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Abstract

Background: Medical device catheters that are used in minimally invasive interventional medical procedures all follow the
same integrated design and use paradigm. The features and elements of any catheter device are combined in a single unitary
construction. A modular approach to the design, construction, and use of these types of interventional catheters may provide
significant advantages and benefits not available with an integrated design paradigm.

Objective: This paper aimed to present the design of amodular catheter system and the findings from an initia veterinary use
as a case study for the potential of modular catheter systemsin general.

Methods: A modular catheter system was designed using commercially available angioplasty balloon dilatation catheters as
one module in the system and a custom designed scoring adapter as the other module. The scoring adapter incorporates wiresto
add scoring features to the angioplasty balloon catheter to improve the dilatation performance during a pulmonary valvuloplasty
procedure. The scoring adapter also includes a novel attachment mechanism to couple the scoring adapter to any 0.035-inch
guidewire—compatible angioplasty balloon catheter.

Results: The modular catheter system was successfully designed, manufactured, and used in an initial minimally invasive
veterinary cardiovascular intervention to treat acase of canine subvalvular pulmonary stenosis. The scoring adapter and angioplasty
balloon catheter were successfully combined tableside in the operating room at the time of the procedure and used to successfully
dilate the subvalvular obstruction.

Conclusions: The successful design and use of the presented modular catheter system demonstrates the feasibility and potential
advantages of thistype of paradigm to enable physiciansto createinterventional catheter devices at thetime of aprocedure guided
by the procedural needs.

(JMIR Biomed Eng 2019;4(1):€14443) doi: 10.2196/14443
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Introduction catheters in minimaly invasive procedures has grown

Interventional Catheters

Minimally invasive surgical procedures are a relatively new
development in medicine. These procedures began with the
development of cardiac catheterization, percutaneous
angioplasty, and endoscopic procedures as an aternative to
open surgery. During its short history, the use of medical device
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dramatically, expanding to include treatments for conditions
throughout the body. Today, millions of these procedures are
performed each year. Even though the number and type of
catheters has grown to create new and improved diagnostic and
therapeutic procedures, their basic construction paradigm has
remained the same, exclusively that of an integrated design
approach. With integrated catheter designs, each variant of a
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catheter device type is a unique design and stock keeping unit
(SKU).

Expanding the product family within an integrated design
paradigm to include new configurations of an existing type or
to add a new feature requires a unique design and SKU. Given
the devel opment and regulatory burden, aswell asthe carrying
cost of inventory for both a manufacturer and hospital,
expanding integrated catheter product familiesand creating new
ones can be prohibitive. It is theorized that a modular approach
to designing and using medical device catheters for certain
interventions could improve access to appropriate devices and
lower the overall cost.

The fundamental concept of a modular system is that complex
products can be built from subsystems (modules) that are
designed independently yet function together asawhole. Design
changes made in one module do not affect other modulesin the
overal product. The interface shared among modules is
standardized to allow for greater reusability among product
types and adaptability of design [1]. The proposed modular
catheter system enables physicians to combine 2 modules (a
parent modul e with an adapter module), viaauniversal interface
(attachment mechanism), to create interventiona device
catheters at the time of the procedure to meet specific procedural
needs.

A modular catheter system of this nature represents a new way
to approach the design and use of minimally invasive medical
cathetersfor interventional procedures. A modular systemwould
enable a physician to combine diagnostic, therapeutic, and
structural elementsto build a device catheter to meet a specific
need. Examples include the relatively simple combination of a
balloon dilatation catheter and scoring elements, as described
in this case study. However, the idea could be extended to
combine variants of other structural elements or incorporate
more sophisticated el ements such as advanced imaging sensors,
drug delivery elements, ablation el ectrodes, pressure transducers,
and many others. A new modular system paradigm can be used
to devel op new interventional techniques and therapiesby giving
physiciansthetoolsto create devices tableside to meet evolving
procedural needs.

Scoring and Cutting Balloon Dilatation

Scoring and cutting balloon catheters use scoring elements
integrated with an angioplasty balloon to preferentially create
dissections along the length of alesion. There is evidence that
adding the scoring element can improve the dilatati on efficiency
of the balloon, allowing effective dilatation to occur at lower
balloon inflation pressures, or improve the dilatation result of
resistant lesions [2-4].

