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Background: Bovine jugular valved conduit (BJVC) has been reported as an optional material for right 
ventricular outflow tract (RVOT) reconstruction in patients with complex congenital heart disease (CHD). 
It showed comparable or even better performance than homograft. However, the durability of BJVC is still 
very poor in infants and children. Herein, we retrospectively analyzed and evaluated the mid-term results of 
RVOT reconstruction by using bovine jugular vein valved conduits (Balance BJVCs) in CHD patients, with 
a special focus on the functional status of the conduits.
Methods: Pediatric patients undergoing RVOT reconstruction using Balance BJVC in Guangzhou Women 
and Children’s Medical Center from January 2018 to December 2020 were enrolled in this study. The 
demographic information, cardiac anatomical abnormalities, preoperative hemodynamic characteristics, 
surgical details, postoperative outcomes, and follow-up data of the patients were reviewed retrospectively.
Results: Ninety-four patients were enrolled in this study. The median age at implantation was 22 months 
(range, 2–168 months), the median weight was 10.8 kg (range, 3.8–40.0 kg); 34 children (36.2%) were 
younger than 1 year. The most common disease in these children was pulmonary atresia with ventricular 
septal defect (PA/VSD) (66/94, 70.2%). The patients were followed up for a median of 43.5 months (range,  
6–60 months). Late mortality occurred in 4 (4.3%). Cumulatively, conduit dysfunction at different levels 
occurred in 31 (33%), conduit failure in 9 (9.6%), 6 patients underwent reoperation for conduit replacement, 
5 (5.3%) developed infective endocarditis (IE) within 24 months (range, 12–36 months) after the surgery.  
Five-year survival rate is 95.7%. The free of conduit dysfunction rates at 1, 3, and 5 years was 91.4%, 68.5%, 
and 50.4%, respectively. In addition, the rates of patients who were free of conduit failure at 1, 3, and 5 years 
were 100%, 88.9%, and 88.9%, respectively.
Conclusions: Despite the high risk of BJVC dysfunction, approximately 90% of children are free from 
conduit failure at 5 years after conduit implantation through aggressive transcatheter intervention without 
increasing the incidence of IE. Thus, BJVC remains a useful alternative material for RVOT reconstruction 
in patients with complex CHD.
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Introduction

Right ventricular outflow tract (RVOT) reconstruction 
remains a challenging technique in patients with complex 
congenital heart disease (CHD). The currently available 
materials for RVOT reconstruction have many shortcomings. 
For example, the pericardial tissue has no valve, which 
inevitably results in pulmonary regurgitation, whereas 
a single-valved patch is prone to failure. Patients with 
complex CHD typically have pulmonary hypertension and 
increased pulmonary vascular resistance; in these patients, 
the application of valved conduits is required for RVOT 
reconstruction. Cryopreserved pulmonary homografts 
were the earliest reconstruction material used in clinical 
settings. However, its clinical application has been plagued 
by restricted access and premature calcification, especially 
in neonates and small infants (1,2). The Contegra bovine 
jugular valved conduit (BJVC) (Medtronic, Minneapolis, 
MN, USA) was first used clinically in 1999, with satisfactory 
early- to mid-term results being reported; however, the 
risk of late conduit dysfunction and failure remained 
high (3-7). Patel et al. reported the freedom from BJVC 
explantation was 53% at 5 years and 15% at 10 years for 
infants (8). The mean time to conduit failure was 5.2 years  
in the infants subgroup and 5.8 years in the smallsized 
conduits (12–14 mm) subgroup (8). The highest rate of  
10-year freedom from BJVC replacement was approximately 
25% in young children (9,10). Although the results from 

different studies were not consistent, many studies revealed 
that BJVC has better performance than homograft in infants 
and young children (11,12). The latest multicenter study also 
demonstrated that the BJVC performed much better than 
homograft in infants (13). However, the BJVC has greater 
incidence of late endocarditis after being implanted, with a 
rate of 4.7% to 17.6% reported in previous studies (8,14-17). 
In recent years, handmade trileaflet valved ePTFE conduits 
for RVOT reconstruction have achieved satisfactory mid- 
and long-term results (18,19).

