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Abstract

Background

Biliary balloon catheters play a crucial role in the diagnosis and treatment of biliary tract disorders,
including bile duct strictures, obstructions, and stone retrieval. In-vitro studies provide a controlled
environment to evaluate the catheter's mechanical properties, expansion characteristics, and
compatibility with endoscopic and fluoroscopic guidance before clinical use.

Objective

The prsenet study aims to assess the performance of a biliary balloon catheter under in-vitro conditions,
focusing on balloon expansion dynamics, pressure resistance, material durability, and the efficacy to
dilate narrow duct segments.

Methods

A laboratory-based experimental setup was designed to simulate biliary conditions using synthetic bile
duct models with varying lumen diameters. The balloon catheter was tested under different inflation
pressures (ranging from 4 to 10 atm) to evaluate radial force distribution, uniform expansion, and
potential risk of rupture. The catheter material (comprising medical-grade polyurethane with
hydrophilic coating) was examined for Kink Free Navigation, Performance under stress, Smooth
Guidewire Tracking, Guidewire-Catheter Interaction, Balloon Performance and Durability, Balloon
deflation efficiency.

Results

The biliary balloon catheter demonstrated consistent and uniform expansion at pressures between 4 and
8 atm, with a rupture threshold exceeding 12 atm. The hydrophilic coating facilitated smooth insertion
and withdrawal, reducing friction by 35% compared to non-coated alternatives.

Conclusion

This in-vitro study confirms the efficacy and mechanical reliability of the biliary balloon catheter for
endoscopic retrograde cholangiopancreatography (ERCP) procedures. The findings suggest a strong
potential for clinical application, warranting further in-vivo validation and comparative studies with
existing biliary dilation.

Keywords: Biliary, balloon catheters, Bile duct, in-vitro study, Dilation, ERCP, Endoscopic, biliary
strictures, catheter durability and cholangitis.

Introduction

Balloon dilation is most effective in patients with acute elevations of serum total bilirubin level
or recent onset of bacterial cholangitis. It appears less effective in patients with longstanding
jaundice or a history of recurrent bacterial cholangitis. A biliary balloon catheter is a
specialized medical device used primarily in endoscopic procedures to manage biliary
obstructions or strictures. This catheter typically features a balloon at its tip that can be inflated
to widen narrowed areas in the bile duct, allowing for improved drainage of bile and relief of
symptoms associated with conditions like cholangitis. The insertion of the catheter is typically
performed under sedation, using endoscopic techniques to guide the device through the
duodenum into the bile duct. Once in position, the balloon is inflated to widen the stricture,
facilitating improved bile drainage and relieving symptoms. After the procedure, the balloon
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is deflated and removed.

Balloon dilation is especially effective in patients with acute
elevations in serum bilirubin levels or recent-onset bacterial
cholangitis. It tends to be less effective in patients with
longstanding jaundice or a history of recurrent bacterial
cholangitis. The insertion of the catheter is performed under
sedation, with endoscopic guidance, through the duodenum
into the bile duct. Once positioned, the balloon is inflated to
widen the stricture, thereby improving bile drainage and
providing symptom relief. Following the procedure, the
balloon is deflated and removed. In the study an in-vitro
experimental setup to evaluate the performance of the biliary
balloon catheter. A synthetic bile duct model was used to
replicate human bile duct conditions, with varying lumen
diameters to simulate different clinical scenarios. The
catheter was tested under different inflation pressures
ranging from 4 to 10 atm to assess radial force distribution,
balloon expansion, and rupture thresholds. The catheter's
material, a medical-grade polyurethane with a hydrophilic
coating, was evaluated for its tensile strength and flexibility.
Performance metrics such as balloon expansion uniformity,
pressure resistance, and durability were recorded after 20
inflation-deflation cycles to assess the catheter's mechanical
reliability. The results were analyzed to determine the
catheter’s suitability for ERCP procedures in clinical
settings.

Biliary balloon catheters are considered minimally invasive
and provide immediate relief for obstructive symptoms,
potentially paving the way for additional interventions such
as stent placement. However, as with any medical procedure,
there are risks involved, including bleeding, infection, and
pancreatitis. Despite these risks, biliary balloon catheters are
crucial tools in the management of biliary disorders,
significantly enhancing patient outcomes.

