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Abstract
Purpose This study aimed to evaluate the usefulness of a coaxial double balloon catheter for simplification of the balloon-
occluded retrograde transcatheter obliteration (BRTO) procedure compared with a single-balloon catheter.
Materials and methods Thirty-three patients who underwent BRTO with a single-balloon catheter (Single-balloon group, 
n = 15) or a coaxial double balloon catheter (Coaxial group, n = 18) were included, retrospectively. The frequency of addi-
tional procedures for stagnation of sclerosant including ethanol injection, coil embolization, and additional balloon occlu-
sion for collateral draining veins; the dose of ethanolamine oleate (EO); and the complication rate and the success rate of 
sclerosant stagnation were evaluated.
Results Additional procedures were needed in four patients in the Coaxial group, which was significantly lower than that in 
the Single-balloon group (nine patients, P = 0.038). The dose of EO in the Coaxial group (11.2 ± 6.6 g) was lower, but not 
significantly different than that in the Single-balloon group (14.4 g ± 6.1 g, P = 0.184). The complication rate and the success 
rate of sclerosant stagnation were not different between the two groups.
Conclusion The use of a coaxial double balloon catheter can simplify the BRTO procedure compared with a single-balloon 
catheter.

Keywords BRTO · A coaxial catheter system · Double balloon catheter · Simplification · Procedures

Introduction

Gastric varices are one of the most important complications 
in patients with portal hypertension because bleeding from 
gastric varices is associated with high mortality [1]. Balloon-
occluded retrograde transcatheter obliteration (BRTO) is an 
effective procedure for the treatment of gastric varices [2]; 
thus, it is the first-line treatment in the prevention of rebleed-
ing from gastric varices [3]. To perform BRTO successfully, 
stagnation of the sclerosant in the gastro-renal shunt and/or 

gastric varices during occlusion of the gastro-renal shunt is 
essential; however, in many cases, collateral draining veins 
develop through which sclerosant flows into systemic circu-
lation during occlusion. Therefore, preventing the outflow 
of the sclerosant into systemic circulation through collateral 
draining veins is necessary. The easiest way to avoid the 
outflow of sclerosant through the collateral draining veins 
is to advance a balloon catheter over the branch point of the 
collateral draining veins. However, since the gastro-renal 
shunt is tortuous, it is often difficult to advance the cath-
eter to the proximal point. Therefore, additional procedures, 
such as embolization using a coil or ethanol, or occlusion 
using another balloon catheter, are necessary to prevent the 
outflow of the sclerosant [4], making the BRTO procedure 
more complex. To overcome these issues, Tanoue et al. 
developed a coaxial double balloon catheter system, which 
made it possible to advance to and occlude the proximal 
point of the gastro-renal shunt over the branch point of the 
collateral draining veins, and reduces the need of additional 
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procedures to embolize or occlude collateral draining veins 
[5]. However, there is little evidence on the usefulness of 
a coaxial catheter to simplify BRTO procedures by reduc-
ing the necessity of embolization or occlusion for collateral 
draining veins compared with a conventional single catheter 
system.

Therefore, the aim of this study was to evaluate the effec-
tiveness of the coaxial catheter system compared with the 
conventional single-balloon catheter in terms of frequency 
of additional procedures (including ethanol injection, coil 
embolization, and balloon occlusion with an additional bal-
loon catheter) for stagnating the sclerosant in the gastro-
renal shunt during BRTO.

