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Background. The use of a valved right ventricular to
pulmonary artery shunt (RVPAS) has been reported by
some to improve pulmonary artery growth after stage 1
palliation (S1P).

Methods. We retrospectively reviewed all patients un-
dergoing an S1P with an RVPAS between January 2013
and May 2017, stratified by RVPAS type: a ring-
reinforced polytetrafluoroethylene (PTFE) graft or a
composite graft that included a distal valved femoral or
saphenous vein homograft. We examined the association
of RVPAS type on postoperative hemodynamics, time to
reintervention, pulmonary artery growth, and survival.

Results. Among 94 infants, 56 (60%) underwent PTFE-
only shunt, 24 (25%) underwent femoral vein homograft,
and 14 (15%) underwent saphenous vein homograft, and
no relevant risk factor differences were found between
the groups. Arterial saturation was 2.3% higher
(p [ 0.014) and serum lactic acid was 1.24 mg/dL lower
(p [ 0.03) in the femoral vein homograft group than in
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the PTFE-only group, although venous saturation was
similar. By 60 days, 50% of patients with saphenous vein
homograft had a reintervention compared with 5% with
PTFE graft (p < 0.0001) and 12% with femoral vein ho-
mograft (p [ 0.2 versus PTFE). At the time of stage 2
palliation, no differences were found in pulmonary artery
size or growth over time by either echocardiogram or
angiography or in the density of aortopulmonary collat-
erals or degree of tricuspid regurgitation. The 12-month
survival was similar between the groups.
Conclusions. The use of an interposition femoral vein

homograft into the RVPAS may enhance perioperative
stability, but it does not substantially improve interstage
growth of the pulmonary arteries. Use of saphenous vein
homograft is associated with earlier time to reinterven-
tion after S1P.

(Ann Thorac Surg 2018;-:-–-)
� 2018 by The Society of Thoracic Surgeons
he right ventricular to pulmonary artery shunt
T(RVPAS) has been associated with inferior pulmo-
nary artery (PA) growth after stage 1 palliation (S1P) [1],
an important determinant of the long-term health of pa-
tients with univentricular circulation. Patients treated
with the RVPAS more commonly require either catheter
or surgical arterioplasty during the interstage period or at
the time of stage 2 procedure (S2P, or bi-directional
Glenn shunt) [2, 3]. Relative to the systemic to pulmo-
nary shunt, inferior growth of the PAs after RVPAS may
be related to retrograde pulmonary blood flow during
diastole [4] or anatomic obstruction to pulmonary blood
flow [3]. PA growth and the rate of reintervention after
RVPAS may be improved through the use of a ring-
reinforced and dunked RVPAS and the use of patch
material to augment the distal anastomosis [5–7].
Several groups have reported case descriptions or
small case series describing the use of a valved homo-
graft, rather than a non-valved polytetrafluoroethylene
(PTFE) conduit [8–10]. In addition to the possibility of
augmenting PA growth, use of a valved RVPAS may
reduce right ventricular volume loading. The use of a
femoral vein homograft (FVH) as an RVPAS as part of S1P
has been reported to significantly increase in branch PA
size compared with the use of a PTFE-only RVPAS
[11, 12]. Another group described that PA growth among
100 neonates with a heterogeneous combination of valved
homografts did not significantly differ from those with
PTFE-only RVPAS [13]. The purpose of this study is to
describe the impact of saphenous and femoral vein
valved interposition homografts within the RVPAS on
outcomes after S1P.
Patients and Methods

This study was approved by the institutional review
board at Boston Children’s Hospital. We completed a
retrospective analysis of all patients undergoing S1P for
hypoplastic left heart syndrome at Boston Children’s
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Fig 1. Valved femoral or saphenous vein homografts were anasto-
mosed to a 5 mm, ring-reinforced, dunked polytetrafluoroethylene
conduit and distally to the pulmonary artery. A proportion of
homografts were enshrouded in an external stent to minimize wall
tension and to prevent dilatation.

