
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/043889 Al
28 March 2013 (28.03.2013) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61M 5/142 (2006.01) F04B 19/04 (2006.01) kind of national protection available): AE, AG, AL, AM,
A61M 5/145 (2006.01) F16K 11/02 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
F04B 15/00 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

PCT/US2012/056364 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
20 September 2012 (20.09.2012) NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(25) Filing Language: English TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

(26) Publication Language: English ZM, ZW.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

61/537,371 2 1 September 201 1 (21.09.201 1) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

(71) Applicant: MEDRAD, INC. [US/US]; One Medrad UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Drive, Indianola, PA 1505 1 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,(72) Inventors: CAPONE, Christopher, D.; 3606 Windsor
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

Court, Pittsburgh, PA 15238 (US). HELLER, Ronald;
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

1751 Mountain View Drive, Monroeville, PA 15 146 (US).
ML, MR, NE, SN, TD, TG).HAURY, John, A.; 25 14 Nicholson Road, Sewickley, PA

15 143 (US). SEMAN, Richard, A.; 249 Apple Hille Declarations under Rule 4.17 :
Drive, Delmont, PA 15626 (US). MATOR, Joseph, C ;

— of inventorship (Rule 4.17(iv))
221 Guyasuta Road, Pittsburgh, PA 15215 (US).

Published:
(74) Agents: DENESVICH, Jill et al; Medrad, Inc., One

Medrad Drive, Indianola, PA 1505 1 (US). — with international search report (Art. 21(3))

= (54) Title: SYSTEM AND ASSEMBLY METHOD FOR A FLUID PUMP DEVICE FOR A CONTINUOUS MULTI-FLUID DE-
LIVERY SYSTEM

(57) Abstract: A system and method of assembling a disposable fluid pump device is provided. The fluid pump device includes a
pump body having a plurality of pump cylinders and at least one inlet selector valve for controlling fluid input to the pump cylin -
ders. The method includes the steps of identifying at least one initial inlet selector valve position; generating, with at least one pro -
cessor, encoded data representing at least the at least one inlet selector valve position; and setting the at least one selector valve to
the at least one initial inlet selector valve position.



SYSTEM AND ASSMEBLY METHOD FOR A FLUID PUMP DEVICE FOR A
CONTINUOUS MULTI-FLUID DELIVERY SYSTEM

CROSS-REFERNCE TO RELATED APPLICATION

[0001] This application claims the benefit of United States Provisional Application No.

61/537,371, filed September 21, 2011 and entitled "Continuous Multi-Fluid Delivery System

and Method, and which is incorporated herein in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The field of the invention is related to a system and assembly method for a fluid

pump device for use in at continuous multi-fluid delivery system having applications in

applications in medical diagnostic and therapeutic procedures wherein one or more fluids are

infused/injected into a patient.

Description of Related Art

[0003] In the medical field, fluid delivery devices used to provide fluids to patients are

generally well-known and exist in many different forms. A system commonly used for this

purpose is a gravity-feed system wherein a fluid containing bag is supported above the level

of the patient's body and wherein the flow rate to the patient is controlled by the gross

pressure of a clamp upon the flexible tube extending between the bag and the patient. It will

be readily understood that the flow rate of fluid through the tube is a function of the amount

of constriction of the tube. Manually operated devices are known in the medical field for

delivery of fluid under pressure to a patient. Examples of such manually-operated pumping

devices are known from United States Patent Nos. 3,464,359 to King et al.; 2,062,285 to

Bergman; and 1,748,810 to Wandel, as examples.

[0004] Syringe-based infusion pumps and peristaltic pumps have also been used in the

medical field for delivering fluids to patients under pressure and provide more precise control

over the flow rate and volumetric delivery of fluids to patients. An example of a syringe

pump adapted to deliver fluid to a patient is described in United States Patent No. 5,529,463

to Layer et al., which discloses a multi-syringe pump for this purpose. A peristaltic pump

system suitable for delivering a constant flow of fluid under pressure to a patient is described

in United States Patent Nos. 6,558,125 and 6,488,660, both to Futterknecht.

[0005] There are a number of medical procedures which require the delivery of fluids to a

patient in a precisely controlled manner. One such application involves the delivery of

contrast media fluid to a patient during a diagnostic computed tomography (CT) scan to



provide enhanced x-ray images. Traditionally, such contrast media fluid has been delivered to

the patient using a syringe-based injection system. Such injection systems require the contrast

media fluid to be transferred from its original container to a disposable syringe. The injection

system then pressurizes the fluid within the syringe to deliver the fluid to the patient at a

controlled flow rate, precisely when needed. Some syringe-based injection systems are

capable of accommodating two separate syringes to facilitate sequential or simultaneous

delivery of two different types of fluid.

[0006] One limitation of a syringe-based fluid injection system is the need to refill and

replace the disposable syringes prior to each patient procedure. United States Patent No.

5,806,519 to Evans, III et al. describes a fluid delivery system which could be used to deliver

fluid to multiple patients in succession without the need to refill and replace syringes for each

patient. Another fluid delivery system that purports to overcome this limitation is disclosed in

United States Patent Nos. 6,558,125 and 6,488,660 (Futterknecht). These latter patents

disclose a fluid delivery system that utilizes a peristaltic pump to deliver fluid directly from

contrast media bottles to the patient. While this system eliminates the need to replace

disposable syringes after each patient, the use of a roller-type peristaltic pump inherently

limits the pressure capability of the system to approximately 200 psi. Unfortunately, many

CT procedures and virtually all angiographic procedures require fluid to be delivered at

higher pressures.

[0007] In order to provide more precise control of flow rates and volumetric delivery of

fluids to patients, positive displacement pump platforms have been developed in the medical

field. These devices eliminate the use of syringes and provide increased pressure ranges over

peristaltic pumps. One such positive displacement pump device is disclosed in United States

Patent Nos. 5,196,197 and 6,197,000 to Reilly et al., which describe a system for the

continuous delivery of contrast media fluid to a patient that uses a cam-driven multi-piston

pump. Such a pump is capable of delivering fluids at relatively high pressures in a controlled

manner. Another example of a positive displacement pump platform intended for use in

delivering fluid to a patient undergoing a medical procedure is disclosed in International

Publication No. WO 2006/056828, which discloses a volumetric pump with reciprocating and

rotating pistons that are adapted to deliver a controlled and continuous flow rate of fluid

during a medical procedure. Japanese Publication Nos. JP 61-42199 and JP 61-4220, both

assigned to Nemoto Kiyourindou KK, disclose another multi-piston cylinder pump which

enables the controlled and continuous delivery of fluids during a medical procedure.



[0008] There are several disadvantages present in positive displacement pump platforms

known in the medical field for fluid delivery to a patient. One disadvantage is that these

pump platforms are, typically, limited to pumping a single fluid type. Many medical

procedures, such as CT procedures, often involve the use of a combination of contrast media

fluid and saline delivered precisely to the region of interest within a patient's body. For

example, after an initial injection of contrast media fluid is performed, a bolus of saline fluid

may be administered to move the contrast fluid into the region of interest. In order to have the

capability of delivering two or more different types of fluids, an external selection valve

(such as a stopcock) must be added upstream of the pump inlet to allow the fluid delivery

system to select from one of two (2) or more available fluid sources or possibly both if a

mixing device is also provided. If two (2) interconnected pumps are present in the fluid

delivery system, a downstream mixing device is required in such a two-pump system.

SUMMARY OF THE INVENTION

[0009] This disclosure presents exemplary embodiments of a fluid pump device for

association with a drive and actuating system, exemplary embodiments of the drive and

actuating system, and exemplary embodiments of a fluid delivery system comprising the

drive and actuating system and fluid pump device. In one embodiment, the fluid pump device

comprises a pump manifold, a plurality of pump cylinders extending proximally from the

pump manifold and in selective fluid communication with the pump manifold, a plunger

reciprocally operable within each of the pump cylinders, and an inlet selector valve to

establish selective fluid communication between a fluid source container and the pump

manifold to control fluid flow into the pump manifold. Each plunger is independently

operable by the drive and actuating system.

[0010] A system and method of assembling a disposable fluid pump device is provided and

includes providing initial settings for components of the fluid pump device, and encoding and

labeling certain identifying information regarding the fluid pump device on the body of the

fluid pump device. In one embodiment, a method of assembling a disposable fluid pump

device, including a pump body having a plurality of pump cylinders and at least one inlet

selector valve for controlling fluid input to the pump cylinders, includes the steps of

identifying at least one initial inlet selector valve position; generating, with at least one

processor, encoded data representing at least the at least one inlet selector valve position; and

setting the at least one selector valve to the at least one initial inlet selector valve position.



[0011] The initial position may be an angular orientation of a valve stem associated with

the at least one inlet selector valve. The method may also include identifying at least one

pump input parameter, and the at least one pump input parameter may include at least one of

a pump configuration/type number, a manufacturing batch number, a pump type identifier, a

pump sequential identification number, or any combination thereof. Additionally, the pump

sequential identification number may be determined by adding a starting pump sequential

identification number with a count of previously assembled fluid pump devices.

[0012] The method may further include generating, with at least one processor, identifying

indicia partially representing the encoded data, wherein the identifying indicia includes

human-readable barcode, machine-readable barcode, matrix barcode, RFID tag, machine-

readable label, human-readable label, programmable electronic memory, optical markings, or

any combination thereof. The method may further involve placing the identifying indicia on

an external surface of the pump body. Further, the at least one initial inlet selector valve

position may differ from an inlet selector valve position corresponding with a used state of

the fluid pump device. The at least one inlet selector valve may be automatically set by an

automated insertion device. The method may also include inserting a valve stem of the at

least one inlet selector valve in the at least one initial inlet selector valve position.

[0013] In another embodiment, a system for encoding data relating to a fluid pump device

including a pump body having a plurality of pump cylinders and at least one inlet selector

valve for controlling fluid input to the pump cylinders is disclosed. The system includes a

manufacturing process computer configured to: determine at least one inlet selector valve

position for the fluid pump device; and generate encoded data based at least partially on an

encoding algorithm and the at least one inlet selector valve position, such that at least the at

least one inlet selector valve position number may be determined by decoding the encoded

data.

[0014] The encoded data may be generated based at least partially on at least one of a

pump configuration/type number, a manufacturing batch number, a pump type identifier, a

pump sequential identification number, or any combination thereof. The manufacturing

process computer may be further configured to generate identifying indicia representing the

encoded data. Additionally, the identifying indicia may include a human-readable barcode,

machine-readable barcode, matrix barcode, RFID tag, machine-readable label, human-

readable label, programmable electronic memory, optical markings, or any combination

thereof. Further, the pump sequential identification number may be determined by adding a



starting pump sequential identification number with a count of previously assembled fluid

pump devices.

[0015] The encoding algorithm of the system may further comprise an asymmetrical

encryption algorithm. The encoding algorithm may be based at least partially on a first key,

and a decoding algorithm for decoding the encoded data may be based at least in part on a

second key, where the second key is different than the first key.

[0016] In a further embodiment, a method for identifying a fluid pump device including at

least one inlet selector valve for controlling fluid movement includes the steps of determining

an initial position of the at least one inlet selector valve; generating encoded data with at least

one processor based at least in part on the initial position of the at least one selector valve;

and providing the fluid pump device with the encoded data.

[0017] At least a portion of the encoded data may be generated with at least one encryption

algorithm. The encryption algorithm may generate the encoded data based at least partially

on a first encryption key. The encoded data may be configured to be decrypted with at least

one decryption algorithm. The at least one decryption algorithm may use a second

encryption key, which may be different than the first encryption key. The initial position of

the at least one inlet selector valve may comprise an angular orientation of a valve stem of the

at least one inlet selector valve. The method may further include the steps of generating

identifying indicia based at least partially on the encoded data; and marking the fluid pump

device with the identifying indicia. The identifying indicia may comprise a human-readable

barcode, machine-readable barcode, matrix barcode, RFID transponder, machine-readable

label, human-readable label, programmable electronic memory, optical markings, or any

combination thereof. The encoded data may represent at least one of a pump

configuration/type number, a manufacturing batch number, a pump type identifier, a pump

sequential identification number, or any combination thereof.

[0018] In yet a further embodiment, a method for preparing a fluid pump device for use

with a fluid delivery system, the fluid pump device including at least one into selector valve

comprising a valve stem and an inlet selector valve cylinder, the at least one inlet selector

valve controlling fluid movement into the fluid pump device, includes the steps of

determining an initial angular orientation of the valve stem of the at least one inlet selector

valve; and inserting the valve stem into the inlet selector valve cylinder such that the valve

stem is in the initial angular orientation in the inlet selector valve cylinder.

[0019] The fluid pump device may be marked with identifying indicia comprising a

human-readable barcode, machine-readable barcode, matrix barcode, RFID transponder,



machine-readable label, human-readable label, programmable electronic memory, optical

markings, or any combination thereof. The identifying indicia may include encoded data, and

the at least one inlet selector valve position may be determined based at least partially by

decoding the encoded data. The encoded data may be generated based at least partially on a

first key value, and the encoded data may be decoded based at least partially on a second key

value. The method may further include determining at least one pump input parameter based

at least partially on the identifying indicia, wherein the at least one pump input parameter

comprises at least one of a pump configuration/type number, a manufacturing batch number,

a pump type identifier, a pump sequential identification number, or any combination thereof.

[0020] In another embodiment, a method of assembling a fluid pump device includes the

steps of providing a pump body including a plurality of pump cylinders; and at least one inlet

selector valve cylinder laterally outboard of the pump cylinders; inserting an inlet selector

valve stem into the inlet selector valve cylinder such that the valve stem is in a predetermined

angular orientation in the inlet selector valve cylinder; and inserting respective plungers into

the pump cylinders.

[0021] The pump body may further include a saline manifold extending across the pump

cylinders and defining at least one saline channel, and the method may further include

installing a saline manifold cap onto the pump body to enclose the at least one saline channel.

The pump body may also include a front plate and the pump cylinders may extend proximally

from the front plate, and the method may further include installing a manifold plate onto the

front plate to form a pump manifold. The method may further include capturing at least one

check valve between the manifold plate and the front plate during the step of installing the

manifold plate onto the front plate to form the pump manifold.

[0022] The front plate may include at least one inlet manifold channel defined by at least

one channel member, and the method may further include installing an inlet manifold cap on

the at least one channel member to enclose the at least one inlet manifold channel.

Additionally, the manifold plate may comprise an outlet selector valve cylinder, and the

method may further include inserting an outlet selector valve stem into the outlet selector

valve cylinder. The outlet selector valve cylinder may include a patient outlet port and a

waste outlet port and the valve stem of the outlet selector valve body may define a flow

passage, and the step of inserting the outlet selector valve stem into the outlet selector valve

cylinder may include aligning the flow passage to be in fluid communication with the waste

outlet port.



