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bjective: We compare the hemodynamics and perioperative course of shunt type in
ypoplastic left heart syndrome at the time of stage 2 reconstruction and longer-term
urvival.

ethods: We retrospectively reviewed the echocardiograms, catheterizations, and
ospital records of all patients who had a stage 1 reconstruction between January
002 and May 2005 and performed a cross-sectional analysis of hospital survivors.

esults: One hundred seventy-six patients with hypoplastic left heart syndrome and
ariants underwent a stage 1 reconstruction with either a right ventricle–pulmonary
rtery conduit (n � 62) or a modified Blalock–Taussig shunt (n � 114). The median
uration of follow-up is 29.1 months (range, 0-57 months). By means of Kaplan–
eier analysis, there is no difference in survival at 3 years (right ventricle–

ulmonary artery conduit: 73% [95% confidence limit, 59%–83%] vs modified
lalock–Taussig shunt: 69% [95% confidence limit, 59%–77%]; P � .6). One
undred twenty-four patients have undergone stage 2 reconstruction (78 modified
lalock–Taussig shunts and 46 right ventricle–pulmonary artery conduits). At the

ime of the stage 2 reconstruction, patients with right ventricle–pulmonary artery
onduits were younger (153 days [range, 108–340 days]; modified Blalock–Taussig
hunt, 176 days [range, 80–318 days]; P � .03), had lower systemic oxygen
aturation (73% [range, 58%–85%] vs 77% [range, 57%–89%], P � .01), and had
igher preoperative hemoglobin levels (15.8 g/dL [range, 13–21 g/dL] vs 14.8 g/dL
range, 12–19 g/dL], P � .01) compared with those of the modified Blalock–Taussig
hunt group. By means of echocardiographic evaluation, there was a higher inci-
ence of qualitative ventricular dysfunction in patients with right ventricle–pulmo-
ary artery conduits (14/46 [31%] vs 9/73 [12%], P � .02). However, no difference
as observed in common atrial pressure or the arteriovenous oxygen difference.

onclusion: Interim analyses suggest no advantage of one shunt type over another.
his report raises concern of late ventricular dysfunction and outcome in patients
ith a right ventricle–pulmonary artery conduit.

n the absence of transplantation, hypoplastic left heart syndrome (HLHS) and its
variants require staged surgical reconstruction to palliate the anatomic abnor-
malities. Stage 1 reconstruction (S1R) includes aortic arch reconstruction,

nastomosis of the proximal main pulmonary artery with the ascending aorta,
igation of the distal main pulmonary artery, atrial septectomy, and provision of a
ource of pulmonary blood flow. Recently, an alternative strategy to S1R has
ecome popularized: replacing the modified Blalock–Taussig shunt (mBTS) with a
ight ventricle–pulmonary artery (RV-PA) conduit as the source of pulmonary blood

ow.1 The theory behind this modification is that the use of the RV-PA conduit will
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esult in less diastolic runoff into the pulmonary vasculature
nd therefore improved coronary and myocardial perfusion.
everal case series using the mBTS as a historical control
ave documented improved S1R early outcome with the use
f the RV-PA conduit.2-6 However, other case series using
oth contemporary and historical controls have not found
ignificant differences in early survival with the use of the
V-PA conduit.7-9 Most recently, contemporary compari-

on of the immediate hemodynamics after S1R with both
hunt types in a randomized study did not demonstrate
enefit of one shunt type versus the other.10

Using contemporary controls, we recently demonstrated
o difference in surgical mortality, time to extubation, or
ength of hospital stay in 149 infants undergoing S1R for
LHS or variants palliated with either an mBTS or an
V-PA conduit.8 We undertook the current study to com-
are the midterm hemodynamics and outcomes for the 2
hunt strategies at stage 2 reconstruction (S2R). The current
tudy objectives include defining the difference between the

shunt groups with regard to (1) preoperative hemody-
amic parameters, as defined by cardiac catheterization and
chocardiography; (2) angiographic pulmonary artery size
nd architecture at the S2R; (3) age and degree of illness (as
efined by anticongestive medication use, use of home
xygen, and tube feedings) at the time of S2R; and (4) stage
morbidity and mortality.

aterials and Methods
his study is a cross-sectional case series including all patients
ho underwent an S1R for HLHS or variants at The Children’s
ospital of Philadelphia between January 1, 2002, and May 1,
005 (n � 176), with attention paid to S1R hospital survivors (n �
38). This is a consent-waived study approved by The Children’s
ospital of Philadelphia Institutional Review Board. Sources of

nformation included the hospital medical records, the cardiac
enter and cardiac intensive care databases, records and reports
rovided by referring cardiologists, and pertinent information ob-
ained from the parents on telephone interview.

