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SPIRAL FLOW INFUSION CANNULA
TECHNRIAL FIBLD

[BH0L] The present diselosure relates to infusion cannelas operable to deliver fluids
with & spiral, luninar flow, Particularly, the present disclosure s divected o infusion

canfinlas eperable to e Buids having spival, laminay Bow during voulay surgeries,
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J0002) Cannulas may be used o surgical provedures,  For example: cannalay wre
fserted o & bocdy savity for infusing or withdrawing fuid therefiom. An infusion
gannula may be witized i eculee susgery to introduse or nfise Sulds i the ey,

sochas R maintaln intraocalar prossurs.
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SUMMARY

[0603] According to one aspect, the disclosure describes an infusion cannula may
include a body having a first portion defining a first bore, the first bore having a
fongitudinal axis, and a second portion defining a second bore. The first bore and the
second bore may be in fluid communication with ecach other. The infusion cannula
may also include a passageway passing through the body. A flow tube may define a
third bore in fluid communication with the first bore. The third bore may have a
longitudinal axis that is angularly offset from the longitudinal axis of the first bore.
[3034] Another aspect of the present disclosure includes an infusion cannula
including a body having a first bore having a first longitudinal axis, a second bore
having a sccond longitudinal axis, the first bore in fluid communication with the
second bore, and a third bore having a third longitudinal axis. The third bore may be
in fluid communication with the first bore. The third longitudinal axis may be
laterally offset from the first loongitudinal axis and angularly offset from the first
longitudinal axis,

[0005] A further aspect may include an infusion cannuia including a first portion
defining a first bore, a second portion defining a second bore. The second bore may
have a diameter less than a diameter of the first bore, and the first bore and the second
bore may be in fluid commuonication with each other. A first fluid flow may be
introduced into the first portion. The first flow may include a flow component
perpendicular to a longitudinal axis of the first bore, and the first flow may be
introduced into the first bore at g lateral offset from the longitudinal axis of the first
bore.

[0006] The various aspects may include one or more of the following features. The
longitudinal axis of the third bore may be laterally offset from the longitudinal axis
from the first bore. An outer surface of the flow tube may be flush with an outer
surface of the first portion at a location where a radial line of the first pottion
extending through the longitudinal axis of the first bore intersects the outer surface of
the first portion. The flow tube may be tapered. The angle between the longitudinal
axis of the third bore and the longitudinal axis of the frst bore may be 90°. The angle
hetween the longitudinal axis of the third bore and the longitudinal axis of the first
bore may be less than 90°. A diameter of the third bore may be less than a radius of

the first bore, A diameter of the third bore may be ong-half of the diameter of the {irst
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bore. A first flow may pass through the first bore, and a second flow may pass
through the third bore. The first flow and the second flow may intersect o form a
spiral, laminar flow, and the spiral, laminar flow may be expelied through an outlet of
the second portion.

(06671 A fluid flow may be passed through the third bore to form g spiral, laminar
flow within the first bore that is expelled through an outlet of the second portion, The
{ongitudinal axis of the third portion is laterally offset from the longitudinal axis of
the first portion by a distance of half of the radius of the first portion. A diameter of
the third portion at a location where the third portion intersects the first portion may
be equal to the radius of the first portion. A diameter of the third portion at a location
where the third portion intersects the {irst portion may be less than the radius of the
first portion.

[6008] The various aspects may also include one or more of the following features. A
first flow may be passing through the first bore, and a second flow may be passing
through the third bore to form a spiral, laminar flow. The spiral, laminar flow may be
expelled through an outlet formed in the second portion. The first longitudinal axis
and the second longitudinal axis may be aligned. A fluid flow may be passed through
the third bore 1o form a spiral, laminar flow within the first bore and expelled through
an outlet formed in the second portion. The flow tube may be tapered. A diameter of
the third bore may be smaller than a diameter of the first bore. The diameter of the
third bore may be one-half of the diameter of the first bore,

{0069] The various aspects may further include one or more of the following features.
A flow direction of the first fluid flow may be substantially perpendicular to the
longitudinal axis of the longitudinal axis of the first bore, the first fluid flow adapted
to generate a spiral, laminar flow expelled from an outlet of the second porticn, A
second fluid flow may be infroduced into the first bore, the first fluid flow and the
second fluid flow combine to form a spiral, laminar flow expelled from the outlet of
the second portion.