[0023] Further, the step of inserting the outlet selector valve stem into the outlet selector

valve cylinder may be preceded by spraying lubricant onto the interior wall surface of the

outlet selector valve cylinder. The method may further include spraying lubricant onto the

interior wall surface of the pump cylinders and onto the interior surface of the at least one

inlet selector valve cylinders prior to the steps of inserting the inlet selector valve stem into

the inlet selector valve cylinder and inserting the respective plungers into the pump cylinders.

The steps of inserting the inlet selector valve stem into the inlet selector valve cylinder and

inserting the respective plungers into the pump cylinders may occur concurrently.

Additionally, the predetermined angular orientation of the valve stem of the inlet selector

valve body may be encoded in identifying indicia provided on the pump body. The

identifying indicia may include a bar code.

[0024] The method may further include generating an inlet selector valve position number

and encoding the inlet selector valve position number as identifying indicia provided on the

pump body. The inlet selector valve position number may correspond to the predetermined

angular orientation of the inlet selector valve stem in the inlet selector valve cylinder. The

method may further include etching the identifying indicia on one of the pump cylinders.

[0025] Further details and advantages of the various embodiments described in detail

herein will become clear upon reviewing the following detailed description of the various

embodiments in conjunction with the accompanying drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a schematic view of a fluid delivery system for continuous multi-fluid

delivery applications.

[0027] FIG. 2 is a front perspective view of a fluid pump device for use in the fluid

delivery system shown in FIG. 1.

[0028] FIG. 3 is a rear perspective view of the fluid pump device shown in FIG. 2.

[0029] FIG. 4 is a bottom perspective view of the fluid pump device shown in FIG. 2.

[0030] FIG. 5A is a bottom view of the fluid pump device shown in FIG. 2.

[0031] FIG. 5B is a detail view of detail 5B in FIG. 5A.

[0032] FIG. 6 is an exploded perspective view of the fluid pump device shown in FIG. 2.

[0033] FIG. 7 is a front perspective view of a pump body of the fluid pump device shown

in FIG. 2.

[0034] FIG. 8 is a rear perspective view of the pump body shown in FIG. 7.

[0035] FIG. 9 is a rear view of a pump cylinder of the pump body shown in FIG. 7.



[0036] FIG. 10 is a cross-sectional view of the fluid pump device taken along line 10-10 in

FIG. 2 and with a plunger of the fluid pump device removed for clarity.

[0037] FIG. 11A is a rear perspective view of a plunger for the fluid pump device shown

in FIG. 2.

[0038] FIG. 11B is a cross-sectional view taken along line 12-12 in FIG. 11A.

[0039] FIG. 12A is a longitudinal cross-sectional perspective view of a terminal end of a

drive piston adapted to engage the plunger shown in FIGS. 11A-11B.

[0040] FIG. 12B is a cross-sectional perspective view of the terminal end of the drive

piston shown in FIG. 12A interfaced with the proximal end of the plunger shown in FIGS.

11A-11B.

[0041] FIG. 13 is a perspective view of the fluid pump device showing inlet manifold caps

exploded from the fluid pump device.

[0042] FIG. 14 is a perspective view of a right front portion of a pump manifold plate

adapted for association with the pump body shown in FIG. 7.

[0043] FIG. 15 is a rear perspective view of the pump manifold plate supporting inlet and

outlet check valves of the fluid pump device.

[0044] FIG. 16 is a rear perspective view of a right portion of a pump manifold plate

adapted for association with the pump body shown in FIG. 7.

[0045] FIG. 17 is a longitudinal cross-sectional and perspective view of a portion of the

pump manifold plate adapted for association with the pump body shown in FIG. 7.

[0046] FIG. 18 is a cross-sectional perspective view taken along line 18-18 in FIG. 15.

[0047] FIG. 19 is a cross-sectional perspective view taken along line 19-19 in FIG. 3.

[0048] FIG. 20 is an isolation perspective view of an outlet selector valve stem used in the

fluid pump device shown in FIG. 2.

[0049] FIG. 21 is a cross-sectional perspective view taken along line 21-21 in FIG. 20.

[0050] FIG. 22 is an isometric perspective view of a swabable valve for use in association

with the outlet selector valve shown in FIG. 19.

[0051] FIG. 23 is a cross-sectional perspective view taken along line 23-23 in FIG. 3.

[0052] FIG. 24A is a front isometric perspective view of an inlet selector valve stem used

in the fluid pump device shown in FIG. 2.

[0053] FIG. 24B is a rear isometric perspective view of the inlet selector valve stem used

in the fluid pump device shown in FIG. 2.

[0054] FIG. 25 is a schematic view showing the fluid pump device of FIG. 2 with a first

or basic embodiment of a fluid supply set associated with the fluid pump device.



[0055] FIG. 26 is a schematic view showing the fluid pump device of FIG. 2 with a

second or high-use embodiment of the fluid supply set associated with the fluid pump device.

[0056] FIG. 27 is a schematic view showing the fluid pump device of FIG. 2 with a third

or limited-use embodiment of the fluid supply set associated with the fluid pump device.

[0057] FIG. 28 is a schematic view showing the fluid pump device of FIG. 2 with a fourth

and additional limited-use embodiment of the fluid supply set associated with the fluid pump

device that may be used with single-patient fluid source containers.

[0058] FIG. 29 is a schematic view showing the fluid pump device with the second or

high-use embodiment of the fluid supply set as shown in FIG. 26, and further showing a

waste collection system associated with the fluid pump device.

[0059] FIG. 30 is a schematic representation of a manufacturing control system used in the

assembly of the fluid pump device shown in FIG. 2.

[0060] FIG. 31 is a flowchart of an exemplary assembly process for the fluid pump device

shown in FIG. 2.

[0061] FIG. 32 is a flowchart of an exemplary process for generating identifying indicia

based on specific features or input parameters associated with the fluid pump device shown in

FIG. 2.

[0062] FIG. 33 is a flowchart of an exemplary encoding process used in the assembly

process for the fluid pump device shown in FIG. 2.

[0063] FIG. 34 is a flowchart of an exemplary algorithm used to generate encryption and

decryption keys in the assembly process and operation of the fluid pump device shown in

FIG. 2.

[0064] FIG. 35 is a flowchart of an exemplary process for installing and verifying the fluid

pump device shown in FIG. 2 in a drive and actuating system which operates the fluid pump

device.

[0065] FIG. 36 is another flowchart for an exemplary process for installing and verifying

the fluid pump device shown in FIG. 2 in a drive and actuating system which operates the

fluid pump device.

[0066] FIG. 37 is a flowchart of an exemplary decoding process for extracting specific

features or input parameters associated with the fluid pump device shown in FIG. 2.

[0067] FIG. 38 is a flowchart of an exemplary assembly process for the fluid pump device

shown in FIG. 2 using asymmetrical keys.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



[0068] For purposes of the description hereinafter, spatial orientation terms, as used, shall

relate to the referenced embodiment as it is oriented in the accompanying drawing figures or

otherwise described in the following detailed description. However, it is to be understood

that the embodiments described hereinafter may assume many alternative variations and

configurations. It is also to be understood that the specific components, devices, features, and

operational sequences illustrated in the accompanying drawing figures and described herein

are simply exemplary and should not be considered as limiting.

[0069] Referring initially to FIGS. 1-6, a fluid pump device 10, generally provided in the

form of a disposable pump cassette, is shown. While fluid pump device or pump cassette 10

(hereinafter referred to as "pump 10") is intended as a disposable component, the pump 10 is

intended for multiple uses prior to disposal. Such multiple uses may be for multiple patients

or for a multiple and discrete number of uses in medical diagnostic and therapeutic

procedures which may involve a single or multiple patients. The pump 10 is adapted to

interface with a drive and actuating system (not shown) that accepts, drives, and actuates

various components on the pump 10, and a control system (not shown) is also provided to

control operation of the various components of the drive and actuating system.

[0070] The pump 10 may be considered to have a front or distal side 12, a rear or proximal

side 14, a right side 16 as viewed looking from the front or distal side 12 toward the rear or

proximal side 14, and a left side 18 as viewed looking from the front or distal side 12 toward

the rear or proximal side 14. Generally, as shown schematically in FIG. 1, the pump 10 may

be part of a fluid delivery system 2 which includes the drive and actuating system. The pump

10 generally comprises a fluid supply section 20, a pump metering and pressurizing section

22, and a pump outlet section 24. The fluid supply section 20 includes one or more fluid

source containers 30 containing various fluids to be supplied to the pump 10, and a fluid

supply set that conducts the one or more fluids to the pump 10 and may be configured to meet

different patient and/or procedural needs. The pump outlet section 24 includes a disposable

single-use or single-patient disposable supply set 40 ("SPDS") used to make a fluid

connection, such as to a catheter inserted into a patient to convey a desired fluid or mixture of

fluids to a desired location within a patient' s body. Additionally, the pump outlet section 24

comprises a waste collection system 44 that is associated with the pump 10 to collect and

store waste fluids. The waste collection system 44 generally comprises a waste collection

tube set 46 connected to a waste collection container 48, also shown in FIG. 29.

[0071] The pump 10 forms a part of the pump metering and pressurizing section 22. The

pump 10 generally comprises a pump manifold 80, a pump body 100, a plurality of



independently operable plungers 200 operatively associated with the pump body 100, a pump

manifold plate 230 which is joined to the pump body 100 to form the pump manifold 80, an

outlet selector valve 280 associated with the pump body 100 for controlling fluid delivery or

output from the pump 10, and a plurality of inlet selector valves 300 associated with the

pump body 100 for controlling fluid flow to the pump body 100. In operation, the pump 10 is

typically interfaced with multiple and different fluids contained in the fluid source containers

30, and is actuated or operated by the drive and actuating system to select a fluid type from

the several fluid source containers 30 and continuously deliver fluids, either individually or as

a fluid mixture, to the patient. The pump 10 draws in fluid directly from the fluid source

containers 30 and accurately meters the appropriate volumes and specified fluid flow rates

and infusion time to the patient via the patient supply set 40.

[0072] Referring additionally to FIGS. 7-10, the pump body 100 is typically formed as an

integral or singular body formed from polycarbonate and like polymeric materials via an

injection molding process. The pump body 100 comprises a front or distal plate 102 and a

plurality of pump cylinders 104 extending proximally from the front plate 102. In the

illustrated embodiment, a total of four (4) pump cylinders 104 are provided in the pump 10,

with the two (2) right side pump cylinders 104 providing one fluid circuit and the two (2) left

side pump cylinders 104 providing a second fluid circuit. While of four (4) pump cylinders

104 are provided in the pump 10, the pump 10 may be "scalable" to include additional pairs

of pump cylinders 104 or may be provided with just two (2) tandem pump cylinders 104.

While the pump cylinders 104 are preferred to have a cylindrical shape, they may also have

other symmetrical or non-symmetrical cross-sectional shapes (such as D-shaped) in vertical

or transverse cross-section. Each pump cylinder 104 defines a pump chamber 106 and accepts

a plunger 200 which is reciprocally operable within the pump cylinder 104. The plungers 200

are independently operable by the drive and actuating system. The respective pump cylinders

104 each have an interior wall or surface 108 that defines the pump chamber 106. The pump

cylinders 104 each have a generally enclosed front or distal end wall 110 formed by the front

plate 102 and an open rear or proximal end 112.

[0073] Additionally, the pump body 100 comprises a plurality of inlet selector valve

cylinders 114 that extend proximally from the front plate 102 laterally outboard of the two (2)

outer pump cylinders 104. Each inlet selector valve cylinder 114 defines a cylindrical

chamber 116 that accepts an inlet selector valve 300 which is rotationally operable within the

inlet selector valve cylinder 114. The drive and actuating system also independently operates

the respective inlet selector valves 300 disposed within the inlet selector valve cylinders 114.



In the illustrated embodiment, two (2) inlet selector valve cylinders 114 are provided in pump

10 to respectively control inflow to the two (2) "right side" pump cylinders 104 providing

one fluid circuit and the two (2) "left side" pump cylinders 104 providing the second fluid

circuit in pump 10. The respective inlet selector valve cylinders 114 have a front or distal end

opening 118 formed in the front plate 102 and a rear or proximal end opening 120 to accept

the inlet selector valve 300.

[0074] Each inlet selector valve cylinder 114 comprises, in the illustrated embodiment, a

pair of inlet ports 122, 124 for use in connecting the pump 10 to two (2) fluid sources of

diagnostic or therapeutic (e.g. , pharmaceutical) fluids, such as imaging contrast media, to be

received in the pump chambers 106 of the pump cylinders 104. Further, each inlet selector

valve cylinder 114 comprises, in the illustrated embodiment, an additional rear or proximal

inlet port 126 for use in connecting the pump 10 to, typically, a source of flushing or diluting

fluid such as saline. As such, the rearmost inlet port 126 is referred to hereinafter as a "saline

port 126", while inlet ports 122, 124 are referred to hereinafter as "first and second inlet ports

122, 124", respectively. The inlet ports 122, 124, 126 are axially spaced along the inlet

selector valve cylinder 114, with the first inlet port 122 located near the front plate 102 and

the saline port 126 located near the rear or proximal end opening 120 of the inlet selector

valve cylinder 114. The saline port 126 is located at a lower level than the first and second

inlet ports 122, 124, and connects to a saline manifold located on the underside of the pump

body 100. Accordingly, the saline port 126 is located at a lower level and opens into the inlet

selector valve cylinder 114 and the saline manifold 130 to access one of two (2) saline

channels in the saline manifold 130, rather than intersecting or directly opposing the valve

body of the inlet selector valve 300 as in the case of the first and second inlet ports 122, 124.

The first and second inlet ports 122, 124 and the saline ports 126 on the inlet selector valve

cylinders 114 may be formed with luer-type connector tips or barbed connection tips, and like

fluid connections arrangements, for making either removable or permanent fluid connections

to the fluid supply tubes 34 used to connect the pump 10 to the one or more fluid source

containers 30 that provide therapeutic or diagnostic (e.g. , pharmaceutical) fluids or saline to

the pump 10.

[0075] The illustrated embodiment of the pump 10 is shown for exemplary purposes with

six (6) supply ports, three (3) on each of the right and left sides 16, 18 of the pump 10. These

supply ports include the two (2) right side inlet ports 122, 124 and the right side saline port

126 on the pump body 100 and the two (2) left side inlet ports 122, 124 and the left side

saline port 126 on the pump body 100. However, this specific configuration is illustrated for



expediency in explaining the various components, features, and desirable operational

characteristics of the pump 10 and should be considered as non-limiting. Accordingly, the

pump 10 may comprise a fewer or a greater number of ports 122, 124, 126 on each side 16,

18, as desired.

