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Background: Interventional radiology (IVR), including balloon-occluded retrograde transvenous 
obliteration (BRTO) and percutaneous transhepatic obliteration (PTO), is performed for patients with 
intractable hepatic encephalopathy (HE). However, information on the appropriate coil for endovascular 
coiling for preventing recanalization is lacking. This study aimed to compare the different types of coils for 
endovascular coiling used in BRTO and PTO for cases of intractable HE. 
Methods: This retrospective study included patients who underwent endovascular coiling with BRTO 
or PTO for HE caused by portosystemic shunts. The number of coils required for complete occlusion was 
compared among bare, fiber, and hydrogel-coated coils, and the expansion types that close the gap between 
and inside the hydrogel-coated coils were also compared. 
Results: Of 38 patients (age range, 30–86 years), 16 and 22 underwent BRTO and PTO, respectively, 
using bare (19 patients), fiber (8 patients), and hydrogel-coated coils (10 patients; external expansion type, 
4; internal expansion type, 6). No significant differences in the size of portosystemic shunts were observed 
according to the type of coil. The mean number of coils required for complete occlusion varied (bare 
coils, 19.32; fiber coils, 18.11; hydrogel-coated coils, 10.70). Significantly fewer coils were required for 
endovascular coiling with hydrogel-coated coils. In the internal expansion type, a mean of 8.5 coils was 
required for occlusion. 
Conclusions: In some patients who underwent portal vein embolization, complete occlusion was not 
achieved with the scheduled type of coil because of slight expansion of blood vessels due to coil pressure. 
The findings suggested that hydrogel-coated coils were effective in endovascular coiling for HE caused by 
a portosystemic shunt, and internal expansion-type hydrogel-coated coils may be effective for the first-line 
procedure.
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Introduction

Hepatic encephalopathy (HE) is a complex condition with 
multiple causes, each with varying degrees of severity (1). 
HE is a crucial point in the natural history of chronic 
liver disease (2), and morbidity and mortality sharply 
increase after the onset of HE (3). HE is classified as type 
A if it occurs in acute liver failure, as type B if there are 
portosystemic bypasses without intrinsic hepatocellular 
disease, and as type C in the presence of cirrhosis and 
portal hypertension with portosystemic shunts (4).

To date, balloon-occluded retrograde transvenous 
obliteration (BRTO) and percutaneous transhepatic 
obliteration (PTO) have been typically selected for 
interventional radiology (IVR) treatment of esophageal and 
gastric varices and type C HE. These treatments can alter 
the hemodynamics of the portal vein. Early recanalization 
frequently occurs after PTO; therefore, PTO has been 
suggested as a supplementary procedure to other treatments 
or for emergency treatment of varices (5). In the case of 
HE, PTO has been found to achieve relatively favorable 
outcomes in cases in which the portosystemic shunt was 
successfully embolized with embolic materials such as 
metallic coils (6). Meanwhile, BRTO has been widely used 
as the first-line treatment for isolated gastric varices. A 
recent study reported on the use of BRTO in the treatment 
of HE (7). Regardless of the technique used, efficient 
occlusion of the lesion is very important.

This study aimed to evaluate different types of coils 
used for endovascular coiling in BRTO and PTO for cases 
of intractable HE in which a pharmacotherapy-resistant 
portosystemic shunt was present. We present the following 
article in accordance with the STROBE reporting 
checklist (available at https://apm.amegroups.com/article/
view/10.21037/apm-21-2594/rc).

Methods

This retrospective study included 38 patients who 
underwent endovascular coiling with BRTO or PTO for 
HE caused by a portosystemic shunt between January 
2015 and November 2020. The selection criteria of these 
38 patients were as follows: (I) having cirrhosis and a 
portosystemic shunt; (II) having an intractable overt HE 
during the administration of rifaximin and lactulose and 
(III) pre ammonia levels were over 120.00 μg/dL during 
the administration of rifaximin and lactulose. Patients 

with acute hepatic failure and/or hepatocellular carcinoma 
recurrence during follow-up were excluded.

The procedure was performed under general anesthesia 
in the IVR angiography suite.

