
ORIGINAL ARTICLE

Balloon-occluded retrograde transvenous obliteration
for gastric varices improves hepatic functional reserve
in long-term follow-up
Nobuo Waguri, Akihiko Osaki, Yusuke Watanabe, Tsuyoshi Matsubara, Shun Yamazaki, Hanako Yokoyama,
Kiwamu Kimura, Takuya Wakabayashi, Masaki Mito, Shunta Yakubo, Rie Azumi, Junji Kohisa, Kennichi Takaku,
Munehiro Sato and Kouichi Furukawa

Department of Gastroenterology and Hepatology, Niigata City General Hospital, Niigata, Japan

Key words

balloon-occluded retrograde transvenous oblitera-
tion, gastric varices, hepatic functional reserve,
partial splenic embolization, prognosis.

Accepted for publication 1 November 2021.

Correspondence

Nobuo Waguri, Department of Gastroenterology
and Hepatology, Niigata City General Hospital,
467-3 Shumoku, Chuo-ku, Niigata 950-1197,
Japan.
Email: waguri@hosp.niigata.niigata.jp

Declaration of conflict of interest: There are no
conflicts of interest and/or funding for all authors.
Author contribution: Nobuo Waguri wrote the
manuscript; Akihiko Osaki, Yusuke Watanabe,
Tsuyoshi Matsubara, Shun Yamazaki, Hanako
Yokoyama, Kiwamu Kimura, Takuya Wakabayashi,
Masaki Mito, Shunta Yakubo, Rie Azumi, Junji
Kohisa, Kennichi Takaku, and Munehiro Sato
collected clinical data; Akihiko Osaki and Yusuke
Watanabe played a role in study design and
reviewed the paper; Kouichi Furukawa reviewed
the paper.

Abstract
Background and Aim: Balloon-occluded retrograde transvenous obliteration
(BRTO) has been widely adopted for the management of gastric fundal varices
(GVs). There are a few reports that BRTO leads to the improvement of mid-term and
long-term hepatic functional reserve (HFR). We retrospectively investigated the long-
term effect on HFR and prognosis among patients who had undergone BRTO
for GVs.
Methods: This single-center, retrospective study included 57successful patients out of
60 patients who underwent BRTO for GVs from December 2005 to September 2018.
We examined the indicators of HFR (e.g., encephalopathy and ascites statuses, serum
total bilirubin and albumin levels, % prothrombin time, and Child–Pugh and
albumin–bilirubin [ALBI] scores) during 3 years of follow-up after BRTO. We ana-
lyzed survival using the Kaplan–Meier method and identified the independent prog-
nostic factors via multivariate analyses.
Results: GVs disappeared in all patients who were successfully treated by BRTO. At
3 years after BRTO, serum albumin levels were significantly elevated (from 3.3 to
4.0 g/dL, P = 0.008), while Child–Pugh and ALBI scores were significantly
decreased (from 7.0 to 5.7, P = 0.043, and from �1.94 to �2.60, P = 0.006, respec-
tively). The median survival time among all patients was 2207 days; the survival rates
after BRTO were 87.0% at 1 year, 81.8% at 3 years, 67.3% at 5 years, and 44.1% at
10 years. Multivariate analyses revealed that ascites, hepatic encephalopathy, and
malignant neoplasms were independently associated with poor prognosis.
Conclusion: BRTO for GVs has a favorable effect on long-term HFR.

Introduction
Rupture of the gastric fundal varices (GVs) is often fatal because
the blood flow of the gastrorenal shunt (GRS) which forms GVs
is greater than the blood flow of esophageal varices.1 Balloon-
occluded retrograde transvenous obliteration (BRTO), which was
invented in Japan,2 has been widely adopted for the management
of GVs.3–8 BRTO has been reported to improve hepatic encepha-
lopathy and hepatic functional reserve (HFR) by completely
obstructing the portosystemic shunt.9–15 To the best of our
knowledge, there have been very few reports confirming that
BRTO leads to the improvement of mid-term and long-term
prognosis.13,16–19 We retrospectively investigated the long-term
effect on HFR and prognosis among patients who had undergone
BRTO for GVs.