[0076] The saline port 126 on the respective inlet selector valve cylinders 114 is in fluid

communication with a saline manifold 130 that extends across the underside of the pump

body 100 and across the pump cylinders 104. The saline manifold 130 is oriented generally

parallel to the front plate 102. The saline manifold 130 is typically adapted to be placed in

fluid communication via the two (2) saline ports 126 to two (2) sources of saline SI, S2

contained in two (2) respective fluid source containers 30. The saline manifold 130 is

bifurcated into two (2) saline channels 132, 134. The respective inlet selector valves 300 are

configured so that saline may be drawn from either of the sources of SI, S2 in the saline fluid

source containers 30 via the saline channels 132, 134, even though the saline fluid source

container 30 may be physically on the opposite side of the pump 10 from the inlet selector

valve 300, as described further herein. In the illustrated embodiment of the pump 10, the

forward or distal or "first" saline channel 132 of the saline manifold 130 is supplied by the

saline source S2 in the fluid source container 30 connected to the saline port 126 located on

the right side inlet selector valve cylinder 114, and the rear or proximal or "second" saline

channel 134 of the saline manifold 130 is supplied by the saline source SI in the fluid source

container 30 connected to the saline port 126 located on the left side inlet selector valve

cylinder 114. The shape of the saline channels 132, 134 may be formed with smooth interior

surfaces and curvatures to minimize the potential for trapped air and pressure drop (e.g. , flow

restriction) through each saline channel 132, 134. A saline manifold cap 136 encloses the

saline channels 132, 134 and may be secured in place on the saline manifold 130 formed on

the underside of the pump body 100 via medical grade adhesive, solvent bonding, laser and

ultrasonic welding, and like joining techniques.

[0077] As the forward saline channel 132 is connected to the right saline source S2 and the

rear saline channel 134 is connected to the left saline source SI, it is desirable to purge air

using saline from the left saline source SI as this is the rearmost saline channel. By using the

rearmost saline channel 134 connected to the left saline source SI for fluid priming

operations, the fluid passages in the pump 10 may be primed from rear to front with saline,

and air is purged forward from the rear of each of the inlet selector valves 300. This result

occurs because there are no other ports "behind" the rearmost saline channel 134. For

example, it would not be possible to purge all of the air from the inlet selector valves 300 if



one of the inlet ports 122, 124 was used to supply a priming fluid. This is because there

would be a "dead space" in the inlet selector valve 300 behind the two (2) front inlet ports

122, 124 through which no fluid would flow. Any air in this portion of the inlet selector valve

300 would remain after priming.

[0078] A front or distal side 140 of the front plate 102 defines a plurality of inlet openings

142, one for each of the pump cylinders 104. The inlet openings 142 are provided in the distal

end wall 110 of each of the pump cylinders 104. The inlet openings 142 permit fluid to enter

the pump chamber 106 of the respective pump cylinders 104. The inlet openings 142 are

spaced apart on the front plate 102 to respectively coincide with the pump chambers 106 of

the respective pump cylinders 104. Accordingly, four (4) spaced inlet openings 142 are

provided in the illustrated embodiment, one for each pump cylinder 104, and are positioned

to be near the bottom center of each of the pump cylinders 104, as shown in FIG. 9. An inlet

check valve support structure 144 is provided in each of the inlet openings 142 and is

desirably recessed within each of the inlet openings 142 for supporting an inlet check valve

194. The inlet check valves 194 are flexible polymeric, typically polyurethane, disks that

regulate the fluid flow into each pump cylinder 104. The inlet check valve support structure

144 comprises a central hub 146 and one or more prongs 148 extending radially outward

from the central hub 146. A total of three (3) prongs 148 is present in the inlet check valve

support structure 144 in the illustrated embodiment. The central hub 146 desirably includes a

centrally-located preload pin 150 that allows a preload force to be applied to the inlet check

valve 194 to ensure that the inlet check valve 194 closes when there is no pressure gradient

present across the inlet check valve 194. The preload force is not set too high so as to overly

increase the "cracking" or opening pressure of the inlet check valve 194 as this would

undesirably cause a higher pressure drop across the check valve 194. The preload pins 150

also help to counteract the effects of long-term storage, which could cause the inlet check

valves 194 to develop a compression set over time. The front or distal end openings 118 in

the front plate 102 leading to the inlet selector valve cylinders 114 are circumferentially

bordered by one or more concentric ribs or rims 152 formed on the front side 140 of the front

plate 102 and which extend around the front or distal end openings 118.

[0079] The front side 140 of the front plate 102 further defines an elongated recess 154

extending across the front side 140 above the elevational location of the inlet openings 142,

but still coinciding with the pump chambers 106 of the respective pump cylinders 104. The

elongated recess 154 is bordered by a perimetrical recess 156 so that a sealing element, such

as an elongated O-ring or gasket or like sealing element, may be placed in the perimetrical



recess 156 and form a fluid sealing border about the elongated recess 154. A plurality of

recessed areas 158 is defined in the elongated recess 154 and is spaced apart in the elongated

recess 154 to coincide, respectively, with the pump chamber 106 defined by the pump

cylinders 104. Accordingly, a total of four (4) recessed areas 158 is provided in the illustrated

embodiment. Each recessed area 158 typically defines at least one top or air egress opening

160 in the distal end wall 110 of each of the pump cylinders 104, and is desirably positioned

to be near the top center of each of the pump cylinders 104, as shown in FIG. 9, for providing

an egress opening for air bubbles in the pump chambers 106 of the respective pump cylinders

104. Each of the recessed areas 158 further defines one or more outlet openings 162 in the

front plate 102, typically on either side of the top air egress opening 160, and in the distal end

wall 110 of each of the pump cylinders 104 to permit fluid to exit the respective pump

cylinders 104. It is also noted that the upper surface or leg of the elongated recess 154 is

substantially flat and horizontal and its centerline is raised slightly above the recessed areas

158 which allows any air that is present in the elongated recess 154 to be ejected upward

through the outlet selector valve 280.

[0080] A plate support structure or groove 168 may be provided on at least one of the

pump cylinders 104, such as provided on a top or upper facing side of one of the outboard

pump cylinders 104. The plate support structure 168 supports a pump indicator plate 170

which is encoded with identifying information regarding the pump 10 to enable the control

system which controls operation of the drive and actuating system to determine, for example,

the configuration of the pump 10. The configuration of the pump 10 is dependent, typically,

on the type or configuration of the fluid supply set as manufactured or associated with the

pump 10 and used to meet different patient and/or procedural needs.

[0081] The configuration of the pump 10 may also, or alternatively, be encoded into

identifying indicia 172, such as bar code indicia as shown in FIG. 2, that is affixed on or

etched into a top or upper facing side of one of the pump cylinders 104, such as affixed on or

etched into the opposite outboard pump cylinder 104 from the pump cylinder 104 carrying

the pump indicator plate 170. It will be understood that the pump indicator plate 170 and

identifying indicia 172 may be located on any suitable surface or location on the pump body

100 or on the pump manifold plate 230. The identifying indicia 172 may also be a suitable

RFID (radio frequency identification) tag, as shown in FIG. 3, as a suitable arrangement for

storing pertinent information about the pump 10. The identifying indicia 172 is scanned prior

to installation of the pump 10 in association with the drive and actuating system to determine

the configuration of the pump 10, and other identifying information. The pump indicator



plate 170 and/or the identifying indicia 172 may contain additional pertinent information,

such as pump serial number, manufacturing identification number, use-by date,

manufacturing lot code/batch number, initial angular orientation of the inlet selector valves

300 in their respective inlet selector valve cylinders 114 on the pump body 100,

cryptographic hash code to confirm validity of information, and like information. More

limited information may be carried by the pump indicator plate 170 than the identifying

indicia 172, with the identifying indicia 172 typically including all of the foregoing

information. Thus, the pump indicator plate 170 may alternatively be encoded with only

limited information, such as pump type information to identify the specific configuration of

the pump 10. Moreover, if the identifying indicia 172 is an RFID (radio frequency

identification device) tag, the RFID tag or device can store the same information listed above,

such as: pump type/configuration, pump serial number, manufacturing identification number,

use-by date, manufacturing lot code/batch number, and initial angular orientation of the inlet

selector valves 300 in their respective inlet selector valve cylinders 114 on the pump body

100. Because RFID tags can have read/write capability, the RFID tag could also store

information on how many times the "tagged" pump 10 has been used, the volume of pumped

fluid, peak pressure, and like operational information. The RFID tag may be located on any

suitable surface of the pump 10 and can be read and written to by an antenna in close

proximity to the pump 10, such as associated with the drive and actuating system.

[0082] The pump indicator plate 170 is typically provided as an optically encoded

transparent polymeric member that fits within and is secured by the plate support structure

168. The indicator plate 170 provides a length of material disposed along at least a portion of

the wall. The length of material propogates electromagnetic energy therethrough. The length

of material may include at least two indicators or grooves 174, each of the grooves being

located at a different predetermined longitudinal position along the length of material and

each of the grooves being positioned to longitudinally align with a sensor when a barrel, such

as one of the pump cylinders 104, is engaged with a drive and actuating system (not shown)

used to operate the pump 10 and thereby attached to the fluid injector portion of the fluid

delivery system 2. The pump indicator plate 170 comprises a series of grooves 174 that

permits at least the configuration of the pump 10 to be optically read or verified after

installation in association with a drive and actuating system used to operate the pump 10.

Thus, the drive and actuating system may include an optical detector and like technology and

the pump indicator plate 170 may be provided and encoded with information in accordance

with the disclosures of United States Patent Nos. 7,018,363 and 7,462,166, both to Cowan et



al., which disclose optical technology for determining configuration, including size of a fluid

pumping component mounted to a power fluid injector and are incorporated herein by

reference in their entirety for these and any other pertinent applications. The foregoing

Cowan patents are generally directed to syringes and like pump devices such that the optical

technology therein may be applied to the pump cylinders 104 of the pump 10. The pump

cylinders 104 are analogous and operable generally in the same manner as cylindrical syringe

bodies and like pump devices as disclosed in the foregoing Cowan patents. Thus, the optical

technology described in the foregoing Cowan patents may be applied to the pump cylinders

104 whereby the pump indicator plate 170 is provided with the optical technology detailed in

these patents or the pump cylinders 104 are marked or otherwise identified in the various

manners and embodiments disclosed in these patents. The pump indicator plate 170 is

provided as an exemplary element for applying the indentifying indicia 172 to the pump 10

and should not be deemed limiting as this application expressly includes application of the

optical technology found in the foregoing Cowan patents to the pump 10 generally and the

pump body 100 in particular. The pump body 100 may be opaque to absorb laser light during

a laser welding process during assembly of the pump 10, but the opaque pump body 100 also

helps with optical sensor performance in the optical reading of the information contained in

the grooves 174 in the pump indicator plate 170. Additionally, the plate support structure 168

may be adapted for a snap-lock fit with the pump indicator plate 170. The plate support

structure 168 may comprise a recessed groove 176 in the pump cylinder 104 for accepting the

pump indicator plate 170, and a pair of flanges 178 for restraining the pump indicator plate

170 in the groove 176. Further, the snap-lock fit may be provided by a snap-lock tab 180

formed within the groove 176 in the pump cylinder 104 and a corresponding mating recess

(not shown) defined in the underside of the pump indicator plate 170.

[0083] Referring further to FIGS. 11A-12B, as noted previously, a plunger 200 is

reciprocally operable within each of the pump cylinders 104 and is independently controlled

by the drive and actuating system. Each plunger 200 comprises a rigid plunger body 202 that

is injection molded from polycarbonate and like polymeric materials. The plunger body 202

may be a unitary, solid body formed to include a series of wall segments 204 that extend

between a front or distal end disc 206 and a rear or proximal end disc 208. The rear or

proximal end disc 208 is formed with a piston interface member or device 210 which is

adapted to interface with an independent drive piston associated with the drive and actuating

system for the pump 10. The piston interface member 210 is split into at least two (2) parts or

halves to form opposing halves or legs 212 that may compress towards one another, or



radially inward toward a central longitudinal axis of the plunger 200, to be received in a distal

end recess or socket 52 in the drive piston 50. Additionally, the piston interface member 210

comprises a circumferential radial lip or rim 214, which is provided on each of the interface

halves or legs 212, to engage a corresponding groove or recess 53 defined proximally inward

from radial lip or rim 54 provided in the distal end socket 52 in the drive piston 50. The

engaging lips or rims 54, 214 secure the engagement between the plunger 200 and drive

piston 50. Thus, the rear or proximal end disc 208 of each plunger body 202 includes several

features that allow the plunger 200 to "snap" into the distal end socket 52 in the actuating

drive piston 50. A desirable result of the foregoing "snap-fit" connection is that it is non-

orientation specific and the drive piston 50 may engage the plunger 200 in any radial

orientation of the plunger 200. Moreover, it will be understood that the piston interface

member 210 may be split into a plurality of portions or parts 212 that may compress inwardly

toward a central longitudinal axis of the plunger 200. Additionally, the piston interface

member 210 may be generally cylindrical shaped and, as such, the plurality of portions or

parts may be formed as arcuate sections or segments.

[0084] Once the plunger 200 is "snapped" into place in association with the drive piston

50, the drive piston 50 can move the plunger 200 in a reciprocal manner in the associated

pump cylinder 104. When the plunger 200 is pressurizing fluid in the pump chamber 106 of

the pump cylinder 104 by moving forward or distally in the pump cylinder 104, a central ring

or cylinder support member 216 extending proximally from the rear or proximal end disc 208

seats against a flat interior end or bottom 56 of the distal end socket 52 in the actuating drive

piston 50, thereby transferring the compressive axial load to the drive piston 50. The support

member 216 coaxially disposed in the piston interface member 212. When the pump 10 is to

be removed from the drive and actuating system, the drive piston 50 is retracted rearward or

proximally until the rear or proximal end disc 208 of the plunger body 202 contacts a

stationary projection. Further retraction of the drive piston 50 disengages the snap-fit

interface between the piston interface member 210 and the drive piston 50.

[0085] Each plunger 200 comprises two (2) over-molded seals, a front or distal end lip seal

218 provided circumferentially about and on the front side of the front or distal end disc 206,

and a rear or proximal bead seal 220 provided circumferentially about the rear or proximal

end disc 208. The front end disc 206 with over-molded lip seal 218 is used to seal liquid

within the pumping zone 164 of the pump cylinder 104, and the rear end disc 208 with over-

molded bead seal 220 is used to prevent wetted portions of the interior wall 108 of the pump

cylinder 104 from being exposed to the ambient environment. The seals 218, 220 may be



made of polyurethane and like polymeric materials. The front lip seal 218 is desirably

adapted to withstand fluid pressure of at least 400 psi and, desirably, at least 500 psi and is

desirably hydraulically energized by fluid pressure. Accordingly, higher pressures result in

greater sealing force. The rear bead seal 220 typically seals against dust and particulates that

may be pulled into the open rear or proximal end 112 of the pump cylinder 104, and is

actuated by compression within the isolation zone 166 of the pump cylinder 104. Seal runners

222 may extend from the front lip seal 218 to the rear bead seal 220 along two (2) or more or

all of the wall segments 204. In the illustrated embodiment, seal runners 222 extend along

two (2) of the wall segments 204 located on opposite lateral sides of the plunger body 202.