[8818] The details of one or more implementations of the present disclosure are sel
forth in the accompanying drawings and the description below. Other features,
obiects, and advantages will be apparent from the description and drawings, and from

the claims.
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DESCRIPTION OF DRAWINGS

[6611] FIG. 1 shows a cross-sectional view of an example infusion cannula including
a blade adapted to generate a spiral, laminar flow,

(6012} FIG. 2 shows an end view of the example canmuda shown in FIG. 1

(0613} F1Gs. 3 and 4 are partial cross-sectional views of another example infusion
cannula including bafilles adapted to generate spiral, laminar flow,

10014] FIGs. 5 and 6 are detail views of the exaraple infusion cannula shown in FiGs.
3 and 4.

{015} FIG. 7 shows a further example of an infusion cannula including a spiral flow-
aliering device.

{00161 FIG. 8 shows a detail cross-scotional view of another example infusion
cannula including a spiral flow-altering feature adapted to generate a spiral, laminar
flow,

{0017] FIG. 9 is a perspective view of another example infusion cannula including a
flow tube.

[0018] FIGs. 10-11 show an end view and a cross-sectional view, respectively, of an
example infusion cannula having a flow tube extending substantially perpendicularly
to a longitudinal axis of the body of the infusion cannula.

[6419] FiGs. 12 and 13 show and end view and a cross-sectional view, respectively,
of a further example infusion cannula having a flow tube extending obliquely relative
to the longitudinal axis of the body of the infusion canmula.

[8620] FIGs. 14 and 15 show cross-sectional view of additional example infusion
cannulae having tapered flow tubes.

[0021] FiGs. 16 and 17 show end views of further example infusion cannulag in

which the flow tubes have different diameters.
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DETAILED DISCLOSURE

[6022] The present disclosure is directed to canvulas adapted to generate a spiral,
faminar flow therein and expel a diffused flow of fluid from the canmulas. The
cannulas described herein may be used in surgical procedures. In some
implementations, the cannulas may be used in ophthalmic surgical procedures. The
spiral, laminar flow generated in the cannwulas provides a reduced pressure drop
through the cannula compared to pressure drops associated with turbulent flows. The
greater pressure drop generated by turbulent flow also causes a reduction in flow rate,
Consequently, the laminar flow may also provide an increased fluid flow rate of fluid
exiting the cannula. Additionally, the spiral, laminar flow does not introduce a jet of
fluid exiting the cannula that could cause injury to delicate tissues within a patient.
Rather, the expelled fluid flow of a spiral, laminar flow is diffuse.

[0023] FiGs. 1 and 2 show an example cannula 110 for generating a spival, laminar
flow according to some implementations. The cannula 110 includes a body 120
having a first portion 130 and a second portion 140. A first opening 132 is provided
at a first end 134, and a second opening 142 is provided at a second end 144. A
longitudinal axis 143 may extend along an axial length of the cannula 110, In some
instances, the first portion 134 and the second portion 140 have a generally cylindrical
shape. Also, the first portion 130 may have a larger diameter than the second portion
140. A body 120 defines a passageway 150 formed form a first bore 160 defined by
the first portion 130 and a second bore 170 defined by the second portion 140. While
FIG. 1 shows example a passageway 150 with different sizes bores 160 and 170, it is
within the scope of the disclosure that the passageway 150 may have any number of
differently sized bores. For example, the passageway 130 may have a plurality of
bores that progressively decrease in size {e.g., diameter) along a direction of fluid
flow. In other instances, the passageway 150 may include bores having different sizes
{e.g., diameters) in other configurations.