Materials and methods

Patients

We retrospectively reviewed 40 consecutive adult patients 
who were admitted to our department and underwent BRTO 
from April 1, 2003 to March 31, 2019. Indications for BRTO 
were as follows: gastric varices with prior bleeding, enlarg-
ing gastric varices, and treatment-resistant hepatic encepha-
lopathy [6]. One patient with inferior mesenteric vein-left 
gonadal vein shunt; one with gastrocaval shunt via the left 
inferior phrenic vein; one with duodenal varices; one in 
whom BRTO was not applicable due to a reversed blood 
flow in the portal vein; and one in whom foam sclerosant 
was used for BRTO were excluded. Furthermore, to mini-
mize the learning curve effect on the outcomes, two patients 
in whom BRTO was performed by the operators who had 
the experience of performing the procedure less than three 
times were also excluded. Finally, 33 patients with gastro-
renal shunt were enrolled for analysis. Informed consent was 
waived because of the retrospective nature of the study and 

the analysis used anonymous clinical data. The Local Ethics 
Committee approved this study, which proceeded accord-
ing to the principles of the Declaration of Helsinki (1975). 
Patients’ characteristics are shown in Table  1. Fifteen 
patients underwent BRTO with a single-balloon catheter 
(Single-balloon group) and 18 patients underwent BRTO 
with a double balloon coaxial catheter (Coaxial group). The 
patients’ characteristics were not different between the two 
groups except for serum creatinine levels (Coaxial group, 
0.61 ± 0.14 mg/dL; Single-balloon group, 0.83 ± 0.27 mg/
dL; P = 0.005) (Table 1).

BRTO procedure

From April 1, 2003 to March 31, 2010, 15 patients under-
went BRTO with a 6-Fr catheter and a 20-mm-diameter sin-
gle balloon (Selecon MP or Selecon MP II catheter, Terumo 
Clinical Supply, Gifu, Japan). From April 1, 2010 to March 
31, 2019, 18 patients underwent BRTO with a double bal-
loon, coaxial catheter (except for one patient in whom the 
attending physician decided to use a single-balloon cath-
eter) consisting of a 5 Fr catheter with a 10 mm balloon 
and a 9 Fr guiding catheter with a 20 mm balloon (Candis, 
Medikit Tokyo, Japan). BRTO was performed by operators 
who had more than eight years of experience in interven-
tional radiology and were familiar with portal hyperten-
sion. BRTO procedures were as follows. First, the catheter 
was inserted via the femoral or internal jugular vein into 
the gastro-renal shunt, and venography with the balloon 
inflated was performed to evaluate the form of the gastro-
renal shunt and collateral veins. The gastro-renal shunt is 
quite weak and can be easily damaged by contrast medium 
injection at high pressure. Therefore, contrast medium injec-
tion was performed manually and carefully. The form was 
classified into five grades based on a study by Hirota et al. 
[7]. Briefly, in grade 1, collateral draining veins were absent 

Table 1  Patients’ characteristics

HBV hepatitis B virus, HCV hepatitis C virus
*P value less than 0.05 is significant

Overall cohort
(n = 33)

Coaxial group
(n = 18)

Single-balloon group
(n = 15)

