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@ A cannula assembly.

. @ A cannula assembly for bidirectional blood flow using

' co-extensive telescopic cannulae, and including a venipunc-
ture needle (40) which during puncturing projects forwardly
of the cannulae to facilitate venipuncture and is then displace-
able away from the venipuncture site to permit uncbstructed
simultaneous fluid flow in opposite directions through the
cannulae. The inner cannula (38) may be fixed or fongitudi-
nally displaceable.
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A cannula assembly.
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TECHNICAL FIELD

The present invention relates to a cannula assec..Llv

for medical use and more particularly to a double lumen
cannula for independently conducting fluids into and our

of a venipuncture site through two separate passageways.

BACKGROUND ART

Double lumen cannulae are well known ih the art.

The best known advantage offered by double lumen can-
nulae is the ability to separately withdréw blood from a
blood vessel and inject blood back into the same blood
vessel through a single venipuncture or fistula. The
most common double lumen cannulae consist of a single
tube with a horizontal division of the tube which places
the lumen of the cannulae in immediate juxtaposition.
Unfortunately, however, the construction of such double
lumen cannulae is expensive, time~consuming and unreli-
able.

The least expensive and most reliable construction
of the double lum=n cannulae is in the form of concen-
tric cannulae digposed telescopically one within the
other. Particularly when using cannulae for single
neadle dialysis, it is preferred to have one cannula
project substantially beyond the other. Attention is
directed particularly to the common use of cannulae for
single needle dialysis such as that disclosed and des-
cribed in U.S. Patent 3,756,234. 1In single neadle dia-
lysis, it is highly desirable to withdraw blood from a
patient, treat the blood with a hemodialyzer (artificial
kidney) and return the blood to the patient through the
same fistula in which the blood was withdrawn. Under
such circumstances, it is desirable to return the blood
a significant distance upstream from where the blood is
aspirated so as to minimise the problem of admixing.
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The probleas with such telescopic construction are
apparent when z: is observed that both cannulae muast be
used to p=netxat= the skin during venipuncture. Unless
there is a smocth oontour between the interior and =x-
terior cannula, %he venipuncture is both difficult and
painful. On tn= cther hand, if th=z telescoping cannulae
present an exteriorly smooth surface for venipuncture,
there is insuffici=nt passageway for fluid to flow easily
betwean them. Th2 structure of a double lumen cannula
lends itself admirabliv to the ability to aspirate blood

from a downstream location and to return blood at an

upstream location =11 through the same fistula. Howaver,
until this present invantion, no suitable double lumen
cannula enabling wznatratica into the bloodstsean and

for maintaining se2parate flow paths through a single

fistula has bsen known.

STATENMERNT 57 IUVENTDTION AND ADVANTAGES

provides a cannula assembly
comprising first and second cannulae that define separate
flow paths, thz second cannula extending, in a fluid
transfer conditiocn, concentrically through and forwardly
of the first cannula, the assembly being characterised
in that a needle is telescopically mounted therein to be
displaceable between a position in a puncturing con-
dition of the assembly in which the nzedle extends
through the first cannula forwardly of both the first
and second cannulae and a position in the fluid transfer
condition of the assembly in which it is withdrawn rear-
wardly of the forward end of the first cannula, and
further characterised in that the needle and first can-
nula define a ooth exterior surface for venipuncture.
By the present invention, the smooth exterior con-

tour betwe=n thz needle and the first cannula facilitate

-

BAD ORIGINAL Q
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venipuncture and vet when the needle is removed an ad -
quate flow patia may exist between the first and secona
cannulae.

Two arrancements are envisaged permitting the dis-
placement of the needle. In one of these, the sacond
cannula is withdrawn to a position rearward of the first
cannula in the puncturing condition of the assembly and
is displaceable forwardly in the fluid traﬁsfer condition
subsequent to withdrawal of the needle. In thes other,
the second cannuia is mounted to extend through and for-
wardly of the first cannula during both the fluid transfer
and the puncturing conditions of the assembly and the
needle is telescopically slidable on the second cannula
to =xtend besiween., and forwardly of, the first and

second cannulae in the puncturing condition.

