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

Methods: We retrospectively reviewed the echocardiograms, catheterizations, and
hospital records of all patients who had a stage 1 reconstruction between January
2002 and May 2005 and performed a cross-sectional analysis of hospital survivors.

Results: One hundred seventy-six patients with hypoplastic left heart syndrome and
variants underwent a stage 1 reconstruction with either a right ventricle—pulmonary
artery conduit (n = 62) or a modified Blalock—Taussig shunt (n = 114). The median
duration of follow-up is 29.1 months (range, 0-57 months). By means of Kaplan—
Meier analysis, there is no difference in survival at 3 years (right ventricle—
pulmonary artery conduit: 73% [95% confidence limit, 59%—83%] vs modified
Blalock—Taussig shunt: 69% [95% confidence limit, 59%-77%]; P = .6). One
hundred twenty-four patients have undergone stage 2 reconstruction (78 modified
Blalock-Taussig shunts and 46 right ventricle—pulmonary artery conduits). At the
time of the stage 2 reconstruction, patients with right ventricle—-pulmonary artery
conduits were younger (153 days [range, 108 —340 days]; modified Blalock—Taussig
shunt, 176 days [range, 80-318 days]; P = .03), had lower systemic oxygen
saturation (73% [range, 58%—85%] vs 77% [range, 57%—89%], P < .01), and had
higher 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
shunt group. By means of echocardiographic evaluation, there was a higher inci-
dence of qualitative ventricular dysfunction in patients with right ventricle—pulmo-
nary artery conduits (14/46 [31%] vs 9/73 [12%], P = .02). However, no difference
was observed in common atrial pressure or the arteriovenous oxygen difference.

Conclusion: Interim analyses suggest no advantage of one shunt type over another.
This report raises concern of late ventricular dysfunction and outcome in patients
with a right ventricle—pulmonary artery conduit.

variants require staged surgical reconstruction to palliate the anatomic abnor-

malities. Stage 1 reconstruction (S1R) includes aortic arch reconstruction,
anastomosis of the proximal main pulmonary artery with the ascending aorta,
ligation of the distal main pulmonary artery, atrial septectomy, and provision of a
source of pulmonary blood flow. Recently, an alternative strategy to S1R has
become popularized: replacing the modified Blalock—Taussig shunt (mBTS) with a
right ventricle—pulmonary artery (RV-PA) conduit as the source of pulmonary blood
flow." The theory behind this modification is that the use of the RV-PA conduit will

In the absence of transplantation, hypoplastic left heart syndrome (HLHS) and its
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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
SIR = stage 1 reconstruction
S2R = stage 2 reconstruction
S3R = stage 3 reconstruction

result in less diastolic runoff into the pulmonary vasculature
and therefore improved coronary and myocardial perfusion.
Several case series using the mBTS as a historical control
have documented improved S1R early outcome with the use
of the RV-PA conduit.>® However, other case series using
both contemporary and historical controls have not found
significant differences in early survival with the use of the
RV-PA conduit.”” Most recently, contemporary compari-
son of the immediate hemodynamics after SIR with both
shunt types in a randomized study did not demonstrate
benefit of one shunt type versus the other.'”

Using contemporary controls, we recently demonstrated
no difference in surgical mortality, time to extubation, or
length of hospital stay in 149 infants undergoing S1R for
HLHS or variants palliated with either an mBTS or an
RV-PA conduit.® We undertook the current study to com-
pare the midterm hemodynamics and outcomes for the 2
shunt strategies at stage 2 reconstruction (S2R). The current
study objectives include defining the difference between the
2 shunt groups with regard to (1) preoperative hemody-
namic parameters, as defined by cardiac catheterization and
echocardiography; (2) angiographic pulmonary artery size
and architecture at the S2R; (3) age and degree of illness (as
defined by anticongestive medication use, use of home
oxygen, and tube feedings) at the time of S2R; and (4) stage
2 morbidity and mortality.