Methods

Patients. This single-center, retrospective study included
57successful patients out of 60 patients who underwent BRTO
for GVs from December 2005 to September 2018. In this study,
the indications of BRTO for GVs20 were emergent or past rup-
tured GVs, presence of F2 and red color sign,21 presence of F321

or increased GV size, and presence of hepatic encephalopathy
caused by GV-forming portosystemic shunt. Exclusion criteria
were one or more of the following: severe hepatic dysfunction
(e.g., total bilirubin ≥4.0 mg/dL and/or Child–Pugh score ≥13),
severe renal dysfunction (estimated glomerular filtration rate
<30 mL/min/1.73 m2), other serious diseases with poor progno-
sis, and absence of a portosystemic shunt amenable to a retro-
grade approach. We also performed partial splenic embolization
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(PSE) simultaneously with BRTO in 44 patients with non-strict
indications such as splenomegaly and/or thrombocytopenia.
Using only 57 cases with successful BRTO, we retrospectively
examined the parameters of HFR (e.g., encephalopathy and asci-
tes statuses, total bilirubin and albumin levels, % prothrombin
time, and Child–Pugh and albumin–bilirubin (ALBI) scores22,23)
at 3, 6, 12, 24, and 36 months after BRTO using only cases with
successful BRTO. We also analyzed survival of patients with
successful BRTO using the Kaplan–Meier method and investi-
gated independent prognostic factors via multivariate analyses.

Balloon-occluded retrograde transvenous obliter-
ation. An 8-Fr long shepherd hook-shaped (Asato; Medikit,
Tokyo, Japan) sheath introducer was introduced through the right
femoral vein. A 6-Fr catheter with a 20-mm-diameter balloon or
a 5.2-Fr catheter with a 9-mm-diameter balloon (Selecon MP
Catheter; Terumo Clinical Supply Co., Gifu, Japan) was
advanced through the sheath introducer into the gastrorenal shunt
in a retrograde manner. Balloon-occluded retrograde transvenous
venography (BRTV) was performed to identify shunts and their
inflowing and outflowing vessels. The stepwise injection
method,24 selective coil embolization24 of the minor accessory
draining veins, and/or the downgrading method25 was used to
downgrade the gastrorenal shunt to a comparatively simple Grade
1 or 2, according to the classification by Hirota et al.26 Under
temporary balloon occlusion, a contrast medium was injected
through the balloon catheter to confirm stagnation of variceal
flow for more than 10 min; it was also used to evaluate the
required volume of sclerosing solution. When stagnation of the
contrast medium was confirmed, the same volume of 5%

ethanolamine oleate with iopamidol (EOI) was injected and
maintained in a stagnant state in the vessels with overnight bal-
loon occlusion. The catheter was then removed. To prevent renal

Table 1 Baseline characteristics of patients with GVs treated
by BRTO

Parameter n = 57

Age 63.7 � 9.0
Male/female 34/23
Total bilirubin (mg/dL) 1.4 � 0.7
Albumin (g/dL) 3.3 � 0.8
Prothrombin time (%) 72.4 � 18.6
Platelet count (�104/μL) 11.0 � 4.9
Ascites 10 (17.5%)
Hepatic encephalopathy 10 (17.5%)
Etiology (Alc/HCV/PBC/HBV/NASH/AIH/others) 23/15/5/4/4/2/6
Child-Pugh grade (A/B/C) 25/25/7
mALBI grade (1/2a/2b/3) 11/10/22/14
Ruptured GVs 16 (28.1%)
EVs 26 (45.6%)
With malignant neoplasms (HCC/pancreas/lung/

colon)
20 (35.1%)

18/2/1/1
Concomitant PSE 44 (77.2%)

AIH, autoimmune hepatitis; Alc, alcoholic cirrhosis; BRTO, balloon-
occluded retrograde transvenous obliteration; EVs, esophageal varices;
GVs, gastric varices; HBV, hepatitis B virus; HCC, hepatocellular carci-
noma; HCV, hepatitis C virus; mALBI, modified albumin–bilirubin;
NASH, nonalcoholic steatohepatitis; PBC, primary biliary cirrhosis; PSE,
partial splenic embolization.