P value

Age (years) 63.2 ± 14.1 65.6 ± 13.0 60.3 ± 15.2 0.29
Sex (male/female) 15/18 6/12 9/6 0.17
Body weight (kg) 63.7 ± 13.8 65.9 ± 16.1 62.9 ± 13.4 0.68
Etiology (HBV/HCV/Alcohol/Others) 6/12/3/12 5/4/1/8 1/8/2/4 0.153
Child Pugh Score 6.79 ± 1.60 6.56 ± 1.46 7.07 ± 1.75 0.37
Serum creatinine levels (mg/dL) 0.71 ± 0.24 0.61 ± 0.14 0.83 ± 0.27 0.005*
Indication (gastric varices/hepatic encephalopathy) 30/3 15/3 15/0 0.23
Hirota’s grade (1/2/3/4/5) 2/4/17/10/0 1/3/6/8/0 1/1/11/2/0 0.09
Maximum diameter of the gastro-renal shunt (mm) 15.5 ± 5.36 15.3 ± 5.49 15.7 ± 5.38 0.837
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and the gastro-renal shunt and gastric varices were filled 
with contrast media; in grade 2, the amount of the contrast 
media outflow through the collateral draining veins was 
small and the contrast media stayed in the gastric varices 
for several minutes; in grade 3, the contrast media drained 
into the collateral draining veins and only a distal part of 
the gastric varices was filled with contrast media; in grade 
4, large collateral draining veins developed and the gastric 
varices were not filled with any contrast media; and in grade 
5, the gastro-renal shunt was too large to be occluded by a 
balloon catheter. Next, a 0.035 inch hydrophilic guidewire 
(Radifocus; Terumo, Tokyo, Japan) was advanced carefully 
to the proximal point and a balloon catheter was advanced 
over it. When using a coaxial system, a 10 mm balloon cath-
eter was advanced to the proximal point, and inflated and 
hooked at the narrow part of the gastro-renal shunt. Then, a 
20 mm balloon catheter was advanced over the 10 mm bal-
loon catheter and inflated, and the 10 mm balloon catheter 
was deflated and advanced. After repeating these processes, 
both the 10 mm and 20 mm balloon catheters were advanced 
to the proximal point (Fig. 1). After the advancement of 
the catheters in both methods, venography was performed 
with the balloon inflated. In the Coaxial group, venography 
was performed with the 10 mm balloon inflated. With the 
20 mm balloon, both inflation and deflation were acceptable. 
If the gastro-renal shunt was too large to be occluded by the 
10 mm balloon catheter, the 20 mm balloon was advanced as 
much as possible to occlude the shunt, and venography was 
performed with the 20 mm balloon inflated. If the form was 
still Hirota’s grade 3 or 4, a microcatheter was selectively 
inserted into the collateral draining veins through the bal-
loon catheter. If the collateral draining veins were narrow, 
ethanol was injected into them, and if they were considered 
to be difficult to embolize by ethanol, coils were inserted 
into them until they were occluded. If a microcatheter could 
not be selectively inserted into the collateral draining veins, 
another micro-balloon catheter was directly inserted into 
the collateral draining vein from the inferior vena cava and 
occluded. If the form changed to Hirota’s grade 1 or 2, the 
sclerosant was injected. A mixture of 10% ethanolamine 
oleate (EO; Oldamin, Fuji Chemical Industries, Toyama, 
Japan) with an equal amount of contrast medium was used 
as a sclerosant. The sclerosant was administered to fill the 
gastric varices and/or afferent veins until it did not spill out 
into the portal vein. The occlusion time was approximately 
1 h from April 1, 2003 to March 31, 2010, except for one 
patient in whom the gastro-renal shunt was large. After April 
1, 2010, overnight occlusion was introduced to increase the 
success rate of obstruction of the gastro-renal shunt [8], and 
all patients received overnight occlusion except for some 
patients in whom overnight rest was intolerable. In the 
cases of overnight occlusion, venography was reperformed 
the next day and, in cases where thrombus formation was 

insufficient, the sclerosant was additionally administered and 
the catheter was removed approximately 1 h later.

Data collection and definition

Clinical and laboratory data at the time of BRTO, and the 
cost of devices required for BRTO procedures, including the 
sheath, catheter, wire, and coil, were collected retrospec-
tively. The form of the gastro-renal shunt at the time of cath-
eter insertion and just before the injection of the sclerosant 
was assessed and classified according to Hirota’s grades. The 
maximum diameter of the gastro-renal shunt on contrast-
enhanced computed tomography (CECT) was evaluated. 
Because occlusion time was different among patients and 
some patients underwent a hepatic venous pressure gradi-
ent (HVPG) measurement just before the BRTO procedure, 
the time of catheter insertion into the femoral or internal 

