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Abstract
Aim: Portosystemic shunts aggravate liver function by decreasing portal blood flow.
The usefulness of balloon-occluded retrograde transvenous obliteration (B-RTO), a
standardized therapeutic procedure for gastric fundal varices (GFV), for the improve-
ment of liver function was evaluated in cirrhotic patients with or without varices.
Methods: The subjects were 161 patients with portosystemic shunts. A balloon catheter
was inserted into the shunts, followed by the injection of 5% ethanolamine oleate through
the catheter under balloon inflation. The balloon was kept inflated for 6 to 48 h.
Results: B-RTO was performed as a therapy for GFV in 112 patients and for the
improvement of liver function in 49 patients. The targets were splenorenal shunts in
104 patients (93.6%) in the former group and 33 patients (67.3%) in the latter group,
and the procedures were successfully completed in 109 (97.3%) and 39 (79.6%)
patients, respectively. In both groups, the serum albumin levels were increased and
the serum ammonia levels were decreased at more than 1 month after the procedures,
compared with the baseline levels, whereas significant improvements in the Child–
Pugh scores and prothrombin times were only seen in the latter group. In these
patients, the portal blood flows evaluated using Doppler ultrasound were increased at
1 week after the procedures, compared with the baseline levels.
Conclusions: B-RTO is a useful therapeutic procedure for improving liver function
even in patients without GFV by increasing the portal venous flow with successfully
targeted, uncommon portosystemic shunts.

Introduction
In patients with cirrhosis, collateral pathways draining into the
systemic circulation can develop in any part of the portal venous
system. Portosystemic shunts are responsible for the occurrence
of hepatic encephalopathy, since toxic intestinal substances, such
as ammonia, mainly produced by bacterium in the intestinal
flora, may arrive at the brain after escaping detoxification by urea
cycle in the hepatocytes.1 Such shunts also aggravate liver func-
tion by decreasing blood flow in the portal vein even in patients
without overt hepatic encephalopathy.2 Thus, therapeutic proce-
dures to increase the portal blood flow are needed for patients
with decompensated cirrhosis.

As a therapeutic procedure for portal hypertension, transju-
gular intrahepatic portosystemic shunt (TIPS) has been done in
Western countries, especially for esophageal and gastric varices
and intractable ascites.3 In Japan, however, balloon-occluded retro-
grade transvenous obliteration (B-RTO) is a standardized therapeu-
tic procedure for gastric fundal varices (GFV) with splenorenal
shunts.4–7 This procedure is less invasive than TIPS procedure,

can be applied even for varices with portosystemic shunts other
than splenorenal shunts6 and has been shown to eradicate varices
completely with minimal invasion. Previously, we reported that
GFV did not recur in any of the patients who had received suc-
cessful B-RTO procedures in a long-term follow-up study of
154 patients.7 As a secondary benefit of treatment for GFV, B-
RTO procedures have been shown to improve liver function;
serum ammonia levels decreased after B-RTO because of the
increase in the portal blood flow after the occlusion of splenorenal
shunts,8–12 whereas TIPS procedures aggravate hepatic encepha-
lopathy through decreasing the portal blood flow. Considering this
secondary merit, B-RTO has been applied for the treatment of
recurrent hepatic encephalopathy in patients with GFV.8,9,13–15

Yamagami et al. investigated the hemodynamic changes in the
portal venous circulation using splenic arteriography and arterial
portography on computer tomography (CT) before and after the
B-RTO procedures targeting splenorenal shunts, and they showed
that the occlusion of the shunts produced a switch in the portal
blood flow from hepatofugal to hepatopetal.10 These observations
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prompted us to postulate that B-RTO procedures may be useful
for the improvement of liver function in patients with decompen-
sated cirrhosis and those requiring treatment for GFV. In this
report, however, B-RTO procedures were performed only in nine
patients as treatments for GFV, among whom only one patient
with overt hepatic encephalopathy was included.

The usefulness of B-RTO, however, as a procedure for
improving liver function has yet to be elucidated, since the pro-
cedure can increase the portal venous pressure leading to the
aggravation of esophageal varices, ascites, hydrothorax, and por-
tal hypertensive gastroenteropathy.16,17 Also, the effects of B-
RTO in patients without GFV have not been clarified because of
the difficulty in occluding portosystemic shunts other than sple-
norenal shunts. Thus, in the present study, B-RTO was per-
formed using a microballoon catheter and a standard catheter in
patients with decompensated cirrhosis, in whom prophylactic
procedures for GFV were not required, and the usefulness of B-
RTO for improving liver function was evaluated by a comparison
with patients undergoing B-RTO for the treatment of GFV.

