190 O000000I PO an 1 OO O O O O ooo @yoooooooo

(0 0 200201 78793
(P20020) 78793A)
(43)000 0014030190 (2002.3.19)

G Int.Ccl oooQ Fl 0000000( O O)
OAD6010L 31/00 OAD6010L 31/00 c 040C000600
0AD 6010 B 17/00 320 OAD60 108 17/00 320 D40c000801

ooonD 000 DbDOOoOOoOo wooog 240D

QeHOOOO 0 0 200107 176300(P2001C1 176300) (71)000 500333246

000 00000 0000 0000
2000 0 0130 50 80 (2001.5.8) 0 00000000

0000000 0000000 06856
@GHOODOO00O0O 09/566555 000000 000000 00000
(32)000 0 0 120 50 80 (2000.5.8) 150
(33)000000 00 US) (72000 0000 0000000

0000000 0000000 06492
0000000000 000000 O
000 50

(74000 100059959
ooo 00 O (090)

goooog

GHOODDDODO0OO0 Dooooooooooooog

GnHoooo

oooDoOOoooooooooDoOoooooooon
o00D0D0o0000oooooOOoO0ooooooooon
0000000000 (thorascopic)D O OO OOOO
Oo00DoD0o00000oooooOOO00oooooooon
o0o0000000ooooooOOoooogoooon
o0o0000000ooooooOOoooogoooon
oo00o0o0000oooooooooogooooon
oo00o0o0o0000ooooooOOoooogoooon
oo00o0o0o0000ooooooOOoooogoooon
ooooo



goooboogooo
goooboooboobooboobooboooobooo

@

gooooboogpboobooboobooboooboo*

gbooboobooobod
2
*Jooobooboobooboobooboboobobo

gboooboooboobooboonooon

Ar(E)—SOF—AI(E) O~ {[-ArE) D AE)T] 0~

gbogooobouobouobooboooboboa
gbooooobooboobooboobooooboao
gbooooooboobooboooooboboa
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
ooo,000ooo,ooooooooooooooo
gbooooboooboobooboooboooboboo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
oooo
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
goooboooooooobooooOooooooon
gooobooooooooooboooooooooon
oooooooooooooooooooooo
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
ubbooobooboabooboooa
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboogooobooooogn
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gon
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
googd
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
goooooooogd
goooobooooooooboboooooooooon
goooboooooooobooooOooooooon
od

gboogooaood

gooaon

10

20

30

40

50

oo0Doo00ooooooooDoOooooooooon
000 (minimally invasive surgical procedure)d O
oooDoDOoO00o0oooooooDoOOooooooooon
ooooDoO0ooooooooooOooooooooon
O000D0000000oooODoDOO0oooooooon
oooo
Oo000D000000oooOoDoOO0oooooooon
o00000000ooooooOOoooogoooon
o00000000ooooooOOoooogoooon
o0o0000000oooooooooogoooon
o00000000oooooOoOoooooooooo
o00000000oooooOoOoooooooooo
oo0o0o0000o0ooooooOOoooogooooo
oo0ooO0o0o0o0ooooooDooOOoooOooooooo
oo0ooO0o0o0o0ooooooDooOOoooOooooooo
oo0ODoOO0O00o0oooooDoDoOOoooooooooono
oo0Oo0o0o0o0ooooooDoOOoOooOooooooono
oo0Oo0o0o0o0ooooooDoOOoOooOooooooono
oo0ODo0o00o0oooooDoDoOOooooooooon
ooo
oo0ODoDOo0o0o00oooooDoDoOOooooooooono
oo0ODooOO00o0ooooooDooOOooooooooon
oo00ODoOo0o0o0ooooooDoOOooooooooon
oo00ODoOo0o0o0ooooooDoOOooooooooon
oo0Doo00ooooooooDoOooooooooon
oooDoDOoO00o0oooooooDoOOooooooooon
oooDoDOoO00o0oooooooDoOOooooooooon
ooooDoO0ooooooooooOooooooooon
O000D0000000oooODoDOO0oooooooon
O000D0000000oooODoDOO0oooooooon
oo0ooooooooooon