Figure 1 Changes in parameters indicative of hepatic functional
reserve before and after balloon-occluded retrograde transvenous oblit-
eration (BRTO). (a) At 3 years after BRTO, serum albumin levels were
significantly elevated (from 3.3 to 4 g/dL, P = 0.008, paired t-test).
Serum albumin levels showed a significant increase over the entire
3 years after BRTO (P < 0.001, one-way ANOVA). (b) At 3 years after
BRTO, Child–Pugh scores significantly decreased (from 7.0 to 5.7,
P = 0.043, paired t-test). The scores showed a significant decrease
over the entire 3 years after BRTO (P < 0.001, one-way ANOVA test).
(c) At 3 years after BRTO, albumin–bilirubin (ALBI) scores significantly
decreased (from �1.94 to �2.60, P = 0.006, paired t-test). ALBI scores
showed a significant decrease over the entire 3 years after BRTO
(P < 0.001, one-way ANOVA test).
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dysfunction secondary to hemolysis caused by EOI, human hap-
toglobin (4000 units) was administered prior to the injection of
EOI.27

Partial splenic embolization. PSE was performed while
checking contrast medium retention in the shunt vessels.20

A 5-Fr catheter was introduced through the left femoral artery

into the splenic or celiac artery. A 2.6-Fr coaxial microcatheter
was advanced to the hilum of the spleen or to more peripheral
branches. Under fluoroscopic guidance, the splenic arteries were
embolized approximately 60–90% of the spleen by means of
gelatin sponge pieces cut into approximately 3-mm cubes and
immersed in iopamidol.

Statistical analysis. Clinical index parameters of HFR were
compared between pre- and post-procedure periods by paired
t-tests and one-way ANOVAs using the GraphPad Prism
statistical software, version 5 (GraphPad Software, Inc., La Jolla,
CA, USA). Data are shown as means � SDs. Survival curves
were estimated using the Kaplan–Meier method; differences
between curves were compared using the log-rank test. Univari-
ate and multivariate analyses were performed with EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan), which
is a graphical user interface for R (R Foundation for Statistical
Computing, Vienna, Austria). In all analyses, P < 0.05 was
considered statistically significant.

Ethics. All patients provided informed consent for treatment
after a physician had explained the advantages and risks of the
procedures. This nonrandomized, retrospective clinical study pro-
tocol was approved by the Ethics Committee of Niigata City
General Hospital. The study protocol conformed to the ethical
guidelines of the 2013 revision of the Declaration of Helsinki.

Results
Baseline characteristics of the 57 patients are presented in
Table 1. The mean age was 63.7 years, 59.6% of the patients
were men, and alcoholic liver cirrhosis was the most
frequent etiology (40.3%). Twenty-five had Child–Pugh grade A,

Figure 2 Kaplan–Meier curve showing overall survival after balloon-
occluded retrograde transvenous obliteration (BRTO). The median sur-
vival time among all patients was 2207 days; the survival rates after
BRTO were 87.0% at 1 year, 81.8% at 3 years, 67.3% at 5 years, and
44.1% at 10 years.