Patients and methods

Patients and therapeutic designs. The subjects were
patients with cirrhosis manifesting the portosystemic shunts on
contrast-enhanced CT examinations between January 2007 and
August 2016 at the Saitama Medical University Hospital. In
patients with F3 or F2/red color sign (RC)-positive GFV accord-
ing to the classification of the Japan Society for Portal
Hypertension,18 B-RTO procedures were done as therapies for
the varices. In contrast, in patients without GFV and those with
F1 or F2, but RC-negative varices, the procedures were per-
formed to improve liver function and/or attenuate refractory
hepatic encephalopathy. Patients with refractory ascites and/or
serum bilirubin concentrations of 5.0 mg/dL or more were
excluded from candidates for B-RTO procedures. In patients with
complicated esophageal varices of F3 and/or RC positive at base-
line on endoscopic examinations, endoscopic variceal ligation
(EVL) and/or endoscopic injection sclerotherapy (EIS) was done
1 day after the B-RTO procedure. In patients seen later than May
2013, partial splenic embolization (PSE) was performed simulta-
neously with the B-RTO procedure or 7 days before the proce-
dures, when sizes of the portosystemic shunts and/or spleen were
huge on contrast-enhanced CT examinations.

Written informed consent for the B-RTO procedures was
obtained from all the patients. The study results were analyzed
retrospectively based on the clinical data obtained for each
patient, and the study itself was approved by the Institutional
Review Board of the Saitama Medical University Hospital.

B-RTO procedures. A 5-Fr or a 6-Fr balloon catheter
(Selecon MP; Terumo Clinical Supply, Gifu, Japan) or a 3-Fr
microballoon catheter (Attendant; Terumo Clinical Supply, Gifu,
Japan) was inserted into the portosystemic shunts via the femo-
ral, internal jugular or epigastric vein. Retrograde venography
was performed through the catheter under balloon inflation.
When the shunts could not be visualized because of the presence
of alternative drainage vessels, the vessels were occluded with
metallic coils (Vortex; Boston Scientific, Natick, MA, USA) via
a 2.1-Fr microcatheter (Tangent; Boston Scientific, MA, USA)

selectively inserted into the drainage vessels, or a dual B-RTO
procedure was performed using an additional microballoon cathe-
ter. Then, 5% ethanolamine oleate (Oldamin; Asuka Pharmaceu-
tical Co. Ltd., Tokyo, Japan) was injected into the shunts. The
balloons were kept inflated, and the catheters were removed
between 6 and 48 h after the balloon occlusion. Human hapto-
globin (Haptoglobin; Japan Blood Products Organization, Tokyo,
Japan) at a dose of 4000 units was intravenously injected in all
the patients immediately after the injection of the sclerosant. In
patients with two types of portosystemic shunts, B-RTO proce-
dures were performed twice at an interval of 7 days.

Evaluation of therapeutic efficacy. Blood flow and
thrombus formation in the portosystemic shunts were assessed by
contrast-enhanced CT (SOMATOM Definition Flash and SOMA-
TOM Emotion 16, Siemens, Forchheim, Germany) between 3 and
7 days after the B-RTO procedures. When a complete thrombosis
formation was confirmed in the shunt, the therapeutic efficacy was
judged as being successful. In patients who underwent successful
B-RTO procedures, liver function tests were compared between
baseline and later than 1 month after the procedure. In addition, the
blood flow volumes in the portal vein were measured at baseline
and 7 days after the procedure in patients seen in October 2012 and
thereafter. The flow volumes were calculated using the diameter
and blood flow velocity of the right branch of the portal vein using
ultrasound pulsed Doppler flowmetry (ProSound F75, α7; Hitachi
Aloka Medical Ltd., Tokyo, Japan) with 1.8–5.7 MHz convex
probe. The extents of the esophageal varices were examined every
6 to 12 months after the B-RTO procedures, and the varices were
diagnosed as aggravated when variceal bleeding occurred or when
prophylactic endoscopic therapies were performed.

