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Abstract

Background The prognosis of tetralogy of Fallot with absent pulmonary valve (TOF/APV) without operation is poor. We
evaluated the surgical outcome of TOF/APV in a single center.

Methods Twenty-two TOF/APYV patients underwent complete surgical correction in our hospital. Right ventricular outflow
tract reconstruction was performed using bovine jugular vein (BJV)-valved conduit implantation (n = 10), homograft-valved
conduit implantation (n=2), or monocusp-valve patch (n=10). Health-related quality of life (QOL) was evaluated during
follow-up.

Results The overall survival at 5 and 10 years was 86.4 +7.3% (confidence interval 69.4-97.2%). The survival rates were
significantly different between patients with and without bronchial stenosis (40 and 100%, P=0.0003, log-rank test). The
survival of patients aged > 6 months was higher than those <6 months (100 vs. 40%, P=0.0003, log-rank test). Patients with
BJV-valved conduits had higher systolic gradients from the right ventricle to the pulmonary artery (RV-PA) compared to
those with monocusp-valve patches. BJV-valved conduit implantation was a risk factor for post-operative pulmonary-valve
stenosis. The QOL score for patients with BJV-valved conduits was lower than those with monocusp-valve patches (P <0.05).
No reoperation was performed during follow-up.

Conclusions Bronchial stenosis and lower age (<6 months) were the main factors influencing post-operative survival. The
use of a BJV-valved conduit was a main reason for RV-PA restenosis; thus, the use of a BJV-valved conduit may increase
the need for repeat intervention and decrease the post-operative quality of life.

Keywords Bovine jugular vein-valved conduit - Bronchial stenosis - Pulmonary stenosis - Tetralogy of Fallot with absent
pulmonary valve
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Medtronic Inc, Minneapolis, MN, USA) was introduced
into clinical practice in 1999 [10]. The recognized advan-
tages of the BJV in RVOT reconstruction include: 1) the
structural continuity between the wall of the jugular vein
of the conduit and valve leaflets; 2) the unlimited “off-the-
shelf” availability in sizes from 12 to 22 mm in diameter; 3)
the availability of long inflow and outflow that obviate the
need for either proximal or distal augmentation and facilitate
conduit tailoring and positioning; and 4) lack of antigenic
reaction due to glutaraldehyde fixation [11]. Despite of the
advantages of BJV, stenosis at the level of the distal anas-
tomosis of the conduit, with proximal conduit dilatation,
aneurysm, or pseudoaneurysm, has been reported in 6-50%
of patients [12, 13].

The monocusp-valve patch was also used in RVOT recon-
struction to prevent pulmonary regurgitation. Monocusp
valves of various materials such as polytetrafluoroethyl-
ene (PTFE) membranes [14], pericardial patches [15, 16],
homografts [17], and BJV [18] are used in the clinic. The
monocusp appears advantageous in preventing severe inter-
mediate-term pulmonary insufficiency (PI) and facilitates
the preservation of RV function [14].

In this study, we retrospectively reviewed 22 TOF/APV
patients who underwent a complete repair in our hospital
evaluated the surgical outcome of these patients and assessed
the effect of BJV-valved conduit and monocusp-valve patch
in RVOT reconstruction in TOF/APV patients.

Methods

From December 2003 to January 2016, 22 consecutive TOF/
APV patients who underwent surgical repair in our center
were included in this study (Table 1). The protocol of this
study was carried out according to the principles of the Dec-
laration of Helsinki and was approved by the Medical Ethics
Committee of the Cardiovascular Institute and our hospital.
Written informed consent was obtained from all the partici-
pants (or their parents) before enrollment. All patients (10
male and 12 female) were identified by echocardiography
and then computed tomography (CT) scan to evaluate bron-
chial stenosis. The central venous pressure and left atrial
pressure were measured in the recovery room on the day
after operation. The chest tube drainage was calculated as
the ratio of total chest tube drainage/basic surface area (mL/
mz).

The evaluation of pulmonary regurgitation by echocar-
diography was semi-quantitative in our hospital. We used
Arabic numerals 1, 2, 3, and 4 as the standards for no, mild,
moderate, and severe pulmonary regurgitations, respectively.