Materials and Methods

This study is a cross-sectional case series including all patients
who underwent an SIR for HLHS or variants at The Children’s
Hospital of Philadelphia between January 1, 2002, and May 1,
2005 (n = 176), with attention paid to S1R hospital survivors (n =
138). This is a consent-waived study approved by The Children’s
Hospital of Philadelphia Institutional Review Board. Sources of
information included the hospital medical records, the cardiac
center and cardiac intensive care databases, records and reports
provided by referring cardiologists, and pertinent information ob-
tained from the parents on telephone interview.

We reviewed the initial, pre-S2R and pre—stage 3 reconstruc-
tion (S3R) echocardiographic reports of the study patients. Qual-
itative measurements of systolic ventricular function, atrioventric-
ular valve regurgitation (AVVR), and neoaortic valve regurgitation
were recorded.

TABLE 1. Single-ventricle anatomy among patients with
stage 1 reconstruction shunt surgical technique

BTS RV-PA P

Cardiac anatomy (n = 114) (n =62) value

Usual hypoplastic left heart 75 (66%) 54 (87%)  .004
syndrome

Malaligned atrioventricular 12(10.5%)  4(6.5%) .53
canal defect

Double-outlet right ventricle 9 (8%) 3(49%) .65
with mitral or aortic stenosis

Single left ventricle 6 (5%) 1(1.6%) .16

Other* 12 (10.5%) 0 .01

Data are counts and percentages within groups. Comparison is with the x?
test. BTS, Blalock-Taussig shunt; RV-PA, right ventricle—pulmonary artery
conduit. *Nine cases of double-inlet left ventricle with transposition of the
great arteries and aortic stenosis or interrupted aortic arch, 1 interrupted
aortic arch with aortic stenosis and ventricular septal defect, 1 tricuspid
stenosis with transposition of the great arteries, and 1 L-transposition of
the great arteries with aortic stenosis and single left ventricle.

Oximetry, hemodynamic, and angiographic data were obtained
at cardiac catheterization before S2R after achievement of con-
scious sedation or general anesthesia. Measured data included
venous and arterial saturations, common atrial pressure, pulmo-
nary artery pressure or pulmonary venous wedge pressure, and
aortic pressure. Calculated data included arteriovenous oxygen
difference and coronary perfusion pressure. Angiographic mea-
surements were obtained from the anteroposterior or anterior
oblique projections offline by a single observer to assess branch
pulmonary artery anatomy and growth. The Nakata index was
calculated as previously described.!' The narrowest portion of the
proximal branch pulmonary artery within 1 cm of the shunt inser-
tion was measured by using standard offline techniques and com-
pared with the vessel diameter just before the take-of the lobar
branches to assess pulmonary artery stenosis. The ratio of these 2
measurements was used as a measure of severity of pulmonary
artery stenosis and was graded as follows: moderate-to-severe
stenosis, ratio less than 0.65; mild stenosis, ratio 0.66 to 0.85; and
no stenosis, ratio greater than 0.85. The appearance of the branch
pulmonary arteries was also recorded to ascertain the degree of
pulmonary artery distortion qualitatively. The appearance was
graded as follows: normal, diffusely narrowed, or discretely nar-
rowed at the shunt or conduit insertion.

The operative technique for SIR has been previously de-
scribed.® There was a surgical preference for the use of the RV-PA
conduit in aortic atresia and the mBTS for lesions with a single left
ventricle (Table 1). S2R consisted of either a bidirectional Glenn
or hemi-Fontan procedure. Patients with bilateral superior vena
cavae underwent either the bilateral bidirectional Glenn procedure
or the right hemi-Fontan and left bidirectional Glenn procedure.
The selection of a bidirectional Glenn or hemi-Fontan procedure
was at the discretion of the surgeon. Patients with heterotaxy
syndrome with interrupted inferior vena cavae underwent the Ka-
washima procedure. Additional procedures, such as tricuspid valve
annuloplasty or valvuloplasty, were documented. Age and size at
S2R and comparative operative data, including additional cardiac
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. . Figure 1. Patient distribution and out-
Surgical Mortality S1R (176) Surgical Mortality come after stage 1 reconstruction. *Two
(18%) (16%) patients underwent other palliative pro-
cedures. STR, Stage 1 reconstruction;
mBTS (114) RV-PA (62) mBTS, modified Blalock-Taussig shunt;
RV-PA, right ventricle—pulmonary artery
conduit; S2R, stage 2 reconstruction.
w o]
Transplant (1) Transplant (1)
Interstage Death Interstage Death
13) “4)
Awaiting S2R (2) Awaiting S2R (1)
S2R (78) S2R (46)

