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[0001] Medical patients sometimes require delivery of either continuous
medication or medication at set periodic intervals. Drug infusion pumps
have been developed to provide controlled drug infusion, wherein the drug
can be administered at a set rate that maintains the drug concentration
within a therapeutic margin and out of an unnecessary or possibly toxic
range. Drug infusion pumps deliver drugs to the patient at a controlled
rate and typically do not require frequent attention.       [0002] Drug
infusion pumps have been developed to deliver intravenous ("IV") therapy to
patients both in and outside of a clinical setting. Outside a clinical
setting, doctors have found that in many instances patients can return to
substantially normal lives, provided that they receive periodic or
continuous IV administration of medication. Among the types of therapies
requiring this kind of administration are antibiotic therapy, chemotherapy,
pain control therapy, nutritional therapy, and several other types known by
those skilled in the art. In many cases, patients receive multiple daily
therapies. Certain medical conditions require infusions of drugs in
solution over relatively short periods, such as from thirty minutes to two
hours. These conditions and others have combined to promote the development
of increasingly lightweight, portable or ambulatory infusion pumps that can
be worn by a patient and are capable of administering a continuous supply
of medication at a desired rate, or provide several doses of medications at
scheduled intervals.       [0003] Infusion pumps include elastomeric pumps,
which squeeze solution from flexible containers, such as balloons, into IV
tubing for delivery to the patient. Alternatively, spring-loaded pumps
pressurize the solution containers or reservoirs. Certain pump designs use
cartridges containing flexible compartments that are squeezed by pressure
rollers for discharging the solutions. Other infusion pumps squeeze
pre-filled single dosage IV bags using a roller. Certain known infusion
pumps use syringes and a drive mechanism that moves a plunger of the
syringe to deliver fluid to a patient. Typical syringe infusion pumps
include a housing adapted to receive a syringe assembly, a drive mechanism
adapted to move the syringe plunger, a pump control unit having a variety
of operating controls, and a power source for powering the pump including
the drive mechanism and controls. WO 2011/119464PCT/US2011/029145 



[0004] While the above-discussed prior art and other designs have
recognized the need for an infusion pump that is smaller and more compact
for mobile use, each has failed to adequately address the ambulatory pump
market's price sensitivity due to pressure from outside competition and
reimbursement constraints, especially in emerging countries.       [0005] A
need accordingly exists for a portable, ambulatory type infusion pump,
which is cost effective and meets operability requirements. SUMMARY
[0006] Aspects of the subject matter described herein may be useful alone
or in combination one or more other aspect described herein. Without
limiting the following description, in a first aspect of the present
disclosure, an infusion pump includes a housing; a rotor inserted into the
housing, the rotor including a first ring of surfaces that form channels
with the housing, and a second ring of surfaces that form channels with the
housing, the second channel forming surfaces radially offset from the first
channel forming surfaces; and a motor operably engaged to rotate the rotor
to cause the first and second channel forming surfaces to pump a flow of
fluid, the radial offsetting of the second channel forming surfaces from
the first channel forming surfaces dampening a pulsatility of the flow of
fluid.       [0007] In a second aspect of the present disclosure, which may
be used in combination with the first aspect, the first channel forming
surfaces are sized to produce a first flowrate, and the second channel
forming surfaces are sized to produce a second flowrate different than the
first flowrate.       [0008] In a third aspect of the present disclosure,
which may be used in combination with the second aspect, the rotor includes
a third ring of surfaces that form channels with the housing, the third
channel forming surfaces sized to produce a third flowrate different than
the first and second flowrates.       [0009] In a fourth aspect of the
present disclosure, which may be used in combination with any one or more
of the preceding aspects, the rotor includes a third ring of surfaces that
form channels with the housing, the third channel forming surfaces radially
offset from the first and second channel forming surfaces to further dampen
the pulsatility of the flow of fluid.       [0010] In a fifth aspect of the
present disclosure, which may be used in combination with any one or more
of the preceding aspects, a selector is provided and configured to slide
linearly to selectively (i) occlude flow to both the first ring of channel
forming surfaces and 



WO 2011/119464PCT/US2011/029145 the second ring of channel forming
surfaces, (ii) occlude flow to the second ring of channel forming surfaces
only, or (iii) allow flow to both the first ring of channel forming
surfaces and the second ring of channel forming surfaces.       [0011] In a
sixth aspect of the present disclosure, which may be used in combination
with any one or more of the preceding aspects, a selector is provided and
configured to slide linearly to selectively (i) close a first membrane
valve for the first ring of channel forming surfaces and a second membrane
valve for the second ring of channel forming surfaces, (ii) close the
second membrane valve for the second ring of channel forming surfaces only,
or (iii) allow both the first and second membrane valves to be open.
[0012] In a seventh aspect of the present disclosure, which may be used in
combination with any one or more of the preceding aspects, a selector is
provided and configured to rotate to selectively (i) occlude flow to both
the first ring of channel forming surfaces and the second ring of channel
forming surfaces, (ii) occlude flow to the second ring of channel forming
surfaces only, or (iii) allow flow to both the first ring of channel
forming surfaces and the second ring of channel forming surfaces.
[0013] In an eighth aspect of the present disclosure, which may be used in
combination with any one or more of the preceding aspects, a selector is
provided and configured to rotate to selectively (i) close a first tube for
the first ring of channel forming surfaces and a second tube for the second
ring of channel forming surfaces, (ii) close the second tube for the second
ring of channel forming surfaces only, or (iii) allow both the first and
second tubes to be open.       [0014] In a ninth aspect of the present
disclosure, which may be used in combination with any one or more of the
preceding aspects, a selector is provided and configured to rotate to
selectively (i) close a first tube for both the first ring of channel
forming surfaces and the second ring of channel forming surfaces, (ii)
close a second tube for the second ring of channel forming surfaces only,
or (iii) allow both the first and second tubes to be open.       [0015] In
a tenth aspect of the present disclosure, which may be used in combination
with any one or more of the preceding aspects, a selector is provided and
configured to rotate to selectively (i) close a first membrane valve for
the first ring of channel forming surfaces and a second membrane valve for
the second ring of channel forming surfaces, (ii) close the second membrane
valve for the second ring of channel forming surfaces only, or (iii) allow
both the first and second membrane valves to be open. 



WO 2011/119464PCT/US2011/029145       [0016] In an eleventh aspect of the
present disclosure, which may be used in combination with any one or more
of the preceding aspects, the housing and rotor are part of a disposable
portion of the infusion pump.       [0017] In a twelfth aspect of the
present disclosure, which may be used in combination with any one or more
of the preceding aspects, the housing is connected to at least one of: a
supply bag line, a patient line and a supply bag.       [0018] In a
thirteenth aspect of the present disclosure, which may be used in
combination with any one or more of the preceding aspects, at least one of
the motor and the housing is part of a reusable portion of the infusion
pump.       [0019] In a fourteenth aspect of the present disclosure, which
may be used in combination with any one or more of the preceding aspects,
the housing and the rotor are part of a first portion of the infusion pump
and an occluding selector and the motor are part of a second portion of the
infusion pump, the first and second portions being configured to be
connected such that (i) the housing comes into operational communication
with the selector and (ii) the rotor comes into operational communication
with the motor.       [0020] In a fifteenth aspect of the present
disclosure, which may be used in combination with the fourteenth aspect,
the first and second portions are configured to be connected such that that
(i) the housing coming into operational communication with the selector and
(ii) the rotor coming into operational communication with the motor occur
virtually simultaneously.       [0021] In a sixteenth aspect of the present
disclosure, which may be used in combination with the fourteenth aspect,
the first and second portions are configured to be connected such that that
(i) the housing coming into operational communication with the selector and
(ii) the rotor coming into operational communication with the motor occur
along a single axis of movement. 



[0022] In a seventeenth aspect of the present disclosure, which may be used
in combination with any one or more of the preceding aspects, the infusion
pump is configured such that the housing (i) in a first position is
operable to gravity feed a drug to a patient and (ii) in a second position
is operable with the rotor and the motor to pump the drug to the patient.
[0023] In an eighteenth aspect of the present disclosure, which may be used
in combination with the seventeenth aspect, the second position is obtained
rotationally from the first position.  WO 2011/119464PCT/US2011/029145
[0024] In a nineteenth aspect of the present disclosure, which may be used
in combination with the seventeenth aspect, the second position is obtained
translationally from the first position.       [0025] In a twentieth aspect
of the present disclosure, which may be used in combination with the
seventeenth aspect, the infusion pump is provided with the housing
initially in the first position.       [0026] In a twenty-first aspect of
the present disclosure, which may be used in combination with any one or
more of the preceding aspects, the infusion pump is coupled directly to a
solution bag.       [0027] In a twenty-second aspect of the present
disclosure, which may be used in combination with the twenty-first aspect,
the infusion pump is configured such that the housing (i) in a first
position is operable to gravity feed a drug to a patient and (ii) in a
second position is operable with the rotor and the motor to pump the drug
to the patient. 



