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Forward Flow Through the Pulmonary Valve After
Bidirectional Cavopulmonary Shunt Benefits
Patients at Fontan Operation
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Background. The impact of additional pulmonary for-
ward flow (APF) through the pulmonary valve at the time
of bidirectional cavopulmonary shunt (BCPS) is unknown.

Methods. Between 2000 and 2010, 276 patients had
BCPS and 126 of them were selected, including 60 pa-
tients with APF via pulmonary valve and 66 patients, in
whom the pulmonary valve was closed. We compared the
length of hospital stay and duration of pleural drainage at
BCPS and Fontan operations. We also compared the
number of surgical interventions before BCPS, the
number of operations between BCPS and Fontan opera-
tion, Nakata index prior to Fontan operation, grade of
atrioventricular valve regurgitation (AVVR), and oxygen
saturations prior to Fontan operation.

Results. Prior to BCPS, 20% (12 of 60) of patients with
APF and none without APF had pulmonary artery (PA)
banding. More patients without APF had systemic-to-PA
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shunts (p < 0.01). Fontan operation was completed in 58%
(35 of 60) of patients with APF and in 68% (45 of 66) of
patients without APF (p [ 0.34). There was no difference
in the length of hospital stay or duration of pleural
drainage at BCPS. No significant difference was observed
in the number of surgical procedures between BCPS and
Fontan operation, grade of AVVR or oxygen saturations
before Fontan operation. Children with APF had a higher
Nakata index (p[ 0.02) prior to Fontan operation, shorter
duration of pleural drainage (p [ 0.009) and shorter
hospital stay (p [ 0.009) after Fontan operation.
Conclusions. Children with APF at BCPS had better

developed PAs, shorter duration of pleural drainage, and
shorter hospital stay after Fontan operation.

(Ann Thorac Surg 2015;100:1390–7)
� 2015 by The Society of Thoracic Surgeons
he impact of leaving the additional pulmonary for-
Tward flow (APF) across the stenosed pulmonary valve
at the time of bicaval pulmonary artery shunt (BCPS)
remains unknown [1–5]. The BCPS with APF may
potentially prolong duration of pleural effusion, increase
the ventricular volume overload and atrioventricular
valve regurgitation. On the other hand, BCPS with APF
may increase oxygen saturations, enhance the growth of
pulmonary arteries, and preclude development of arte-
riovenous fistula in the lung by exposing the lung with
the hepatic venous flow. Although previous papers [3, 4]
suggested that BCPS with APF is not associated with
adverse outcomes, the impact of APF on patients with
BCPS undergoing Fontan operation is not clear. This
retrospective study was undertaken to assess the impact
of the APF in patients operated at a single institution.
Patients and Methods

A retrospective study of 276 patients was done to review
those who underwent BCPS with or without APF from
2000 to 2010. This study was approved by the Ethics
Committee of The Royal Children’s Hospital. Patient
consent was waived because of the retrospective nature of
the study.
Patients who had a Kawashima operation (n ¼ 5),

Damus-Kaye-Stansel anastomosis or Norwood operation
(n ¼ 123), or Ebstein anomaly repair (n ¼ 3), one and a
half circulation (n ¼ 5), and others (n ¼ 12) were excluded.
Two additional patients were excluded because they were
adults at the time of BCPS; aged 32 and 37 years. Thus,
126 children were selected in the study, including 60
children with APF and 66 children without APF at the
time of BCPS (Fig 1). An extracardiac Fontan operation
was performed as previously described [6]; the main
The Appendix can be viewed in the online version of
this article [http://dx.doi.org/10.1016/j.athoracsur.2015.
05.041] on http://www.annalsthoracicsurgery.org.
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Fig 1. Patient cohort.
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pulmonary artery (PA) was closed at the time of Fontan if
it remained.

