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FLUID FLOW RATE SWITCHING DEVICE

DESCRIPTION

Technical Field

The present invention generally relates to devices for controlling flow rates of fluids,
and in particular to providing a plurality of precise user selectable flow rates in medical fluid
delivery systems.

Backpground Art _

In many fluid delivery systems, it is important to carefully .co.nt-r.o.l fhc fluid flow rates.
With respect to systems intended to be used in the intravenous administration of fluids, the
precise control of fluid flow rates is usually a éritical part of the therapy being provided to the
patent. In the medical field, then, accuracy is an important feature of a flow control system.
Furthermore, the intravenous administration of fluids at uncontrolled high fluid flow rates can
be harmful to the patient.

Another desirable feature of a flow control system is consistency over time. . In the
medical field, it is impractical to expect a medical attendant to be present to monitor the fluid
flow rate during the entire treatment session. A flow rate control system must therefore be
capable of maintaining a stable flow rate while being unattended for relatively long periods of
time. Also in the medical field, as well as other environments, yet another desirable feature for
a flow control system is simplicity of operation to minimize operator error.

In some drug administration systems, a valve is used in combination with a pair of
plastic flexible tubes to create a fluid rate switching device. However, the use of plastic
flexible tubing fails to provide high accuracy in regulating the flow rate of a fluid. Also, the
length of plastic tubing required to achieve a desired flow rate can change as a result of
inconsistencies in the manufacturing process of plastic tubing. Thus, special steps must be
taken if plastic tubing is to be used in regulating a fluid flow rate.

Hence, prior to the present invention, a need existed for a relatively small device

having a user selectable flow rate control that is precise and stable.
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Summary of the Invention _

Generally, the switch of the present invention includes a housing having a port and a
plurality of passages. Respectively disposed in each of the passages is a rigid capillary tube for
regulating the flow rate of a therapeutic fluid through the passages. - Further, a valve is
rotatably connected to the housing for operably connecting and disconnecting the port from
one or more of the passages. _

Other advantages and features of the present invention will be apparent from the
following description of a specific embodiment illustrated in the accompanying drawings.

Brief Description of Drawings

. FIGURE 1 is an enlarged perspective assembly view of a switching device and a
removable handle in accordance with the present invention with the switching device having a
housing and a switching valve, the housing including a cover, an insert, and an end cap;

FIGURE 2 is a side view of the switching device of FIGURE 1,

FIGURE 3 is a top perspective view of the cover to the housing depicted in FIGURE 1;

FIGURE 4 is a bottom perspective view of the cover to the housing depicted in
FIGURE 1;

FIGURE 5 is an elevated view of the inner surface of the end wall to the housing cover
depicted in FIGURES 3 and 4;

FIGURE 6 is a perspective view of the insert to the housing depicted in FIGURE 1;

FIGURE 7 is a cross-sectional view of the insert depicted in FIGURE 6;

FIGURE 8 is a top view of the insert depicted in FIGURE 6;

FIGURE 9 is a bottom view of the insert depicted in FIGURE 6,

FIGURE 10 is a perspective view of the end cap to the housing depicted in FIGURE 1.

FIGURE 11 is an enlarged top view of the valve within the switching device depicted
in FIGURE 1,

FIGURE 12 is a cross-sectional view of the valve of FIGURE 11 taken along plane
12-12;

FIGURE 13 is a top perspective view of the rate switching tool or handle of FIGURE 1
for removably attaching to the valve of FIGURE 11;



10

15

20

25

WO 01/28610 PCT/US00/25013

FIGURE 14 is a bottom perspective view of the handle depicted in FIGURE 13;

FIGURE 15 isa cross-sectional view of the switching device taken along plane 15-15
of FIGURE 2 and with the valve turned to the off position;

FIGURE 16 is similar to FIGURE 15, except with the valve turned to enable a sm&,le
serial flow path through the switching device; _

FIGURE 17 is similar to FIGURE 16, except with the valve turned to enable an
alternative single serial flow :pafh throdgh the switching device; _