The seal runners 222 are typically formed during the over-molding process used to form the

front lip seal 218 and the rear bead seal 220 on the front and rear end discs 206, 208,

respectively. The "flat" front of the front end disc 206 is desirable for minimizing residual

fluid volume in the pump chamber 106 of the pump cylinder 104, helps to eject air bubbles

from the pump chamber 106 during fluid priming of the pump 10 and, further, helps clean the

pump chamber 106 during flushing procedures.

[0086] Referring additionally to FIGS. 13-17, the pump 10, as noted previously, comprises

a pump manifold 80 that is formed by the connection or joining of the pump manifold plate

230 with the pump body 100. The pump manifold 80 is generally formed by assembling the

pump manifold plate 230 to front plate 102 of the pump body 100. The pump manifold plate

230 (hereinafter "manifold plate 230") comprises a front or distal side 232 and a rear or

proximal side 234. The manifold plate 230 is generally shaped to correspond to the shape of

the front plate 102 of the pump body 100 and is joined with the front plate 102 so that the rear

side 234 of the manifold plate 230 is in engagement with the front side 140 of the front plate

102. The front side 232 of the manifold plate 230 includes right and left inlet manifold

channels 236 provided on lateral right and left halves of the manifold plate 230. The inlet

manifold channels 236 generally extend longitudinally along the front side 232 of the

manifold plate 230. The two inlet manifold channels 236 correspond, respectively, to the two

(2) right side pump cylinders 104 and the two (2) left side pump cylinders 104 of the pump

body 100. As noted previously, in the illustrated embodiment, a total of four (4) pump

cylinders 104 is provided in pump 10, with the two (2) "right" side pump cylinders 104

providing one fluid circuit and the two (2) "left" side pump cylinders 104 providing a second

fluid circuit. The "right" inlet manifold channel 236 corresponds to the two (2) "right" side

pump cylinders 104, and the "left" inlet manifold channel 236 corresponds to the two (2)

"left" side pump cylinders 104. Alignment slots or holes 237 may be provided in the



manifold plate 230 to facilitate loading of the pump 10 in association with the drive and

actuating system.

[0087] Each of the right and left inlet manifold channels 236 is defined by a raised channel

member or flange wall 238 provided on the front side 232 of the manifold plate 230. The

manifold plate 230 defines a lateral opening 240 in each of the inlet manifold channels 236

that coincides with the distal or front end opening 118 in the front plate 102 of the pump body

100 which leads to the inlet selector valve cylinder 114. Accordingly, each lateral opening

240 registers with a corresponding front end opening 118 to place the "right" and "left" inlet

selector valves 300 in fluid communication with the corresponding "right" and "left" inlet

manifold channels 236, respectively. Additionally, the manifold plate 230 defines two (2) sets

of inlet openings 242 in each of the right and left inlet manifold channels 236 that correspond

to the inlet openings 142 in the front plate 102 of the pump body 100. As noted previously,

the inlet openings 142 are spaced apart on the front plate 102 to respectively coincide with

the pump chambers 106 of the respective pump cylinders 104, and the inlet openings 142 are

positioned to be near the bottom center of each of the pump cylinders 104, as shown in FIG.

9. The respective sets of inlet openings 242 are, desirably, a plurality of openings 242

arranged in a predetermined pattern, such as a circular pattern, and enable fluid

communication with the inlet openings 142 in the front plate 102 of the pump body 100.

However, the two (2) sets of inlet openings 242 in each inlet manifold channel 236 may

alternatively be provided as two (2) singular large openings in the respective inlet manifold

channels 236. The illustrated circular arrangement of the inlet openings 242 desirably

includes at least one inlet opening 242 located at a "high" point, such as near to the top part

of the channel member 238 defining the inlet manifold channel 236. This "high point" inlet

opening 242 minimizes the potential for air bubbles to become trapped within the inlet

manifold channels 236 because any air present in the inlet manifold channels 236 is pulled

into the pump cylinders 104 during the initial fluid priming process for the pump 10. The

number and size of inlet openings 242 may be selected to minimize pressure drop across the

underlying inlet check valves 194 during filling of the pump cylinders 104, while minimizing

the potential for high pressures in the pump cylinders 104 which could cause the polymeric

material of the inlet check valves 194 to "extrude" into the inlet openings 242 under high

pressure.

[0088] The rear or proximal side 234 of the manifold plate 230 also defines an elongated

outlet manifold channel or recess 244 extending across the rear side 234 above the elevational

location of the sets of inlet openings 242 in the manifold plate 230, but still coinciding with



or corresponding to the pump chambers 106 of the respective pump cylinders 104. The outlet

manifold channel 244 generally corresponds to the elongated recess 154 defined in the front

side 140 of the front plate 102 of the pump body 100. The elongated recess 154 is sized larger

than the outlet manifold channel 244 and is bordered by the perimetrical recess 156, as

described previously, so that an elongated O-ring or gasket and the like, may be placed in the

perimetrical recess 156 and form a fluid sealing border around the outlet manifold channel

244 when the manifold plate 230 is joined to the front plate 102 of the pump body 100 to

form the pump manifold 80. In a variation of the foregoing sealing arrangement, a weld joint,

typically a laser weld, occupies the location of the perimetrical recess 156 and the sealing O-

ring or gasket is not required, and this embodiment or variation is illustrated in the

accompanying figures. The elongated recess 154 also forms the back wall of the outlet

manifold channel 244 when the manifold plate 230 is joined to the front plate 102 of the

pump body 100.

[0089] The outlet manifold channel 244 is used to place the respective pump cylinders 104

in fluid communication with the outlet selector valve 280 on the manifold plate 230. A

plurality of outlet check valve receiving recesses 246 is defined as part of the outlet manifold

channel 244. The outlet check valve receiving recesses 246 are spaced apart in the outlet

manifold channel 244. Each of the receiving recesses 246 accommodates an outlet check

valve 196. Thus, an outlet check valve receiving recess 246 is provided for each of the pump

cylinders 104 of the pump body 100 so that an outlet check valve 196 opposes each of the

respective sets of air egress openings 160 and outlet openings 162 in the front plate 102 of the

pump body 100. The outlet check valve receiving recesses 246 are located directly above the

sets of inlet openings 242 defined in the manifold plate 230, respectively. Each of the outlet

check valve receiving recesses 246 further includes a centrally located preload pin 250 that

allows a preload force to be applied to the outlet check valve 196 to ensure that the outlet

check valve 196 closes when there is no pressure gradient present across the outlet check

valve 196. The outlet check valves 196 are flexible polymeric discs, typically polyurethane

discs, which regulate the fluid flow from each pump cylinder 104. Thus, the outlet check

valves 196 are located within the respective outlet check valve receiving recesses 246 in the

outlet manifold channel 244, with each of the outlet check valves 196 associated,

respectively, with a corresponding set of outlet openings 162 and top openings 160 in the

front plate 102 leading to the pump chambers 106 of the pump cylinders 104.

[0090] The rear or proximal side 234 of the manifold plate 230 further comprises dish-

shaped areas or recesses 252 opposite the inlet openings 142 in the front plate 102 leading to



the pump chambers 106 of the pump cylinders 104. The dish-shaped areas or recesses 252

form valve seats for the respective inlet check valves 194. As shown, for example, in FIG. 7,

the perimetrical recess 156, which extends around the elongated recess 154 defined in the

front side 140 of the front plate 102 of the pump body 100, also extends around or borders

each of the inlet openings 142. Thus, the inlet openings 142 may be sealed by the same

sealing element, such as an O-ring, gasket, or weld, disposed about the elongated recess 154,

to form a fluid sealing border around the respective dish-shaped recessed areas 252. The

sealing element (e.g. , O-ring, gasket, or weld) forms a fluid sealing border around the outlet

manifold channel 244 and the respective dish-shaped recessed areas 252 when the manifold

plate 230 is joined to the front plate 102 of the pump body 100 to form the pump manifold

80. As noted previously, a welded joint, a laser or ultrasonic weld, is preferred in the location

of the perimetrical recess 156 in the accompanying figures.

[0091] As described previously, the inlet check valves 194 are held in place in the

opposing inlet openings 142 by the respective inlet check valve support structure 144

provided on the front plate 102 of the pump body 100. One or more receiving slots 254 may

further be provided in the rear side 234 of the manifold plate 230 and located at spaced

circumferential locations around the dish-shaped recesses 252. The one or more receiving

slots 254 are adapted to receive corresponding tabs 256 extending from the radial prongs 148

of the inlet check valve support structures 144 provided on the opposing front plate 102 of the

pump body 100, thereby securing the inlet check valves 194 opposite the dish-shaped

recesses 252 formed in the rear or proximal side 234 of the manifold plate 230. A further

purpose of the tabs 256 is to maintain the inlet check valves 194 centered relative to the inlet

openings 142. Generally, it is desirable to provide some clearance between the disc edge of

the inlet check valves 194 and the wall of the inlet openings 142 to permit fluid to flow past

the inlet check valves 194 when opened. The three small tabs 256 keep the inlet check valves

194 centered during operation while leaving most of their circumference free from contact

with the wall of the inlet openings 142.

[0092] The front side 232 of the manifold plate 230 comprises an outer circumferential

flange or channel 258 which forms a border around the front side 232 of the manifold plate

230, and a series of stiffening ribs 260. The outer flange 258 and stiffening ribs 260 stiffen or

provide rigidity to the pump manifold 80 without increasing the thickness of the molded

polymeric material forming the pump body 100 and the manifold plate 230. Additionally, the

outer flange 258 and the stiffening ribs 260 transfer the clamping force that is applied by the

drive and actuating system to the welded joints that are subjected to high stress. Moreover,



the outer flange 258 and stiffening ribs 260 may also be used for orienting and positioning the

pump 10 in association with the drive and actuating system used to operate the pump 10. The

stiffening ribs 260 may be located on the face of the front side 232 of the manifold plate 230,

or be formed as part of the outer flange 258 on the front side 232 of the manifold plate 230. A

pair of positioning or stiffening tabs 261 may be provided on each of the respective channel

members 238 defining the inlet manifold channels 236, and disposed generally between the

two (2) circular sets of inlet openings 242 in inlet manifold channels 236. The stiffening tabs

261 help to prevent deflection of the ends of the pump cylinders 104 when they are subjected

to internal fluid pressure, for example, on the order of at least 400 psi and, often, at least 500

psi and greater. Manifold caps 262 are provided for each of the right and left inlet manifold

channels 236 and are secured to the respective channel members 238 defining the inlet

manifold channels 236 via an ultrasonic or laser welding process and like joining techniques.

[0093] The manifold plate 230 is joined to the front side 140 of the front plate 102 of the

pump body 100 via a laser welding process and like joining process. This laser welding

process secures the manifold plate 230 to the front plate 102 of the pump body 100 and forms

a hermetic seal around the fluid paths defined between the manifold plate 230 and the front

plate 102. As a result of this laser welding process, the respective sets of inlet openings 242

in the manifold plate 230 are placed in correspondence with the respective inlet openings 142

in the front plate 102 of the pump body 100 to provide fluid communication (across the

separating inlet check valves 194) between the right and left inlet manifold channels 236 and

the two (2) right and the two (2) left pump cylinders 104, respectively. Further, the laser

welding process secures the inlet check valves 194 in association with the respective dish-

shaped recesses 252 which form the valve seats for the inlet check valves 194. The inlet

check valves 194 are held in place in the inlet openings 142 by the respective inlet check

valve support structures 144, as mentioned previously. Additionally, the laser welding

process secures the engaging tabs 256 associated with the radial prongs 148 of the inlet check

valve support structures 144 in their corresponding receiving slots 254 in the rear proximal

side 234 of the manifold plate 230, thereby further securing and aligning the inlet check

valves 194 in the dish-shaped recesses 252 forming the valve seats for the inlet check valves

194. Moreover, the laser welding process places the outlet manifold channel 244 in fluid

communication (across the separating outlet check valves 196) with the respective sets of

outlet openings 162 and top openings 160 in the front plate 102 to permit fluid to exit the

pump chambers 106 of the respective pump cylinders 104 and enter the outlet manifold

channel 244. The outlet check valves 196 are similarly secured and aligned in the outlet



check valve receiving recesses 246 in the outlet manifold channel 244 and opposite the

plurality of recessed areas 158 defined in the elongated recess 154 on the front side 140 of the

front plate 100 during the laser welding process. The plurality of recessed areas 158 forms the

valve seats for the respective outlet check valves 196 in a similar manner to the way the dish-

shaped recesses 252 form valve seats for the inlet check valves 194. Furthermore, the laser

welding process provides a weld joint in the perimetrical recess 156, described previously,

which forms a fluid sealing border around the outlet manifold channel 244 and the respective

dish-shaped recessed areas 252 when the manifold plate 230 is joined to the front plate 102 of

the pump body 100.

[0094] Referring additionally to FIGS. 18-22, the manifold plate 230 further comprises an

outlet selector valve cylinder 264 extending upward from a top portion of the manifold plate

230 and, in particular, upward from the outer flange 258 which forms a border around the

front side 232 of the manifold plate 230. The outlet selector valve cylinder 264 defines a

valve bore 266 to accept the body of the outlet selector valve 280 therein. The valve bore 266

and a connecting passage 268 thereto are desirably located above the outlet manifold channel

244, permitting any air that is initially trapped in the outlet manifold channel 244 to rise up

into the connecting passage 268 and valve bore 266 during the fluid priming process.

[0095] The outlet selector valve 280 controls fluid delivery or output from the pump 10.

The valve bore 266 is in fluid communication with the outlet manifold channel 244 via the

connecting passage 268. The outlet selector valve cylinder 264 further defines a pair of outlet

ports 270, 272, including a patient outlet port 270 that accepts a swabable valve 274 and a

waste outlet port 272. The swabable valve 274 may be secured within the patient outlet port

270 via medical grade adhesive, solvent bonding, laser and ultrasonic welding, and like

joining techniques. As an alternative, the patient port 270 may be overmolded around the

stem of the swabable valve 274, which eliminates the need for adhesive, solvents, or welding.

The swabable valve 274 is generally used to connect the patient supply set 40 to the patient

outlet port 270. Because the valve is swabable, multiple connections may be made without

compromising the connection. A self-sealing silicone stem (not shown) in the swabable valve

274 also prevents fluid drips when the patient supply set 40 is removed.