operative procedures performed, cardiopulmonary bypass time,
aortic crossclamp time, and deep hypothermic circulatory arrest
(DHCA) time, were recorded. Postoperative data, including total
length of intubation, incidence of reintubation, and cardiac inten-
sive care unit and hospital lengths of stay, were also recorded.
Need for extracorporeal membrane oxygenation, cardiopulmonary
resuscitation, reoperation, or cardiac catheterization before dis-
charge or listing for transplantation were documented. Other peri-
operative morbid events, including placement of chest tubes, post-
operative seizures, and wound infections, were documented. The
incidence of rehospitalization was obtained to assess the postdis-
charge morbidity. The indications for admission, length of stay,
invasive procedures performed, and outcome were ascertained
from the medical records or from the parents directly. Other
operative procedures, including bronchoscopy, tracheostomy, and
gastrostomy tube placement, were documented as well.

Data are presented as medians (ranges) or means (* standard
deviation) for continuous variables and as a count and percentage
for dichotomous variables. Continuous variables were compared
by using the Mann-Whitney test and the Student ¢ test. The Fisher
exact test and x* analyses were used for dichotomous and cate-
goric variables. Kaplan—Meier survival curves using a composite
end point of death or transplantation were stratified by shunt type.
All data were analyzed by using STATA 8.0 software (STATA
Corp, College Station, Tex).

Results

Patient Population

There were 176 patients who underwent SIR for HLHS or
variants. An mBTS was placed in 114 patients, and an
RV-PA conduit was placed in 62 patients (Figure 1). Pa-

tients with aortic atresia were more likely to get an RV-PA
conduit (mBTS, 30%; RV-PA, 70%; P = .01). Anatomic
subtypes are described in Table 1. Surgical mortality (death
at less than 30 days postoperatively or before hospital
discharge) was similar between the 2 groups (mBTS, 20/
114; RV-PA, 10/62; P = .81) for SIR. Of the 146 S1R
survivors, 124 have undergone S2R (mBTS, 78/94; RV-PA,
46/52; P = .33). Four patients have undergone other pal-
liative procedures (mBTS, 2/94; RV-PA, 2/52; P = .74),
and 1 patient is awaiting S2R (Figure 1). Other palliative
procedures included transplantation and additional shunt
placement. Interstage death, defined as death after hospital
discharge from SIR but before S2R, accounts for the re-
maining 17 patients. No significant difference in the inci-
dence of interstage death between shunt types (mBTS, 13/
94; RV-PA, 4/52; P = .4) was found.

Preoperative Morbidity

There was no difference in medication use or in the occur-
rence of supplemental nasogastric or gastric tube feedings
(Table 2). Significantly more infants in the RV-PA conduit
group required home oxygen than did infants with an mBTS
shunt (29/46 vs 5/81, P = .04) and presented with higher
hemoglobin levels at the time of cardiac catheterization
(15.8 g/dL [range, 13-20 g/dL] vs 14.8 g/dL [range, 12-19
g/dL], P = .01). At the time of S2R, infants in the RV-PA
conduit group were younger (RV-PA: 153 days [range,
108-340 days] vs mBTS: 187 days [range, 80-489 days],
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TABLE 2. Medication, home oxygen, and supplemental
feeding use bhefore stage 2 reconstruction

mBTS RV-PA P
(n=281) (n=46) value
Medications
Digoxin 33(41%) 13 (28%) .15
ACE-| 35(43%) 15(33%) .14
Diuretic 59 (73%) 30(65%) .19
Anticoagulant 74(91%) 40(87%) .32
H, blocker/metoclopramide 37(46%) 25(54%) .36
(Reglan)
Spironolactone (Aldactone) 8(10%)  1(2%) .15
Other* 20 (25%) 10(22%) .83
Use of =3 medications 45 (56%) 23 (50%) .68
Home oxygen 5(6%) 9(20%) .03
Nasogastric/gastric tube feedings 23 (28%) 11(24%) .37

mBTS, Modified Blalock-Taussig shunt; RV-PA, right ventricle—pulmonary
artery conduit; ACE, angiotensin-converting enzyme. *Amiodarone, diaz-
epam, ferrous sulfate, levothyroxine, methadone, phenobarbital, potassium
chloride, and budesonide (Pulmicort).