We reviewed the initial, pre-S2R and pre–stage 3 reconstruc-
ion (S3R) echocardiographic reports of the study patients. Qual-
tative measurements of systolic ventricular function, atrioventric-
lar valve regurgitation (AVVR), and neoaortic valve regurgitation

Abbreviations and Acronyms
AVVR � atrioventricular valve regurgitation
DHCA � deep hypothermic circulatory arrest
HLHS � hypoplastic left heart syndrome
mBTS � modified Blalock–Taussig shunt
RV-PA � right ventricle–pulmonary artery
S1R � stage 1 reconstruction
S2R � stage 2 reconstruction
S3R � stage 3 reconstruction
ere recorded. S

98 The Journal of Thoracic and Cardiovascular Surgery ● Augu
Oximetry, hemodynamic, and angiographic data were obtained
t cardiac catheterization before S2R after achievement of con-
cious sedation or general anesthesia. Measured data included
enous and arterial saturations, common atrial pressure, pulmo-
ary artery pressure or pulmonary venous wedge pressure, and
ortic pressure. Calculated data included arteriovenous oxygen
ifference and coronary perfusion pressure. Angiographic mea-
urements were obtained from the anteroposterior or anterior
blique projections offline by a single observer to assess branch
ulmonary artery anatomy and growth. The Nakata index was
alculated as previously described.11 The narrowest portion of the
roximal branch pulmonary artery within 1 cm of the shunt inser-
ion was measured by using standard offline techniques and com-
ared with the vessel diameter just before the take-of the lobar
ranches to assess pulmonary artery stenosis. The ratio of these 2
easurements was used as a measure of severity of pulmonary

rtery stenosis and was graded as follows: moderate-to-severe
tenosis, ratio less than 0.65; mild stenosis, ratio 0.66 to 0.85; and
o stenosis, ratio greater than 0.85. The appearance of the branch
ulmonary arteries was also recorded to ascertain the degree of
ulmonary artery distortion qualitatively. The appearance was
raded as follows: normal, diffusely narrowed, or discretely nar-
owed at the shunt or conduit insertion.

The operative technique for S1R has been previously de-
cribed.8 There was a surgical preference for the use of the RV-PA
onduit in aortic atresia and the mBTS for lesions with a single left
entricle (Table 1). S2R consisted of either a bidirectional Glenn
r hemi-Fontan procedure. Patients with bilateral superior vena
avae underwent either the bilateral bidirectional Glenn procedure
r the right hemi-Fontan and left bidirectional Glenn procedure.
he selection of a bidirectional Glenn or hemi-Fontan procedure
as at the discretion of the surgeon. Patients with heterotaxy

yndrome with interrupted inferior vena cavae underwent the Ka-
ashima procedure. Additional procedures, such as tricuspid valve

nnuloplasty or valvuloplasty, were documented. Age and size at

ABLE 1. Single-ventricle anatomy among patients with
tage 1 reconstruction shunt surgical technique

ardiac anatomy
BTS

(n � 114)
RV-PA

(n � 62)
P

value

sual hypoplastic left heart
syndrome

75 (66%) 54 (87%) .004

alaligned atrioventricular
canal defect

12 (10.5%) 4 (6.5%) .53

ouble-outlet right ventricle
with mitral or aortic stenosis

9 (8%) 3 (4.9%) .65

ingle left ventricle 6 (5%) 1 (1.6%) .16
ther* 12 (10.5%) 0 .01

ata are counts and percentages within groups. Comparison is with the �2

est. BTS, Blalock–Taussig shunt; RV-PA, right ventricle–pulmonary artery
onduit. *Nine cases of double-inlet left ventricle with transposition of the
reat arteries and aortic stenosis or interrupted aortic arch, 1 interrupted
ortic arch with aortic stenosis and ventricular septal defect, 1 tricuspid
tenosis with transposition of the great arteries, and 1 L-transposition of
he great arteries with aortic stenosis and single left ventricle.
2R and comparative operative data, including additional cardiac