FIGURE 18 is similar to FIGURES 16 and']'7, e'xcept with the valve turned to enable a
dual parallel flow path through the switching device;

FIGURE 19 is an elevated view of the swntchmg device of FIGURE 1 operably coupled-
to a small volume elastomeric infusion pump; '

FIGURE 20 is an elevated view of the switching device of FIGURE 1 operably coupled
to a large volume elastomeric infusion pump; and,

FIGURE 21 is an elevated view of the switching device of FIGURE 1 operably coupled:
to an infusor. - ' '
Detailed Description

‘While this invention is susceptible of embodiments in many different forms. there is
shown in the drawings and will herein be described in detail a preferred embodiment of the
invention. The present disclosure is to be coﬁsidered as an exemplification of the principles of .
the invention and is not intended to limit the broad aspect of the invention to the embodiment
illustrated.

Referring now to the drawings, and particularly to FIGURES 1 and 2, a multi rate

| switching device 10 is disclosed having a housing 12, a valve 14, and a pair of flow restrictors

116,17 (FIGURES 15-18). The housing 12 includes an outer cover member 18, an insert 20,

and an end cap 22. These components are preferably made of polycarbonate and attached
together by ultrasonic welding. However, if desired, the components can be fabricated from
other rigid polymeric materials such as cyclic olefin containing polymers, bridged polycyclic

hydrocarbon containing polymers, polyesters, polyamides, ABS, polyurethane and the like and
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can be attached together by adhesive bonding, solvent bonding, radio frequency bonding, snap-
fits, or other suitable joining methods.

Turning to FIGURES 3, 4 and 5, the outer cover 18 includes an end wall 24 and a
continuous perimeter wall 26 integrally connected together. The end wall 24 has an inner
surfacc 28 (FIGURES 4 and 5) and a generally oval shaped perimeter. The perimeter wall 26
extends from the perimeter of the end wall 24 and defines an opening 30 for receiving the
insert 20. _

As shown in FIGURE §, a pair of C-shaped projections 32,33 are integrally attached
and extend from the inner surface 28 of the cover member end wall 24. The C-shaped
projections 32,33 are symmetrically positioned about the lateral axis 34 of the end wall 24.

Preferably, the C-shaped projections 32 and 33 have openings 36 and 37, respectively, that face

. each other.

Extending through each opening 36,37 of the C-shaped projections 32 and 33 is a
longitudinal channel 38 and 39, respectively. The channels 38,39 are formed in the surface 28
of the end wall 24 and are éymmetrically positioned about the end wall lateral axis 34. Each
channel 38 and 39 originates generally at the midpoint of its associated C-shaped projection 32
and 33, respectively, and extends along the longitudinal axis of the end wall 24. The channels
38,39 terminate short of reaching the lateral axis 34 of the end wall 24.

Extending from and integrally attached to the inner surface 28 of the end wall 24 are a
pair of continuous walls 40,41 that surround each C-shaped projection 32,33 and associated
channel 38, 39. The continuous walls 40,41 are symmetrically positioned about the lateral axis
34 of the end wall 24 with each wall having a generally teardrop shaped perimeter. The walls
40, 41 facilitate attaching the cover 18 to the insert 20 to define two separate fluid paths as
described in detail further herein. Preferably, the apex 42 of the teardrop shaped perimeters of
the two walls 40,41 face each other. Bordering the inner perimeter of each wall 40 and 41 is a
continuous groove 44 and 45, respectively, formed within the inner surface 28 of the end wall
24, |

As previously indicated, extending from the perimeter of the outer cover end wall 24 is

a continuous perimeter wall 26 that is generally uval in cross section and defines an open



10

15

20

25

WO 0128610 PCT/US00/25013.

chamber 46 for receiving the housing insert 20. The perimeter wall 26 includes opposing outer
side surfaces 48,49 with coaxially align_ed annular apertures 50 and 51 passing through the side
surfaces 48 and 49, respectively. Outer side surt@c_e 48 also includes a ring shaped outer ridge
52 in coaxial alignment with aperture 50. Pref_erabiy, outer side surface 49 is generally planar
to enhance comfort when placins, the side surface against the skin of a patient. Likewise, the
portions of the perimeter wall 26 between side surtaces 48 and 49 are smooth:

Turning to FIGURES 6-9, the insert 20 of the housm5 12 includes a flow block 54 and
a tube member 56 integrally attached togethcr.- The ﬂow block 54 includes an inner plate
member 58 and an outer plate member 59. Preferably, the plate members 58,59 are in coplanar
spaced relationship to each other. o S

As shown in FIGURE 7, formed within the flow block 54 and extending through the
inner plate member 58 and the outer plate member 59 are a pair of stepped outer bores 60,61 .

and a pair.of.inner bores 62,63. The outer bores 60,61 are in parallel spaced relationship to

- each other-and perpendicular to the plate members 58,59. Each outer bore 60,61 includes a.

cylindrical passage 64, a cylindrical restrictor containment chamber 66, and a cylindrical o-ring
containment chamber 68. The cylindrical passage 64 of each outer bore 60,61 is in fluid
communication with containment chamber 66 and has an opening 70 in the outer plate member

59. The containment chamber 66 of each bore 60,61 is in fluid communication with the o-ring

. containment chamber 68 and has an inner-diameter that is larger than the inner diameter of the

cylindrical passage 64. The o-ring chamber 68 of each bore 60,61 has an opening 72 in the
inner plate member 58 and a larger inner diameter than the inner diameter of the restrictor
containment chamber 66. - _

The inner bores 62,63 within the flow block 54 are in parallel spaced relationship to
each other and the outer bores 60,61. Also, the inner bores 62,63 are situated between the

outer bores 60,61. The inner bores 62,63 extend through the inner plate member 58 and to the

" inner surface 74 of a cylindrical control valve receiving bore 76 situated between the inner

plate member 58 and the outer plate member 59. Accordingly, the inner bores 62 and 63 are in
fluid communication with ports 75 and 77, respectively, on the inner surface 74 of valve

receiving bore 76.
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Preferably, the longitudinal axis of the control valve receiving bore 76 is in spaced
perpendicular relationship to the longitudinal axises of the outer bores 60,61 and the inner
bores 62,63. Moreover, a retaining ring 78 radially inwardly projects about one opening of the
control valve receiving bore 76. _

Tube member 56 of the housing insert 20 has a distal port or opening 80 and a
cylindrical bore 82 in coaxial alignment and fluid communication with a junction bore 84
extending into the flow block 54. The junction bore 84 also is in longitudinal coaxial
alignment with inner bore 63 and in fluid communication' with the control valve receiving bore
76 via port 79. _

- As shown in FIGURE 8, formed in the outer surface 86.of the housing insert inner plate
member 58 are a pair of longitudinal channels 88,89 symmetrically positioned about the lateral
axis of the plate member. Each channel 88,89 is in fluid communication and extends between
one of the o-ring chambers 68 and one of the inner bores 62,63 in the flow block 54. When the
cover member 18 is attached to the insert 20, channels 38 (FIGURE 5) and 88 define a
generally cylindrical passage within the housing 12 along with channels 39 (FIGURE 5) and
89.

A pair of continuous walls 90 surround the channel 88,89, o-ring bore opening 72 and
inner bore opening on both sides of the inner plate member 58 about the lateral axis. The walls
90 are integrally attached and perpendicularly extend from the surface 86 of the inner plate
member 58. The walls 90 are dimensioned to correspond, align, and at least be partially
received with the continuous grooves 44,45 formed within the inner surface 28 of the housing
outer cover end wall 24. This results in a tortuous path, or flashtrap, for preventing debris
particles from being deposited within the device fluid paths during ultrasonic welding of the
walls 40,41 of the housing end wall 24 to the inner plate member 58 of the housing msert 20