P = .03) compared with the mBTS group but did not differ
in size as measured by weight at the time of surgical
intervention (RV-PA: 6.1 = 1.1 kg vs mBTS: 6.2 = 1.2 kg,
P = .62) or by body surface area (RV-PA: 0.31 = 0.04 m>
vs mBTS: 0.31 + 0.04 m?, P = .9). Both surgical and
transcatheter shunt interventions were more common in the
RV-PA conduit group (surgical: mBTS, 12/114; RV-PA,
13/62; P = .06; transcatheter: mBTS, 6/114; RV-PA, 9/62;
P = .04) compared with the mBTS group. There was no
difference 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.

Preoperative Echocardiographic Data

Preoperative ventricular systolic function was significantly
different between shunt types. Qualitative moderate-to-
severe systolic ventricular dysfunction was present in 31%
of patients in the RV-PA group in comparison with 12% in
the mBTS group (P = .03). A similar incidence of moderate-
to-severe tricuspid regurgitation was found between the 2
groups. Significant neoaortic regurgitation was uncommon.

Preoperative Cardiac Catheterization Data

There were consistent and significant differences in aortic
saturation, diastolic arterial pressure, and coronary perfu-
sion pressure between shunt types at the pre-S2R catheter-
ization (Table 3). There was no significant difference be-
tween the 2 groups with respect to mixed systemic venous
saturation obtained in the superior vena cava, arteriovenous
oxygen difference, common atrial pressure, or pulmonary
artery pressure (Table 3). The calculated Qp/Qs ratio was
significantly higher in those patients with an mBTS (mBTS,
1.7 £ 0.86; RV-PA, 1.3 = 0.69; P = .025).

TABLE 3. Pre-stage 2 reconstruction catheterization data

mBTS RV-PA P
(n = 78) (n = 46) value
Aortic saturation (%) 77 (57-89) 73 (58-85) <.01
Superior vena cava 50 (30-66) 47 (26-63) .15
saturation (%)
AVo, difference 28 (7-50) 28 (15-50) .54
Aortic systolic BP (mm Hg)  91(68-135) 92 (56-132) 7
Aortic diastolic BP (mm Hg) 40 (20-57) 48 (29-60) <.01
Coronary perfusion 31 (12-47) 39 (21-53) <.01
pressure (mm Hg)
Common atrial pressure 8 (3-15) 8 (4-14) .79
(mm Hg)
PAP or PVWP (mm Hg) 15 (8-22) 14 (10-25) .30
Qp/Qs 1.6 (0.47-4.6) 1.3(0.19-36) .03
LPA diameter (mm) 58(2.7-11.8) 7(42-11.8) .01
RPA diameter (mm) 6.2 (2.7-12.3) 6.1(1.9-9.7) .39

Data are reported as medians (ranges). mBTS, Modified Blalock-Taussig
shunt; RV-PA, right ventricle—pulmonary artery conduit; AVo, arterio-
venous oxygen; BP, blood pressure; PAP, pulmonary artery pressure;
PVWP, pulmonary venous wedge pressure; LPA, left pulmonary artery;
RPA, right pulmonary artery.

By means of angiography, there were differences in
pulmonary artery size, degree of stenosis, and degree of
distortion both within the RV-PA group and between shunt
types. The left pulmonary artery was significantly larger
than the right pulmonary artery within the RV-PA group
(left pulmonary artery, 7.04 = 1.8 mm; right pulmonary
artery, 5.99 £ 2 mm; P = .01), as well as being significantly
larger than the left pulmonary artery in the mBTS group
(mBTS, 6.17 = 1.8 mm; RV-PA, 7.04 £ 1.§ mm; P = .01).
Between shunt types, there was moderate or severe right
pulmonary artery stenosis (mBTS, 23%; RV-PA, 46%; P =
.004) more frequently, as well as more frequent long-segment
pulmonary artery hypoplasia or distortion at the shunt in-
sertion site in the RV-PA conduit group (mBTS, 36%;
RV-PA, 58%; P = .005) compared with the mBTS group.