[0028] In a twenty-third aspect of the present disclosure, which may be
used in combination with any one or more of the preceding aspects, an
infusion pump includes a housing; a rotor inserted into the housing, the
rotor including a first ring of surfaces that form channels with the
housing, the first channel forming surfaces sized to produce a first
flowrate, and a second ring of surfaces that form channels with the
housing, the second channel forming surfaces sized to produce a second
flowrate different than the first flowrate; a motor operably engaged to
rotate the rotor; and a selector moveable to allow the rotor to rotate so
as to achieve at least one of the first and second flowrates.       [0029]
In a twenty-fourth aspect of the present disclosure, which may be used with
the twenty-third aspect in combination with any of the preceding aspects,
the selector is moveable to allow the rotor to pump the first flowrate or a
combined flowrate from the first and second flowrates.       [0030] It is
accordingly an advantage of the present disclosure to provide a relatively
low cost, ambulatory infusion pump.       [0031] It is another advantage of
the present disclosure to provide a variable flowrate ambulatory infusion
pump.       [0032] It is a further advantage of the present disclosure to
provide an ambulatory infusion pump that can dampen pulsatile flow.
[0033] It is yet another advantage of the present disclosure to provide an
ambulatory infusion pump that is selectable between a gravity flow mode and
a pumping mode. WO 2011/119464PCT/US2011/029145       [0034] It is still a
further embodiment of the present disclosure to provide an ambulatory
infusion pump that can be connected directly to an intravenous ("IV")
infusion bag. 



[0035] Additional features and advantages are described herein, and will be
apparent from the following Detailed Description and the figures. BRIEF
DESCRIPTION OF THE FIGURES       [0036] Fig. 1 is a partially sectioned
plan view of one embodiment of a rotary ambulatory infusion pump of the
present disclosure.       [0037] Fig. 2 is a plan view of one embodiment of
a reusable portion for the rotary ambulatory infusion pump embodiment of
Fig. 1.       [0038] Fig. 3 is a side-sectioned view of for the rotary
ambulatory infusion pump embodiment of Fig. 1.       [0039] Fig. 4 is a
plan view of a second embodiment of a rotary ambulatory infusion pump of
the present disclosure.       [0040] Fig. 5 is a side-sectioned view of the
rotary ambulatory infusion pump embodiment of Fig. 4. [0041] Fig. 6 is a
top plan of the rotary ambulatory infusion pump embodiment of 



Fig. 4.       [0042] Fig. 7 is a top plan view of one embodiment of a rotor
of the present disclosure having staggered chamber-forming rotor surfaces
for non-pulsatile flow.       [0043] Figs. 8 and 9 are sectioned elevation
views illustrating one embodiment of a rotary ambulatory infusion pump of
the present disclosure providing pumped flow in selectable combination with
gravity fed flow.       [0044] Figs. 10 and 11 are sectioned elevation
views illustrating a second embodiment of a rotary ambulatory infusion pump
of the present disclosure providing pumped flow in selectable combination
with gravity fed flow.       [0045] Figs. 12 and 13 are sectioned elevation
views illustrating a third embodiment of a rotary ambulatory infusion pump
of the present disclosure providing pumped flow in selectable combination
with gravity fed flow.       [0046] Figs. 14 and 15 are top plan views
illustrating a fourth embodiment of a rotary ambulatory infusion pump of
the present disclosure providing pumped flow in selectable combination with
gravity fed flow. WO 2011/119464PCT/US2011/029145       [0047] Fig. 16 is a
sectioned elevation view illustrating one embodiment of a system of the
present disclosure in which an intravenous ("IV") bag is directly coupled
to a rotary ambulatory infusion pump. 



[0048] Figs. 17 and 18 are sectioned elevation views illustrating a second
embodiment of a system of the present disclosure in which an intravenous
("IV") bag is directly coupled to a rotary ambulatory infusion pump, here
providing gravity flow capability.       [0049] Figs. 19 and 20 are
sectioned elevation views illustrating a third embodiment of a system of
the present disclosure in which an intravenous ("IV") bag is directly
coupled to a rotary ambulatory infusion pump, here again providing gravity
flow capability. DETAILED DESCRIPTION Slide Operated       [0050] Referring
now to the drawings and in particular to Figs. 1 to 3, pump 10 illustrates
one embodiment of an infusion pump of the present disclosure. Pump 10
incorporates by reference the entire contents of U.S. Patent No. 7,674,100
("the '100 Patent") assigned to PDD Innovations Ltd, which teaches for
example at its Figs. 1 to 4 that a pump is formed by a housing (10) having
an inlet (11) for connection to a source of fluid and an outlet (12) for
pumped fluid. A rotor (15) is rotatable within the housing, and the inlet
(11) and the outlet (12) are spaced apart around the path of the rotor (15)
in the housing. The rotor (15) has surfaces (16a, 16b, 16c, 16d) that form,
with the housing (10), closed chambers (18a, 18b, 18c, 18d), which travel
around the housing (10) to convey fluid from the inlet (11) to the outlet
(12). The housing (10) carries a seal (14) that is located between the
inlet (11) and the outlet (12) in the direction of travel of the rotor
(15). The seal (14) cooperates with the rotor surfaces (16a, 16b, 16c, 16d)
as the surfaces (16a, 16b, 16c, 16d) pass between the outlet (12) and the
inlet (11) to prevent the formation of a chamber during said passage and to
prevent fluid flow from the outlet (12) to the inlet (11). Such a pump is
easily and cheaply produced. It should be appreciated however that none of
the disclosure of the '100 Patent is needed too support the presently
claimed invention.       [0051] Applicants' pump 10 as seen in present Fig.
1 likewise includes a housing 12 and a rotor 30 fitted sealingly and
removably within housing 12. Housing 12 in an embodiment is a disposable
piece that is discarded after a single use or multiple successive WO
2011/119464PCT/US2011/029145 uses, e.g., until a supply of a drug is
exhausted, and can be made for example from any suitable medically accepted
plastic, such as polyvinylchloride ("PVC") or silicone. Disposable housing
12 includes or defines an inlet 14, which can connect to a drug inlet tube
(not illustrated), leading to a supply of the drug (not illustrated).
Disposable housing 12 includes or defines an outlet 16, which can connect
to a drug outlet tube (not illustrated), leading to a patient connection,
e.g., a needle, catheter or cannula (not illustrated). 



