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Abstract

AIM

To assess the efficacy and safety of balloon dilatation
for the treatment of hepatic venous outflow obstruction
(HVOO) following pediatric liver transplantation.

METHODS

A total of 246 pediatric patients underwent liver tr-
ansplantation at our hospital between June 2013 and
September 2016. Among these patients, five were
ultimately diagnosed with HVOO. Seven procedures (two
patients underwent two balloon dilatation procedures)
were included in this analysis. The demographic data,
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types of donor and liver transplant, interventional
examination and therapeutic outcomes of these five
children were analyzed. The median interval time
between pediatric liver transplantation and balloon
dilatation procedures was 9.8 mo (range: 1-32).

RESULTS

Five children with HVOO were successfully treated
by balloon angioplasty without stent placement, with
seven procedures performed for six stenotic lesions.
All children underwent successful percutaneous
intervention. Among these five patients, four were
treated by single balloon angioplasty, and these
patients did not develop recurrent stenosis. In seven
episodes of balloon angioplasty across the stenosis, the
pressure gradient was 12.0 = 8.8 mmHg before balloon
dilatation and 1.1 + 1.5 mmHg after the procedures,
which revealed a statistically significant reduction (P
< 0.05). The overall technical success rate among
these seven procedures was 100% (7/7), and clinical
success was achieved in all five patients (100%). The
patients were followed for 4-33 mo (median: 15 mo).
No significant procedural complications or procedure-
related deaths occurred.

CONCLUSION

Balloon dilatation is an effective and safe therapeutic
option for HVOO in children undergoing pediatric
liver transplantation. Venous angioplasty is also
recommended in cases with recurrent HVOO.

Key words: Hepatic venous outflow obstruction;
Pediatric liver transplantation; Percutaneous
transluminal balloon dilatation; Pressure gradient;
Recurrent

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatic venous outflow obstruction (HVOO)
is a rare and severe complication following pediatric
liver transplantation that leads to graft loss in the
majority of patients. However, it remains controversial
whether stent placement or balloon angioplasty is
required for patients with HVOO. This study reported
our experiences with using balloon dilatation as part
of the treatment for HVOO in five children subjected
to pediatric liver transplantation, providing valuable
information for the successful treatment of such
patients. Balloon dilatation is an effective and safe
treatment for HVOO in pediatric patients following liver
transplantation, and re-venoplasty is recommended
even for patients with recurrent HVOO.

Zhang ZY, Jin L, Chen G, Su TH, Zhu ZJ, Sun LY, Wang ZC,
Xiao GW. Balloon dilatation for treatment of hepatic venous
outflow obstruction following pediatric liver transplantation.
World J Gastroenterol 2017; 23(46): 8227-8234 Available
from: URL: http://www.wjgnet.com/1007-9327/tull/v23/
146/8227.htm DOI: http://dx.doi.org/10.3748/wjg.v23.146.8227
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INTRODUCTION

Liver transplantation is the most effective treatment
for end-stage liver disease. In recent years, significant
progress has been achieved in surgical techniques,
immunosuppressants and operative care, which has led
to the optimization of post-transplant outcomes™. In
an attempt to solve the shortage of donor organs and
diminish the high mortality rate after re-transplantation,
efforts have been made to develop liver transplantation
techniques with reduced-size, split and living donor
organs™. Nevertheless, vascular complications are
still the most significant determinant factor for graft
loss, especially for those undergoing partial liver
transplantation with living donor grafts, during which
the use of short vascular pedicles complicates the
surgical procedure. In particular, hepatic venous
outflow obstruction (HVOO) is a profound complication
of pediatric liver transplantation; it has a high incidence
(4%-9%) owing to the smaller anastomosis diameter
and size mismatch of the hepatic vessels between
the donor and recipient™. The treatments for HVOO
in children after liver transplantation include surgical
reconstruction, re-transplantation and endovascular
angioplasty'. Endovascular angioplasty, either via
balloon angioplasty or stent placement, is a less-
invasive therapeutic option compared with surgical
approaches for relieving HVOO and has become the
first-line treatment of choice in pediatric transplant
recipients’®®. However, it remains unclear whether
stent placement or balloon angioplasty is required for
patients with HVOO.