Literature Review

In-vitro simulation is a essential method in the development
and testing of medical devices, particularly in the field of
endoscopic and vascular interventions. Several studies have
documented the importance of in-vitro testing for ensuring
the safety, efficacy, and durability of devices before they are
applied in clinical settings. The use of in-vitro simulations
allows researchers to replicate human physiological
conditions in a controlled environment, providing crucial
insights into device performance and potential risks. In the
field of biliary interventions, similar to vascular
interventions, the development of devices like biliary
balloon catheters greatly benefits from in-vitro testing
methodologies. These studies focus on simulating bile duct
conditions, such as strictures or obstructions, to evaluate the
mechanical properties of the catheter, including its balloon
expansion dynamics and pressure resistance. Research in
this area emphasizes the importance of ensuring that the
catheter can uniformly expand without risk of rupture,
particularly under different inflation pressures. Such
simulations also help in assessing the catheter’s material
properties, such as tensile strength and flexibility, which are
crucial for navigating the tortuous biliary tract. Furthermore,
the use of balloon dilation in the management of biliary tract
disorders, similar to its application in aortic valve stenosis,
is a standard procedure. Balloon dilation procedures have
proven to be highly effective for the relief of biliary
obstructions, as they allow for minimally invasive
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interventions that avoid the need for major surgery. The
adoption of balloon-based dilation methods, originally
developed for aortic stenosis, significantly improved patient
outcomes in biliary interventions. As with aortic stenosis
treatments, the primary aim of biliary balloon catheter usage
is to relieve symptoms, restore normal bile flow, and prevent
complications such as infection or liver failure.

Overall, in-vitro simulation plays a vital role in validating
the design, functionality, and performance of biliary balloon
catheters, ensuring they meet the safety standards required
for clinical use. These studies also serve as a foundation for
further in-vivo testing and clinical trials, reinforcing the
potential of these devices in enhancing the treatment of
biliary tract disorders.

Material and Method

Flexibility: Biliary balloon catheters are typically made from
biocompatible materials like polyurethane or silicone. Their
flexibility allows navigation through the often-tortuous
biliary tract.

Balloon Mechanism: The balloon, situated near the
catheter’s tip, can be inflated using sterile saline or contrast
fluid. This inflation enables dilation of the bile duct or assists
in removing obstructions, such as stones. Radiopaque
Markers: These markers help ensure accurate positioning of
the catheter under fluoroscopy, a key feature in modern
ERCP and interventional radiology procedures.

Sizes and Variability: Biliary balloon catheters come in
various sizes to accommodate different needs, ranging from
pediatric to adult applications, with specific diameters for
balloon inflation depending on the procedure (e.g., 4 mm to
10 mm for ductal dilation).

A balloon catheter is composed of a polymer balloon that is
attached to a polymer shaft at two points called the distal and
proximal bonds. The bonds have been conventionally made
using cyanoacrylate or UV based fast-acting curing
adhesive; however, with performance requirements of bond
strength, flexibility, profile and manufacturing costs these
bonds are increasingly being made by welding using laser.
Laser welding has typically been carried out using a CO2
laser to provide direct heating in combination with shrink
polymer tubing to support the materials. The position and
volume of melting can be controlled using rotating supports,
optical scanning of the laser, and control of the temperature
and time of heating. It is possible to shape the tip and balloon
overlap regions using this processing. A balloon is
positioned across the stricture over a guidewire. It is then
inflated three times for 1.5 to 2.5 minutes per cycle at the
maximum allowable pressure for the balloon.

The 0.035-inch guidewire and catheter were used to pass
through the benign biliary stricture site. Before inserting an
internal drainage catheter dilatation of the stricture site was
performed using balloon catheters. Balloon dilatation was
performed with a balloon size up to 10%—15% larger than
the estimated diameter of the duct. After dilatation of the
stricture site, drainage pigtail catheter with multiple side
holes was inserted over the 0.035-inch guidewire through the
stricture site for inducing internal biliary drainage. The
Table 1 shows the specifications of the product.
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Table 1: Specifications of Biliary Balloon Catheter for ERCP.

Sr. No. Parameters Specification
1. Balloon Diameter (mm) 6,8,10,12, 14, 16, 18, 20, 25, 30, 35,40
2. Balloon length (mm) 40,60,80
3. Catheter diameter (Fr) 54,69
4. Length of Catheter (cm) 90, 180, 200
5. Inflation Pressure (ATM) 3t010
6. | Endoscopic channel size compatibility (mm) 2.0,2.8,3.2
7. Guide wire compatibility (inch) 0.035”
8. Delivery system type over the wire (OTW)

Preparation for the Procedure

Insertion of Guidewires

To ensure safe access, a guidewire is inserted into the bile
duct and via the catheter. Throughout the process, the
guidewire aids in guiding the biliary balloon catheter and
preserving access to the intended area.

Deployment of Biliary Balloon Catheters

Based on the size of the bile duct and the type of obstruction
or stricture, select the appropriate size for the biliary balloon
catheter. Common balloon diameters are 4 mm to 10 mm,
and they are available in different lengths.