[0096] The outlet selector valve 280 comprises a unitary outlet selector valve body 282

with an actuator interface head 284 and a depending valve stem 286 that terminates in a

rounded or tapered bottom edge or end 288. Suitable material choices for the outlet selector

valve body 282 include, but are not limited to: polyethylene (plain and fiber reinforced),

polypropylene, nylon (including fiber reinforced), Ultem® PEI (polyetherimide),



polycarbonate (plain and with silicone or siloxane), and like materials. The valve stem 286

defines a 90° flow passage 290 which tapers smoothly to the bottom edge or end 288 of the

valve stem 286. The "bell" shape of the flow passage 290 which tapers to the rounded bottom

end 288 of the valve stem 286 minimizes the potential for air bubbles to become trapped

below the valve stem 286. The actuator interface head 284 of the outlet selector valve body

282 is adapted to interface with a valve actuator associated with the drive and actuating

system which operates the pump 10. The valve actuator controls operation of the outlet

selector valve 280 to place the valve stem 286 in orientations at least to: (1) place the flow

passage 290 in fluid communication with the patient outlet port 270 and, thus, in fluid

communication with the connecting passage 268 leading to the outlet manifold channel 244;

(2) place the flow passage 290 in fluid communication with the waste outlet port 272 and,

thus, in fluid communication with the connecting passage 268 leading to the outlet manifold

channel 244; and (3) place the flow passage 290 in a shut-off position where the flow passage

290 is not aligned with either the patient outlet port 270 or the waste outlet port 272, thereby

preventing fluid flow from the outlet manifold channel 244 to either outlet port 270, 272.

[0097] The actuator interface head 284 is generally T-shaped and comprises, for example,

two (2) outwardly extending tabs 292 and a recessed area 294 for engagement with the valve

actuator associated with the drive and actuating system. The T-shape of the actuator interface

head 284 allows the outlet selector valve body 282 to slide into engagement with the valve

actuator and also "keys" the outlet selector valve body 282 so that it may be engaged by the

valve actuator in only one particular orientation. This interface between the actuator interface

head 284 and the valve actuator of the drive and actuating system also prevents the outlet

selector valve body 282 from being ejected upward from the outlet selector valve cylinder

264 on the manifold plate 230 under high operating pressure.

[0098] Additionally, the outlet selector valve 280 comprises a rear or proximal pressure

sensing port 296 defined in the outlet selector valve cylinder 264 supporting the outlet

selector valve body 282 that supports a pressure sensing diaphragm 298, which interfaces

with the drive and actuating system so that fluid pressure in the valve bore 266 may be

measured. The pressure sensing diaphragm 298 is a thin polyurethane (and like polymeric

materials) diaphragm that is used to measure the fluid pressure in the outlet manifold channel

244. The pressure sensing diaphragm 298 is desirably overmolded into the pressure sensing

port 296 and seals the port 296 while transferring the fluid pressure within the pressure

sensing port 296 to its exterior surface. The pressure sensing diaphragm 298 allows the

pressure in the outlet manifold channel 244, which is connected to the valve bore 266 via the



connecting passage 268, to be measured at any time, not just when injecting fluid into a

patient. The waste outlet port 272 on the outlet selector valve cylinder 264 on the manifold

plate 230 is used to conduct waste fluids to the waste collection container 48 when the outlet

selector valve 280 is actuated to place the flow passage 290 in fluid communication with the

waste outlet port 272.

[0099] Referring further to FIGS. 23-24, as noted in the foregoing, an inlet selector valve

300 is provided in each of the inlet selector valve cylinders 114. Each inlet selector valve

cylinder 114 defines a cylindrical chamber 116 that accepts the inlet selector valve 300 which

is rotationally operable within the inlet selector valve cylinder 114. The drive and actuating

system which operates the pump 10 also desirably includes separate valve actuators that

operate the respective inlet selector valves 300. The respective inlet selector valves 300 each

comprise an inlet selector valve body 302 with an actuator interface head 304 and an

elongated and hollow valve stem 306 that terminates in a distal edge or end 308 which abuts

(or is disposed in proximity to) the front plate 102 and extends about the front or distal end

opening 118 formed in the front plate 102. The valve stem 306 defines an axial bore or

passage 310. The actuator interface head 304 of the inlet selector valve body 302 is adapted

to interface with an inlet selector valve actuator associated with the drive and actuating

system. The actuator interface head 304 may be generally round or circular in shape and

comprises a proximally extending tab 312, or a plurality of such tabs 312, and an interface

engagement member 314 formed internally within the actuator interface head 304. The

proximally extending tab 312 and internal engagement member 314 form interfacing features

for engagement with the inlet selector valve actuator associated with the drive and actuating

system. For safety purposes, it is desirable for the valve stem 306 to be engaged to the drive

and actuating system in one particular angular orientation. If the valve stem 306 can be

installed in more than one angular orientation, it could be possible to deliver the wrong type

of fluid. In one example, if the proximally extending tab 312 does not angularly align with

the corresponding valve actuator in the fluid delivery system 2, it may not be possible to

install the pump 10 in the fluid delivery system 2.

[00100] The valve stem 306 defines a series of radial inlet openings or ports 320 that

connect to the central or axial passage 310. The radial inlet openings or ports 320 are located

at different angular locations around the valve stem 306 and at different axial locations along

the valve stem 306. The radial inlet openings or ports 320 include a first inlet port 322 for

placing the first inlet port 122 on the receiving inlet selector valve cylinder 114 in fluid

communication with the axial passage 310 in the valve stem 306, a second inlet port 324 for



placing the second inlet port 124 on the receiving inlet selector valve cylinder 114 in fluid

communication with the axial passage 310 in the valve stem 306, and third and fourth inlet

ports 326, 328 positioned to allow fluid communication between either of the saline channels

132, 134 of the saline manifold 130 and the axial passage 310 in the valve stem 306. The

respective inlet ports 322, 324, 326, 328 are defined at different angular locations around the

valve stem 306 and are positioned at spaced axial locations along the valve stem 306 so that,

at most, only one of these inlet ports 322-328 permits fluid communication with the axial

passage 310 in the valve stem 306 at any given time, and thereby permit fluid flow into the

valve stem 306 from the first inlet port 122, second inlet ports 124, or one of the saline

channels 132, 134. In particular, the respective inlet ports 322-328 are defined at different

angular locations around the valve stem 306 and spaced axial locations along the valve stem

306 so that only one of the first and second inlet ports 122, 124 and the saline channels 132,

134 of the saline manifold 130 is in fluid communication with the axial bore or passage 310

in the valve stem 306 at any given time. Accordingly, if the first inlet port 322 is in fluid

communication with the first inlet port 122, the second inlet port 124 is blocked by the valve

stem 306 to fluid flow, as are both of the saline channels 132, 134 of the saline manifold 130.

Similarly, if the second inlet port 324 is in fluid communication with the second inlet port

124, the first inlet port 122 is blocked by the valve stem 306 to fluid flow, as are both of the

saline channels 132, 134 of the saline manifold 130. If the third inlet port 326 is aligned with

the first or forward saline channel 132, the first and second inlet ports 122, 124 are blocked to

fluid flow by the valve stem 306, as is the second or rearmost saline channel 134. Further, if

the fourth inlet port 328 is aligned with the second or rearmost saline channel 134, the first

and second inlet ports 122, 124 are blocked to fluid flow by the valve stem 306, as is the first

or forward saline channel 132.

[00101] In the depicted arrangement, the inlet ports 322-328 are axially spaced along the

valve stem 306, with the first inlet port 322 located near the distal end 308 of the valve stem

306 and the last or fourth inlet port 328 located near the actuator interface head 304. As

explained previously, the foregoing axial order of the ports 122-126 and corresponding ports

322-328 is desirable for air management issues. In particular, in the pump 10 in the

accompanying figures, the "left" saline source SI is connected to the left saline port 126 so

that the rearmost saline channel 134 is filled first with saline for priming purposes. The

rearmost or fourth inlet port 334 in the valve stem 306 is located in the rearmost position to

establish fluid communication with the rearmost saline channel 134 to allow the entire inlet

selector valve 300 to be primed with saline from the far rear or proximal end. If this "saline"



port was located in any other "forward" position, it would not be possible to remove all of the

air from the length of the inlet selector valve 300 as air would be trapped behind this position.

It is noted that the distance from the saline inlet port 328 and the proximal or rear end of axial

passage 310 adjacent the actuator interface head 304 is minimized as much as possible to

limit the potential for air bubbles to be trapped behind this inlet port 328 and the end of the

axial passage 310.

[00102] With the foregoing radial and axial locations for the inlet ports 322-328, the inlet

selector valve actuators of the drive and actuating system control operation of the right and

left inlet selector valves 300 to place the valve stem 306 in an orientation to: (1) connect the

first inlet port 322 with the first inlet port 122 to provide fluid communication between a first

source of therapeutic or diagnostic (e.g. , pharmaceutical) fluid Al, Bl contained in a

connected fluid source container 30 and the corresponding inlet manifold channel 236, while

the second inlet port 124 and both of the saline channels 132, 134 of the saline manifold 130

are blocked to fluid flow by the valve stem 306; (2) connect the second inlet port 324 with the

second inlet port 124 to provide fluid communication between a second source of therapeutic

or diagnostic (e.g. , pharmaceutical) fluid A2, B2 contained in a connected fluid source

container 30 and the corresponding inlet manifold channel 236, while the first inlet port 122

and both of the saline channels 132, 134 of the saline manifold 130 are blocked to fluid flow

by the valve stem 306; (3) connect the third inlet port 326 with the first or forward saline

channel 132 of the saline manifold 130 to connect the third inlet port 326 with the first or

forward saline channel 132 of the saline manifold 130 via saline port 332 (FIG. 5B) to

provide fluid communication between a second source of saline S2 contained in a connected

fluid source container 30 and the corresponding inlet manifold channel 236, while the first

and second inlet ports 122, 124 and the second or rear saline channel 134 of the saline

manifold 130 are blocked to fluid flow by the valve stem 306; (4) connect the fourth inlet

port 328 with the second or rearmost saline channel 134 of the saline manifold 130 via saline

port 334 (FIG. 5B) to provide fluid communication between a first source of saline SI

contained in a connected fluid source container 30 and the corresponding inlet manifold

channel 236, while the first and second inlet ports 122, 124 and the first or forward saline

channel 132 of the saline manifold 130 are blocked to fluid flow by the valve stem 306; and

(5) an "OFF" position wherein the valve stem 306 is in a position to block each of the first

and second inlet ports 122, 124 and the first and second saline channels 132, 134, thereby

preventing fluid flow from the various external fluid sources contained in the fluid source

containers 30 to the corresponding inlet manifold channel 236. Thus, at least a total of five



(5) different operational states are present for each of these inlet selector valves 300 in the

embodiment of the pump 10 found in the accompanying figures. However, this embodiment

should not be considered limiting as additional inlet ports (not shown) may be provided on

the respective inlet selector valve cylinders 114, with corresponding inlet ports (not shown)

being provided in the valve stem 306 of the respective inlet selector valves 300 to

accommodate additional connected fluid sources as desired.

[00103] Referring specifically to FIGS. 5A and 5B, it will be understood that the saline

manifold 130 is formed to extend across the pump cylinders 104 and has opposing ends that

connect to the respective inlet selector valve cylinders 114. With this construction, the saline

channels 132, 134 extend the length between the two (2) outboard inlet selector valve

cylinders 114. Saline ports 332, 334 are defined in the bottom of each of the inlet selector

valve cylinders 114 to connect the inlet selector valve cylinders 114 to the saline channels

132, 134. The first or forward saline ports 332 connect the inlet selector valve cylinders 114

to the first or forward saline channel 132 and the second or rear saline ports 334 connect the

inlet selector valve cylinders 114 to the second or rear saline channel 134. Accordingly, when

the valve stem 306 of the actuated inlet selector valve 300 is rotated to connect the third inlet

or "saline" port 326 with the first or forward saline channel 132 of the saline manifold 130,

the third inlet "saline" port 326 is actually aligned with the first or forward saline port 332 in

the inlet selector valve cylinder 114. Additionally, when the valve stem 306 of the actuated

inlet selector valve 300 is rotated to connect the fourth inlet "saline" port 328 with the second

or rear saline channel 134 of the saline manifold 130, the fourth inlet or "saline" port 328 is

actually aligned with the second or rear saline port 334 in the inlet selector valve cylinder

114.

[00104] In the exemplary configuration of the pump 10 depicted in the accompanying

figures, the left side inlet ports 122, 124 may be connected, respectively, to two (2) different

sources of therapeutic or diagnostic (e.g. , pharmaceutical) fluids, Al, A2, to be received in

the two (2) left pump cylinders 104, and the left side saline port 126 may be connected to a

first source of saline, designated as "SI". Fluid "Al" provided in one of the fluid source

containers 30 may be connected to first inlet port 122 and fluid "A2" provided in one of the

fluid source containers 30 may be connected to the second inlet port 124, or vice versa, on the

left side 18 of the pump 10. Likewise, the right side inlet ports 122, 124 may be connected,

respectively, to two (2) different sources of therapeutic or diagnostic (e.g. , pharmaceutical)

fluid, Bl, B2 to be received in the two (2) right pump cylinders 104, and the right side saline

port 126 may be connected to the second source of saline, designated as "S2". The two (2)-



channel saline manifold 130 permits saline from either saline source SI, S2 to be pulled into

either of the inlet selector valves 300 during operation of the pump 10. Fluid "Bl" provided

in one of the fluid source containers 30 may be connected to first inlet port 122 and fluid

"B2" provided in one of the fluid source containers 30 may be connected to the second inlet

port 124, or vice versa, on the right side 16 of the pump 10. Further, fluids Al, A2 may be

connected to the right side inlet ports 122, 124 in any desired pairing, and the fluids Bl, B2

may be connected to the left side inlet ports 122, 124 in any desired pairing as an alternative

configuration for the pump 10. Accordingly, for exemplary purposes only in this disclosure,

fluid flow of the fluids Al, A2 contained in the fluid source containers 30 is controlled by the

left side inlet selector valve 300 and fluid flow of the fluids Bl, B2 contained in the fluid

source containers 30 is controlled by the right side inlet selector valve 300. As noted

previously, the respective inlet selector valves 300 may draw saline from either of the saline

channels 132, 134 of the saline manifold 130. Hence, the respective inlet selector valves 300

may draw from either saline source SI, S2. Accordingly, each "half of the pump 10 has a

single inlet selector valve 300 that allows selection from several fluid sources that are to be

fed into the two (2) associated pump cylinders 104. Thus, control of fluids to the two (2) left

side pump cylinders 104 is provided by the left side inlet selector valve 300 and control of

fluids to the two (2) right side pump cylinders 104 is provided by the right side inlet selector

valve 300.