In this study, intractable HE by portosystemic shunt 
were composed splenorenal shunt or paraumbilical venous 
shunt. The strategy for splenorenal shunt was selected 
BRTO. Hence, the strategy for paraumbilical venous shunt 
was selected PTO. 

For BRTO, the right internal jugular vein was accessed. 
A portosystemic shunt was catheterized via the right renal 
vein using a balloon catheter, and it is inflated to occlude 
the venous shunt. A contrast agent was subsequently 
injected upstream/retrogradely to delineate the anatomy 
of the pericolic portosystemic collaterals. With the balloon 
inflated to achieve relative stasis of blood, a microcatheter 
was advanced through the occlusion balloon catheter deep 
into the shunt before coiling.

Prior to PTO/percutaneous transhepatic sclerotherapy, 
ultrasonography was performed for all patients in order to 
determine the best access route to the portal venous system. 
The procedure was performed on inpatients under conscious 
sedation using a combination of 25 mg intramuscular 
hydroxyzine (Atarax P; Pfizer Japan Inc., Tokyo, Japan) and 
15 mg pentazocine (Pentagin; Daiichi Sankyo Co., Ltd., 
Tokyo, Japan) administered 15 min before treatment. After 
injection of 10 mL of 1% lidocaine (Xylocaine; AstraZeneca 
K.K., Osaka, Japan) into the peritoneum along the puncture 
line, percutaneous transhepatic puncture of the intrahepatic 
branch of the portal vein was performed using an 18-gauge 
needle under sonographic guidance. A 5-French sheath 
catheter was then introduced into the portal vein. Direct 
portography was performed to identify the feeding and 
draining veins of the gastric varices or shunt veins. The 
gastric varices or shunt veins often had multiple feeding 
veins, and a coaxial catheter was inserted into these feeding 
veins while avoiding the main feeding vein. PTO is usually 
performed by placing metallic coils in the afferent veins to 
reduce blood flow.

The clinical background of the patients was analyzed. 
Bare, fiber, and hydrogel-coated coils as well as the number 
of coils required for complete occlusion were compared. 
Furthermore, for hydrogel-coated coils, the external 
expansion type that closes the gap between the coils and the 
internal expansion type that closes the space inside the coils 
were compared and examined. All used coils were randomly 
chosen during the procedure by the operator (T.I).

https://apm.amegroups.com/article/view/10.21037/apm-21-2594/rc
https://apm.amegroups.com/article/view/10.21037/apm-21-2594/rc
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Statistical analysis

Patient characteristics were summarized using means and 
standard deviations. Wilcoxon’s signed-rank test was used 
to compare the values obtained before and 24 weeks after 
treatment. Correlations were determined using Pearson’s 
linear regression analysis. All P values were two-sided, and 
P<0.05 was considered statistically significant. Continuous 
variables were compared using Student’s t-test or Mann-

Whitney U test. Categorical variables were compared 
using Fisher’s exact test. P<0.05 was considered statistically 
significant. All statistical analyses were performed using 
EZR version 1.37 (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan) (8).

Ethics statement

The study was approved by the Institutional Review 
Board of Saiseikai Niigata Hospital (No. E18-18) and 
was conducted in accordance with the principles of the 
Declaration of Helsinki (as revised in 2013). All patients 
provided written informed consent. 

Results

The patients’ clinical demographics and characteristics 
are presented in Table 1. A comparative examination of 
the clinical background of the patients by the type of coil 
showed no significant differences in age, sex, background 
liver condition, or the BRTO/PTO ratio (Table 2). However, 
the mean number of coils required for complete occlusion 
varied among bare coils (19.32 coils), fiber coils (18.11 
coils), and hydrogel-coated coils (10.70 coils). A significantly 
smaller number of coils was required for patients who 
underwent endovascular coiling with hydrogel-coated coils. 
The maximum size of the portosystemic shunt was slightly 
larger in the hydrogel-coated coil group than that in other 
groups, but there were no significant differences (Table 2).

A comparison between the internal and external expansion 
types of the hydrogel-coated coils found no significant 
differences in age, sex, background liver condition, or the 
BRTO/PTO ratio. However, the internal expansion type 
required fewer coils (8.5) for occlusion (Table 3). 