Therefore, this retrospective study was performed
to evaluate data from pediatric patients undergoing
endovascular angioplasty for HVOO after liver
transplantation at our hospital from June 2013 to
September 2016. This paper presents our successful
treatment of HVOO in a series of five children using
balloon angioplasty.

MATERIALS AND METHODS

Patients

Between June 2013 and September 2016, a total of
246 pediatric patients (< 18 years old) underwent
liver transplantation at our hospital, including 149
living-donor and 97 deceased-donor transplants.
Among these patients, five consecutive patients (four
transplanted at our hospital and one transplanted
at another hospital) underwent venography and
manometric measurements due to suspicion of HVOO.
Patients were suspected of having HVOO when they
showed typical clinical signs or symptoms, including
ascites, pleural effusion, or hepatomegaly. Enhanced
computed tomography (CT) and/or Doppler ultrasound
(US) were used to further detect hepatic venous outflow
abnormalities. Abnormal Doppler US images included
an undetectable flow signal, a persistent monophasic
waveform, a slow flow of < 10 cm/s, or a reversed flow

December 14, 2017 | Volume 23 | Issue 46 |



Table 1 Demographic data of the five pediatric patients
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Case No. Gender Age Orriginal disease Type of transplant Graft type Onset after transplantation (mo)

1 B 10 mo Biliary atresia LDLT Left lateral lobe 4

2 E 3yr Biliary atresia LDLT Left lateral lobe 32

3 B 9yr OTCD Cross-auxiliary double-domino donor liver Right lobe 1
transplantation

4 M 7 mo Biliary atresia LDLT Left lateral lobe 9

5 F 10 mo Biliary atresia LDLT Left lateral lobe 3

LDLT: Living-donor liver transplantation; OTCD: Ornithine transcarbamylase deficiency.

direction. Patients highly suspected of hepatic venous
outflow abnormalities through Doppler US examination
were subjected to a CT scan. The hepatic venous
outflow abnormality was confirmed when the CT
scan revealed non-opacification of the hepatic veins,
greater than 70% focal luminal narrowing relative to
the adjacent normal hepatic vessel in diameter, or a
geographic area of low attenuation in the liver, along
with clinical symptoms of hepatic congestion (ascites,
pleural effusion, elevated liver enzymes, or abnormal
findings) on the immediate postoperative Doppler US
examination™. The hepatic venous outflow abnormality
was further diagnosed by hepatic venography and
through pressure measurements in the hepatic vein,
inferior vena cava (IVC) and right atrium. Significant
hepatic venous outflow stenosis was defined as a
pressure gradient > 3 mmHg.

All five patients with hepatic venous outflow
abnormalities underwent endovascular angioplasty.
The median length of the period from the liver
transplantation to the initial procedure was 9.8 mo
(range: 1-32 mo). The baseline characteristics of these
patients are summarized in Table 1.

Procedures

Each patient or their legal guardian provided
written informed consent. The present study was
approved by our Institutional Ethics Committee (No.
2017-P2-029-01).

Three authors (Jin L, Chen G, and Su TH., with
22, 21 and 10 years of experience in interventional
radiology, respectively) performed these procedures.
Percutaneous interventions were performed under
general anesthesia in all patients (n = 5). Selective
hepatic venography and balloon angioplasty were
performed via the right internal jugular vein. A
0.035-inch hydrophilic guide wire (Terumo, Tokyo,
Japan) and 5F cobra catheter (Cook, Bloomington,
Indiana) were used to gain entry into the hepatic vein.
After hepatic venography, the anastomotic pressure
gradient was obtained. After the catheter passed
through the desired site, the narrow pressure gradient
(right atrium and left hepatic vein) was calculated by
recording the intravenous pressure on both sides of the
narrowing. Patients with a pressure gradient of > 3
mmHg were considered to have a significant outflow
obstruction and were candidates for venoplasty,
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in which a percutaneous transluminal angioplasty
catheter (Powerflex Plus, Cordis) with a 6- to 8-mm-
diameter and 20- to 40-mm-long balloon was utilized.
The selection of the balloon was based on the contrast-
enhanced CT and venography findings and was
matched in size to the vein on the hepatic side of the
stenosis. The balloon was laid across the stenosis and
was inflated to widen the vein for 60 s at a pressure
of 10 atm. Balloon dilation was performed three
times, and the effectiveness of the venoplasty was
examined by repeated venography and manometric
measurements. Hemostasis was achieved by manual
compression, without transhepatic track embolization.
Patients did not receive heparinization during the
whole procedure. Hence, the international normalized
ratio was maintained between 1.5-2.0.