There were 5 deaths (1 surgical and 4 nonsurgical) in the
RV-PA conduit group and 4 deaths (3 surgical and 1 non-
surgical) in the mBTS group after S2R (P = .47). A total of
4 patients were listed for heart transplantation after S2R, 3
in the RV-PA group and | in the mBTS group. Of the 3
from the RV-PA group, 2 underwent transplantation and 1
died of sepsis while listed for transplantation.

S2R Morbidity

S2R consisted of the bidirectional Glenn or hemi-Fontan
procedure for all, with the exception of 3 patients who
underwent the Kawashima procedure and 12 patients who
underwent bilateral bidirectional Glenn or right sided hemi-
Fontan and left bidirectional Glenn procedures because of
bilateral superior vena cavae. Ten patients underwent tri-
cuspid valvuloplasty at the time of S2R (mBTS, 4/73;
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TABLE 4. Morbidity and mortality data by shunt type after
stage 2 reconstruction

mBTS RV-PA P
(n=73) (n = 46) value
Time to extubation (d) 0(0-79) 0(0-8) .80

No. of failed first extubations 7 2 .62

Cardiac ICU length of stay (d) 3(1-100) 4 (0-40) 1
Hospital length of stay (d) 5 (2-100) 6 (2-60) .09
Sternal wound infection 6 3 .92
Postoperative seizures 5 4 .64
Listed for heart transplantation 1 3 .30
Death (surgical and late) 4 5 A7

mBTS, Modified Blalock-Taussig shunt; RV-PA, right ventricle—pulmonary
artery conduit; /CU, intensive care unit.

RV-PA, 6/46; P = .27). Cardiopulmonary bypass, cross-
clamp, and DHCA times for S2R were not statistically
different between shunt types. DHCA was used in 63% of
the patients (mBTS, 41/73; RV-PA, 34/46; P = .08).

There was no difference in the time to initial extubation,
with the majority of the patients in both groups extubated on
the day of surgical intervention. Seven patients in the mBTS
group failed the first attempted extubation in comparison
with 2 patients in the RV-PA group. There was no differ-
ence in the intensive care unit or hospital length of stay after
S2R between groups (Table 4). Pleural effusion requiring
chest tube placement occurred in 4 patients in the RV-PA
group and 12 patients in the mBTS group during the surgi-
cal hospitalization. A total of 9 patients underwent cardiac
catheterization before discharge. Of those with prior RV-PA
conduits, 2 of the 5 patients underwent hemodynamic stud-
ies only, and 4 underwent pulmonary artery angioplasty or
placement of a stent within 1 or both pulmonary arteries.
Aortopulmonary collateral arteries were coil occluded in 2
patients and a venous decompressing vein was coil occluded
in 1 patient in the mBTS group. Other morbidities included
the use of extracorporeal membrane oxygenation with sub-
sequent decannulation and listing for heart transplantation
in 1 patient in the mBTS group, 9 patients with seizures
postoperatively, 9 patients with superficial or deep wound
infection (Table 4), and 1 patient in the mBTS group with
alanine and aspartate aminotransferase levels of greater than
1000 mg/dL.

Follow-up

Twenty-two patients with mBTS and 11 patients with
RV-PA conduits had a total of 58 documented readmissions
after discharge from S2R. Of the 21 readmissions in the
RV-PA conduit group, 11 were for cardiac indications. Six
patients were rehospitalized for poor ventricular function, of
whom 2 underwent transplantation and 5 had pleural effu-
sions that required drainage. Other indications for readmis-
sion included tracheitis in 2 patients with tracheostomies,

Freedom from Death or Transplantation by Procedure Type
Median Age at Follow-Up= 29.1 Months
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Figure 2. Kaplan—Meier freedom from death or transplantation
after stage 1 reconstruction by shunt type. mBTS, Modified
Blalock-Taussig shunt; RV-PA, right ventricle-pulmonary artery
conduit.

other infection in 5 patients, and dehydration in 1 patient.
The median length of stay was 6 days (range, 1-132 days).
Twenty of the 37 readmissions in the mBTS group were for
cardiac indications. Nine readmissions were for poor ven-
tricular function, 7 for pleural effusions that required drain-
age, and there were readmissions for 2 patients with medi-
astinitis who required surgical debridement. One patient
accounted for 10 readmissions in this group; however, 8
admissions were related to therapy for concurrent neuro-
blastoma. The median length of stay for readmissions in this
group was 4 days (range, 1-70 days).