Abbreviations and Acronyms

APC = aortopulmonary collateral
ECMO = extracorporeal life support
FVH = femoral vein homograft
HLHS = hypoplastic left heart syndrome
LPA = left pulmonary artery
PA = pulmonary artery
PTFE = polytetrafluoroethylene
RIPA = right intermediate pulmonary artery
RVPAS = right ventricular to pulmonary

artery shunt
SaO2 = arterial oxyhemoglobin saturation
SVH = saphenous vein homograft
SvO2 = venous oxyhemoglobin saturation
S1P = stage 1 palliation
S2P = stage 2 procedure, or bidirectional

Glenn shunt
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Hospital between January 2013 and May 2017. The choice
and sizing of homografts were left to surgeon preference.
Patients undergoing S1P for other forms of congenital
heart disease were excluded from analysis. Patients were
assigned to one of three cohorts based on RVPAS
arrangement, based on review of the operative note:
dunked, ring-reinforced PTFE, a FVH, or saphenous vein
homograft (SVH).

The procedure for the S1P in the modern era has been
well described [7]. The proximal anastomosis of RVPAS is
performed as previously described [5] with insertion of a
5-mm ring-reinforced PTFE shunt into the ventricular
cavity. When homograft tissue was not used as part of the
RVPAS, the distal anastomosis was typically augmented
with an end-to-side anastomosis to pulmonary homograft
used to augment the PA anastomosis. When venous ho-
mografts were used, a section of cryopreserved SVH or
FVH (CryoLife, Inc, Kennesaw, GA) with a venous valve
was selected for incorporation into the RVPAS (Fig 1). For
all patients except one, the valved femoral vein or
saphenous vein was part of a composite graft in which the
proximal portion of the RVPAS was a dunked 5-mm
ringed Gore graft (W.L. Gore & Assoc, Flagstaff, AZ)
that provided flow restriction and achieved the known
benefits of the dunked technique to avoid proximal
obstruction. The distal (approximately one-half) of
the length of the RVPAS was a femoral or saphenous
vein with a valve segment. FVHs ranged from 6 to 9 mm
in diameter and the SVHs were 5 to 6 mm in diameter.
The RVPAS was positioned to the right or left of
the Damus-Kaye-Stansel according to surgeon prefer-
ence. In most patients undergoing homograft place-
ment, the valved portion was enshrouded with an
external 8- � 15-mm biliary stent (Cordis, Tipperary,
Ireland) to prevent dilation of the valved portion and
incompetence of the valve. Since January 2014, our
practice has been to routinely leave the sternum open
and to implement early vasodilator treatment in the
intensive care unit [14].
FLA 5.5.0 DTD � ATS31722_proof �
Short-term postoperative stability and hemodynamics
were assessed through arterial oxyhemoglobin saturation
(SaO2), venous oxyhemoglobin saturation (SvO2; both by
co-oximetry), and serum lactic acid concentration during
the first 72 hours postoperatively, all extracted from an
electronic data warehouse (IBM Netezza Data Ware-
house, Armonk, NY). The hemodynamic effects of ho-
mografts over time were assessed based on SaO2 and SvO2

on pre-S2P catheterization and the lateral dimension and
degree of regurgitation of the tricuspid valve on pre-S2P
echocardiogram. PA growth was assessed by branch PA
measurements on pre-S2P echocardiogram and cathe-
terization. Pre-S2P echocardiograms and angiograms
were manually reviewed for each patient, and branch PA
measurements were performed on all available images by
two independent reviewers. Angiogram measurements
were made of the right intermediate PA (RIPA) and left
PA (LPA). Between 1 and 4 measurements were made for
each PA per patient, based on the number of cine images
available, and an average of all measurements was used
in our analysis. Because many of the RVPAS inserted at or
near the takeoff of the right upper PA, we used the RIPA
as our standard for the right PA (RPA) measurement.
Aortopulmonary collateral (APC) burden was quantified
on a scale of 0 (absent) to 4 (severe), modified from that
previously described [15]. The number of coils placed in
APCs were also recorded based on review of the cathe-
terization record. Time to PA intervention was defined as
time to a cardiac catheterization that included a balloon
21 September 2018 � 1:22 pm � ce
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dilation or stent placement within the RVPAS or PAs, or
an operation in which the PAs (including S2P) or shunt
was intervened upon to augment pulmonary blood flow.
Statistical Analysis
Preoperative demographic, anatomic, and surgical var-
iables were compared between treatment groups by
using independent sample t tests, Wilcoxon tests, Fisher
exact tests, and c2 tests as appropriate, as were pre-S2P
end points of PA growth and tricuspid valve function.
Postoperative SaO2, SvO2, and serum lactic acid were
compared between groups over time by using the linear
mixed effects linear regression model with a random
effect for subject, fixed-effects model for postoperative
hour and group (without interaction term). The p values
were obtained by likelihood ratio test of the full model
with the effect in question against the model without the
effect in question (R version 3.4.1 with lme4 package; R
Foundation, Vienna, Austria). The distributions of
transplantation-free survival and freedom from cathe-
terization was compared between groups by using a log-
rank test. A p value of less than 0.05 was considered to be
statistically significant.
Table 1. Demographic and Surgical Differences Between Groups