Statistical analysis. The paired t-test and Fisher’s exact test
were performed to compare the demographic and clinical features
of patients, including liver function parameters, observed after
the B-RTO procedures with those at baseline. The Wilcoxon’s
signed-rank test was performed to compare portal blood flows
after the B-RTO procedures with those at baseline. P-values of
less than 0.05 were considered statistically significant.

Results

Demographic and clinical features of patients
undergoing B-RTO procedures. A total of 161 patients
underwent B-RTO procedures. Among them, the procedures
were performed as treatment for GFV in 112 patients (69.6%)
and as improvement of liver function in 49 patients (30.4%). The
demographic and clinical features of 161 patients are shown in
Table 1. Patient age, sex, and the percentages of patients with
hepatocellular carcinoma (HCC) were equivalent between
patients undergoing B-RTO for the treatment of GFV and those
undergoing B-RTO for the improvement of a liver function. In
both groups, hepatitis C virus (HCV) infection was the most fre-
quent etiology for liver diseases, followed by alcohol intake;
however, non-alcoholic steatohepatitis (NASH) or an indetermi-
nate etiology was more frequent in the former group than in the
latter group, while hepatitis B virus (HBV) infection was more
frequent in the latter group than in the former group. Differences
in baseline liver function were observed between both groups;
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Child–Pugh grade A liver damage was more frequent among
those undergoing B-RTO for the treatment of GFV than among
those undergoing the procedures for the improvement of liver
function (57.1% vs 2.0%, respectively), while grade C liver dam-
age was more frequent in the latter patients than in the former
patients (0.9% vs 34.7%, respectively). Also, refractory hepatic
encephalopathy was exclusively present in the latter patients (0%
vs 77.6%, respectively).

Moreover, the portosystemic shunts observed using
contrast-enhanced CT differed between the two groups (Table 1
and Fig. 1). The percentage of patients with a splenorenal shunt
was higher among those undergoing a B-RTO procedure for the
treatment of GFV (92.3%) than among those undergoing the pro-
cedure for the improvement of liver function (71.4%, including
two patients with both splenorenal and azygos shunts). In patients
in the former group, inferior phrenic vein shunts were seen as
alternatives to splenorenal shunts. In the latter group, however,
both mesocaval and epigastric shunts and azygos shunts were
observed. The percentages of patients with esophageal varix com-
plications were similar between the two groups (74.3% vs 77.6%,
respectively), but patients with severe esophageal varices, for
whom endoscopic therapies were required simultaneously with

the B-RTO procedure, were more frequent in the former group
than in the latter group (25.7% vs 2.0%, respectively).

Therapeutic efficacies of B-RTO procedures. B-
RTO procedures were performed for 112 portosystemic shunts in
112 patients undergoing the procedures for the treatment of GFV
and for 51 shunts in 49 patients undergoing the procedures to
improve liver function. PSE was simultaneously performed in
15 patients (30.6%) in the latter group; the percentage was signif-
icantly higher than that in the former group (0.9%) (Table 1). As
shown in Figure 1, B-RTO procedures were performed success-
fully for 109 shunts (97.3%) among the former patients and for
41 (80.4%) shunts among 39 patients (79.6%) in the latter group
(P < 0.001). Among the latter patients, the success rates depend-
ing on the types of portosystemic shunts were 80.0% for splenor-
enal shunts, 75.0% for azygos shunts, 100% for mesocaval
shunts, and 71.4% for epigastric shunts.

The liver function parameters were compared between
those at baseline and those at 1 month or later after the B-RTO
procedures in 109 and 39 patients undergoing successful B-RTO
procedures for the treatment of GFV and for the improvement of
liver function, respectively. As shown in Figure 2a, in patients

Table 1 Demographic and clinical features of patients with the portosystemic shunts undergoing balloon-occluded retrograde transvenous oblitera-
tion (B-RTO)

Purpose of B-RTO procedures
Therapy for gastric fundal varices Improvement of liver function P-values

Number of patients 112 49

Age: years Medium (range) 66 (39–86) 63 (39–81) 0.133
Sex Men 65 58.0% 27 55.1% 0.729

Women 47 42.0% 22 44.9%
Refractory encephalopathy Absent 112 100% 11 22.4% <0.001

