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(57) L 1invention concerne un ensemble d’administration
intravasculaire (14) comprenant une téte (98) de pompe
a mouvements alternatifs axiaux, qui presente un orifice
d’entrée (110) et un orifice de sortie (112). Une tubulure
d’entree (96) a une premicre extrémite fixeée sur 1 orifice
d’entree (110) de la téte de pompe et une seconde
extrémite congue pour €tre couplée a un réservorr de
liguide. Une tubulure de sortie (100) a une premiecre
extremite couplee a 1'orifice de sortie (112) de la téte de
pompe et une seconde extrémite congue pour €tre mise
en communication liquidienne avec un vaisseau sanguin
d’un patient. L orifice d’entrée (110) et 'orifice de sortie
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(57) An mtravascular administration set (14) includes an
axially actuated reciprocating pump head (98) having a
pump head inlet (110) and a pump head outlet (112). An
inlet tube (96) has a first end attached to the pump head
inlet (110) and a second end adapted for coupling with a
liquid reservoir. An outlet tube (100) has a first end
coupled to the pump head outlet (112) and a second end
adapted for coupling 1n liquid communication with a
blood vessel of a patient. The pump head 1nlet (110) and
the pump head outlet (118) of the axially reciprocating
pump head (98) are disposed axially of the pump head
(98). An intravascular infusion pump (80) incorporates
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(118) de la téte (98) de la pompe a mouvements
alternatifs axiaux sont dispos¢s axialement par rapport a
ladite téte (98). Une pompe a perfusion intravasculaire
(80) comprend ledit ensemble d’administration (14) et
un mecanisme d’entrainement a mouvements alternatifs
lincaires (132), fonctionnellement associc a la téte (98)
de pompe. Le réservoir de liquide peut €tre un seringue
(94), dans laquelle le liquide est pomp¢ par 1"application
d’une pression negative au niveau de 1'orifice de sortie
(108) de ladite seringue. L’invention concerne
¢galement une technique d’injection intravasculaire de
liquade, faisant appel a 1’ensemble d”administration (14)
et au mecanisme d’entralnement a mouvements
alternatifs lincaires (132).
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the administration set (14) and includes a linear
reciprocating drive (132) operatively associated with the
pump head (98). The liquid reservoir may be a syringe
(94) and liquid 1s pumped from the syringe by creating a
negative pressure at the syringe outlet (108). A method
of 1intravascular 1nfusion of lhiqud utilizes the
administration set (14) and linear reciprocating drive

(132).
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An intravascular administration set (14) includes an axially actuated reciprocating pump head (98) having a pump head inlet (110)
and a pump head outlet (112). An inlet tube (96) has a first end attached to the pump head inlet (110) and a second end adapted for
coupling with a liquid reservoir. An outlet tube (100) has a first end coupled to the pump head outlet (112) and a second end adapted
for coupling in liquid communication with a blood vessel of a patient. The pump head inlet (1 10) and the pump head outlet (118) of the
axially reciprocating pump head (98) are disposed axially of the pump head (98). An intravascular infusion pump (80) incorporates the
administration set (14) and includes a linear reciprocating drive (132) operatively associated with the pump head (98). The liquid reservoir
may be a syringe (94) and liquid is pumped from the syringe by creating a negative pressure at the syringe outlet (108). A method of
intravascular infusion of liquid utilizes the administration set (14) and linear reciprocating drive (132).
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Metered Dose Infusion Pump and Method

TECHNICAL FIELD

The present invention is directed toward infusion pumps, and more particularly toward
a metered dose infusion pump, an administration set for an infusion pump and method for

delivering a select volume of fluids for intravascular injection into a patient.

BACKGROUND AR'T

The use of infusion pumping devices for intravascular delivery ot fluids to patients in
hospitals or other patient care locations has increased dramatically in recent years. Infusion
pumps have replaced gravity controlled infusion systems in many applications because of their
greater accuracy of delivery rates and dosages and their ability to permit varying medication
delivery profiles to optimize medication effectiveness. Infusion pumps have been particularly
useful for delivering dangerous medications to patients over an extended period of time In
precisely measured and timed volumes to maximize drug effectiveness and patient safety.