As shown in FIGURE 9, the outer plate member 59 of the flow block 54 includes an
outer surface 92 having a channel 94 in fluid communication and extending between the outer

bores 64. The channel 94 includes a curved portion 96 wherein the channel extends around

tube member 56.
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Referring to FIGURE 10, the end cap 22 of the housing 12 includes a plate like cover
member 98 and a tube member 100 integrally attached together. The cover member 98
attaches to the outer plate member 59 on the housing insert 20. The cover member 98 includes
an inner surface 102 and an opposite ohter surface ll 04. The inner surface 102 includes a
channel 106 that is symmetrical to the ch_anhel 94 formed in the outer surface 92 of the flow
block outer plate member 59. ‘Accordingly, with the end cap 22 attached to-the flow block 54,
the two channels 106 and 94 define a single tubular fluid passageway 108 (FIGURES 15-18)
between the outer bores 60 and 61.

Preferably, the inner surface 102 of the cover member 98 includes a outer perimeter
weld ring 101 and an inner weld ring 103 about.a'n aperture 1 14. The weld rings 101 and 102
are received within corresﬁohding channels 105 and 107 (FIGURE 9), respectively, formed in
the outersurface 92 of the housing insert outer plate member 59. Thus, during ultrasonic
welding of the rings 101,102 of the cover m'embler.'98' to the outer plate member 59, a flashtrap
similar to that used in attaching the housing cover 18 to the housing insert 20 is provided for
preventing debris particles from entering the fluid paths of the device.

Turning to FIGURE 15, the tube member 100 of the end cap 22 includes a cylindrical
bore 112 extending through cover member 98 and having a distal port or opening 110. The
bore 112 is in fluid communication with the channel 106 in the inner surface 102 of the cover
member 98, and thus passageway 108.

The cover member 98 of the end cap 22 also includes aperture 114 for receiving the |
tube member 56 extending from the flow block 54 of the housing insert 20. Accordingly, the
housing insert tube member 56 extends through the aperture 114 when the cover member 98 is
attached to the housing insert 20.

Referring to FIGURES 1, 11 and 12, the valve 14 of the switching device 10 includes a
cylindrical hub member 116 rotatably mounted within the valve receiving bore 76 (FIGURE 7)
of the insert member 20 and the apertures 50,51 (FIGURES 3 and 4) of the housing outer cover -
member 18. Preferably, the valve 14 consists of high-density polyethylene. Also, a lubricant
or grease such as a high viscosity silicon oil is used to seal and reduce friction between the

valve hub 116 and housing insert member bore 76.
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As shown in FIGURES 11 and 12, the hub 116 includes a bore 118 containing a tubular
fluid path connecting joint or T-joint fitting 120 in’tegraliy attached to the hub. Turning to |
FIGURE 16, the outer surface of the hub member 116 includes three valve ports 122, 123 and
124 in fluid communication with the T-joint ﬂtting 120. Preferably, relative to the center
junction 125 of the T-joint fitting 120, port 122 is situated ninety degrees from port 123 and
one hundred eighty degrees from port 124.

Turning back to FIGURES 11 and 12, radially dutwardly extending from one end of the
hub member 116 is a flange member 126 partially received within the ring shaped outer ridge
52 (FIGURES 1-3) of the switching device 10. The recessing of the flange 126 into the

housing 12 is intended to prevent a patient from tampering with the device by attempting to-’

manually rotate the valve 14,

Formed in the outer perimeter of the flange member 126 is a flow rate indicator

window or notch 130 and a pair of handle engagement notches 132,133. The indicator

‘window 130 allows a user to view a rate label 134 (FIGURE 1) printed on the housing 12 and

corresponding to a user selected flow rate. Accordingly, the valve flange member hides all -
other rate labels except for the currently selected rate. As the user rotates the valve 14 to
change the rate, the window 130 rotates and exposes only the selected rate. Alternatively,
instead of exposing the selected rate label through a window in the valve flange, a pointer

could be used to identify the selected rate.

Preferably, relative to the longitudinal axis of the hub member 116, the center of the

indicator window 130 is between valve ports 122 and 123 (FIGURE 16). Further, engagement

notches 132 and 133 are centered about one hundred and thirty five degrees from both sides of
the indicator window 130.