oooooo
O00000000oooooooooooooon
o0o0000000oooooooooogoooon
o00000000oooooOoOoooooooooo
o00000000oooooOoOoooooooooo
oooooooooooooon
oo0ooO0o0o0o0ooooooDooOOoooOooooooo
oo0ooO0o0o0o0ooooooDooOOoooOooooooo
oo0ODoOO0O00o0oooooDoDoOOoooooooooono
oo0oD0O0o0o0o0o0oooooDoDOoOooooooooon
oo0Oo0o0o0o0ooooooDoOOoOooOooooooono
oo0ODo0o00o0oooooDoDoOOooooooooon
oo0ODoDOo0o0o00oooooDoDoOOooooooooono



3
goooboooboobooboobooboooobooo
goooboogooo
goooon
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
goooboooooooobooooOooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooobooboobooboooboboa
ao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
gbooobooobooboobooobooboboboo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon

®

10

gooooooooooo
4

*Jooobooboobooboooboobooboon

godobooooooboboooooboooooooa
dodobooooooboboooooboooooooa
ooo0oO0o0o0oooooooDoDOoOoooooooon

oo0ooO0o0o0o0ooooooDooOOoooOooooooo
oo0ODoOO0O00o0oooooDoDoOOoooooooooono
oo0Oo0o0o0o0ooooooDoOOoOooOooooooono
oo0Oo0o0o0o0ooooooDoOOoOooOooooooono
oo0ODo0o00o0oooooDoDoOOooooooooon
oo0ODoDOo0o0o00oooooDoDoOOooooooooono
oo0ODoDOo0o0o00oooooDoDoOOooooooooono
oo0ODooOO00o0ooooooDooOOooooooooon
ggoobooooobboooobobooooobooa
ggoobooooobboooobobooooobooa
gogodobooooobboooobobooooobooa
gogoobooooobboooobobooooooa
gogoobooooobboooobobooooooa
0 0O O Encyclopedia of Polymer Science and Engineer
ing, Vol. 13, pp. 198-211, JohnWiley & Sons, Secon

20 d Edition (1983)0 00 000COODOOOOOOOO

DDDDDDDDDDD@DDDDDDDDDDDDD*

Ar(s)4—sorAr(E)4——0—]—[—Ar(E)4—f-D—Ar(E)r};o—]n—);

gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooobobooooooobooboooooooooboon
ooooooooo,oooooo,ooo0ooooo
goooobooooooooboboooooooooon
goooooooooooooooooooooon
oooobooooooooooboooooooooon
goooboooooooobooooooooooon
goooboooooooobooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao

40

50

gbobooboboobooboobooboobon
gboooobooobooboobooboobooobooon
oooooooooooooooooooooo, oo
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
oooooo

oooog

0000000000000000000000000
0000000000000000000000000
0000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000D00000D00000
000000,000,000000,000
00000’ 0000000000000000000
0000000000000000000000000
0000000000000000000000000
oo
000000,0000000000,00,000
0000000000000000000000000
0000000000000000000000000
0’ 00000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000