Given that the Contegra BJVC conduit is not available 
in China, Balance BJVC (Balance Medical Technology Co 
Ltd., Beijing, China) was approved by the National Medical 
Products Administration (NMPA) of China in 2016 and has 
been clinically applied. Our center has been using Balance 
BJVC as an alternative material for RVOT reconstruction 
since 2018. Herein, we retrospectively analyzed and 
evaluated the mid-term results of RVOT reconstruction 
using Balance BJVC in CHD patients in a single center, 
with a special focus on the functional status of the conduits 
in terms of conduit dysfunction and conduit failure. We 
present this article in accordance with the STROBE 
reporting checklist (available at https://tp.amegroups.com/
article/view/10.21037/tp-23-287/rc).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This single-
center retrospective study was approved by the Ethics 
Committee of Guangzhou Women and Children’s Medical 
Center (No. 244A01), and informed consent was obtained 
from the guardians of the children. Pediatric patients 
undergoing RVOT reconstruction using Balance BJVC in 
Guangzhou Women and Children’s Medical Center from 
January 2018 to December 2020 were enrolled in this study. 
Indications for conduit implantation included (I) pulmonary 
atresia or stenosis with or without pulmonary insufficiency 
and (II) right ventricular pressure greater than or equal 
to two-thirds of the systemic pressure. Adults older than  
18 years were excluded from the study. Additionally, patients 
with RVOT reconstruction diameters longer than 18 mm 
were also excluded because hand-made trileaflet valved 
ePTFE conduits were used in these patients in our center.

Demographic  information,  cardiac  anatomical 
abnormalities, preoperative hemodynamic characteristics, 
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surgical details, postoperative outcomes, and follow-up data 
were collected by reviewing medical records. Transthoracic 
continuous-wave Doppler echocardiography was used to 
measure peak transvalvular flow velocity to assess conduit 
stenosis. Moreover, the pulse color Doppler technique was 
used to measure the regurgitant jet to evaluate the degree of 
pulmonary regurgitation.

Definitions

Early death was defined as death in the hospital or within 
30 days of discharge. All of the other events are considered 
late. Conduit dysfunction was defined as significant conduit 
stenosis, regurgitation, or endocarditis. Conduit stenosis 
was categorized into four types: (I) distal anastomotic 
stenosis, which involved stenosis of the left and/or right 
pulmonary artery opening, excluding stenosis of the 
right and left pulmonary artery trunks or branches; (II) 
supravalvular stenosis; (III) stenosis at the valve level; 
and (IV) proximal stenosis, which involved subvalvular 
and proximal anastomotic stenosis. Significant conduit 
stenosis was defined as a peak gradient greater than  
50 mmHg across the conduit, and significant regurgitation 
was defined as moderate and above regurgitation observed 
on echocardiography (7). Infective endocarditis (IE) was 
diagnosed with reference to Duke’s criteria (14). Once a 
diagnosis of IE was confirmed, if the patient was stable, 
adequate antibiotic therapy was administered for 6–8 
weeks until blood cultures demonstrated negative results; 
subsequently, elective surgery was performed to replace 
the BJVC. If the patients had septic shock, unstable 
hemodynamics, or life-threatening valvular vegetation/
conduit obstruction, the conduit was surgically replaced 
on an emergency basis. Conduit failure was defined as the 
need for surgical conduit replacement or transcatheter 
intervention, due to severe conduit stenosis (peak gradient 
≥80 mmHg), or severe regurgitation (greater than grade 
3+) (7,20). Conduit reinterventions included plasty, conduit 
replacement, or transcatheter interventional therapy but 
did not include reinterventions for stenosis of branch 
pulmonary arteries.

Conduit description and implantation technique

The Balance BJVC has an internal diameter of 12–17 mm  
and a length of 7–10 cm. Its lumen contains a natural 
triple-leaflet venous valve and sinus structures. Moreover, 
the outer layer of the conduit is covered with a polyester 

membrane to prevent conduit dilation and adhesion.
In all of the patients, extracorporeal circulation was 

established through median sternotomy and with upper and 
lower vena cava cannulation. A palliative right ventricle to 
pulmonary artery connection was performed under pulsatile 
extracorporeal circulation. For children undergoing 
anatomic correction, after moderate hypothermia (28–32 ℃)  
was achieved, 4 ℃ histidine-tryptophan-ketoglutarate 
(HTK) solution was perfused via the aortic root. After 
cardiac arrest, intracardiac or vascular malformations 
were repaired. For example, a unifocalization operation 
was performed to anastomose major aortopulmonary 
collateral arteries (MAPCAs) with the left/right pulmonary 
artery and to subsequently adequately enlarge them with 
bovine pericardium or autologous pericardium to relieve 
pulmonary artery stenosis. Subsequently, Balance BJVC 
was implanted. During the surgery, the selection of conduit 
diameter was based on the normal diameter corresponding 
to the age of the child (increased by 2–4 mm).