Fig. 1  Representative venography using a coaxial double balloon 
catheter for a man in his 50  s who had gastric varices due to liver 
cirrhosis. a Venography with manual injection of sclerosant at the 
bottom of the gastro-renal shunt with a 10 mm balloon inflated and 
a 20 mm balloon deflated. The contrast media outflows into systemic 
circulation through retroperitoneal collateral veins (black arrows). 
The distal part of the gastro-renal shunt (outlined by grey line) is 
opacified with contrast media, but the proximal part is not filled with 
contrast media (outlined by grey dotted line) (Hirota’s grade 3). b 
Venography with manual injection of sclerosant after the advance-
ment of a balloon catheter with a 10-mm-balloon inflated and a 
20 mm balloon deflated. A 10 mm balloon is advanced to the proxi-
mal point over the branch point of the retroperitoneal collateral veins 
and the whole gastro-renal shunt and gastric varices are filled with 
contrast media (Hirota’s grade 1). The thick white arrow shows the tip 
of the 5 Fr catheter with a 10 mm balloon and thin white arrow shows 
the tip of the 9  Fr guiding catheter with a 20  mm balloon. White 
arrowheads show the inflated 10  mm balloon. A small retroperito-
neal collateral vein (black arrow) and a posterior gastric vein (black 
arrowhead; main supply for the gastric varices) can also be observed. 
GV gastric varices
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jugular vein to the time of sclerosant injection in patients 
who did not undergo HVPG measurement and from the time 
after HVPG measurement to the time of sclerosant injec-
tion in patients who underwent HVPG measurement, were 
used for analysis. Stagnation of sclerosant and obstruction 
of the gastric varices and/or the gastro-renal shunt were also 
evaluated. A successful obstruction was defined by the dis-
appearance of blood flow in the gastric varices in patients 
who underwent BRTO to treat gastric varices or the disap-
pearance of blood flow in the gastric-renal shunt in patients 
who underwent BRTO to treat hepatic encephalopathy based 
on the findings of CECT taken approximately 1 week after 
the last BRTO. Data regarding the amount of EO (g) used 
during BRTO were collected, and, in patients with over-
night occlusion, data on the amount of EO used on the 
next day were also collected. We defined ethanol injection, 
coil embolization, and balloon occlusion by using another 
balloon catheter for collateral draining veins as additional 
procedures. For safety evaluation, we collected data on the 
frequency of development of acute renal failure, deteriora-
tion of ascites, thrombosis after BRTO, and vascular injury 
during BRTO. Acute renal failure was defined as an increase 
in serum creatinine levels by ≥ 0.3 mg/dL within 48 h [9]. 
A complication that needed specific treatment or influenced 
the clinical course, such as discontinuation of BRTO, was 
defined as a major complication [10].

Statistical analysis

Quantitative variables were compared using the Student’s 
t test and qualitative variables were evaluated using the 
Fisher’s exact test. Values with P < 0.05 were considered 
to be of statistical significance. The data were statistically 
analyzed using EZR on R commander (Version 1.38) [11] 
and R Statistical Software (Foundation for Statistical Com-
puting, Vienna, Austria).

Results

Frequency of additional procedures

In the Coaxial group, 11 out of the 18 patients achieved a 
decrease in the Hirota’s grade after advancing a balloon cath-
eter (grade 2, n = 2; grade 3, n = 4; grade 4, n = 5 at baseline; 
grade 1, n = 9; grade 2, n = 2 after advancing a catheter). In 
one patient, BRTO was discontinued due to vascular injury, 
and in two patients with grades 1 and 2 each at baseline, 
the grades remain unchanged after catheter advancement. 
The remaining four patients received additional procedures, 
including ethanol injection (n = 1) and coil embolization 
(n = 3) (Fig. 2). In the Single-balloon group, the grade was 
decreased by advancing a balloon catheter in three out of 

15 patients (grade 3, n = 3 at baseline; grade 1, n = 3 after 
advancing the catheter). In one patient, BRTO was discon-
tinued due to vascular injury, and two patients with grades 
1 and 2 each did not show any improvement after advancing 
the catheter. The remaining 9 patients received additional 
procedures, including ethanol injection (n = 3), coil embo-
lization (n = 5), and balloon occlusion (n = 3; of these, one 
patient received both coil embolization and balloon occlu-
sion). The frequency of additional procedures was signifi-
cantly lower in the Coaxial group (4/18) than in the Single-
balloon group (9/15) (P = 0.038, Table 2).