5
Oo0o000o0dooooooooboooooooooon
Oo0o000o0dooooooooboooooooooon
Oo0o00o0o0ooooooooooooooooao
oooooooood
00000ooooo0ooooooooooooooon
0000ooooo0ooooooooOooooooon
00o0ooooooOoooon' ocooooooooo
00oooooooOoO" ooooooOooooooo
0o0ooooo' —0o00ooooooooooooon
00oooooooOoooooooooooooooon
00oooooooOoooooooooooooooon
00oooooooOooooooooooO" oooo
goboooooooooooobo” boooooooo
gooobooooooooooobooooooooaao
gooooooooooooobooooooooon
gobooooooooooobobuooooooooon
gobooooooooooobobuooooooooon
gooobodooooooooobooooooooao
gobooodoooooooobuoooooooooo
gobooodoooooooobuoooooooooo
gooooddoooooooobooooooooon
goo0oodooooooooboooooooooo
goooboodooooooooooooooooao
goooodoooooooobooooooao
Oo0o000o0dooooooooboooooooooon
0000000D0D00000000Victrex'"ODODODO
O000000O000Oooooaalict Americas, Inc.O00
Udel™O0O0O0D0O0D0O0O000O0O0O0O0OOO0OOOOA
oco Performance Products, Inc.0ORadel A™O 00
00000000 O00O00D0OdAmoco Performance Produc
ts, Inc.0ORadel RO O OO00O0DODODOOOOANCO
Performance Products,Inc.0000000O00OO0OO
0000000000 00ooooOo0OdnORadel R
™MOOoOODOODOOOO00OOAmoco Performance Produc
ts, Inc.0 00000000000 DOOOOOOO0OO0
00ooooooooooooooooooooooon
oooo
gooboodoooooooobooooooooon
gooooooooooooobooooooooon
gobooooooooooobobuooooooooon
goooboooooooooooooooooooaao
gooobodooooooooobooooooooao
gobooodoooooooobuoooooooooo
gobooodoooooooobuoooooooooo
gooobodooooooooooooooooao
goo0oodooooooooboooooooooo
goo0oodooooooooboooooooooo
goo0oodooooooooboooooooooo
ooo0o0o0odooooooooooooooooao

*

10

20

30

40

goooooooooon

6
Oo0oo00o0d0o0ooooooooooooooooon
Oo0oo00o0d0o0ooooooooooooooooon
Oo0o00000o0o0oooooooooooooooon
0000000000 Irganox' "10760 O Irganox' 1010
O0O0D00O0Ciba-Geigy Corp00000O0DOOODOOO
godobooooooboobooooooboooooooa
doddobooooooboboooooboooooooa
doddobooooooboboooooboooooooa
aoon
doddoboboooooobooobooooooooo
dddobooooooboboooooboooobooa
gddoboooooobobooooobooooooa
goboboodooooooooboooooooooon
goboboodooooooooboooooooooon
goooooooooooooboooooooooon
goobodooooooooboooooooooo
goobodooooooooboooooooooo
gooobodooooooooboooooooooo
goobodooooooooboooooooooo
goobodooooooooboooooooooo
goobooddooodoooooboooooooooo
gooooddoooooooobooooooooooo
gooooddoooooooobooooooooooo
goo0o0odooooooooboooooooooon
Oo0oo00o0d0o0ooooooooooooooooon
Oo0oo00o0d0o0ooooooooooooooooon
Oo0o00000o0o0oooooooooooooooon
dodoboooooobobooooobooooobooa
dodoboooooobobooooobooooobooa
dooobooooooobooooooooo
doddobooooooboboooooboooooooa
doddobooooooboboooooboooooooa
dodoboooooobobooooooboooooooa
dddobooooooboboooooboooobooa
dddobooooooboboooooboooobooa
gddoboooooobobooooobooooooa
goboboodooooooooboooooooooon
goboboodooooooooboooooooooon
goooooooooooooboooooooooon
goobodooooooooboooooooooo
goobodooooooooboooooooooo
gooobodooooooooboooooooooo
goobodooooooooboooooooooo
goobodooooooooboooooooooo
gooooooooo®* o oboooooooooo
gooooddoooooooobooooooooooo
ooooooooooa
goo0o0odooooooooboooooooooon
Oo0oo00o0d0o0ooooooooooooooooon

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



7
oo00o0o0o0000ooooooOOoooogoooon
oo00o0o0o0000ooooooOOoooogoooon
oo0o0o0o00o0ooooooo0oooogoooon
oooODoOoO0o0o0oooooooOoOOoOooOoooooono
oooODoOoO0o0o0oooooooOoOOoOooOoooooono
gooooo® valve System for Cannula Assembly”
ooooOoO0o0o0o0ooooooOoOOoOooOooooooo
ooooOoO0o0o0o0ooooooOoOOoOooOooooooo
oooDooOO0o0o0oooooooOoOOoOoooooooon
oo0oDooOO0o0o0oooooooOoOOoOooOooooooono
oo0oDooOO0o0o0oooooooOoOOoOooOooooooono
oooooO0o0o0oooooooDoOOoOoooooooon
oooDooOO0o0ooooooooOoOOoOooOooooooon
oooDooOO0o0ooooooooOoOOoOooOooooooon
oooDooOo0ooooooooOoOOooooooooon
oooDooO0o0oooooooooOOooooooooon
oooDooO0o0oooooooooOOooooooooon
ooooDoOooooooooooOooooooooon
o00D0D0o0000oooooOOoO0ooooooooon