Prior to the implantation, the conduit was placed in 
sterile saline and rinsed sufficiently to remove the residual 
crosslinker. The valve-bearing conduit was trimmed to 
the specific length to avoid conduit twisting. Additionally, 
during anastomosis, the inner layer of the conduit 
was sutured while taking care to prevent purse-string 
contraction. Due to the fact that the conduit travels on the 
left sidewall of the heart, compression by the ascending 
aorta or sternum should be avoided. The proximal end 
of the conduit was directly trimmed at the windshield-
like structure at the proximal anastomosis, thus avoiding 
the introduction of other implants. A vertical incision was 
created on the RVOT, with its length no longer than 1/3 
of the long axis of the outflow tract. Efforts were made to 
avoid the anterior descending branch of the left coronary 
artery, and the conical branch of the right coronary artery 
was sacrificed (if necessary). The hypertrophic muscle 
bundle in the RVOT was removed. Moreover, on the first 
postoperative day, oral antiplatelet therapy with aspirin  
(5 mg/kg) was started and continued for six months.

Follow-up and reintervention

In the first year after surgery, transthoracic cardiac 
ultrasound and electrocardiography were performed at 1, 
3, 6, and 12 months postoperatively. Afterwards, cardiac 
ultrasound was repeated every six months. The main 
observations included cardiac function, conduit function, 
and IE (if any). For children with conduit dysfunction, active 
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cardiac catheterization and interventional therapy, including 
balloon dilation and stenting, were offered. For children with 
conduit failure, surgical replacement was recommended. 
The final clinical status of the children, including symptoms, 
exercise tolerance, and late death, was collected.

Statistical analysis

All of the continuous variables are expressed using 
the mean ± standard deviation or median (range), and 
categorical variables are expressed using frequencies. For 
subgroup analyses, the Student’s t-test was used to compare 
parametric variables, and the chi-square test was used to 
compare nonparametric variables. The Kaplan-Meier 
method was used to estimate survival, and the differences in 
survival rates were compared by using the log-rank method. 
Additionally, to evaluate risk factors for BJVC failure, 
the univariate Cox regression analysis was performed; 
subsequently, variables with a P value of less than 0.1 were 
included in the multivariate Cox regression analysis by using 
forward stepwise regression based on maximum likelihood 
estimation (Forward: LR). A P value of less than 0.05 (two-
sided) was considered to be statistically significant. All of 
the statistical analyses were performed by using the SPSS 
22.0 software package.

Results

Patient demographics

A total of 103 children underwent RVOT reconstruction 
using Balance BJVC in our center from January 2018 to 
December 2020. Five children (4.9%) died early after 
surgery. Among them, four deaths were unrelated to 
the conduits (except for one child who died of conduit-
related IE and septic shock early after surgery). In addition, 
4 patients (3.9%) were lost to follow-up in the early 
postoperative period (<6 months), and they had normal 
conduit function at the last follow-up visit. All 9 children 
were excluded from this study, and 94 cases (91.3%) were 
entered into the final analysis (Figure 1).

The median age at Balance BJVC implantation was  
22 months (range, 2–168 months), and the median weight 
was 10.8 kg (range, 3.8–40.0 kg). Thirty-four children 
(36.2%) were younger than 1 year. Moreover, the most 
common disease was pulmonary atresia with ventricular 
septal defect (PA/VSD) (66/94, 70.2%). Children were 
divided into two groups according to the size of the 
conduits: Group 1 (n=18, 19.1%) with conduits sized at 
12–14 mm; and Group 2 (n=76, 80.9%) with conduits sized 
at 15–17 mm. The demographic and surgical data of these 
children are summarized in Table 1.