68241 A flow-altering device may be disposed along the passageway 150, For
example, the example cannula 110 shown in FIG. 1 may include one or more blades
180 is disposed in the passageway 150 proximate to junction 1835 of the first bore 160
and the second bore 170. While FIG. 1| shows a single blade 130, other
implementations may use a plurality of blades 180. The one or more blades 180 yoay

be coupled at one or more locations to an interior wall 190 of the passageway 150,
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{0025] Each blade 180 may include a small angle of attack relative to the direction of
fluid {low through the pagsageway 150. In some instances, the angle of attack
{interchangeably referred to as “pitch™) of the blade 180 may be constant along a
length of the blade 150 parallel with longitudinal axis 145 (“longitudinal length”). In
some instances, the angle of attack of blade 180 may increase along the longitudinal
iength of the blade 150 in the divection of fluid flow. Consequently, the one or more
blades 180 are operable to generate a spiral fluid flow within the laminar flow regime.
The angles of attack of the blade 180 and the rate at which the angle of attack may
change along the longitudinal length of the blade 180 may be selected to control the
generation of the laminar, spiral flow.

10026} In some instances, the cannula 110 may include a plurality of blades 180 and a
location of one or more of the plurality of blades 180 may be longitudinally staggered
along axis 180 from one or more other blades 180, Further, in some instances, one or
more blades 180 may be radially offset from one or more other blades 186, In other
instances, the cannula 110 may inclade a plurality of blades 180 in which one or more
blades 180 is both longitudinally and radially offset from one or more other blades
180. In some implementations, one or more of the blades 180 may have a constant
angle of attack relative to the fluid flow aloug the longitudinal length of the blade 180,
In some instances, the cannula 110 may include one or more blades 180 having
different angles of attack and/or one or more blades 180 with a constant angle of
attack and/or one or more other blades 1890 having a variable angle of attack along a
longitudinal length thereof

{0027] As shown in greater detail in FIG. 2, in some instances, an exarple blade 180
extends diametrically across the passage 150 of the cannula 110, Further, the blade
180 includes a twist along a length thereof. As explained above, the twist of the blade
180 may be such that the an wpstream edge of the blade 180 may have a low angle of
attack relative to the fluid flow, while a downstream edge of the blade 180 may have a
larger angle of attack relative to the fluid flow. While a single blade 180 is shown in
F1G. 2, a phurality of blade 180 may be included along a length of the cannula 110,
For example, one or more blades 180 may be disposed in the first bore 160, one or
more blade 180 may be disposed in the second bore 170, one or more blades 180 may
be disposed in the portion of the cannula 110 at the junciion 185 of the first and
second bores 160, 170, or a phluality of blades 180 at one or more of these locations

may be disposed in an example cannula 110,
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0028] Additionally, while FIG. 2 shows blade 188 coupled to the interior wall 190 at
two locations, in other instances, one or more blades 180 of the cannula 110 may be
cantilevered. For example, one or more blades 180 may be coupled at only a single
focation to the interior wall 190, The one or more blades 180 may extend sufficiently
from the interior wall 180 o not only induce a spiral flow of the fluid within the
passageway 150 near the interior wall 190 but also fluid within the passageway 150
distant from the interior wall 190, e.g., fluid near the central portion of the
passagewsy 150. Thus, in such implerentations, the one or more blades 180 may
efficiently gencrate the spiral flow since fluid moving within the passageway 150
away from the interior wall 150 {e.g., near a center of the passageway 150) tends o
have a higher velocity than the fluid near the interior wall 150.

{662%9] The angle of attack of the blades (either constant or variable) may be selected
based on numerous factors. For example, the angle of attack may be sclected based
on the flow rate of the fhud through the cannula 118, a viscosity of the fhud, the
geometry of the cannula, as well as other factors, Also, while FIG. 1 shows a blade
180 disposed in the second bore 170, in other implementations, one or more blades
180 may be disposed in the first bore 160 without any blades 30 disposed in the
second bore 170, In still other instances, the cannula 110 may include one or more
blades 180 disposed in the first bore 160 in conjunction with one or more blades 180
disposed in the second bore 174,