Table 1 Patients’ characteristics

Characteristics Values
Patients number 22
Male gender, n (%) 10 (45)

Median age at operation (y), median (range)
Age range, n (%)

<6 mon

6montoly

>ly
Average weight (kg), mean+SD

Respiratory tract infection (in 1 mon before opera-

tion), n (%)
Bronchial stenosis, 7 (%)
Right main bronchus
Right and left main bronchus
Left main bronchus and right lobe bronchus
Intensive care unit stay (h), mean +SD
Duration of ventilation (h), median (range)
Length of stay (d), mean+ SD
Concomitant heart defects, n (%)
Patent foramen ovale
Atrial septal defect
Persistent left superior vena cava
Unilateral absence of the left pulmonary artery
Right aortic arch
Operative details
Bypass time (min), mean+ SD
Aortic cross-clamping time (min), mean+ SD
VSD patch (mm), mean+ SD
Type of RVOT reconstruction, n (%)
Monocusp valve, n (%)
Homograft
Bovine jugular vein
Self-pericardial patch
Homograft-valved conduit, n (%)
Bovine jugular vein-valved conduit, n (%)
Type of PA arterioplasty, n (%)
Self-pericardial patch widened
MPA
LPA
RPA
Plication
LPA
Resection
RPA+LPA
RPA

0.85 (0.24-11)

5(23)
7(32)

10 (45)
10.54+5.89
3(14)

5(23)
2(9)

2(9)

15)
119.23+95.04
50.65 (15.8-336)
19.82+8.12

8 (36)
3(14)
209
209
1(5)

130.45+38
92.64+£29.46
14.05+4.89
22 (100)

10 (45)
5(23)
3(14)

29

2(9)

10 (45)
7(32)
4(18)

15

2(9)

15

15

15

3(14)

15

2(9)

RVOT right ventricular outflow tract, PA pulmonary artery, MPA
main pulmonary artery, LPA left pulmonary artery, RPA right pulmo-

nary artery, SD standard deviation
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In mild regurgitation, the reversal of diastolic pulmonary
flow was restricted within the pulmonary-valve ring. For
moderate regurgitation, the pulmonary reversal flow reached
the pulmonary artery trunk, but never surpassed the branches
of the pulmonary artery. In severe regurgitation, the pul-
monary reversal flow could be seen in branches of the pul-
monary artery [19]. For comparison of echocardiographic
parameters, we used a standardized diameter, e.g., the stand-
ardized diameter of the pulmonary valve was the diameter
of the pulmonary valve/body surface area (BSA) at that time
(PVst). We chose as endpoints, death, PV stenosis (systolic
gradient >40 mmHg), PV regurgitation (severe regurgita-
tion), and PV dysfunction (PV stenosis and regurgitation).

The BJV-valved conduit was homemade. The prepara-
tion process was as follows. First, the BJV-valved conduits
obtained from cattle were rinsed, trimmed, and cleaned in
ice. Second, they were fixed in 0.6% glutaraldehyde for
48 hours and then 0.3% glutaraldehyde for 2 weeks. Third,
the BJV-valved conduits were taken out for further trim-
ming and marking and then sterilized in a mixture of 25%
isopropanol and 1% glutaraldehyde. Finally, they were fixed
in 0.3% glutaraldehyde until clinical application.

Evaluation of health-related quality of life

To assess health-related quality of life (QOL), the parents
of the patients completed the Pediatric QOL (PedsQL)
Inventory [20]. The PedsQL Inventory has different ver-
sions designed for babies (13—-24 months), toddlers (ages
24 years), young children (ages 57 years), children (ages
8-12 years), and teens (ages 13—18 years). QOL scores
from different age groups can be compared directly. The
23-item PedsQL 4.0 Generic Core Scales encompass physi-
cal functioning, emotional functioning, social functioning,
and school functioning. Here, we used the parent proxy-
report formats of the PedsQL scales. Items were reverse
scored and linearly transformed to a 0—100 scale, so that
higher scores indicated better QOL. To create a psychosocial
health summary score, the mean was computed as the sum of
the items divided by the number of items in the emotional,
social, and school functioning scales. In the 27-item Ped-
sQL 3.0 Cardiac Module, there were five scales, related to
heart problems/symptoms, perceived physical appearance,
treatment anxiety, cognitive problems, and communication.
The communication scale is not included for toddlers and
young children, because they do not have the cognitive or
language ability to verbalize questions to understand expla-
nations about their hearts.

