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Purpose: Complete removal of air bubbles from balloons for neurovascular an-
gioplasty is cumbersome. We compared the preparation difficulty, air removal 
efficiency, and air collection pattern of six different balloon catheter preparation 
methods to propose a better preparation method for both initial and second bal-
loon uses, especially for small-profile angioplasty balloon catheters.
Materials and Methods: A total of 18 neurovascular angioplasty balloon catheters 
with nominal diameters of 2 mm were prepared to test six different preparation 
methods: the instruction for use method (method A), simplified method using a 
syringe (method B) and four newly devised preparation methods using inflating 
devices (methods C–F). Serial radiographs were obtained while the balloons were 
gradually inflated. We measured the time for each preparation and the bubble 
number, analyzed their distribution in the balloon, and calculated the contrast fill-
ing ratio (contrast filling area/total balloon area) for initial and second ballooning. 
The whole process was repeated three times. 
Results: The preparation time varied widely (11.5 seconds [method D] to 73.3 
seconds [method A]). On initial inflation, the contrast filling ratio at 8 atm was the 
highest (100%) with methods A and F. On second inflation, the ratio was again 
highest with method A (99.5%), followed by method F (99.2%). Initial ballooning 
tended to show a uniform pattern of single bubble in the distal segment of the 
balloon; in contrast, second ballooning showed varying patterns in which the bub-
bles were multiple and randomly distributed. 
Conclusion: None of the six methods were able to completely exclude air bubbles 
from the balloon catheters including the second ballooning; however, the method 
of repeating aspiration with high-volume inflating device (method F) could be a 
practical option considering the simplicity and efficiency of preparation.
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INTRODUCTION

Balloon catheters are routinely used in the neurointerven-
tional field for various purposes including angioplasty for 
atherosclerotic intra- and extra-cranial stenoses,1-6 angioplas-
ty for vasospasm,7 and neck remodeling for wide-necked 
aneurysm coiling.8 Recently, balloon-guiding catheters 
become one of the prerequisites for efficient mechanical 
neurovascular thrombectomy procedures.9 For successful 
and safe usage of balloon catheters, proper preparation be-
fore use is critical,6 which includes removal of pre-existing air 
from the balloon part of the catheter. The issue of residual air 
bubble may not seem so critical; however, poor preparation 
could be a potential source of air embolism in case the bal-
loon ruptures, and the presence of radiolucent air bubble in 
the dilating balloon may interfere proper monitoring of the 
dilation process on fluoroscopy.10-12

The package of balloon catheter includes an “Instruction 
for Use (IFU)” that describes how to prepare the balloon cath-
eter for proper use and how to remove air from the balloon. 
Even after following the IFU, however, satisfactory removal 
of air bubbles from the entire lumen of the balloon catheter 
is rather challenging. Complete or near-complete removal 
of air bubbles could be achieved if the negative-pressure 
aspiration is repeated until there is no more visible air bubble 
in the aspirating syringe as the IFU directs.6 Nevertheless, it 
is impractical to repeat the aspiration process more than 3–5 
times in clinical setting, and the issue of air bubbles during 
balloon angioplasty remains. Besides the air embolism risk, 
small amount of residual air within the inflating balloon may 
interfere proper monitoring of the angioplasty status, espe-
cially for low profile balloon catheters that are commonly 
used during intracranial angioplasty.

We therefore devised new preparation methods using 
inflating devices and 3-way stopcocks in order to simplify 
the preparation method and improve air removal efficiency 
with shortened preparation time. The purposes of these 
benchtop experiments were to compare the preparation 
difficulty, air removal efficiency, and air collection pattern 
among current and newly devised preparation methods and 
to propose a practical preparation method for both initial 
and second balloon uses, especially for small-profile angio-
plasty balloon catheters for neurovascular intervention. In 
our preliminary experiments, we noticed that the patterns of 
air bubbles occurred differently between the initial balloon 
angioplasty and the second angioplasty with the same bal-

loon; we therefore sought to examine this issue as well in our 
experiments.