Table 2 Univariate and multivariate analyses of risk factors for survival after BRTO

Factor

Univariate analyses Multivariate analyses

P-value HR (95% CI) P-value HR (95% CI)

Age (≥65) 0.714 1.20 (0.46–3.12)
Male 0.764 1.16 (0.44–3.03)
Alc 0.483 0.70 (0.26–1.88)
HCV infection 0.102 2.33 (0.84–6.44)
T-Bil ≥2 mg/dL 0.798 0.86 (0.26–2.81)
Alb <3.5 g/dL 0.169 1.96 (0.75–5.09)
PT <70% 0.288 1.69 (0.64–4.48)
PLT <100 000/μL 0.661 1.24 (0.47–3.26)
Ascites 0.058 3.88 (0.96–15.72) 0.020* 4.29 (1.07–13.45)
Hepatic encephalopathy <0.001*** 12.16 (2.95–50.26) 0.021* 3.35 (1.20–9.32)
Child–Pugh grade B & C 0.045* 2.66 (1.02–6.93) 0.891
mALBI grade 2b &3 0.052 2.65 (0.99–7.08) 0.606
Ruptured GVs 0.043* 0.35 (0.13–0.97) 0.182
EVs 0.249 1.78 (0.67–4.72)
Malignant neoplasms 0.004** 4.36 (1.62–11.74) 0.008** 4.67 (1.50–14.53)
Concomitant PSE 0.780 0.86 (0.29–2.54)

Statistical significance: *P < 0.05, **P < 0.01, ***P < 0.001.
Alb, albumin; Alc, alcoholic cirrhosis; BRTO, balloon-occluded retrograde transvenous obliteration; CI, confidence interval; EVs, esophageal varices;
GVs, gastric varices; HCV, hepatitis C virus; HR, hazard ratio; mALBI, modified albumin–bilirubin; PLT, platelet count; PSE, partial splenic emboliza-
tion; PT, prothrombin time; T-Bil, total bilirubin.
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25 grade B, and 7 grade C liver disease. Similarly, 11, 10,
22, and 14 patients had modified ALBI grades23 1, 2a, 2b, and
3 liver disease, respectively. Sixteen patients (28.1%) underwent
emergent or elective treatment because of ruptured GVs; the

remaining patients underwent prophylactic treatment. In patients
with active bleeding due to ruptured GVs, BRTO was performed
after obtaining primary hemostasis by endoscopic band variceal
ligation, endoscopic clipping, or a Sengstaken–Blakemore tube.

Figure 3 Kaplan–Meier survival curves after balloon-occluded retrograde transvenous obliteration (BRTO), compared between groups according to
individual factors. Hepatic encephalopathy status (a), ascites status (b), Child–Pugh grades A and B–C (c), modified albumin–bilirubin (mALBI) grades
1–2a and 2b–3 (d), gastric varices (GVs) status (ruptured and unruptured/prophylactically treated) (e), and malignant neoplasm status (f).
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Twenty-six patients (45.6%) had esophageal varices. Twenty
patients (35.1%) had advanced malignant neoplasms (18 hepato-
cellular carcinoma, 2 pancreatic cancer, 1 lung cancer, and
1 colon cancer; there was duplication).

BRTO was successful in 57 out of 60 patients, that is, the
success rate of the procedure was 95.0%. GVs disappeared in all
patients who were successfully treated by BRTO. After BRTO,
bleeding or recurrence of GVs was not observed during the
observation period. Of the three patients with unsuccessful
BRTO, one patient in which only PSE was performed is being
followed up, with a slight reduction in GVs. Another was treated
with Hassab’s operation, and yet another with percutaneous
transhepatic portal obliteration.

Post-procedural complications were splenic abscess in
2 (3.5%), portal vein and/or splenic vein thrombosis in 3 (5.3%),
and moderate pleural effusion and/or ascites retention in
10 patients (17.5%). Exacerbation of esophageal varices within
2 years after BRTO was seen in 14 patients (24.6%). As previ-
ously reported,20 the frequency of exacerbation of esophageal
varices after BRTO was significantly reduced by combining PSE
with BRTO.