Statistical analysis

All the data are presented as the mean + standard devia-
tion (SD) or median with range. Comparisons between two
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groups were performed with Student’s 7 test or the paired ¢
test. Comparisons amongst the three groups were performed
with ANOVA for continuous variables. The X test or Fish-
er’s exact test was used for categorical data. For survival
analysis, the patients were censored at the time of death or
withdrawn alive at the time of the last follow-up. Estimates
for long-term survival were performed by the Kaplan—Meier
method. Differences between survival curves were evaluated
with the log-rank test. Univariate analysis of time-related
events was done with the log-rank test and the univariate
Cox model, which allowed the selection of the variables
(P <0.05) that were included in the multivariate analysis.
The multivariate Cox regression analysis was performed as
conditional backward stepwise proportional hazards regres-
sion and was used for the analysis of freedom from the end-
points. All P values were two-sided, and P values < 0.05
were considered statistically significant. All analyses were
performed using SPSS version 17.0.0 (SPSS Inc, Chicago,
IL, USA).

Results
Patient information

The median age at operation was 10 months (range from
2.8 months to 11 years). Five patients were less than
6 months of age, while seven were between 6 months and
1 year of age. The average weight was 10.54 +5.89 kg. Three
patients acquired a respiratory infection 1 month before their
operation, but recovered pre-operatively. Bronchial stenosis
was identified in five patients by CT scan and bronchoscopy
(Table 1). Other cardiac anomalies are listed in Table 1.
No intubation or ventilator support was required before the
operations. The median follow-up time was 45.14 months
(range from 0.4 to 137.3 months).

Operative technique

All procedures were performed through midline sternot-
omy. Cardiopulmonary bypass was established through
standard aortic and bicaval venous cannulation. Moderate
hypothermia (26-31 °C) and antegrade cold crystal perfu-
sion liquid were used for myocardial protection. The mean
cardiopulmonary bypass time was 130.45 +38.00 minutes,
and mean aortic cross-clamping time was 92.64 +29.46 min-
utes (Table 1). Complete correction was performed for all
TOF/APV patients. PA arterioplasty was performed in seven
patients by pulmonary plication, resection or pericardial
patch widening (Table 1).

The RVOT was reconstructed by monocusp valve
(n=10, 45%), homograft-valved conduit (n=2, 9%), or
homemade BJV-valved conduit (n=10, 45%) (Table 1). In
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monocusp-valve repair, a valve was fashioned from homo-
graft (n=5, 23%), self-pericardium (n=2, 9%), or BJV-
valved conduit (n=3, 14%). The sizes of the two homograft-
valved conduits were 18 and 24 mm, respectively, while the
size of the BJV-valved conduit ranged from 12 to 20 mm.

Operative result

The mean pediatric intensive care unit (PICU) stay time was
119.23 +95.04 hours; the median ventilation support time
was 50.65 hours (15.8-336 hours); and the average length
of hospital stay was 19.82 + 8.12 days (Table 1). There were
three major post-operative complications: 1) delayed sternal
closure (n=1); 2) reopening with bleeding (n=2); and 3)
residual VSD leakage (n=1), in one of the post-operative
bleeding patients.

Operative mortality (defined as death within 30 days from
surgery) was 13.64% (3/22). One patient was a 3.6-month-
old male, whose CT scan suggested an expanding PA com-
pressed the proximal end of the left main bronchus and the
right lobe bronchus, causing stenosis. The distal left main
bronchus had secondary expansion. This patient received
complete repair of the TOF/APV with a 14-mm BJV-valved
conduit. However, he could not be withdrawn from mechani-
cal ventilation after the operation, and the patient developed
Klebsiella pneumoniae. He died 20 days later from respira-
tory failure. The second patient was a 6-month-old female,