MATERIALS AND METHODS

Balloon preparation methods
Aside from the method in the IFU (method A) and the cur-
rently used simplified method using a 10-mL syringe (meth-
od B), we also devised four different preparation methods 
using 20- or 30-mL inflating devices (methods C–F). Details 
of the methods are described in Table 1 and Supplementary 
Video 1. The IFU method we adopted for this study was from 
the package of Gateway balloon angioplasty catheter (Stryker 
Neurovascular, Fremont, CA, USA), which is one of the most 
commonly used balloon catheters for intracranial angioplas-
ty. For practicality of the method, we limited the aspiration 
number to three times. Each method differed in terms of vol-
ume of the aspirating syringes (10 mL and 20 mL), use of the 
3-way stopcocks, use of inflating devices of varying volumes 
(20 mL and 30 mL), number of repetitions, number of sy-
ringe connections, and total number of procedural steps. As 
a result, there were significant differences in the procedural 
complexity and preparation time.

For all methods, we used iodine contrast media (Visipaque 
270; GE Healthcare, Amersham, UK) diluted with normal 
saline (6:4 in volume) to replace the pre-existing air space in 
the balloon channel of the catheter. The aspiring syringes 
and inflating devices were pre-filled with a small amount of 
the dilated iodine contrast media (3 mL for 10 mL syringe, 
5 mL for others) to maximize the negative pressure during 
aspiration.

Test platform setting and image acquisition
A total of 18 rapid-exchange (monorail) types of neurovascu-
lar angioplasty balloon catheters (Treso; CGBio, Seongnam, 
Korea) were prepared. The nominal diameter of balloon cath-
eters was 2 mm at 8 atm. The length of the balloon segment 
was 15 mm, and the balloon part of the catheter was made 
of nylon. In order to compare six different preparation meth-
ods, six balloon catheters were used for one session, and the 
tests were repeated three times.

The six catheters were placed side-by-side and fixed on 
the angiography table (Siemens Axiom Artis Zee; Siemens 
Healthneers. Forchheim, Germany) to prevent any unwanted 
movement during balloon preparation and inflation since the 
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test was performed in the room air condition (Fig. 1). After 
preparation, a series of digital subtraction radiographs were 
obtained while each balloon catheter was inflated. The radio-
graphic images were obtained in automatic exposure control 
mode with the source-to-image receptor distance fixed at 
100 cm, field of view of 16 cm, and matrix of 1024 by 960. 

Data acquisition and image analysis
After completion of each aspiration process, the balloon 
catheters were connected to a 20-mL inflating device, which 
was used for all preparation methods requiring inflating de-
vices (methods C, D, E, and F). The balloon portions of the six 
balloon catheters were radiographed sequentially at 0 atm 
(before inflation), 1 atm, 2 atm, 4 atm, 6 atm, and 8 atm. As 

a result, a total of six sets of images were obtained for each 
method (Fig. 1). After completion of the initial ballooning, 
the balloon catheters were deflated completely using the 
inflating device; then, the inflation processes were repeated 
for second ballooning and radiographed again following the 
same sequence of the initial inflation (Fig. 2). We repeated 
this process in three sets as carried out for the initial balloon-
ing. 

The radiographs were digitally subtracted to clearly show 
the inflating balloon portion, and the patterns of air bubble 
visualization during inflation were recorded. The number of 
air bubbles were counted on the images obtained when the 
balloons were dilated at 4 atm, which we deemed as enough 
pressure to observe separated air bubbles. The amount of 

Table 1. Details of the 6 methods

Method Description
Aspirating 

device

Syringe 
volume 

(mL)

Number 
of syringe 

connections

Use of 
stopcock

Number of 
aspirations

Total 
number of 

steps

A The method recommended in the IFU. 
The 20-mL syringe was connected to 
the catheter hub together with a 3-way 
stopcock for each aspiration. After each 
aspiration, the syringe was disconnected 
and cleared of aspirated air for the next 
aspiration.

Syringe 20 3 Yes 3 16

B A 10-mL syringe was directly connected to 
the catheter hub for aspiration. For each 
aspiration, the syringe was cleared of air as 
in method A.

Syringe 10 3 No 3 13

C A 3-way stopcock was connected to the 
catheter hub and the rest of the stopcock 
hubs were connected to a 20-mL inflating 
device and a 10-mL syringe. After each 
aspiration using the inflating device, the 
stopcock knob was turned to the syringe 
so that the empty catheter lumen can be 
filled with the diluted contrast media. Then 
the knob was turned back to the inflating 
device for the next aspiration, which was 
repeated three times.

Inflating 
device

20 1 Yes 1 13

D A 20-mL inflating device was directly 
connected to the catheter hub and 
aspirated only once.

Inflating 
device

20 1 No 1 4

E A 20-mL inflating device was directly 
connected to the catheter hub, and 
aspiration was carried out three times 
without any disconnection in between the 
aspirations.

