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1
TEAR APART CANNULA

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This is a continuation, of application Ser. No. 965,703
filed Dec. 1, 1978, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a cannula used as
an aid for insertion of catheters and other instruments
into the body and more particularly to a cannula that is
easily removed after the insertion i1s completed.

2. Brief Description of the Prior Art

It is desirable that after a catheter or other body
probe device has been inserted into place within a blood
vessel that the apparatus used to aid the insertion is
easily removable. When sharp devices such as hollow
needles are left in place while the catheter or other
device is being utilized, there is a danger that the needle
may pierce through the vessel, causing tissue damage
and rendering the catheter useless. In assemblies where
the needle is removable, this problem is alleviated; how-
ever, in these cases, the cannula which 1s used as a pas-
sageway into the blood vessel, often cannot itself be
easily removed when the probe or catheter that has
been inserted has an enlarged proximal end. The inabil-
ity to easily remove the cannula is a disadvantage in
circumstances when the inserted probe or catheter must
remain in the body for an extended period of time to be
permanently implanted.

Various removable devices have been developed
using frangible, hollow needles (see Rubin, U.S. Pat.
No. 3,382,872; MacGregor, U.S. Pat. No. 3,550,591;
Warren, U.S. Pat. No. 3,598,118 and Nerz, U.S. Pat.
No. 3,677,243). In these devices the hollow needle must
have a larger diameter to accommodate the catheter
within the device. The larger size of the hollow needles
can be a cause of additional tissue damage. Because of
their rigidity and sharpness, these needles act as poor
cannuli in situations where probes must be inserted and
removed repeatedly, and they cannot be used at all
when the cannula must be used as an aid in advancing
the probe along the interior of the blood vessel.

Ansari, U.S. Pat. No. 3,545,443, utilizes dual hollow
concentric needles, each having a longitudinal slot.
After insertion, the needle assembly 15 removed and
twisted in such a manner that the slots are aligned. The
catheter then can pass through the slots thus removing
the needle. This non-frangible assembly possesses many
of the same disadvantages that the other hollow needle
devices have. In addition, because there are two hollow
needles, an even larger needle diameter 1s necessary to
accomodate the same size catheter. The slots in the
needles may also cause additional tissue damage and
potentially may not be able to effectively prevent blood
loss and air emboli.

Gauthier, U.S. Pat. No. 3,094,122, uses a percutane-
ous needle that is inside the catheter. After insertion, the
needle is removed lengthwise from the catheter. There
are several restrictions upon this method. The needle
must be longer than the catheter and the method is only
adaptable for insertion of hollow devices or catheters
and cannot be used where various probes and leads are
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to be inserted. Guttman, U.S. Pat. No. 3,225,762, 1s
similar to the Gauthier device except that the catheter
has a slot for removal of the needle after insertion. This
climinates the need to have a needle that is longer than
the catheter, however, there may be undesirable leak-
age through the slit, particularly when the catheter is
bent at or near the slit. This invention also cannot be
used where the probe to be inserted within the vessel 1s
not hollow.

Reilly, U.S. Pat. No. 3,570,485, provides a flexible
cannula, placed over the percutaneous needle, that is
slotted along its length. After insertion, the needle is
removed and the cannula can then act as a sheath for
insertion of the catheter or other device. After insertion
of the probe, the cannula can be removed by shiding the
catheter or other device through the slit in the cannula.
Although this invention is flexible and can be adopted
for insertion of both catheters and non-hollow probes,
the longitudinal slot may not provide a blood or airtight
seal. This problem may be reduced by increasing the
thickness of the cannula, however this would necessi-
tate either the use of a larger puncture diameter or a
smaller probe. Further, removal of the cannula requires
gripping both the cannula and the inserted catheter and
physically pulling them apart. Applying such a force
upon an object that is partially inserted into the body
may cause tissue damage. There is also the potential of
accidentally pulling the catheter out from its inserted
posItion.