FIGIURES IN THE DRAWINGS

Various embodiments of cannula assemblies in accord-

ance with the present invention will now be described by
way of example only with reference to the accompanying
drawings, in which:- ,

FIGURE 1 is a perspective view of a first embodi-
ment of the invention;

FIGURE 2 is a cross-section taken along lines 2-2
of FIGURE 1;

FIGURE 3 is a cross-sectional elevation of the
embodiment of FIGURE 1 illustrating the stylet needle in
a partially removed position and illustrating the interior
cannula as partially advanced through the cannula hub
or bodys

FIGURE 4 is a cross-sectional elevation of the
embodiment of FIGURE 1 illustrating the separate flow
paths connected to appropriate extracorporeal blood

circuitry;
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FIGURE 5 is an enlarged cross-—sectional elevation
of a second embcdiment similar to the embodiment of
FIGURE 1 and iilustrating a unidirectional flow control
valve therein:

FIGURE 6 i1s a parspective illustration of a third
embodiment having a reciprocating needle, the needle
being illustrated in the forwardmost, initial position;

FIGURE 7 is a perspective illustration of the embodi-
ment of FIGURE 6 with the needle in the retracted posi-
tion; and

FIGURE 8 is a cross-section taken along lines 8-8
of FIGURE 7.

DETATILED DESCRIPTION OF THE DRAWINGS
Attention is now directed to thes FIGURES wherein

like parts are designated with like numerals throughout.

With particular reference to FIGURE 1, the cannula
assembly generally designated 10 comprises a cannula
body or hub 12 preferably formed of a rigid plastics
material. An exterior hollow cannula 14 is mounted
within the hub 12 at the leading end 16 thereof as shown
best in FIGURE 2. The exterior cannula 14 projects for-
ward of the hub 12 a discrete, predetermined distance
and is tapered forwardly at the leading tip 18. If
desired, apertures 20 may be formed in the exterior
cannula 14 adjacent the leading tip 18 thereof. The
hub 12 has a trailing end 22 which, in the illustrated
embodiment, is secured to a flexible sleave 24. The
flexible sleeve 24 is provided with an end plug 26 pre-
ferably formed of neoprene or other suitable material
which is self-sealing.

The hub 12 has an internal throughbore 28 which’
opens at the trailing end 22 of the hub and is in direct

internal communication with the interior of cannula 1l4.
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The hub 12 is bt:furcated at 30 so as to form a brar~h "7,
Branch 32 has & bore 34 which communicates directly with

the bore 28 of the hub 12. The branch 32 is rearwarAdl -

angularly related with respact to ths hub 12 preferably

at about 45 d=grees or less, the bifurcation and angle
facilitating displilacement of an interior cannula 38 as
hereinafter described. The branch 32 is provided with a
sealing means such as neoprene self-sealing plug 36
through which the interior cannula 38 displaceably passes.
Referring again to FIGURE 2, an elongated stylet
needle 40 is telescopically disposed through the entire
length of the hub 12 and exterior cannula 14 and has an
exterior diamsters similar to the interior diamszter of
the cannula 14 therebv providing a smooth interchange
surface. The sharpened tip 42 of the needle 40 projects
beyond the exterior cannula 14 so as to permit facile
venipuncture and safe introduction of the exterior can-
nula 14 into a blood vessel according to conventional
techniques. The trailing end 44 of the needle 40 1is
rigidly mounted within a needle hub 46. Preferably, the
needle hub 46 d=fines a hollow interior 48 which com-
municates directly with the interior of ths hollow
needle 40. Thus, upon successful venipunctﬁre, the
needle hub 46 will reflect a blood flashback indicating
successful venipuncture. The needle is intended to pass
immediately through the plug 26 in the position illus-
trated in FIGURE 2. However, because the sleeve 24 is
flexible in configuration, and in order to give stability
to the cannule ass=smbly 10 during venipuncture, a
cylindrical housing 50 is mounted upon the needle hub 46
and telescopically circumscribes the sleeve 24 and the
trailing end 22 of the hub 12. As shown best in FIGURE 1,
the housing 50 has a plurality of keyways 52 adapted to
receive a suitable detent 54. The detent 54 in
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co-operation with the keyway 52 locks the housing 50
temporarily in piace upon the hub 12.