A technique has been developed in veterinary medicine that
utilizes commercially available cutting balloonsto improve the
dilatation of subvalvular aortic stenosisin dogs. The technique
consists of scoring the fibrotic subvalvular tissue with acutting
balloon and then dilating the scored lesion with a larger,
high-pressure balloon to complete the procedure. The idea is
that the smaller cutting balloon will score the lesion to make
the subsequent high-pressure ballooning more efficient. The
scoring step of the procedure creates preferential dissections
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but does not compl etely dilate the stenosis. The second inflation
with a larger-diameter balloon is intended to complete the
dilatation for the final result [5].

This technique appears to be effective; however, the
commerciadly available sizes of the cutting baloons are
sometimes too small for these procedures or analogous
pulmonary stenosisinterventions. Thelack of availableballoon
variantsis an opportunity to demonstrate the above-mentioned
modular catheter system to create scoring balloon variants using
any size of commercially available angioplasty balloon catheters
and a single scoring adapter module. The use of a scoring
balloon modular system during a cardiovascular intervention
of acanine subvalvular pulmonary stenosis has been described.

Goal of the Case Study

The aim of this case study was to demonstrate the potential of
a new modular system paradigm in minimaly invasive
interventional catheters. This paper presents the design of a
2-module catheter system utilizing commercialy available
angioplasty balloons as one of the 2 modules. The paper further
presents the results of using the system in treating asingle case
of canine subvalvular pulmonary stenosis. The initial usein a
veterinary cardiovascular intervention is meant to demonstrate
the feasibility of the proposed modular catheter system and not
the efficacy of pulmonary valvuloplasty; therefore, only the
acute results of the intervention are presented.

The study of medical devicesand interventional techniqueshas
long been done in anima models to approximate clinical
conditions and demonstrate safety. There is aso a historical
precedent for treating veterinary patients, dogs, using new
interventional surgical techniques before use in humans [6].
The case study presented here follows in that tradition.

Methods

Design Overview

To demonstrate the potential of such a system, a scoring adapter
module (scoring adapter), which includes a universal interface
(attachment mechanism), was designed to be combined with
any commercially available over-the-wire percutaneous
transluminal angioplasty (PTA) balloon dilatation catheter that
has a maximum guidewire compatibility of 0.035 inches,
considered the parent module. The scoring adapter includes
nitinol wires, which when combined with the parent module
balloon catheter crestes adevicethat combinesballoon dilatation
with the wire scoring elements to improve dilatation
performance, analogous to integrated scoring and cutting
angioplasty balloon dilatation catheters.

Modular System Design Strategy

The use of existing stock catheter devices as the parent module
was explored as an efficient meansto test the concept of modular
systems in catheter design and to streamline the devel opment
process.

It is recognized that many devices and catheters used in
interventional procedures include a lumen for the purpose of
employing a guidewire during the procedure. This catheter
lumen, which has been designed to be compatible with a
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standard guidewire size, can beleveraged to devel op a standard
interface for amodular catheter system. Commercialy available
0.035-inch guidewire PTA balloon catheters comein avariety
of balloon sizes and performance characteristics that make such
devices an ideal parent module candidate for this case study.

Many challenges exist in designing amodular catheter system,
including arobust, secure interface, or attachment mechanism,
between the parent module and the adapter module (adapter).
This design challenge becomes more difficult with the decision
to use commercially available 0.035-inch PTA balloon catheters
as the parent module. Although the standardization around a
maximum guidewire compatibility of 0.035 inches provides
some uniformity in the catheter lumen, there is till variation
among brands and models. To accommodate this variation in
lumen geometry, a nitinol coil element was designed as the
interfacing element on the attachment mechanism integral with
the scoring adapter module to interface with the 0.035-inch
catheter lumen and connect the scoring adapter with the
0.035-inch PTA balloon parent module.