The Reilly patent has a further limitation in its col-
lapsibility. When the Reilly cannula i1s empty prior to
insertion of the catheter or probe, it collapses upon itself
at the puncture site with the purpose of preventing
blood loss. However, this attribute creates a disadvan-
tage in that a stiff catheter with a stiff tapered distal end
is required in order to reopen the cannula for reinser-
tion; therefore, flimsy and flexible leads, such as pace-
maker leads and blunted tipped catheters, such as bal-
loon tipped catheters, are unadoptable for use with this
device.

BRIEF DESCRIPTION OF THE PRESENT
INVENTION

The present invention is a flexible cannula that
readily tears in a longitudinal direction along the length
of the structure because it comprises material that has a
longitudinal orientation. Because it is flexible and hol-
low, it acts as a good cannula where devices must be
repeatedly inserted, left within the body for a period of
time, or advanced along the interior of the vessel.

Because of its longitudinal onientation, the present
invention can readily be removed by tearing the struc-
ture along its length along two longitudinal lines
thereby splitting it into two halves. This is a particular
advantage where the lead or probe is to be permanently
inserted and has large fittings or connectors on its proxi-
mal end such that the cannula cannot merely be slipped
off the end of the probe.

Because no force needs to be applied to the partially
inserted probe when the cannula is split apart, the po-
tential of accidentally pulling the probe out from its
desired position is diminished.

There are numerous specific applications in which
the present invention can be utilized. One such applica-
tion is for suprapubic insertion into the bladder. Cathe-
ters used in this type of application normally have en-
larged proximal ends and remain in the body for pro-
longed periods of time.
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Another application is transvenous insertion of per-
manent pacemaker leads. Such leads separate into vari-
ous electrodes at the proximal end, each electrode being
significantly larger than the general diameter of the
lead. After insertion of the distal end into the desired
position within the heart. These leads must themselves
be implanted beneath the skin and connected to a power
source. In the past, it has been the practice to remove
the sheath by slitting it with a scapel, in order to enable
the implantation of the electrodes. Reference is made to
“Percutaneous Insertion of a Permanent Transvenous
Pacemaker Electrode through the Subclavion Vein” in
the Canadian Journal of Surgery, vol. 20, pg. 131 which
is descriptive of this technique.

There are several existing techniques which can take
advantage of the benefits of the present invention. In
one method the cannula is inserted into a blood vessel
about percutaneous needle. The needle is then removed,
and a catheter or other probe device is inserted through
the sheath and the combination is advanced into posi-
tion. The cannula can then be slipped out of the body
and split by pulling a pair of tabs on the end thereof thus
being removed from the probe.

In another method, a hollow needle is inserted into a
vessel. A wire guide is then passed through the needle
into the interior portion of the vessel. The needle can
then be withdrawn and the cannula with a dilator in-
serted into the vessel over the wire guide. The assembly
is advanced into position and the dilator and wire guide
are removed. A catheter or probe can next be passed
into the vessel through the cannula. The cannula is
withdrawn from the body and split apart thus being
removed from about the probe.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of the splitable cannula in com-
bination with a dilator and wire guide.

FIG. 1A is an enlarged view similar to FIG. 1 of the
structure of FIG. 1 with portions broken away to show
internal structure.

FIG. 1B is an enlarged fragmentary view of a portion
of the structure of FIG. 1,

FIG. 2 is a side view of a hollow percutaneous nee-
dle.

FIG. 3 through FIG. 11 are sections through a blood
vessel showing a procedure.

FIG. 3 illustrates the needle inserted within the blood
vessel.

FIG. 4 shows a wire guide inserted into the vessel
through the incision needle.

FIG. 5 shows the incision withdrawn from the punc-
ture site.

FIG. 6 shows the wire guide percutaneously posi-
tioned within the blood vessel.

F1G. 7 illustrates the splitable sheath and dilator com-
bination inserted into the vessel over the wire guide.

FIG. 8 illustrates the guide dilator and splitable can-
nula assembly advanced into the desired position within
the vessel.

FIG. 9 shows the splitable cannula in position after
the wire guide and dilator have been removed.