In order to assure administration of precise volumes of potentially dangerous drugs,
the trend has been to produce ever more sophisticated pumping apparatuses. While the art
has been successful in improving pump accuracy, there have been some serious drawbacks.

Most importantly, many of these pumps rely on highly precise and complicated driving
apparatuses and pump head structures which increase pump complexity and cost. For
example, while there has been much effort to design more accurate peristaltic pumps which
rely upon a low cost IV tube as a disposable pump chamber, the drive toward increased
accuracy has significantly complicated the pump structures and resulted in increased costs.
Manufacturers of pumps utilizing disposable cassettes as pump heads have also had problems

producing low cost, highly reliable and accurate cassettes.

The present invention is directed toward overcoming one or more of the problems

discussed above.

SUMMARY OF THE INVENTION

A first aspect of the present invention 1s an intravascular administration set including
an axially actuated reciprocating pump head having a pump head inlet and a pump head outlet.
An inlet tube has a first end attached to the pump head inlet and a second end adapted for

coupling with a liquid reservoir. An outlet tube has a first end coupled to the pump head
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a piston slidably received in the cylinder, the piston being movable within the cylinder
between a discharged position and a recharged position to draw liquid into the pump head inlet
and discharge liquid from the pump head outlet. A control valve is provided in fluid
communication with the cylinder to promote the flow of liquid into the cylinder exclusively
from the pump head inlet as the piston moves from the discharged position to the recharged
position and to promote the flow of liquid exclusively out of the pump head outlet as the
piston moves from the recharged position to the discharged position. A linkage is attached

to the piston for moving the piston between the discharged and the recharged positions and

the linkage is configured for engagement with a linear reciprocating drive.

A second aspect of the present invention is an intravascular infusion pump including

an axially actuated reciprocating pump head having a pump head inlet and a pump head outlet.
A housing includes a pump head receptacle receiving the pump head. A hquid reservoir is

coupled in liquid communication to the pump 1nlet by an inlet tube. An outlet tube has a first
end coupled in liquid communication with the pump head outlet and a second end adapted for
coupling in liquid communication with a blood vessel of a patient. A linear reciprocating
drive within the housing is operatively associated with the pump head to drive the pump head.
Preferably, the liquid reservoir is also contained within the housing. Also in the preferred

form, a controller is operatively associated with the reciprocating linear drive for controlling
programmed operation of the pump head to deliver a desired output profile. In a further
preterred embodiment, the axially actuated reciprocating pump head includes a piston slidably
received in the cylinder, the piston being movable axially within the cylinder between a .
discharged position and a recharged position to draw liquid into the pump head inlet and
discharge liquid from the pump head outlet. A control valve in hiquid communication with
the cylinder causes the flow of liquid into the cylinder exclusively from the pump head inlet

as the piston moves from the discharged position to the recharged position and causes the flow
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the discharged position and the recharged position. The linkage is engaged with the linear

reciprocating drive. The linear reciprocating drive preferably includes an electric motor
having a rotating drive shaft and a rotary to linear converter operatively associated with the
drive shaft and the axially actuated reciprocating pump head to drive the pump head. The
rotary to linear converter may comprise a cam eccentrically attached to the drive shaft of the
electric motor and a cam follower biased into contact with the edge of the cam. As the cam

rotates, the cam follower, which is connected to the axially actuated reciprocating pump head,

is linearly reciprocated. An encoder associated with the electric motor 1s electrically coupled

to the controller to enable precise monitoring of the pump output.

A third aspect of the present invention is a method of intravascular infusion of hiquids
to a patient. The method includes providing an axially actuated reciprocating pump head
having a pump head inlet and a pump head outlet and providing mnlet and outlet tubes. A first
end of the inlet tube is coupled in liquid communication with the pump head inlet and a
second head of the inlet tube is coupled in liquid communication with the liquid reservorr.