The attachment mechanism consists of a central tube as the
main body with the aforementioned nitinol coil e ementsbonded

Figure 1. Adapter module elements.
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to the outer surface of the central tube. To couplethe 2 modules
together, the central tube of the adapter module isinserted into
the distal end of the catheter guidewire lumen of the parent
module. Asthisinsertion occurs, the nitinol coil € ements, which
have been designed to be dlightly larger than the guidewire
lumen of the 0.035-inch catheters, compress to interface with
the 0.035-inch catheter guidewire lumen and anchor the adapter
module to the parent module. The adapter module includes a
distal tip that remains distal to the end of the 0.035-inch catheter
parent module once the attachment mechanism has been fully
inserted into the parent module guidewire lumen. Once the
adapter module is attached to the parent module, the 2 modules
cannot be separated and function as an integrated catheter.

Figure 1 shows an adapter module variant (not the scoring
adapter) before attaching to a balloon catheter illustrating the
elements of the universal 0.035-inch attachment mechanism.
Figure 2 shows sequential images of the interfacing nitinol coil
element as it is inserted into the distal end of the 0.035-inch
PTA balloon catheter guidewire lumen. It should be noted that
the nitinol coil compresses as it is inserted into the parent
module. Figure 3 showsthe adapter and attachment mechanism
of Figure 1 after it isinserted into a PTA balloon catheter.

Universal 0.035-inch attachment mechanism

A

Nitinol coil

Nitinol coil

Central tube

Figure 2. Nitinol coil element during adapter insertion.

Adapter tip
(Note: Not the scoring adapter)

o i ——— e i s M e

http://biomedeng.jmir.org/2019/1/e14443/

XSL-FO

RenderX

JMIR Biomed Eng 2019 | vol. 4 | iss. 1| €14443 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR BIOMEDICAL ENGINEERING

Figure 3. Adapter module attached to parent module (balloon).

Beach & Scansen

Universal 0.035-inch attachment mechanism

A

Distal end of balloon

Nitinol coil ~

Central tube

Development for Veterinary Use

The veterinary scoring adapter was devel oped cooperatively by
Covellus LLC, a privately held medical device company
developing the modular catheter system, and BAS, associate
professor of cardiology at Colorado State University. BASisa
diplomate of the American College of Veterinary Internal
Medicine, specialty of cardiology, and has completed a
fellowship in interventional radiology and endoscopy at the
University of Pennsylvania and the Animal Medical Center
(New York). The development of the scoring adapter was
targeted as a tool to alow the use of the described cutting or
scoring followed by high-pressure ballooning technique in
congenital pulmonary or aortic stenosis where the stenosis is
larger than can be effectively treated with commercially
available cutting or scoring balloons. Currently, commercially
available scoring and cutting ball oons have amaximum diameter
of 8 mm.

The scoring adapter design chosen for initial trial veterinary use
included 4 nitinol wires 0.006 inches in diameter that are

Figure 4. Schematic representation of the scoring adapter.
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embedded into the scoring adapter tip as the scoring elements.
The scoring wires extended proximally about 100 cm, such that
the wireswould extend proximally out of the access site for the
procedure and remain under the control of the operator
throughout the procedure. The 4 scoring wires were positioned
approximately uniformly around the circumference of the
scoring adapter tip. The scoring adapter tip that remains distal
to the parent module balloon catheter is composed of a
thermoplastic elastomer and has a tapered shape similar to a
distal tip of a PTA balloon catheter, with a maximum diameter
of 0.063 inchesand alength of 0.23 inches. The scoring adapter
tip also includes 2 embedded 3-mm-long sections of 0.25-mm
tungsten wire, to add extra radiopacity for tip visualization
during the procedure. Figure 4 is a partia schematic
representation of the scoring adapter moduleillustrating thetip
and position of the scoring wires. Figure 5 shows an image of
the scoring adapter module attached to a 0.035-inch balloon
catheter, with the adapter elements labeled to further illustrate
the described design elements.

2 "'ffff:.,,
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Scoring adapter tip,
includes tungsten wire

Nitinol scoring wires

Scoring adapter tip

stal end of balloon
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Manufacturing Veterinary Use Scoring Adapter

Covellus LLC manufactured asmall lot of scoring adapters for
usein thisinitial veterinary application. Along with the small
lot of scoring adapters, Covellus manufactured adapter test
samples and attachment mechanism test samplesto verify if the
manufactured batch of scoring adapters will function as
intended, provide adequate securement between the parent
module balloon and scoring adapter, and give assurance of
sterility of the manufactured scoring adapters. The scoring
adapter was packaged in a conventiona Tyvek pouch system
and radiation sterilized using electronic beam methods.