whose CT scan showed stenosis of both the left and right
main bronchus. A 12-mm BJV-valved conduit was used to
reconstruct the RVOT. The chest was reopened because of
bleeding later on the day of operation. However, mechanical
ventilation could not be withdrawn because of the bronchial
stenosis, and this patient died 12 days later from respira-
tory failure. The third patient was a 2.9-month-old female,
whose diagnosis was TOF/APV and absence of the left pul-
monary artery. Her CT scan showed an expansion of the
right pulmonary artery (RPA) which was compressing the
right main bronchus, causing stenosis. A monocusp-valve
patch fashioned from a homograft was used to reconstruct
the RVOT, and the main pulmonary trunk was widened by
a self-pericardial patch, which was 11 mm after repair. The
expanded RPA wall was partially resected to reduce the
lumen from 50 to 12 mm. This patient had delayed sternal
closure, and died 13 days after the operation because of a
lower respiratory tract obstruction, which progressed into
heart and lung failure.

Late results

No late deaths occurred during the follow-up. The median
follow-up time was 45.14 months (0.40-137.30 months)
(Fig. 1a). The Kaplan—Meier curve indicated that overall
survival at both 5 and 10 years was 86.4 +7.3% (confidence
interval 69.4-97.2%). The survival rates for patients with and

Fig.1 Kaplan—Meier survival a |, b 10
curves. a Whole Kaplan—Meier : 86.4% : No bronchial stenosis
survival was 86.4%; b survival -
of patients with and without 0.8 0.8
bronchial stenosis; ¢ survival of = =
patients aged below and above = 0.6 = 0.6
6 months; d survival of patients E E | B hial st .
with and without respiratory & 047 & 047 + pronciial Sienosis
tract infection within 1 month
before operation 0.2 0.2
0 0 P=0.0003
T T T T T T T T T T T T
0 25 50 75 100 125 0 25 50 75 100 125
Follow-up (mon) Follow-up (mon)
¢ 1.0 d 1.0+ |
More than 6 mon No respiratory tract infection
0.8 0.8
'S 0.6 'S 0.6
(% 0.4- : Less than 6 mon é 0.4-
Respiratory tract infection
0.2 0.2 praioy
0- P=0.0003 0+ P=0.005
T T T T T T T T T T T T
0 25 50 75 100 125 0 25 50 75 100 125

Follow-up (mon)

Follow-up (mon)
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without bronchial stenosis were 40 and 100%, respectively
(P=0.0003, log-rank test; Fig. 1b). Patients with bronchial
stenosis were younger, had a lower weight, were shorter with
a smaller (BSA), and had a longer ICU stay time than those
without bronchial stenosis (Supplemental Table 1). The sur-
vival of patients older than 6 months was 100%, which was
higher than those who were less than 6 months of age (40%)
(P=0.0003, log-rank test; Fig. 1c). The latter group also
required a longer ventilation support time and ICU stay, but
had shorter bypass time and aortic clamping time than those
older than 6 months (Supplemental Table 2). Some patients
developed respiratory tract infections within 1 month prior
to the operation. There was significant difference in sur-
vival between patients with and without infection before the
operation: 33.3 and 94.7%, respectively, (P =0.005, log-rank
test; Fig. 1d). None of these patients were readmitted to the
hospital for a further operation.

By Cox univariate analysis, we identified eight risk
factors for survival (P <0.05) in TOF/APV patients (Sup-
plemental Table 3). However, using the Cox multivariable
regression model, we were unable to identify any signifi-
cant demographic or operative factors for long-term survival
(Supplemental Table 4). After 10 years, 73, 87.1, and 63.5%
of the patients were free of PV stenosis, regurgitation, and
dysfunction, respectively (Supplemental Table 5).

Outcome comparison of patients with bovine
jugular vein-valved conduit and those
with monocusp-valve patch

According to RVOT reconstruction, the patients were
divided into two groups: ten patients in one group were
reconstructed by BJV-valved conduit (BJV-valved conduit

group), and the other ten patients had a monocusp-valve
patch (monocusp-valve group). The median age was 0.8 year
(range 0.30-3.07 years) for the BJV-valved conduit group
and 0.9 year (range 0.24-11 years) for the monocusp-valve
group. The perioperative parameters of patients with BJV-
valved conduits and monocusp-valve patches were com-
pared. We did not find any significant difference between
those two groups in perioperative parameters (P > 0.05)
(Table 2), nor did we find a difference in ventilation time,
ICU stay, hospital stay, central venous pressure, left atrial
pressure, or chest tube drainage.