The median length of follow-up is 29.1 months and is not
different between groups. Overall survival and freedom
from death or transplantation by means of Kaplan—-Meier
analysis are no different between groups (Figure 2). To date,
58 patients have subsequently undergone S3R (mBTS, 40/
78; RV-PA, 18/46). There have been 2 deaths after S3R,
both in the mBTS group. As determined by means of
echocardiography at the time of S3R, ventricular function
was moderately or severely decreased in 11% of patients
who initially underwent SIR with an RV-PA conduit in
comparison with 2.5% of patients who had an mBTS at SIR
(mBTS, 1/40; RV-PA, 2/18; P = .3). Significant AVVR and
neoaortic regurgitation tended to be more common in pa-
tients in the RV-PA conduit group compared with in the
mBTS group (AVVR: mBTS, 8/40; RV-PA, 8/18; P = .1;
neoaortic regurgitation: mBTS, 3/40; RV-PA, 5/18; P = .1).
Of all patients currently alive, 34% receive ancillary ser-
vices, such as occupational, physical, or speech therapy, and
33% have gross motor delays, speech delays, or both, as
reported by parents. Thirty-five percent of this same cohort
routinely requires evaluation by other subspecialists, includ-
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ing neurology, otolaryngology, gastroenterology, and gen-
eral surgery. The use of ancillary services is similar between
shunt types.

Discussion

Multiple factors have resulted in improved survival among
infants born with functional single-ventricle lesions. These
factors include surgical modifications, improved surgical
technique, modifications to preoperative and postoperative
care, and a better understanding of the cardiac physiology of
a single-ventricle patient undergoing surgical reconstruc-
tion."?!” The most recent modification is the use of an RV-PA
conduit. This technique was first described by Norwood and
colleagues'® in the early 1980s but was abandoned in favor of
a systemic to pulmonary shunt. Multiple centers have reported
improved surgical survival with the use of this conduit when
compared with historical controls.'*

Hemodynamic evaluation outside of the immediate post-
operative period of infants undergoing S1R with an RV-PA
conduit has been limited. Maher and associates'® recently
described the comparative hemodynamic profiles of 24 in-
fants before S2R. This study demonstrated higher aortic
diastolic pressure, higher coronary perfusion pressure, and
larger pulmonary arteries in those patients who under-
went reconstruction with an RV-PA conduit.'® Janusze-
wska and coworkers?® demonstrated increased pulmonary
artery size in patients with an RV-PA conduit when
evaluated echocardiographically or intraoperatively at
the time of S2R for a consecutive series of 78 patients
who had undergone S1R with either an mBTS or RV-PA
conduit for HLHS.

Midterm and long-term ventricular performance is also a
concern in those patients who undergo S1R with an RV-PA
conduit because of the need for a ventricular incision at the
time of conduit placement. Tanoue and associates®' de-
scribe comparable ventricular performance, as assessed by
means of echocardiography, at the time of S2R between
shunt types; however, after the S2R and total cavopulmo-
nary connection (S3R), ventricular contractility was found
to be inferior in those with an RV-PA conduit. Others
describe improved early ventricular function in patients
with RV-PA conduit, as assessed by means of strain Dopp-
ler echocardiography.?

In the current study infants with an RV-PA conduit were
younger and more hypoxemic at the time of S2R. They were
the same weight with less pulmonary blood flow, resulting
in a more balanced systemic and pulmonary blood flow with
a comparative degree of medically treated heart failure as
those infants with an mBTS. The differences between shunt
types did not appear to affect S2R hospitalization or inter-
stage death. The more balanced Qp/Qs ratio and increased
hypoxemia is consistent with that of others routinely using
a 5-mm RV-PA conduit.>*® In our cohort less pulmonary

blood flow might be a result of more distortion of the
pulmonary arteries, as well as a smaller right pulmonary
artery within this group as a whole.