Variable PTFE Only (

Preoperative characteristics
Age, days 5 [4–7
Weight, kg 3.2 [2.7–3
Male 36 (64.3
Native anatomy

Critical AS 4 (7.1)
HLHS (MS/AS) 11 (19.6
HLHS (MS/AA) 12 (21.4
HLHS (MA/AA) 25 (44.6
Other 4 (7.1)

Prior surgical interventions
Hybrid procedure 5 (8.9)
S1P with mBTS 0 (0.0)

Preoperative catheter-based interventions
BAS 8 (14.3
Aortic valvuloplasty 5 (8.9)
PA dilation 1 (1.8)

Operative characteristics
CPB time, minutes 180.5 � 5
Cross-clamp time, minutes 107.6 � 3
Circulatory arrest time, minutes 20.1 � 1
Tricuspid valve repair 6 (10.7

Postoperative characteristics
Treated according to institutional S1P protocol 35 (63)
Cumulative thoracic tube output for first 24 hours

postoperatively, mL/kg
31 [20–4

Values are expressed as median [interquartile range], n (%), or mean � SD un

AA ¼ aortic atresia; AS ¼ aortic stenosis; BAS ¼ balloon atrial sep
homograft; HLHS ¼ hypoplastic left heart syndrome; MA ¼ mitral
stenosis; PA ¼ pulmonary artery; PTFE ¼ polytetrafluoroethylene;

FLA 5.5.0 DTD � ATS31722_proof �
Results

Study Population
During the study period 94 patients underwent a S1P with
RVPAS; 56 patients underwent a PTFE-only shunt (59.6%),
24 patients underwent a FVH (25.5%), and 14 patients
underwent an SVH (14.9%). A higher fraction of FVHs than
SVHs was enshrouded in an external biliary stent (14 of 24
versus 2 of 14, p ¼ 0.014). Compared with either FVH or
SVH, a lower fraction of patients in the PTFE-only group
were treated according to an institutional postoperative
protocol that included routine delayed sternal closure and
early vasodilator use (Table 1). Aside from this, no statis-
tically significant demographic, preoperative, or operative
differences were found between the cohorts.

Differences in Postoperative SaO2, SvO2, and Lactate
During the first 72 hours postoperatively, SaO2 was
significantly different between the groups (p ¼ 0.011) and
was on average 2.3% higher in FVH patients than in
PTFE-only RVPAS patients (p ¼ 0.014). No difference was
found in postoperative SaO2 between SVH and PTFE-only
RVPAS patients (p ¼ 0.79). No significant difference was
found in SvO2 between the groups (p ¼ 0.73).
n ¼ 56) FVH (n ¼ 24) p Value SVH (n ¼ 14) p Value

] 5 [3–6] 0.13 5 [3–7] 0.70
.5] 3.1 [2.9–3.7] 0.20 2.6 [2.4–3.1] 0.65
) 20 (80.0) 0.20 8 (61.5) >0.99

0.04 0.35
2 (8.3) 3 (21.4)

) 3 (12.5) 5 (35.7)
) 11 (45.8) 1 (7.14)
) 4 (16.7) 1 (21.4)

4 (16.7) 2 (14.3)
0.46

1 (4.2) 0 (0)
1 (4.2) 0 (0)

) 1 (4.2) 0.19 2 (14.3) >0.99
1 (4.2) 0.46 2 (14.3) 0.55
0 (0) 0 (0)

0.2 210.6 � 57.3 0.019 182.1 � 47.9 0.92
3.3 101.3 � 38.9 0.46 92.8 � 36.2 0.16
9.3 18.4 � 15.7 0.72 25.4 � 27.7 0.42
) 3 (15.8)