At 3 years after BRTO, serum albumin levels were signifi-
cantly elevated (from 3.3 to 4.0 g/dL, P = 0.008) (Fig. 1a), while
Child–Pugh and ALBI scores were significantly decreased (from
7.0 to 5.7, P = 0.043, and from �1.94 to �2.60, P = 0.006,
respectively) (Fig. 1b,c). Total bilirubin levels in serum did not
change (from 1.38 to 1.14 mg/dL) significantly (P = 0.313);
however, % prothrombin time was slightly but significantly
improved (from 72.4 to 86.8%, P = 0.008).

During the observation period, 17 patients died for the fol-
lowing causes: 8 due to hepatocellular carcinoma, 2 due to
chronic liver failure, 2 due to pancreatic cancer, 1 due to lung
cancer, 1 due to interstitial pneumonia, 1 due to splenic abscess,
and 1 due to multiple organ failure at the first visit following rup-
tured GVs. The median survival time among all patients was
2207 days; the survival rates after BRTO were 87.0% at 1 year,
81.8% at 3 years, 67.3% at 5 years, and 44.1% at 10 years
(Fig. 2). Univariate analyses were used to compare the cumula-
tive survival rates between the two groups, according to individ-
ual factors (Table 2). The survival rate was significantly lower in
patients with hepatic encephalopathy before BRTO compared to
those who did not have hepatic encephalopathy (P < 0.001,
Fig. 3a). Patients with ascites tended to have a low survival rate
compared to those who did not have ascites, but this difference

was not statistically significant (P = 0.058, Fig. 3b). The cumu-
lative survival rate was significantly lower among patients with
Child–Pugh grades B and C liver disease than among those with
Child–Pugh grade A liver disease (P = 0.045, Fig. 3c). Simi-
larly, the survival rate tended to be lower among patients with
ALBI grades 2b and 3 liver disease than among those with
mALBI grades 1 and 2a, but this difference was not statistically
significant (P = 0.052, Fig. 3d). Surprisingly, the survival rate
was significantly higher among patients with ruptured GVs than
among patients with non-ruptured GVs (P = 0.043, Fig. 3e). The
survival rate was significantly lower in patients with malignant
neoplasms than in patients without malignant neoplasms
(P = 0.004, Fig. 3f). However, the addition of PSE did not sig-
nificantly improve the patient survival rate. Multivariate analyses
revealed that ascites, hepatic encephalopathy, and malignant neo-
plasms were independently associated with poor prognosis
(Table 2).

Discussion
The hemodynamics of GVs associated with GRS cause reduced
portal venous pressure, which is harmful for the liver.28 Various
toxins derived from the intestinal tract (e.g., ammonia) must be
detoxified by the liver; these toxins reach the systemic circulation
through the hepatofugal portosystemic shunt flow, which causes
hepatic encephalopathy. Shunt obstruction by BRTO reportedly
leads to rapid correction of the blood ammonia level and
improvement of hepatic encephalopathy.9–15 Decreased
hepatopetal portal venous flow reduces the transport of various
nutrients from the intestinal tract to hepatocytes. In our study of
57 cases of GVs, we observed a long-term improvement in HFR
after BRTO; however, the main observation was an increase in
the albumin level, which is a representative index of protein syn-
thesis ability. Thus, the improvement of HFR is largely related to
the liver-associated nutritional improvement effect following the
increase in hepatopetal portal venous flow. PSE reportedly can
improve HFR.29,30 In a previous short-term study,20 we found
that HFR was significantly improved in the BRTO + PSE group
compared to the BRTO monotherapy group. Increased portal
venous flow after BRTO is mainly caused by increased splenic
venous blood flow without substantial enhancement of
hepatopetal mesenteric venous blood flow. We speculate that
hepatopetal mesenteric venous blood flow increases after PSE
causes decreased splenic venous blood flow, thus improving