Query of the medical 
record database from J
anuary 2018 to 
December 2020
Inclusion: BJVC for 
RVOT 
reconstruction

5 early 
deaths

eliminated

Total cases
(n=103)

n=94

Late death 
(n=4)

Conduit 
dysfunction (n=31)

Conduit failure 
(n=9)

Conduit Infective 
endocarditis (n=5)

Reintervention 
(n=26)

Function well  
(n=19)

4 early lost 
follow-up
eliminated

Figure 1 Research design map. BJVC, bovine jugular valved conduit; RVOT, right ventricular outflow tract.
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Table 1 Patient demographics and operative procedures

Demographic Patients 

Gender (M/F) 51/43

Median age at implant (month) 22 [2–168]

Age less than 12 months 34 (36.2)

Median weight (kg) 10.8 [3.8–40.0]

Main diagnosis, n (%)

PA/VSD (type A) 3 (3.2)

PA/VSD/MAPCAs (type B) 55 (58.5)

PA/VSD/MAPCAs (type C) 8 (8.5)

Aortic stenosis 10 (10.6)

Mitral stenosis/regurgitation 5 (5.3)

ccTGA/VSD/PS 7 (7.4)

PTA 4 (4.3)

TOF 1 (1.1)

TGA/VSD/PS 1 (1.1)

Conduit diameter (mm)

Group 1

12 7 (7.4)

13 3 (3.2)

14 8 (8.5)

Group 2

15 27 (28.7)

16 15 (16.0)

17 34 (36.2)

Operative procedures

Intracardiac repair + RVOT reconstruction + 
MAPCAs Unifocalization

63 (67.0)

Ross-Konno 10 (10.6)

Intracardiac repair + RVOT reconstruction 8 (8.5)

Hemi-mustard + bidirectional Glenn shunt + 
Rastelli

7 (7.4)

Pulmonary autograft mitral valve replacement 
(Ross II procedure) + RVOT reconstruction

5 (5.3)

Nikaidoh procedure 1 (1.1)

Table 1 (continued)

Table 1 (continued)

Demographic Patients 

Perioperative variables

Aortic cross-clamp time (min) 74.5 [22–193]

Cardiopulmonary bypass time (min) 202 [33–657]

Ventilation time (hour) 71.5 [1–2,323]

ICU stay time (day) 6 [2–97]

Data are presented as median [range] or number (%). PA, 
pulmonary atresia; VSD, ventricular septal defect; MAPCAs, 
major aortopulmonary collateral arteries; ccTGA, congenitally 
corrected transposition of the great arteries; PTA, persistent 
truncus arterious; TOF, tetralogy of Fallot; PS, pulmonary 
stenosis; RVOT, right ventricular outflow tract; ICU, intensive 
care unit.

Late mortality

The patients were followed up for a median of 43.5 months  
(range, 6–60 months). Late mortality occurred in four 
patients (4.3%). Among these patients, the first is a 
12-month-old female who was diagnosed with a complex 
mitral valve anomaly. She underwent the Ross-II procedure 
with RVOT reconstruction by using a 17-mm BJVC. 
During the course of the disease, there were symptoms of 
infection, and cardiac ultrasound prompted the presence of 
valvular vegetation in the conduit. Afterwards, a diagnosis 
of IE was made. After antimicrobial treatment, the clinical 
symptoms and vegetation disappeared. However, she died 
24 months after surgery due to intracranial hemorrhage 
caused by trauma. The second case of late death was a 
7-month-old male diagnosed with type A pulmonary atresia 
accompanied by ventricular septal defect. He underwent 
intracardiac defect repair and RVOT reconstruction with 
a 15-mm BJVC. This patient died six months after surgery 
due to pulmonary hemorrhage after balloon dilation for 
right pulmonary artery stenosis at another hospital. In 
the remaining two deaths, both children (a 10-month-old 
female and a 36-month-old male) had type B pulmonary 
atresia accompanied by ventricular septal defects and 
MAPCAs. They underwent complete unifocalization and 
intracardiac repair, along with RVOT reconstruction by 
using a 15-mm BJVC. The female patient was readmitted 
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to our center for conduit IE at six months after surgery, 
and the valvular vegetations disappeared after antimicrobial 
treatment. The female patient died of unknown causes 
at home 12 months after surgery. The male patient died 
suddenly at home 14 months after surgery for unknown 
reasons. Kaplan-Meier analysis demonstrated a 5-year 
survival rate of 95.7% (95% CI: 91.6–99.8%) after conduit 
implantation (Figure 2).