24 (100) 0.0002 14 (100) 0.0068
5] 24 [16–38] 0.11 30 [18–40] 0.50

less otherwise indicated.

tostomy; CPB ¼ cardiopulmonary bypass; FVH ¼ femoral vein
atresia; mBTS ¼ modified Blalock-Taussig shunt; MS ¼ mitral
SVH ¼ saphenous vein homograft; S1P ¼ stage 1 palliation.
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Fig 2. When assessed over time by mixed modeling during the first
postoperative 72 hours, (A) postoperative arterial oxyhemoglobin
saturation (SaO2) was significantly higher in the femoral vein ho-
mograft (FVH) group (red; mean difference 2.3%, p ¼ 0.014) than in
the polytetrafluoroethylene (PTFE)-only group (black), although no
significant difference was found between the stage 1 palliation–
saphenous vein graft (S1P-SVG; blue) and the PTFE-only group
(p ¼ 0.79). (B) Venous oxyhemoglobin saturation (SvO2) was not
significantly different in FVH patients (p ¼ 0.25) or saphenous vein
homograft (SVH) patients (p ¼ 0.98) compared with PTFE-only
patients. (C) Averaged over time, serum lactic acid concentration was
significantly lower in the FVH patients than in the PTFE-only
patients (mean difference 1.24 mg/dL, p ¼ 0.03), and no significant
difference was found between the SVH patients and PTFE-only
patients (p ¼ 0.17). (A–C) Lines are LOWESS curves of the mean
value at each time point. Error bars were omitted for image clarity.
(FVG ¼ femoral vein graft.)

FLA 5.5.0 DTD � ATS31722_proof �
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Postoperative average serum concentration of lactic acid
was significantly different between the groups (p ¼ 0.026).
FVH patients exhibited a significantly lower post-
operative average lactic acid concentration than did
PTFE-only patients (mean difference during the first 72
hours 1.24 mg/dL, p ¼ 0.03). No significant difference was
found in serum lactic acid concentration between SVH
and PTFE-only patients (p ¼ 0.17) (Fig 2).

Comparison of Pre-S2P Characteristics Between
Shunt Types
At the time of preoperative S2P evaluation, no statistically
significant echocardiographic differences were found
between the groups in RPA z score, LPA z score, the
lateral tricuspid valve z score, or in the fraction of patients
with moderate to severe tricuspid valve regurgitation
(Table 2). In addition, no difference was found in change
in RPA or LPA z scores between S1P and S2P measure-
ments. When assessed at the time of pre-S2P
cardiac catheterization, SaO2 and SvO2 were similar be-
tween the groups, as were the mean PA pressure, RPA
and LPA diameters, and Nakata index by angiography.
No between-group differences were found in the rela-
tive distribution of APC burden as assessed angio-
graphically or by the number of coils used to occlude
collateral vessels between cohorts. SVHs were
frequently noted to exhibit angiographic narrowing of
the internal lumen (Fig 3). Inter-rater reliability was
93% for manually interpreted echocardiogram and
angiographic measurements.

Transplantation-Free Survival and Freedom
From PA Intervention
Survival in the first 12 postoperative months was not
significantly different between the groups (p ¼ 0.84, log-
rank test) (Fig 4). However, patients in the SVH group
had a significantly shorter time to reintervention on the
PAs by catheterization or operation than the PTFE-only
RVPAS group (p < 0.0001; Fig 4). For example, 50% of
patients receiving SVH underwent a RVPAS or PA rein-
tervention by 61 days, whereas only 5.4% of patients in
the PTFE-only RVPAS group and 12.5% in the FVH group
required reintervention by the same time point. No dif-
ference of time to PA reintervention was found between
the PTFE-only RVPAS and FVH groups (p ¼ 0.20, log-
rank test).