After procedure, serum ammonia levels decreased 
immediately. All patients improved HE symptoms. The 
mean follow-up period was 21.25 months. There are no 
recurrences of overt HE. 

Discussion

In chronic liver disease, progression from hepatitis 
to cirrhosis can lead to portal hypertension. In portal 
hypertension, changes in hemodynamics cause various 
health problems, including the formation of gastric and 
esophageal varices and portosystemic shunts. Progression of 
portal hypertension further decreases the blood flow from 
the portal vein to the liver, increasing the risk of reduced 

Table 1 Clinical demographics and patient characteristics (n=38)

Category Value

Intervention

BRTO 16 (42.1)

PTO 22 (57.9)

Sex

Male 24 (63.16)

Female 14 (36.84)

Age (years) 64.36±12.70 [30–86]

Etiology

HBV 2 (5.26)

HCV 8 (21.05)

NASH 3 (7.89)

AIH 1 (2.61)

PBC 2 (5.26)

AIHPBC 2 (5.26)

Alc 20 (52.62)

Types of coils

Bare 19 (50.0)

Fiber 9 (23.68)

Hydrogel-coated 10 (26.32)

Outer swelling 4 (10.52)

Inner swelling 6 (15.79)

Max shunt diameter (mm) 19.98±5.04 (11.3–30.4)

Coil number 16.76±7.17 [5–30]

Values are presented as n (%) or mean ± standard deviation 
(range). BRTO, balloon-occluded retrograde transvenous 
obliteration; PTO, percutaneous transhepatic obliteration; HBV, 
hepatitis B virus; HCV, hepatitis C virus; NASH, nonalcoholic 
steatohepatitis; AIH, autoimmune hepatitis; PBC, primary biliary 
cholangitis; AIHPBC, autoimmune hepatitis-primary biliary 
cirrhosis; Alc, alcoholism.
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Table 2 Patient characteristics according to coil

Category Bare (n=19) Fiber (n=9) Hydro (n=10) P value

Age (years) 61.68±14.69 65.55±7.79 68.40±12.00 0.391

Sex 0.323

Male 13 (68.42) 6 (66.67) 6 (60.00)

Female 6 (31.58) 3 (33.33) 4 (40.00)

Etiology 0.147

HBV 1 (5.26) 1 (11.11) 0

HCV 3 (15.79) 4 (44.44) 1 (10.00)

NASH 3 (15.79) 0 0

AIH 0 0 1 (10.00)

PBC 0 0 1 (10.00)

AIHPBC 0 1 (11.11) 1 (10.00)

Alc 11 (57.89) 3 (33.33) 6 (60.00)

Intervention 0.451

BRTO 6 (31.58) 3 (33.33) 7 (70.00)

PTO 13 (68.42) 6 (66.67) 3 (30.00)

Maximum shunt diameter (mm) 17.65±6.71 19.43±7.29 21.10±2.80 0.697

Coil number 19.32±7.69 18.11±5.44 10.70±3.40 0.004

Values are presented as n (%) or mean ± standard deviation. HBV, hepatitis B virus; HCV, hepatitis C virus; NASH, nonalcoholic 
steatohepatitis; AIH, autoimmune hepatitis; PBC, primary biliary cholangitis; AIHPBC, autoimmune hepatitis-primary biliary cirrhosis; Alc, 
alcoholism; BRTO, balloon-occluded retrograde transvenous obliteration; PTO, percutaneous transhepatic obliteration.

hepatic reserve. Notable advances in pharmacotherapy 
for portal hypertension, including the development of 
rifaximin for HE, were seen in recent years. Advanced 
pharmacotherapies have been proven effective in treating 
complications associated with portal hypertension. 
Meanwhile, it is important to develop radical treatment 
strategies for the condition. IVR is increasingly used for 
patients with chronic liver disease, and it is important to 
provide such patients with minimally invasive treatment.

The principles of IVR treatment for portal hypertension 
can be broadly divided into embolization therapy for 
obstructing varices and shunts and decompression therapy 
for reducing portal vein pressure. For embolization therapy, 
transjugular retrograde obliteration (TJO) for gastric 
varices, BRTO, and PTO are predominantly used.