®

10

OOo0ODOO00OoOoOoooooOOun vivoO O in vitr 20

o000 0O0O0OO0OO0O00OO0OO0O0O0O0OO0O0OO0O0O
Oo0o0oooooobooobooooooooooooan
oooooooooooo

oooooo

ooooooono

Radel” "R-500000 Amoco Performance Products, Inc.O
O0o0o0ooooobooobooooooooooooao
O0o000000oooooooboooooooooon

goooooooooooooooooooooobooo™

good

100

oooooooooooo

8
*WO0o0ooboOo0O00oobooboooOoOoooooDon
oooooboooo0oOooooobooooOoooooon
ooooooooo0oOooooobooooOoooooon
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
gooobobooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
ooooboooooooobooooooooooon
O0000OVersaport’ "0 000000000000
oooooooooooooooboooooooooon
ooooobooooooooobooooooooooon
oooooobooooooooooboooooooooon
ooooboooooooooooooooooooon
ooooooooooooooooooooooon
ooooboooooooooooooooooooon
oooooooooooooooooooooooon
oooooobooooooooobooooooooon
oooooobooooooooobooooooooon
ooooooboooooooooobooooooooooo
ooooooooog
ooooooooggd
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
od
ooooboobooooooooooboooooooooon
ooooooooogd
ooooooooooooooooboooooo

goodg

Hé

B e s e =

08



(6) 0ooo00O0O0O0O000

goooooooog

(2000 00000 Dbooboo OoOO0OD@OO 4co60 GG29
oooooonO oOoOoooon0O o06416 4C081 ACO8 BBO3 CAO11 DAO3
ooooobo ooo ooooo
287y DOoOoOoooOO O



a 0000o00ooooooon

oooooooo
REUSABLE NONMETALEIC CANNULA

BACKGROUND

... 1. Field of the Disciosure

The presenfdisclosure relates to a reusable nonmetallic cannula for use in
minimally invasive surgical procedures, and, ir particular, to 2 cannula fabﬁcgted frome
non-conductive radiolucent polyarylsulfone which is capable of withstending repeated
sterilizations.

2. Description of the Related Art

Cannulas are typically used in minimally invasive surgical procedures such
as laparoscopic, endoscopic; and arthroscopic procedures. In minimally invasive
procedures, the operating instrumentation is typi‘caily deployed through a narrow cannula
inserted through a small opening or incision inthe body-to reach a remote intenior
operating site. In laparoscopic surgery, for example, the abdominal cavity is insufflated
with a biologically non-reactive gas such as CO,. A cannula assembly typically
incorporating a ce_mnula seal is introduced within the body cavity, and laparoscopic surgical

instrumentation is advanced within the cannula to perform the surgical procedure. The seal
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within the cannula assembly forms a fluid-tight seal about the instrumentation to prevent
egress of gas fram the cavity.
From a cost efficiency point of view, it mey be desirable to utilize cannula

assermblies which can be reused, in whole, or in part. However, reuse of 2 cannula

assembly. reqmres disassembly, cleaning and sterilization of its component. Sterilization is
typically accomplished through an autoclaving process which involves subjecting the
cannula with superheated stcrilizing stearn under pressure. In the past, cannulas which
have been typically fabricated from metals such as stainless steel are capable of
withstanding a minimum number of autoclaving processes. However, disadvantages
associated with the use of metallic cannulas are their electrically conductive properties,
radiopaque quelities, and their relatively high expense of manufacture.

Accord.ingly, it is desirable 1o provide a cannula which is reusable, electrically non-
conductive, radiolucent, easily assembled and disassembled for autoclaving, capable of
withstanding repeated sterilizations, and relatively inexpensive to manufacture.