Clinical Outcomes
No statistically significant difference was found between
groups in the postoperative need for extracorporeal life
support or in intensive care unit (ICU) or hospital lengths
of stay. Similarly, no difference was found in the inci-
dence of death or transplantation between the groups
(Table 3).
Comment

We have shown that the use of a composite RVPAS that
incorporates a proximal PTFE graft and a distal valved
21 September 2018 � 1:23 pm � ce



Table 2. Pre-S2P Echocardiographic and Catheterization Variables Between Groups

Variable PTFE (n ¼ 56) FVH (n ¼ 24) p Value SVH (n ¼ 14) p Value

Preoperative echocardiogram characteristics
Right pulmonary artery z score �0.66 � 1.01 �0.74 � 1.94 0.82 �1.38 � 0.41 0.04
Left pulmonary artery z score �0.56 � 1.04 �0.51 � 1.41 0.88 �0.64 � 1.02 0.83

Pre-S2P echocardiographic characteristics
Right pulmonary artery z score �0.19 � 2.10 �0.53 � 1.37 0.56 �1.02 � 1.50 0.29
Left pulmonary artery z score �0.52 � 1.82 �1.41 � 1.09 0.083 0.54 � 1.91 0.14
Lateral tricuspid valve z score 3.77 � 0.40 2.30 � 0.62 0.07 2.46 � 0.67 0.13
Presence of moderate to severe ventricular dysfunction 4 (9.5) 0 (0) 0.19 2 (28.6) 0.28
Presence of moderate to severe TR 9 (21.4) 2 (11.8) 0.39 2 (28.6) 0.96
Presence of moderate to severe RVPAS regurgitation, % 100 31.2 <0.001 50 <0.001
RVPAS placed to right of aorta 39 (69) 21 (87) 0.30 5 (38) 0.18

Interstage change in pulmonary artery z scores
Right pulmonary artery z score �0.33 � 2.03 0.19 � 1.53 0.38 �0.36 � 1.67 0.97
Left pulmonary artery z score 0.23 � 1.91 0.84 � 1.46 0.28 �1.25 � 1.53 0.049

Pre-S2P catheterization characteristics
SaO2, % 74.7 � 5.4 76.6 � 6.2 0.58 71.5 � 9.0 0.38
SvO2, % 50.6 � 8.6 49.5 � 9.5 0.91 48.5 � 5.2 0.81
Mean PAP, mm Hg 15.0 � 2.6 15.1 � 1.4 0.99 14.6 � 3.6 0.93
RPA diameter, mm 6.1 � 2.2 5.9 � 1.5 0.71 5.2 � 1.9 0.31
LPA diameter, mm 5.7 � 1.7 4.8 � 1.2 0.06 6.7 � 2.0 0.16
Qs, L/min/m2 3.4 � 0.9 3.6 � 0.9 0.40 3.7 � 1.0 0.32
Qp, L/min/m2 3.4 � 0.8 3.7 � 0.8 0.19 3.2 � 1.8 0.51
Qp/Qs, L/min/m2 1.0 � 0.3 1.1 � 0.4 0.41 0.9 � 0.6 0.44
Modified Nakata Indexa 189 [116–292] 161 [99–221] 0.13 235 [118–288] 0.80
Relative frequency of APC burden 0.56 0.37

Negligible/absent 4 (10.3) 0 (0.0) 0 (0)
Trivial 8 (20.5) 3 (18.9) 2 (25.0)
Mild 6 (15.4) 4 (25.0) 3 (37.5)
Moderate 15 (38.4) 5 (31.3) 1 (12.5)
Severe 6 (15.4) 4 (25.0) 2 (25.0)

Number of coils used to occlude APCs 6 � 6 7 � 7 0.47 2 � 5 0.09

a Revised Nakata index was calculated as (cross-sectional area of the right intermediate pulmonary artery [RIPA] þ cross-sectional area of the left
pulmonary artery)/body surface area. The RIPA was chosen instead of the RPA proper because a substantial fraction of patients in our series have the
takeoff of the right upper pulmonary artery proximal to the Sano insertion site.

Values are expressed as mean � SD, n (%), or median [interquartile range] unless otherwise indicated.

The p values shown are in comparison with the PTFE-only cohort.