[0052] Inlet 14 and outlet 16 are connected at all times to the inlet tube,
which is connected at all times to the drug supply (not illustrated) and
outlet tube, which is connected at all times to the patient until therapy
is completed (not illustrated), such that there is no chance for the drug's
sterility to be compromised at any intervening connecting point. In an
embodiment, rotor 30 is also a disposable piece and is sealed within
housing 12 via a membrane or cover 18. Membrane or cover 18, which can be
flexible, semi-rigid and/or rigid, is sealed to a non-rotating inner collar
32 of rotor 30, so as to completely envelop and maintain the sterility of
the fluid drug pumped through pump 10.       [0053] Disposable housing 12
defines flowpaths 20a to 20e, which communicate fluidly with rotor rings
38a to 38e, respectively, having flattened chamber-forming rotor surfaces
36a to 36e, respectively, similar to the rotor surfaces (16a, 16b, 16c,
16d) of the '100 Patent. While five flowpaths 20a to 20e and rotor rings
38a to 38e are illustrated, pump 10 can have any suitable number of such
pairs. Housing 12 also defines a notch 14a that forms part of inlet pathway
14 to allow a valve closing mechanism or occluder 56 to slide into the
notch for a desired fully opened flow as discussed in more detail below.
[0054] Flowpaths 20a to 20e are separated by divider walls 22a to 22d,
respectively, formed with disposable housing 12. Valve areas or valve seats
24a to 24d are located directly adjacent to divider walls 22a to 22d. An
initial valve area or valve seat 24i is located just upstream from flowpath
20a. Valve areas 24i and 24a to 24d are areas of a flexible membrane 26
(Fig. 3), one of which at a given time is selected by the operator to be
compressed by valve closing mechanism or occluder 56 to block flow to none,
one or more of flowpaths 20a to 20e. Flexible membrane 26 (Fig. 3) can be
of any medically accepted stretchable polymers, such as flexible PVC or
silicone sheeting, and can be ultrasonically welded, solvent bonded or heat
sealed to disposable housing 12 as desired.       [0055] Rotor 30 includes
a head 34 that rotates about stationary collar 32, which is sealed to
housing 12 via cover 18. Head 34 defines differently sized flattened
surfaces 36a to 36e, which are located along surface rings 38a to 38e. In
the illustrated embodiment, each WO 2011/119464PCT/US2011/029145 ring 38
(referring collectively to rings 38a to 38e or individually but generally
to any ring) includes four flattened surfaces 36 (referring collectively to
flattened surfaces 36a to 36e or individually but generally to any
flattened surface), however, the rings 38 could alternatively include two,
three or more than four flattened surfaces 36.       [0056] A motor 40
includes a shaft (not illustrated) that extends through stationary collar
32 and locks removably to rotor head 34 (e.g., via spring-loaded bearings
that snap into detent recesses located on the inside of rotor head 34, not
illustrated), so that motor 40 can turn head 34. In an embodiment, motor 40
is a low cost, single speed, single direction motor, such as an AC or DC
motor. Motor 40 receives current from a motor drive 42, which can be
controlled via processing and memory 44, which in turn communicates with a
user interface 46. User interface 46 can include a video readout if
desired, and one or more electromechanical input device, such as membrane
switches or a touch screen.       [0057] In one low cost embodiment, user
interface 46 includes an on/off switch 48 and informative indicia (see Fig.
2), such that it may be possible to eliminate processing and memory 44.
Here, on/off switch 48 allows or does not allow power to be applied to
motor drive 42, which in turn powers or does not power motor 40. 



[0058] Each of the just-described control structures and alternatives is
applicable to each of the embodiments of the rotary ambulatory infusion
pump described herein. The control structures and alternatives are
accordingly not repeated for other embodiments herein employing motor 40 or
other motion control.       [0059] Fig. 2 illustrates a reusable component
50 of pump 10. Reusable component 50 includes a reusable housing 52, to
which motor 40, drive 42, processing and memory 44 (if needed) and user
interface 46 (e.g., switch 48) are mounted for repeated use. Although not
illustrated, a plug or cord for outside power and/or a battery supply is
also carried by housing 52. One suitable battery operated infusion pump
system is set forth in U.S. Patent Application No. 12/573,620, filed
October 5, 2009, entitled "Infusion Pump With Battery Operation
Capability", the entire contents of which are incorporated herein by
reference and relied upon. When motor 40 carried by reusable component 50
locks into rotary head 34 for operation, reusable housing 52
correspondingly slides into operable position with disposable housing 12,
namely, so that a valve closing mechanism is positioned properly with valve
seat 24i and 24a to 24d of disposable housing 12.       [0060] Each of the
just-described structures and alternatives for reusable component 50 is
applicable to each of the embodiments of the rotary ambulatory infusion
pump 9 WO 2011/119464PCT/US2011/029145 described herein that uses a motor
40. The structures and alternatives for reusable component 50 are
accordingly not repeated for further embodiments employing the reusable
component.       [0061] Reusable housing 52, which can be made of any of
the materials described for housing 12, or of a more rugged material, such
as metal, defines an elongated slot 54, within which the operator (e.g.,
patient, nurse or clinician) moves a valve closing mechanism, selector or
occluder 56 (shown sectioned in Fig. 2) mentioned above. Detent hub
recesses 58i and 58a to 58d are located along the elongated sides of slots
54 to lock detent hubs 56a of valve closing mechanism or occluder 56 in
place at a location correspondingly above valve seats 24i and 24a to 24d,
respectively. An additional detent hub recess 58e is located to likewise
removably hold valve closing mechanism 56 in place in the fully opened flow
position when the valve closing mechanism rests inside notch 14a of inlet
pathway. The user slides valve closing mechanism 56 vertically downwardly
(in the illustrated orientation of Fig. 2) into the different detent
recesses 58a to 58e to increase drug flow. The user slides valve closing
mechanism 56 vertically upwardly (in the illustrated orientation of Fig. 2)
into the different detent recesses 58i and 58a to 58d to decrease or stop
drug flow.       [0062] As seen in Fig. 3, valve closing mechanism 56
includes a knurled or otherwise textured tab 56b, which the user grasps to
move the valve closing mechanism. A stem portion 56c extends downwardly
from tab 56b, through elongated slot 54, and into inlet pathway 14 of
disposable housing 12. Wherever stem portion 56c is slid within slot 54 and
pathway 14, the stem pushes the corresponding portion of flexible membrane
26 to the bottom of into flowpath 14 to close off flow at that location. In
Fig. 1, outlet pathway 16 is shown located one-hundred-eighty degrees from
inlet pathway 14 around rotary head 34, which helps to illustrate pump 10.
In Fig. 3, outlet pathway 16 is shown alternatively to be angularly closer
to inlet pathway 14. Likewise, a seal 60 is located in disposable hosuing
12 between inlet pathway 14 and outlet pathewya 16, which can be a
compressible seal of a suitable medical grade material, such as silicone. 



[0063] Flattened surfaces 36a to 36e are sized and numbered along surface
rings 38a to 38e, respectively, to allow for a certain flow through a
certain flowpath 20a to 20e, respectively, for a given single, constant
speed of motor 40. In this manner, a low cost motor 40 can be used to
achieve desired varying drug flowrates. This in combination with the manual
control of valve closing mechanism or occluder 56 and on/off switch 48 is
believed to provide a low cost but effective ambulatory infusion pump 10.
In the illustrated embodiment, flattened surfaces 36a are sized and
numbered to provide a drug flowrate of one milliliter  WO
2011/119464PCT/US2011/029145 ("m1") per minute if desired and if hubs 56a
of valve closing mechanism 56 is slid to lock into detent recess 58a.
Flattened surfaces 36b are sized and numbered to provide a drug flowrate of
four ml/minute, which in combination with the one ml/minute through
flowpath 20a provides a total flowrate of five ml/minute if desired and if
valve closing mechanism 56 is slid to lock into detent recesses 58b.
Flattened surfaces 36c are sized and numbered to provide a drug flowrate of
five ml/minute, which in combination with the one ml/minute through
flowpath 20a and the four ml/minute through flowpath 20b provides a total
flowrate of ten ml/minute if desired and if valve closing mechanism 56 is
slid to lock into detent recesses 58c. Flattened surfaces 36d are sized and
numbered to provide a drug flowrate of fifteen ml/minute, which in
combination with the one ml/minute through flowpath 20a, the four ml/minute
through flowpath 20b, and the five ml/minute through flowpath 20c provides
a total flowrate of twenty-five ml/minute if desired and if valve closing
mechanism or occluder 56 is slid to lock into detent recesses 58d. Finally,
flattened surfaces 36e are sized and numbered to provide a drug flowrate of
twenty-five ml/minute, which in combination with the one ml/minute through
flowpath 20a, the four ml/minute through flowpath 20b, the five ml/minute
through flowpath 20c, and the fifteen ml/minute through flowpath 20d
provides a total flowrate of fifty ml/minute if desired and if valve
closing mechanism 56 is slid to lock into the last detent recesses 58e.
[0064] In the illustrated embodiment, flattened surfaces 36a to 36e are
accordingly sized and numbered to provide a total drug flowrate of one
ml/hour, five ml/hour, ten ml/hour, twenty-five ml/hour, or fifty ml/hour
or any other suitable or desired flowrates. It should be appreciated
however that flattened surfaces 36a to 36e can be sized and numbered to
allow for other suitable and desired flowrates.       [0065] Pump 10 can
idle if on/off switch 48 is left on and valve closing mechanism 56 is slid
to lock into the initial detent recess 58i. To shut pump 10 off, the user
shuts on/off switch 48 to the off position in one embodiment. Rotor head 34
acts as a closed valve or occluder when stationary. Closing mechanism or
occluder 56 and valve seats 24i and 24a to 24d can be located alternatively
or additionally in outlet pathway 16 if desired.       [0066] While
infusion pump 10 uses flatted portions 36 of different sized to set the
desired flowrates, e.g., one, five, ten, twenty-five, and fifty ml/min, it
should be appreciated that other rotary, ambulatory structures could be
used instead. For example, a multi-finger operated rotary ambulatory
infusion pump is contemplated to provide user controlled flowrates, wherein
a user actuates one finger to choose one flow rate or actuates multiple WO
2011/119464PCT/US2011/029145 



