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Experimental Safety Evaluation of  
Inflated Assisting Balloons for  
Endovascular Surgery

Masataka Takeuchi,1,2 Atsushi Uyama,1 Takashi Matsumoto,1 Kazuma Tsuto,1 Yoshifumi Konishi,1  
and Satoshi Iwabuchi3

Objective: The balloon-assisted technique is one of the methods used for cerebral aneurysm embolization. There are 
several applications of assisting balloons such as remodeling the neck of cerebral aneurysms, protecting blood vessel 
branches, and stabilizing the microcatheter. In this study, we measured the pressure inside inflated assisting balloons to 
assess safety or procedure.
Methods: A T-junction silicone model was used. The pressure inside the balloon inflated to the set herniation levels in 
the T-junction model was measured using a fiber pressure sensor. We compared the pressure and difference between 
each assisting balloon.
Results: The pressure required for inflating the balloon to the set herniation level in the T-junction model varied depending 
on the type of assisting balloon. The results suggest that differences in pressure among inflated balloons are likely 
attributable to differences in the materials used in the lumens of the balloons.
Conclusion: The pressure inside various inflated assisting balloons was measured for comparison and differences were 
found. This experiment contributes to the safety of the balloon-assisted technique.
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Introduction

Coil embolization was traditionally contraindicated for 
irregularly shaped, wide-necked, and/or large cerebral 
aneurysms,1,2) but its indications have expanded due to 
some adjunctive techniques (i.e., balloon-assisted tech-
nique) and vascular reconstruction device (VRD).3–5) In 
addition, pipeline embolization device (PED) as fluid flow 
dynamics was developed.6–8) Assisting balloons are widely 

used for treatment of wide-necked or bifurcation cerebral 
aneurysms: they are an essential device in endovascular 
treatment of such cerebral aneurysms and have various 
applications such as remodeling the neck of cerebral aneu-
rysms, protecting side branches, immobilizing the micro-
catheter, and controlling blood flow. In this study, several 
types of assisting balloons were inflated using a T-junction 
silicone model, and pressures inside balloons inflated to 
the herniation level were measured for comparison.

Materials and Methods

Several types of assisting balloons were inflated using a 
T-junction silicone blood vessel model, and pressures 
inside the balloon inflated to the set herniation levels in the 
side branch of the T-junction were measured using a fiber 
pressure sensor (Fig. 1). More precisely, a balloon was 
inflated by injecting saline using a precision syringe 
(OSAKA CHEMICAL, Osaka, Japan). The pressure inside 
the balloon was measured using a fiber pressure sensor 
(MA2899-014; FISO Technologies, Quebec, Canada; 
Fig. 2).9) An aqueous ink was added to the saline to 
increase the visibility of changes in balloon shape upon 
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inflation. The diameter of the silicone blood vessel 
model was 3 mm (Fig. 3), and the experiments were 
performed at room temperature and humidity. Selected 
assist balloon list for coil embolization is shown in 
Table 1. Four measurements were taken per condition. 
We compared the pressure and difference between each 
assisting balloon.

Results

The pressures required for inflating each type of balloon to 
the herniation level in the side branch of the T-junction 
model are shown in Fig. 4. The pressure required for 
inflating the balloon to the herniation level of 3.5 mm was 
the lowest for the SHOURYU HR balloon (4 mm × 7 mm; 
Kaneka, Osaka, Japan), followed by the SHOURYU HR 
balloon (7 mm × 7 mm), the Scepter XC balloon (4 mm × 
11 mm; Microvention, Tustin, CA, USA), HyperForm 
balloons (4 mm × 7 mm and 7 mm × 7 mm; Covidien/ev3 
Endovascular, Irvine, CA, USA), and the TransForm SC 
balloon (4 mm × 7mm; Stryker Kalamazoo, MI, USA). 
The pressure required for inflation to the herniation level of 
4.5 mm was the lowest for the SHOURYU HR balloon 
(7 mm × 7 mm), followed by the SHOURYU HR bal-
loon (4 mm × 7mm) and the Scepter XC balloon (4 mm × 
11 mm; MicroVention, Tustin, CA, USA): the pressure was 
higher than 700 mmHg and thus was not measurable for the 
HyperForm balloons (4 mm × 7 mm, 7 mm × 7 mm) and the 
TransForm SC balloon (4 mm × 7 mm). Measurement errors 
were within 5 mmHg for all assisting balloons. No defects 
in the balloons were observed after the experiment.