APC ¼ aortopulmonary collateral; FVH ¼ femoral vein homograft; LPA ¼ left pulmonary artery; PAP ¼ pulmonary artery pressure;
PTFE ¼ polytetrafluoroethylene; Qp ¼ pulmonary blood flow; Qs ¼ systemic blood flow; RPA ¼ right pulmonary artery; RVPAS ¼ right
ventricle to pulmonary artery shunt; SaO2 ¼ arterial oxyhemoglobin saturation; SVH ¼ saphenous vein homograft; SvO2 ¼ venous oxyhe-
moglobin saturation; S2P ¼ stage 2 procedure; TR ¼ tricuspid regurgitation.
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FVH as part of the S1P results in small improvements in
lactate and SaO2 during the early postoperative period
with similar hemodynamics at the pre-S2P evaluation as
in patients with PTFE-only RVPAS. Although the use of a
composite valved RVPAS did not result in measurable
differences in indices of PA growth, the power of this
study to detect subtle differences in these end points was
limited. Because this composite RVPAS approach was
developed, the ideal choice of homograft for the distal
portion was unknown. Patients treated with SVH
required pulmonary arterioplasty considerably sooner
than the other cohorts.
FLA 5.5.0 DTD � ATS31722_proof �
The use of a SVH [8–10] or FVH [11, 12] as part of the
S1P has been well described. However, the cumulative
published experience with SVHs has been limited to
single patient case reports or small case series [9, 10, 16].
Even in these small case series, it was suggested that
time to S2P may be shorter (3 months) among patients
after SVH than after a synthetic RVPAS (4 to 6 months)
[10]. The use of FVH has been described in a series of 15
neonates undergoing S1P [11, 12], concluding that PA
growth (ie, increase in RPA and LPA z score) was higher
in patients treated with a FVH than with a PTFE-only
RVPAS. In contrast, a series of 100 patients treated
21 September 2018 � 1:23 pm � ce
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Fig 3. Representative angiogram of a saphenous vein homograft
(SVH) of a patient 47 days after stage 1 palliation (S1P). The poly-
tetrafluoroethylene (PTFE) segment (yellow shading) is inserted into
the right ventricle at the proximal anastomosis and is anastomosed
to the SVH segment (green shading). Note the narrowing (red arrows)
of the homograft distal to the bulbous valved portion which caused
cyanosis in this patient, requiring stenting.
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Fig 4. (A) Transplantation-free survival was similar between
patients undergoing stage 1 palliation (S1P) with
polytetrafluoroethylene (PTFE; black) and with femoral vein
homograft (FVH; red, p ¼ 0.99) and between PTFE only and
saphenous vein homograft (SVH; blue, p ¼ 0.56, log-rank test). (B)
Time to catheter- or surgery-based reintervention on the right
ventricle to pulmonary artery shunt (RVPAS) or branch pulmonary
arteries (PAs) was significantly shorter in the S1P-SVH group than in
the S1P-PTFE group (p < 0.0001, log-rank test). Time to
reintervention was similar between the S1P-PTFE and S1P-FVH
groups (p ¼ 0.20).
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with primarily aortic and pulmonary arterial homografts
as part of S1P reported no difference in PA growth
compared with a contemporaneous cohort of non-
valved RVPAS [13]. Our study adds to this literature
by providing a large cohort of patients with venous
homografts, finding no statistically significant differ-
ences between shunt types in markers of PA growth
over time. We acknowledge that there are a number
of technical variations on homograft use, and many
centers do not use a composite RVPAS or enshroud the
homograft within a constricting stent, and these differ-
ences may in part explain our negative results regarding
pulmonary arterial growth. However, as suggested by
other groups [11], we found that short-term post-
operative hemodynamics were somewhat more favor-
able in the presence of a homograft, including a higher
SaO2 and a lower serum lactic acid concentration. The
incidence of extracorporeal membrane oxygenation
use and ICU lengths of stay were similar between the
groups.

Two explanations for these findings are possible. The
first possibility is that regurgitation through the RVPAS
is physiologically unimportant. In tetralogy of Fallot,
even severe pulmonary regurgitation is hemodynami-
cally well tolerated, and the progression of right
ventricular dilation takes place over decades [17]. After
S1P, regurgitation lasts only until S2P, a period of typi-
cally 3 to 6 months. Further, the volume of regurgitation
is minimized by several factors. In the newborn period,
the PAs have high capacitance and the diastolic PA
pressure is low. In addition, the standard RVPAS serves
as a resistor to both antegrade and retrograde pulmo-
nary blood flow. The rapid heart rate intrinsic to the
newborn period decreases the duration of diastole,
reducing the duration of flow reversal. When assessed
FLA 5.5.0 DTD � ATS31722_proof �
by mathematical modeling, the presence of a non-valved
RVPAS contributed a less than 10% regurgitant fraction
in the setting of S1P [18]. In comparison to the volume
load of the univentricular circulation, preventing this
small fraction of regurgitation was insufficient to alter
the degree of tricuspid regurgitation at S2P. Second,
obstruction to antegrade pulmonary blood flow may
offset the benefit of preventing regurgitation through
the RVPAS. Patients in the SVH group were particularly
prone to angiographically apparent narrowing at either
the PTFE-SVH anastomosis or within the homograft
itself. Several groups have described a noninflammatory
hypertrophy of the vascular media in explanted homo-
grafts used for this purpose [8, 17], which may partially
explain these findings.
21 September 2018 � 1:23 pm � ce