Little is known about changes in pulmonary architecture
with the use of the RV-PA conduit. Asymmetric pulmonary
artery growth with left pulmonary artery narrowing has
been previously described.”® In the current study the pul-
monary arteries at the time of S2R catheterization appeared
“tented,” or pulled forward, as the RV-PA conduit inserted
to the left of the neoaorta into the confluence of the branch
pulmonary arteries. This tenting resulted in a significant
amount of narrowing of the branch pulmonary arteries at the
insertion point. This is supported by a recent report com-
paring the shunt types of patients undergoing S1R with use
of both shunt types.** Stenoses were found to be more
severe, causing significant reduction in the pulmonary ar-
tery dimension in those patients who had an RV-PA con-
duit.?* In the current comparative study the positioning of
the shunt also appears to have influenced pulmonary artery
size, resulting in preferential blood flow to the left pulmo-
nary artery.

There are limited data available on the effect of an
incision in the single right ventricle for the placement of an
RV-PA conduit on systemic ventricular function. We found,
by means of echocardiographic assessment, that patients
with an RV-PA conduit at SIR had more ventricular dys-
function at the time of S2R. These infants had ventricular
dysfunction during the interstage time interval because they
had normal ventricular function at the time of initial pre-
sentation and the time of hospital discharge after S1R.
Tanoue and associates®’' evaluated the ventricular perfor-
mance (as assessed by means of evaluation of contractility),
afterload, and ventricular efficiency in a group of patients
with HLHS who had undergone complete staged repair.
Midterm or pre-S2R assessment was that there was no
difference in ventricular efficiency; however, after S2R and
S3R, contractility in patients who had previously undergone
palliation at the time of SIR with an RV-PA conduit was
inferior to that of patients who underwent S1R with a
mBTS.?! The role of afterload reduction was underscored in
this study because contractility might have decreased, but
ventricular efficiency remained unchanged because the af-
terload of the ventricle had also been reduced. Nearly 80%
of patients treated with an RV-PA conduit at SIR are
currently on afterload reduction compared with 50% of
patients with an mBTS.

Survival was similar between shunt types at a median of
29 months’ follow-up. It is plausible to postulate that al-
though there is improved coronary perfusion between SIR
and S2R that might be protective in regard to interstage
death, its effect on long-term protection of ventricular func-
tion might not be enough to overcome the effects of the
ventricular incision.
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This study is limited by a nonrandomized patient popu-
lation, with possible uneven distribution of unrecognized
preoperative risk factors between shunt groups. It is a recent
study group, and important late outcomes, such as arrhyth-
mia, sudden death, and ventricular dysfunction, might not
have yet occurred. Finally, this study might not be powered
to evaluate small differences between comparison groups.

The ideal patient awaiting S2R is an infant of reasonable
weight with balanced systemic and pulmonary circulation,
good ventricular function with minimal AVVR, minimal
semilunar valve regurgitation, and good-sized pulmonary
arteries. What this study has demonstrated is that there are
differences in the ventricular performance by means of
echocardiography, coronary perfusion pressure, degree of hyp-
oxemia, amount of pulmonary blood flow by means of
hemodynamic evaluation, and pulmonary artery growth be-
tween groups of infants who have undergone S1R with
either an RV-PA conduit or mBTS. This study did not show
that these differences translate into improved outcome for a
select shunt strategy. This might be due to no actual differ-
ence in outcome between shunt types, the limitation of a
nonrandomized patient population, or insufficient numbers
of patients to demonstrate a meaningful difference between
shunt strategies. The limited, current follow-up data would
suggest that infants with an RV-PA conduit at the time of
S1R who present with ventricular dysfunction at the time of
S2R do not appear to recover function with unloading of the
ventricle with S2R. It is unclear whether the long-term
outcome of infants undergoing reconstruction with this type
of pulmonary blood flow will be better than that currently
experienced by infants who underwent S1R with an mBTS.
This underscores the need for continued follow-up and
critical analysis of data acquired in the ongoing randomized
clinical trial of these 2 surgical strategies for the treatment
of HLHS.
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