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(57) Abrégé/Abstract:

A medicament delivery device having a reservoir for holding a medicament, a pressurizing system that dispenses the medicament
from the reservoir when operating, a hollow cannula for insertion into a patient, and a fluid delivery path disposed between the
pressurizing system and the hollow cannula and communicating the medicament therebetween. The medicament delivery device
also has a pressure sensor external to the pressurizing system, sensing a back pressure in the fluid delivery path, and providing an
indication when the back pressure drops below a predetermined threshold after the pressurizing system ceases operation.
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(57) Abstract: A medicament delivery device having a reservoir for holding a medicament, a pres-

oo surizing system that dispenses the medicament from the reservoir when operating, a hollow cannula
’ for insertion into a patient, and a fluid delivery path disposed between the pressurizing system and
N - the hollow cannula and communicating the medicament therebetween. The medicament delivery de-
N \ 108 vice also has a pressure sensor external to the pressurizing system, sensing a back pressure in the
N 125 PRI 10 fluid delivery path, and providing an indication when the back pressure drops below a predetermined
7\ L \_ =1 N - threshold after the pressurizing system ceases operation.
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PRESSURE INDICATOR FOR MEDICAMENT DELIVERY DEVICE

Cross-Reference to Related Application

{0001} This application claims priority under 35 USC §119{¢} trom U.S. provisional patent
application Serial No. 62/799,420, filed on January 31, 2019, the disclosure of which is

meorporated herein by reference in its entirety.

Field of the Invention

{00602} The present invention relates to medical devices, and more particularly, to medical

devices with a cannula and a pressurizing sysieni.

Backsround of the Invention

100603} After a medicament pressurizing system of a medicament delivery device ceases
operation, pressure in the fluid delivery path of the device does not immediately drop to zero.
Until the pressure i the fhnd debivery path drops below a certain threshold, medicament
delivery contimues. For example, during insulin infusion when using a pump 14 (Fig. 1),
residual pressure within the system may build up and be present after the pump 14 stops
operating. Premature removal or disconnection (see Fig. 1) of an msulin mfusion set or fluid
connector 10 from a base or mfusion site 80 mserted m a patient may lead to msulin
evacuating the fhud connector 10 (see Fig. 2} afier removal of the set. In such a sitvation,

therefore the user will not receive all of the intended dosage.

18604} Pressure required to deliver 1 umit of msehin 1s roughly equal to 0.7 psi. Therefore a
low residual pressure in the infusion set post removal or disconnection could mean significant
toss 1n therapy. For example, a 1-unit loss out of a 10-unit bolus results in delivery of only

50% of intended nsulin dose. Improvements are desirable.
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Summary of Embodiments of the Invention

{0005] Accordingly, it is an aspect of the present invention to provide a medicament delivery
device having an indicator 1o let a user know when it is safe to remove or disconnect the

medicament delivery device.

{8606} The foregoing and/or other aspects of the present invention are achieved by providing
a medicament delivery device having a reservoir for holding a medicament, a pressurizing
systern that dispenses the medicament from the reservoir when operating, a hollow cannula
for insertion mto a patient, and a fluid delivery path disposed between the pressurizing
system and the hollow cannula and communicating the medicament therebetween. The
medicament delivery device also has a pressure sensor external to the pressurizing system,
sensing a back pressure in the fluid delivery path, and providing an indication when the back
pressure drops below a predetermined threshold after the pressurizing svstem ceases

operation.

{8007} The foregoing and/or other aspects of the present invention are also achieved by
providing a medicament delivery pen having a reservoir for holding a medicament, a
pressurizing system that dispenses the medicament from the reservoir when operating; and a
needle hub housing a hollow cannula, the hollow cannula having a distal end for insertion
mto a patient. The medicament delivery pen also has a fluid delivery path disposed between
the pressurizing system and the distal end of the hollow cannula and commumicating the
medicament therebetween, and a pressure sensor external to the pressurizing svstem and
disposed in the hub, sensing a back pressure i the fhnd delivery path, and providing an
mdication when the back pressure drops below a predetermined threshold afer the

pressurizing sysiem ceases operation.

{8608} The foregoing and/or other aspects of the present invention are also achieved by
providing medicament delivery svringe having a reservoir for holding a medicament, a
pressunzing svstem that dispenses the medicament from the reservorr when operating, and a
needle hub housing a hollow cannulda, the hollow cannula having a distal end for insertion
mnto a patient. The medicament delivery syringe also has a fhud delivery path disposed
between the pressurizing systern and the distal end of the hollow cannula and conununicating
the medicament therebetween, and a pressure sensor external to the pressurizing sysiem and

disposed in the hub, sensing a back pressure in the flaid delivery path, and providing an
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mdication when the back pressure drops below a predetermined threshold after the

pressurizing systom ceases operation.

{3009} Additional and/or other aspects and advantages of the present invention will be set
forth in the description that follows, or will be apparent from the description, or may be

carned by practice of the invention.