There was no significant difference in the systolic pres-
sure gradient of the right ventricle to the pulmonary artery
(RV-PA) between these two groups in echocardiography
before the operation, or at 7-day post-operation (P >0.05)
(Fig. 2a), but the systolic pressure gradient RV-PA in the
BJV-valved conduit group was higher than that of the mono-
cusp-valve group at the last follow-up (P < 0.05) (Fig. 2a).
In the BJV-valved conduit group, the gradient decreased
greatly from 88.47 + 18.47 mmHg before the operation
to 20.71 +£8.11 mmHg at 7-day post-operation, and then,
it increased to 45.03 +26.09 mmHg at the last follow-up
(Fig. 2a). However, at the last follow-up, the systolic gradi-
ent of RV-PA was over 40 mmHg in five patients with BJV-
valved conduits in RVOT reconstruction. In the monocusp-
valve group, there was a decreasing trend through these three
timepoints (preoperation vs. 7-day post-operation and pre-
operation vs. last follow-up, P <0.01); however, there was
no increase again at the last follow-up (7-day post-operation
vs. last follow-up, P> 0.05) (Fig. 2a). The difference among
these three timepoint was significant (P <0.01) (Fig. 2a).

For pulmonary regurgitation, we did not find any differ-
ence between the two groups at any time. Nor did we find

Table 2 Perioperative parameter comparison between patients with a bovine jugular vein-valved conduit and with a monocusp-valve patch

Variables Bovine jugular vein-valved conduit Monocusp-valve patch P value
Age (y), median (range) 0.8 (0.30-3.07) 0.9 (0.24-11) 0.79
Weight (kg), mean +SD 8.53+2.48 12.40+8.12 0.18
Body length (cm), mean +SD 71.70+10.74 87.80+29.49 0.13
BSA (m?), mean +SD 0.41+0.09 0.54+0.27 0.17
Ventilation time (h), median (range) 69.90 (22.00-319.00) 29.85 (15.80-336.00) 0.28
ICU stay time (h), mean+SD 142.66 +105.84 105.89+92.14 0.42
Length of hospital stay (d), mean+SD 22.80+7.90 16.50+5.82 0.06
Bypass time (min), mean+SD 129.90+30.54 122.00 +£41.55 0.63
Aortic cross-clamping time (min), mean+ SD 89.00+22.39 89.90+34.74 0.95
Central venous pressure (mmHg), mean +SD 8.60+3.20 7.20+1.88 0.25
Left atrial pressure (mmHg), mean+SD 7.10+2.85 5.40+1.90 0.13
Chest tube drainage/BSA (mL/mZ), mean+ SD 375.94+126.20 413.52+191.99 0.61
Follow-up time (mon), median (range) 37.20 (0.40-129.20) 45.14 (0.43-129.70) 0.41

ICU intensive care unit, BSA basic surface area, SD standard deviation
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Fig.2 Comparisons between patients with a BJV-valved conduit and
a monocusp-valve patch. a Systolic pressure gradient of RV-PA; b
pulmonary regurgitation; ¢ standardized left ventricular end-diastolic
diameter; d standardized right ventricular end-diastolic diameter.
RV right ventricle, PA pulmonary artery, BJV bovine jugular vein.

any significant difference when pulmonary regurgitation
was compared among these three timepoints in each group
(P>0.05) (Fig. 2b). The standardized left ventricular end-
diastolic diameter (LVst) in the BJV-valved conduit group
was larger than that in the monocusp-valve group at the last
follow-up (P <0.05) (Fig. 2c). The LVst in the BJV-valved
conduit group significantly increased from preoperation to
the last follow-up (P <0.01) (Fig. 2c). The LVst in the last
follow-up was also higher than that at 7-day post-operation
(P<0.01), but there was no difference between the LVst
preoperation and 7 days after operation in the BJV-valved
conduit group (P> 0.05) (Fig. 2c). In the monocusp-valve
group, there was no difference in the LVst among these three
timepoints (P> 0.05). In BJV-valved conduit group, the
standardized RVst decreased from 42.81 + 8.72 preopera-
tion to 33.78 +5.70 at 7-day post-operation (P <0.01), but
it increased to 38.12 +6.36 at the last follow-up (Fig. 2d).
In the monocusp-valve group, there was no difference in the
standardized RVst among these three timepoints (P> 0.05).
No difference was found in the RVst between these two
groups at any time (P> 0.05) (Fig. 2d).