After vernipuncture, the housing 50 may be rotated
slightly about the axis of the needle 40 and retracted
rearwardly as shown in FIGURE 3 until the needle has
been removed frcm the exterior cannula 14. While the
needle is in the =zdvanced position illustrated in
FIGURE 2, the throughbore 28 is substantially obstructed.
However, when ths needle 40 is retracted to the posi-~
tion illustrated in FIGURE 3, at least that portion of
the throughbore 28 which is forward of the intersection
of bore 34 with bore 28 is unobstructed. When unobstruc-
ted, the interior cannula 38 may be advanced from its
withdrawn pecsition shown in FIGURE 2 through the hollow
of the exterior cannula 14 by digital manipulation. The
cannula 38 defines a hollow passageway 56 which communi-
cates openly with the female coupling 58. The length of
cannula 38 is selected to project beyond the leading
end 18 of cannula 14 when the cannula 38 is fully advan—
ced through the bore 34. When dssired, blood may be
communicated through the passageway 56 of the interior
cannula 38 by connecting a blood tubing to the female
coupling 58. Because the cannula 38 will com= in con-

tact with the patient's blood, it may be desirable to

maintain the sterility of the cannula 38. Accordingly,
a suitable flexible packaging material 60 as schemati-
cally illustrated in broken lines in FIGURE 1, could be
used. Conventional packaging material 60 which permits
advancement of a catheter through a hub is known in ths
art and no further comment thereon is deemed necessary.

The method of using the cannula assembly embodi-
ment of FIGURES 1 to 4 can best be understood by
reference to FIGURES 3 and 4. With the needle in the
fully advanced position illustrated in FIGURE 2,
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venipuncture is performed such that the exterior cen-
nula 14 is inserted within a blood vessel to create a
single fistula. Thereafter, the housing 50 is rotated
slightly and the nesedle withdrawn to ths position illus-
trated in FIGURE 3. Of course, if desired, the n=zedle 40
may be completelv withdrawn through the plug 26, the
memory of the piug 26 preventing the blood from spilling
out of the hub 12. However, it may also be desirable to
leave the neadle in the position illustrated in FIGURE 3.
In any event, after the nesedle has been withdrawn from
the exterior cannula 14, the interior cannula 38 may be
advanced through the branch 32 until it projects a
desired distance beyond the leading end 18 of the can-
nula 14. Thus, cannulae 14 and 38 are co-extensive at
least along the length of cannula 14 in the forward posi-
tion of cannula 38. Notably, the external diameter of
the cannula 38 is sufficiently less than the internal
diam=ter of the cannula 14 that blood will flow easily
therebetwean. Aczcordingly, blood may be aspirated in

the passageway between the cannula 14 and the cannula 38,
through the bore 28, the hollow of the needle 40, the
needle hub 46 and through extracorporeal blood circuitry
(not shown) connacted at 62. After the blood has
traversed an extracorporeal blood circuit, it may then
be returned through the coupling 58 and the passageway 56
within the interior cannula 38.

Note that blood may be withdrawn from and returned
to the patient without creating an additional fistula
and without otherwise modifying the structure of the
cannula assembly 10. The withdrawal and return of blood
may occur simultaneously or serially, as desired.

While the needle may be retained in the position
illustrated in FIGURE 3, it has been found preferable
to completely remove the needle 40 from the hub 12.
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Removal is easi.. accommodated by withdrawing the needle
from the plug 2% manually squeezing the flexible sleeve
24 to prevent ~utZflow of blood, removing plug 26 and
thereafter inss-s:ing the coupling 62 of the extracor-
poreal blood circuit directly into the sleeve 24. In
this configuratisn, the risk that the needle may damage
the interior cannula 38 or otherwise interfere with the
flow of blood is eliminated. As pointed out in FPIGURE 4,
in this presentliy preferred embodiment, the interior can--
nula 38 may be of anv desirable length and will preferably
project a substantial distance beyond the leading end 18
of the exterior cannula 14. Because the length of can-
nula 38 can be selected, any of a variety of distances
between the leading tip 18 of cannula 14 and the leading
tip of cannula 38 could be s=alected (see FIGURE 4),

Referring now to FIGURE 5, a modification of the
embodimant of FIGURES 1-4 is illustrated. In FIGURE 5,

a female Luer fitting 66 has been substituted for the
rubber plug 36 as shown in FIGURE 2. The female Luer
fitting receives a male coupling 68 in press-fit rela-
tion to permit return of blood from the extracorporeal
blood circuit through the passageway 56 of the interior
cannula 38.

In order to prevent blood within the throughbore 28
from escaping through the Luer fitting 65 as the can-
nula 38 is advanced, a unidirectional check valve 70 is
provided in the branch 32. The check valve 70 is pre-
ferably made of a flexible rubber material through which
the cannula 38 is easily passed in the forward direction.
The valve 70 is a leaflet or duck-bill type valve.