Present 0 0% 38 77.6%
Portosystemic shunts Splenorenal 104 92.3% 33 67.4% <0.001

Inferior phrenic 8 7.2% 0 0%
Mesocaval 0 0% 5 10.2%
Epigastric 0 0% 7 14.3%
Azygos 0 0% 2 4.1%
Splenorenal/azygos 0 0% 2 4.1%

Etiology (%) HBV 1 0.9& 5 10.2% 0.908
HCV 51 45.5% 23 46.9%
Alcohol intake 28 25.0% 14 28.6%
NASH/indeterminate 26 23.2% 4 8.2%
AIH 2 1.8% 0 0%
PBC 4 3.6% 3 6.1%

Child–Pugh scores (%) A 64 57.1% 1 2.0% <0.001
B 47 42.0% 31 63.2%
C 1 0.9% 17 34.7%

Hepatocellular carcinoma (%) Absent 80 71.4% 34 69.4% 0.793
Present 32 28.6% 15 30.6%

Esophageal varices† (%) None 29 26.0% 11 22.4% 0.096
Mild 54 48.2% 37 75.5%
Severe 29 26.0% 1 2.0%

Partial splenic
embolization (%)

Not done 111 99.1% 34 69.4% <0.001
Done 1 0.9% 15 30.6%

AIH, autoimmune hepatitis; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis; PBC,
primary biliary cholangitis; PSE, partial splenic embolization.
†The extent of esophageal varices manifesting both F1/F2 and RC0 was diagnosed as “mild,” while that of the varices with F3 or RC1/RC2/RC3 as
“severe.”
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undergoing the procedures for the treatment of GFV, the serum
ammonia levels were decreased (μg/dL; mean � SD, from
69.9 � 38.8 to 57.8 � 33.7; P < 0.05), while the serum albumin
levels were increased (g/dL; from 3.3 � 0.5 to 3.5 � 0.5;
P < 0.001) after the B-RTO procedures compared to the baseline
levels, while significant changes were not seen in the prothrom-
bin time (%; from 73.2 � 11.1 to 75.0 � 13.5) and the serum
total bilirubin levels (mg/dL: from 1.1 � 0.7 to 1.2 � 0.8). In
contrast, in patients undergoing the procedures to improve liver
function (Fig. 2b), the serum ammonia levels were decreased
(from 158.2 � 63.0 to 59.9 � 30.9; P < 0.001), while both the
serum albumin levels and the prothrombin times were increased
(from 2.9 � 0.4 to 3.4 � 0.4; P < 0.001 and from 67.0 � 13.5
to 74.1 � 15.0; P < 0.005, respectively) after the procedures,
compared with those at baseline, but the serum total bilirubin
levels did not change (from 1.5 � 0.8 to 1.4 � 1.1). Conse-
quently, the Child–Pugh scores were decreased from 8.6 � 1.3
to 6.6 � 1.3 (P < 0.001) after the B-RTO procedures in the latter
patients, while they remained unchanged in the former patients
(from 6.4 � 1.1 to 6.2 � 1.5).

Blood flow in the portal vein was examined in 14 patients
undergoing successful B-RTO procedures for the improvement
of liver function (Fig. 3). The flows had increased significantly at
1 week after the procedures, compared with those at baseline
(cm3/s; from 5.3 � 10.2 to 19.9 � 10.0; P < 0.005) (Fig. 4).

In patients undergoing B-RTO for the improvement of
liver function, esophageal varices became aggravated in three
patients (6.1%) within 6 months of the procedures, but these var-
ices were successfully treated endoscopically. Thrombosis of the
portal vein developed in seven patients (17.9%) after the proce-
dures. Intractable ascites did not occur in any of the patients
within 6 months of the procedures.

Discussion
In the present study, B-RTO procedures were performed in cir-
rhotic patients with portosystemic shunts, and the efficacies were
compared between those with and those without GFV requiring
therapy, with the procedures being done to improve liver func-
tion in the latter patients. The clinical features of the two patient
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Figure 1 Success Rates of Balloon-Occluded Retrograde Transvenous Obliteration (B-RTO) Depending on the Types of Portosystemic