Conduit dysfunction

During the follow-up, 31 patients (33.0%) in this cohort 
experienced conduit dysfunction at different levels of the 
conduit, mainly including distal anastomotic (i.e., left/right 
arterial opening) stenosis (n=19), supravalvular stenosis 
(n=5), stenosis at the valve level (n=7), subvalvular and 
proximal anastomotic stenosis (n=1), moderate or severe 
valve regurgitation (n=2), and IE (n=5). Kaplan-Meier 
analysis showed that the proportion of patients who were 
free of conduit dysfunction at 1, 3, and 5 years was 91.4% 
(95% CI: 85.7–97.1%), 68.5% (95% CI: 58.5–78.5%), and 
50.4% (95% CI: 29.6–71.2%), respectively (Figure 3).

In Group 1, the proportions of patients who were free of 
conduit dysfunction at 1, 3, and 5 years were 88.9% (95% 
CI: 74.4–100%), 60.6% (95% CI: 37.9–83.3%), and 40.4% 
(95% CI: 13.0–67.8%), respectively; in Group 2, these 
proportions were 92.0% (95% CI: 85.9–98.1%), 70.5% 
(95% CI: 59.5–81.5%), and 51.0% (95% CI: 20.8–81.2%), 
respectively, thus demonstrating no significant difference 
from that in Group 1 (P=0.217; log-rank method). However, 
these proportions were 84.9% (95% CI: 72.7–97.1%), 
57.8% (95% CI: 40.0–75.6%), and 19.3% (95% CI: 

0–48.7%) at 1, 3, and 5 years in children who were operated 
on at an age younger than 1 year, respectively, which was 
significantly lower than the proportions [95.0% (95% CI: 
89.5–100%), 74.4% (95% CI: 62.8–86.0%), and 71.7% 
(95% CI: 59.3–84.0%)] in those who were operated on at an 
age older than 1 year (P=0.01; log-rank method) (Figure 4).

Conduit failure

Conduit failure was detected in 9 children (9.6%), including 
significant stenosis of the distal anastomosis (n=1; the 
conduit was replaced 13 months after surgery), IE at 
the valve level 24–36 months after surgery (n=3), severe 
supravalvular stenosis (n=2), and significant calcified stenosis 
of the main conduit stem (n=3). Six children underwent 
surgical replacement, 1 child underwent balloon dilation, 
and 2 others are awaiting surgery. Kaplan-Meier analysis 
showed that the proportions of patients who were free of 
conduit failure at 1, 3, and 5 years were 100.0%, 88.9% 
(95% CI: 82.0–95.8%), and 88.9% (95% CI: 82.0–95.8%) 
(Figure 5), respectively. Multivariate Cox regression analysis 
showed that sex, age, and conduit diameter were not 
independent risk factors for conduit failure.

During the follow-up period, five children (5.3%) 
developed IE within 24 months (range, 12–36 months) 
after surgery. All five children had positive blood cultures, 
and echocardiograms demonstrated valvular vegetation. In 
two cases, the clinical symptoms and valvular vegetation 
disappeared after antimicrobial treatment, but the conduit 
dysfunction persisted. One of these two children died due 
to craniocerebral trauma, and the other child was in good 
clinical status. In the remaining three cases, the clinical 
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Figure 2 The Kaplan-Meier curves depict estimated survival 
for the entire cohort of 94 patients after BJVC insertion. BJVC, 
bovine jugular vein conduit.

Figure 3 The Kaplan-Meier curves depict estimated freedom 
from BJVC dysfunction after operation. BJVC, bovine jugular vein 
conduit.
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symptoms improved after antimicrobial treatment; however, 
the conduit failure persisted, and a second surgery was 
performed to replace the conduits.

A total of 28 reinterventions were performed in  
26 children, including 5 reoperations, 21 balloon dilatations, 
and 2 pulmonary artery stent implantations. No deaths were 
noted in any of the reintervention cases.

All of the surviving children had good clinical status. 
They had no obvious clinical symptoms of right ventricular 
defects, and their activity tolerance was not obviously 
restricted.