st 2007



o
a
(
l
s
N
r
c
o
o
i
c
i
f
o
g

d
f
b
e
g
e
A
C

R
P
T
v
R

t
c
s
a
d
1
s
4
l
a
p
p
d
m
d
9

P
T
r
(
g
s
h
(
g
c

Ballweg et al Surgery for Congenital Heart Disease

CH
D

perative procedures performed, cardiopulmonary bypass time,
ortic crossclamp time, and deep hypothermic circulatory arrest
DHCA) time, were recorded. Postoperative data, including total
ength of intubation, incidence of reintubation, and cardiac inten-
ive care unit and hospital lengths of stay, were also recorded.
eed for extracorporeal membrane oxygenation, cardiopulmonary

esuscitation, reoperation, or cardiac catheterization before dis-
harge or listing for transplantation were documented. Other peri-
perative morbid events, including placement of chest tubes, post-
perative seizures, and wound infections, were documented. The
ncidence of rehospitalization was obtained to assess the postdis-
harge morbidity. The indications for admission, length of stay,
nvasive procedures performed, and outcome were ascertained
rom the medical records or from the parents directly. Other
perative procedures, including bronchoscopy, tracheostomy, and
astrostomy tube placement, were documented as well.

Data are presented as medians (ranges) or means (� standard
eviation) for continuous variables and as a count and percentage
or dichotomous variables. Continuous variables were compared
y using the Mann-Whitney test and the Student t test. The Fisher
xact test and �2 analyses were used for dichotomous and cate-
oric variables. Kaplan–Meier survival curves using a composite
nd point of death or transplantation were stratified by shunt type.
ll data were analyzed by using STATA 8.0 software (STATA
orp, College Station, Tex).

esults
atient Population
here were 176 patients who underwent S1R for HLHS or
ariants. An mBTS was placed in 114 patients, and an

V-PA conduit was placed in 62 patients (Figure 1). Pa- 1

The Journal of Thoracic
ients with aortic atresia were more likely to get an RV-PA
onduit (mBTS, 30%; RV-PA, 70%; P � .01). Anatomic
ubtypes are described in Table 1. Surgical mortality (death
t less than 30 days postoperatively or before hospital
ischarge) was similar between the 2 groups (mBTS, 20/
14; RV-PA, 10/62; P � .81) for S1R. Of the 146 S1R
urvivors, 124 have undergone S2R (mBTS, 78/94; RV-PA,
6/52; P � .33). Four patients have undergone other pal-
iative procedures (mBTS, 2/94; RV-PA, 2/52; P � .74),
nd 1 patient is awaiting S2R (Figure 1). Other palliative
rocedures included transplantation and additional shunt
lacement. Interstage death, defined as death after hospital
ischarge from S1R but before S2R, accounts for the re-
aining 17 patients. No significant difference in the inci-

ence of interstage death between shunt types (mBTS, 13/
4; RV-PA, 4/52; P � .4) was found.

reoperative Morbidity
here was no difference in medication use or in the occur-

ence of supplemental nasogastric or gastric tube feedings
Table 2). Significantly more infants in the RV-PA conduit
roup required home oxygen than did infants with an mBTS
hunt (29/46 vs 5/81, P � .04) and presented with higher
emoglobin levels at the time of cardiac catheterization
15.8 g/dL [range, 13-20 g/dL] vs 14.8 g/dL [range, 12-19
/dL], P � .01). At the time of S2R, infants in the RV-PA
onduit group were younger (RV-PA: 153 days [range,

Figure 1. Patient distribution and out-
come after stage 1 reconstruction. *Two
patients underwent other palliative pro-
cedures. S1R, Stage 1 reconstruction;
mBTS, modified Blalock–Taussig shunt;
RV-PA, right ventricle–pulmonary artery
conduit; S2R, stage 2 reconstruction.
08-340 days] vs mBTS: 187 days [range, 80-489 days],

and Cardiovascular Surgery ● Volume 134, Number 2 299
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� .03) compared with the mBTS group but did not differ
n size as measured by weight at the time of surgical
ntervention (RV-PA: 6.1 � 1.1 kg vs mBTS: 6.2 � 1.2 kg,

