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achieved with a cooling fluid that also cools the lining of the urethra protecting it from thermal damage. As an added function, a
small side lumen is added to the cooling balloon that positions a thermal sensor precisely relative to the curve of the catheter and
holds it against the tissue being treated. The sensor can be used to control the energy level of the microwave antenna and cut off
power if the temperature gets too high.

PHOTO 13: This photograph shows the cooling balloon
and the sensor side lumen used in the treatment of
BPH. The small black dot shown close-up is a
temperature sensor.

MULTILUMEN BALLOONS

Balloons can be created with multiple lumens or channels so as to allow the balloon to perform multiple functions in both the
inflated and deflated state.® For example, a multiple lumen balloon can be fabricated so as to allow blood to profuse (flow) through
one or multiple lumens while the other lumens inflate to perform angioplasty. In ancther design, one or more of the lumens could
be used to contain a diagnostic or therapeutic device or multiple devices for precise positioning.

PHOTO 14: A multilumen balloon can
be used to perform many functions
with a single device. Note the various
lumens and their shapes in the cross-
section shown below the balloon.
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LIGHT THERAPY

PET balloons are optically clear and permit the transmission of light over a broad spectrum, making them well suited for Laser
Balloon Angioplasty (LBA) and Photo Dynamic Therapy (PDT) with light-activated drugs. The simultaneous application of heat and
pressure during laser balloon angioplasty of coronary arteries reduces arterial recoil, remodels thrombus into a nonobstructive
film, eliminates vasospasm, and may seal dissections induced during initial conventional PTCA.* Devices mounted inside the
balloon can emit light through the wall of the balloon. PDT is currently being used in the treatment of Barrett’'s esophagus.
Barrett’s esophagus is a pre-cancer condition that is being experimentally treated by a light activated

drug. In this treatment, the patient is given an intravenous drug treatment 1 to 2 days before light therapy. A laser delivery device
is mounted inside a specially designed balloon catheter and introduced into the patient’s esophagus. The balloon is inflated in the
treatment area and the laser is activated. The laser light is emitted through the clear “window” portion of the balloon and the drug
is activated which in turn destroys the bad cells. The inflated PDT balloon opens the esophagus, which is normally collapsed, and
centers the laser delivery device. The opaque coating on the ends of the balloon prevents the

light from treating other healthy areas of the organ so that only the cells exposed to the light are destroyed.

PHOTO 15: A laser balloon angioplasty
(LBA) device used in coronary angioplasty.
Photo courtesy of Dr. Richard Spears, M.D.

PHOTO 16: The balloon catheters pictured
are used to deliver laser light energy to the
esophagus for the treatment of Barret’s
esophagus. The various “window lengths”
provide optical treatment areas.

Photo courtesy of Wilson-Cook Medical, Inc.
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DRUG DELIVERY

High-pressure balloons are very useful in several different applications used for drug delivery. These techniques localize the
medication and are an effective alternative to administering it intravenously, which delivers the drug systemically to unwanted areas
throughout the whole body. One method that can be used to deliver a toxic drug to a blockage or lesion is to use two discrete
balloons mounted on a catheter shaft to seal off the afflicted area, while the medication is infused through a port in the catheter
between the two balloons. Once the treatment is complete, the fluid is drained, the area is

flushed, and the balloons are deflated and retracted. A dog bone-shaped balloon (See Photo 11 on page 10) can also be used to
deliver drugs in a similar manner. The ends of the balloon can be of equal or different sizes, depending on the shape of the cavity
or vessel. When inflated, the ends seal off the area to be treated, and the medication is infused through a hole or series of holes

in the narrower center section of the balloon. The holes can be made in the surface of the balloon with a laser, hot wire, or drilling
device creating a sort of sponge. This can also be done to virtually any balloon.

PHOTO 17: Two discrete balloons
or a “dog bone” shaped balloon
can be used to seal off an area to
be treated without subjecting too
large an area to the medication.
This also limits the amount of
some times very toxic and/or
expensive medication needed.