[00105] The initial angular orientation of the valve stem 306 of the inlet selector valves

300 may be preset by the manufacturer and this orientation may be encoded into the pump

indicator plate 170 and/or into identifying indicia 172 on the pump body 100. The control

system can thereby determine the initial or preset angular orientation of the valve stem 306

and operate the drive and actuating system accordingly.

[00106] Referring to FIGS. 25-28, various versions and embodiments of a fluid supply set

32 may be associated with the pump 10 to meet different patient and/or procedural needs. The

combination of the pump 10 and a specific configuration of the fluid supply set 32 forms the

multi-use or multi-patient disposable set for the fluid delivery system or unit 2. Each of the

various versions and embodiments of the fluid supply set 32 comprises one or more fluid

supply tubes 34 each having one end connected to the pump 10 and the opposing end

connected to a spike 36 used to access a fluid source container 30. A "basic" embodiment of

the fluid supply set 32 is shown in FIG. 25. The basic fluid supply set 32 comprises six (6)

fluid supply tubes 34 which connect six (6) fluid source containers 30 to the six (6) inlet ports

122, 124, 126 on the inlet selector valve cylinders 114 on the pump body 100. The basic



configuration is for a typical end user performing, for example, 8-12 procedures per day and

be may be used, for example, on up to about 15 patients. In this configuration, two (2)

contrast fluid source containers 30 containing contrast fluids Al, A2, for example, the same

type or brand of contrast fluid, may be connected to the first and second inlet ports 122, 124

on the left side inlet selector valve cylinder 114, and two (2) contrast fluid source containers

30 containing contrast fluids Bl, B2, for example, the same type or brand of contrast fluid but

different from contrast fluids Al, A2, may be connected to the first and second inlet ports

122, 124 on the right side inlet selector valve cylinder 114. However, if desired, the same

type of fluid may be present in all four (4) of the foregoing installed fluid source containers

30. Fluid source containers 30 containing saline SI, S2 are connected to the saline ports 126

on each of the inlet selector valve cylinders 114 in the manner discussed previously. The

basic fluid supply set 32 typically has permanently attached spikes 36 on the free end of each

of the fluid supply tubes 34, and the other end of each of the fluid supply tubes 34 is

permanently connected to the respective inlet ports 122, 124, 126. However, one or more of

the spikes 36 may be replaceable spikes if so desired. For example, replaceable spikes 36

may be provided for accessing the saline fluid source containers 30 containing saline SI, S2.

Once the fluid source container 30 attached to each spike 36 is empty, that particular fluid

supply tube 34 and the associated inlet port 122, 124, 126 should no longer be used because

of the contamination risk involved in changing out a fluid source container 30.

[00107] In FIG. 26, a "high-use" fluid supply set 32 is shown and differs only from the

basic configuration in that all the spikes 36 are replaceable. A swabable valve 70 may be

provided on the free end of the fluid supply tubes 32 for connection to the spikes 36. In this

variation, one fluid source container 30 may be attached to each spike 36 and, once empty,

the empty container 30 and used spike 36 may be removed and discarded. The permanently

attached swabable valve 70 may then be cleaned and a new spike 36 attached to the valve 70.

Multiple fluid source containers 30 may be installed on a given fluid supply set 32 as long as

the spike 36 is replaced with each new container 30 and the corresponding swabable valves

70 are cleaned appropriately.

[00108] In FIG. 27, another variation of the fluid supply set 32 is shown and intended for

limited use with only a few patients, such as may occur on a weekend. This variation of the

fluid supply set 32 may be used, for example, on up to about five (5) patients and has a single

fluid source container 30 containing a desired therapeutic or diagnostic (e.g., pharmaceutical)

fluid connected to one of the first inlet ports 122 on the left or right side inlet selector valve

cylinders 114. A saline fluid source container 30 containing saline is connected to the saline



port 126 on the same inlet selector valve cylinder 114. The spikes 36 are shown permanently

attached to fluid supply tubes 34 so once a fluid source container 30 is empty, that particular

fluid supply tube 34 and inlet port 122, 126 should no longer be used. However, swabable

valves 70 may also be used in the manner shown in FIG. 26.

[00109] In FIG. 28, a further variation of the fluid supply set 32 is shown and is intended

for use with small, single-patient fluid source containers 30. This variation is intended to be

used, for example, for up to about 15 patients. In this variation, a first type of therapeutic or

diagnostic (e.g. , pharmaceutical) fluid Al in a fluid source container 30 is connected to the

first inlet port 122 on one of the inlet selector valve cylinders 114, and a second type of

therapeutic or diagnostic (e.g. , pharmaceutical) fluid Bl is connected to the first inlet port

122 on the other inlet selector valve cylinder 114. Saline SI in a fluid source container 30 is

connected to the saline port 126 on one of the inlet selector valve cylinders 114. In this

variation, swabable valves 70 are provided on the free ends of the fluid supply tubes 32 for

connection to replaceable spikes 36. Accordingly, once the fluid source container 30 attached

to the respective spikes 36 is empty, the empty container 30 and used spike 36 may be

removed and discarded. The permanently attached swabable valve 70 may then be cleaned

and a new spike 36 may be attached to the valve 70, along with a new fluid source container

30.

[00110] Referring to FIG. 29, the waste collection system 44 is shown associated with a

pump 10 having a "high-use" fluid supply set 32. The waste collection system 44 generally

comprises a waste collection tube set 46 connected to a waste collection container 48 used to

collect and store waste fluids. The waste collection system 44 is adapted for connection to the

waste outlet port 272 on the outlet selector valve cylinder 264 on the manifold plate 230, and

the waste collection tube set 46 conducts waste fluids to the waste collection container 48

when the outlet selector valve 280 is actuated to place the flow passage 290 in fluid

communication with the waste outlet port 272.

[00111] There are several assembly steps for assembling the pump 10 for use in the fluid

delivery system 2. The following discussion is intended as exemplary and non-limiting as to

an assembly process for constructing the disposable pump 10. Before beginning assembly of

a "batch" or "run" of pumps 10, an operator enters a manufacturing batch number and pump

type number into a manufacturing process control computer in a production facility. If the

pump sequential identification numbering does not begin with 00001, the starting number is

also to be specified. The manufacturing process control computer assigns a unique, sequential

identification to each pump 10. This number typically begins with 00001 for the first pump



10 of the batch and is incremented by 1 for each subsequent pump 10. Next, the saline

manifold cap 136 is installed over the saline manifold channels 132, 134 and is welded,

typically laser or ultrasonically welded, to the pump body 100. The inlet and outlet check

valves 194, 196 are placed in their respective recesses, described previously. The front

manifold plate 230 may then be installed onto the pump body 100, capturing the check valves

194, 196 between these two components. The front manifold plate 230 is then welded,

typically laser welded, to the pump body 100. An inlet manifold cap 262 is installed onto

each of the two channel members 238 forming the respective inlet manifold channels 236.

[00112] The manufacturing process control computer next selects an inlet selector valve

position number for each pump 10 and this number may be assigned sequentially starting

with 0 1 for the first pump 10 in the batch and incrementing by one (1) for each subsequent

pump 10. Once a maximum permitted value has been reached, for example 36, the counter is

reset back to a value of 0 1 for the next or 37 th pump 10. Alternatively, the manufacturing

process control computer may randomly select a number between 0 1 and a maximum

permitted value, for example 36, for the initial angular position of the valve stem 306 of the

inlet selector valves 300, instead of sequentially assigning values. The designated inlet

selector valve position number is combined with the uniquely-assigned serial number along

with other information as desired, such as the manufacturing lot code and pump

type/configuration identifier. This combined data is then encoded into a string of a

predetermined number of characters. The data string is used, for example, to create the

identifying indicia 172, such as a barcode label, that can be laser-etched directly onto the

pump 10 or otherwise applied to the pump 10. The encoded data string is used to generate a

corresponding identifying indicia 172, such as a machine-readable barcode, that may be laser-

etched directly on the pump body 100, printed on a label and applied to the pump body 100,

or otherwise affixed to the pump body 100. The label desirably also contains the same

information in human-readable alphanumeric characters. A mist of silicone lubricant may be

sprayed onto the interior wall surface of the pump cylinders 104, onto the interior surface of

the inlet selector valve cylinders 114, and onto the interior surface of the outlet selector valve

cylinder 264 on the manifold plate 230. Next, at a valve insertion assembly station of the

manufacturing facility, the manufacturing process equipment reads the identifying indicia

172, such as a barcode label, on the pump body 100, the encoded information is decoded

using a decoding algorithm, and the inlet selector valve position number is extracted. The

extracted inlet selector valve position number is used in conjunction with a look-up table to

determine the assembled positions of the left and right inlet selector valves 300. For example,



using an extracted inlet selector valve position number, the valve stem 306 of the left inlet

selector valve 300 may be placed in one predetermined position, such as angular position "4"

which corresponds to a specific angular orientation of the valve stem 306 in the left inlet

selector valve cylinder 114, and the valve stem 306 of the right inlet selector valve 300 may

be placed in another predetermined position, such as angular position "1" which corresponds

to a specific angular orientation of the valve stem 306 in the right inlet selector valve cylinder

114. Next, the two (2) valve stems 306 and four (4) plungers 200 are loaded into an

automated insertion device, which uses servomotors to adjust the angular orientation of the

left and right valve stems 306 to match the angular positions indicated by the extracted inlet

selector valve position number. The automated insertion device concurrently inserts both

valve stems 306 and all four (4) plungers 200 into the respective inlet selector valve cylinders

114 and pump cylinders 104 on the pump body 100. It will be appreciated that the valve

stems 306 and the plungers 200 may be inserted into the respective inlet selector valve

cylinders 114 and pump cylinders 104 on the pump body 100 in a two or more step process,

for example, one at a time. In another example, the valve stems 306 may be inserted into the

respective inlet selector valve cylinders 114 first, and then rotated to the correct angular

positions.

[00113] Additionally, for the outlet selector valve 280, the valve stem 286 of the outlet

selector valve body 282 is inserted into the outlet selector valve cylinder 264 on the manifold

plate 230. Prior to insertion, the angular orientation of the valve stem 286 is adjusted to

ensure that the flow passage 290 is aligned or in fluid communication with the waste outlet

port 272 on the outlet selector valve cylinder 264. The swabable valve 274 may be

preassembled to the patient outlet port 270. Next, the fluid supply tubes 34 of the designated

fluid supply set 32 are attached to the inlet ports 122, 124, 126 on the inlet selector valve

cylinders 114 via, for example, integral barbs on the inlet ports 122, 124, 126. Next, the pump

indicator plate 170 is installed into the recessed groove 176 on the outside of one of the pump

cylinders 104. The indicator plate 170, as described previously, contains grooves 174 which

indicate at least the specific pump configuration of the pump 10 based on the associated fluid

supply set 32 for the pump 10. The groove pattern 174 in the pump indicator plate 170

matches the configuration of the pump 10 and its associated fluid supply set 32 (see FIGS.

25-28). The waste collection tube set 46 with attached waste collection container 48 is

attached to the waste outlet port 272 on the outlet selector valve cylinder 264 on the manifold

plate 230. In a further example, instead of using the indicator plate 170 with grooves 174, a

blank plate may be provided and inserted into each pump and, using a laser marking system



or other like method, the grooves 174 could be burned into each blank plate during the

manufacturing process.

[00114] Referring next to FIGS. 30-38, FIG. 30 generally depicts a manufacturing process

system 1000 for the pump 10, comprising manufacturing process computer 1030 that is

provided with connections to an indicia reader 1032, for example a barcode scanner, an

indicia printing/creating device 1034, such as barcode printer, RFID writer, etc., an input

device 1036, such as a keyboard or mouse, a display 1038, and an automated insertion device

1040. The manufacturing process computer 1030 may include various types of memory, data

storage devices, processors, video cards, input and output ports and/or devices, and other

features known in the art.

[00115] Referring to FIGS. 31-38, FIG. 31 depicts an exemplary flowchart for a method

of manufacturing/assembling the disposable fluid pump devices 10 utilizing an encoding

algorithm 1020, such as that depicted in FIG. 34. As a first step 1070, an operator (e.g. , an

individual or a machine) inputs pump input parameters, such as a pump configuration/type

number 1021 and a manufacturing batch number 1022, into the manufacturing process

computer 1030 or other computing device connected to the manufacturing process computer

1030 with an input device, such as a keyboard. As a second step 1071, the manufacturing

process computer 1030 assigns a unique, pump sequential identification number 1023 to each

pump 10. This number will typically begin with 00001 (or some other representation of 1)

for the first pump 10 of a particular batch, and will be incremented by 1 for each subsequent

pump 10. If the pump sequential identification number 1023 is not to begin with 00001 (or

some other representation of 1), the starting number must also be inputted.

[00116] As a third step 1072, the manufacturing process computer 1030 assigns/determines

an inlet selector valve position number 1024 for each pump 10. This number may be

assigned sequentially (e.g. , starting with 0 1 and incrementing for each subsequent pump 10).

Once the maximum value is reached (e.g. , 36 for a pump 10 having two inlet selector valve

stems 306 with 6 possible angular positions), the counter may reset back to 01. It is also

possible for the manufacturing process computer 1030 to assign the inlet selector valve

position number 1024 for each pump 10 randomly instead of sequentially assigning values.

[00117] As a fourth step 1073, an encoded string of characters is generated by combining

the inlet selector valve position number 1024, the pump sequential identification number

1023, and other information (e.g. , the manufacturing batch code/number 1022, pump

configuration/type number 1021, etc.) for each pump 10. It will be appreciated that a number

of processes and/or algorithms may be applied to generate the encoded string of characters



with various pump identification information. An exemplary, but non-limiting, algorithm

will be described herein and is shown in FIG. 34. The pump configuration/type number

1021 is determined by the capabilities/configuration of the pump 10, and may be based at

least in part on the type of pump 10 required, as shown in FIGS. 25-28, wherein various

different versions and embodiments of the fluid supply set 32 are associated with the pump

10.

[00118] As a fifth step 1074, the manufacturing process computer 1030 or other computing

device generates identifying indicia 172 representing the string of characters created

previously. It will be appreciated that such identifying indicia 172 may include, but is not

limited to, a machine-readable barcode, a human-readable string, an RFID tag/transponder, a

QR Code (e.g., , a type of matrix barcode), and/or other indicia capable of representing the

string of characters. This identifying indicia 172 may be printed on a label with the barcode

printer (e.g., indicia creating device) 1034 and affixed to the exterior of the pump 10 as

described previously. Alternatively, the identifying indicia 172 may be etched or otherwise

encoded into the exterior of the pump body 100. For example, the identifying indicia 172

may be laser-etched into the exterior of the pump body 100.

[00119] As a sixth step 1075, an indicia reader 1032 connected to an assembly station or

other like device reads the identifying indicia 172 associated with the pump 10 to identify the

encoded string of characters. It will be appreciated that this step may be accomplished

through any number of automated methods, depending on the type of identifying indicia 172

used, and may involve a typical infrared scanner, an image and/or character recognition

device, an RFID reader, or other type of indicia-identifying sensor or device.