Attention is now directed to another preferred can-
nula assembly embodiment generally designated 80 and
illustrated in FIGURES 6-8; The cannula assembly 80 is
intended to accomplish the same purpose as the assembly 10.
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More particularly, the assembly 80 comprises an exteriiy
cannula 82 whicn is mounted at the forward end 84 of a
cannula hub 86. Preferably, the exterior cannula 82 is
forwardly tapered at 88 and defines an interior bore 90
(see FIGURE 8). Tne bore 90 of the cannula 82 communi-
cates directly with a recess 91 in the hub 86. The
recess 91 opens at the trailing end 94 of the hub 86.
Rubber sleeve 87 is nested within recess 91 and defines
a throughbore 92 which tightly circumscribes needle 126
to form an air-~-tight s=sal as will hereinaftér be more
fully described.

An interior catheter or cannula 98 traverses the
entire throughbore 92 and the bore 90 of exterior can-
nula 82 in fived marner. The leading end 100 of tha
cannula 98 projects substantially beyond the leading
end 88 of cannula 82 as shown in both FIGURES 7 and 8
and a fluid flow path is provided between the two can-
nulae. The trailing end of cannula 98 i1s mounted within
coupling member 102, the coupling member 102 having a
male Luer fitting 104 which is in direct alignment with
the throughbore 92. The interior cannula 98 is hollow
and opens directly into the female Luer coupling 106.
The coupling member 102 is maintainad in direct alignment
and fixed spacial relationship with the hub 86 by a
strut 108. It can be seen, therefore, that there is a
discrete passageway from the leading tip 100 of the
cannula 98 through the entire length of the cannula 98
to the coupling member 102.

The cannula nub 86 is bifurcated at 110 to form a
rearwardly angled branch 112. The branch 112 has a
female Luer fitting 114 at its trailing end 116 into
which a suitabie coupling 120 from a conventional exﬁra-
corporeal blood circuit is press-fit, The branch 112 has

a hollow interior 122 which communicates directly with
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the bore 90 of exterior cannula 82. Accordingly, a dis-
crete passageway 2xists through the bore 90 and hollow 122
to the coupling 120. In addition as previously described,
a separate and discrete passageway exists through the
hollow of interior cannula 98 to the trailing end of
coupling member 3102 and to a male coupling 124 press-fit
therein. )

In order to facilitate introduction of the co-~
extensive cannulae 82 and 98, a venipuncture needle 126
is provided. Th= venipuncture needle 126 has a sharp
beveled end 128 which, in the initial position illus-
trated in FIGURE %, projects through the interior of
cannula 82 and telescopically around and beyond cannula
98. With reference to FIGURE 8, it can be appreciated
that the needle 126 is reciprocably displaceable within
the bore 92 of the sleeve 87. The sleeve 87 forms an
air-tight seal with needle 126 so that negative pressure
within the hub 86 and branch 112 will not draw air around
the neadle 126 into the blood within the hub. The trail-
ing end 129 of the needle 126 is firmly mounted to a
shuttle 130, the shuttle having a rearwardly facing
female fitting 132 which is selectively press-fit upon
the male fitting 104 of coupling member 102 as illus-
trated in FIGURE 8. Clearly, the location of the male
fitting 104 and female fitting 132 could bs reversed
without adverse consequence. This press-fit coupling
minimises blood leakage around the needle 126 after
venipuncture and forms an air seal for preventing air
from entering the hub 86 when the interior of hub 86 is
subjected to negative internal pressure.

The method of using the embodiment of FIGURES 6-8
is apparent from the drawing. Initially, the shuttle 130
is advanced fecrwardly until the needlw 126 projects beyond
the leading end 838 of the cannula 82 and substantially
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circumscribes and confines the interior cannula 98. By
restraining the shuttle 130 in place with the fingers,
the venipuncture can easily be made. It is observed,
however, that the needle 126 will substantially f£ill the
passageway in ths throughbore 90 between the cannula 82
and the cannula 98 thereby providing a smooth surface
between itseli and the cannula 82. Accordingly, blood
will not flow through the bore 90 and hollow 122 in the
branch 112 while the nezedle is in the forward position
illustrated in FIGURE 6.