� .62) or by body surface area (RV-PA: 0.31 � 0.04 m2

s mBTS: 0.31 � 0.04 m2, P � .9). Both surgical and
ranscatheter shunt interventions were more common in the
V-PA conduit group (surgical: mBTS, 12/114; RV-PA,
3/62; P � .06; transcatheter: mBTS, 6/114; RV-PA, 9/62;
� .04) compared with the mBTS group. There was no

ifference in surgical (mBTS, 4/114; RV-PA, 0/62; P �
13) or transcatheter (mBTS, 20/114; RV-PA, 10/62; P �
81) relief of arch obstruction between groups.

reoperative Echocardiographic Data
reoperative ventricular systolic function was significantly
ifferent between shunt types. Qualitative moderate-to-
evere systolic ventricular dysfunction was present in 31%
f patients in the RV-PA group in comparison with 12% in
he mBTS group (P � .03). A similar incidence of moderate-
o-severe tricuspid regurgitation was found between the 2
roups. Significant neoaortic regurgitation was uncommon.

reoperative Cardiac Catheterization Data
here were consistent and significant differences in aortic
aturation, diastolic arterial pressure, and coronary perfu-
ion pressure between shunt types at the pre-S2R catheter-
zation (Table 3). There was no significant difference be-
ween the 2 groups with respect to mixed systemic venous
aturation obtained in the superior vena cava, arteriovenous
xygen difference, common atrial pressure, or pulmonary
rtery pressure (Table 3). The calculated Qp/Qs ratio was
ignificantly higher in those patients with an mBTS (mBTS,

ABLE 2. Medication, home oxygen, and supplemental
eeding use before stage 2 reconstruction

mBTS
(n � 81)

RV-PA
(n � 46)

P
value

edications
Digoxin 33 (41%) 13 (28%) .15
ACE-I 35 (43%) 15 (33%) .14
Diuretic 59 (73%) 30 (65%) .19
Anticoagulant 74 (91%) 40 (87%) .32
H2 blocker/metoclopramide

(Reglan)
37 (46%) 25 (54%) .36

Spironolactone (Aldactone) 8 (10%) 1 (2%) .15
Other* 20 (25%) 10 (22%) .83
Use of �3 medications 45 (56%) 23 (50%) .68

ome oxygen 5 (6%) 9 (20%) .03
asogastric/gastric tube feedings 23 (28%) 11 (24%) .37

BTS, Modified Blalock–Taussig shunt; RV-PA, right ventricle–pulmonary
rtery conduit; ACE, angiotensin-converting enzyme. *Amiodarone, diaz-
pam, ferrous sulfate, levothyroxine, methadone, phenobarbital, potassium
hloride, and budesonide (Pulmicort).
.7 � 0.86; RV-PA, 1.3 � 0.69; P � .025). c

00 The Journal of Thoracic and Cardiovascular Surgery ● Augu
By means of angiography, there were differences in
ulmonary artery size, degree of stenosis, and degree of
istortion both within the RV-PA group and between shunt
ypes. The left pulmonary artery was significantly larger
han the right pulmonary artery within the RV-PA group
left pulmonary artery, 7.04 � 1.8 mm; right pulmonary
rtery, 5.99 � 2 mm; P � .01), as well as being significantly
arger than the left pulmonary artery in the mBTS group
mBTS, 6.17 � 1.8 mm; RV-PA, 7.04 � 1.8 mm; P � .01).
etween shunt types, there was moderate or severe right
ulmonary artery stenosis (mBTS, 23%; RV-PA, 46%; P �
004) more frequently, as well as more frequent long-segment
ulmonary artery hypoplasia or distortion at the shunt in-
ertion site in the RV-PA conduit group (mBTS, 36%;
V-PA, 58%; P � .005) compared with the mBTS group.

There were 5 deaths (1 surgical and 4 nonsurgical) in the
V-PA conduit group and 4 deaths (3 surgical and 1 non-

urgical) in the mBTS group after S2R (P � .47). A total of
patients were listed for heart transplantation after S2R, 3

n the RV-PA group and 1 in the mBTS group. Of the 3
rom the RV-PA group, 2 underwent transplantation and 1
ied of sepsis while listed for transplantation.