{0038 For the example cannulas 110 shown in FIGs. 1 and 2, in operation, fluid may
enter the cannula 10 at the first opening 132, pass through the passageway 150 in the
direction of arrow 195, The fluid accelerates as it transitions from the first bore 160
to the second 170. The accelerating fluid flows over the one or more blades 180,
generating a spiral flow profile. Also, in some instances, one or more blades may be
disposed in the first bore 160 such that spiral flow is generated as the fluid passes
through the first bore 160, Further, the geometry of the one or more blades 180 is
such that the flow of the fluid remains laminar. Consequently, a pressure drop across
the cannulas 110 may be minimized thereby providing a larger flow rate through the
cannulas 110, The fluid flow exits the cannula 110 through the second opening 142,
The fluid exiting from the cannula 110 i3 a radially diffuse flow.

[6831] An important aspect of this diffuse fow exiting the example cannula 110
shown in FIG. | as well as the other example cannulas described herein is that the jet

of fluid exiting the cannula 110 is avoided. A jet of fluid exiting a cannula disposed
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in a posterior segruent of the eye may ropinge upon the retina within the eye. This jet
of fluid may agitate the retina. For retinas including a macular hole, the jet of fluid
may pass through the macular hole, between the interior wall of the eye and the retina,
and dislodge all or a part of the retina. Therefore, not only do the cannulas described
herein provide for laminar flow through the cannula, reducing a pressure drop
therethrough and having a higher flow rate as compared to turbulent flow, the fhad
flow exiting the cannulas is diffuse reducing and/or avoiding potential agitation
and/or injury to tissues of the body.

(8632} FIGs. 3-6 show anocther example cannula 310 similar to the cannula 110, As
shown in FIG. 3, a flow-alering device in the form of baffles 380 may be included in
the passageway 350 of the canmula 310. As shown, a pair of baftles 380 are disposed
in a portion of second bore 370 adjacent to an interface between first bore 360 and
second bore 370, In other instances, more or fower baffles may be disposed in the
passageway 330, For example, in some implementations, the cannula 310 may
inchude a single baffle 380, while, in others, the cannula 310 may include two, three,
four, or any number of desired baffles 380, Further, one or more baffles 380 may be
disposed in the first bore 360, Thus, in some instances, one or more bafties 380 roay
occupy both the first bore 360 and the second bore 370, Further, one or more baffles
380 may extend from the first bore 360 to the second bore 370,

[0633] The baffle 380 may be in the forre of an arc-shaped member radially
extending from an interior wall 390 of the cannula 310 into the passage 350, The
haffle 380 may also have a helical shape such that a baffle 380 extends along a
fongitudinal distance of the cannula 310, In some instances, the baffle 380 may
radiafly extend along the interior wall 290 approximately 90°. In other instances, the
baffie 380 may have a greater or swoaller arc length. For example, in some instances,
the baffle 380 rnay have an arc length less than or greater than 90°. Further, in some
instances, baffles 380 may be disposed at a same position along a longitudinal length
of the cannula 310, In other instances, baffles 380 may be disposed at different
lacations along the length of the cannula 310, For example, in some instances, two or
more baffles 380 may overlap each other by at least a portion thereof. In other
instances, a baffle 380 may not longitudinally overlap one or more other baffles 380,
The oune or more baffles 380 are operable to generate a spiral flow of the fluid passing

through the cannula 310 while maintaining the fluid flow in the laminar flow regime.
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168834] FIG. 7 illustrates another example cannula 710 similar to the cannulas 110 and
310, described above. However, the cannula 710 includes a flow-altering device in
the form of a spiral member 780, In some instances, as shown in FIG. 7, a portion of
the spiral member 780 may extend into the first bore 764, and a portion of the spiral
member 780 may extend into the second bore 770, In other implementations, the
spiral member 780 may reside exclusively in gither of the first bore 76{ or the second
bore 770. Still further, & plurality of spiral members 780 may reside in passageway
750. For example, one or more spiral members 780 may exclusively reside in the first
hore 760, and one or more spiral members 780 may reside in the second passage 770