Discussion

In this study, we retrospectively analyzed the mid-term 
results of RVOT reconstruction by using Balance BJVC in 
CHD patients, with a special focus on the functional status 

of the conduits. The results showed that despite the high 
incidence of conduit dysfunction, the risk of conduit failure 
remained low enough to meet clinical needs at 5 years after 
the procedure due to aggressive interventions. This result 
was similar to the findings reported in most previous studies 
literature (8,21).

Currently, the optimal material for RVOT reconstruction 
remains unclear. Patients with complex CHD typically 
have pulmonary hypertension and increased pulmonary 
vascular resistance, in whom the application of valved 
conduits is required for RVOT reconstruction. Compared 
with pulmonary homografts, BJVCs have numerous 
advantages, such as ready availability of different models, 
easy trimming and implantation, and prevention of twisting 
or compression. However, both pulmonary homograft 
and Contegra BJVC are not available at our center. Since 
2018, Balance BJVC (sized 12–17 mm) has been used in our 
center. However, for patients with RVOT reconstruction 
diameters larger than 18 mm, hand-made trileaflet valved 
ePTFE conduits are used. As in most reports, we observed 
a high incidence of conduit dysfunction at 5 years after 
surgery, which was mainly manifested by stenosis of the 
distal anastomosis (61.3%, 19/31). Kaplan-Meier analysis 
showed that the proportions of patients who were free 
of conduit dysfunction at 1, 3, and 5 years were 91.4%, 
68.5%, and 50.4%, respectively. Karamlou et al. found that 
the risk factors for conduit reintervention included: (I) PA 
arborization abnormalities, (II) younger age at implantation, 
and (III) smaller conduit Z score (22). In the present study, 
children who were operated on at an age younger than  
1 year had a higher proportion of conduit dysfunction 
(36.2%, 34/94) and a higher proportion of type B/C PA/

Figure 4 Kaplan-Meier curves of freedom from BJVC dysfunction stratified by (A) conduit diameter and (B) age at BJVC insertion. BJVC, 
bovine jugular vein conduit.
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VSD/MAPCAs (67.0%, 63/94). These patients often have 
poorly developed right and left pulmonary arteries, which 
need to be widened and reshaped with pericardial materials, 
along with the unifocalization of MAPCAs; finally, these 
arteries are anastomosed with the distal end of the BJVC, 
which results in a high risk of distal anastomotic stenosis. 
Other factors may include a mismatch between the conduit 
size and the distal pulmonary artery anastomosis, local 
immune/inflammatory responses, local pseudomembrane 
formation, thrombosis, and poor surgical anastomotic 
skill (21,23). Patel et al. found that the most common 
pathological changes in the conduits included fibrosis, 
calcification, and chronic inflammation; in contrast, local 
calcification in the valve leaflets was less common (8).

Conduit failure is the most significant concern in the 
clinical use of BJVC and often requires reoperation. Its risk 
factors are similar to those of conduit dysfunction. In our 
current study, conduit failure occurred in nine children, 
including significant calcific stenosis of the main conduit 
stem (n=3), stenosis due to IE at the valve level (n=3), severe 
supravalvular stenosis (n=2), and significant stenosis of the 
distal anastomosis (n=1). Kaplan-Meier analysis showed 
that the proportion of patients who were free of conduit 
failure at 5 years was 88.9%. This result was comparable 
to the findings in the previous literature (8,21). Active 
interventional therapies (such as balloon dilation) may 
help to prolong the lifespans of the conduits. In our center, 
balloon dilation is actively recommended for children with 
conduit dysfunction (e.g., the pressure peak gradient is  
>50 mmHg). Therefore, despite the high incidence of 
conduit dysfunction, the risk of conduit failure within  
5 years is low, and the conduit can meet the clinical needs.

Evidence suggests that small conduits (12–14 mm) have 
a higher risk of dysfunction or failure (1,8,21). A similar 
trend was observed in the current study; specifically, 
the proportions of patients who were free of conduit 
dysfunction at 1, 3, and 5 years were 88.9%, 60.6%, and 
40.4%, respectively, in Group 1 and 92.0%, 70.5%, and 
51.0%, respectively, in Group 2. However, the difference 
between the two groups did not reach statistical significance 
(P=0.217) (Figure 4), which was possibly due to the lower 
use of small conduits (n=18) in our cohort. In our practice, 
we also minimize the use of conduits that are smaller than 
14 mm, with the aim of prolonging the conduit lifespan. 
However, a recent study indicated that higher indexed 
Contegra BJVC size was an independent risk factor for 
conduit failure, with a freedom from conduit failure after  
3 years of 78.4% (24). In a multicenter study, Marathe et al.  

found that BJVCs with diameters <15 mm (compared to 
pulmonary homografts or aortic homografts) had similar 
medium- and long-term performance (25). Therefore, 
conduits with larger diameters are not always better.