[00120] As a seventh step 1076, a computing device connected to the valve assembly

station, for example the manufacturing process computer 1030 or other like device, decodes

the encoded string of characters using a process or algorithm corresponding to that used in

the fourth step 1073 to determine/extract the inlet selector valve position number 1024 for

each pump 10. However, it will be appreciated that the decoding process may not necessarily

be the inverse of the encoding process performed in step 1073 and, as described herein,

asymmetrical public and private keys may be used for encoding and decoding.

[00121] As an eighth step 1077, the computing device used in the seventh step 1076

determines the valve positions of both inlet selector valve stems 306 from the inlet selector

valve position number 1024. A look-up table may be used for this step to match

corresponding valve positions from each inlet selector valve position number 1024.



[00122] As a ninth step 1078, the angular orientations of the inlet selector valve stems 306

are set according to the values calculated in the eighth step 1077 as the inlet selector valve

stems 306 are physically assembled into the pump body 100 (e.g. , inserted into the receiving

inlet selector valve body 302). This assembly step may be completed by a machine or device,

such as an automated insertion device 1040. The automated insertion device 1040 may use

servo motors to adjust the angular orientation of the respective inlet selector valve stems 306

to match the positions indicated or determined. This machine or device may also insert the

plungers 200 into the respective pump cylinders 104. However, it will be appreciated that the

inlet selector valve stems 306 may also be positioned manually if so desired.

[00123] Once the inlet selector valve stems 306 are inserted and set at the correct angular

orientation, or at any time prior, additional steps 1079 related to the manufacture, assembly or

packaging of the pump 10 may be completed. For example, the saline manifold cap 136 may

be installed over the saline manifold channels 132, 134 and laser-welded in place. Further,

the inlet and outlet check valves 194, 196 may be placed in their respective receiving

recesses. The front manifold plate 230 may be installed onto the pump body 100, capturing

the check valves 194, 196 between these two components, and may be laser welded (or

otherwise affixed) to the pump body 100. The inlet manifold cap 262 may be installed onto

each of the two inlet manifold channels 236 and affixed to the front manifold plate 230. A

lubricant (e.g. , silicone lubricant) may be sprayed or otherwise applied on the inside surface

of the pump cylinders 104, inlet selector valve cylinders 114, and outlet selector valve

cylinder 264. Other final assembly steps to complete the pump 10 were described previously.

[00124] During manufacture of the pump 10, each inlet selector valve stem 306 may be

placed in a plurality (N) of possible angular positions. Therefore, the total number of

possible configurations for both inlet selector valve stems 306 is equal to N*N. In the present

embodiment, there are six (6) possible positions for each inlet selector valve stem 306 in

relation to the receiving inlet selector valve body 302, and a seventh "OFF" position,

resulting in thirty-six (36) possible configurations for each pump 10, not including the "OFF"

positions. These angular positions are preferably evenly spaced apart and, for example, the

"OFF' position represents a 0° (or 360°) angular position, position one (1) a 51° angular

position, position two (2) a 102° angular position, position three (3) a 153° angular position,

position four (4) a 207° angular position, position five (5) a 258° angular position, and

position six (6) a 309° angular position. However, it will be appreciated that there may be

any number of different angular positions, and that the spacing or angular rotation of such

positions may differ.



[00125] As just described, a plurality of input parameters may be associated with each

pump 10 and this information may be encoded into a string of characters for later

identification. As shown in FIG. 32, such parameters may include, but are not limited to, a

pump configuration/type number 1021, a manufacturing batch number 1022, a unique, pump

sequential identification number 1023, and an inlet selector valve position number 1024. The

pump configuration/type number or identifier 1021 may indicate the type of unit/device and

its physical condition and may be represented by a two-character alpha-numeric identifier

with a range of 00 - ZZ. This identifier may be used to indicate that a particular unit/device

is intended to be used with a particular system, whether the disposable device is a pump

cartridge or a single-patient disposable set, and/or a specific configuration of that device or

system. For example, there may be four different configurations for the pump 10: basic

(FIG. 25), high-use (FIG. 26), limited use/emergency-use (FIG. 27), and single-dose

container use (FIG. 28), represented respectively by A2-A5. The different configurations

may indicate, for example, the number of bottles of contrast or bags of saline, the physical

arrangement/configuration of such containers, whether a contrast bottle may be replaced after

each patient, and/or whether fluid supply containers may be replaced.

[00126] The manufacturing batch number 1022 indicates the manufacturing batch or lot

number associated with each pump 10. The manufacturing batch number 1022 may always

be a set number of digits (e.g. , 6) and, when necessary, leading zeros (e.g. , 000010 instead of

10) may be added to ensure that the batch number always has the set number of digits. For

example, if the set number of digits is six (6), the permitted range of the manufacturing batch

number parameter would be 000001 to 999999.

[00127] The pump sequential identification number 1023 distinguishes multiple pumps

from the same batch from one another. The pump sequential identification number 1023 may

be a set number of digits (e.g. , 5) and, when necessary, leading zeros (e.g. , 00010 instead of

10) may be added to ensure that the pump sequential identification number 1023 is the set

number of digits. Typically, this identifier will begin with 00001 for the first device in a

given batch and can increment with each subsequent device up to 99999.

[00128] As already mentioned, each pump 10 may have two (2) rotary inlet selector valve

stems 306 and each valve stem 306 may be assembled in any one of a number of possible

angular positions, one of which is an "OFF" position. The inlet selector valve position

number 1024 represents the angular positions of both rotary inlet selector valve stems 306,

and a look-up table may be used to identify the angular position of the inlet selector valve

stems 306 from the inlet selector valve position number 1024. In this example, there are six



(6) possible angular positions for each inlet selector valve stem 306 in relation to each inlet

selector valve body 302. Every possible combination of angular positions for both the left

and right inlet selector valve stems 306 is represented by an inlet selector valve position

number 1024 from 01-36. For example, an inlet selector valve position number of 0 1

indicates that both the first and second inlet selector valve stems 306 are at a first angular

position and an inlet selector valve position number of 10 indicates that the first inlet selector

valve stem 306 is at a second angular position and the second inlet selector valve stem 306 is

at a fourth angular position.

[00129] Referring specifically to FIGS. 33-34, an algorithmic process for generating the

encoded string of characters and identifying indicia 172 based on specific features or

parameters associated with the fluid pump device 10 will now be described. The pump

configuration/type number 1021 (e.g., , "A2"), manufacturing batch number 1022 (e.g., ,

"654321"), pump sequential identification number 1023 (e.g., , "12345") and pump inlet

selector valve position number 1024 (e.g., , "33") are processed according to the encoding

algorithm 1020, which generates a character string of a specified number of characters. The

string of characters may then be formatted as a human-readable string (e.g. , "A2-348Z-5989-

ZQV2") and/or encoded into a machine -readable identifying indicia 172, such as a standard

barcode (e.g. , UPC, EAN, Code 93, Code 128, etc.), a matrix barcode (e.g. , a 2-dimensional

code such as a Quick Response (QR) code, Aztec code, etc.), an electronic programmable

memory (e.g., , an RFID tag/transponder), or any other indicia capable of being read or

otherwise recognized by a device, by an indicia generating algorithm 1092.

[00130] FIG. 33 illustrates a flowchart for an exemplary but non-limiting method for

processing various input parameters (e.g. , the pump configuration/type number 1021,

manufacturing batch number 1022, pump sequential identification number 1023, and pump

inlet selector valve position number 1024) into a string of characters. As a first step 1090, the

input parameters are identified/obtained through manual input or an automated process.

Then, at a second step 1091, the pump configuration/type number 1021 is converted from

alpha-numeric characters ("A2") to a conventional four (4) digit number. This may be

accomplished by using a look-up table (conversion chart), or by another method. As a third

step 1097, the input parameters are combined into a single encoded string of characters

through an encoding process. In one example, the encoding process includes applying an

encoding or encryption algorithm 1020 to the pump parameters. The encoding algorithm

1020 may be executed with one or more keys and/or mathematical formulas. After the final

string is determined, it may then be printed on a label, etched onto the pump body 100, and/or



encoded onto a machine-readable identifying indicia 172 such as a standard barcode, a matrix

barcode, electronic programmable memory (e.g., , an RFID tag/transponder), or any other

indicia capable of being read or otherwise recognized by a device.

[00131] The encoding algorithm 1020 may use one or more symmetrical or asymmetrical

key values to encode and/or decode the string containing the input parameters. In one

example, an asymmetrical key exchange system is used to encode the string at a

manufacturing stage and decode the string by an end-user or fluid delivery system 2. One

such key exchange system includes the use of a public-private key encryption algorithm, such

as the RSA algorithm or other like algorithm. The RSA algorithm is explained in further

detail in U.S. Patent No. 4,405,829, which is hereby incorporated by reference. In an

asymmetrical public-private key process, a first key is a string of alpha-numeric characters, as

an example, that is used to encrypt the pump parameters. In one example, a binary

representation of the first key may be combined with a binary representation of the pump

parameters through an exclusive-or (XOR) operation. A second key, different from the first

key, is then used to decode the pump parameters. Although either key (e.g., , encoding or

decoding) may be public or private, in one example, the encoding key is private and resides

only in the manufacturing process computer 1030. Likewise, the decoding key may be the

public key, and may be included in the on-board software of a fluid delivery system 2 to

allow the actuators to position the pump valves appropriately. By using separate keys for the

encoding and decoding processes, the value of the public key (i.e., the decoding key) can be

determined without compromising the private key (i.e., the encoding key).

[00132] Referring now to FIG. 34, a flowchart for a key generation process for generating

a public key 1060 and a private key 1050 is shown. Initially, at a first step 1200, two prime

numbers (e.g., , 'p' and 'q') are identified. These numbers may be arbitrary and, as an

example, may be randomly generated. At a second step 1201, a modulus (e.g., , 'n') is

determined by multiplying 'p' and 'q' . From the values of 'p' and 'q' , φ (η) is determined by

the equation (p-l)*(q-l) at a third step 1202, where φ (η) is Euler's totient function. At a

fourth step 1203, an integer (e.g., , 'e') is selected for use as an exponent of the private key

1050, and the private key 1050 consists of the exponent 'e' and modulus 'n' . At a fifth step

1204, an exponent 'd' is determined by calculating the multiplicative inverse of 'e mod φ (η)'

(i.e., e * (mod φ (η))). The public key 1060 thus consists of exponent 'd' and modulus 'n' ,

and cannot be used to reverse-engineer the private key 1050.

[00133] With reference to FIG. 35, a flowchart for an installation process for a pump 10 is

shown. A user of a pump 10 may begin by scanning identifying indicia 172 at step 1210 or,



alternatively, by an injector determining that the pump 10 is being installed at step 1211. If

the identifying indicia 172 is not scanned, the user may be prompted to enter an alphanumeric

code representing the encoded parameters (e.g., , human-readable data) from the pump 10 into

an input device 1036 in communication with the fluid delivery system 2 at step 1212. At a

next step 1213, a decryption algorithm is used to extract pump parameters from the encoded

data with a public key 1060, or by some other method. At step 1214, a checksum 1070

obtained from the decoded data is used to confirm that the remainder of the decoded data is

valid and not corrupt. If the data is corrupt, the method proceeds to step 1219, where an error

code is generated and an indication provided to a user that the pump may not be used, and the

method unsuccessfully ends at step 1220. If the decoded data is valid and not corrupt, the

method proceeds to step 1215 and the pump sequential identification number 1023 and

manufacturing batch number 1022 are compared to a database of pumps that have already

been used or are otherwise expired. If the pump 10 has been used before or is otherwise

expired, the method proceeds to step 1219 where an error code is generated, and then to step

1220 where the method unsuccessfully ends. Otherwise, if the pump is determined to have

not been used or is not otherwise expired, at a next step 1216, the pump type/configuration

number is used to confirm the configuration of the pump 10. If the confirmation fails, the

method proceeds to step 1219, where an error code is generated and the method ends

unsuccessfully at step 1220. Otherwise, if the confirmation is successful, the method

proceeds to step 1217 and the actuators of the fluid delivery system 2 are automatically

aligned to match the pump inlet selector valve position number 1024. Once the pump 10 is

inserted into the injector at step 1218, the method ends successfully at step 1221 by allowing

operation of the pump 10, or ends unsuccessfully at step 1220, disallowing operation of the

pump 10.

[00134] Referring now to FIG. 36, a flowchart for the installation process of the pump 10

in the drive and actuating system (not shown) is presented. In a preferred but non-limiting

embodiment, this process occurs when the pump 10 is installed in the drive and actuating

system (not shown but described in United States Provisional Application No. 61/537,371

incorporated previously by reference in its entirety). The first installation step 1101 involves

inputting the final string of characters (represented by the identifying indicia 172) into the

control system (not shown but also described in United States Provisional Application No.

61/537,37 1 incorporated previously by reference in its entirety) that is provided to control

operation of the various components of the drive and actuating system. This step may be



done using a barcode or other indicia scanner, or may be inputted manually through an input

device 1036.

[00135] In a second step 1102, at least a portion of the string may be used to identify the

type of pump 10 and its specific configuration (e.g. , the pump configuration/type number

1021). Since this information may not actually be encoded, the type of pump 10 may be

determined without any additional decoding steps. In one embodiment, the first character

may identify the type of cartridge and the second character may identify the configuration.

For example, at step 1103, it may be determined that the pump 10 is in a "basic"

configuration, as shown in FIG. 25. If the identifier does not indicate a compatible pump 10,

or if the type or configuration is otherwise unrecognized, an error message may be generated

and reported to the user through a suitable display at step 1117. If the identifier indicates a

non-pump device, an alternative installation process may be initiated at steps 1112, 1113,

1114. For example, at step 1112, it may be determined whether the single-patient disposable

supply set ("SPDS") connected to the installed pump may be used with the fluid delivery

system 2. If the connected SPDS has not been previously used, a suggested installation

process may be followed at step 1113. Alternatively, if the connected SPDS has been

previously used, the installed pump may be rejected at step 1114 for being previously used or

for having corrupt indicia data (e.g., the checksum does not match the encoded data, or the

data cannot otherwise be processed).

[00136] If the pump 10 is compatible, as a next step 1104, a computing device connected

to or integrated with the control system associated with the drive and actuating system

decodes the string of characters to identify all of the original input parameters in the

identifying indicia 172 (e.g. , the pump configuration/type number 1021, manufacturing batch

number 1022, pump sequential identification number 1023, and pump inlet selector valve

position number 1024. The decoding process may involve an algorithm that reverses the

steps used to encode the various parameters, or may utilize any other decoding algorithm

capable of obtaining the various parameters from the encoded data.