The first end of the outlet tube is coupled in liquid communication with the pump head outlet
and the second end is coupled in liquid communication with a blood vessel of a patient. The
reciprocating linear drive is linked in operative association with the pump head and actuated
to drive liquid from the liquid reservoir to the blood vessel of a patient. In a preferred
embodiment of a the method, the axially actuated reciprocating pump head is a nasal metered

dose spray pump mechanism including an atomizer and the method further includes disabling
the atomuzer.

The intravascular administration set of the present invention utilizes and extremely
light weight axially actuated reciprocating pump head that has been used for administration
of aerosols to the noses of patients for years in tens of millions of manually actuated
reciprocating nasal metered dose spray pumps. As a result, the pump head is available off the
shelf in virtually unlimited quantities, making it extremely low cost. In addition, the simple
pump head mechanism has proved its accuracy and reliability 1n milhions of applications.
Because of its low cost, the administration set is readily disposable, therefore furthering
sanitary and safety objectives. The extreme light weight of the pump head facilitates its use
with ambulatory infusion pumps. Because the pump head requires simple linear éctuation to
produce an accurate output, a wide variety of linear reciprocating drives are available for use

with an infusion pump incorporating the axially actuated reciprocating pump head. An
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4.
infusion pump utilizing the pump head can provide substantially continuous flows of liquad

or bolus infusions of liquid. It can also deliver highly accurate volumes of liquid over a large

number of cycles of actuation of the pump head.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig 1 is a schematic diagram illustrating an intravascular infusion pump of the present

invention;

Fig. 2 is a perspective view of an embodiment of intravascular infusion pump of the

present invention utilizing a syringe reservoir:

Fig. 3 1s a perspective view the pump mechanics and administration set of the
intravascular infusion pump of Fig. 2;

Fig. 4 is an exploded view of a representative axially reciprocating pump head

deployed in the intravascular infusion pump of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
e o ANV UR IR PREFERRED EMBODIMENT

An intravascular infusion pump 10 of the present invention is shown in schematic
form in Fig. 1. The intravascular infusion pump 10 consists of a pump body 12 and an

administration set 14.

The administration set 14 consists of a pump head 16 which receives liquid from a
reservolr 18 through an inlet tube 20 and delivers hquid through an outlet tube 22 to a patient
interface 24 in liquid communication with a blood vessel of a patient. The patient interface
may be a needle, catheter or any other suitable device known in the art. An air-eliminating
filter 26 is preferab]y provided in liquid communication with the outlet tube to remove any
air bubbles which may have been introduced into the liquid prior to introduction of the liquid
to the patient. The pump head 16 most preferably consists of an axially actuated reciprocating
pump head with a pump head inlet 28 coupled in liquid communication to the inlet tube 20
and a pump head outlet 30 coupled in liquid communication with the outlet tube 22. As
llustrated schematically in Fig.1, the pump head inlet 28 and outlet 30 are preferably coaxial.

Most preferably, the pump head 16 consists of an off the shelf nasal metered dose spray pump
mechanism that has been modified to deactivate any atormizer so that air is not introduced into

the liquid being pumped through the metered dose spray pump. One example of such a nasal
metered dose spray pump is described in Haber ef al., U.S. Patent No. 5,433,191, the
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disclosure of which 1is incorporated in its entirety herein. Other examples of suitable nasal

metered dose spray pump mechanisms include those manufactured by Pfeiffer of Germany,
including model no. 10358BSK 5635 (100 uL) and model no. 6958.59002/6000 (50 uL).
Each of these representative pump heads have coaxial pump inlets and outlets and are actuated
by axial reciprocation.