FIG. 10 illustrates a probe inserted within the splita-
ble cannula.

F1G. 11 shows the cannula after being split into two
parts.

FIG. 12 through FIG. 16 are sections through a
blood vessel showing a further procedure.
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FIG. 12 illustrates a splitable cannula disposed about
the incision needle and inserted in this manner into the
blood vessel.

FIG. 13 shows the splitable cannula inserted within
the vessel after the incision needle has been removed.

FIG. 14 illustrates the probe inserted within the can-
nula.

FIG. 15 shows the probe and splitable cannula comba-
nation advanced into the desired position within the
vessel.

FIG. 16 illustrates the cannula splt into two parts.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A preferred embodiment of the present invention 1s
shown in combination with a dilator and a wire guide in
FIG. 1. The splitabie cannula 10 is disposed about the
dilator 11 which, in turn, is disposed about the wire
guide 12. The distal end 13 of the dilator is tapered for
enlarging the puncture site to accommeodate the splitta-
ble cannula. Where the diameter of the splittable can-
nula is of a sufficiently large size, the dilator that 1s used
has a second tapered portion 14. The tubular portion 15
of the splittable cannula has approximately uniform
thickness and diameter except at its distal end 16 where
there is a slight taper to create an appropriately snug fit
with the dilator and also to facilitate the enlarging of the
puncture site to accommodate the cannula. The proxi-
mal end 20 of the cannula is slit longitudinally produc-
ing two open ended slits at opposite sides of the tubular
structure 21 and 22, thus creating two tabs 23 and 24
which are attached to knobs 25 and 26 by being inserted
between the screw 30 and 31 and socket 32 and 33 por-
tions of the knobs. At the proximal end of the dilator 11
is a knob-like clamp 34 which maintains the two tele-
scoping layers of the dilator 11 in position.

FIG. 1B is a cross-sectional view showing a represen-
tative one of the tabs 23 attached to one of the knobs 25
which comprises a screw 30 and socket 32 combination.
The screw 30 is screwed into the socket 32 with the end
23 in the socket. The force between the screw 30 and
socket 32 maintains the end of the tab in position. The
knobs 25 and 26 are used to aid in gripping the device
when it 1s split apart.

FIGS. 3 through FIG. 11 shows a procedure
whereby a probe having relatively large fittings on its
proximal end is placed in position. The probe might be,
for example, a catheter used to measure the flow of
saline solution through the blood vessel. Such catheters
have a balloon at the distal end which operates to close
off the flow through the blood vessel. This balloon is
inflated by placing air into a fitting such as the fitting 61.
Another fitting such as fitting 62 might receive the
saline solution. Still another fitting such as the fitting 63
functions to provide a coupling to a thermistor which
measures the temperature of the saline solution blood
mixture as it moves by the thermistor at still another
point along the catheter.

FIG. 3 shows the percutancous needle 40 inserted
through the skin and body tissue 50 and into a blood
vessel 51. FIG. 4 shows the subsequent step of inserting
the wire guide 12 into the blood vessel 51 through the
needle 40. In FIG. 5 the needle 40 has been removed
from the puncture site leaving the wire guide as in FIG.
6. In F1G. 7 the splitable cannula 10 and dilator 11
combination is in the process of being inserted into the
blood vessel 51 about the wire guide 12. The cannula,
dilator and wire guide combination have been advanced
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into the desired position in FIG. 8. In FIG. 9 the wire
guide and dilator have been removed leaving the splitta-
ble cannula 10 in its desired position. FIG. 10 shows a
probe 60 being inserted into the blood vessel through
the splitable cannula 10. The probe elements 61, 62 and
63 are fittings which are permanently mounted on the
proximal end of the probe 60. In FIG. 11 the splittable
cannula has been removed from the puncture site and
split apart into two portions 70 and 71 and in this man-
ner has been separated from the inserted probe.