fingers to choose a combination of flow rates. In one example, the fingers
are actuated by the user pressing a button. Dial Operated       [0067]
Referring now to Figs. 4 to 6, an alternative dial operated rotary
ambulatory infusion pump 110 is illustrated. Fig. 4 illustrates one
embodiment of a reusable component 150, which includes a clamshell type
housing 152 that encloses a disposable housing 112. Clamshell housing 152
defines an aperture 154 that allows a rotor 130 to lock onto the shaft of
motor 40 as discussed above, and for disposable housing 112 to be loaded
into clamshell housing 152 in a single step from a direction indicted by
arrow A. Reusable component 150 and disposable housing 152 can be made of
any of the materials described above for pump 10.       [0068] Fig. 5
illustrates that disposable housing 112 includes an annular portion 112a,
enclosing rotor 130, and a tube guiding portion 112b. Annular portion 112a
houses a seal 120 between inlet pathways 124 and outlet pathewys 126, which
is analogous to seal 60 of pump 10. It should be appreciated that seal 120
(as with seal 60) can be a contiguous flexible seal used for each of
chamber-forming rotor surfaces 136a to 136e. Alternatively, seal 120 is
split into separate flexible seals (e.g., 120a to 120e, not illustrated),
which are each sized for operation with the corresponding size of
chamber-forming rotor surfaces 136a to 136e of rings 138a to 138c,
respectively. For example, seal 120b would be larger than seal 120a, seal
120c would be larger than seal 120b, seal 120d would be larger than seal
120c, and seal 120e would be larger than seal 120d.       [0069] Tube
guiding portion 112b (i) guides inlet tubes 114a to 114e (only 114a shown
in side view of Fig. 5) to sealingly connect with corresponding inlet ports
124a to 124e (only 124a shown side view of Fig. 5) extending from annular
portion 112a of disposable housing 112 and (ii) guides outlet tubes 116a to
116e (all shown in top view of Fig. 6) to sealingly connect with
corresponding outlet ports 126a to 126e (all shown in top view of Fig. 6)
extending from annular portion 112a of disposable housing 112. Inlet tubes
114a to 114e connect to an overall inlet manifold 114, which connects
fluidly and sealingly to a supply of a drug (not illustrated). Outlet tubes
116a to 116e connect to an overall outlet manifold 116, which connects
fluidly and sealingly to a patient catheter, needle or cannula (not
illustrated).  WO 2011/119464PCT/US2011/029145       [0070] In Fig. 5, the
outlet tubing is coordinated on the top of tube guiding portion 112b, while
the inlet tubing is coordinated on the bottom of tube guiding portion 112b.
In an alternative embodiment, the tubing of outlet tubing is coordinated on
the top of tube guiding portion 112b is replaced by flowpaths molded into
tube guiding portion 112b, and path occluding is done alternatively by
moving a stretchable membrane similar to the operation of pump 10. 



[0071] Tube guiding portion 112b of disposable housing 112 also defines an
aperture 118 that, for example snap-fittingly, receives a rotating pin 158
fixed to lower rotating occluder dial 154 and upper rotating occluder dial
or selector 156, all of reusable component 150. Rotating pin 158 is held
rotatably fixed to extension plate 160, which extends from clamshell
housing 152, so as to hold lower rotating occluder dial 154 and upper
rotating occluder dial 156 in a single arrangement with clamshell housing
152. It should be appreciated that lower rotating occluder dial 154 and
upper rotating occluder dial 156 rotate with respect to disposable housing
112, clamshell housing 152, and extension plate 160.       [0072] Clamshell
housing 152 is provided with a hinge 162 that allows lower clamshell 152a
to be hinged away from upper clamshell 152b when (i) disposable housing 112
is fitted to motor 40, which is fixed to lower clamshell 152a, and (ii)
tube guiding portion 112b is fitted or snapped onto rotating pin 158. Upper
clamshell 152b is then closed over disposable housing 112 to help stabilize
rotor 130 during operation.       [0073] Lower rotating occluder dial 154
and upper rotating occluder dial 156 are provided with, and in an
embodiment formed with, semicircular occluders 164 and 166, respectively.
Semicircular occluders 164 and 166 in an embodiment extend for a vertical
distance less than the outside diameters of tubing 114 and 116 (including
all port tubes 114a to 114e and 116a to 116e), so as to allow room for
compressed tube thicknesses when tubing 114 and 116 is occluded fully. The
circumferential length of semicircular occluders 164 and 166 is set in one
embodiment to be able to occlude all port tubes 114a to 114e and 116a to
116e when handle 168 is turned counterclockwise to the "off' position,
which is printed or formed into stationary tube guiding portion 112b in the
illustrated embodiment. It should be appreciated however that in the "off'
position, if manifold tubing 114 and 116 is occluded then all flow is
stopped even if some of port tubes 114a to 114e and 116a to 116e remain
open, such that semicircular occluders 164 and 166 may be shortened and/or
customized, e.g., provided with individual teeth for individual tubes at
certain positions of handle 168.  WO 2011/119464PCT/US2011/029145
[0074] As illustrated in Fig. 6, when handle 168 points to the "off'
position, all tubing 114 and 116 (including all port tubes 114a to 114e and
116a to 116e) is occluded, so that no flow can flow into or out of pump 10.
It may be found that only one of lower occluder 164 or upper occluder 166
is needed, in which case it is contemplated to provide only the desired
inlet or outlet occluder 164 or 166. Although not illustrated, detent
recesses (formed, e.g., on top and bottom of tube guiding portion 112b) can
receive a mating detent hub (formed, e.g., one each of the upper surface of
lower rotating occluder dial 154 and one on the lower surface of upper
rotating occluder dial 156) so as to releasably hold rotating occluder
dials 154 at a desired one of the set flow positions.       [0075] When the
user rotates handle 168 from the "off' position to the "1 ml/min" position,
inlet tube 114a and outlet tube 116a, communicating fluidly with the one
ml/minute producing chamber-forming rotor surfaces 136a, are allowed to
open, such that the constant angular speed of rotor 130 produces the
desired flow of one ml/minute. When the user rotates handle 168 from the "1
ml/min" position to the "5 ml/min" position, inlet tube 114b and outlet
tube 116b, communicating fluidly with four ml/minute producing
chamber-forming rotor surfaces 136b, are also allowed to open, such that
the constant angular speed of rotor 130 produces the desired overall flow
of five ml/minute (all previously opened tubes remaining open). When the
user rotates handle 168 from the "5 ml/min" position to the "10 ml/min"
position, inlet tube 114c and outlet tube 116c, communicating fluidly with
five ml/minute producing chamber-forming rotor surfaces 136c, are allowed
to open, such that the constant angular speed of rotor 130 produces the
desired overall flow of ten ml/minute (all previously opened tubes
remaining open). When the user rotates handle 168 from the "10 ml/min"
position to the "25 ml/min" position, inlet tube 114d and outlet tube 116d,
communicating fluidly with fifteen ml/minute producing chamber-forming
rotor surfaces 136d, are allowed to open, such that the constant angular
speed of rotor 130 produces the desired overall flow of twenty-five
ml/minute (all previously opened tubes remaining open). Finally, when the
user rotates handle 168 from the "25 ml/min" position to the "50 ml/min"
position, inlet tube 114e and outlet tube 116e, communicating fluidly with
twenty-five ml/minute producing chamber-forming rotor surfaces 136e, are
allowed to open, such that the constant angular speed of rotor 130 produces
the desired overall flow of fifty ml/minute (all previously opened tubes
remaining open).  