The pump body 12 includes a housing 36 for encasing the pump electronics and drive
apparatus. A controller 38 is provided in the housing for controlling operation of the pump
drive. The controller 38 preferably includes microprocessor and memory programmable with
selected functions for controlling and monitoring operation of the pumping mechanism and

administering a select delivery profile of liquid to a patient. Alternatively, as appreciated by

one skilled 1n the art, various logic circuits could perform the functions of the controller, only

such circuits would not have advantage of being reprogrammable as is the case with a

microprocessor and associated memory.

The controller 38 i1s coupled by connector 40 to drive 42 which includes an encoder
44. The encoder 44 is in turn coupled to the controller by connector 46. The drive can be any
suitable drive for providing linear reciprocating actuation to the pump head 16. The function

of the encoder 44 is to provide a signal to the controller 38 indicative of the number of drive

cycles and therefore pump head actuations to monitor pump output. Preferably, the drive 42

1s an electric motor and the encoder is a Hall sensor. In such an embodiment, the drive shaft
48 of the electric motor is coupled to a rotary to linear converter 50 which in turn is
operatively associated with the axially actuated reciprocating pump head 16 by linkage 52
which may, for example, be a cam follower or the like. Alternatively, the drive 42 could be
an electric solenoid or pneumatically actuated cylinder capable of directly imparting linear
reciprocation to the pump head 16. The pump body 12 also preferably includes a receptacle
53 for receiving the pump head 16 and the other components of the administration set 14 and
for retaining the administration set 14 in operative association with the pump drive apparatus
and sensors described below.

The pump body 12 also includes a variety of sensors. A position sensor 54 is
connected to the controller by connector 56 sends a signal to the controller indicating the
pump head 16 is properly positioned in the receptacle 53. The controller is programmed so

that 1f such a signal is not received, an appropriate warning signal is provided to the user.
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An outlet pressure sensor 58 is connecti:i to the controller by connector 60. The outlet
pressure sensor 1s operatively associated with the outlet tube 22 of the administration set 14
for detecting increases in pressure within the outlet tube 22 indicative of a downstream
occlusion. An inlet pressure sensor 62 is joined to the controller by connector 64 and is
operatively associated with the inlet tube 20 for sensing decreases in pressure in the inlet tube
20 indicative of a lack of fluid upstream of the pump head 16, which may occur when the
reservorr 18 is depleted. The controller 38 is joined by connector 66 to power supply 68. The
power supply 68 may be a battery or a connection to a standard ac outlet including an
appropriate ac/dc adapter. A further sensor may be provided in association with the power
supply to sense electrical power status. All of the sensors provide signals through their
respective connectors to the controller 38. The controller 38 is appropriately programmed to
receive and process the sensor signals it receives. The appropriate displays or alarms are
conveyed to the user through the display 70 connected to the controller by the connector 72.
In addition to displaying warning signals, the display conveys useful information to the pump
user such as pump rate, volume pumped, delivery profile and the like. The display may be
a conventional LCD dot matrix display. User inputs 74 are coupled to the controller by
connector 76. Through the inputs the user dictates pump operation. The controlier 38

responds to the various inputs and controls the pumping mechanism accordingly.

The 1nfusion pump 10 may be designed as a disposable with the administration set 14

permanently enclosed in the housing 36. Obviously, such an embodiment would eliminate
the need for a position sensor 54. Alternatively, the pump body is reusable and the

administration set is a disposable.

A syninge pump embodiment 80 of the intravascular infusion pump of the present

invention is illustrated in Fig. 2. The syringe pump embodiment 80 has a rigid housing 82
which includes an enclosure 84 encasing the pump mechanics and electronics. A display 86,
such as a conventional LCD dot matrix display and a variety of inputs 88 are in the cover 90
of the enclosure 84. The housing also defines a elongate receptacle 92 for receiving the
admuinistration set 14. In this embodiment, the administration set 14 consists of a syringe 94

Joined by an inlet tube 96 to an actually reciprocating pumping head 98 and an outlet tube 100

connected to the pump head outlet of the pump head 98.