IVR treatment in which shunts will be obstructed can 
be divided into retrograde and anterograde techniques. 
Retrograde techniques include BRTO and TJO for gastric 
varices, whereas anterograde techniques include PTO.

In 1996, Kanagawa et al. (9) reported on BRTO for 
isolated gastric varices. Since then, BRTO has been 
recognized as a breakthrough method that is extremely 
effective in treating isolated gastric varices. Owing to its 
convenience and favorable treatment outcomes, BRTO has 
been used as the primary procedure for this condition. The 
effectiveness of BRTO for HE has also been verified (9).

Hirota et al. (10) classified the hemodynamics of isolated 
gastric varices into five grades, with grade 1 having the 
least progression and grade 5 having the most progression; 
collateral veins that had developed were treated with 
embolization. Meanwhile, shunts have various subtypes 
and are anatomically diverse; therefore, the treatment of 
the condition can be complex. Although the number inflow 
passages vary, outflow passages can have the main passage 
as well as a number of bypass passages. Oldamin may leak 
into the greater circulatory system if multiple outflow 
passages are present. In such cases, treatment needs to be 
discontinued. Aside from oldamin, endovascular coiling is 
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Table 3 Patient characteristics by hydro coil obliteration according to expansion pattern

Category Outer expansion (n=4) Inner expansion (n=6) P value

Age (years) 65.00±14.09 70.66±11.16 0.497

Sex 0.598

Male 2 (50.00) 4 (66.67)

Female 2 (50.00) 2 (33.33)

Etiology 25.00

HBV 0 0

HCV 1 (25.00) 0

NASH 0 0

AIH 0 0

PBC 1 (25.00) 1 (16.67)

AIHPBC 0 1 (16.67)

Alc 2 (50.00) 4 (66.67)

Intervention 0.778

BRTO 3 (75.00) 4 (66.67)

PTO 1 (25.00) 2 (33.33)

Maximum shunt diameter (mm) 20.35±2.05 21.35±3.14 0.695

Coil number 14.00±1.83 8.50±2.07 0.003

Values are presented as n (%) or mean ± standard deviation. HBV, hepatitis B virus; HCV, hepatitis C virus; NASH, nonalcoholic 
steatohepatitis; AIH, autoimmune hepatitis; PBC, primary biliary cholangitis; AIHPBC, autoimmune hepatitis-primary biliary cirrhosis; Alc, 
alcoholism; BRTO, balloon-occluded retrograde transvenous obliteration; PTO, percutaneous transhepatic obliteration.

also considered effective for embolization.
A study has reported that using a maximum intensity 

projection of contrast CT scan in accordance with the 
portal vein phase prior to BRTO is an effective treatment 
strategy (11). Furthermore, a transfemoral vein approach 
was used for BRTO with a catheterization time of  
30 min. Meanwhile, Chikamori et al. (12) reported using 
a transjugular approach in TJO, in which an indwelling 
catheter was used for 24 hours. In a broad sense, TJO is a 
type of BRTO. Preoperative diagnostic imaging is key in 
selecting the approach for TJO.

If a patient has advanced liver dysfunction, portal 
hypertension leads to an increase in blood flow in the 
shunt, thereby increasing the volume of blood flow that 
does not go through the liver and causing HE (also known 
as shunt encephalopathy). Symptoms of HE can typically 
be alleviated by conservative treatment with drugs such as 
branched-chain amino acids and lactulose. However, as the 
amount of blood flow in the shunt dramatically increases, 

hyperammonemia persists even if the state of consciousness 
temporarily improves through conservative treatment. 
In such a case, the patient is likely to have impaired 
consciousness.