For long-term survival, we did not find any difference
between these two groups (log-rank test, P> 0.05) (Fig. 3a),
but the 10-year survival of BJV-valved conduit group (80%)
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35- O Monocusp valve group
& 301 —
g s ] [ ]
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éb X
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£ 054
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5 707 O Monocusp valve group
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£ 2 501
25
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=3 .
< % 30
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Preoperation 7 d postoperation ~ Last follow-up

*P<0.05 for BJV-valved conduit group vs. monocusp-valve patch
group, "P<0.01 for preoperation vs. 7-day post-operation, *P <0.01
for preoperation vs. last follow-up, P <0.01 for 7-day post-operation
vs. last follow-up

was lower than that in the monocusp-valve group (90%)
(Fig. 3a). In the univariate analysis of risk factors for PV
stenosis, regurgitation, and dysfunction, the use of the BJV-
valved conduit was a risk factor for PV stenosis post-opera-
tion (Supplemental Table 3), but after multivariate analysis,
we did not find a BJV-valved conduit as a risk factor for PV
stenosis, regurgitation, dysfunction, or death (Supplemen-
tal Table 4). However, we did find that the monocusp-valve
group had a better result in post-operative PV stenosis than
the BJV-valved conduit group (log-rank test, P=0.019)
(Fig. 3b). The two groups were similar in the rates of PV
regurgitation and of PV dysfunction (log-rank test, P > 0.05)
(Fig. 3c, d). There was no severe PV regurgitation in the
BJV-valved conduit group during the follow-up period. Two
severe PV regurgitation episodes were found in the mono-
cusp-valve group during the follow-up period.

The evaluation of pediatric quality of life
in patients with a BJV-valved conduit and patients
with a monocusp-valve patch

In the parent proxy report of PedsQL Generic Core

Scales, the total score in the BJV-valved conduit group
was 78.12+7.55, which was slightly but not significantly
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Table 3 Pediatric quality of life (PedsQL) scores for TOF/APV patients with and without bovine jugular vein-valved conduit

Variables BJV-valved conduit group (n=28) Monocusp-valve group (n=11) P value

PedsQL scale generic core scales

Parent proxy report, mean+SD

Total score 78.12+7.55
Physical health 78.83+£8.12
Psychosocial health 77.94+11.25
Emotional functioning 74.53+17.70
Social functioning 84.82+14.72
School functioning 73.05+10.87

PedsQL scale cardiac module

Parent proxy report, mean+SD

Total score 81.45+4.45
Health problems and treatment 82.59+7.25
Physical appearance 84.67+10.39
Treatment anxiety 93.75+5.59
Cognitive problems 72.50+24.00
Communication 73.61+20.69

87.24+9.98 0.053
89.24+15.16 0.10
86.54+8.38 0.09
85.69+24.13 0.30
95.97+3.41 0.07
77.08 £8.81 0.46
84.62+7.97 0.34
91.60+38.34 0.03
71.30+£23.24 0.15
91.67+12.50 0.71
82.36+15.00 0.32
86.90+17.91 0.24

BJV bovine jugular vein, TOF/APYV tetralogy of Fallot with absent pulmonary valve, SD standard deviation

lower than that of the monocusp-valve group (87.24 +9.98)
(P=0.053) (Table 3). This suggested that the BJV-valved
conduit patients had the same QOL as those with a mono-
cusp-valve patch. For further comparison, there was no
significant difference between patients with and without a
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BJV-valved conduit in physical health, psychosocial health,
emotional functioning, social functioning, or school func-
tioning. The cardiac module of the Parent Proxy Report of
PedsQL scale was then performed to evaluate patients with
cardiovascular disease. Although there was no difference in
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total score between those two groups, the health problems
and treatment score in the BJV-valved conduit group were
significantly lower than that of the monocusp-valve group
(82.59+7.25 vs. 91.64 +8.34, P=0.03) (Table 3). No dif-
ference was present between these two groups in the other
aspects, such as physical appearance, treatment anxiety, cog-
nitive problems, and communication (Table 3).