Inflating 
device

20 3 No 1 8

F Identical to method E, except for using a 30-
mL inflating device.

Inflating 
device

30 3 No 1 8

IFU, Instruction for Use.
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Fig. 1. Radiographs obtained during the initial ballooning. The six balloons were placed side-by-side from method A to method F (left to right).  
(A) After finishing preparation and right before the inflation at 0 atm, (B) 1 atm, (C) 2 atm, (D) 4 atm, (E) 6 atm, and (F) 8 atm, which was the nominal 
pressure of the balloon catheter.
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Fig. 2. Radiographs obtained during the second ballooning. The six balloons were placed side-by-side from method A to method F (left to right).  
(A) After complete deflation and right before the second inflation at 0 atm, (B) 1 atm, (C) 2 atm, (D) 4 atm, (E) 6 atm, and (F) 8 atm. Compared with 
the initial ballooning, the balloons tend to show multiple air bubbles. Please note additional air bubbles as small defects at the proximal and distal 
tips of the inflating balloons.
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air bubbles was categorized as none, single, and multiple. 
On the same image, the distribution of air bubbles was cate-
gorized by dividing the balloon part into three segments—
proximal, middle, and distal. We recorded the distribution 
as “multiple segments” when the bubbles were seen in 
two or more segments. On each image, the rod-shaped, io-
dine-filled balloon part was segmented into two portions—
air portion and contrast portion—using the ImageJ software 
(ver. 1.48; US National Institutes of Health, Bethesda, MD, 
USA). We calculated the contrast filling ratio by dividing the 
contrast portion area by the total balloon area (air portion 
and contrast portion) on each image and method. In the 
measurement of the air portion, sum of the total areas was 
used in case of multiple bubbles. Arithmetic means of the 
triplicate test results were compared among the six prepa-
ration methods. The same analyses for pattern and contrast 
filling ratio were carried out for the second balloon inflation.

To measure the duration of preparation time for each 
method, we measured the duration from the first step to 
the last step of the preparation using a stop watch. The six 
balloons used for the 3rd set of the experiment were used 

again. The measurement was repeated 15 times, and their 
means and 95% confidence intervals were calculated.

RESULTS

Balloon preparation time
The preparation time for each method varied widely and 
ranged from 11.5 seconds (method D) to 76.3 seconds (meth-
od A) (Table 2 and Supplementary Video 1). 

Initial balloon dilation
We observed a gradual increase in contrast filling ratio from 
1 atm to 8 atm (Fig. 3,  Supplementary Table 1). Notably, 
balloons prepared with method A showed small amount 
of contrast density even before applying any pressure for 
dilation, possibly due to a small amount of dilation of the 
balloon. At 1 atm. the contrast filling ratio ranged from 37.6% 
(method C) to 80.3% (method F), and the ratio increased un-
til they reached 92.5% (method D) to 100% (methods A and F) 
(Fig. 3). The line graphs of methods A and F showed similar 
curves. At radiographs taken at 4 atm, all methods showed 
single bubbles, which were located just at the distal apex 
segment of the balloon; the bubbles gradually decreased in 
size with increased pressure (Fig. 1, Supplementary Tables 2, 
3).

Second balloon dilation
Similar contrast filling ratio line-graph patterns were seen in 
the second ballooning (Fig. 4). The initial contrast filling ratio 
at 1 atm tended to be higher than those of the initial bal-

Table 2. Balloon preparation time

Method
No. of 

Observations
Duration (seconds)

Mean±SD 95% CI
A 15 76.3±1.4 75.5–77.1
B 15 53.3±1.2 52.6–54.0
C 15 74.0±1.0 73.5–74.6
D 15 11.5±0.7 11.1–11.9
E 15 40.7±1.1 40.1–41.3
F 15 41.2±1.0 40.6–41.8

SD, standard deviation; CI, confidence interval. 
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Fig. 3. Contrast filling ratio of the initial ballooning. The best ratio was 
seen in methods A and method F, whose lines overlapped due to 
nearly similar values in all pressure points.
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Fig. 4. Contrast filling ratio of second ballooning. The best ratio was 
seen in method A, followed by method F.
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looning, with a range of 60.5% to 82.8%; however, the ratio 
did not reach 100% even at 8 atm (Supplementary Table 1). 
The best ratio at 8 atm was achieved with method A (99.5%) 
followed by method F (99.2%). The number of bubbles tend-
ed to be multiple and randomly distributed (Fig. 2, Supple-
mentary Tables 4, 5). The detailed values of the contrast fill-
ing ratio of each method at each pressure level are provided 
in Supplementary Figs. 1–6.