Alternatively, an ultra-thin-walled PET balloon can be converted to a micro porous membrane with hole sizes ranging from
submicron to a few microns in diameter. Hundreds of thousands or even millions of holes can be placed in a single balloon. This
provides an even better method of drug delivery because the pore size can be controlled precisely, enabling very small amounts
of a drug to be infused over a well-defined area as large or as small as required. This is critical with drugs that are both expensive
and toxic. Although these balloons contain millions of micro pores they are surprisingly very strong due to the material’s unique
structure.

In fact, the balloons can still be used for angioplasty. While the inflated balloon dilates the afflicted area, it can also infuse
medication, perhaps delivering an anticoagulant onto the vessel’s wall. Drug absorption and penetration into the vessel wall can
be controlled by the rate of fluid flow across the membrane and the pressure the fluid is delivered at. By controlling the hole size
and pattern, the fluid flow can be governed and directed.

Drugs can also be coated onto the surface of a balloon and delivered to a specific site in the body. Transfer of the drug from
a balloon’s surface to the cavity wall can be accomplished with pressure, heat, laser light, etc. Experimentally, laser & thermal



PAGE 15

PHOTO 18: This photograph
show the balloon membrane
“weeping” medication. When in
use, the medication spreads in

a thin film between the balloon
membrane and the tissue forcing
the medication into and around
the cell walls. Photo courtesy of e-Med

PHOTO 19: The SEM (Scanning Electron
Photomicrograph) shows the number,
scale, and uniformity of the micro

pores formed in a balloon membrane.
There can be hundreds of thousands

or millions of these in a single balloon
membrane. The holes shown here are
about 0.5 microns in diameter.

Photo courtesy of e-Med

PHOTO 20: This illustration
shows a multifunctional
microporous balloon being used
for both angioplasty and drug
delivery.

Photo courtesy of e-Med
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energy has been used to enhance the binding of heparin to an injured arterial wall. In the experiment, lesions were treated
immediately after PTCA, with a laser balloon that had been coated with heparin. The results suggest that heparin therapy is a safe
treatment that yields favorable acute angiographic results.®

HEAT-TRANSFER CATHETERS

High-pressure balloons can be used to transfer heat or cold, either into or out of a vessel or cavity and can be readily inflated

and deflated so as to provide easy low profile entry and exit while providing large diameters and surface area when inflated in use.
They serve as a very good medium because their ultra thin walls provide a relatively high rate of heat transfer. The

balloons also provide intimate contact with the area being treated, conforming to curves and irregularities in the surface of a vessel.
For example, in cryosurgery of the prostate, a specially designed fluid circulating high-pressure balloon catheter is inserted in the
urethra.® The long thin-walled balloon covers the entire length of the urethra up into the bladder to protect the urethra and sphincter
muscles from being damaged by the extreme cold produced by cryoprobes inserted in the prostate gland. Flexibility, conformability
and high heat transfer rates are critical to protect tissue and muscles in the application.

PHOTO 21: Heat transfer catheters are
made in various sizes to accommodate
different devices and anatomy.

BALLOON COATING

A wide variety of coatings can be added to the surface of a balloon to enhance or change its properties to meet new
requirements.

Balloon coatings include the following:

Lubricious coatings (hydrophylic and hydrophobic)  ® Anti-thrombogenic coatings
Abrasion and puncture resistant coatings ® Drug release coatings
Tacky or high friction coatings ¢ Reflective coatings
Conductive coatings e Selective coatings
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CONCLUSION

High-pressure balloons, traditionally used only in angioplasty, are now used in a wide range of diagnostic and therapeutic devices
due to improvements in materials, balloon design and fabrication technology. These improvements include increased diameters,
additional lengths, ultra-thin walls (for minimal invasion and a smaller profile), varying diameters throughout the balloon, custom
shapes, tapered ends and angles, and specialty coatings, among others. High-pressure balloon technology has led to the

unique capability of designing and manufacturing multifunctional balloons that provide endless product design possibilities for the
medical device design engineer. A single balloon or device can now have many functions. All of these enhancements are enabling
designers to develop new and improved medical devices.

ABOUT NORDSON MEDICAL

Nordson MEDICAL is a global expert in the design, development, and manufacturing of complex medical devices and
component technologies. We serve interventional, surgical, and specialized markets with technologies that save or enhance
lives. As an integrated, single-source partner, we enable our customers to save costs and speed time to market.

Visit Nordson MEDICAL at nordsonmedical.com.
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