2R Morbidity
2R consisted of the bidirectional Glenn or hemi-Fontan
rocedure for all, with the exception of 3 patients who
nderwent the Kawashima procedure and 12 patients who
nderwent bilateral bidirectional Glenn or right sided hemi-
ontan and left bidirectional Glenn procedures because of
ilateral superior vena cavae. Ten patients underwent tri-

ABLE 3. Pre–stage 2 reconstruction catheterization data
mBTS

(n � 78)
RV-PA

(n � 46)
P

value

ortic saturation (%) 77 (57–89) 73 (58–85) �.01
uperior vena cava
saturation (%)

50 (30–66) 47 (26–63) .15

VO2 difference 28 (7–50) 28 (15–50) .54
ortic systolic BP (mm Hg) 91 (68–135) 92 (56–132) .77
ortic diastolic BP (mm Hg) 40 (20–57) 48 (29–60) �.01
oronary perfusion
pressure (mm Hg)

31 (12–47) 39 (21–53) �.01

ommon atrial pressure
(mm Hg)

8 (3–15) 8 (4–14) .79

AP or PVWP (mm Hg) 15 (8–22) 14 (10–25) .30
p/Qs 1.6 (0.47–4.6) 1.3 (0.19–3.6) .03
PA diameter (mm) 5.8 (2.7–11.8) 7 (4.2–11.8) .01
PA diameter (mm) 6.2 (2.7–12.3) 6.1 (1.9–9.7) .39

ata are reported as medians (ranges). mBTS, Modified Blalock–Taussig
hunt; RV-PA, right ventricle–pulmonary artery conduit; AVO2, arterio-
enous oxygen; BP, blood pressure; PAP, pulmonary artery pressure;
VWP, pulmonary venous wedge pressure; LPA, left pulmonary artery;
PA, right pulmonary artery.
uspid valvuloplasty at the time of S2R (mBTS, 4/73;

st 2007
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V-PA, 6/46; P � .27). Cardiopulmonary bypass, cross-
lamp, and DHCA times for S2R were not statistically
ifferent between shunt types. DHCA was used in 63% of
he patients (mBTS, 41/73; RV-PA, 34/46; P � .08).

There was no difference in the time to initial extubation,
ith the majority of the patients in both groups extubated on

he day of surgical intervention. Seven patients in the mBTS
roup failed the first attempted extubation in comparison
ith 2 patients in the RV-PA group. There was no differ-

nce in the intensive care unit or hospital length of stay after
2R between groups (Table 4). Pleural effusion requiring
hest tube placement occurred in 4 patients in the RV-PA
roup and 12 patients in the mBTS group during the surgi-
al hospitalization. A total of 9 patients underwent cardiac
atheterization before discharge. Of those with prior RV-PA
onduits, 2 of the 5 patients underwent hemodynamic stud-
es only, and 4 underwent pulmonary artery angioplasty or
lacement of a stent within 1 or both pulmonary arteries.
ortopulmonary collateral arteries were coil occluded in 2
atients and a venous decompressing vein was coil occluded
n 1 patient in the mBTS group. Other morbidities included
he use of extracorporeal membrane oxygenation with sub-
equent decannulation and listing for heart transplantation
n 1 patient in the mBTS group, 9 patients with seizures
ostoperatively, 9 patients with superficial or deep wound
nfection (Table 4), and 1 patient in the mBTS group with
lanine and aspartate aminotransferase levels of greater than
000 mg/dL.

ollow-up
wenty-two patients with mBTS and 11 patients with
V-PA conduits had a total of 58 documented readmissions
fter discharge from S2R. Of the 21 readmissions in the
V-PA conduit group, 11 were for cardiac indications. Six
atients were rehospitalized for poor ventricular function, of
hom 2 underwent transplantation and 5 had pleural effu-

ions that required drainage. Other indications for readmis-

ABLE 4. Morbidity and mortality data by shunt type after
tage 2 reconstruction

mBTS
(n � 73)

RV-PA
(n � 46)

P
value

ime to extubation (d) 0 (0-79) 0 (0-8) .80
o. of failed first extubations 7 2 .62
ardiac ICU length of stay (d) 3 (1-100) 4 (0-40) .71
ospital length of stay (d) 5 (2-100) 6 (2-60) .09
ternal wound infection 6 3 .92
ostoperative seizures 5 4 .64
isted for heart transplantation 1 3 .30
eath (surgical and late) 4 5 .47

BTS, Modified Blalock–Taussig shunt; RV-PA, right ventricle–pulmonary
rtery conduit; ICU, intensive care unit.
ion included tracheitis in 2 patients with tracheostomies, r

The Journal of Thoracic
ther infection in 5 patients, and dehydration in 1 patient.
he median length of stay was 6 days (range, 1-132 days).
wenty of the 37 readmissions in the mBTS group were for
ardiac indications. Nine readmissions were for poor ven-
ricular function, 7 for pleural effusions that required drain-
ge, and there were readmissions for 2 patients with medi-
stinitis who required surgical debridement. One patient
ccounted for 10 readmissions in this group; however, 8
dmissions were related to therapy for concurrent neuro-
lastoma. The median length of stay for readmissions in this
roup was 4 days (range, 1–70 days).