The age of the patients undergoing surgery is an 
important factor affecting the long-term function of 
conduits. Previous studies have shown that 84–90% of 
BJVCs were free from reintervention due to failure at  
10 years after BJVC implantation (14,21,26-28). However, 
none of these studies stratified for age. A European 
Contegra multicenter study showed that the 5-year 
freedom from conduit explantation was 68% for those 
patients who underwent surgery at an age younger than 
1 year, whereas this rate was 90% for those patients who 
had surgery at an age of 1–10 years (29). Patel et al. found 
that the 5-year freedom from conduit explantation was 
only 53% in those patients who received surgery under  
1 year (8). Vitanova et al. reported that the 5-year freedom 
from conduit explantation was 59% in patients below  
1 year of age (30). Our study also demonstrated that 
children who were operated on ≤12 months had a higher 
risk of conduit dysfunction. The reasons for this effect may 
include smaller conduit diameter, poorer distal pulmonary 
artery development, higher calcium and phosphorus 
metabolic rates, and faster growth and development in 
young children. The appropriate age for BJVC implantation 
needs to be further explored.

Late IE is a common complication associated with all 
RVOT reconstruction materials. Previous studies have 
shown that the incidence of IE ranges from 4.7–17.6% 
(8,14-17). Older age at surgery has been recognized as 
being a risk factor for IE in all conduits used for RVOT 
reconstruction (7). Mery et al. (14). evaluated three 
conduits, including pulmonary allografts, aortic homografts, 
BJVCs, and porcine heterografts, for RVOT reconstruction. 
BJVC was found to be associated with a significantly greater 
risk of late endocarditis but with lower reintervention rates 
compared with other valved conduits (14). In our current 
study, five children (5.3%) developed late IE. Among 
them, three children had to have their conduits surgically 
replaced; in the other two cases, the vegetations and clinical 
symptoms disappeared after antibacterial therapy, and the 
functional status of the conduits is still being investigated in 
the follow-up.

Notably, Zhang et al. reported a cohort of 53 Chinese 
pediatric patients underwent RVOT reconstruction with 
BJVC (15). Their study demonstrated a relatively high 
rate of endocarditis (17.6% at the median follow-up  
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of 25.3 months) and BJVC conduits failure (29.4% at  
7 years). There are several important processing update 
with the conduits applied in this study, including non-
glutaraldehyde fixed technique, anti-adhesion membrane. 
The results showed lower incidence of endocarditis 
(5.3%). Additionally, we would suggest and take more 
active action on transcatheter intervention after conduit 
dysfunction was diagnosed, so long as getting the family’s 
consent. Therefore, the risk of conduits decay after 5 years 
implantation is comparatively low even though the patients 
in the cohort are younger (36.2% patients are younger than 
12 months) and the incidence of conduits dysfunction is 
higher. We believe that the durability of the conduit will be 
further improved as more advanced processing techniques 
are adopted, such as non-glutaraldehyde crosslinking and 
anti-calcification treatment, even with the application of 
modern tissue engineering techniques.

Limitations

Our current study had some limitations: (I) it was limited 
by its single-center, retrospective design; (II) due to the fact 
that pulmonary homografts have rarely been used in China, 
we did not compare BJVC with pulmonary homografts; 
and (III) due to its small sample size and short follow-up 
duration, only the mid-term outcomes of the conduits were 
presented in this study.

Conclusions

Despite the high risk of BJVC dysfunction, approximately 
90% of children are free from conduit failure at 5 years after 
conduit implantation through aggressive interventional 
therapy without increasing the incidence of IE. Thus, 
BJVC remains a useful alternative material for RVOT 
reconstruction in patients with complex CHD. Further 
close follow-up and exploration of the possible mechanisms 
of conduit dysfunction are warranted.
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