Statistics
Patient characteristics were summarized using mean,
standard deviation, median, minimum, and maximum for
continuous variables, and counts and percentages for
categoric variables. The Fisher exact test was used to
compare categoric outcomes between the BCPS with for-
ward flow and BCPS without forward flow groups. Due to
the non-normal distribution of most of the continuous
outcomes, the log and log-log transformationswereused to
normalize the distribution in order to apply the t test. The
Wilcoxon rank sum test was also used to comparemedians
on non-transformed data to obtain mean estimates of the
difference between the 2 groups inNakata (PA) index prior
to the Fontan operation. The duration of drainage and
length of hospital stay after Fontan operation were also
compared. Generalized estimating equation (GEE)models
were applied due to the non-normal distribution of those
variables. The GEE models are similar to regression
models and are usually adopted for longitudinal and
dependent data and do not assume normality of the data
for continuous outcomes. The GEE can also be applied to
non-longitudinal data and allow for covariate adjustment
in the estimates of mean difference between the 2 groups.
Overall survival was estimated using the Kaplan-Meier
method and was measured from the date of BCPS to
death due to any cause. Survival for subjects whowere still
alive at the date of last follow-up was censored. The log-
rank test was used to compare overall survival between
the 2groups.All analyseswereperformed inRversion3.1.2
(R Foundation for Statistical Computing, Vienna, Austria).
Results

Median age at BCPS was 1 year (range, 0.14 to 14.7) in
patients with APF and 0.85 year (range, 0.14 to 14.7) in
patients without APF (p ¼ 0.33). Between the 2 groups
there were differences in the distribution of diagnoses:
pulmonary atresia and intact ventricular septum with 0%
(0 of 60) in patients with APF versus 26% (17 of 66) in
patients without APF (p < 0.001) and pulmonary stenosis
with 35% (21 of 60) in patients with APF versus 18% (12 of
66) in patients without APF (p ¼ 0.042) (Table 1). Median
number of surgeries prior to BCPS was lower in patients
with APF (Table 2): 0, 0 in 52% (31 of 60); 1 in 27% (16 of
60); 2 in 20% (12 of 60); 3 in 2% (1 of 60), as compared to
patients without APF: 0 in 11% (7 of 66); 1 in 55% (36 of
66); 2 in 29% (19 of 66); and 3 in 6% (4 of 66) (p < 0.001).
Before BCPS, children without APF more often had
Blalock-Taussig shunts (BTS) (64% [42 of 66] vs 20% [12 of
60], p < 0.001) and central shunts (23% [15 of 66] vs 5% [3
of 60], p ¼ 0.005). Some children (13%, 9 of 66) in a group
of BCPS without APF did not have any palliative shunts
prior to the BCPS and had the main pulmonary artery
divided at the time of BCPS. The BCPS with APF had
more pulmonary artery banding (20% [12 of 60] vs 0% [0
of 66], p < 0.001).
Median age at Fontan (5.4 years [range, 3.8 to 16.7] vs

5.3 years [range, 3.1 to 14.0], p¼ 0.33), interval period from
BCPS to Fontan (4.1 years [range, 0 to 11.8] vs 4.4 years
[range, 1.9 to 12.1], p ¼ 0.95), and Fontan completion rate
(58% [35 of 60] vs 68% [45 of 66], p ¼ 0.34) were not
different between the 2 groups.

Mortality and Morbidity From BCPS to Fontan
Operation
There was no significant difference between the 2
groups in freedom from death (Table 3, Fig 2). Among
patients in the with APF group, there was 1 death. The
patient, who had a diagnosis of double outlet right
ventricle, had received an orthotopic heart transplant 3
years after the BCPS and died 5 years after the BCPS.
Three children died in the children without APF group.
Two patients died 7 days and 8 days after the BCPS



Table 1. Patient Characteristics

Variable Statistic/Level BCPS With Forward Flow (n ¼ 60) BCPS Without Forward Flow (n ¼ 66) p Value

Sex Female 28 (47%) 21 (32%) 0.13
Male 32 (53%) 45 (68%)

Age at BCPS (years) Mean (SD) 2.2 (3.5) 1.2 (1.3) 0.12a

Median [range] 1.0 [0.1–14.7] 0.9 [0.1–8.5] 0.33
Fontan completion 35 (58%) 45 (68%) 0.34
Age at Fontan (years) Mean (SD) 6.4 (3.0) 5.7 (2.1) 0.28a