SUMMARY

Tn accordance with the present disclosure, a reusable nonmetallic cannula for use in

minimally invasive surgical procedures, such as endoscopic and laparoscapic procedures,
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is disclosed. The carmula is preferably fabricated from & polyarylsulfone that is non-
conductive, radiolucent, and capable of being subjected to repeated sterilizations. The

canmula is configured to be compatible with a wide range of standard housing/seal and

———

trocar systems and can be produced in a wide range of individual sizes and lengths.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the disclosure are described herein with reference to the
drawings, wherein:

FIG.lisa side plan view of the cannula assembly in accordance with the principles
of the present disclosure, including the cannula housing and the cannula sleeve;

FIG. 2 is a side plan view of the cammula sleeve of the cannula assembly of FIG. 1;
and

FIG. 3 is a cross-sectional view of the carmula sleeve.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the discussion which follows, the term “proximal” as is traditional will refer to
the portion of the structure which is closest to the operator and the term “distal” will refer

to the portion which is furthest from the operator.
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The cannula assembly of the present disclosure is particularly intended for use with
a trocar assembly in performing laparoscopic surgical procedures. However, it is
appreciated that the present disclosure 1 not intended to be limited to such use, but may be
incpz—';;_{;l:z%ced in a variety of surgical cannule or catheter assemblies including, for example,
introvascular cannulas or c;theters such as aortic or venous cannulas, etc.

Referring to the drawings in detail, and initially to FIG. 1, the presently disclosed
reusable nonmetallic cannula assemnbly 100 includes canmula sleeve 102 and canm;]a
housing 104 attached to the canm_xla sleeve 102, Cemnula sleeve 102 is fabricated from 2
composition which includes a polyarylsulfonc. Polyarylsulfones are generally clear, rigid
themoplastics possessing glass {ransition temperatures of about 180° to about 250° C,
tensile strengths of at leasi about 10,000 psi, and ﬂexﬁral strengths of at jeast about 15,000
psi. Polyarylsulfones display minimum creep and low gxpansion coefficients and remain
in their configured and machined shape over a wide range of temperatures as well as time.
Polyarylsulfones, while soluble in certain aromatic hydrocarbons, aré resistant to COTTOSIVEe
acid and alkalies as well as 10 heat, oxidation, detergents, oils and aleohols.

Polyarylsulfones are dimensicnally stable over temperatures ranging from .100 to +148° C.

They can be readily processed and fabricated, and fave been employed in the fabrication of
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power tool housings, glectrical equipment, automobile components, electronic parts and
computer components. The use of polyarylsulfones in accordance with the present
invention is believed to be not only a novel use for these materials, but a use which is

ideally suited due to the properties of polyarylsulfones. These particular properties allow

the mate;rial to be of suita.sbl-c strength and durability for the intended purpose disclosed
herein. Further general information about polyarylsulfones can be obtained by reference to
the Encyclopedia of Polymer Science and Engineering, Vol. 13, pp. 198-211, John Wiley
& Sons, Second Edition (1988), the contents of which are incorporated herein by reference.
Polyarylsulfones utilized in accordance with the practice of the present disclosure can be
generally described as containing backbone aromatic rings which are linked, preferably
paralinked, partly by sulfdne groups (-SO;°) and partly by dissimilar groups such as ether
or alkyl groups or single bonds. In general, the repeating units of polyarylsulfones can be

represented as follows:

{{"Ar(E)4“—'SOg—'Ar(E)r"'O—H'Ar(E).,—*'D——Ar(E)r];Oﬂ

where AT is a 6 to 20 carbon aromatic radical, preferably phenylene; D is (a) 2 divalent

hydrocarbyl radical, of which all or different portions can be (i) linear, branched, cyclic or

s,
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bicyclic, (if) aliphatic or aromatic, and/or (ii) saturated or unsaturated, said divalent
hydrocarbyl radical being composed of 1-35 carbon atoms together with up to five oxygen,
nitrogen, sulfur and/or halogen (such as fluorine, chlorine and/or bromine) atoms; or (b) 2

