft in. How do you gauge how deep you go in
different thickness of ventricles? And so these are the two
questions. Thank you, very nice presentation.

DRBAIRD:You arewelcome.With regard to the rings, we take the
rings off of the distal third of the conduit. With regards to the direct
pulmonary artery anastomosis, two-thirds of these patients had a
direct anastomosis of the conduit directly to the pulmonary artery,
and the other third of those patients had a small piece of pericar-
dium sewn to the end of the conduit, which was then anastomosed
to the right pulmonary artery.

With regard to the question about how far to insert into the
right ventricle, it is carefully looked at and measured. The
thickness of the RV is measured, and then it is marked off on the
conduit. It is typically 2 to 3 rings. And then once that is placed in,
a dilator is placed inside the conduit to make sure there is no
residual ventricular muscle overhanging the end.

Another option is go through the neoaortic valve or right
atrium, use a right angle, pull it through, and directly identify
how far it has gone through. So I think there are multiple ways
you can accomplish that.

DR HASANIYA: Yes. This is why if you take the stitch in the
graft and then you go in, you are sure when you are seated down
it is for sure beyond the thickness of the muscle.

But again, for the first question, do you think—because we
have used autologous pericardium, we have used Gore-Tex, we
have used bovine homograft tissues—but we are still having a
problem with the distal anastomosis. You reported zero prob-
lems with the distal anastomosis. What do you attribute this to?

DR BAIRD: We use fine 7-0 Prolene (Ethicon, Somerville, NJ)
suture, and again, generally in two-thirds of the patients, the
right ventricle-pulmonary artery (RV-PA) conduit was sewn
directly to the right pulmonary artery.

DR JAMES S. TWEDDELL (Milwaukee, WI): That was a very
nice presentation. I think your results are very similar to ours
when we reported 40 of these patients in 2012 as a technical,
how-to-do-it paper. And I think we used the same technique in
sort of gauging the depth of the conduit. It is important not to put
too much into the right ventricle. That is where we had 1 patient
who required revision because the conduit was in just a little bit
too far, sort of like when you are intubating your first patients,
you try to get the endotracheal tube in as far as you can. That is
not what you are targeting.
And I think marking it on the outside of the graft is the way to

make certain that it is not in too far, and you can sort of get a
sense of the thickness and a good spot where there is a large
cavity to go into by sort of assessing the site through the pul-
monary root while that is open.
I think the other advantage, which you did not really mention,

is that you really have to do no muscle resection at all. Whereas if
you do an epicardial suture line, you really have to undermine
the muscle around the ventriculotomy a fair amount. And I
wonder if that does not contribute to the RV dysfunction that you
are not seeing using this technique. That is my question. Could
you comment on that? Thank you.

DR BAIRD: Yes, thanks for the comments. And I think to give
credit where it is due, I think some of the pioneers of this
technique were Drs Spray, Quintessenza, and Tweddell, so
thanks for your comments. With regards to the ventricular
muscle resection, there is no ventricular muscle resection, and
there is certainly no undermining. I do think that is probably the
reason that we have seen less ventricular dysfunction, particu-
larly around the conduit site. But I think it will be important to
follow-up this up late at the Fontan. We have tried to get
magnetic resonance imaging studies on a subset of these pa-
tients to show myocardial viability in the anterior right ventric-
ular free wall.

DRWILLIAM I. DOUGLAS (Houston, TX): Just since it was such
a hot topic, I just thought I would throw in the fact that I have
done this same thing, and I have probably done 20 or so. The
third ring is just sitting right at the epicardium. The second ring
is presumed in the endocardium, and 1 ring floating in the RV. I
have not had any problems yet with that approach.
My question for you was about the 6-mm conduits. I mean,

when the discussion is conduit obstruction, 6 mm sounds great.
But subjectively, have you seen children overcirculating early on
with a 6-mm conduit? Where is your dividing zone? I usually will
switch to a 6-mm conduit in about the 3.3- or 3.4-kg range. You
obviously do it at a much lower birth weight.

DR BAIRD: Yes, I think that is probably an important question,
and we are working to solve that issue now. In looking back at
our series over the years, there was no increase in mortality with
the larger shunt size. There are other large centers in the United
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States that have trended towards using larger shunt sizes with
similar results. However, I must say we probably have another 25
patients after this series in the last year and a half or so, and we
have trended towards using smaller conduits in patients less
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