Table 3. Clinical Outcomes

Outcome PTFE Only (n ¼ 56) FVH (n ¼ 24) p Value SVH (n ¼ 14) p Value

Postoperative ECMO use 10 (17.9) 2 (8.3) 0.33 1 (7.1) 0.44
Hospital length of stay, days 40 [26–63] 33 [23–62] 0.51 47 [34–124] 0.35
CICU length of stay, days 18 [13–29] 15 [10–25] 0.23 15 [11–27] 0.74
Interstage catheter-based branch pulmonary arterioplasty 6 (10.7) 3 (9.4) 0.55 1 (7.1) 0.87
Interstage catheter-based RVPAS dilation 15 (26.8) 9 (47.4) 0.10 11 (78.6) 0.0003
Interstage surgical intervention 3 (0.53) 0 (0) 0.25 2 (14.3) 0.25

Values are n (%) or median [interquartile range] unless indicate otherwise.

Interstage interventions include any procedures that occurred after stage 1 palliation and before stage 2 procedure.

Of the 10 patients who required postoperative ECMO use in the PTFE-only group, 4 preceded the implementation of the low systemic vascular resistance
stage 1 protocol within our institution.

CICU ¼ cardiac intensive care unit; ECMO ¼ extracorporeal membrane oxygenation; FVH ¼ femoral vein homograft; PTFE ¼ polytetra-
fluoroethylene; RVPAS ¼ right ventricle to pulmonary artery shunt; SVH ¼ saphenous vein homograft.

7Ann Thorac Surg HOGANSON ET AL
2018;-:-–- VALVED HOMOGRAFTS IN STAGE 1 PALLIATION
Still, the use of valved homograft material in the
RVPAS may confer important benefits. RVPAS compe-
tence appeared to confer improved oxygen delivery
during the critical early postoperative period. Further,
homograft material offers a durable and malleable tube
that can be used to optimize PA lie and to diminish the
likelihood of kinking. It is possible that with greater
experience, the use of FVHs may enhance PA growth and
that we were unable to identify between-group differ-
ences because of the early learning curve. Although the
difference in overall postoperative bleeding did not reach
statistical significance, we anecdotally noted improved
operative hemostasis at the distal anastomosis site with
homograft use. In the future, the impact of homograft
material on antibody sensitization and survival after
transplantation will need to be studied.

Study Limitations
We identified several limitations to our study. (1) There
was an important learning curve that took place
throughout the duration of this study that may have
affected the results. (2) Although most patients included
in the study were treated according to a protocol for the
perioperative and postoperative care of these patients, a
higher fraction of patients undergoing homograft place-
ment were treated according to an institutional protocol
that decreased systemic vascular resistance and
decreased the incidence of cardiac arrest [14]. It is
possible that some of the perioperative findings noted
here were in part related to the protocol. (3) Although the
echocardiographic quantification of PA growth over time
was performed manually by two independent reviewers
with excellent interrater reliability, the pre-S2P imaging
was not standardized to examine PA size, which is typi-
cally assessed angiographically at our institution. Subtle
improvements in PA size over time based on changes in z
scores may have been missed.

Conclusions
The use of an interposition FVH into the RVPAS may
enhance perioperative stability after S1P, but it does not
FLA 5.5.0 DTD � ATS31722_proof �
substantially improve interstage growth of the PAs or the
degree of tricuspid regurgitation. Use of SVH is associ-
ated with earlier time to reintervention after S1P.

The authors acknowledge funding for this work from the Gerber
Foundation (Dr Kheir), Hess Family Cardiac Innovation Fund
(Dr Kheir), and the Boston Children’s Hospital Heart Center
Strategic Investment Fund (Dr Kheir). Figure 1 was drawn by Kai
Ou Tang.
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