Comparison of the dose of EO, required time 
until the injection of sclerosant, and the cost 
of devices required for the BRTO procedure 
between two groups

Five patients who underwent overnight occlusion in the 
Coaxial group received additional administration of EO on 
the next day. The mean dose of 10% EO used during BRTO 
without the dose of additional administration was 9.2 ± 3.8 g 
in the Coaxial group, which was significantly lower than 

Fig. 2  Changes in the Hirota’s grade in each patient from when the 
catheter was inserted into the gastro-renal shunt to just before injec-
tion of the sclerosant. The numbers denoted in the grey bars are Hiro-
ta’s grade. In each group “●” on the left denote the Hirota’s grade 
in each patient when the catheter was inserted into the gastro-renal 
shunt and those on the right denote Hirota’s grades just before injec-
tion of the sclerosant; “○” shows the patient in whom stagnation of 
the sclerosant was not successful and the sclerosant was not injected; 
“×”denote the patients in whom vascular injury occurred and BRTO 
was discontinued; lines connected with marks show changes in the 
Hirota’s grade in each patient; solid lines show changes in Hirota’s 
grade obtained by the advancement of a catheter and dotted lines 
show those by additional procedures
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that in the Single-balloon group (14.4 ± 6.1 g; P < 0.01). The 
total amount of 10% EO, including additional administra-
tion, was 11.2 ± 6.6 g in the Coaxial group, which was also 
lower, but not significantly different than that in the Single-
balloon group (P = 0.184). The mean required time until the 
injection of sclerosant was 83.8 ± 49.8 min in the Coaxial 
group, which was almost similar to that in the Single-bal-
loon group (85.3 ± 42.6 min, P = 0.946). The cost of devices 
required for the BRTO procedure was 25.0 ± 14.2 × 104 yen 
in the Coaxial group, which was not significantly different 
from that in the Single-balloon group (18.4 ± 18.3 × 104 yen, 
P = 0.288) (Table 3).

Success rate of sclerosant stagnation 
and obstruction of the gastric varices and/
or the gastro‑renal shunt

The success rate of sclerosant stagnation, which is essen-
tial for successful obstruction, was 94.4% (17/18) in the 
Coaxial group and 86.7% (13/15) in the Single-balloon 
group. There was no significant difference between the two 

groups (P = 0.579). Successful obstruction was seen in all 
the patients in whom the sclerosant was successfully stag-
nated except for one patient in each group. One patient in 
the Coaxial group who discontinued BRTO due to vascular 
injury showed a disappearance of blood flow in the gastric 
varices on CECT one week after BRTO. Therefore, the suc-
cessful obstruction rate was 94.4% (17/18) in the Coaxial 
group and 80.0% (12/15) in the Single-balloon group.

Safety

Major complications were seen in two patients in the Coaxial 
group and one patient in the Single-balloon group (Table 4). 
BRTO had to be discontinued due to vascular injury that 
occurred during 0.035-inch guidewire manipulation to 
advance a balloon catheter in one patient in each group. In 
one patient in the Coaxial group, increased ascites was seen 
that was probably be due to the elevation of portal vein pres-
sure caused after BRTO and required additional diuretics. In 
both groups, no one showed acute renal failure. There was 
no significant difference in the frequency of complications 
between the two groups (P = 1.00).

Discussion

The present study showed that the frequency of additional 
procedures (including embolization with coil or ethanol 
injection, or occlusion using an additional balloon catheter 
for collateral draining veins) for sclerosant stagnation during 

Table 2  Frequency of additional procedures during BRTO and 
changes in Hirota’s grade after additional procedures in the Coaxial 
and the Single-balloon groups

BRTO balloon-occluded retrograde transcatheter obliteration
*P value less than 0.05 is significant
† One patient underwent both coil embolization and balloon occlusion

Coaxial 
group 
(n = 18)

Single-balloon 
group (n = 15)

P value

Number of patients who 
underwent additional proce-
dures (n)