WO 2011/119464PCT/US2011/029145 Non-Pulsatile Flow       [0076] With either
pump 10 or pump 110, it is contemplated to stagger chamber-forming rotor
surfaces 36 and 136 (referring collectively to surfaces 36a to 36e and 136a
to 136e, respectively) in the different rings to produce a more continuous
flow as more and more of the flowpaths are opened for higher flowrates. For
example, in Fig. 1, the four of each of surfaces 36a to 36e are all facing
the same four directions, that is the axis lines orthogonal to surfaces 36a
to 36e, separated by ninety degrees, are all aligned. It is contemplated
for example to rotate surfaces 36b, such that they are forty-five degrees
out of phase with surfaces 36a. Thus when the user increases flow from one
ml/minute to five ml/minute, the flow becomes more continuous, because
there are now eight output strokes per full revolution of rotor 30 as
opposed to four. Similarly, surfaces 36c can be rotated 22.5 degrees, so as
to be 22.5 degrees out of phase with surfaces 36a and 36c. Here, when the
user increases flow from five ml/minute to ten ml/minute, the flow becomes
even more continuous, because there are now twelve output strokes per full
revolution of rotor 30 as opposed to eight. Further, surfaces 36d can be
rotated 67.5 degrees, so as to be 22.5 degrees out of phase with surfaces
36a and 36c, and forty-five degrees out of phase with surfaces 36b. Here,
when the user increases flow from ten ml/minute to fifteen ml/minute, the
flow becomes still even more continuous, because there are now sixteen
output strokes per full revolution of rotor 30 as opposed to eight. Because
surfaces 36d and 36e provide the largest amount of the overall flowrate
upon full flow, it is contemplated to rotate surfaces 36e so as to be
ninety degrees out of phase with surfaces 36d, which would cause surfaces
36e to be aligned with surfaces 36c in the above example. Nevertheless,
flow pulsatility would be further dampened.       [0077] Staggering
chamber-forming rotor surfaces is not limited to when the different rings
of surfaces have different, e.g., increasing, sizes as has been shown with
pumps 10 and 110. Fig. 7 illustrates alternative rotor 230, in which each
ring or layer of chamber-forming rotor surface includes surfaces of the
same size. Rotor 230, which can be made of any of the materials described
herein, includes an inlet 232 and an outlet 234 for each ring or level of
chamber-forming rotor surfaces. Rotor 230 also houses a seal 260, e.g.,
compressible plastic or silicone, which can be contiguous for each ring or
level of chamber-forming rotor surfaces or be provided as a separate seal
for each chamber-forming rotor surface. The illustrated inlet 232 and
outlet 234 operate with the uppermost level of chamber-forming rotor
surfaces 236a, which are illustrated as currently being orthogonal to axis
a-a. A non-illustrated inlet (such as WO 2011/119464PCT/US2011/029145 232)
and outlet (such as 234) operate with an intermediate (into the page) ring
or level of chamber-forming rotor surfaces 236b, which are illustrated as
currently being orthogonal to axis b-b. A further non-illustrated inlet
(such as 232) and outlet (such as 234) operate with a lower-most (into the
page) level of chamber-forming rotor surfaces 236c, which are illustrated
as currently being orthogonal to axis c-c.       [0078] In Fig. 7,
chamber-forming rotor surfaces 236b are out of phase with chamber-forming
rotor surfaces 236a by thirty degrees. Chamber-forming rotor surfaces 236c
are also out of phase with chamber-forming rotor surfaces 236b by thirty
degrees. Chamber-forming rotor surfaces 236a are likewise out of phase with
chamber-forming rotor surfaces 236c by thirty degrees. Thus even though
only three rings of chamber-forming rotor surfaces 236a to 236c are
provided, and the size of surfaces 236a to 236c is relatively small,
outlets 234 for each axes a-a, b-b, and c-c provide in combination a
virtual continuous flow. It is contemplated to use the rotor of Fig. 7 in
either the case where (i) the drug is always flowing through the channels
of each axis a-a, b-b, and c-c; or (ii) the channels of axes a-a, b-b, and
cc are valved or capable of being occluded as with pumps 10 and 110. Pumped
Flow In Selectable Combination With Gravity Fed Flow 



[0079] In many drug infusion applications, it is desirable to let gravity
feed the drug to the patient. Gravity flow is in many cases sufficient for
the drug and its purpose. Gravity flow is advantageous because the lack of
a pump results in a system that will not over-pressurize the patient, that
is, there is no pump to attempt to fight through a blockage or occlusion.
Each of the pumping systems shown below providing pumped flow in selectable
combination with gravity fed flow is shown with a single pump flowpath for
ease of illustrating the pump and gravity combination. It should be
appreciated however that any of the pumping systems shown below providing
pumped flow in selectable combination with gravity fed flow can be combined
alternatively with the multi-flowpath, variable flow embodiments discussed
above, including each of their alternatives.       [0080] Referring now to
Figs. 8 and 9, rotary ambulatory infusion pump 310 illustrates one
embodiment of a pumping system providing pumped flow in selectable
combination with gravity fed flow. Infusion pump 310, which can be made of
any of the materials described herein, includes a disposable housing 312
having an inlet 314 for connecting to a source of a drug and an outlet 316
for connecting to the patient. Disposable WO 2011/119464PCT/US2011/029145
housing 312 is fitted tightly to disposable rotor 330 having
chamber-forming rotor surfaces 336 for rotary pumping of a drug as has been
described in detail above.       [0081] Infusion pump 310 also provides a
retention wall 340, which can be part of disposable housing 312 or part of
the reusable portion of infusion pump 310, e.g., the wall to which motor 40
(not illustrated) is mounted. In either case, a tear-off type o-ring spacer
320 is provided to initially hold housing 312 (at least the part of housing
112 illustrated to include inlet 314 and outlet 316) in a spaced apart
manner with respect to retention wall 340. As seen in Fig. 8, when spacer
320 is in place and housing 312 is spaced apart from retention wall 340,
the drug is allowed to gravity flow from the inlet pathway 314, through a
gravity flowpath 318, and through outlet pathway 316 to the patient.
[0082] As seen in Fig. 9, when the user removes spacer 320, housing 312 can
be collapsed onto rotor 330 and abutted against retention wall 340.
Although not illustrated, mating detent recesses and hubs can be provided
between housing 312 and retention wall 340 to hold housing 312 in the
collapsed position. Or, housing 312 can be threaded to retention wall 340
to hold housing 312 in the collapsed position, such that inlet 314 and
outlet 316 are in a desired alignment with respect to the rest of infusion
pump 310. In any case, as seen in Fig. 9, when housing 312 is collapsed
onto rotor 330, (i) gravity-fed pathway 318 is closed, and (ii)
chamber-forming rotor surfaces 336 are in fluid communication with inlet
314 and outlet 316 to allow for pumped flow. Here, the drug is pumped to
the patient and not gravity fed via rotation of rotor 330.       [0083] In
an alternative embodiment, housing 312 and rotor 330 are structured such
that chamber-forming rotor surfaces 336 are not in fluid communication with
the inlet 314 and outlet 316 when spacer 320 is in place spacing apart
housing 312 from retention wall 314. Here, the drug cannot be pumped even
if pump 310 is mistakenly energized when spacer 320 is in place.
[0084] Referring now to Figs. 10 and 11, rotary ambulatory infusion pump
410 illustrates a second embodiment of a pumping system providing pumped
flow in selectable combination with gravity fed flow, which operates very
similar to pump 310. Infusion pump 410, which can be made of any of the
materials described herein, includes a disposable housing 412 having an
inlet 414 for connecting to a source of a drug and an outlet 416 for
connecting to the patient. Disposable housing 412 is fitted tightly to a
disposable rotor 430 having chamber-forming rotor surfaces 436 for rotary
pumping of a drug as has been described in detail above. 