Results

Preoper ative Evaluation

A 7-month-old female Vizsla dog was referred to BAS for
balloon pulmonary valvuloplasty. The patient was previously

Beach & Scansen

diagnosed with a subpulmonary obstruction on
echocardiography following detection of an asymptomatic
murmur by the primary care veterinarian. Before the
valvuloplasty intervention, the patient underwent a preoperative
echocardiogram, where the peak transpulmonary pressure
gradient across the obstruction was measured to be 74 mmHg.
Figures 6 and 7 show images from the preoperative
echocardiogram representing the subvalvular obstruction and
the peak transpulmonary pressure gradient measurement. In
addition, right ventriculograms during diastole and systole were
performed to visualize the subvalvular obstruction as shown in
Figure 8.

Figure 6. Preoperative echocardiogram showing the subvalvular obstruction.
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Figure 7. Preoperative peak transpulmonary pressure gradient.
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Figure 8. Right ventriculogram showing the subvalvular obstruction in systole (a) and diastole (b).
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Procedural Details

To meet the needs of this particular case, BAS chose a 12-mm
diameter by 40-mm long Armada 35 model (Abbott Labs) PTA
balloon catheter to pair with the scoring adapter for the scoring
step of the procedure. The scoring adapter was successfully
attached to the Armada balloon in the operating room at the
time of the procedure. Figure 9 shows the scoring adapter
attached to the Armada 35 balloon (Abbott Labs); it should be
noted that this picture was taken following the procedure, so

Beach & Scansen

the balloon has been previoudly inflated but otherwiseillustrates
the attached adapter.

The scoring adapter and balloon combination was tracked
through a 40-cm, 8-Fr Flexor Balkin Sheath (Cook Medical)
and over a 200-cm long V-18 control wire (Boston Scientific)
to the target site and positioned across the obstruction. The
balloon with scoring adapter combination was inflated to the
rated burst pressure by BAS. Figure 10 shows the preinflation,
midinflation, and peak inflation angiographic images.

Figure 9. Scoring adapter attached to percutaneous transluminal angioplasty balloon.

Figure 10. Angiographic inflation images.
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Figure 11. Postoperative echocardiogram.
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Procedural Results

The scoring adapter and balloon combination was successfully
removed with the 2 modules still completely attached, with no
visible damage to the balloon or adapter elements. An 18-mm
diameter by 40-mm long ATLAS GOLD PTA balloon catheter
(BARD) was used for postscoring high-pressure balloon
dilatation. The peak transpulmonary pressure gradient dropped
to 41 mmHg, as measured during the postoperative
echocardiogram (see Figure 11).

Discussion

Principal Findings

The transpulmonary pressure gradient was reduced from 74
mmHg preoperative to 41 mmHg postoperative. A
transpulmonary pressure gradient of 41 mmHg is considered
mild and should lead to an improved prognosis and long-term
outcome. In addition, this is a better result than typically
achieved with conventional ballooning for subvalvular
pulmonary obstruction. Theresult indicatesthe modular catheter
system design utilizing commercially available PTA baloon
catheters as the parent module functioned like an integrated
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scoring balloon catheter in this procedure. This case illustrates
how a modular catheter system can be used to create
interventional catheters that are not otherwise available and,
therefore, improve access to appropriate devices.

The objective of this case study was to demonstrate the
feasibility of the proposed modular catheter system and not the
efficacy of pulmonary valvuloplasty; therefore, only the acute
results of the intervention are presented. Furthermore, the dog
traveled to Colorado State University from another state, limiting
our ability to obtain postoperative echocardiograms beyond the
initial day 1 postoperative study.

Conclusions

The attachment mechanism and modular catheter system was
successful. The attachment mechanism provided a means to
combine the parent balloon module with the scoring adapter
module at the time of the procedure, such that the procedural
need guided the creation of anew scoring balloon of a diameter
that would not have been available otherwise. This case study
is proof of concept of a modular system that represents a new
paradigm of device catheter construction and usefor minimally
invasive interventional procedures.
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