Discussion

Although the mortality from surgical repair of complex CHD
has deceased in recent years with the evolution of surgical
skills and perioperative management, the surgical repair of
TOF/APV patients remains a challenge, and the mortality
of TOF/APV patients, especially with bronchial stenosis,
remains high in most reported series [21, 22]. The BJV-
valved conduit for RVOT reconstruction has been used in
complex CHD worldwide [11, 23], but whether BJV-valved
conduit or monocusp-valve patch in TOF/APV is a more
suitable reconstruction material is not known.

In our study, the overall operative mortality rate was
13.64%, which is in the middle range of the reported early
mortality rates ranging from 4 to 21% [5, 7, 9, 22, 24, 25].
Overall survival at 5 and 10 years in our study was 86.4%.
This is consistent with that the 81.4% reported by Yong and
associates [5] and the 78% reported by Hew and colleagues
[22] at 10 years. TOF/APV presenting with respiratory dis-
tress often requires early mechanical ventilation and has
poor outcomes [7]. However, as our study did not include
patients requiring pre-operative mechanical ventilation
support (a sign indicating severe respiratory distress), the
mortality in our study might be higher than that in stud-
ies which included severely distressed patients. In the study
by McDonnell et al., surgical repairs for patients with pre-
operative intubation were associated with an increased risk
of death or reoperation [24]. Because we do not have a pedi-
atric medicine department, we did not have patients with
lower weight severe respiratory distress requiring intuba-
tion immediately before the operation. However, TOF/APV
with bronchial stenosis is still a major reason for respiratory
distress, ventilation support, and poor outcomes. Ngrgaard
et al. found that ventilator dependency due to airway stenosis
was a major risk factor, and the survival rate of patients with
pre-operative ventilator dependency was also lower than that
of patients with spontaneous ventilation [26].

In our study, all three deaths occurred before 6 months
of age. The survival of patients older than 6 months was
significantly higher than that of patients less than 6 months.
Previous studies had found that patients under 1 year old had
a lower survival rate. Alsoufi et al. found that all periopera-
tive deaths were in the neonates [9]. In the study by Yong
et al., early mortality occurred in two neonates (66.7%, 2 of

3) and 5 infants (20.8%, 5 of 24). There were no deaths (0%,
0 of 25) in patients older than 1 year at the time of opera-
tion. McDonnell et al. found that surgical repair in infancy
was associated with an increased risk of death [24]. The
high mortality of TOF/APYV in infants suggested that these
patients might have severe bronchial stenosis and respiratory
distress, and early operation intervention was carried out to
save their lives.

The management of the pulmonary valve in the surgical
treatment of TOF/APV is controversial. An absent pulmo-
nary valve results in pulmonary artery dilation, hyper-pul-
satility, and secondary bronchial compression [4]. Good PV
repair could prevent later PV regurgitation and RV arrhyth-
mias, and preserve the RV function [27]. PV repair can be
achieved either by valved conduit (BJV or homograft) or by
monocusp-valve patch. In this study, ten patients underwent
BJV repair, ten patients had monocusp-valve patches, and
two received homograft-valved conduit implantation. Good
prevention of severe regurgitation was seen in this study—
from 10 (45%) before operation to 2 (9%) at the last follow-
up (Supplemental Fig. 1). Because the homografts are not
always available, BJV and monocusp-valve patch remain the
most widely used techniques in TOF/APV repair.

To investigate whether the use of BJV-valved conduit
for RVOT reconstruction influenced the perioperative and
long-term survival, we compared the BJV-valved conduit
group and the monocusp-valve group. We found no differ-
ence in perioperative parameters. These results suggest that
there was no difference in perioperative recovery between
patients who underwent TOF/APV repair by a BJV-valved
conduit or by a monocusp-valve patch. Long-term survival
study suggests the BJV-valved conduit group had a slightly
lower (80%) survival than the monocusp-valve group (90%)
(P=0.54). The survival rate in patients with a BJV-valved
conduit (71.4%) was lower than the monocusp-valve group
(100%) in the studies by Hu et al. [8] and Ngrgaard et al.
[26]. Together, these data suggest that the use of a BIV-
valved conduit decreases the survival rate of TOF/APV
patients.