WO 2011/119464PCT/US2011/029145       [0085] Infusion pump 410 does not use
the retention wall or o-ring spacer of pump 310. Instead, housing 412 is
provided with internal threads 422 that mate with external threads 442 of a
bushing 440 threaded to housing 412. Bushing 440 in an embodiment is part
of the reusable portion of pump 410 and in any case is fixed to the main
body of pump 410, such that movement of housing 412 relative to bushing 440
results in a movement of housing 412 relative to the entire pump 410.
[0086] As seen in Fig. 10, when housing 412 is in an upper, first
translational location relative to bushing 440, the drug is allowed to
gravity flow from the inlet pathway 414, through a gravity-fed flowpath
418, through outlet pathway 416 to the patient. As seen in Fig. 11, when
housing 412 is rotated to a lower, second translational location relative
to bushing 440, (i) gravity pathway 418 is closed, and (ii) chamber-forming
rotor surfaces 436 maintain fluid communication with inlet 414 and outlet
416 to allow for pumped flow. Here, the drug is pumped to the patient and
not gravity fed.       [0087] In an alternative embodiment, housing 412 and
rotor 430 are structured such that chamber-forming rotor surfaces 436 are
not in fluid communication with the inlet 414 and outlet 416 housing 412 is
in the upper, first translational location relative to bushing 440. Here,
the drug cannot be pumped even if pump 410 is mistakenly energized when
housing 412 is in the upper, first translational location.       [0088]
Referring now to Figs. 12 and 13, rotary ambulatory infusion pump 510
illustrates a third embodiment of a pumping system providing pumped flow in
selectable combination with gravity fed flow. Infusion pump 510, which can
be made of any of the materials described herein, includes a disposable
housing 512 having an outer wall 512a connected to an inlet pathway 514 for
connecting to a source of a drug and an outlet pathway 516 for connecting
to the patient. Disposable housing 512 includes an inner wall 512b, which
is compressively sealed to outer wall 512a or is alternatively threaded to
outer wall 512a in luer lock type of arrangement.       [0089] Disposable
inner wall 512b is fitted tightly to disposable rotor 530 having lower
chamber-forming rotor surfaces 536 for rotary pumping of a drug as has been
described in detail above. Disposable rotor 530 also defines an upper
annular ring 538, which extends three-hundred-sixty degrees about rotor
530, such that an inlet 524a of inner wall 512b is always in communication
with an outlet 526a of inner wall 512b regardless of the rotational
position of rotor 530 with respect to inner wall 512b. Inner wall 512b also
defines an inlet WO 2011/119464PCT/US2011/029145 524b and an outlet 526b,
which communicate with chamber-forming rotor surfaces 536 when the surfaces
are rotated into communication with inlet 524b and outlet 526b. 



[0090] Disposable outer wall 512a defines in an inlet 544, which
communicates with inlet pathway 514, and an outlet 546, which communicates
with outlet pathway 516. As seen in Fig. 12, when inner wall 512b is in a
first translational state relative to outer wall 512a, the drug is gravity
fed from inlet tube 514, through outer wall inlet 544, through inner wall
inlet 524a, around annular groove 538, out inner wall inlet 526a, out outer
wall inlet 546, and though outlet tube 516 to the patient.       [0091] As
seen in Fig. 13, when inner wall 512b is translated upwardly relative to
outer wall 512a, e.g., via a sliding compression seal movement or via a
threaded luer lock seal movement, inner wall inlet 524a, annular groove
538, and inner wall outlet 526a are moved out of fluid communication with,
outer wall inlet 544, inlet pathway 514, outer wall outlet 546, and outlet
pathway 516. At the same time, inner wall pumping inlet 524b,
chamber-forming rotor surfaces 536, and inner wall pumping outlet 526b are
moved into fluid communication with outer wall inlet 544, inlet pathway
514, outer wall outlet 546, and outlet pathway 516, such that the drug can
now be pumped to the patient. It is contemplated that the compression seal
or luer lock seal between outer wall 512a and inner wall 512b is maintained
such that pump 510 can be switched back and forth between gravity feeding
the drug in Fig. 12 and pumping the drug in Fig. 13 multiple times.
[0092] Referring now to Figs. 14 and 15, rotary ambulatory infusion pump
610 illustrates a forth embodiment of a pumping system providing pumped
flow in selectable combination with gravity fed flow. Infusion pump 610,
which can be made of any of the materials described herein, includes a
disposable housing having an outer wall 612a defining an inlet 614 for
connecting to a source of a drug, a first outlet 616a for connecting
gravity fed drug flow to the patient and a second outlet 616b for
connecting pumped drug flow to the patient.       [0093] The disposable
housing also includes an inner wall 612b, which is held rotatably fixed
within outer wall 612a via stoppers 622 and 624 Inner wall 612b includes a
compressible seal 660, as has been described herein, and operates with
rotor 630, defining chamber-forming rotor surfaces 636, for pumped flow, as
has been described herein. Inner wall 612b also includes or defines pump
inlet 644 and pump outlet 646.       [0094] In Fig. 14, the drug is gravity
fed. Here, outer wall inlet 614 delivers a drug into a space 640 located
between inner wall 612b and outer wall 612a and set via stoppers WO
2011/119464PCT/US2011/029145 622 and 624. The fluid flows through space
640, around inner wall 612b and around stopper 624 to gravity flow outlet
616a. In Fig. 14, stopper 622 plugs pumped flow outlet 616b, so no drug
flows through that outlet. Also, pump inlet 644 and pump outlet 646 of
inner wall 612b are sealed against the inside surface of outer wall 612a.
[0095] In Fig. 15, the drug is pumped to the patient. Here, inner wall 612b
has been turned approximately forty-five degrees relative to outer wall
612a. Now, pump inlet 644 of inner wall 612b communicates with outer wall
inlet 614. Also, pump outlet 646 of inner wall 612b now communicates with
outer wall pump outlet 616b. Further, stopper 624 is rotated to plug outer
wall gravity flow outlet 616a. Stopper 622 is rotated out of the way. In
Fig. 15, when motor 40 drives rotor 630, the drug is pumped through outer
wall inlet 614, through inner wall pump inlet 644, is spun by rotor
surfaces 636 to inner wall pump outlet 646 and out outer wall pump outlet
616b, and is thereby pumped to the patient. 



[0096] It should be appreciated that in an alternative embodiment, instead
of the rotary ambulatory infusion pump having two outlets, such as first
outlet 616a and second outlet 616b shown in Figs. 14 and 15, the rotary
ambulatory infusion pump has only one outlet. For example, in one
embodiment second outlet 616b, and stoppers 622 and 624 of the rotary
ambulatory infusion pump shown in Fig. 15 are removed. In this embodiment,
fluid flowing through fluid space 640 is not blocked at pump outlet 646,
and can be pumped through pump outlet 646 to the remaining outer wall
outlet 616a. Direct Coupling To Intravenous ("IV") Bag       [0097]
Referring now to Fig. 16, rotary ambulatory infusion pump assembly 710
illustrates one embodiment of a direct coupling of the rotary ambulatory
infusion pump to an intravenous ("IV") bag, namely IV bag 740, is
illustrated. Bag 740 defines a bag port 742. Housing 712 of pump assembly
710 is permanently (e.g., formed with, welded to, solvent bonded to, or
heat sealed to) or releasably (e.g., via a snap-fit) secured to bag port
742. For example, the disposable portion of the pump of pump assembly 710
can be formed with bag port 742, while the reusable portion of pump
assembly 710 can be releasably secured to the disposable portion of the
pump, for example, via the motor 40 to rotor connection.       [0098] Rotor
730 of pump assembly 710, including chamber-forming rotor surfaces 736, is
fitted sealingly within housing 712 for pump operation according to
teachings set forth repeatedly herein. Inlet pathway 714 leads from bag 740
to chamber-forming rotor surfaces 736. Outlet pathway 716 leads from
chamber-forming rotor surfaces 736 to the  WO 2011/119464PCT/US2011/029145
patient. Fig. 16 illustrates that the patient connection to outlet pathway
716 can extend radially ("r") away from outlet pathway 716 or
longitudinally ("1") away from the outlet pathway.       [0099] Pump
assembly 710 eliminates the inlet tubing from the IV bag to the pump,
further reducing cost. Pump assembly 710 also provides an efficient, out of
the way location to mount the infusion pump. It should be appreciated that
while pump assembly 710 shows the rotary pump having only a single ring of
chamber-forming rotor surfaces 736, multiple rows of chamber-forming rotor
surfaces 736 could be provided alternatively according to the teachings
above for variable flow and/or pulsatility dampening purposes. 



[00100]Referring now to Figs. 17 and 18, rotary pump assembly 810
illustrates another embodiment of a direct coupling of a rotary ambulatory
infusion pump to an IV bag, and here adds alternative gravity flow
capability. Assembly 810 includes a disposable housing 812, which in the
illustrated embodiment is formed with or welded to IV bag 840. Housing 812
includes an outer housing portion 812a and an inner housing portion 812b,
which is translationally engaged to outer housing portion 812a, e.g., via a
sliding compression seal arrangement or a threaded luer lock arrangement
discussed above also with respect to pump 510 . Outer housing portion 812a
defines an inlet pathway 814 and an outlet pathway 816. Inlet pathway 814
communicates fluidly with the drug stored in IV bag 840, which again
eliminates the need for separate inlet tubing. Outlet pathway 816
communicates fluidly with the patient, e.g., via a needle, catheter or
cannula. Outlet pathway 816 also includes dual passageways 818 and 820
leading to sealed inner housing portion 812b        [00101] Inner housing
portion 812b defines a first, upper inlet 824 a first, upper outlet 826, a
second, lower inlet 844 and a second, lower outlet 846. Rotor 830 fits
sealingly inside inner housing portion 812b according to the teachings
provided herein repeatedly and moves with inner housing portion 812b. Rotor
830 includes chamber-forming rotor surfaces 836 that are placed in
communication with lower inlet 844 and lower outlet 846 when rotor 830 is
rotated. Rotor 830 also defines dual annular channels 838 that communicate
fluidly via one or more vertical channel. Annular channels 838 spans
three-hundred-sixty degrees around rotor 830 and allow upper inlet 824 to
communicate with upper outlet 826 regardless of the rotational position of
rotor 830. [00102]When the patient desires, or the prescription calls for,
pumped drug flow, the patient leaves inner housing 812b in the position of
as seen in Fig. 17, wherein inner housing portion 812b is in a lower
translational position relative to outer housing portion WO
2011/119464PCT/US2011/029145 812a, such that the drug is pumped from bag
840, through inlet pathway 814 and inlet 844, around rotor 830 via rotation
of chamber-forming rotor surfaces 836, out outlet 846 and channel 820 of
outlet pathway 816 to the patient. In this lower translational position,
drug from bag 840 cannot reach upper inlet 824 of inner housing portion
812b, so that only pumped flow occurs. 