In an alternative technique, the splittable cannula 10
may be inserted within the blood vessel 50 directly
about the needle 40. FIG. 12 shows this combination
inserted within the blood vessel. FIG. 13 illustrates the
splitable cannula 10 inserted within the blood vessel
after the incision needle 40 has been removed from the
puncture site. FIG. 14 illustrates the probe 60 intro-
duced into the blood vessel 51 through the splittable
cannula 10. In FIG. 15 the probe 60 and cannula 10
combination have been advanced into position. FIG. 16
shows the cannula 10 withdrawn and split off leaving
the probe in position.

Teflon (Teflon is the Dupont trademark for polytet-
rafluoroethylene) used in the preferred embodiment 1s
virgin material i.e., has not previously been used, or
reground. It is free of foreign matter and dye marks.
These characteristics are required to ensure compatibil-
ity for insertion into the body. Teflon is the preferred
material because it can be longitudinally oriented
through extrusion, although other plastics may be use-
able. It is known, for example, that polyethylene obtains
the required longitudinal orientation characteristics if 1t
is stretched after extrusion. However, polyethylene is
not used in the preferred embodiment because it 1s un-
derstood that the orientation process for polyethylene is
more difficult to perform properly.

A standard extrusion process orientates the Teflon
and forms it into the tubular shape of the cannula. The
Teflon is blended with an extrusion aid or lubricant,
preferably naphtha, and a thermally stable pigment. The
pigment used may be any stable pigment that is accept-
able for insertion within the body. The naphtha nor-
mally comprises between 17 and 20% by weight and the
concentration of pigment should be less than 2%. Then,
at temperatures above 75° F., the compound mixture is
preformed. The object of preforming is to compact the
powder into a cylinder which is about one-third of the
original volume. The preforming pressure is between
100 and 300 lbs/sq. in. The preform is then extruded
through an extrusion die at pressures of approximately
20,000 psi. After extrusion the Teflon tubing is passed
through a drying oven at a graduated temperature 1n-
creasing from 300° F. to 575° F. The heat from this oven
vaporizes the lubricant. The Teflon tubing is next led
through a sintering oven, at temperatures of at least
621° F., allowed to cool, and rolled onto spools.

In the manufacturing of the cannula, the Teflon tub-
ing is cut off radially to define one end of the cannula
and slit at that one end with a cutting instrument at
opposite ends of the same end to form the two opposed
slits 20 and 21. This slitting operation creates the tabs 23
and 24 which are used to pull apart the cannula and the
slits define the location of the beginning of the tears
when the tabs are pulled. A screw and socket combina-
tion 25 and 26 is attached to each tab, as illustrated in
FIG. 1B, to facilitate the gripping and pulling of the

tabs.
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An appropriate length is then measured and a heat
gun applied to the tubing. Upon application of this heat,
the tubing is stretched, yielding a tapered end. The tip is
then cut at a point where the inside diameter of the
cannula approximates the outside diameter of the dila-
tor which will be used with the particular cannula. This
tapering method serves two purposes. First, the outside
diameter is tapered to facilitate insertion of the cannula
into the body. Second, a tight fit with the probe at this
end minimizes blood loss.

In one preferred embodiment of the present inven-
tion, the thickness of the structure from the inner sur-
face to the outer surface is 0.010 inch with a tolerance of
plus or minus 0.002 inch. The required diameter of the
cannula will vary with the diameter of various dilators
which are used in combination with the sheath. It 1s
estimated that useful sizes will range from an inner
diameter of 0.05 inch to an inner diameter of 0.2 inches;
however, there may be applications requiring larger or
smaller dimensions. The inner diameter tolerance s plus
0.002 inch and minus 0.000 inch.

In the preferred embodiment, the cannula is sterilized
using ethylene oxide and packaged with a sterilized
percutaneous needle, a wire guide, and a dilator in a
hermetically sealed plastic bag.

While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, the same is to be considered as illustrative and not
restrictive in character, it being understood that only a
preferred embodiment has been shown and described
and that all changes and modifications that come within
the spirit of the invention are desired to be protected.