-

divalent S, S,, SO, SO, O or CO radical; or (¢) 2 single bond; each E is independently
hydrogen, a halogen (such—as fluorine, chiorine and/or bromine), a Cy-Cp, preferably C;-
C,, linear or cy’clic alkyl, aryl, alkaryl, aralkyl, alkoxy or aryloxy radical, such as methyl,
ethyl, isopropyl, cyclopentyl, cyclohexyl, methoxy, ethoxy, benzyl, tolyl, xylyl, phencxy
and/or xylynoxy; or a nitro or nitrile radical: misO or 1; and nis from O to about 3, and p
is from about 1 to about 500. Preferably D is a single bond or a divalent hydrocarbyl
radical, preferably composed of 1-10 carbon atoms, and is preferably isopropylidene.
Preferably each E 1s indejaendently hydrogen, 2 halogen, a C,-C; alkyl, alkaryl, aralkyl, or

aryl radical.

In preferred polyarylsulfones according to the formula above,

I Ar(E)4—S 02— AF(E)4"—O"—

represents a remnant of a 4,4"- dihalodiphenyl sulfone (e.g., dichlorodiphenylsulfone) or a

sulfone-bridged bisphenol (e.g., bisphenol S) and i
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—Ar(E); D—ANE)~—|—O0—

m

represents a remnant of an optional dihydric compound, preferably Bisphenol-A.

-~ Preferred polyarylsulfones are commonly prepared from a 4,4™-dihalodiphenyl

sulfone and a éecond, optional dihydric compourd, such as Bisphenol-A, in a dipolar
aprotic solvent such as dimethyl sulfoxide or 1-methyl-2-pyrrolidinone. A fluoride or
chloride may be used as the dihalodiphenyl sulfone monomer. Another variety of
polyarylsulfone is synthesized from a bisphenol which contains a sulfone bridge
(“Bisphenol-S”).

Other bisphenols, in addition to Bisphenol-A, which can be utilized to prepare
polyarylsulfones includg, ‘but are not limited 10, 4,4'-dihydroxydipheny! sulfide, 4,4'-
dihydroxydiphenyi oxide, 4,4‘-dﬂ1ydroxydiphény]methane, hydroquinone, bis (4-
hydroxydiphenyl)-z,z-perﬂuoroprdpane, bis(4-hydroxydiphenyl)- 1,1-cyclohexane, 4,4'-
dihydroxybenzophenone, and 4,;1'—dihydroxydiphenyl.

The polyarylsulfones suitable for use in accordance with the present disclosure
desirably possess molecular weights (weight average) of at least about 10,000, preferably

at least about 25,000, and more preferably at least about 35,000, and most preferably up to
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about 200,000. Suitable melt flow rates as measured in grams per 10 minutes by ASTM
D1238, (343°C., 8.7 kg) range from at Jeast about 1, preferably at least about 2, more
preferably at least about 3 up to about 30, preferably up to about 20 and more preferably
up }0—%115;_1‘: 10.

Some examples of t;le suitable types of polyarylsulfones that are commercially
available are Victrex™ polyether polyarylsulfones from ICI Americas, Inc.; Udel™
bisphenol-A polyarylsulfones from Amoco Performance Products, Inc.; Radel A™
polyarylethersulfones frorn Amoco Performance Products, Inc.; and Radel R™
polyphenylsulfones from Amoco Performance Products, Inc. In accordance with a
preferred embodiment, the polyarylsulfone is a polyphenylsulfone, such as Radel R™
polyphenylsulfones from Amoco Performance Products, Inc. Blends of two or more
polyarylsulfones can also be employed.

It is within the scope of thc.present disclosure to employ blends of polyarylsulfones
with one or more polymeric materials not containing the above described repeating units in
order to enhance the functional properties of reusable cannula 100. Thus, e.g., 10 improve

chemical resistance, flow properties, impact resistance, and the like, polyarylsulfone can be

blended with, for example, polyesters, styrene polymers, elastomers, and the like. The
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amount of such optionally added polymeric materials will usually represent up to about 25
weight percent of the entire blend composition, preferably from about 5 to about 25, more

preferably from about 10 to about 20 weight percent. A variety of additives may be

ad}«’ax}tag_cously admixed with polyarylsulfones singly or in combination, such as, e.g.,
antimicrobial agents, antio;idants, opacifying agents, antistatic agents, fillers, reinforcing
agents, hydrolytic stabilizers, stabilizers against basic impurities, lubricants, mold release
agents, pigments, dyes, opacifying agents, colorants, plasticizers, heat stabilizers, and
ultraviolet light stabilizers. Preferred hindered phenolic antioxidants are Irganox™ 1076
and Irganox™ 1010 antioxidants, available from Ciba-Geigy Corp. Such additives, if used
will typicalty represent from about 0.001 to about 15 percent, preferably from about 0.01 to
shout 10 percent and more preferably from about 0.1 to about 10 percent by weight of the
total composition.