Median [range] 5.4 [3.8–16.7] 5.3 [3.1–14.0] 0.33
Interval between BCPS

and Fontan (years)
Mean (SD) 4.5 (1.9) 4.6 (1.7) 0.82

Median [range] 4.1 [0–11.8] 4.4 [1.9–12.1] 0.95
Main diagnosis <0.001
TA 15 (25%) 12 (18%)
DILV 10 (17%) 4 (6%)
DORV 12 (20%) 7 (11%)
CAVSD 6 (10%) 9 (14%)
PA/IVS 0 (0%) 17 (26%) <0.001
Straddling AVV 0 (0%) 0 (0%)
Others 17 (28%) 17 (26%)
Dominant ventricle 0.16
LV dominant 36 (60%) 50 (76%)
RV dominant 16 (27%) 11 (17%)
Biventricular 8 (13%) 5 (8%)
Other diagnosis
Isomerism 5 (8%) 10 (15%) 0.4
Bilateral SVC 0 (0%) 1 (2%) 1
IVC interruption 0 (0%) 0 (0%) 1
Dextrocardia 4 (7%) 4 (6%) 1
Mesocardia 0 (0%) 0 (0%) 1
PS 21 (35%) 12 (18%) 0.042
Situs inversus 0 (0%) 0 (0%) 1
TGA 12 (20%) 10 (15%) 0.6
AV discordance 1 (2%) 0 (0%) 0.5

a Based on log transformed data.

AV discordance ¼ atrioventricular discordance; AVV ¼ atrioventricular valve; BCPS ¼ bidirectional cavopulmonary shunt; CAVSD ¼
complete atrioventricular septal defect; DILV ¼ double inlet left ventricle; DORV ¼ double outlet right ventricle; IVC ¼ inferior vena cava;
LV ¼ left ventricle; PA/IVS ¼ pulmonary atresia with intact ventricular septum; PS ¼ pulmonary stenosis; RV ¼ right ventricle; SVC ¼
superior vena cava; TA ¼ tricuspid atresia; TGA ¼ transposition of great arteries.
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despite temporal mechanical circulatory support due to
ventricular failure. One patient received a Berlin
EXCOR (Berlin Heart GmbH, Berlin, Germany) inser-
tion 2 years after the BCPS; however, this patient died 1
month later due to severe hypoxic cerebral injury. One
patient in BCPS with APF group had contraindication
for a Fontan operation due to high pulmonary artery
resistance.
Postoperative Course After BCPS
Median length of hospital stay after BCPS was not
different between the 2 groups; 6 days (range, 3 to 55) in
patients with APF versus 6 days (range, 3 to 142) in pa-
tients without APF (p ¼ 0.5) (Table 3). Prolonged pleural
effusion was seen in 8% (4 of 53) in children with APF and
in 12% (8 of 64) in children without APF (p ¼ 0.5).
Interim Status Before a Fontan Operation
The number of surgeries prior to a Fontan operation was
not different between the 2 groups (p ¼ 0.9) (Table 4).
Atrioventricular valve repair was done in 1 patient with
APF and in 4 patients without APF. Further tightening of
the pulmonary artery banding was done in 3 patients with
APF.
BCPS Takedown
The BCPS was taken down in 2 children without APF. The
first patient with the diagnosis of pulmonary atresia and
intact ventricular septum had prolonged chylous pleural
drainage and had repeated pleural drain insertions and a
pleural decortication. To resolve the pleural effusion, the
BCPS was taken down and the patient underwent a right
modified Blalock-Taussig (BT) shunt. Two years after this



Fig 2. Kaplan-Meier of freedom from death after bidirectional cav-
opulmonary shunt (BCPS) between patients with additional pulmo-
nary forward (APF) and without APF.