DISCUSSION

In our bench-top experiments, none of the six preparation 
methods were able to completely exclude air bubbles 
from the balloon catheters. Thus, achieving complete air 
bubble-free balloon dilation may only be possible through 
lengthy and cumbersome preparation process with multiple 
aspiration, which poses a practical limitation in clinical set-
tings.

The primary goal of this study was identifying the most 
efficient and simple preparation method, and we observed 
that method F, which consisted of three times of repeated 
aspiration using a 30-mL inflating device, was both efficient 
and easy to execute. In terms of contrast filling ratio, meth-
od A showed comparative results with method F; however, 
when considering procedural simplicity, method F is superior 
to method A overall.

Notably, we noticed that the air bubble visualization pat-
tern was different between the initial and second balloon-
ing. During initial ballooning, single radiolucent regions (air 
bubble) were mostly seen. The bubbles were located at the 
distal portion of the balloon and further displaced to the tip 

of the balloon catheter with increasing pressure (Fig. 1). In 
contrast, on second ballooning, the bubbles tended to be 
multiple and the locations were relatively random (Fig. 2). 
We assume that the irregular residual wings of the deflated 
balloon and the inflated balloon catheter caused effective air 
removal during the second preparation. This indicates that 
more attention is needed during repeated preparations after 
initial ballooning. Because the balloon catheters that were 
used for pre-stent angioplasty are commonly used again for 
post-stent angioplasty, great care should be paid whether 
the balloons are completely collapsed while passing through 
the stented segment and complete visualization of the 
balloon during inflation. We assume that the result would 
be different if the inflated balloons are prepped again after 
completely disconnecting the inflating device after the initial 
ballooning.

Another unexpected observation was the small amount of 
radiopaque contrast media within the balloon segment right 
after device connection before applying any pressure (at 0 
atm) especially with methods A and C (Fig. 1A). We hypothe-
sized that a subtle change in the volume by the connecting 
process between the catheter hub and the 3-way stopcock 
pushed the contrast column by a small amount, which was 
already in the catheter lumen. Because the irregular wing for-
mation of the already inflated balloon may negatively affect 
the angioplasty/stenting outcome, prior filling of the contrast 
column in the partially collapsed balloon might exaggerate 
the problem even though the pushing contrast amount was 
small.

After observing these results, we began applying method 
F in our practice and achieved satisfactory results, even in 
low-profile balloons. One caveat of method F in practice was 

Fig. 5. Possible combination of an inflating device and a syringe for further improvement of preparation efficiency. After repeated aspirations with 
the inflating device, bubbles aspirated into the barrel of the device can be removed by the syringe using the stopcock.
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the difficulty of handling the inflating device after prepara-
tion—we found it a bit cumbersome to keep the air-fluid 
level, which was caused by air aspirated from the catheter, in 
the barrel of the device. We expect that the problem would 
be solved if the air could be removed right after the prepara-
tion. Considering this point, we could devise a better prepa-
ration method by combining the advantages of methods 
A and F, such as a combination of a 10-mL syringe and an 
inflating device of any volume (Fig. 5).

There are several limitations of this study. First of all, the 
number of tests were too small to achieve reproducible test 
results and to conduct statistical tests for further validation. 
Due to the limitation of available balloon catheters for test-
ing purposes, we could only achieve three sets of test results 
for each method. Since the test was done under room air 
condition, the dynamics of air bubble movement could be 
different within the body. Nevertheless, our experiments 
were meaningful in that we gained deeper insight into the 
mechanism of air removal from balloon catheters. Second, 
even though we tested six different methods, which might 
not include the best method one could devise. We believe 
there could be more effective and simple method or device. 
Lastly, we assume that the result would be different for bal-
loons with different volumes such as those with diameters of 
less than or larger than 2 mm. 

CONCLUSION

Although none of the proposed preparation method was 
able to completely exclude air bubbles from the balloon 
catheters, we found that repeating aspiration with high-vol-
ume inflating device may be a practical alternative option 
to conventional method, considering the simplicity and effi-
ciency of the preparation.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found 
online at https://doi.org/10.5469/neuroint.2018.01074 .
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