Polyarylsulfones are non-conductive, radiolucent, resistant to degradation by
combinations of moisture and temperature, and rprovide at the least the same or reduced
instrument friction as existing instruments. The radiolucent characteristic is desirable in

certain surgical applications involving the cannula sleeve 102, e.g., t0 permit radiation of

tissue underlying the sleeve 102 without the removal therefrom. When softened or melted
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by the application of heat, they are formed, shaped or molded and then machined into the
cannula of the present disclosure, using conventional techniques such as compression
molding, injection molding, gas assisted injection molding, calendering, vacuum forming,

theamcifoqning, extrustion and/or blow molding techniques, alone or in combination.

Polyarylsulfones pt;ssess the desirable characteristic of being sufficiently durable to
withstand repeated microwave cycles. Cannula sleeve 102 is thus capable of withstanding
repeated sterilizations using standard methods such as, but not limited to, microwave and
steamn autoclave. While polyarylsulfones are typically transparent, the polyarylsulfones
utilized in accordance with the present disclosure preferably are opacified with an
opacifying agent.

Cannula housing 104 is adzpted to sealingly lock with cannula sleeve 102. The
sizes of cannula sleeve 102 include, but are not limited to 5, 10, 11, and 12 millimeters.
While a shortened length for the 5mmm and an increased length for the 10mm sizes are
envisioned to enhance selected procedures, these as well as other variations in length are
readily adapted for any size.

Referring now to FIGS. 2-3, the structural details of cannula sleeve 102 will be

discussed. At its proximal end, cannula slecve 102 contains a flange 106 with an

~.10-
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attachment mechanism 108 that sealingly mates with cannula housing 104. The inside
circumference of flange 106 defines a circular opening 110 that makes a transition 112 to 2
reduced-diameter longitudinal circular throughhole 114. Cannula sleeve 102 defines

longitadinal axis “a” and is generally cylindrically-shaped as shown. The wall of cannula

- -

sleeve 102 has a generally uniform thickness.

Cannula housing 104 may be readily mounted to the proximal end of cannula
sleeve 102. Cannula housing 104 typically incorporates a seal which provides a substantial
seal between a body cavity of a patient and the outside atmosphere both during insertion
and removal of an instrument through the cannula. In this manner, insufflation gases are
prevented from escaping through the trocar assembly to the outside environment. One seal
mechanism contemplated is the mechanism disclosed in commonly assigned U.S. Patent
No. 5,603,702 entitled, “Valve System for Cannula Assembly”, which issued February 13,
1997 the contents of which are hereby incorporated by reference. Other housing sealing,
and locking configurations are also envisioned for cannula 100.

The attachment mechanism 108 of cannula sleeve 102 preferably includes threads
that sealingly engage corresponding internal threads (not shown) of housing 104, however,

other attachment mechanisms, including bayonet locking mechanisms, snap fit structure,

-

-11-
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adhesives are also contemplated. The preferred threaded configuration of the present
invention thus provides an easy means for assembly, sealing, and subsequent sterilization.
The distal end of cannula sleeve 102 includes 2 tapered portion 116 that reduces the

thickness of the wall of slesve 102 and an air hole approximately 0.5 inches from the distal

-

end.

Cannula 100 is configured to be used in various tissue layers gncountered during
endoscopic procedures, to include both in vivo in humans and animals as well as in vizro
applications.