The most common shunt that can cause HE is a splenic-
renal vein shunt, which accounts for 60% of all cases, 
followed by the left gastric-renal vein shunt (10% of the 
total) and the inferior mesenteric-renal vein shunt (5%). 
It is considered that the presence of a portosystemic shunt 
can cause HE because the shunt leads to encephalopathy-
inducing substances such as intestinal ammonia to flow 
directly into the greater circulatory system without going 
through the liver. HE, which can be explained by this 
mechanism, is referred to as Inose-type HE. Inose-type 
HE can only be temporarily improved if internal medical 
treatment is provided. Long-term treatment of this type 
of HE requires procedures on the portosystemic shunt. 
However, while occluding the portosystemic shunt can lead 
to improvement of HE, it can also lead to the worsening of 
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portal vein pressure, which may result in complications such 
as exacerbation of gastrointestinal varices, ascites, and portal 
vein embolism. Thus, treatments and indications must be 
carefully determined.

PTO was introduced by Lunderquist and Vang (13) in 
1974. It has been widely used as an emergency procedure 
for cases of variceal bleeding. However, PTO, being a 
new bypass created after the occlusion of the existing 
pathway, can lead to a recurrence of varices and bleeding. 
Furthermore, as puncture is performed percutaneously 
and transhepatically in PTO, this technique is more 
invasive than other techniques. Nevertheless, as PTO is 
an anterograde approach, it is useful in understanding 
hemodynamics through angiography.

An examination of PTO procedures performed for HE 
caused by a portosystemic shunt that accompanied portal 
hypertension and for intractable esophageal/gastric varices 
showed that the Child-Pugh scores improved 3 months 
after the procedure (14). The finding suggested that PTO 
may help maintain hepatic reserve in varying gastric-renal 
shunts, in intractable HE in which no gastric-renal shunt 
is present and in which BRTO is ineffective, and in gastric 
varices. According to Futagawa (15), shunt embolization 
may be performed when the rate of increase in portal vein 
pressure following preliminary embolization is up to 50% 
to 55% and the hepatic function has a Child-Pugh score A/
B. According to Tsuruta and Okamoto (16), embolization 
can be safely performed as long as the portal vein pressure 
is ≤31 cmH2O after shunt embolization.

However, this study found that complete occlusion was 
not achieved by BRTO or PTO in certain patients when 
the scheduled type of coil was used. This was because the 
blood vessels slightly expanded due to coil pressure in portal 
vein embolization. Hydrogel-coated coils were originally 
introduced for the purpose of improving long-term 
outcomes of intra-aneurysmal embolization for cerebral 
aneurysm by reducing recanalization. The use of this type 
of coil in treating the viscera has increased in recent years. 
In Japan, the use of the Azur® Peripheral Coil System 
(Terumo Clinical Supply, Gifu, Japan) was approved for the 
treatment of the viscera in 2012.

Embolization coils can be classified into bare coils, fiber 
coils, and hydrogel-coated coils. Embolization with bare 
coils is less effective than other types of coils, but they can 
be fixed well to the blood vessels. Meanwhile, fiber coils 
are designed to facilitate embolization with fibers. As the 
shape and stiffness of the fiber coils are consistent, the 
coils are unlikely to, or do not, form a clump (i.e., a nest-

like shape). Furthermore, as the blood vessels are occluded 
by fiber-induced embolization, blood flow may be restored 
if the embolus is lysed by fibrinolysis. Hydrogel-coated 
coils, which are classified into the internal and external 
expansion types, are characterized by the expansion of the 
coating material (i.e., the hydrogel) due to the adsorption 
of water molecules to the expanded mesh-like structure 
when the gel comes into contact with blood at a pH of 
7.4. Furthermore, hydrogel does not decompose under 
physiological conditions (a non-bioactive coil). This study 
indicates a new strategy for intractable HE for portal 
hypertension.

Several limitations associated with the present study 
warrant mention. First, it was a single-center study; thus, 
there is a possibility of selection bias by area. Second, given 
the cross-sectional nature of the study, inferring causality 
was not possible. Third, the recurrence of HE should be 
examined in the long term.

In this study, although hemodynamics varied among 
patients, the findings suggested that hydrogel-coated 
coils were effective in embolization for HE caused by a 
portosystemic shunt. In particular, internal expansion-
type hydrogel-coated coils may be effective as first-line 
procedure. The hydrogel-coated coil, Azur®, was found to 
be effective, possibly because it can reduce recanalization 
following endovascular coiling as the expansion of gel 
increases the filling rate. Future studies should examine a 
larger number of patients.
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