Table 2. Surgeries Prior to Bidirectional Cavopulmonary
Shunt (BCPS)

Variable
BCPS With

Forward Flow
BCPS Without
Forward Flow p Value

BTS 12 (20%) 42 (64%) <0.001
Central shunt 3 (5%) 15 (23%) 0.005
PAB 12 (20%) 0 (0%) <0.001
BAS 9 (15%) 10 (15%) 1
PA plasty 1 (2%) 4 (6%) 0.4
Arch repair 1 (2%) 1 (2%) 1
PDA ligation 2 (3%) 1 (2%) 0.6
CoA repair 1 (2%) 0 (0%) 0.5
AVV repair 1 (2%) 0 (0%) 0.5
TAPVD repair 0 (0%) 2 (3%) 0.5
ECMO 0 (0%) 2 (3%) 0.5
Plication of diaphragm 0 (0%) 1 (2%) 1
Total number of surgeries
None 31 (52%) 7 (11%) <0.001
1 16 (27%) 36 (55%)
2 12 (20%) 19 (29%)
3 1 (2%) 4 (6%)
Median [range] 0 [0–3] 1 [0–3] <0.001

AVV ¼ atrioventricular valve; BAS ¼ balloon atrial septostomy;
BTS ¼ Blalock-Taussig shunt; CoA ¼ coarctation of aorta;
ECMO ¼ extracorporeal membrane oxygenation; PA ¼ pulmonary
artery; PAB ¼ pulmonary artery banding; PDA ¼ patent ductus
arteriosus; TAPVD ¼ total anomalous pulmonary venous drainage.

Table 4. Interim Status Before Fontana

Variable

BCPS
With
APF

(n ¼ 35)

BCPS
Without
APF

(n ¼ 45)
p

Value
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a BCPS was performed again on the right PA and a
central shunt was placed on the left PA. Eventually, a
Fontan procedure was completed and the PA was
reconstructed with a GoreTex tube (W. L. Gore & Asso-
ciates, Inc, Flagstaff, AZ) between hilum to hilum [7]. The
second patient, who had a diagnosis of tricuspid atresia,
Table 3. Postoperative Course After Bidirectional
Cavopulmonary Shunt (BCPS)

Variable
Statistic/
Level

BCPS With
Forward
Flow

BCPS
Without
Forward
Flow

p
Value

Number of patients
with data

53 64

Prolonged pleural
effusion/chylothorax

4 (8%) 8 (12%) 0.5

LOS after BCPS (days) Mean (SD) 9.4 (10.3) 10.6 (19.1) 0.7a

Median
[range]

6 [3–55] 6 [3–142] 0.5

Number of patients
hospitalized more
than 10 days

9 (17%) 10 (16%) 1

Number of deaths 1 (1.7%) 4 (3%) 0.2

a Based on log-log transformation.

AVV ¼ atrioventricular valve; BCPS ¼ bidirectional cavopulmonary
shunt; LOS ¼ length of stay.
pulmonary atresia, and ventricular septal defect with
hypoplastic right ventricle, developed desaturation. The
BCPS was taken down and a modified BT shunt was
placed into the right PA. At 4 years old, the superior vena
cava was connected to the right PA again and the small
left PA was separated and an additional central shunt was
placed into it. This patient is awaiting pre-Fontan
catheterization.
Number of surgeries
between BCPS
and Fontan

0 30 (86%) 39 (87%) 0.9
1 4 (11%) 4 (9%)
2 1 (3%) 2 (4%)

AVVR before Fontan
None/trivial 26 (74%) 27 (60%) 0.4
Mild 6 (17%) 13 (29%)
Moderate 3 (9%) 5 (11%)
Severe 0 (0%) 0 (0%)

SatO2 (%) before Fontan
Mean (SD) 81.7 (5.4) 79.9 (5.5) 0.16
Median [range] 82 [68–90] 81 [69–90] 0.14
Missing 1 4

PA pressure (mm Hg) before
Fontan

Mean (SD) 11.7 (2.02) 11.5 (1.79) 0.90
Missing 15 1

a Based on log transformation.

APF ¼ additional pulmonary forward; AVVR ¼ atrioventricular valve
regurgitation; BCPS ¼ bidirectional cavopulmonary shunt; PA ¼
pulmonary artery; SatO2 ¼ oxygen saturation.