[8435] Additionally, the spiral member 780 may be coupled to an interior wall 790 of
passageway 750. For example, the spiral member 780 may be coupled at one or more
locations along the length of the spiral member 786, For example, for a spiral
member 780 extending into both the first bore 760 and the second bore 770, the spiral
member 780 may be coupled to the interior wall 750 at one or more locations in the
first bore 760 and at one or more locations within the second bore 770, In other
instances, the spiral member 780 may be coupled to the interior wall 750 al one or
more locations exclusively in the first bore 760 or the second bore 770, In still other
instances, the spiral member 780 may be coupled to the interior wall 790 along an

Ny
d
i

gutive length of the spiral member 780, Still further, the spiral member 770 may be
coupled to the interior wall 750 at junction 785 between the first bore 760 and the
second bore 770,

[0036] In some implomentations, as shown in FIG. 7, a pitch of the spiral member
780 may decrease from a point upstream in the cannula 710 to a location downstream
in the cannula 710. That is, in some instances, the spiral member 780 may have a
higher angle of attack relative to the fluid flow at a first end 712 {(an upstream
position) and a shallower angle of attack at a second end 714 (a downstream position).
In other instances, the angle of attach of the spiral member 780 may progressively
increase from a shallow angle of attack at the first end 712 to a larger angle of attack
at the second end 714.

{6037] In some Instances, the angle of attack of the spiral member 780 may change
gradually along s length of the spiral member 780. In some implementations, the
angle of attack may change livearly along the length of the spiral member 780, while,
in other instances, the angle of attack may change nonlinearly along the length of the

spiral member 780. In other implementations, the angle of attack of the spiral
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member 780 mway change linearly along one or more portions of its length and non-
linearly along one or more other portions of its length.

10038] In other instances, the spiral member 780 may have a small angle of attack at
the first end 712 and a larger angle of attack at the second end 714, Alternately, the
augle of attack of the spiral meruber 780 may increase along only a portion thergof.
fn still other instances, the angle of attack of the spiral member 780 may progressively
increase along portions of the spiral member 780 while other portions of the spiral
member 780 may have a constant pitch. Still further, the angle of attack may change
tinearly or nonlinearly along one or more portions of the length of the spiral member
780. In some instances, the angle of attack of the spiral member 780 may increase
linearly along one or more portions, non-linearly along one or more other portions,
and, in some instances, include a portion that has a constant angle of aftack.

[8039] FIG. 8 shows another implementation of caonula 710 in which the spiral
member 780 has a constant pitch along an entire length thereof. As shown, the spiral
member 780 extends through a portion of both the first bore 760 and the second bore
770. As explained above, the spiral member 780 may reside solely the first bore 760
or the second bore 770,

10048] The angle of attack of the spiral member 780 {whether constant or variable
over its length) is selected so as to maintain flow in the Jaminar flow regime. Thus,
the pitch of the spiral member 780 may be selected based on one or more factors, such
as one or more of the factors deseribed above, Accordingly, the fluid passing through
the cannula 710 is formed into a spival, Jaminar flow by the spiral member 780
forming a diffuse fluid flow exiting second opening 742. The diffuse flow may
significantly reduce or eliminate agitation and/or injury to tissues by avoiding the
creation of a jet of fluid exiting the cannula 710.

[0641] FiGs. 9-17 iHustrate additional implerentations of cannulas for generating
spiral, laminar flow. FIG. 9 is a perspective view of ap example cannula 910,
Cannula 910 may similar to one or more of the other cannulas described herein, For
example, caonula 910 may include a body 920 defining a first portion 930 and a
second portion 940. The first portion 930 defines a first bore 960, and the second
portion 940 defines a second bore 970, The cannula 910 may also include a flow tube
446 extending into the first portion 930 such that a bore 948 defined by the flow tube

944 is in communication with the {irst bore 960,
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{3421 In some implementations, such as the example cannulas shown in FiGs. 10
and 11, a centerline {(interchangeably referred to as “longitudinal axis™) 952 of the
flow tube 946 is perpendicular to longitudinal axis 945 of the cannula 910
Alternately, as shown in F1Gs. 12 and 13, the centerline 952 of the flow tube 946 may
be oblique to the longitudinal axis 945 of the canvuda 910, As shown particularly in
FIG. 13, the centerline 952 is at an angle, ¢, relative to the longitudinal axis 945 i
acute. In other instances, the angle, o, may be obtuse.