The median length of follow-up is 29.1 months and is not
ifferent between groups. Overall survival and freedom
rom death or transplantation by means of Kaplan–Meier
nalysis are no different between groups (Figure 2). To date,
8 patients have subsequently undergone S3R (mBTS, 40/
8; RV-PA, 18/46). There have been 2 deaths after S3R,
oth in the mBTS group. As determined by means of
chocardiography at the time of S3R, ventricular function
as moderately or severely decreased in 11% of patients
ho initially underwent S1R with an RV-PA conduit in

omparison with 2.5% of patients who had an mBTS at S1R
mBTS, 1/40; RV-PA, 2/18; P � .3). Significant AVVR and
eoaortic regurgitation tended to be more common in pa-
ients in the RV-PA conduit group compared with in the
BTS group (AVVR: mBTS, 8/40; RV-PA, 8/18; P � .1;

eoaortic regurgitation: mBTS, 3/40; RV-PA, 5/18; P � .1).
f all patients currently alive, 34% receive ancillary ser-
ices, such as occupational, physical, or speech therapy, and
3% have gross motor delays, speech delays, or both, as
eported by parents. Thirty-five percent of this same cohort

igure 2. Kaplan–Meier freedom from death or transplantation
fter stage 1 reconstruction by shunt type. mBTS, Modified
lalock–Taussig shunt; RV-PA, right ventricle–pulmonary artery
onduit.
outinely requires evaluation by other subspecialists, includ-

and Cardiovascular Surgery ● Volume 134, Number 2 301
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ng neurology, otolaryngology, gastroenterology, and gen-
ral surgery. The use of ancillary services is similar between
hunt types.

iscussion
ultiple factors have resulted in improved survival among

nfants born with functional single-ventricle lesions. These
actors include surgical modifications, improved surgical
echnique, modifications to preoperative and postoperative
are, and a better understanding of the cardiac physiology of
single-ventricle patient undergoing surgical reconstruc-

ion.12-17 The most recent modification is the use of an RV-PA
onduit. This technique was first described by Norwood and
olleagues18 in the early 1980s but was abandoned in favor of
systemic to pulmonary shunt. Multiple centers have reported

mproved surgical survival with the use of this conduit when
ompared with historical controls.1,5

Hemodynamic evaluation outside of the immediate post-
perative period of infants undergoing S1R with an RV-PA
onduit has been limited. Maher and associates19 recently
escribed the comparative hemodynamic profiles of 24 in-
ants before S2R. This study demonstrated higher aortic
iastolic pressure, higher coronary perfusion pressure, and
arger pulmonary arteries in those patients who under-
ent reconstruction with an RV-PA conduit.19 Janusze-
ska and coworkers20 demonstrated increased pulmonary

rtery size in patients with an RV-PA conduit when
valuated echocardiographically or intraoperatively at
he time of S2R for a consecutive series of 78 patients
ho had undergone S1R with either an mBTS or RV-PA

onduit for HLHS.
Midterm and long-term ventricular performance is also a

oncern in those patients who undergo S1R with an RV-PA
onduit because of the need for a ventricular incision at the
ime of conduit placement. Tanoue and associates21 de-
cribe comparable ventricular performance, as assessed by
eans of echocardiography, at the time of S2R between

hunt types; however, after the S2R and total cavopulmo-
ary connection (S3R), ventricular contractility was found
o be inferior in those with an RV-PA conduit. Others
escribe improved early ventricular function in patients
ith RV-PA conduit, as assessed by means of strain Dopp-

er echocardiography.22

In the current study infants with an RV-PA conduit were
ounger and more hypoxemic at the time of S2R. They were
he same weight with less pulmonary blood flow, resulting
n a more balanced systemic and pulmonary blood flow with

comparative degree of medically treated heart failure as
hose infants with an mBTS. The differences between shunt
ypes did not appear to affect S2R hospitalization or inter-
tage death. The more balanced Qp/Qs ratio and increased
ypoxemia is consistent with that of others routinely using

5-mm RV-PA conduit.2-4,6 In our cohort less pulmonary v
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lood flow might be a result of more distortion of the
ulmonary arteries, as well as a smaller right pulmonary
rtery within this group as a whole.