Fig 3. Nakata index prior to Fontan operation. Histogram of distri-
bution of the numbers according to Nakata index prior to Fontan
operation in bidirectional cavopulmonary shunt (BCPS) with addi-
tional forward flow and without additional forward flow. (*Based on
log-log transformation.)
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Atrioventricular Valve Regurgitation Grade Before
Fontan Operation
The grade of atrioventricular valve regurgitation was
compared immediately prior to Fontan operation
(Table 4). There was no significant difference in the dis-
tribution of the regurgitation grade between the 2 groups
(p ¼ 0.4). Also, there was no severe regurgitation in both
groups. Moderate regurgitation was seen in 9% (3 of 35)
Table 5. Generalized Estimating Equation Models

Variable

Unadjus

Difference (95% CI)

Nakata (PA) index �51.4 (�94.1% to �8.6%
Drainage duration after Fontan (days) 5.9 (1.5% to 10.2%)
Hospital stay after Fontan (days) 7.3 (1.8% to 12.8%)

a Variables adjusted for: total number of surgeries prior to bidirectional cavopu
intact ventricular septum diagnosis. These variables were all significantly unb

CI ¼ confidence interval; PA ¼ pulmonary artery.
in children with APF and 11% (5 of 66) in children without
APF.
Oxygen Saturation and Nakata Index Prior to Fontan
Operation
Median oxygen saturation prior to Fontan operation did
not show significant difference between the 2 groups;
82% (range, 68 to 90) versus 81% (range, 69 to 90) (p ¼
0.14) (Table 4). Nakata index [8] was measured for 86%
(30 of 35) in children with APF and 87% (39 of 66) in
children without APF (Fig 3). Children with APF had
higher Nakata index in median; 220 mm2/body surface
area (BSA) (range, 80 to 457) versus 195 mm2/BSA
(range, 98 to 356) (p ¼ 0.076). The ratio of the patients
whose Nakata index was higher than 300 mm2/BSA was
greater in children with APF; 30% (9 of 35) versus 8% (3
of 66) (p ¼ 0.024). The GEE showed that the differential
of Nakata index in patients without APF from that in
patients with APF was �51.4 (95% CI, �94.1% to �8.6%;
p ¼ 0.02) in an unadjusted model, and �30.7 (95%
CI, �75.3% to 13.8%; p ¼ 0.18) after adjustment for
known imbalances between the 2 groups (Table 5,
Appendix).
Fontan Postoperative Course
There was 1 death in patients without APF after Fontan
operation. This patient had undergone a fenestrated
Fontan operation 12 years after the BCPS whose Nakata
index before Fontan was 135 mm2/BSA (m2). The patient
had persistent pleural chylous drainage, necessitating a
takedown of Fontan circulation and conversion to BCPS.
The patient died of sepsis. There was 1 Fontan circulation
takedown in patients with APF.
Median duration of pleural drainage after Fontan

operation was shorter in the children with APF group;
8 days (range, 4 to 34) versus 10 days (range, 4 to 58)
(p ¼ 0.028) (Fig 4). Median length of hospital stay was
shorter in the children with APF group; 11 days (range,
6 to 36) versus 12 days (range, 7 to 75) (p ¼ 0.08) (Fig 5).
By GEE models, the differentials of the duration of
pleural drainage in patients without APF from the one
in patients with APF was 8.2 days (range, 2.3 to 14.1)
(p ¼ 0.006) in an unadjusted model and 9.8 days (range,
2.4 to 17.2) (p ¼ 0.009) in the adjusted model (Table 5,
Appendix).
ted Adjusteda

p Value Difference (95% CI) p Value

) 0.02 �30.7 (�75.3% to 13.8%) 0.18
0.009 8.2 (2.3% to 14.1%) 0.006
0.009 9.8 (2.4% to 17.2%) 0.009

lmonary shunt; pulmonary stenosis diagnosis and pulmonary atresia with
alanced between the 2 groups.



Fig 4. Duration of pleural drainage after Fontan operation. Duration
of pleural drainage between patients with and without additional
pulmonary forward (APF) flow. (*Based on log-log transformation;
BCPS ¼ bidirectional cavopulmonary shunt.)