The syringe 94 is of conventional construction well known in the art. Syringe 24

Includes a cylinder 102 having an open distal end 104 which receives a plunger 106. The
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7.
proximal end of the cylinder 102 defines an outlet 108 for liquid contained in the cylinder 102.

As readily appreciated by those skilled in the art, liquid may be drawn into the cylinder
through the outlet 108 by withdrawing the plunger 106 or expunged by inserting the plunger.

The administration set 14 downstream from the syringe along with the pump
mechanics are shown in greater detail in Fig. 3. The axially reciprocating pump head 98
includes a coaxial pump head inlet 110 and pump head outlet 112. Iniet tube 96 is connected
to the pump head inlet 110 and outlet tube 100 is connected to the pump head outlet 112. The
axially reciprocating pump head 98, which is shown in an exploded view 1n Fig. 3, consists
of a cylinder 114 which defines a pump chamber and a piston 116 (see, Fig. 3) which
reciprocatingly slides within the cylinder 114 between a discharged position with the volume
of the pump chamber at a minimum and a recharged position with the volume of the pump
chamber at a maximum. The piston 116 is actuated by a linkage 118 that also defines the
pump head outlet 112. The linkage further includes and push plate 120 for facilitating
actuation of the linkage as will be described in greater detail below. The push plate 120 1s

shown as a separate element from the linkage 118 in Fig. 4.

The administration set is maintained in operative association with the pump drive by
means of a holding block 126. The holding block 126 defines a bracket 128 which receives
the cylinder 1 ].4 of the axially reciprocating pump head 98. A push capture plate adapter 124
s received within a slot 130 defined in the holding block 126. A cam follower 132 rides
within the gap 134 in the block 126 and 1s reciprocatingly linearly actuated in the directions
of the arrow 136 by a cam 138 eccentrically mounted to a shaft 140 of an electric motor 142.

As should be evident from Fig. 3, as the shaft 140 rotates, the cam follower 132 reciprocates
linearly along the axis of the axially actuated pump head 98 by engagement of the cam
follower with the edge of the cam 138. A spring, not shown, may be used to bias the cam
follower into contact with a cam. The distal end of the cam follower 132 defines a slot 144

which receives the linkage 118 of the administration set and acts against the push plate 120

to axially actuate the pump head 98.
The outlet tube 100 is preferably a standard IV tube, which is typically made of

polyvinyl chloride (PVC). The outlet tube 100 may include a silicone section 122 which 1s
joined to the main body of the outlet tube 100 by the capture plate/adapter 124. The PVC IV

tube (or the silicone section 122) is received between a force sense resistor 144 which

functions as the outlet pressure sensor 58 described above with regard to Fig. 1. The force
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sense resistor detects expansion of the tube associated with an increase in pressure caused by

a downstream occlusion and sends a signal to the controller when a select pressure 1is
exceeded.

A representative axially actuated reciprocating pump head 98 is shown exploded in

>  Fig. 3. The pump head 98 includes a cylinder 114 within which rides the piston 116. More

particularly, a ball 146 is received in the cylinder 114 and abuts a reduced diameter portion

148 in the cylinder 114. A spring 150 is next received within the cylinder and it abuts a flange

(not shown) within the cylinder adjacent to the reduced diameter portion 148. Next, a stem

152 1s axially inserted within the cylinder and engages a distal end of the spring 150. The

10 piston 116 is received over the stem 150 as is the linkage 118. The orifice 154 within the

linkage 118 defines a conduit which feeds liquid to the pump head outlet 112. A cap 156

engages with a flange 158 on the cylinder 114 to maintain the various components of the

axially reciprocating pump head 98 in their assembled position. The push plate 120 receives

the distal end of the linkage 118 in the hole 159 which terminates the pump head outlet 118.

15 The pump head pumps fluid through the cylinder by axially depressing the linkage 118 via
the push plate 120 into the cylinder which moves the piston 116 to a discharged position.