4 9† 0.038*

Procedure type
 Ethanol injection (n) 1 3
 Coil embolization (n) 3 4
 Balloon occlusion (n) 0 3

Hirota’s grade (1/2/3/4/5)
 Before additional proce-

dures
0/0/2/2/0 0/0/8/1/0

 After additional procedures 2/2/0/0/0 5/3/1/0/0

Table 3  Comparison of the 
dose of EO, required time until 
the injection of sclerosant, and 
the cost of devices required for 
the BRTO procedure of between 
two groups

BRTO balloon-occluded retrograde transcatheter obliteration, EO ethanolamine oleate

Coaxial group (n = 18) Single-balloon 
group (n = 15)

P value

The dose of 10% EO (g) 11.2 ± 6.6 14.4 ± 6.1 0.184
Required time until the injection of sclerosant (min) 83.8 ± 49.8 85.3 ± 42.6 0.946
The cost of devices required for the BRTO procedure 

(× 104 yen)
25.0 ± 14.2 18.4 ± 18.3 0.288

Table 4  Frequency of BRTO complications for Coaxial and the Sin-
gle-balloon procedures

BRTO balloon-occluded retrograde transcatheter obliteration

Coaxial group (n = 18) Single-
balloon group 
(n = 15)

P value

Vascular injury (n = 1) Vascular 
injury 
(n = 1)

Increase of ascites (n = 1)
Total (n) 2 1 1.00
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a BRTO could be reduced using a coaxial double balloon 
catheter as compared to using a single-balloon catheter.

BRTO is a very effective procedure for preventing gas-
tric varices and hepatic encephalopathy caused by porto-
systemic shunt [12], but obstruction of the gastric varices 
and/or the gastro-renal shunt failed in approximately 10% of 
the patients [13]. The causes of technical failure in BRTO 
procedures were reviewed and classified into five types: (1) 
inability to insert the balloon catheter into the gastro-renal 
shunt, (2) inability to occlude the gastro-renal shunt due to 
undersized balloon, (3) inability to stagnate sclerosant suffi-
ciently in the gastric varices due to the outflow of sclerosant 
through collateral draining veins, (4) vascular injury dur-
ing the procedure, and (5) balloon rupture during BRTO. 
Among them, the inability to stagnate the sclerosant was 
the most common cause of technical failure [13]; therefore, 
to improve the rate of successful obstruction by BRTO, pre-
venting the outflow of sclerosant through collateral draining 
veins is important. Advancement of a balloon catheter over 
the branch point of the collateral draining veins is an easy 
and effective way to prevent the outflow of the sclerosant; 
however, it is often difficult due to the complex form of the 
gastro-renal shunt. In a large cohort study, the advancement 
of the balloon catheter could be performed in only 16.5% 
of the patients [14], and other patients needed additional 
procedures including embolization of the collateral drain-
ing veins using ethanol or coil, and balloon occlusion of 
the collateral draining vein by using another balloon cath-
eter. In the current study, only 22.2% (4/18) of patients in 
the Coaxial group needed additional procedures, which is 
significantly lower than that in the Single-balloon group. 
A previous study showed almost similar results with 2 of 8 
patients needing additional procedures during BRTO with 
a coaxial balloon catheter [5]. In cases with Hirota’s grade 
1 or 2, BRTO can be easily performed without additional 
procedures even using a single-balloon catheter. However, in 
cases with Hirota’s grade 3 or 4, the use of a coaxial balloon 
catheter can reduce the frequency of additional procedures 
and make the BRTO procedure simpler. As the gastro-renal 
shunt was tortuous, it took time to advance the balloon cath-
eter to the proximal part of the gastro-renal shunt when using 
a coaxial double balloon catheter; therefore, the required 
time until the injection of the sclerosant in the Coaxial 
group was almost the same as that in the Single-balloon 
group. Further, the cost of a coaxial double balloon catheter 
is almost nine times higher than a single-balloon catheter. 
Therefore, although the frequency of costly additional pro-
cedures such as occlusion by using coils or a micro-balloon 
catheter was lower in the Coaxial group than in the Single-
balloon group, the total cost of the devices required for the 
BRTO procedure was not significantly different. However, 
the simplification of the BRTO procedure using a coaxial 
double balloon catheter is clinically significant. Although 