As shown in FIGURE 12, longitudinally extending from the valve hub member 116
opposite the flange 126 are a group of prongs 128. Both the flange member 126 and the
prongs 128 are integrally attached to the hub member 116. The distal ends of the prohgs 128
are radially outwardly lipped. The prongs 128 secure the valve 14 to the housing 12 by

engaging the retaining ring 78 (FIGURE 7) within the control valve receiving bore 76.
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However, the valve 14 is allowed to rotate within the control valve receiving bore 78 for
selecting a flow rate as described in detail further herein.

Turning to FIGURES 1, 13 and 14, manually attachable to the valve 14 is a rate

- switching tool or handle 136 for providing leverage to manually rotate the valve. As explained

in detail further herein, rotation of the valve 14 results in a selection of a flow rate path through
the switch 10. Preferably, the handle 136 is needed to rotate the valve 14. Accordingly, the
handle 136 can be removed and kept by a physician or other health care personnel to
discourage patients from rotating the valve without pen;lission.

The handle 136 includes an indicator side 138, an opposite valve engagement side 140,
and a tube attachment crook 142. The engagement side 140 of the handle 136 includesa -
cylindrical registration hub 144 receivable within the bore 118 of the valve hub 116-about -
flange 126., The engagement side 140 of the handle 136 also includes a pair of spaced
coupling pins 146 and 147 that are received within the notches 132 and 133, respectively, -
when the handle is attached to the valve 14. Moreover, the indicator side 138 of the handle can
include indicia 148 for pointing to the valve window 130 when the handle is attached to the
valve 14. Further, the crook 142 in the handle 142 defines an opening 150 for receiving, and
thus clipping, the handle to tubing or the like as shown in FIGURES 19-21.

- Turning to FIGURE 15, and referring to the housing insert 20, received within the
containment chamber 66 of each outer bore 60 and 61 is a capillary tube or restrictor 16 and
17, respectively. Each restrictor 16 and17 has a calibrated longitudinal axial open bore 151
and 152, respectively, for regulating the flow rate of a fluid. Preferably, the restrictors 16.17
have substantially the same length and consist of microbored glass tubes with restrictor 17
allowing for twice the flow rate of restrictor 16. However, in alternative embodiments,
restrictor 17 can have another flow rate other than twice that of restrictor 16.

- Preferably, the restrictors 16,17 are located on opposite sides of the valve 14 rather than
being in-line with each other to reduce the overall length of the device. However, if desired,
the restrictors 16,17 can be mounted in other configurations with respect to each other.

Also located within the containment chamber 66 of each outer bore 60,61 is a spacer o-

ring 153 proximate to each passage 64 within the flow block 54. The o-rings 153 provide an
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adjustable cushion to account for tolerance stackup and remove air space between the molded
housing insert 20 and the restrictors 16,17.

Received within the o-ring containment chamber 68 of each outer bore 60 and 61 is a
sealing o-ring 154. The o-rings 154 are attached to the outer surfaces of the restrictors 16,17 to
form liquid tight seals. Further, the C-shaped projections 32,33 of the housing cover member
18 compress the o-rings 154 against the flow block 54 proximate to the containment chambers
66. Thus, liquid tight seals are provided between the inner walls of each o-ring containment
chamber 68 and the o-rings 154. Nevertheless, a flow path is provided between outer bore 16
and inner bore 62 via channel 38 in the end wall 24 of the housing outer cover member 18.
Likewise, a flow path is provided between outer bore 17 and inner bore 63 via channel 39 in
the end wall 24 of the housing outer cover member 18.

As shown in FIGURES 15-18, rotation of the valve 14 results in turning off or selecting
a flow path between the ports 80,110 of the rate switching device 10 that correspond toa -
desired fluid flow rate. Manual rotation of the valve 14 to the position shown in FIGURE 15
results in the valve blocking, and thus turning off, all flow paths between the ports 80,110 of
the rate switching device 10.