Upon relaxing the axial force on the linkage 118, the piston 116 is biased to a recharged

position by the spring 150. As the piston is forced toward the recharged position from the

discharge position the ball 146 occludes the pump inlet 110 at the reduced diameter portion

20 148. Thus, liquid within the cylinder is driven out of the pump outlet. As the spring biases

the piston to the recharged position, occluding pressure on the ball 146 is relaxed and fluid

flows in the pump inlet 110. Liquid is prevented from flowing in the pump outlet 112 of the
linkage 118 by a one-way check valve (not shown).

The pump head discharge stroke can be a series of incremental segments of a full

25  discharge strike to provide small volume bolus dosages or can be a continuous full discharge

stroke with a rapid return to provide a substantially continuous liquid flow. As would be

appreciated by one skilled in the art, the cam profile may be designed to allow the spring in

the pump head mechanism to substantially Instantaneously move the pump plunger from the

discharged to the recharged position and begin another discharge portion of the pump stroke.

30 Although not shown, the syringe 94 could be replaced with a standard IV bag.
Obviously, this would require modification to the rigid housing 82. Alternatively, the supply
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9.
of liquid could be remote from the pump housing and delivered to the administration set 14

through the inlet tube 96 coupled to a remote reservoir.
The infusion pump and administration set of the present invention utilize a
standardized pump head which has been shown through millions of uses as a nasal metered
> dose spray pump to be accurate and highly reliable. As a result, the cost of the administration
set 1s mimmized without sacrificing accuracy or reliability. The simple linear actuation of the
pump head makes it operable with many different forms of reciprocating linear drives
including very simple, inexpensive and highly reliable mechanisms. The administration set

may be deployed with a pump unit including a preprogrammed microprocessor which enables

10 1nfusion of a variety of delivery profiles.
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CLAIMS

What 1s claimed is:

1. An 1ntravascular administration set comprising:

an axially actuated reciprocating pump head having a pump hcad inlet and a pump
head outlet; -

an inlet tube having first and second ends with the first end coupled in liquid

communication to the pump head inlet and the second end adapted for coupling in liquid

communication with a liquid reservoir; and

an outlet tube having first and second ends with the first end coupled in liquid

communication to the pump head outlet and the second end adapted for coupling in liquid

communication with a blood vessel of a patient.

2. The intravascular administration set of claim 1 wherein the axially actuated
reciprocating pump comprises a piston slidably received in a cylinder, the piston being
movable axially within the cylinder between a discharged position and a recharged position

to draw liquid into the pump head inlet and discharge liquid from the pump head outlet.

3. The 1ntravascular administration set of claim 2 wherein the axially actuated
reciprocating pump head further comprises a control valve in fluid communication with the
cylinder to cause the flow of liquid into the cylinder exclusively from the pump head inlet as
the piston moves from the discharged position to the recharged position and to cause the flow

of liquid exclusively out the pump head outlet as the piston moves from the recharged position

to the discharged position.

4. The intravascular administration set of claim 2 wherein the axially actuated
reciprocating pump head further comprises a linkage attached to the piston for moving the

piston between the discharged and the recharged positions, the linkage being configured for

engagement with a linear reciprocating drive.

5. The intravascular administration set of claim 1 further comprising a liquid
reservolr in liquid communication with the second end of the inlet tube, the liquid reservoir

comprising a syringe having a cylinder with and open first end and a second end defining a
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liquid outlet and a plunger slidingly received in the open first end, the second end of the inlet

tube being coupled to the liquid outlet of the cylinder.

6. The 1ntravascular administration set of claim 1 wherein the pump head inlet
and the pump head outlet of the reciprocating pump head are disposed éxially of the pump
head.

7. An 1ntravascular infusion pump comprising:

an axially actuated reciprocating pump head having a pump head inlet and a

pump head outlet;

a housing having a pump head receptacle receiving the pump head:;

a liquid reservorr;

an 1nlet tube having first and second ends with the first end coupled in liquid

communication to the pump head inlet and the second end coupled in liquid communication

with a liquid reservoir;

an outlet tube having first and second ends with the first end coupled in liquid

communication to the pump head outlet and the second end adapted for coupling in liquid

communication with a blood vessel of a patient; and

a linear reciprocating drive within the housing operatively associated with the pump

head.