[00103]When the patient desires, or the prescription calls for, gravity
pump flow, the patient leaves or places inner housing 812b in the position
shown in Fig. 18, wherein inner housing portion 812b is in an upper
translational position relative to outer housing portion 812a, such that
inlet 824 and upper annular groove 838 lie inside bag 840, and so that the
drug can be gravity fed from bag 840 (i) through inlet 824 of inner housing
portion 812b, through annular grooves 838, out outlet 826 and channel 818
of outlet pathway 816 to the patient. In this upper translational position,
inlet 844 and outlet 846 of inner housing portion 812b are blocked, so that
only gravity flow occurs. [00104]In an embodiment, inner housing portion
812b and rotor 830 break a seal of bag 840 when pushed up into bag 840 as
illustrated in Fig. 18. In such a case, inlet 824 and the upper annular
groove 838 and vertical groove connecting the upper and lower annular
grooves 838 can be removed. Instead, one or more vertical groove (not
illustrated) can be provided extending from the lower (remaining) annular
groove 838 up through the top of rotor 830. In Fig. 17, the top of the one
or more vertical groove is covered by the bag film. When the bag film is
pierced in Fig. 18, the drug can gravity flow down the one or more vertical
groove into the remaining annular groove 838 and out of housing 812 as
described above. [00105]Although not illustrated, inner housing portion
812b and outer housing portion 812a can having mating detent recesses and
hubs or end of travel luer lock positions, so as to releasably secure the
inner housing portion 812b in the respective positions relative to outer
housing portion 812a shown in Figs. 17 and 18. [00106]Referring now to
Figs. 19 and 20, assemblies 900a and 900b illustrate different combinations
for joining the rotary pumps of the present disclosure to an IV bag 940. In
assembly 900a of Fig. 19, motor 40 is pre-fitted to pump 910a, which are
then both connected to IV bag 940, e.g., via a luer lock connection. In
assembly 900b of Fig. 20, the disposable portion of pump 910b is connected
first to IV bag 940, e.g., via a luer lock connection. Then, motor 40 is
slid into the rotor of pump 910b for operation. As illustrated, both
assemblies 900a and 900b pump out to the patient via patient line 916
(similar patient 



WO 2011/119464PCT/US2011/029145 line is provided with each embodiment
described herein). Other reusable parts of pump 910b, besides motor 40, can
be pre-fitted to the disposable portion of pump 910b or to motor 40 as
desired. Additional Aspects of the Present Disclosure [00107]It is
expressly contemplated to use any of the structure and functionality
disclosed in association with infusion pump 10 of Figs. 1 to 3, where
applicable, with any of the other infusion pumps and other structures
discussed herein. [00108]It is expressly contemplated to use any of the
structure and functionality disclosed in association with infusion pump 110
of Figs. 4 to 6, where applicable, with any of the other infusion pumps and
other structures discussed herein. 



[00109] It is expressly contemplated to use any of the structure and
functionality disclosed in association with rotor 230 of Fig. 7, where
applicable, with any of the other infusion pumps and other structures
discussed herein. [00110]It is expressly contemplated to use any of the
structure and functionality disclosed in association with infusion pump 310
of Figs. 8 and 9, where applicable, with any of the other infusion pumps
and other structures discussed herein.        [00111] It is expressly
contemplated to use any of the structure and functionality disclosed in
association with infusion pump 410 of Figs. 10 and 11, where applicable,
with any of the other infusion pumps and other structures discussed herein.
[00112] It is expressly contemplated to use any of the structure and
functionality disclosed in association with infusion pump 510 of Figs. 12
and 13, where applicable, with any of the other infusion pumps and other
structures discussed herein.        [00113] It is expressly contemplated to
use any of the structure and functionality disclosed in association with
infusion pump 610 of Figs. 14 and 15, where applicable, with any of the
other infusion pumps and other structures discussed herein.        [00114]
It is expressly contemplated to use any of the structure and functionality
disclosed in association with infusion pump 710 of Fig. 16, where
applicable, with any of the other infusion pumps and other structures
discussed herein. [00115]It is expressly contemplated to use any of the
structure and 



functionality disclosed in association with infusion pump 810 of Figs. 17
and 18, where applicable, with any of the other infusion pumps and other
structures discussed herein.  WO 2011/119464PCT/US2011/029145 [00116]It is
expressly contemplated to use any of the structure and functionality
disclosed in association with assembly 900a of Fig. 19, where applicable,
with any of the other infusion pumps and other structures discussed herein.
[00117]It is expressly contemplated to use any of the structure and
functionality disclosed in association with assembly 900b of Fig. 20, where
applicable, with any of the other infusion pumps and other structures
discussed herein. [00118]It should be understood that various changes and
modifications to the 



presently preferred embodiments described herein will be apparent to those
skilled in the art. Such changes and modifications can be made without
departing from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore intended that
such changes and modifications be covered by the appended claims.  WO
2011/119464PCT/US2011/029145 CLAIMS The invention is claimed as follows:
1. An infusion pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b)
comprising: a housing (12, 112, 312, 412, 512, 612a/612b, 712, 812);
a rotor (30, 130, 230, 330, 430, 530, 630, 730, 830) inserted into the
housing, the rotor including a first ring (38a, 138a) of surfaces (36a,
136a, 236a, 336, 436, 536, 636, 736, 836) that form channels with the
housing, and a second ring (38b, 138b) of surfaces (36b, 136b, 236b, 336,
436, 536, 636, 736, 836) that form channels with the housing, the second
channel forming surfaces radially offset from the first channel forming
surfaces; and 



a motor (40) operably engaged to rotate the rotor to cause the first and
second channel forming surfaces to pump a flow of fluid, the radial
offsetting of the second channel forming surfaces from the first channel
forming surfaces dampening a pulsatility of the flow of fluid.        2.
The infusion pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b)
according to claim 1, wherein the first channel forming surfaces (36a,
136a, 236a, 336, 436, 536, 636, 736, 836) are sized to produce a first
flowrate, and the second channel forming surfaces (36b, 136b, 236b, 336,
436, 536, 636, 736, 836) are sized to produce a second flowrate different
than the first flowrate.        3. The infusion pump (10, 110, 310, 410,
510, 610, 710, 810, 910a, 910b) according to claims 1 or 2, wherein the
rotor (30, 130, 230, 330, 430, 530, 630, 730, 830) includes a third ring
(38c, 138c) of surfaces (36c, 136c, 236c, 336, 436, 536, 636, 736, 836)
that form channels with the housing (12, 112, 312, 412, 512, 612a/612b,
712, 812), the third channel forming surfaces sized to produce a third
flowrate different than the first and second flowrates.        4. The
infusion pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b) according
to any one of the preceding claims, wherein the rotor (30, 130, 230, 330,
430, 530, 630, 730, 830) includes a third ring (38c, 138c) of surfaces
(36c, 136c, 236c, 336, 436, 536, 636, 736, 836) that form channels with the
housing (12, 112, 312, 412, 512, 612a/612b, 712, WO
2011/119464PCT/US2011/029145 812), the third channel forming surfaces
radially offset from the first and second channel forming surfaces to
further dampen the pulsatility of the flow of fluid.        5. The infusion
pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b) according to any
one of the preceding claims, which includes a selector (56, 154/156/168)
configured to slide linearly to selectively (i) occlude flow to both the
first ring (38a, 138a) of channel forming surfaces (36a, 136a, 236a, 336,
436, 536, 636, 736, 836) and the second ring (38b, 138b) of channel forming
surfaces (36b, 136b, 236b, 336, 436, 536, 636, 736, 836), (ii) occlude flow
to the second ring of channel forming surfaces only, or (iii) allow flow to
both the first ring of channel forming surfaces and the second ring of
channel forming surfaces.        6. The infusion pump (10, 110, 310, 410,
510, 610, 710, 810, 910a, 910b) according to any one of the preceding
claims, which includes a selector (56, 154/156/168) configured to slide
linearly to selectively (i) close a first membrane valve (24i) for the
first ring (38a, 138a) of channel forming surfaces (36a, 136a, 236a, 336,
436, 536, 636, 736, 836) and a second membrane valve (24a) for the second
ring of channel forming surfaces, (ii) close the second membrane valve for
the second ring (38b, 138b) of channel forming surfaces (36b, 136b, 236b,
336, 436, 536, 636, 736, 836) only, or (iii) allow both the first and
second valves to be open. 