Follow-up

The patients’ vital signs were monitored in the
intensive care unit or general ward every 4-8 h. US was
performed one day after the procedure to examine the
hepatic venous outflow and to detect post-procedural
complications. CT was performed in selected patients
within 1 wk after the procedure, according to the
physician’s need to investigate the hepatic vein and
extrahepatic variceal flow and determine any post-
procedural complications. Doppler US was performed
bimonthly on an outpatient basis, and venography and
manometry were performed when recurrent HVOO
was suspected.

The following data were retrospectively collected:
technical and clinical success, pre- and post-
operative pressure gradients across the stenosis,
major complications, and patency of the hepatic
venous outflow. Technical success was defined as the
achievement of a pressure gradient across a stenosis of
< 3 mmHg on postprocedural manometry, or a stenosis
of < 30% on postprocedural venography. Clinical
success was defined as ameliorated signs and symptoms
of HVOO, and an improvement in the preprocedural
status evaluated by Doppler US™. The definition of a
major complication was an event that required extended

hospitalization or an advanced level of care'”.

Statistical analysis

Changes between pre- and post-procedural pressure
gradients across the hepatic vein stenosis were

December 14, 2017 | Volume 23 | Issue 46 |



Zhang ZY et al. Balloon dilatation for HVOO in PLT

Figure 1 Left lobe graft for biliary atresia in a 2-year-old boy. A: Hepatic venography shows severe blockage of the hepatic venous outflow. The pressure gradient
between the right atrium and left vein was 13 mmHg. B: Hepatic venography after percutaneous transluminal venoplasty shows improved flow into the right atrium.
The pressure gradient decreased to 3 mmHg.

Table 2 Clinical outcomes following balloon dilatation

Case No. Vessel Procedure Size Pre-pressure (mmHg) Post-pressure (mmHg) Follow-up (mo)

1 HV PTA 6 mm-4 cm 34/8 13/9 16

2 HV PTA 8 mm-4 cm 29/7 18/18 16

3 RHV PTA 8 mm-4 cm 17/10 10/10 1, recurrence
RHV PTA 8 mm-4 cm 22/14 15/15 10

4 HV PTA 8 mm-4 cm 30/17 22/19 88

B HV PTA 6 mm-2 cm 17/13 17/15 4
IVC PTA 6 mm-2 cm 17/13 14/14 4

HV: Hepatic vein; RHV: Right hepatic vein; IVC: Inferior vena cava; PTA: Percutaneous transluminal angioplasty.

analyzed by paired Student’s t-test. The analyses were
performed using SPSS 21.0 statistical software (IBM,
Chicago, IL, United States). A P-value < 0.05 was
considered statistically significant.

RESULTS

Four liver transplant recipients (one male and three
females; age range: seven months to three years old)
and one crossed-auxiliary double-domino donor liver
transplantation patient (female, nine years old) were
diagnosed with HVOO following liver transplantation in
the present study (Table 1). The preliminary diagnosis
of HVOO was initially assessed by Doppler US and
confirmed by subsequent abdominal CT angiography
and venography in all five patients. The hepatic vein
stenosis rate was 1.62%. The onset of hepatic vein
stenosis ranged from 1-32 mo (mean: 9.80 mo) after
liver transplantation.

A total of seven procedures were performed for
six stenotic lesions in five patients (there were two

Baishidenge ~ WJG | www.wjgnet.com

anastomoses in one patient, Table 2). The overall
technical success rate among these seven procedures
was 100% (7/7). A patient with HVOO underwent
a balloon angioplasty procedure twice at 15 d after
liver transplantation and at one month after liver
transplantation due to recurrence. The pressure
gradient across the stenotic lesions at the anastomoses
(n =7) was 12.0 £ 8.8 mmHg (range: 4-26 mmHg)
before balloon dilatation, and this value decreased
significantly to 1.1 £ 1.5 mmHg (range: 0-3 mmHg)
immediately after the procedure (P < 0.05).

