W e i s e 0

Ardical device & diagnostic industry.

A1, no. 4 (Apr. 1999)

3 ﬂeral Collection \
i ME2966! ]
_-_‘ ogived: 04-29-1999

TS OF (ERICANL FROBUSE m}m},mmmqu’ RIA

celink com/mddi

L Aprit1999

S —

IANNIVERSARY |
1979-1999}
i 5

L A T . AR

~ ~  rRomERy OF THE
NATIONAL
o] LIBRARY OF
N .. MEDICINE
NI ol

Materials Directorv, p. 100 Nevro Corp.

\
\
DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Presenting.
LHelixViark’
HethaR
N\ By The Trusted Seurce

1Reinforced Sllicone Tubing
T &

Hellx Medical is the world's
only manufacturer to focus
exclusively on sllicone products
for the medical & pharmaceutical
community. We are a global
leader In the development &
manufacturing of BloMedical/
Pharmmaceutical Grade Platinum-

Cured Sllicone Products,

Illcone Products

e
/o _J ]
Manufat]:tur!n

Standard Tublng Avalla.ble

_JJBL Ii\k_‘}}(&. ;bgdi' i T

&=
|
]
et

R
®
:
17]
<
%

RMEDICAL DEVICE &
DIAGNOSTIC INDUSTRY

PUBLISHER
William F. Cobert

EDITORIAL DIRECTOR
John Bethune

EDITOR
Jon Katz

MANAGING EDITOR
Jennifer M. Sakurai

SENIOR EDITOR
Sherrie Steward

ASSISTANT EDITOR
Kassandra S. Kania

EUROPEAN EDITOR
Norbert Sparrow

PROOFREADERS

Debra Duff

Stephen Levy
CONTRIBUTING EDITORS
James G. Dickinson
Greg Freiherr

Jonathan S. Kahan
Michael E. Wiklund

ART DIRECTOR
Tom Medsger

SENIOR ASSOCIATE ART DIRECTOR
Jennifer Field

ASSISTANT ART DIRECTOR
James Schlesinger

PRODUCTION DIRECTOR
David 5. Sutton

PRODUCTION MANAGER
Roger Burg

ADVERTISING TRAFFIC SUPERVISOR
Meredith Cole

DIGITAL PRODUCTION MANAGER
Mark D' Antoni

SENIOR PRODUCTION ARTIST
Jeff Polman

PRODUCTION SYSTEMS
SUPERVISOR
Marco Aguilera

PRODUCTION ARTISTS
Carlos Flores

Juan Gonzalez

Hugit Worona

CIRCULATION DIRECTOR
Willy Bruijns-Miller

ADVERTISING INFORMATION
310/445-3700, Fax: 310/445-3799

DIRECTOR OF SALES
Ed Sexton

ASSOCIATE DIRECTOR OF SALES
Justine Miller

GROUP SALES MANAGER
Jennifer Quinn Dempsey

NATIONAL ACCOUNTS SALES MANAGER
Janine Orlando

ACCOUNT EXECUTIVES
Southwest: Carolyn Dale
Norihwest: Alalch Konoudi
Midwest: Neal Halter
Eastern: Julie Steinkrauss
(973/808-9445)

Northeast: Keith Parry
(973/808-6554)

North Central
(973/808-8855)

DIRECT MARKETING ACCOUNT
EXECUTIVES, SPECIAL PROJECTS
Rebecea Bermudez, SucEllen Belliveau