The following example illustrates the practice of the present invention:

EXAMPLE

A polya.rylsuifoné commercially sold under the tradename Radel™, R-5000 by
Amoco Performance Products, Inc. was injection molded and machined to form cannulas
in the configuration of the present disclosure, such as 5, 10, 11, and 12 mm diameters and
standard lengths. The cannulas under test were production representative and possessed
sufficient strength to support penetrating tiésue layers, act as a conduit for a trocar, support
minimally invasive surgery, and provide a seal with other instrumentation to prevent the

passage of undesirable fluids inta or out of the invasive surgery after repeated sterilization

t-12-
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cycles. The cannulas were subjected to over 100 autoclave sterilization test cycles which
approximates the number of times a reusable cannula is sterilized during a typical year's
usage. The experimental results after 100 autoclave cycles showed no degradation to the

mechznical strength of the cannulas or their abilify to provide an adequate seal when

attached té the Versapor’tm—disposable housing/seal system, or its equivalent, and thgs
validated the ability of this configuration to support surgical procedures after 2 typical
year’s usage.

Although the illustrative embodiments of the presept disclosure have been
described herein with reference to the accompanying drawings, it is to be understood that
the disclosure is not limited to those precise embodiments, and that various other changes
and modifications may be affected therein by one skilled in the art without departing from
the scope or spirit of the disclosure. All such changes and modifications are intended to-

be included within the scope of the disclosure.

t-13-
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WHAT IS CLAIMED IS:

1. A reusable nonmetallic cannula assembly including a cannula fabricated from a

composition comprising a nonconductive, radiolucent, sterilizable polyarylsulfone.

2 The cannula assembly according to claim 1, wherein the polyarylsulfone

comprises repeating units of the formula:

3

({—AF(EH_SO:;_ Ar(E)4"‘-O—']'[—Ar(E}4 {D Ar(E)g }mo I )p

where At is a 6 to 20 carbon aromatic radical; D is (2) a divalent hydrocarbyl radical, of
which all or different portions can be (i) linear, branched, cyclic or bicyclic, (ii) aliphatic or
aromatic, and/or (iii) saturated or unsaturated, said divalent hydrocarbyl radical being
composed of 1-35 carbon- atoms together with up to five oxygen, nitrogen, sulfur and/or
halogen atoms; or (b) a divalent S, S,, SO, SO,, O or CO radical; or (c) a single bond; each
E is independently hydrogen, a halogen, a C,-C,,, hydrocarbyl radical or a nitro or nitrile
radical; m is 0 or 1; and n is from 0 to about 3, and p is from 1 to about 500.

3. The cannula assembly according to claim 2, wherein Ar is phenylene, D is a

single bond or a divalent hydrocarbyl radical and each E is independentty hydrogen,

halogen or C,-C,; hydrocarbyl radical.

To14-
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4. The cannula assembly according to claim 1, wherein the composition further

comprises one or more polymeric materials.

5. The cannula assembly according to claim 4, wherein the polymeric materials aie
selﬁeét—_éd-f-rom the group consisting of polyesters, styrene polymers and elastomers.

6. ’fhe cannula ass;mbly according to claim 1, wherein the composition further
comprises one or more additives gclectcd from the group consisting of antimicrobial
agents, antioxidants, opacifying agents, antistatic agents, fillers, reinforcing agents,
hydrolytic stabilizers, stabilizers against basic impurities, lubricants, mold release agents,
pigments, dyes, colorants, plasticizers, heat stabilizers, and ultraviolet light stabilizers.

7. A cannula assembly according to claim 1, wherein the cannula can withstand in
excess cf 100 sterilization cycles without substantially degradiné its structural integrity.

8. The cannula assembly according to claim 1, further including a cannula I-Jousing
mounted to the cannula.

9. The canmula according to claim 1, wherein the cannula contains a proximal end

comprising an attachment mechanism and a sheath connected to the proximal end.

10. The canmula according to claim 9, wherein the proximal end comprises 2

monolithically formed housing.

*.15-
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ABSTRACT OF THE DISCLOSURE

A reusable cannule that supports minimally invasive surgical procedures, such as

endoscopic and thorascopic procedures, fabricated from a composition including

polyarylsulfone material that is non-conductive, radiolucent, and sterilizable. The cannula

is compatible with endoscopic devices as well as standard heusing/seal and trocar systems.
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