Clinical success was achieved in all five patients
(100%), as manifested by improved ascites and
pleural effusion.

The patients were followed for 4-33 mo (median:
15 mo). The outcomes are shown in Table 2. Among
these five patients, four patients were treated by
single balloon angioplasty (Figures 1 and 2), and these
patients did not develop recurrent stenosis. The patient
who underwent two sessions of balloon angioplasty
showed no recurrent HVOO for 10 mo during the

December 14, 2017 | Volume 23 | Issue 46 |
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Figure 2 Left lobe graft for biliary atresia in a 10-month-old girl. A: The inferior vena cava (IVC) image shows tight fibrotic stenosis at the superior anastomosis
close to the right atrium. B: The IVC angiogram after angioplasty with a 6-20 mm balloon shows stricture resolution, no residual stenosis and free flow through the IVC
into the right atrium.

Figure 3 A 9-year-old male received cross-auxiliary double-domino donor liver transplantation. One month after the initial procedure, stenosis recurred. A:
Hepatic venography shows a stricture at the piggyback hepatic vein anastomosis. B: Hepatic vein angiography after balloon dilatation shows the disappearance of the
stricture and free flow through the anastomosis.

subsequent follow-up period (Figure 3). Furthermore, DISCUSSION
no major procedural complications during any of the

seven balloon angioplasty procedures, procedure-  Few cases of HVOO have been reported in pediatric
related deaths or permanent adverse sequelae patients following liver transplantation; there have
occurred. been fewer than ten cases within the past five years.
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This study reported our experiences with using balloon
dilatation as part of the treatment for HVOO in five
children who underwent pediatric liver transplantation,
providing valuable reference for the successful
treatment of such patients.

HVOO is an infrequent but life-threatening com-
plication following liver transplantation’®. Living-
donor or auxiliary liver transplantation has been
accepted as an effective method to expand the pool
of organ donors. At present, technical challenges
remain, including HVOO™?!, In the present study, four
cases who underwent transplantation at our hospital
and one patient who underwent transplantation at
another hospital were diagnosed with HVOO. In our
center, the incidence of HVOO was 1.62% (4/246),
which was lower than the incidences reported at
other centers™®'?. It has been reported that with the
evolution and improvement of surgical techniques, the
overall incidence of long-term hepatic vein stenosis
has significantly decreased between the eras of 1988
to 1994 and 1995 to 2002™. In the present study, the
time to onset of hepatic vein stenosis was 0.5-32 mo
(mean: 9.70 mo) after liver transplantation, which was
consistent with other studies!**?..

At our institution, patients with clinical signs and
symptoms of HVOO routinely underwent some forms
of noninvasive imaging. Color Doppler US was the most
frequently used imaging technique in the present study,
providing information on flow direction and velocity.
Its results can be made immediately available without
the use of ionizing radiation, and it can be conveniently
performed at the bedside. Magnetic resonance (MR)
venography and CT are excellent alternatives but
require scanner availability and sedation in the pediatric
population'®. Although noninvasive evaluation can aid
diagnosis, IVC venography with direct pressure gradient
measurement across the suspected lesion is the gold
standard for HVOO diagnosis'. In our cases, color
Doppler US and enhanced CT findings were supported
by the results of venography.

The quantification of the pressure gradient across
the stenosis may help verify the significance of the
lesion. At present, conflicting opinions exist for the
deterministic diagnosis of HVOO through a pressure
gradient across the stenotic region between the right
atrium and hepatic vein of > 3 mmHg or > 5 mmHg.
We recommend the consideration of the diagnosis of
HVOO in pediatric recipients with clinical presentations
of HVOO, even if their pressure gradients between
the right atrium and hepatic vein are < 3 mmHg. A
pressure gradient that can sufficiently lead to clinical
HVOO may be misleadingly reduced when the patient
is ambulatory or lying in the supine position during an
operation, leading to a missed or faulty diagnosis. In
addition, pressure gradients are typically measured
in children under general anesthesia, which affects
hepatic and portal vein flow velocities, resulting in the
misdiagnosis of HVOO™!. In the present study, we
recommend measuring the pressure gradient repeatedly
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at the same location and as far as possible from the
vessel wall. In addition, a diagnostic standard of > 3
mmHg for the pressure gradient is recommended.