After venipuncture has been successfully accomplished
and the fistula established, the shuttle 130 may be
manually displaced rearwardly and telescopically over the
exposed portion of the interior cannula 98 until the
shuttle 130 mates with the coupling member 102. In this
mode, blood will freely flow between the cannulae 82
and 98, through the branch 112 and the extracorporeal
blood circuit conrectad at 120. AL the sane time; blood
may also flow througnh the hollow of the interior can-
nula 98 and through the coupling 124 to the extracorpor-
eal blood circuit.

The length of the needle 126 and the strut 108 are
selected so that when the shuttle 130 is in the rearmost
position illustrated in FIGURES 7 and 8, the sharpened
1eading end 128 cof the needle 126 will remain supported
by the cannula hub 86 but be fully retracted out of the
pathway 122 so as to avoid interfering with blood flow.

INDUSTRIAL EXPLOITATION

Clearly, in the embodiments illustrated herein a

structure has been described which facilitates success~
ful cannulation of a blood vessel and, after cannulation,
the displacement and/or removal of the sharpened needle

to permit essentially simultaneous aspiration of blood
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from the patient and delivery of blood back to the
patient through two discrete flow paths in the assembly.

The invention may be embodied in other specific
forms without desparting from its spirit or essential
characteristics. The described embodiments are to be
considered in all respects only as illustrative and not
restrictive and the scopz of the invention is, therefore,
indicated by the appended claims rather than by the
foregoing description. All changes which come within
the meaning and range of equivalency of the claims are
to.be embraced within their scope.
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CLAIMS

‘L. A cannula assembly comprising first and second
cannulae that d=fine separate flow paths, thes second can-
nula extending, in a fluid transfer condition, concen-
trically througli ard forwardly of the first cannula, the
assemblv being characterised in that a needle is tele-
scopically mounted therein to be displaceable between a
position in a puncturiag condition of the assembly in
which the needle extends through the first cannula for-
wardly of both the first and second cannulae and a
position in the fluid transfer condition of the assembly
in which it is withdrawn rearwardly of the forward end of
the first cannula, and further characterised in that the
needle and first cannula define a smooth exterior surface
for venipuncture.

2. A cannula assembly according to claim 1 charac~
terised in that the second cannula is withdrawn to a
position rearward of the first cannula in the puncturing
condition of the assembly and is displaceable forwardly
in the fluid transfer condition subsequent to withdrawal
of the needle.

3. A cannula assembly according to claim 2 charac-~
terised in that the first and second cannulae and the
needle are supported in a hollow body that is bifurcated
and that is in communication with the first cannula and
in that the second cannula is displaceable through one of
the branches of the body which includes sealing means to
control escape of fluid from said branch as the second
cannula is displaced.

4. A cannula assembly according to claim 3 charac-
terised in that the sealing means comprises a uni-
directional check valve located within the hollow body
and through which the second cannula is displaceable.

5. A cannula assembly according to either of
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claims 3 and 4 character;sed'in that the needle is with-
drawable into oz from the other branch of the body from
the puncturing rondition of the assembly.

€. A cannuia assembly according to claim 5 charac~
terisad in that the other branch includes a flexible
sleeve which may b2 pinched closed when the needle is
withdrawn therefrom to prevent escape of fluid through

Vsaid branch.

7. A cannula assembly accorxrding to claim & charac-
terised in that the needle is further supported by means
of an elongate housing which in the puncturing condition
of the assembly extends over the flexible sleeve and
releasably engages with the body.

8. A cannula assembly according to claim 1 charac-
terised in that the second cannula is mounted to extend
through and forwardly of the first cannula during both
the fluid transfer and the puncturing conditions of the
assembly and the nsedle is telescopically slidable on the
second cannula to extend between, and forwardly of, the
first and second cannulae in the puncturing condition.

8. A cannula assehbly according to claim 8 charac-
terised in that the first and second cannulae and the
needle are supported in a hollow body that communicates
with the first cannula, and in that the withdrawn posi-
tion of the needle is determined by a stop secured to the
body at a spaced location rearwardly thereof, the rear-
ward end of the needle and the stop having complementary
coupling portions which engage in the fluid transfer
condition to prevent escape of the fluid from the hollow
of the needle, and further in that the coupling porﬁion
of the stop is in communication with the second cannula
which extends through the body.

10. A cannula assembly according to claim 7 charac-
terised in that an air-seal is provided between the
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