Manual rotation of the valve 14 to the position shown in FIGURE 16 results in a single
serial flow path 156 between the ports 80,110 of the rate switching device 10. The flow path
156 extends from port 110 to port 80 via tube member bore 112, passageway 108, bore 151 of
restrictor 16, channel 38, inner bore 62, T-joint 120, flow block bore 84, and tube member bore
82. | |

Manual rotation of the valve 14 to the position shown in FIGURE 17 results in another
single serial flow path 158 between the ports 80,110 of the rate switching device 10. The flow
path 158 extends from port 110 to port 80 via tube member bore 112, passageway 108, bore
152 of restrictor 17, channel 39, inner bore 63, T-joint 120, flow block bore 84, and tube

"member bore 82.

Manual rotation of the valve 14 to the position shown in FIGURE 18 results in a
parallel flow path 160 between the ports 80,110 of the rate switching device 10. The parallel
flow path 160 consists both flow path 156 and 158. Accordingly, fluid flows from port 110 to
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port 80 via tube member borc 112, passageway 108, bore 152 of restrictor 17, channel 39,
inner bore 63, T-joint 120, flow block bore 84, and tube member bore 82. Fluid also flows
from port 110 to port 80 via tubec member bore 112, passageway 108, bore 151 of restrictor 16,
channel 38, inner bore 62, T-joint 120, flow block bore 84, and tube member bore 82.

As shown in FIGURES 15-18, the T-joint fitting 120 of the valve 14 intercepts the
bores 62, 63, 84 of the flow block 20 at an offset or angle of about 135 degrees when making a
fluid flow connection. This Y-conﬁgurétion greatly reduces the size of the device 10 wherein,.
the smaller the device, the more comfortable it is for a pé_tien_t to wear, and the Y-configuration
also provides for adjustments of the fluid flow rate in a logical incremental ascending or
descending order. For instance, if the restrictor 16 in flow path 156 provides a 1 ml/hour flow.
rate, and the restrictor 17 in flow path 158 provides a 2 ml/hour flow rate. then the resulting .
rates that can be selected using device 10 are, in order, 1 mi/hour (FIGURE 16), 2 ml/hour
(FIGURE:17), 3 ml/hour (FIGURE 18); and 0 ml/hour (FIGURE 15).

. Preferably, the flow paths and corresponding flow rates through the device 10 are - |
selected when the valve 14 is rotated by an predetermined incremental amount.- For instance,
as shown in FIGURE 15-18. Rotating the valve 10 ninety (90) degrees results in turning of_f__
the device 10 or the selection of a flow path and corresponding flow rate through the device
10. .

In particular, counterclockwise rotation of the valve ninety degrees from the position
shown in FIGURE 15 results in the selection of the flow path and corresponding flow rate -
through the device 10 shown in FIGURE 16. Likewise, counterclockwise rotation of the valve -
ninety degrees from the position shown in FIGURE 16 results in the selection of the flow path
and corresponding flow rate through the device 10 shown in FIGURE 17. Further, |
counterclockwise rotation of the valve ninety degrees from the position shown in FIGURE 17
results in the selection of the flow path and corresponding flow rate through the device 10
shown in FIGURE 18. Preferably, the flow rate through the device 10 incrementally increases
as the valve 14 is rotated_with.the handle 136 in a counterclockwise _directic_m. Likewise, flow
rate through the device 10 incrementally decreases as the valve 14 is rotated with the handle

136 in a clockwise direction. Thus, the device 10 operates in a logical manner similar to
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regulating the flow rate of liquid with most faucets by turning the faucet handle clockwise to
decrease the flow rate of the liquid and turning the facet handle counterclockwise to increase
the flow rate of the liquid.

In an embodiment depicted in FIGURES 19, 20, and 21, the switching device 10 can be
operably connected to various positive pressure sources including, among others, clastomeric
infusion pumps 162, 163, and 164, respectively, via flexible tubing 166. Such pumps are well
know in the art and can include that disclosed in U.S. Patent No. 5,263,935 to Hessel,
incorporated herein by reference. Preferably, the restrictors 16,17 within the switching device
10 are matched to the amount of fluid pressure produced by a pressure source for providing the
desired flow rates through the device.