At present, endovascular treatment, including per-
cutaneous balloon angioplasty and stent placement,
is the preferred treatment for HVOO after liver
transplantation™!, However, it remains unclear
whether balloon angioplasty or stent placement is pre-
ferable™® ™1, Kubo et al'*® performed endovascular
treatments in 20 patients with HVOO after liver
transplantation. A technically successful balloon
venoplasty procedure was initially achieved in all
cases. However, 11 (55%) patients had recurrent
obstruction, which is suggestive of a high rate of
reintervention. Most patients (n = 10) were treated
by balloon angioplasty, and one patient was rescued
by stent placement. The patency rate of the hepatic
venous outflow was 1.00 during a follow-up period of
60 mo. Another study reported 10 pediatric patients
with HVOO who were treated with stents; after 42
months of follow-up, all stent lumens remained patent.
Moreover, the retained stents did not cause profound
adverse effects that were harmful to the growth of
blood vessels'. Ko et al''’! performed primary stent
placement for early post-transplant HYOO and achieved
favorable long-term patency. Overall, the 1-, 3- and
5-year primary patency rates were 82.3%, 75.0% and
72.4%, respectively.

However, many centers hesitate to perform stent
placement in children for several reasons™®., First, stents
are prone to the development of neointimal hyperplasia,
leading to recurrent stenosis. Second, a stenotic lesion
would be developed when the child matures, since the
stent placed has a fixed diameter. Third, the location of
the internal stent in children is technically problematic
if re-transplantation is required. Finally, the long-term
patency of stents remains unknown. The present study
demonstrated excellent results for both technical and
clinical success (100.0% and 100.0%, respectively)
with a low recurrence rate (20%). During the follow-up
period, severe complications such as dissection, vascular
rupture, thrombosis or death did not occur. More
importantly, repeated balloon dilation could achieve
satisfactory or even curative outcomes, as shown by
our results™'. Therefore, we propose that repeated
balloon angioplasty can be a primary treatment
modality for HVOO in pediatric patients following liver
transplantation, even for those with recurrent HVOO.

The individualized selection of balloons (type and
size) as well as careful deployment is vital for achieving
a desirable outcome. In the present study, the selection
of the balloon was based on the experience and skill of
the interventional radiologist. We used short balloons
(diameter range: 6-8 mm; length: < 4 cm) for all
patients. Although the impact of the type and size of
the balloon on long-term patency has not been clearly
demonstrated, we speculate that a balloon with an
appropriate diameter and a short length ensures better
long-term patency for treating HVOO in pediatric liver
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transplant recipients.

Future directions

Although insufficient evidence has been obtained to
support the benefits of stent placement for HVOO,
novel stenting devices, such as drug-eluting and
biodegradable stents, may be promising for the
management of HVOO. Averin et al'™ reported the use
of a customized endovascular stent for the treatment
of inferior vena cava obstruction following pediatric
liver transplantation, in an attempt to relieve the risk
of hepatic venous vein egress. However, the long-
term efficacy of endovascular stent placement remains
unproven.

Limitation of study

In spite of the technical success and satisfactory clinical
outcomes in these five children, the present study had
certain limitations, including the retrospective nature of
the study, a relatively small sample size, and a relatively
short follow-up period. Further studies with a larger
sample size that could identify relevant risk factors for
HVOO development following transplantation and HVOO
recurrence after balloon angioplasty are needed.

In conclusion, balloon dilatation is an effective and
safe treatment for HVOO in pediatric patients following
liver transplantation, and re-venoplasty is recommended
even for patients with recurrent HVOO.