7. The infusion pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b)
according to any one of the preceding claims, which includes a selector
(56, 154/156/168) configured to rotate to selectively (i) occlude flow to
both the first ring (38a, 138a) of channel forming surfaces (36a, 136a,
236a, 336, 436, 536, 636, 736, 836) and the second ring (38b, 138b) of
channel forming surfaces (36b, 136b, 236b, 336, 436, 536, 636, 736, 836),
(ii) occlude flow to the second ring of channel forming surfaces only, or
(iii) allow flow to both the first ring of channel forming surfaces and the
second ring of channel forming surfaces.        8. The infusion pump (10,
110, 310, 410, 510, 610, 710, 810, 910a, 910b) according to any one of the
preceding claims, which includes a selector (56, 154/156/168) configured to
rotate to selectively (i) close a first tube (114a/116a) for the first ring
(38a, 138a) of channel forming surfaces (36a, 136a, 236a, 336, 436, 536,
636, 736, 836) and a second tube (114b/116b) for the second ring (38b,
138b) of channel forming surfaces (36b, 26 WO 2011/119464PCT/US2011/029145
136b, 236b, 336, 436, 536, 636, 736, 836), (ii) close the second tube for
the second ring of channel forming surfaces only, or (iii) allow both the
first and second tubes to be open.        9. The infusion pump (10, 110,
310, 410, 510, 610, 710, 810, 910a, 910b) according to any one of the
preceding claims, which includes a selector (56, 154/156/168) configured to
rotate to selectively (i) close a first tube (114a, 116a) for both the
first ring (38a, 138a) of channel forming surfaces (36a, 136a, 236a, 336,
436, 536, 636, 736, 836) and the second ring (38b, 138b) of channel forming
surfaces (36b, 136b, 236b, 336, 436, 536, 636, 736, 836), (ii) close a
second tube (114b, 116b) for the second ring of channel forming surfaces
only, or (iii) allow both the first and second tubes to be open.        10.
The infusion pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b)
according to any one of the preceding claims, which includes a selector
(56, 154/156/168) configured to be rotated to selectively (i) close a first
membrane valve (24i) for the first ring (38a, 138a) of channel forming
surfaces (36a, 136a, 236a, 336, 436, 536, 636, 736, 836) and a second
membrane valve (24a) for the second ring (38b, 138b) of channel forming
surfaces (36b, 136b, 236b, 336, 436, 536, 636, 736, 836), (ii) close the
second membrane valve for the second ring of channel forming surfaces only,
or (iii) allow both the first and second valves to be open.        11. The
infusion pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b) according
to any one of the preceding claims, wherein the housing (12, 112, 312, 412,
512, 612a/612b, 712, 812) and rotor (30, 130, 230, 330, 430, 530, 630, 730,
830) are part of a disposable portion of the infusion pump. 



12. The infusion pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b)
according to any one of the preceding claims, wherein the housing (12, 112,
312, 412, 512, 612a/612b, 712, 812) is connected to at least one of: a
supply bag line, a patient line 916 and a supply bag (740, 840, 940).
13. The infusion pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b)
according to any one of the preceding claims, wherein at least one of the
motor (40) and the WO 2011/119464PCT/US2011/029145 housing (12, 112, 312,
412, 512, 612a/612b, 712, 812) is part of a reusable portion of the
infusion pump.        14. The infusion pump (10, 110, 310, 410, 510, 610,
710, 810, 910a, 910b) according to any one of the preceding claims, wherein
the housing (12, 112, 312, 412, 512, 612a/612b, 712, 812) and the rotor
(30, 130, 230, 330, 430, 530, 630, 730, 830) are part of a first portion of
the infusion pump and an occluding selector (56, 154/156/168) and the motor
(40) are part of a second portion of the infusion pump, the first and
second portions being configured to be connected such that (i) the housing
comes into operational communication with the selector and (ii) the rotor
comes into operational communication with the motor.        15. The
infusion pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b) according
to claim 14, wherein the first and second portions are configured to be
connected such that that (i) the housing (12, 112, 312, 412, 512,
612a/612b, 712, 812) coming into operational communication with the
selector (56, 154/156/168) and (ii) the rotor (30, 130, 230, 330, 430, 530,
630, 730, 830) coming into operational communication with the motor (40)
occur virtually simultaneously.        16. The infusion pump (10, 110, 310,
410, 510, 610, 710, 810, 910a, 910b) according to claim 14, wherein the
first and second portions are configured to be connected such that that (i)
the housing (12, 112, 312, 412, 512, 612a/612b, 712, 812) coming into
operational communication with the selector (56, 154/156/168) and (ii) the
rotor (30, 130, 230, 330, 430, 530, 630, 730, 830) coming into operational
communication with the motor (40) occur along a single axis of movement.
17. The infusion pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b)
according to any one of the preceding claims, which is configured such that
the housing (i) in a first position is operable to gravity feed a drug to a
patient and (ii) in a second position is operable with the rotor (30, 130,
230, 330, 430, 530, 630, 730, 830) and the motor (40) to pump the drug to
the patient. 



WO 2011/119464PCT/US2011/029145        18. The infusion pump (10, 110, 310,
410, 510, 610, 710, 810, 910a, 910b) according to claim 17, wherein the
second position is obtained rotationally from the first position.
19. The infusion pump (10, 110, 310, 410, 510, 610, 710, 810, 910a, 910b)
according to claim 17, wherein the second position is obtained
translationally from the first position.        20. The infusion pump (10,
110, 310, 410, 510, 610, 710, 810, 910a, 910b) according to claim 17, which
is provided with the housing (12, 112, 312, 412, 512, 612a/612b, 712, 812)
initially in the first position.        21. The infusion pump (10, 110,
310, 410, 510, 610, 710, 810, 910a, 910b) according to any one of the
preceding claims, which is coupled directly to a solution bag (740, 840,
940).        22. The infusion pump (10, 110, 310, 410, 510, 610, 710, 810,
910a, 910b) according to claim 21, which is configured such that the
housing (i) in a first position is operable to gravity feed a drug to a
patient and (ii) in a second position is operable with the rotor (30, 130,
230, 330, 430, 530, 630, 730, 830) and the motor (40) to pump the drug to
the patient.        23. An infusion pump (10, 110, 310, 410, 510, 610, 710,
810, 910a, 910b) comprising: 



a housing (12, 112, 312, 412, 512, 612a/612b, 712, 812);       a rotor (30,
130, 230, 330, 430, 530, 630, 730, 830) inserted into the housing, the
rotor including a first ring (38a, 138a) of surfaces (36a, 136a, 236a, 336,
436, 536, 636, 736, 836) that form channels with the housing, the first
channel forming surfaces sized to produce a first flowrate, and a second
ring (38b, 138b) of surfaces (36b, 136b, 236b, 336, 436, 536, 636, 736,
836) that form channels with the housing, the second channel forming
surfaces sized to produce a second flowrate different than the first
flowrate; a motor (40) operably engaged to rotate the rotor; and WO
2011/119464PCT/US2011/029145       a selector (56, 154/156/168) moveable to
allow the rotor to rotate so as to achieve at least one of the first and
second flowrates. 24.The infusion pump (10, 110, 310, 410, 510, 610, 710,
810, 910a, 910b) according to claim 23, wherein the selector (56,
154/156/168) is moveable to allow the rotor to pump the first flowrate or a
combined flowrate from the first and second flowrates. 