GROUP SALES MANAGER,
SPECIAL PROJECTS/CLASSIFIEDS
Mandy Harrison

SPECIAL PROJECTS/CLASSIFIEDS
ACCOUNT EXECUTIVE
Patrick Thompson

INTERACTIVE MEDIA SALES MANAGER
Lisa Bradley

INTERNATIONAL SALES

Douglas Sellers

Director of Sules, Europe

Tel: +49 0 6122 95590

Fax: +49 0 6122 51000

Canon Communications Europe
Vogelsbergstrasse 13

D-65205 Wiesbaden, Germany
Hermann Jordi, Charlotte Hasler,
Laura Polidori

Ttaly, Switzerland, Western Austria
Jordi Publipress

Utzenstorf, Switzerland

Tel: +41 32 665 31 86

Fax: +41 32 665 52 33

Other Regions

Tel: +1 310 445 3700

Fax: +1 310 445 3799

Medicel Device & Diagrostic hndustry (ISSN 019483 is published monthly by Canon Communications
Lre, TR W Olympie Bivd,, Ste, 900, Los Angeles, CA 90064: 3UNVHS4200; FAX 3 107445-4299, Pe-
riodicals postage paid at Los Angeles, California, and at additional mailing olfices, SUBSCRIPTIONS —
Free wqualified subscribers as defined on the subseription card. Basic \ulmnpnun price $125 tone year).
Delivery outsice Unived Stanes by air service, For teleph ingui Al 65 1GEG-
T824. Buack issues: $10 per copy, prepaid. CHANGE OF ADD 3—Notices should be sent promply
10 10, Box 21651, St Paul, MN 55121, Please provide old mailing Libel as well as new address, Allow

TR SR I O T I ) @

CALL TODAY for a free catalog or to order:
(800) 266-4421
1110 Mark Avenue

Carpinteria, CA 93013, USA
Email: sales@helixmed.com

ted i triplicate and should be accompeanicd by stamyped ret Topes, Copy will recei
care; however, the publishers assume no responsibility for safety of anwaodk, pho-
tographs, or manuseripts, NOTICE—Every precaution is taken 10 ensure iccurni-
cy of content; huwever, the publishers cannot accept responsibility for the correct-

FOA ﬁwm Mockeal Do Marutatant (State Fadond FOW)
00 BCANEN ABOOT Clstity St

[ s of the information sepplicd or advertised or for any opinion expressed herein,

FAX: (805 & . vy aatem i PP i b
<h : ) 684-1934 cartifiad o POSTMASTER — Send address changes o Medical Device & Divgnostic -
www.helixmed.com Fronver winvor | 50 9001 tey, PLO. Box 21651, St. Paul, MN 55121, Canaulian Post International Publications

Mail Product (Canadian Distribution) Sales Agreement No. 0589527, Printed in
U.S.A. ©1999 by Canen Communications LLe. All rights reserved. Re-
production in whole or part without writien permission is prohibited.

DOCKET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

r
This material may be protected by Copyright law (Title 17 U.S. Code) ‘
L

i and

w-iViedical Plastics
Biomaterials

SPECIAL SECTION

Using Thin-Wall Heat-Shrink
Tubing in Medical Device

Manufacturing

A reduction in device size is among the advantages of shrink tubing, which has a

wide range of applications.

HE DEMAND for less-invasive medical procedures
is & major driving force in today’s medical de-
vice industry. Smaller and thinner are better—
especially in catheters, endoscopes, and other
devices that are inserted into the body. Design-
ers are looking for new ways to downsize exist-
ing devices and to develop new minimally invasive devices. The
industry is also under pressure to build more features into devices
without increasing their profile (size). Thin-wall heat-shrink
tubing is one product that can help designers meet this demand
by reducing diameters and improving production processes.
Applications in which this tubing offers advantages include:

* Variable-stiffness catheters.

* Electrical insulation.

* Encapsulation and protective coverings.
* Bundling of components.

* Tube joining and transitioning,

* Marking and printing.

* Catheter tip forming.

* Micro hose clamps.

* Masking for coatings.

This article compares the key properties of thermoplastic
materials used in the manufacture of high-end medical shrink

Mark Saab

tubing—polyolefin, fluoropolymers (PTFE), polyvinyl chlo-
ride (PVC), and polyester, specifically polyethylene terephthal-
ate (PET)—and focuses on some of the more interesting prod-
uct design applications, especially those employing PET.

MATERIALS COMPARISON

Table I compares the properties of the primary materials used
in the manufacture of thin-wall heat-shrink tubing. PET
polyester is the clear leader in terms of thin walls and high ten-
sile strength. It is 10 to 100 times thinner than any other heat-
shrink tubing and more than 10 times as strong. Tube walls of
0.00015 to 0.004 in. can be produced from PET while still main-
taining high hoop strength, compared with walls of >0.002 in.
for PTFE and >0.005 in. for polyolefin and PVC, Polyester also
has superior flex-fatigue properties and the lowest shrink tem-
perature (185°F/85°C) of the commonly used materials, which
enables it to be used without being concerned about heat degra-
dation to delicate substrates.