ARTICLE HIGHLIGHTS

Research background

Liver transplantation is the most effective treatment for end-stage liver disease.
Hepatic venous outflow obstruction (HVOO) is a severe complication of
pediatric liver transplantation, which has a high incidence of 4%-9% owing to
the smaller anastomosis diameter and size mismatch of the hepatic vessels
between the donor and recipient. Endovascular angioplasty is a less-invasive
therapeutic option that has become the first-line treatment option in pediatric
transplant recipients. However, it remains controversial whether stent placement
or balloon angioplasty is required for patients with HYOO. Rare cases of HYOO
have been reported in pediatric patients following liver transplantation. This
study reported our experiences with using balloon dilatation as part of the
treatment for HVOO in five children subjected to pediatric liver transplantation,
providing valuable data for the successful treatment of such patients.

Research motivation

HVOO is a rare and severe complication following pediatric liver transplantation
that leads to graft loss in the majority of patients. However, it remains
controversial whether stent placement or balloon angioplasty is required for
patients with HVOO. This study reported our experiences with using balloon
dilatation as part of the treatment for HVOO in five children subjected to
pediatric liver transplantation, providing valuable information for the successful
treatment of such patients. Balloon dilatation is an effective and safe treatment
for HYOO in pediatric patients following liver transplantation, and re-venoplasty
is recommended even for patients with recurrent HVOO.

Research objectives

Balloon dilatation is an effective and safe treatment for HVOO in pediatric
patients following liver transplantation, and re-venoplasty is recommended even
for patients with recurrent HVOO.
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Research methods

The authors enrolled a total of 246 pediatric patients who underwent
liver transplantation between June 2013 and September 2016. Among
these patients, five were ultimately diagnosed with HVOO. Percutaneous
interventions were performed under general anesthesia in all patients (n =
5). The demographic data, types of donor and liver transplant, interventional
examination and therapeutic outcomes of these five children were collected and
analyzed with SPSS version 21.0 software. Changes between pre- and post-
procedural pressure gradients across the hepatic vein stenosis were analyzed
by paired Student's t-test.

Research results

The authors found that balloon dilatation is an effective and safe treatment
for HYOO in pediatric patients following liver transplantation. The hepatic vein
stenosis rate was 1.62%. The time to onset of hepatic vein stenosis ranged
from 1-32 mo (mean: 9.80 mo) after liver transplantation. The pressure gradient
across the stenotic lesions at the anastomoses before balloon dilatation
decreased significantly after the procedure (P < 0.05). Sustained follow-up did
not reveal significant procedural complications or procedure-related deaths.
Further studies with a larger sample size that could identify relevant risk factors
for HYOO development following transplantation and HVOO recurrence after
balloon angioplasty are needed.

Research conclusions

This study investigated the efficacy and safety of balloon dilatation for the
treatment of hepatic venous outflow obstruction following pediatric liver
transplantation. HVOO is a rare and severe complication following pediatric
liver transplantation that leads to graft loss in the majority of patients. However,
it remains unclear whether stent placement or balloon angioplasty is required
for patients with HVOO. This study reported our experiences with using
balloon dilatation as part of the treatment for HVOO in five children subjected
to pediatric liver transplantation, providing valuable information regarding the
successful treatment of such patients. Balloon dilatation is an effective and safe
treatment for HYOO in pediatric patients following liver transplantation, and re-
venoplasty is recommended even for patients with recurrent HVOO. In spite of
the technical success and satisfactory clinical outcomes in these five children,
the present study had certain limitations, including the retrospective nature of
the study, a relatively small sample size, and a short follow-up period. Further
studies with a large sample size that could identify risk factors for HYOO
development following transplantation and HVOO recurrence after balloon
angioplasty are needed.

Research perspectives

This study reported our experiences with using balloon dilatation as part of the
treatment for HVOO in five children subjected to pediatric liver transplantation,
providing valuable information for the successful treatment of such patients.
Balloon dilatation is an effective and safe treatment for HVOO in pediatric
patients following liver transplantation, and re-venoplasty is recommended
even for patients with recurrent HVOO. In spite of the technical success and
satisfactory clinical outcomes in these five children, the present study had
certain limitations, including the retrospective nature of the study, a relatively
small sample size, and a short follow-up period. Further studies with a large
sample size that could identify risk factors for HYOO development following
transplantation and HVOO recurrence after balloon angioplasty are needed.
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