Little is known about changes in pulmonary architecture
ith the use of the RV-PA conduit. Asymmetric pulmonary

rtery growth with left pulmonary artery narrowing has
een previously described.23 In the current study the pul-
onary arteries at the time of S2R catheterization appeared

tented,” or pulled forward, as the RV-PA conduit inserted
o the left of the neoaorta into the confluence of the branch
ulmonary arteries. This tenting resulted in a significant
mount of narrowing of the branch pulmonary arteries at the
nsertion point. This is supported by a recent report com-
aring the shunt types of patients undergoing S1R with use
f both shunt types.24 Stenoses were found to be more
evere, causing significant reduction in the pulmonary ar-
ery dimension in those patients who had an RV-PA con-
uit.24 In the current comparative study the positioning of
he shunt also appears to have influenced pulmonary artery
ize, resulting in preferential blood flow to the left pulmo-
ary artery.

There are limited data available on the effect of an
ncision in the single right ventricle for the placement of an
V-PA conduit on systemic ventricular function. We found,
y means of echocardiographic assessment, that patients
ith an RV-PA conduit at S1R had more ventricular dys-

unction at the time of S2R. These infants had ventricular
ysfunction during the interstage time interval because they
ad normal ventricular function at the time of initial pre-
entation and the time of hospital discharge after S1R.
anoue and associates21 evaluated the ventricular perfor-
ance (as assessed by means of evaluation of contractility),

fterload, and ventricular efficiency in a group of patients
ith HLHS who had undergone complete staged repair.
idterm or pre-S2R assessment was that there was no

ifference in ventricular efficiency; however, after S2R and
3R, contractility in patients who had previously undergone
alliation at the time of S1R with an RV-PA conduit was
nferior to that of patients who underwent S1R with a
BTS.21 The role of afterload reduction was underscored in

his study because contractility might have decreased, but
entricular efficiency remained unchanged because the af-
erload of the ventricle had also been reduced. Nearly 80%
f patients treated with an RV-PA conduit at S1R are
urrently on afterload reduction compared with 50% of
atients with an mBTS.

Survival was similar between shunt types at a median of
9 months’ follow-up. It is plausible to postulate that al-
hough there is improved coronary perfusion between S1R
nd S2R that might be protective in regard to interstage
eath, its effect on long-term protection of ventricular func-
ion might not be enough to overcome the effects of the

entricular incision.
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This study is limited by a nonrandomized patient popu-
ation, with possible uneven distribution of unrecognized
reoperative risk factors between shunt groups. It is a recent
tudy group, and important late outcomes, such as arrhyth-
ia, sudden death, and ventricular dysfunction, might not

ave yet occurred. Finally, this study might not be powered
o evaluate small differences between comparison groups.

The ideal patient awaiting S2R is an infant of reasonable
eight with balanced systemic and pulmonary circulation,
ood ventricular function with minimal AVVR, minimal
emilunar valve regurgitation, and good-sized pulmonary
rteries. What this study has demonstrated is that there are
ifferences in the ventricular performance by means of
chocardiography, coronary perfusion pressure, degree of hyp-
xemia, amount of pulmonary blood flow by means of
emodynamic evaluation, and pulmonary artery growth be-
ween groups of infants who have undergone S1R with
ither an RV-PA conduit or mBTS. This study did not show
hat these differences translate into improved outcome for a
elect shunt strategy. This might be due to no actual differ-
nce in outcome between shunt types, the limitation of a
onrandomized patient population, or insufficient numbers
f patients to demonstrate a meaningful difference between
hunt strategies. The limited, current follow-up data would
uggest that infants with an RV-PA conduit at the time of
1R who present with ventricular dysfunction at the time of
2R do not appear to recover function with unloading of the
entricle with S2R. It is unclear whether the long-term
utcome of infants undergoing reconstruction with this type
f pulmonary blood flow will be better than that currently
xperienced by infants who underwent S1R with an mBTS.
his underscores the need for continued follow-up and
ritical analysis of data acquired in the ongoing randomized
linical trial of these 2 surgical strategies for the treatment
f HLHS.
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