BRTO is an effective treatment for gastric varices, the proce-
dures involved are complex; therefore, endoscopic treatment 
is applied as an alternative treatment for gastric varices in 
hospitals that lack the expertise [3]. However, the efficacy of 
endoscopic treatment is lower than that of the BRTO [15]. 
Our study shows that a coaxial balloon catheter is useful 
for the simplification of the BRTO procedure, especially in 
patients with complex gastro-renal shunt. Therefore, using 
coaxial balloon catheter, practicing clinicians can perform 
BRTO more easily in patients with gastric varices and expect 
better clinical outcomes.

Although there is no evidence, a study suggested that a 
coaxial balloon catheter could possibly have an additional 
advantage of reducing the required amount of EO to fill the 
gastric varices and/or gastro-renal shunt because of the capa-
bility of balloon of the guiding catheter to occlude the collat-
eral vessels [5]. The current study showed that the required 
amount of EO in the Coaxial group was lower, but not sig-
nificantly different than that in the Single-balloon group.

The successful obstruction of gastric varices using the 
coaxial method was 94.4%. The occlusion time was one of 
the important factors for obtaining successful obstruction 
of the gastric varices and/or the gastro-renal shunt [8]. In 
the current cohort, overnight occlusion was applied at the 
same time as the introduction of the coaxial balloon catheter. 
Therefore, the superiority or inferiority of the treatment effi-
cacy between the two groups could not be concluded from 
the results. However, at least, the success rate of obstruction 
using a coaxial double balloon catheter was proved to be 
almost equivalent to that using a single-balloon catheter in 
the current study and a previous study [2]. For safety, the 
rate of complications was not different between the Coaxial 
and the Single-balloon groups. The rate of major complica-
tions was reported to be 4.7% for BRTO in a previously pub-
lished meta-analysis [2]. In this study, a major complication 
occurred in 2 of 18 patients (11.1%) in the Coaxial group 
and 1 of 15 (6.7%) patients in the Single-balloon group. 
The rate in coaxial group of the present study was relatively 
higher than that by Tanou et al. who reported no procedure-
related complication in the eight patients during BRTO with 
a coaxial balloon catheter system [5]. The complication rate 
in the Coaxial group in this study was relatively higher than 
the study by Tanoue et al. However, the number of patients 
was small in both the studies; therefore, further investiga-
tions are needed to evaluate the safety of the coaxial catheter.

There are several limitations to the current study. First, 
the present study is retrospective; therefore, selection bias 
cannot be excluded. However, after the introduction of a 
coaxial method, all but one patient was treated with the 
coaxial balloon; thereby, weakening the selection bias. Sec-
ond, there is a possibility of the influence of the learning 
curve effect on the outcome. To minimize this influence, 
two cases in whom BRTO was performed by the operators 
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who had the experience of performing procedures less than 
three times were excluded. There has been no report on the 
learning curve effect in the BRTO procedure; therefore, the 
number of procedures an operator should perform before 
achieving the efficiency to perform BRTO skillfully with 
clinically reasonable outcomes is unknown. Because the suc-
cess and complication rate of BRTO were not much different 
irrespective of the number of cases [2], the learning curve is 
considered to be steep. However, the learning curve effect 
could not be excluded completely. To confirm our results, a 
prospective randomized study is needed. Third, venography 
was performed by manual injection of contrast medium gen-
tly and slowly, which resulted in a different injection speed 
in each patient.

Conclusion

Using a coaxial, double balloon catheter, the frequency of 
additional procedures required to stagnate the sclerosant 
during BRTO could be reduced as compared to that using a 
single-balloon catheter.
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