The invention claimed is:

1. A cannula comprising

a tubular structure having one end which has a pair of

open ended slits, said tubular structure being com-
patible for insertion within the body and having an
opposite end adapted to be inserted in the body
with said one end extending out of the body, said
tubular structure being formed of flexible matenal
having the physical property of molecular orienta-
tion whereby a tear in said material runs readily
only in a longitudinal direction along the length of
said tubular structure, said tubular structure being
flexible from its inner diameter to its outer diameter
and continuously smooth on its inner surface and
outer surface, said slits each having a closed end
located between said one end and said opposite
end;

a first tab defined by said slits on one side of one end

of said tubular structure; and

a second tab defined by said slits on the other side of

said one end of said tubular structure whereby
when said tabs are pulled apart, said structure tears
longitudinally along its length beginning at said
closed ends and extending to the opposite end of
said tubular structure.

2. The cannula of claim 1 in which the flexible mate-
rial 1s a plastic.

3. The cannula of claim 1 in which the flexible mate-
rial is polytetrafluoroethylene.

4. The cannula of claim 1 in which said opposite end
is tapered so as to define a tapered end portion, said
tubular structure having an inner surface and an outer
surface and having a substantially uniform thickness
from the inner surface to the outer surface except at the
tapered portion.
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5 The cannula of claim 1 in which said tabs are inte-
gral with said tubular structure and are separated by

said open ended slits.

6. A cannula kit comprising:

closed ends and extending to the opposite end of
said tubular structure.
9. A removable cannula for introducing a member

8

(i) said flexible material having the physical prop-
erty of molecular orientation whereby a tear in
said material runs readily only in a longitudinal
direction along the length of said tubular struc-

a cannula including a tube of flexible material having > ture,
the physical property of molecular orientation (i1) said one end of said tubular structure having a pair
whereby a tear in said material runs readily only in of open ended slits, said slits having closed ends
a longitudinal direction along the length of the located between said one end and said opposite
tube, said tube being soft and flexible from its inner end,
diameter to its outer diameter; a first tab on one 10 (iii) a first tab defined by said slits on one side of
side of one end of said tube, a second tab on the | said one end of said tubular ‘f‘vtl' U?iﬂfﬁ and
other side of said one end of said tube whereby, (iv) a second tab defined by said slits on the other
when said tabs are pulled apart, said tube tears side of said one end of said tubular structure
longitudinally separating said tube from any object whereby, when said tabs are pulled apart, said
within said tube: 15 structure tears longitudinally along its length
a percutaneous needle: beginning at said closed ends of said slits and
a wire guide; extending to the opposite end of said tubular
a dilﬂ.tﬂl'; structure. ‘ N
and a bag containing said cannula, guide and dilator. 10. A cannula kit comprising: | .
7. The cannula kit of claim 6 where said bag is her- 20 a n:rbe af-' ﬂfrxzbfe plastic mater{af campaﬂétle for inser-
metically sealed and made of plastic. tion within the {:ody c.rnd having the phy.s::ca! property
8. A cannula comprising: of molecular orientation whergby a tear in sqzd mate-
a tubular structure having one end which has a pair of rial runs readily only in a longitudinal direction along
open ended slits, said tubular structure being com- the Jeﬂfgﬂf of the f“be" said tsze being S?f ‘ and{? exible
patible for insertion within the body and having an 25 from its inner diameter to its outer diameter; a first
opposite end adapted to be inserted in the body tab on one side of one end q{ said tube, and a.second
with said one end extending out of the body, said ffeg;;hi h‘:ﬂ?i’;;d; gsf jf;dngj dezﬁaf{ iﬁii ii:ii
Fubular structure being continuously smooth on its toars !0;;gf tudinally separating said tu be’ from any
inner surface .and outer sul:face, : .30 object within said tube; and a dilator.
means for allnw?g th.e opposite E!I}d to rer:am contin- 11. A cannula comprising:
u m inner surfac outer sur- : . : . *
;1:: :E hil:tite Gg;;;?te ened izuwith?nagle bozh f.ss:id ’ z;f;-:{hfijje a?; r:;ﬁi ;‘:;;p :;zfri i_ a-fo;r;;i:ﬁ fi;-
means for allowing including said tubular structure molecular orientation allowing a tear in said material
being formed of flexible material having the physi- 35 to run readily only in a longitudinal direction along
al propey of molecular orenation wherehy 4 i lengthf et s e beng ot v i
i rom nner eler S ou m
?al direction along the length of said tubular struc- tapered at one end adapted for insertion within the
ure, e ) :
L o dfm vy i s o on e o 0o 4yt e e 8 o e
end of said tubular structure; an side of said opposite end of said tube whereby, when
a second tab detined by said slits on the other side of said t{:.:bs aregou Hed aparrj;aid tube tears !oﬁgi:u di-
iilhino;laeide;%sc;ies?nfll:éb;;:;t 3;;?;;‘:;3{3::’1?:1;::; ;za;ly separating said tube from any object within said
* ube.
longitudinally along its length beginning at said slit 45 12 The cannula of claim 11 wherein said tube is contin-