Figure 5 shows the images of balloons inflated to the 
herniation level of 4.5 mm in the T-junction silicone model. 
Each assisting balloon had radiopaque markers at both 
ends. When overinflated, the balloon lumen expanded 
beyond the radiopaque markers and the balloon shaft 
shifted: such morphologies varied among the different 
types of balloons.

Discussion

Our experiments revealed differences in the inner pressure 
among inflated assisting balloons. The shape of the inflated 
assist balloon can be confirmed. However, the pressure on 
the vessel wall due to the inflated assist balloon is unknown. 
There is no report comparing the inner pressure of the bal-
loons during each assist balloon inflation. Therefore, this 
experiment is highly useful for the purpose of safe use of 
assisting balloons.

The SHOURYU HR balloon (4 mm × 7 mm) showed 
the lowest inner pressure when inflated to the herniation 
level of 3.5 mm, whereas the SHOURYU HR balloon 
(7 mm × 7 mm) showed the lowest inner pressure when 
inflated to the herniation level of 4.0 mm and 4.5 mm. It is 
likely that the SHOURYU HR balloons are flexible and 
that they inflated to fit the vessel shape. Also, when overin-
flated to the maximum herniation level tested (4.5 mm), the 
inner pressure was lower for the SHOURYU HR balloon 
(7 mm × 7 mm) than for the SHOURYU HR balloon 
(4 mm × 7 mm). When cerebral aneurysms are irregularly 
shaped, bifurcated, and/or wide-necked, inadequate coil 
packing is reported to occur, and consequent re-increases 
in aneurysm size and rupture resulted in repeat surgery.10,11) 

Fig. 1 Assisting balloon evaluation system.

Fig. 2 Fiber pressure sensor.

Fig. 3 T-junction silicone vessel model. The lumen of each vessel 
is 3 mm.
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shearing stress, stretching, and pressure load,13–16) but dam-
ages to the blood vessels caused by such mechanical stress 
have not yet been studied in detail. The reason is that, upon 
inflation of the balloon, abrasion-induced shearing stress 
acting on vascular endothelial cells, pressure load perpen-
dicular to the vessel walls, and vessel stretching in the cir-
cumferential direction and the long-axis direction, all occur 
abruptly at the same time. In vitro studies of balloon inju-
ries during percutaneous angioplasty showed that endothe-
lial cell death and damage to smooth muscle cells increased 
with increasing balloon inflation pressure and duration.17,18) 
A considerable effect on the arrangement of smooth mus-
cle cells, a characteristic of balloon overinflation, is a likely 
cause of blood vessel dissociation.19,20) Information about 
the balloon diameter when inflated with a certain injection 
volume, the recommended injection volume, and the max-
imum injection volume is provided for each balloon, but 
the information about the inner pressure of the balloon in 
relation to the diameter upon inflation is not available. The 
experiment performed in this study provides quantitative 
data on the pressure inside balloons, enabling the relative 
evaluation of mechanical stress acting on the vessel walls. 
Thus, these results will be useful for safety assessment.

Such cerebral aneurysms are treated by the remodeling 
technique (also called the herniation technique) in which 
an assisting balloon is overinflated to create the neck of 
aneurysms and to protect side branches. This study showed 
that the inflated balloons fit the shape of the blood vessel 
model. It is ideal for the balloon to inflate along the blood 
vessel, generating low pressure against the parent vessel 
wall. Our results showed that the SHOURYU HR balloon 
performed best in this experiment, with the size of 7 mm × 
7 mm, rather than 4 mm × 7 mm, preferable for this appli-
cation. SHOURYU HR balloons should be selected if there is 
a risk of vessel damage due to overinflated of the wide neck 
aneurysm or atherosclerotic vessels. Balloons that protect the 
neck of the aneurysm and side branches, and that moderately 
pressurize the parent vessel, provide low pressure for micro-
catheter immobilization and packed coil protection.