[0043] In FIGs. 10-13, the flow tube 946 is shown as a hollow, cylindrical member.
However, the flow tube 946 may have other forms. For example, as shown in FIGs.
14 and 15, the flow tube %46 may include a tapered form. As shown, the taper of flow
tube 946 has a decreasing cross-section {such as by a decreasing diameter} along the
flow direction, indicated by arrow 954, In other instances, the flow tube 946 may
include a taper in which the cross section {(or diameter) increases along the flow
direction of arrow 954, However, the shape of the flow tube 946 13 not hmited to a
cylindrical or tapered shape, but may have any suitable shape.

13044} In some instances, as shown in FIG, 16, the flow tube 946 may intersect the
first portion 930 such that an outer surface of the flow tube 946 is flush with an outer
surface of the first portion 930 at a location where a radial line 856 of the first portion
93( extends through the longitudinal axis 945, In other implementations, a distance
962 may exist between the outer surface of the flow tube 946 and the outer surface of
the first portion 930, Still further, a size {e.g,, a diameter) of the flow tube 946 may
be equal to or smaller than the radius of the first bore 960. In other instances, the size
{e.g., diameter} of the flow tube 946 may be larger than the radius of the first bore
859, For example, in some instances, the sive (e.g., diameter) of the flow tube 946
may be equal o or larger than the size {e.g., diameter} of the bore 960. While the
sizes of the flow tube 946 and the first bore 960 is described in terms of diameter
and/or radius, the cross-sectional shapes of the flow tube 946 and the {irst bore 960
may be non-circular along their entire respective lengths or one or more portions
thereof.

[0045] Further, in regards o one or more of the cannulas deseribed herein, the first
bore and the second bore is described as being substantially cylindrical, the bores are
not so Hmited. That is, the first bore and/or the sccond bore may have a non-
cylindrical shape. For example, the first bore and/or the second bore may have a

tapered shape.
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(3046} Referring again to the example cannulas shown in FiGs. 9-17, in some
implementations, a first flow may be passed through the passageway 950 and a
second flow may be passed through the flow tube 946, The two flows nteract {0
generate a spiral, faminar flow. In other instances, the first flow through the
passageway 950 may be eliminated. For example, in some instances, a first opening
932 may be sealed. Thus, the second flow through the flow tube 946 may be
introduced into the passageway 950 io form a laminar, spiral flow that exits through a
second opening 942 as a diffuse flow,

{6047] In some instances, the cannulas described herein may be a 23 gauge, 25 gauge,
or 27 gauge cannulas. In stil other implementations, one or more of the canmuilas
described hercin may have a larger or smaller gauge sizes. Further, the cannulas may
be adapted for use in ophthalmic surgical procedures. However, the cannulas may be
used for other surgical procedures, particularly surgical procedures involving the
infusion of fluids close to delicate or sensitive tissues.

[0048] It should be understood that, although many aspects have been described
herein, some implementations may include all of the features, others may include
some features while including other, different features, and in still other instances,
other implementations may omit some features while including others. That is,
various implementations may include one, some, or all of the features described
hereln,

[0849] A number of implementations have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit
and scope of the disclosure. Accordingly, other implementations are within the scope

of the following claims,
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What is claimed is:

1 An infusion cannula comprising:
a body comprising:
a first portion defining a first bore, the first bore having a longitudinal
axis; and
a second portion defining a second bore, the first bore and the second
bore in fluid communication with each other,
a passageway passing through the body; and
a flow tube defining a third bore in fluid communication with the first bore,
the third bore baving a longitudinal axis, the longitudinal axis of the third bore

angularly offset from the: longitudinal axis of the first bore.

2. The infuston cannula of claim 1, wherein the longitudinal axis of the third bore

is laterally offset from the longitudinal axis from the first bore.