uously smooth on its outer surface.

13. The cannula of claim 12 wherein said tube is contin-

uously smooth on its inner surface.

into an internal organ of the body, said cannula com- 14. A cannula comprising:

prising: 50

(a) a tubular structure compatible for insertion within
the body, said tubular structure having one end and
having an opposite end adopted to be inserted into
the body with said one end extending out of the
body, said tubular structure being flexible from its
inner diameter to its outer diameter, said tubular
structure having an internal passageway for pas-
sage of a member into an internal organ of the
body; and

(b) removal means for removing said cannula from
about the member after the introduction of the
member into the body through the internal pas-
sageway of said tubular system, said removal
means including means for providing for the in-
serted portion of said tubular structure to remain
continuously smooth on its inner surface and its
outer surface during insertion, said removal means
including:

53

635

a tubular structure having one end which has a pair of
open ended slits, said tubular structure being compati-
ble for insertion within the body and having an oppo-
site end adapted to be inserted in the body with said
one end extending out of the body, said tubular struc-
ture being formed of flexible material having the
physical property of molecular orientation allowing a
tear in said material to run readily only in a longitudi-
nal direction along the length of said tubular struc-
ture, said tubular structure being flexible from its
inner diameter to its outer diameter, said slits each
having a closed end located between said one end and
said opposite end,

a first tab defined by said slits on one side of one end of
sard tubular structure; and

a second tab defined by said slits on the other side of said
one end of said tubular structure whereby when said
tabs are pulled apart, said structure tears longitudi-
nally along its length beginning at said closed ends
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and extending to the opposite end of said tubular tube including a non-mechanical means for longitudinally
structure without the need Jor any n::echamcg! means  tearing apart said tube, said tube being soft and flexible
Jor facilitating longitudinal separation of said tube. from its inner diameter to its outer diameter; a first tab on

15. The cannula of claim 14 in which said rubular struc-

: : . one side of one end of said tube, and a second tab on the
ture is continuously smooth on its outer surface.

16. A cannula comprising: a tube of flexible plastic other side of said one end of said tube whereby, when said
material compatible for insertion within the body and tabs are pulled apart, said tube tears longitudinally solely

having the physical property of molecular orientation due to said non-mechanical means, separating said tube
whereby a tear in said material runs readily only in a  from any object within said tube.
longitudinal direction along the length of the tube, said 10 * x o %
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In column 7, line 11, replace '"'tube, a'" with --tube, and a--.

In column 7, line 19, after '"cannula,'

' insert --needle,--.

In column 8, line 43, after "'longitudinally" insert --, solely due
to said tube's physical property of molecular orientation,--.

Signed and Sealed this
Twenty-fifth Day of August, 1987

Attest:

DONALD J. QUIGG

Attesting Officer Commissioner of Patents and Trademarks
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REEXAMINATION CERTIFICATE  AS A RESULT OF REEXAMINATION, IT HAS
ISSUED UNDER 35 U.S.C. 307 BEEN DETERMINED THAT:

s  The patentability of claims 1-16 is confirmed.
NO AMENDMENTS HAVE BEEN MADE TO |
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