Fig 5. Length of hospital stay after Fontan operation. Length of
hospital stay after Fontan operation between patients with and
without additional pulmonary forward (APF) flow. (*Based on log-log
transformation; BCPS ¼ bidirectional cavopulmonary shunt.)
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Comment

Staged operation for the single ventricle circulation has
been recognized as a successful strategy for decades and
BCPS as the second stage palliation has contributed to
improve results after the Fontan operation [9]. The effect
of leaving APF across the pulmonary valve at BCPS on the
postoperative outcomes remains unknown [1–5, 10].
Leaving APF is of concern because of the potential in-
crease in the superior vena cava pressure that may result
in prolonged pleural effusion [1] and in the volume load
to the heart, which in turn may result in increased
atrioventricular valve regurgitation [10, 11]. On the other
hand, however, BCPS with APF has potential benefits.
The APF may provide additional blood flow into the PA
resulting in higher oxygen saturation [12], better growth
of PA branches [2, 13, 14], and may prevent arteriovenous
malformation by allowing hepatic blood flow into the
PA [5, 15].

McElhinney and colleagues [3] published a retrospec-
tive study of 160 patients who underwent BCPS between
1990 and 1997, including 93 patients with additional PA
flow either through the pulmonary valve or through the
systemic-to-pulmonary shunt. They demonstrated that
prolonged pleural drainage (>7 days), BCPS pressures,
and post-extubation oxygen saturation were significantly
higher in the APF group and concluded that the role of
accessory pulmonary blood flow remained unclear. Ber-
dat and colleagues [4] published a retrospective study of
106 patients who underwent BCPS from 1996 to 2000,
including 54 patients with isolated BCPS (n ¼ 54) and
patients with additional pulmonary blood flow either
through a natively stenosed or previously banded main
pulmonary artery (n ¼ 30) or a BT shunt (n ¼ 22). They
concluded that additional pulmonary blood flow had no
adverse effect on outcome after BCPS. However, the
benefits of the APF were not clear.
Whether to interrupt or leave the pulmonary artery

forward flow at the time of BCPS in our patients was
dependent on the surgeons’ preference. We did not
have any definite criteria for this decision making. In
our study there was no significant difference in the
duration of pleural drainage and length of hospital stay
at the time of BCPS. However, it appeared the growth of
the pulmonary arteries was better in children with APF,
as demonstrated by the Nakata index. In its turn, a
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better Nakata index might have translated into shorter
duration of the pleural drainage and shorter hospital
stay after the Fontan operation in patients with APF.
Furthermore, our recent study [16] demonstrated that
patients staying longer in the hospital due to prolonged
effusions after Fontan operation are those who would
have had worse late outcomes. For those who were
hospitalized for more than 18 days, the hazard of late
adverse outcomes was greater. Thus, better pre-Fontan
Nakata index and shorter post-Fontan hospital stay in
children with APF demonstrated in the current study
may indirectly imply that the long-term outcome after
the Fontan operation in children with APF may be bet-
ter. This is yet to be demonstrated by the prospective
randomized trial.

Limitation of the Study
The study is limited by its retrospective nature. Grouping
of the patients were based on whether they have an APF
across the pulmonary valve. This selection was done by
the nature of the anatomic features of the patients or at
the time of the surgery according to the surgeon’s pref-
erence. There could be a bias of patients’ selection that
might have eventually influenced the outcomes. Some
perioperative measurements were not completed. We
have not routinely calculated the pulmonary vascular
resistance. Similarly, we do not routinely measure the
ventricular volume at catheterization or by two-
dimensional echocardiography due to the complexity of
the ventricular anatomy.

Conclusion
Children with BCPS and additional pulmonary blood
flow had better developed pulmonary arteries prior to the
Fontan operation, shorter duration of pleural drainage,
and shorter hospital stay after the Fontan operation.
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DISCUSSION
DR BRET A. METTLER (Nashville, TN): Nice presentation.
One of the questions that I guess we all deal with is these pa-

tients who are shunted who have additional pulmonary blood
flow, and how do you deal with that amount of additional pul-
monary blood flow? And do you deal with that for these pulsatile
Glenns in essence of the patients who do not have enough that
require a shunt, but then seem to be overcirculated? Are you
addressing those, or aren’t you at the time? And how are you
deciding how much to restrict that, if you are?