Pumps 162, 163, and 164 include an elastomeric bladder 168 disposed with a generally
tubular outer casing 170. The bladder 168 can be filled with a pharmaceutically active
material. The fluid pressure within the fully extended bladder results in the fluid flow from the
pump to the switching device via tubing 166. Preferably, the tubing 166 is connected by .
solvent bonding to tube 100 of the switching device 10 so fluid flows from the pump; through

the restrictors 16,17, and then through the valve 14. Further, tube 56 is attached by solvent

~ bonding to flexible tubing 172 having a connector 174 attached opposite the switching device

10. The connector 174 provides for operably connecting the switching device 10 to 1.V. tubing
or the like attached to the patient.

As will be appreciated by those having skill in the art, the switching device 10 can also
be operably connected to other types of positive pressure sources including electro-mechanical,
chemical, and gravitational.

While the specific embodiments have been illustrated and described, numerous
modifications come to mind without significantly departing from the spirit of the invention and

the scope of protection is only limited by the scope of the accompanying Claims.
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CLAIMS
; 1. A switch for selectihg a flow rate of a therapeutic fluid comprising:

a housing having a port and a plurality of passages;

wh

a plurality of rigid capillary tubes that regulate the flow rate of the therapeutic fluid,
each of the tubes respectively disposed in one of the passages; and,

a valve operably connected to the housing, the valve moveable to selectively connect
and disconnect-the port from one or more of the passages. -

2, The switch- of Claim 1 wherein the flow rate of the therapeutic fluid is sequentially

e
s

10 increased by at least three incremental valves as the valve is rotated in a counterclockwise
direction. _
' 3. The switch of Claim 1 wherein the flow rate of the therapeutic fluid is incrementaily

increased as the valve is sequentially rotated in at least three serial steps of ninety degrees.

4. - ‘The switch of Claim | wherein the flow rate of the therapeutic fluid is sequentially

15 decreased by at least three incremental values as the valve is rotated in-a clockwise direction. .
5. The switch of Claim 1 wherein said valve is moveable to a serial flow position to
operably connect one of the bassages to the port, the valve moveable to a parallel flow position
to operably connect at IeaSt two of the passages to the port, and the valve moveable to an oft

position to operably disconnect the port from the passages.

20 6. The switch of Claim 1 wherein said housing includes a cover member ultrasonically
welded to an insert containing the capillary tubes, and the cover member and the insert.

defining a flashtrap to prevent debris particles from coming into contact with the therapeutic.

. fluid.
7. The switch of Claim 1 wherein said housing includes a bore that receives the valve.
25 8. The switch of Claim 1 wherein said valve includes a flange attached to a hub member.
9. The switch of Claim 8 wherein said flange includes a window to reveal flow rate

information through the switch.
10.  The switch of Claim 8 wherein said flange has an outer perimeter and said housing

includes an aperture and an annular ridge in coaxial alignment with the aperture, the aperture




WQ-01/28610 PCT/US00/25013

10

15

20

25

I N
x  C L M S .*

receiving the hub of the valve and the ridge surrounding a substantial portion of the flange
.outer perimeter. |
11, The sWitch of Claim 1 wherein the valve includes a fluid path.
12.  The switch of Claim 11 wherein the fluid path of the valve operably connects to a pair
of parallel spaced fluid passages within the housing.
13.  The switch of Claim 12 wherein the fluid path of the valve angularly connects to the
spaced fluid passages within the housing. _
14.  The switch of Claim 12 wherein the fluid path of the valve connects to at least one of
the spaced fluid passages within the housing at an angle of one hundred and thirty five degrees.
15.  The switch of Claim 12 wherein the fluid path of the valve is T-shaped.
16.  The switch of Claim 1 wherein the valve is removably attachable to a handle.
17. The switch of Claim 16 wherein the handle includes a crook adapted to receive a
portion of a tube. .
18.  The switch of Claim 1 wherein the capillary tubes are microbored glass.
19.  The switch of Claim 1 wherein the capillary tubes allow different flow rates of the
therapeutic fluid.
20. A method of selecting a flow rate of a therapeutic fluid with the switch of Claim 1
comprising the steps of’
providing a pump means containing the therapeutic fluid;
providing the switch of Claim 1 operably connected to the pump means;
moving the valve to a serial flow poéition that operably connects one of the passages to
the pump means; and
moving the valve to a parallel flow position that operably connects at least two of the
passages to the pump means. _
21, The method of Claim 20 further comprising the step of incrementally increasing the