“

3 The infusion cannula of claim 1, wherein an outer surface of the flow tube is
flush with an outer surface of the first portion at a location where a radial line of the
first portion extending through the longitudinal axis of the first bore intersects the

outer surface of the {irst portion.

4. The infusion canmula of claim 1, wherein the flow tube is tapered.
5. The infusion cannula of claim 1, wherein the angle between the longitudinal

axis of the third bore and the longitudinal axis of the first bore is 907

6. The infusion cannula of claim I, wherein the angle between the longitudinal

axis of the third bore and the longitudinal axis of the first bore is less than 90°.

7. The infusion cannula of claim 1, wherein a diameter of the third bore is less

than a radius of the furst bore.

8. The infusion cannula of claim 1, wherein a diameter of the third bore is one-

half of the diameter of the first bore,

g. The infusion cannula of claim 1 further comprising a first flow passing

through the first bore and a second flow passing through the third bore, the first flow
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and the second flow interset 1o font a spiral, laminar flow, the spival, laminar flow

being expelied fhrought an outlel of the second portion,

10, The infusion cannula of claim 1 further somprising @ futd Bow trough the
third bore, the Huid flow forming & spinal, Tambue Dow within the first bore that s
expelied through au outlet of the second poertion.

$1. Do dofusiosy comnuly of cladm 1, wherein the longitudinal axis of the thind
portion is laterally offset from the longitudinal axis of th fiest portion by a distanc of

hadf od the radius of the Brst paeting,

12, The infusion canmida of oladm 11, wherein a diameter of the thind potion at 8
Ineation whers the third porion histersests the firgt portion fs sgual o the radius of the

frstportion.

13, The infusion cannula of elaim 11, whersin o dlameter of the thisd portion st g
looation whete the third porting intorseets the frst povtion is less than the radius of the

first postion,
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14, An infusion cannula comprising:
a body comprising:
a first bore having a first longitudinal axis;
a second bore having a second longitudinal axis, the first bore in fluid
communication with the second bore; and
a third bore having a third longitudinal axis, the third bore in fluid
conununication with the first bore, the third longitudinal axis laterally offset from the

first longitudinal axis and angularly offset from the first longitudinal axis.

15. The infusion cannula of claim 14 further comprising a first flow passing
through the first bore and & second flow passing through the third bore, the frst flow
and the second flow adapted fo form a spiral, laminar flow, the spiral, laminar flow

expelled through an outlet formed in the second portion.

16, The infosion cannula of claim 14, wherein the first longitudinal axis and the

second longitudinal axis are aligned.

17.  The infusion cannula of claim 14 further comprising a fluid flow through the
third bore, the fluid flow forming a spiral, laminar flow within the first bore and

expeiled through an outlet formed in the second portion.
i8 The tnfusion cannula of claim 14, wherein the flow tube is tapered.

19, The infusion cannula of claim 14, wherein a diameter of the third bore is

smaller than a diameter of the first bore,

24 The infusion cannula of clatio 34, wherein the diameter of the third bore is

one-half of the diameter of the first bore.
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21, Aninfusion cannuda comprising

o Hirst partion dalindog & st borg

2 second portion defining a second hore, the serond twwe baving o dispreter
foss than @ diametor of the first bory, the first bors and the seceond bare In fluid
sofmunivation with cach other and

a fieat fluid flow introdeced inte the Hrst portion, the first How comprising a
flow somponent perpendicular to & longitudinal ax iy g the first bore and the Tirst How

introdiced into the ey bord at o teral offser from the Jongindinal axis of the first

harg,
27 The infising cannuds of olaim 21, whersin a Tlow divection of the fiest fluid

flow fs subsantially porpendicular to the longituding axis of the fongitudinal axis of

the fivst here, the frst fuid How adapted to gunerite sospival, huninar fow expeliéc

fronm an outlet of the second portion.

3. The infusion cwandds of wlaim 33 fuaher comprising & sevemd floid flow

introcucesd Into the firgt bove, the frst foid Bew and the sseond fhuld flow coinbine 1o

form a spival, laminar floww expelisd from the outlet-of the second portion.
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