[00137] Once the input parameters are identified, the computing device associated with the

control system may then be used to confirm that the decoded data is valid at step 1105. Step

1105 may be performed by verifying that each of the decoded input parameters in the

identifying indicia 172 (e.g. , the pump configuration/type number 1021, manufacturing batch

number 1022, pump sequential identification number 1023, and pump inlet selector valve

position number 1024) are within an expected range for each. If the decoded data is invalid,

the installed pump 10 is rejected at step 1111 for being associated with corrupt data. Further,



the decoded data may also be confirmed with the checksum 1070 value of the decoded input

parameters, which may be recalculated to confirm that the recalculated value matches the

decoded checksum 1070 value. If any of these confirmation steps indicate that the decoded

parameters are invalid, the installation process may be ended due to corrupt indicia data (at

step 1111). An error message may be generated and communicated to a user, indicating the

reason(s) that the installation failed.

[00138] At step 1106, once the input parameters are verified, the pump configuration/type

number 1021 (e.g. , a serial number) is compared with an internally-stored or remotely-stored

list of used or otherwise expired pumps 10. It will be appreciated that this list may be stored

in any type of data structure, such as a database. If a match is found, it may be determined

that the pump 10 has been previously used, or is otherwise indicated to be expired, and the

pump installation process may be ended due to expired pump use life (step 1110). An error

message may be generated and communicated to a user indicating the reason(s) that the

installation failed.

[00139] At the next step, step 1107, once it is determined that the pump 10 has not been

previously used or used less than a maximum number of times (e.g. , the serial number) has

been accepted), the required inlet selector valve actuator positions are determined for the

drive and actuating system. The pump inlet selector valve position number 1024 that was

extracted from the identifying indicia 172 may be used in conjunction with a look-up table or

conversion chart to determine the angular position for each inlet selector valve stem 306. The

angular position of the inlet selector valve actuators are then adjusted in the drive and

actuating system to align with the expected angular position for each inlet selector valve stem

306, and this will reposition these actuators while a user is installing the pump 10.

[00140] Once it is confirmed at step 1108 that the pump 10 has been properly installed and

clamped within the drive and actuating system, normal use of the pump 10 may begin. If the

inlet selector valve stems 306 are not in their expected positions, it may not be physically

possible for the operator to install the pump 10 in the drive and actuating system, and the

pump 10 therefore cannot be used with the fluid delivery system 2. At step 1109, an error

message may be generated to alert the user that the pump 10 was not installed properly, and

the installation process is ended. If the pump installation is verified, use of the pump may

begin at step 1115, and the method may end successfully at step 1116.

[00141] FIG. 37 shows a flowchart for the decoding process described above, which

essentially reverses the encoding process depicted in FIG. 33. However, it will be

appreciated that the decoding process may not necessarily reverse the encoding process, and



that numerous decoding methods are possible. First, the encoded data is obtained at step

1501 and the pump configuration/type number 1021 is confirmed at step 1502. After

extracting the pump configuration/type number 1021 at step 1503, the control system decodes

the data using a decoding algorithm as already explained and extracts the pump parameters

from the decoded data at step 1504. As described herein, any number of decoding methods

and/or algorithms may be used. In one example, the decoding algorithm utilizes a public key

1060, residing on the on-board software of a fluid delivery system 2 or otherwise in

possession of an end-user, which is generated according to the method shown in FIG. 34.

The public key 1060 decodes data that is encoded with the private key 1050 that is also

generated according to the method shown in FIG. 34. After the data is decoded, the pump

parameters are exported from the decoded data at step 1510 for use by the fluid delivery

system 2 and/or an end-user of the pump 10.

[00142] FIG. 38 shows a flowchart for an assembly process of a pump 10 utilizing a

public-private encryption scheme. At a first step 1301, and as explained herein, the initial

pump components are assembled (e.g, saline manifold cap 136, inlet and outlet check valves

194, 196, front manifold plate 230, inlet selector valves 300, pump cylinders 104, outlet

selector valve cylinder 264, and the like). The pump parameters (e.g. , the pump

configuration/type number 1021, manufacturing batch number 1022, pump sequential

identification number 1023, and pump inlet selector valve position number 1024) are used at

step 1302 to generate a string of characters with an encoding algorithm. As already

described, a private key 1050 may be used to encode the pump parameters. Next, at step

1303, identifying indicia is generated using the encoded string of characters using an indicia

generating algorithm. This may include, for example, a matrix barcode. At step 1304, the

pump 10 housing is provided with the identifying indicia. As an example, the identifying

indicia may be laser-etched onto the pump 10 housing, or printed on a medium that is affixed

to the pump 10 housing. At step 1305, any additional components that were not assembled in

step 1301 may be assembled. Next, at step 1306, the identifying indicia is read by a

manufacturing process computer 1030 or other like device, and the inlet selector valve

position number 1024 is extracted at step 1307 using a decoding process. As described

herein, the decoding process may use a public key 1060. Once one or more inlet selector

valve position numbers 1024 are extracted from the encoded data, the inlet selector valves are

set to a corresponding position at step 1308. It will be appreciated that the inlet selector

valves may be set manually, or may be set with an automated insertion device 1040. Finally,

at step 1309, the assembly process is completed and any final components are assembled.



[00143] While embodiments of a fluid delivery system including a fluid pumping device,

optionally provided as a disposable pump cassette, and methods of use and operation thereof

were provided in the foregoing description, those skilled in the art may make modifications

and alterations to these embodiments without departing from the scope and spirit of the

invention. Accordingly, the foregoing description is intended to be illustrative rather than

restrictive. The invention described hereinabove is defined by the appended claims and all

changes to the invention that fall within the meaning and the range of equivalency of the

claims are to be embraced within their scope.



THE INVENTION CLAIMED IS:

1. A method of assembling a fluid pump device comprising a pump body

having a plurality of pump cylinders and at least one inlet selector valve for controlling fluid

input to the pump cylinders, the method comprising the steps of:

identifying at least one initial inlet selector valve position;

generating, with at least one processor, encoded data representing at least the

at least one inlet selector valve position; and

setting the at least one selector valve to the at least one initial inlet selector

valve position.

2. A method as claimed in Claim 1, wherein the at least one initial inlet

selector valve position is an angular orientation of a valve stem of the at least one inlet

selector valve.

3. A method as claimed in Claim 1, further comprising identifying at least

one pump input parameter, wherein the at least one pump input parameter comprises at least

one of a pump configuration/type number, a manufacturing batch number, a pump type

identifier, a pump sequential identification number, or any combination thereof.

4. A method as claimed in Claim 3, wherein the pump sequential

identification number is determined by adding a starting pump sequential identification

number with a count of previously assembled fluid pump devices.

5. A method as claimed in Claim 1, further comprising generating, with the

at least one processor, identifying indicia partially representing the encoded data, wherein the

identifying indicia comprises a human-readable barcode, machine-readable barcode, matrix

barcode, RFID transponder, machine-readable label, human-readable label, programmable

electronic memory, optical markings, or any combination thereof.

6. A method as claimed in Claim 5, further comprising placing the

identifying indicia on an external surface of the pump body.



7. A method as claimed in Claim 1, wherein the at least one initial inlet

selector valve position differs from an inlet selector valve position corresponding with a used

state of the fluid pump device.

8. A method as claimed in Claim 1, wherein the at least one inlet selector

valve is automatically set by an automated insertion device.

9. A method as claimed in Claim 1, further comprising inserting a valve stem

of the at least one inlet selector valve in the at least one initial inlet selector valve position.

10. A system for encoding data relating to a fluid pump device comprising a

pump body having a plurality of pump cylinders and at least one inlet selector valve for

controlling fluid input to the pump cylinders, the system comprising a manufacturing process

computer configured to:

determine at least one inlet selector valve position for the fluid pump device;

and

generate encoded data based at least partially on an encoding algorithm and

the at least one inlet selector valve position, such that at least the at least one inlet selector

valve position number may be determined by decoding the encoded data.

11. The system as claimed in Claim 10, wherein the encoded data is generated

based at least partially on at least one of a pump configuration/type number, a manufacturing

batch number, a pump type identifier, a pump sequential identification number, or any

combination thereof.

12. A system as claimed in Claim 10, wherein the manufacturing process

computer is further configured to generate identifying indicia representing the encoded data.

13. A system as claimed in Claim 12, wherein the identifying indicia

comprises a human-readable barcode, machine-readable barcode, matrix barcode, RFID

transponder, machine-readable label, human-readable label, programmable electronic

memory, optical markings, or any combination thereof.



14. A system as claimed in Claim 10, wherein the pump sequential

identification number is determined by adding a starting pump sequential identification

number with a count of previously assembled fluid pump devices.

15. A system as claimed in Claim 10, wherein the encoding algorithm

comprises an asymmetrical encryption algorithm.

16. A system as claimed in Claim 15, wherein the encoding algorithm is

based at least partially on a first key, and wherein a decoding algorithm for decoding the

encoded data is based at least in part on a second key, and wherein the second key is different

than the first key.

17. A method for identifying a fluid pump device comprising at least one inlet

selector valve for controlling fluid movement, the method comprising the steps of:

determining an initial position of the at least one inlet selector valve;

generating encoded data with at least one processor based at least in part on

the initial position of the at least one selector valve; and

providing the fluid pump device with the encoded data.

18. The method of Claim 17, wherein at least a portion of the encoded data is

generated with at least one encryption algorithm.

19. The method of Claim 18, wherein the at least one encryption algorithm

generates the encoded data based at least partially on a first encryption key.

20. The method of Claim 19, wherein the encoded data is configured to be

decrypted with at least one decryption algorithm.

21. The method of Claim 20, wherein the at least one decryption algorithm

uses a second encryption key, and wherein the second encryption key is different than the

first encryption key.



22. The method of Claim 17, wherein the initial position of the at least one

inlet selector valve comprises an angular orientation of a valve stem of the at least one inlet

selector valve.

23. The method of Claim 17, further comprising:

generating identifying indicia based at least partially on the encoded data; and

marking the fluid pump device with the identifying indicia.

24. The method of Claim 23, wherein the medical device is etched with the

identifying indicia.

25. The method of Claim 23, wherein the identifying indicia comprises a

human-readable barcode, machine-readable barcode, matrix barcode, RFID transponder,

machine-readable label, human-readable label, programmable electronic memory, optical

markings, or any combination thereof.

26. The method of Claim 17, wherein the encoded data represents at least one

of a pump configuration/type number, a manufacturing batch number, a pump type identifier,

a pump sequential identification number, or any combination thereof.

27. A method of preparing a fluid pump device for use with a fluid delivery

system, the fluid pump device comprising at least one into selector valve comprising a valve

stem and an inlet selector valve cylinder, the at least one inlet selector valve controlling fluid

movement into the fluid pump device, the method comprising:

determining an initial angular orientation of the valve stem of the at least one

inlet selector valve; and

inserting the valve stem into the inlet selector valve cylinder such that the

valve stem is in the initial angular orientation in the inlet selector valve cylinder.

28. The method of Claim 27, wherein the fluid pump device is marked with

identifying indicia comprising a human-readable barcode, machine-readable barcode, matrix

barcode, RFID transponder, machine-readable label, human-readable label, programmable

electronic memory, optical markings, or any combination thereof.



29. The method of Claim 28, wherein the identifying indicia comprises

encoded data, and wherein the at least one inlet selector valve position is determined based at

least partially by decoding the encoded data.

30. The method of Claim 29, wherein the encoded data is generated based at

least partially on a first key value, and wherein the encoded data is decoded based at least

partially on a second key value.

31. The method of Claim 27, further comprising determining at least one

pump input parameter based at least partially on the identifying indicia, wherein the at least

one pump input parameter comprises at least one of a pump configuration/type number, a

manufacturing batch number, a pump type identifier, a pump sequential identification

number, or any combination thereof.

32. A method of assembling a fluid pump device, comprising:

providing a pump body comprising:

a plurality of pump cylinders; and

at least one inlet selector valve cylinder laterally outboard of the pump

cylinders;

inserting an inlet selector valve stem into the inlet selector valve cylinder such

that the valve stem is in a predetermined angular orientation in the inlet selector valve

cylinder; and

inserting respective plungers into the pump cylinders.

33. A method as claimed in Claim 32, wherein the pump body further

comprises a saline manifold extending across the pump cylinders and defining at least one

saline channel, and the method further comprises installing a saline manifold cap onto the

pump body to enclose the at least one saline channel.

34. A method as claimed in Claim 32, wherein the pump body comprises a

front plate and the pump cylinders extend proximally from the front plate, and the method

further comprises installing a manifold plate onto the front plate to form a pump manifold.



35. A method as claimed in Claim 34, further comprising capturing at least

one check valve between the manifold plate and the front plate during the step of installing

the manifold plate onto the front plate to form the pump manifold.

36. A method as claimed in Claim 34 wherein the front plate comprises at

least one inlet manifold channel defined by at least one channel member, and the method

further comprises installing an inlet manifold cap on the at least one channel member to

enclose the at least one inlet manifold channel.

37. A method as claimed in Claim 34, wherein the manifold plate

comprises an outlet selector valve cylinder, and the method further comprises inserting an

outlet selector valve stem into the outlet selector valve cylinder.

38. A method as claimed in Claim 37, wherein the outlet selector valve

cylinder comprises a patient outlet port and a waste outlet port and the valve stem of the

outlet selector valve body defines a flow passage, and the step of inserting the outlet selector

valve stem into the outlet selector valve cylinder comprises aligning the flow passage to be in

fluid communication with the waste outlet port.

39. A method as claimed in Claim 37, wherein the step of inserting the

outlet selector valve stem into the outlet selector valve cylinder is preceded by spraying

lubricant onto the interior wall surface of the outlet selector valve cylinder.

40. A method as claimed in Claim 32, further comprising spraying

lubricant onto the interior wall surface of the pump cylinders and onto the interior surface of

the at least one inlet selector valve cylinders prior to the steps of inserting the inlet selector

valve stem into the inlet selector valve cylinder and inserting the respective plungers into the

pump cylinders.

41. A method as claimed in Claim 32, wherein the steps of inserting the

inlet selector valve stem into the inlet selector valve cylinder and inserting the respective

plungers into the pump cylinders occur concurrently.



42. A method as claimed in Claim 32, wherein the predetermined angular

orientation of the valve stem of the inlet selector valve body is encoded in identifying indicia

provided on the pump body.

43. A method as claimed in Claim 42, wherein the identifying indicia

comprises a bar code.

44. A method as claimed in Claim 32, further comprising generating an

inlet selector valve position number and encoding the inlet selector valve position number as

identifying indicia provided on the pump body.

45. A method as claimed in Claim 44, wherein the inlet selector valve

position number corresponds to the predetermined angular orientation of the inlet selector

valve stem in the inlet selector valve cylinder.

46. A method as claimed in Claim 44, further comprising etching the

identifying indicia on one of the pump cylinders.
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