8. The ntravascular infusion pump of claim 7 wherein the liquid reservoir is

contained within the housing.

0. The intravascular infusion pump of claim 7 wherein the liquid reservoir
comprises a syringe having a cylinder with an open first end and a second end defining a

liquid outlet and a plunger slidingly received in the open first end, the second end of the inlet

tube being coupled to the liquid outlet of the cylinder.

10.  The intravascular infusion pump of claim 7 wherein the liquid reservoir

comprises an [V bag.
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11. The intravascular infusion pump of claim 7 wherein the axially actuated
reciprocating pump head comprises a piston slidably received in a cylinder, the piston being

movable axially within the cylinder between a discharged position and a recharged position
to draw hiquid into the pump inlet and discharge liquid from the pump and a control valve in
liquid communication with the cylinder to cause the flow of liquid into the cylinder
exclusively from the pump head inlet as the piston moves from the discharged position to the
recharged position and to cause the flow of liquid exclusively out the pump head outlet as the
piston moves from the recharged position to the discharged position and a linkage attached

to the piston for moving the piston between the discharged and the recharged positions, the

linkage engaging with the linear reciprocating drive.

operatively associated with the drive shaft and the axially actuated reciprocating pump head

to drive the pump head.

13. The intravascular infusion pump of claim 12 wherein the rotary to linear
converter comprises a cam having an edge, the cam being attached eccentrically to the drive
shaft and a cam follower operatively engaged with the edge of the cam and biased into contact
with the edge of the cam, whereby as the cam rotates the cam follower is linearly reciprocated,

the cam follower being connected to the axially actuated reciprocating pump to drive the

pump head.

14. The ntravascular infusion pump of claim 7 further comprising controller

operatively associated with the reciprocating linear drive for controlling preprogrammed

operation of the pump head.
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15.  The intravascular infusion pump of claim 14 further comprising a pressure

transducer operatively associated with the outlet tube and coupled to the controller for

detecting downstream occlusions.

16.  The intravascular infusion pump of claim 14 further comprising an encoder

operatively associated with the linear dnve and coupled to the controller for delivering a

signal indicative of pump output to the controller.

17. A method of intravascular infusion of liquids to a patient comprising:

providing an axially actuated reciprocating pump head having a pump head inlet and

a pump head outlet;

providing an inlet tube and an outlet tube, each having first and second ends;
coupling the first end of the inlet tube in liquid communication with the pump head

inlet and the second end of the inlet tube in liquid communication with a liquid reservoir;

coupling the first end of the outlet tube in liquid communication with the pump head

outlet and the second end 1n hiquid communication with a blood vessel of a patient;

linking a reciprocating linear drive in operative association with the pump head; and

actuating the reciprocating linear drnive.

18.  The method of claim 17 further comprising providing an encoder operatively

associated with the reciprocating linear drive for producing a signal upon each reciprocation

of the above;

providing a controller connected to the encoder to receive the signal to the

reciprocating linear drive; and

programming the controller to control the rate of actuation of the linear drive and to

calculate pump head output based upon signals received from the encoder.

19.  The method of claim 17 wherein the axially actuated reciprocating pump head

comprises a nasal metered dose spray pump mechanism including an atomizer, the method

further comprising disabling atomizer.
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20.  The method of claim 17 further comprising providing a syringe as the

reservorr, the syringe being a cylinder with an open first end and a second end defining a

hiquid outlet and plunger received in the open first end;

coupling the second end of the inlet tube to the liquid outlet of the syringe cylinder;
5 and

creating a negative pressure on the liquid outlet of the syringe to withdraw hquid from

the syringe by actuating the reciprocating linear drive.
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