Progress of the Balloon: To reach the desired spot in the
bile duct, the biliary balloon catheter is advanced over the
guidewire.

Inflation and Dilation of Balloons

Using a syringe or other inflation tool, the balloon was filled
with sterile saline or contrast medium. The inflation pressure
was closely monitored, which ranged between 3 and 6 atm,
depending on the specific balloon and clinical situation. It
was ensured that the balloon dilated the stricture or assisted
in the removal of the stone under fluoroscopic guidance. To
achieve the appropriate duct dilatation, the balloon was held
in its inflated position for a predetermined amount of time

(usually 30 seconds to 2 minutes). To achieve full dilatation
or treat several strictures or stones, the balloon was deflated
and its position adjusted as needed.

An in-vitro test of a biliary balloon catheter involves
evaluating the performance, safety, and efficacy of the
catheter within a simulation model. The goal is to assess how
well the catheter functions in real physiological conditions
before advancing to human trials.

This test provides crucial data on its efficacy, safety, and
usability before clinical applications. A well-designed study
ensures, Safe and effective biliary dilation, Minimal
complications and compliance with preclinical regulatory
standard.

Deployment procedure

The common bile duct and other biliary system ducts can
have strictures that need to be opened up to dilate narrow
duct segments. One popular treatment for doing this is the
deployment of a biliary balloon catheter. Usually,
fluoroscopic imaging is used in conjunction with an
endoscopic retrograde cholangiopancreatography (ERCP)
procedure to guide the catheter into place.

Fig. 1: Inflated Biliary Balloon Catheter.

Fig. 2: Balloon after inflation.
~g~
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Fig. 4: Inflated biliary balloon catheter.

Balloon Deflation and Removal Removal of the Balloon Catheter:

Deflate the Balloon: Once the stricture has been adequately Carefully withdraw the balloon catheter while keeping the
dilated deflate the balloon by aspirating the saline or contrast guidewire in place, especially if further procedures (such as
solution. stenting) are planned. If no further interventions are

required, the guidewire can also be removed.

Fig. 5: Deflated Biliary balloon catheter.

Results & Discussion: The catheter demonstrated reliable and uniform expansion
The in-vitro testing of the biliary balloon catheter showed under inflation pressures ranging from 4 to 8 atm, with a
promising outcomes across multiple performance metrics. rupture threshold exceeding 12 atm, indicating its ability to
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withstand significant pressure during use. The hydrophilic
coating on the catheter enhanced smooth insertion and
withdrawal, reducing friction by 35% compared to non-
coated alternatives, which improves its usability during
procedures. Moreover, the catheter exhibited excellent

material durability, showing no significant deformation after
20 inflation-deflation cycles. These results suggest that the
biliary balloon catheter performs effectively in simulated
conditions, offering consistent mechanical integrity and high
efficacy in stone retrieval and duct dilation.

Table 1: Balloon Catheter Bench Testing Observations.

Sr.

Test Parameters
No.

Observation

Kink Free Navigation

No evidence of kinking or
deformation of the catheter, even
when subjected to bends.

Performance Under Stress

The catheter-maintained kink
resistance under increased force
2 while navigating challenging

anatomical models, ensuring
consistent balloon positioning.

Smooth Guidewire Tracking

The catheter tracked smoothly over the guidewire and through complex, exhibiting

3 excellent trackability.
Minimal friction between the
guidewire and catheter,
4 Guidewire-Catheter Interaction facilitating easy advancement
through the model and reducing
procedural time, improving
balloon positioning.
No balloon ruptures or mechanical failures were observed during high-pressure inflation
Balloon Performance and . . i
5 o tests, confirming the device's durability.
Durability
Balloon
6 Deflation Complete deflation with no residual inflation or balloon deformation. The balloon collapsed
Efficiency uniformly and easily, ensuring safe and straightforward extraction.
Conclusion Semin Intervent Radiol. 2021 Aug;38(3):280-290. doi:

This in-vitro study validates the mechanical reliability,
expansion properties & the efficiency of the biliary balloon
catheter, confirming its potential for use in endoscopic
retrograde cholangiopancreatography (ERCP) procedures.
The positive results highlight the catheter’s ability to safely
and effectively dilate bile ducts and relieve obstructions.
Although these findings are promising, further in-vivo
testing is necessary to confirm the catheter's performance in
real-world clinical settings and to ensure its safety and
efficacy in human patients. With its high efficiency, low
friction, and durable material, the biliary balloon catheter
holds strong potential for improving patient outcomes in the
management of biliary disorders.
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