Thromboembolic complications  and vessel dissection 
have been reported in patients following balloon-assisted 
coil embolization,12) presumably because of the formation 
of thrombi due to temporary reduction in blood flow and 
damage to vascular endothelial cells upon balloon infla-
tion. There are three types of balloon inflation-associated 
mechanical stress acting on the blood vessel wall, namely, 

Table 1 Various assist balloons used in the experiment
SHOURYO HR HyperForm Scepter XC TransForm SC

Developer Kaneka, Osaka, Japan Covidien/ ev3 Endovascular, 
Irvine, CA, USA

MicroVention, Tustin, 
CA, USA

Stryker, Kalamazoo,  
MI, USA

Wire lumen Single lumen Single lumen Double lumen Single lumen
Balloon material Syrene-based elastomer Chloroprene Special polyurethane Chloroprene
Test sample SHOURYO HR 4 × 7

       7 × 7
HyperForm 4 × 7
      7 × 7

Scepter XC 4 × 11 TransForm SC 4 × 7

Effective length 150 cm 150 cm 150 cm 150 cm
Combined GW TENROU 0.014 X-pedion10 0.010 Traxcess 0.014 Transend Soft Tip 0.014

Fig. 4 Pressure inside various balloon at the herniation height.
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There are single-lumen balloons (SHOURYU HR, 
HyperForm, and TransForm SC balloons) and double- 
lumen balloons (Scepter XC balloons). A single-lumen 
balloon is made more expandable by sealing the end of the 
catheter with a wire, but they are difficult to navigate to tar-
get vessel. Meanwhile, double-lumen balloons are easier to 
navigate to target vessel but take a long time to inflate and 
deflate, and operators sometimes feel resistance while 
inflating them. Because of this, double-lumen balloons are 
expected to be elastic and produce high pressure when 
inflated. However, the pressure inside the Scepter XC 
balloon was the second lowest, following that inside 
SHOURYU HR balloons, when inflated to the herniation 
level of 4.5 mm. Our results indicate that assisting balloons 
should be chosen according to their application in endovas-
cular treatment based on blood vessel anatomy.

With the introduction of VRD and PED, endovascular 
treatment is becoming the main treatment option for cere-
bral aneurysms, but VRD and PED are associated with risk 
of thromboembolic complications. Perioperative antiplate-
let therapy is therefore essential,22) and as a result, VRD 
and PED are contraindicated when adjunctive antiplatelet 
therapy is not possible. Assisting balloons will remain an 

The materials used in the balloon lumen are likely to be 
the predominant cause of the differences in pressure inside 
inflated balloons. SHOURYU HR balloons are made of 
styrene-based elastomers. Elastomer is a word created by 
combining elastic and polymer. Styrene-based elastomers 
are used for the soft segment to provide elasticity and flex-
ibility while the hard segment plays a role in shape stability 
at room temperature although it becomes fluid at high tem-
perature. The balance between these two resin materials 
determines stretchability and elasticity. The results of this 
study suggest that styrene-based elastomers, the material 
of SHOURYU HR balloons, are very stretchable. On the 
other hand, the inner pressures of overinflated HyperForm 
and TransForm SC balloons were slightly high suggesting 
that their lumen material (chloroprene) was very elastic. 
These balloons are recommended to be inflated with 
straight blood vessels. And it should be avoided when the 
difference in blood vessel diameter is large. It has been 
reported that a balloon is useful for rescue of an inade-
quately expanded PED by achieving wall apposition of the 
stent through expansion of its inner lumen.21) Highly elas-
tic HyperForm or TransForm SC balloons will be suitable 
for this application.

Fig. 5 In the T-junction silicone vessel model, each assisting balloon shows a change in shape when overinflated to 4.5 mm. 
* Top line: 4.5 mm; ** Middle line: 4.0 mm; *** Bottom line: 3.5 mm.
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essential device in endovascular treatment for such cases in 
the future.

Conclusion

Pressure inside inflated assisting balloons was measured. 
The pressure differed among different types of assisting 
balloons, and the quantitative data obtained were indica-
tive of safety. The findings of this study contribute to 
selecting suitable assisting balloons according to the appli-
cation, as well as to the safety of endovascular therapy.
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