flow rate through the switch as the valve is rotated.
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22.  Aninfusor system for providing a flow rate of a therapeutic fluid to a patient
comprising: |

a housing and a valve operably connected together, the housing containing a plurality
of rigid restrictors that regulate the flow rate of the therapeutic fluid through.the housing and
the valve being moveable to selectively pass the therapeutic fluid through the restrictors.
23.  The system of Claim 22 wherein the flow rate of the therapeutic fluid is sequentially.
increased by at least three incremental valves as the valve is rotated.
24.  The system of Claim 22 wherein the flow rate ot'" the therapeutic fluid is incrementally
decreased as the valve is sequentially rotated in at least three serial steps of ninety degrees.
25.  The system of Claim 22 wherein said valve is moveable to a serial flow position to
allow the therapeutic fluid to pass through only one of the restrictors.and the valve moveable to
a parallel flow position to allow the therapeutic fluid to pass through at least two of the
restrictors. .
26. . The system of Claim 22 wherein said valve includes a flange having a window to
reveal flow rate information.
27.  The system of Claim 22 wherein the valve includes a fluid path that operably connects
to a pair of parallel spaced fluid passages within the housing. _ _
28.  The system of Claim 27 wherein the fluid path angularly connects to the spaced fluid
passages within the housing. |
29.  The system of Claim 22 wherein a handle is removably attachable to the valve.
30.  The system of Claim 29 wherein the handle includes a crook adapted to receive a
portion of a tube.
31.  The system of Claim 22 wherein the restrictors are microbored glass tubes.
32.  The system of Claim 22 wherein the restrictors allow different flow rates of the
therapeutic fluid.
33.  The system of Claim 22 wherein a pump means for containing the therapeutic fluid is
operably connected to the housing,
34.  The system of Claim 33 wherein the valve allows a user to operably connect one of the

restrictors to the pump means.
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35.  The system of Claim 34 wherein the valve allows the user to operably connect at least
two of the restrictors to the pump means.

36.  The system of Claim 35 wherein the valve allows the user to incrementally increase the
flow rate through the housing as the valve is rotated.

37.  The system of Claim 22 wherein said housing includes a cover member ultrasonically
welded to an insert containing the restrictors, and the cover member and the insert defining a
flashtrap to prevent debris from coming into contact with the therapeutic fluid.

38 Adevice for controlling a therapeutic fluid flow rate comprising:

a housing having a plurality restrictors for regulating the therapeutic fluid flow rate;
and _

a valve operably connected to the housing, the valve being rotatable to incrementally
increase the therapeutic fluid flow rate in at least three sequential steps as the valve is rotated
in one direction. '

39, The device of Claim 38 wherein the therapeutic fluid flow rate is sequentially
decreased by at least three incremental values as the valve is rotated in one direction.

40.  The device of Claim 38 wherein the valve includes a flange having a window to reveal
selected flow rate information.

41.  The device of Claim 38 wherein the valve includes a fluid path.

42.  The device of Claim 41 wherein the fluid path operably connects to a pair of parallel
spaced fluid passages within the housing. |

43.  The device of Claim 42 wherein the fluid path angularly connects to the spaced fluid
passages within the housing.

44,  The device of Claim 42 wherein the fluid path is T-shaped.

45.  The device of Claim 42 wherein the valve is removably attachable to a handle.

46.  The device of Claim 45 wherein the handle includes a crook adapted to receive a
portion of a tube.

47.  The device of Claim 1 wherein the restrictors are microbored glass.