Shunts. B-RTO procedures were performed for 112 shunts in 112 patients receiving the procedures as therapy for gastric fundal varices (GFV) and
for 51 shunts in 49 patients receiving the procedures to improve liver function.
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groups differed, with patients whose conditions were caused by
NASH or an indeterminate etiology being more frequent in the
former group than in the latter group, whereas the percentages of
patients with decompensated cirrhosis with or without refractory
hepatic encephalopathy were higher in the latter group than in
the former group. Moreover, of note, the types of portosystemic
shunts differed between both patient groups: shunts other than
splenorenal shunts, such as azygos, mesocaval, and epigastric
shunts, were more frequent in patients undergoing B-RTO proce-
dures to improve liver function than in those undergoing the pro-
cedures for the treatment of GFV, while the opposite trend was
observed for patients with severe-grade esophageal varices. Dif-
ferences in the hemodynamics of the portosystemic shunts con-
tributed to the gap in the success rates for the B-RTO procedures
between both patient groups, with a success rate of 97.3%

observed for patients undergoing B-RTO procedures for the treat-
ment of GFV and 79.6% for those undergoing the procedures to
improve liver function. Also, PSE was performed more fre-
quently in the latter patients than in the former patients.

Miyamoto et al. evaluated hepatic blood flow and liver
function in patients with GFV using the continuous indocyanine
green (ICG) infusion method and showed that B-RTO procedures
increased the blood flow volume, leading to an improvement in
hepatic metabolic activities, such as serum albumin and ammonia
levels, prothrombin times, ICG extraction ratio at 15 min, and
the Child–Pugh scores evaluated 4 weeks after the procedures.9

Also, Kumamoto et al. compared liver function and the long-
term prognosis among three groups: cirrhotic patients with and
without splenorenal shunts and those undergoing B-RTO proce-
dures for the treatment of splenorenal shunts.12 They concluded
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that the shunts were responsible for the derangement of liver
function and vital outcome and that B-RTO procedures may
improve the outcomes of patients with shunts.12 Moreover, sev-
eral reports supported the usefulness of B-RTO procedures in
patients with refractory hepatic encephalopathy.8–10

In previous studies, however, the usefulness of B-RTO as a
treatment for GFV was only evaluated among small numbers of
patients with splenorenal shunts exclusively. The present study is the

first large-scale report to clarify the therapeutic efficacies of B-RTO
procedures and to include patients with decompensated cirrhosis
without GFV. B-RTO procedures were shown to increase the portal
blood flow at 1 week after the procedure, leading to an improvement
in liver function at 1 month or later after the procedure. The extents
of the attenuations in the deranged serum levels of ammonia and
albumin were smaller in patients undergoing B-RTO procedures for
the treatment of GFV than in those undergoing the procedures for
the improvement of liver function. Moreover, improvements in the
prothrombin times and the Child–Pugh scores were found exclu-
sively in the latter patients. These results suggest that the use of B-
RTO in cirrhotic patients without GFV for the improvement of liver
function when portosystemic shunts are observed on contrast-
enhanced CT examinations merits consideration.

The limitations of the present study were as follows.
First, the study was performed retrospectively, and B-RTO pro-
cedures were performed only in patients manifesting the porto-
systemic shunt hemodynamics suitable for the procedures. We
tried to enlarge the indications for the procedures using a micro-
balloon catheter and a standard balloon catheter to target shunts
other than splenorenal shunts. In general, hemodynamic states
are complicated especially in patients with azygos and epigas-
tric shunts, in whom multiple drainage vessels with tortuous
structures through which a balloon catheter cannot be advanced
may exist. The percentages of patients among those with
decompensated cirrhosis, in whom effective B-RTO procedures
can be done, should be determined to clarify the position of
these procedures as a therapeutic strategy. Second, the long-
term outcome of patients with decompensated cirrhosis under-
going B-RTO procedures to improve liver function must be elu-
cidated in comparison with patients undergoing the procedures
for the treatment of GFV.

In conclusion, B-RTO procedures were useful for the
improvement of liver function even in cirrhotic patients without
GFV by increasing the portal venous flows, though technical dif-
ficulties may exist in procedures targeting portosystemic shunts
other than the splenorenal shunt.
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Figure 3 Ultrasound Pulsed Doppler Findings at Baseline and 1 Week after Balloon-Occluded Retrograde Transvenous Obliteration

(B-RTO). a) The velocity of portal venous flow at baseline was 7.3 cm/s, and the flow volume was calculated as 9.7 cm3/s (b) The velocity at 1 Week
after B-RTO increased from 7.3 cm/s to 12.6 cm/s, and the flow volume was calculated as 16.7 cm3/s.
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