DR SUGHIMOTO: Deciding whether to leave additional flow or
not is dependent on the surgeon’s preference in the theater.

In the theater, we measure the CVP, and of course, as with the
pulsatile flow, you look at the CVP, and most of the time, we
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measure the CVP between 15 to 16 (mm Hg). That would be
acceptable when we leave, for the flow.

DR JAMES TWEDDELL (Milwaukee, WI): That is a very inter-
esting subject and a nice presentation.

We looked at this a few years ago in our program, and I am
struck by the fact that our results were exactly the opposite
of yours; that patients with additional sources of pulmonary
blood flow tended to drain longer and spent more time in the
hospital.

How much antegrade flow would you leave? Did you quanti-
tate the amount of antegrade flow that was allowed to remain?

DR SUGHIMOTO: Thank you for the question. As I
mentioned previously, we cannot quantify how much flow is
going to the pulmonary artery across the pulmonary valve. It
is very difficult.

DR TWEDDELL: Did you alter it? Did you do subtotal banding in
patients who just had sort of a conventional band?

DR SUGHIMOTO: Some of the patients required additional,
further tightening of the band after the BCPS.

DR TWEDDELL: I see. And how often was that necessary?

DR SUGHIMOTO: That is a small number. I think in 2 or 3 cases,
yes.

DR TWEDDELL: So a patient would come for a stage 2, after
having undergone a previous pulmonary band with no addi-
tional tightening of the band, and that would not be unusual?

DR SUGHIMOTO: Yes. Some patients had previous banding,
also tightening at the same time of the BCPS.

DR TWEDDELL: Okay, thank you.

DR JORGE. SALAZAR (Jackson, MS): Did I see correctly, the
slides went through quickly, that your average age for the Glenn
is 1 year of age? Did I see that right, 12 months?

DR SUGHIMOTO: Yes. It did not reach a significant difference,
but apparently, the patients with the additional pulmonary for-
ward flow were older at the time of BCPS than those without
additional pulmonary forward flow.
DR SALAZAR: But both were close to 1 year of age. Did I see that
correctly? The age at the time of Glenn was 1 year for both
groups, more or less?

DR SUGHIMOTO: In the slide, we just showed the year. But if
you compared with the month, there is some discrepancy.

DR SALAZAR: What is the average age in months for your child
in order to receive a Glenn?

DR YVES D’UDEKEM (Melbourne, Australia): That is one point
that is valid, I think. You have to remember that the patients with
previous Norwood surgery were excluded.

So, the population studied is actually a restricted population,
and it concerns those where usually you do a banding. So you
know how many patients you do a banding, so it is a restricted
population. That is why they have the Glenn at a later age.

It is a bit of a historical series too. We tend to do the Glenn
normally between 6 and 9 months. We do it at 3 months system-
atically for all the patients who have a Norwood-type surgery.

DR SALAZAR: I just wonder if maybe that is also influencing
how well they tolerate the forward flow, is the time of the Glenn.
Because to leave significant forward flow in a 3-month-old, I am
not sure I want to do that. But if you leave forward flow in a 9- to
12-month-old, that might be just a different population.

DR SUGHIMOTO: Yes, I agree with your idea.

DR ZOHAIR AL HALEES (Riyadh, Saudia Arabia): In the pa-
tients without antegrade pulmonary blood flow, looking at the
pulmonary artery growth, did the patients require any additional
augmentation of the pulmonary arteries, or was the pulmonary
artery growth always adequate, even without the antegrade
pulmonary blood flow?

Without antegrade flow, did they require any pulmonary artery
augmentation?

DR SUGHIMOTO: At the time of the BCPS?

DR AL HALEES: Yes.

DR SUGHIMOTO: Some of the patients required an augmen-
tation of the pulmonary artery by patching.

DR AL HALEES: Thank you.
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