Although none of the surviving patients underwent any
reoperation in our study, the higher gradients in the BJV-
valved conduit group (5/10 over 40 mmHg) suggested a
higher probability for re-intervention in the future. Since the
Contegra BJV-valved conduit has not yet been introduced,
the BJV-valved conduits in China were all homemade by
local centers. The BJV-valved conduit that our center used
for RVOT reconstruction has proved safe over the years [18].
Fiore et al. found that the 10-year survival of patients with
the Contegra BJV-valved conduit was 88%, which was simi-
lar to our survival rate of 80% [23]. However, at 10 years,
freedom from PV dysfunction was 85% in their study [23],
which was higher than our result (42.9%). In another study,
Breymann et al. found that the 5-year freedom from stenosis
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was 75%, while the 5-year freedom from regurgitation was
50% [28]. In our long-term follow-up, both the 5- and
10-year freedom from stenosis was 42.9% in the BJV-
valved conduit patients, while the 5- and 10-year freedom
from regurgitation was 100%, which shows that our center’s
homemade BJV-valved conduit achieved a better result in
regurgitation prevention, but was less favorable in stenosis
prevention than the Contegra BJV-valved conduit.

The monocusp-valve patch was also applied in ten of our
patients. We did not find a significant difference between the
monocusp-valve group and the BJV-valved group in cen-
tral venous pressure, left atrial pressure, chest tube drain-
age or pulmonary regurgitation after operation. The RVst in
monocusp-valve group was no larger than that in the BJV-
valved group after operation. The different tissue used for
monocusp valves can explain some of the different results.
Nath et al. found that pulmonary homograft monocusp valve
provided early but gradually diminishing protection against
pulmonary insufficiency without a risk of stenosis; and its
function decreased over time as the RVOT grew, as the tis-
sue underwent structural deterioration [17]. The pericar-
dial monocusp neither reduced the severity of pulmonary
insufficiency nor improved right or left ventricular function
after 3-year follow-up [16]. The PTFE membrane monocusp
appears to have an advantage in preventing severe intermedi-
ate-term pulmonary insufficiency and facilitates the preser-
vation of RV function. Although we used a pericardial patch,
homograft, and BJV for monocusp-valve patch in this study,
the monocusp-valve group had a better LVst, better freedom
from PV stenosis, and a higher QOL score than the BJV-
valved group. Since the construction of the monocusp is
simple, inexpensive, and reproducible, the monocusp-valve
patch may be superior for RVOT reconstruction.

As surgical skills develop, we not only want to help
patients’ survival, but also allow them to achieve good
QOL after surgery. In this study, we evaluated the patients’
QOL by PedsQL scores, which are used worldwide [29].
During the long-term post-operative time, patients with the
BJV-valved conduit had a lower QOL than patients without
a BJV-valved conduit, which suggests that by the careful
choice of material for RVOT reconstruction, surgeons might
not only save patients’ lives, but give them a higher quality
of life.

This study has some limitations. First, we do not have a
pediatric medicine department in our hospital, and thus, we
had no severe TOF/APV patients needing ventilation sup-
port. Second, the patient number was small, which might
have influenced the results. Third, Contegra BJV was not
available in China, so we had to use a homemade BJV; lastly,
longer term follow-up was needed.

Pre-operative bronchial stenosis and a patient age of less
than 6 months greatly influence the TOF/APV patients’ sur-
vival. A full evaluation before the operation is necessary
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for patients with TOF/APV. In our study, the use of a BJV-
valved conduit was the main reason for RV-PA restenosis.
Furthermore, long-term follow-up revealed that the use of a
BJV-valved conduit for RVOT reconstruction may increase
the likelihood of re-intervention and decrease the patient’s
QOL after the operation. Thus, the material for RVOT
reconstruction should be carefully considered.
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