Although PTFE offers outstanding lubricity, a signifir:uﬂt
drawback is its very high shrink temperature of about 600°F,
which precludes its use with plastic catheters and other plastic
components, PTFE cannot be sterilized via gamma irradiation.
which is a handicap in some market sectors that are moving
away from ethylene oxide sterilization, Neither can the walls be

Material Wall Thickness | Shrink Temp. | Shrink Ratio Sterilization Strength Cost
Polyolefin >0.005 in. Medium 2:1to 3:1 Most Low Low/medium
PTFE >0.002 in. Very high [.3:1to 4:1 No gamma Low High
PVC >0.005 in, Medium 21 Most Low Low
PET 0.00015-0.004 in. | Low/medium 1.1:1 to 3:12 Most High High

AShrinkage over 20% can be accomplished by drawing while shrinking.

DOCKET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

% SPECIFIC
§ LGRAVITY §

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

J4 SHRINK
~L{ TUBING

Wall thickness

Ultrathin wall thickness can be achieved (0.00015-0.004 in.)

Tensile strength

Very high tensile strength can be realized (>20,000 psi).

Electrical insulation

Has one of the highest dielectric strength ratings of any thermoplastic material
Dielectric strength: >4,000 V/mil (60 Hz)

Dielectric constant: 3.3

Dissipation factor: 0.00235

Volume resistivity: 108 Q-cm

Surface resistivity: 1014 (Q/square

Shrink temperature

185° to 374°F (85° to 190°C)

Melt point

High, 455°F (235°C)

Shrink ratio

5-15% typical—up to 70% if drawn or stretched during application

Surface finish

Ultrasmooth, hard, glossy finish

Color/clarity

Optically clear or can be pigmented

Bondability

Can be bonded using a wide range of adhesives (surface treatment recommended)

Flex fatigue Very high flex fatigue properties

Biocompatibility Meets USP Class VI requirements

Table II. Properties of polyester (PET) heat-shrink tubing.

made as thin as with polyester tubing and still retain useful
strength, and wall-thickness tolerances are generally quite high.
PTFE shrink tubing is typically used as a liner inside devices and
as a covering for metal components and devices.

PET SHRINK-TUBING PROPERTIES

The key properties of polyester heat-shrink tubing are listed
in Table II. With polyester tubing, shrinkage is a function of
temperature: the higher the temperature, the higher the shrink-
age. PET shrink temperature ranges from approximately 185° to
374°F (85° to 190°C). Unrestricted, the tubing will shrink both
radially and axially, and the best overall performance is achieved
with minimal shrinkage (less than 15-20%). Whenev-
er a very high radial shrinkage is required (up to 70%),

Electrical Insulation. Virtually every type of heat-shrink tub-
ing is used in electrical insulation. Materials are typically cho-
sen based on temperature, dielectric strength, cost, and wall
thickness. High dielectric and resistivity properties make
polyester heat-shrink tubing an effective electrical insulation
material that adds little dimension because of its ultrathin walls.
It can be used over needles, for example, to protect the surface
of the skin from being burned during electrical stimulation and
has also been employed effectively to cover electrical compo-
nents or to insulate wiring on catheters and other devices (Fig-
ure 1). Some manufacturers are using PET tubing over metal
shafts for electrical insulation, replacing a coating process. Ap-
plication of the polyester greatly reduces the likelihood of the

the tubing can be drawn while it is being heated. The
ability to draw or stretch the tubing to achieve very
high radial shrinkage while maintaining thin walls is
unique to polyester.

SHRINK-TUBING APPLICATIONS

Variable-Stiffness Catheters. Because of its ultra-
thin walls, polyester heat-shrink tubing can be used to
add stiffness to catheters without significantly adding to
the size of the device. By using different thicknesses of
tubing along the length of the catheter, varying degrees
of flexibility can be created for improved control of the
device. This quick and easy tubing application elimi-
nates the need for joining dissimilar materials or adding
braid to sections of a catheter in order to achieve mul-
tiple zones of stiffness. For example, some manufac-
turers use shrink tubing with a wall measuring 1-mil

thick at the back end of a catheter, !/2-mil in the middle,
I/s-mil near the end, and no tubing at all on the tip end.
This provides varving degrees of stiffness along the
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Figure 1. Black polyester shrink tubing covers a needle (right), leav-
ing only the tip exposed. Electrical wires (left and middle) are cov-
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