Table 3 Summary of previous reports referring to the prognosis of patients who underwent BRTO for GVs

% Survival

Author References n BRTO success rate (%) 1-year 3-year 5-year Prognostic factors

Kumamoto M [16] 20 100 100 100 85.0
Naeshiro N [18] 100 97.0 50 Child–Pugh grade, HCC development
Imai Y [19] 154 95.4 91 76 72 Child–Pugh score, HCC
Hiraga N [31] 34 91.1 90 75 68
Akahoshi T [32] 68 92.6 96.5 81.7 HCC
Katoh K [33] 47 78.7 92 90 73
Waguri N This study 57 95.0 87.0 81.8 67.3 Ascites, HE, malignant neoplasms

BRTO, balloon-occluded retrograde transvenous obliteration; GVs, gastric varices; HCC, hepatocellular carcinoma; HE, hepatic encephalopathy.
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HFR. The combination of PSE with BRTO resulted in a short-
term improvement in HFR; however, survival was not signifi-
cantly prolonged. Addition of PSE aims to alleviate the rapid
increase in portal pressure caused by BRTO and contributes to
the improvement of short-term hepatic reserve and the prevention
of early exacerbation of esophageal varices. The effect of PSE is
not long-lasting, and the long-term improvement of HFR is con-
sidered to be mainly due to BRTO as a shunt occlusion. In this
study also, the effect of concomitant PSE on the life prognosis
was not significant.

Table 3 summarizes previous reports regarding the prog-
noses of patients who underwent BRTO for gastric vari-
ces.16,18,19,31–33 Notably, poor hepatic reserve according to the
Child–Pugh classification and hepatocellular carcinoma were fac-
tors associated with poor prognosis.18,19,32 The results of this
study were similar to those of previous studies. In our multivari-
ate analysis, we found that ascites, hepatic encephalopathy, and
malignant neoplasms were independently associated with poor
prognosis. After BRTO, gastric varices disappear, HFR
improves, and the prognosis is generally good in patients with no
concomitant malignant neoplasms.

In this study, BRTO improved hepatic encephalopathy.
Nevertheless, the results of multivariate analysis that hepatic
encephalopathy is a factor in poor prognosis seem contradictory.
Improvement of hepatic encephalopathy and increase of serum
albumin level are the two pillars of improvement of HFR by
BRTO. Patients undergoing BRTO already have a GRS, a large
portosystemic shunt. That is, it seems that there are differences
in hepatocyte function and hepatic fibrosis between patients with
and without hepatic encephalopathy before BRTO treatment.
Even though BRTO improves hepatic encephalopathy, the pres-
ence or absence of encephalopathy before treatment may be
reflected in the difference in life prognosis.

Serum albumin levels increased significantly in each case
compared to before and after BRTO. However, there was no sig-
nificant difference in survival between cases with high and low
albumin levels before BRTO.This result also seems contradic-
tory, but it is a real phenomenon. Serum albumin levels were not
only elevated in patients with hypoalbuminemia prior to BRTO.
However, we speculate that the increase in albumin levels by
BRTO may have brought the prognosis of patients with hypo-
albuminemia closer to that of patients without hypoalbuminemia.
However, it is still speculative and needs to be clarified in future
studies.

Surprisingly, patients with ruptured GVs had significantly
better survival than patients who received prophylactic treatment.
Most patients with ruptured GVs were new patients, and the fre-
quency of alcohol polydipsia was high among patients with rup-
tured GVs. Because there were many confounding factors
(e.g., hepatic encephalopathy) in preventive treatment cases, the
presence of a ruptured GVs was not an independent prognostic
factor.

In conclusion, BRTO for GVs had a favorable long-term
effect on HFR. However, this study was limited by its small
number of cases, as well as by its retrospective and non-
randomized design. Although randomized controlled trials for
GVs are difficult, further multicenter studies with additional
patients and propensity score matching are needed to confirm the
findings.
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