Brief Description of the Drawings

{88616} Aspects and advantages of embodiments of the mmvention will be more readily
appreciated from the following detailed description, taken in conjunction with the

accompanying drawings, in which:

Fig. I illustrates removal or disconnection of a medicament infusion fluid
connecior;

Fig. 2 illustrates evacuation of medicament from the fluid connector of Fig. 1;

Figs. 3-5 are vanous views of a related art fluid connector and an associated base;

Figs. 6-8 dllustrate locations for pressure sensors in accordance with embodiments
of the present invention;

Figs. 9-12 lustrate a pressure sensor in accordance with an embodiment of the
present mvention;

Figs. 13 and 14 are graphs illustrating pressure versus time conditions of
medicament delivery devices;

Fig. 15 illustrates a pressure sensor in accordance with another embodiment of the
present invention;

Fig. 16-18 illustrate a pressure sensor in accordance with another embodiment of
the present nvention;

Fig. 19 illustrates a medicament delivery pen;

Fig. 20 is an exploded view of the medicament delivery pen of FIG. 19 with
ancother embodiment of the present invention;

Figs. 21 and 272 ilhustrate a pressure sensor in accordance with another
embodiment of the present mvention;

Fig. 23 ilhustrates a medicament delivery syringe with a pressure sensor in
accordance with another embodiment of the present invention;

3
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Fig. 24 15 a cross-sectional view of a needle and needle hub of the syringe of Fig.
23; and
Fig. 25 illustrates a pressure sensor i accordance with another embodiment of the

present invention.

Detailed Description of Embodiments of the Present Invention

{8611} Reference will now be made i detail to embodiments of the present invention, which
arc illustrated i the accompanying drawings, wherein like reference numerals refer to hike
clements throughout. The embodiments described herein exemphify, but do not limat, the

present tnvention by referring to the drawings.

{6612} The embodiments are not intended to be mutually exclusive; features of one
embodiment can be combined with other embodiments as long as they do not contradict each

other.

{8613} It will be understood by one skilled in the art that this disclosure is not hinuted 1o s
application to the details of construction and the arrangement of components set forth in the
following description or illustrated o the drawings. The embodiments herein are capable of
other embodiments, and capable of being practiced or carried out in various wayvs.
Phraseology and terminology used herein is for the purpose of description and should not be

2 <o

regarded as imiting. The use of “mclading,” “comprising,” or “having”™ and variations
thercof herein is meant to cncompass the ttems listed thereafier and equivalents thereof as
well as additional items. Unless limited otherwise, the terms “connected,” “coupled,” and
“mounted,” and vanations thereof herein are used broadly and encompass direct and indirect
connections, couplings, and mountings. In addition, the terms “connected” and “coupled™
and vartations thercof are not restricted to physical or mechanical connections or couplings.
Further, terms such as “up,” “down,” “bottom,” “top,” “front,” “rear,” “upper,” “lower,”
“upwardly,” “downwardly,” and other orientational descriptors are intended to facilitate the
description of the exemplary embodiments of the present invention, and are not imtended to
himit the structure of the exemplary embodiments of the present invention to any particular
posttion or orientation. Terms of degree, such as “substantially” or “approximately” are
understood by those skilled in the art to refer to reasonable ranges arcund and including the
given value and ranges outside the given value, for example, general tolerances associated

4
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with manufactunng, assembly, and use of the embodiments. The term “substantially” when

referring to a structure or characteristic includes the charactenstic that s mostly or entirely,

{8814} Fig. 3 15 a perspective view of a related art two-piece fhud connector 10 and
associated base 80, such as those found in PCT Publication WO 2013/086463, the disclosure
of which is incorporated herein by reference for this purpose. Fig. 4 is a bottom view of the
fluid connector 10, and Fig. 5 15 a cross-sectional view of the fluid connector 10 connected
with the base 80, The fluid connector 10 includes two components: a fluid path portion 12,
and a latching portion 14, Together, the fluid path portion 12 and the latching portion 14 form
a housing 15. The latching portion 14 includes activation levers 16, fluid connector latches

18, and a ngid stop 21.

{0615} The fluid path portion 12 includes a tubing connector porticn 22 for connecting the
fluid connector 10 with tubing 20. The fluid path portion 12 can be secured to the latching
portion 14 via snap-fit engagement. As shown m Fig. 3, the tubing 20 is connected to a pump
14 via a connector 22. The pump 14 has a reservoir 6 for medicament to be delivered. The
reservotr 6 is shown as being an internal reservoir, but one skilled in the art will understand
that the reservoir 6 could be an extemal reservorr 6, such as a medicament vial, connected to

the pump 14

{0016} As shown in Figs. 4-6, the fluid path portion 12 bas a blunt cannula 23 extending
distally from a proximal interior surface of the housing 15 When connected to a
corresponding base 80 with a patient cannula 84 that has been mserted mto the user’s skin,
the bluat cannula 23 picrces a septum 86 in a mushroom-shaped head #2 of the base 80 to
fluidly connect a pump with the patient cannula 84 on the distal side of the base 80. The
patient cannula 84 1s flexible, and s held in the base 30 by a metal wedge. Typically, the

patient cannula 84 is inserted indo a patient’s skin using a known insertion device,

{8617} A pressure sensor in accordance with an embodiment of the present mmvention is
external to a pressurizing system, such as a pump, and can be disposed m multiple locations.
For exarmple, the pressure sensor can be disposed within a connector 17 or 1901 22
connecting an infusion line 20 to a pump 14 (Figs. 3 and 6), in-line with the tubing 20 (Fig.
7). at the connect/disconnect site between the set 10 and the base 80 (e.g.. posttion A} or in-
line with the tebing (o.g., position B), or in the fluid path of a pen needle (Fig. 8) or a syringe,

as subsequently described.

¥4
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{8018} Figs. 9-12 dlustrate a pressure sensor 100 in accordance with an embodiment of the
present invention. The pressure sensor 100 is disposed external to the pressunizing svstem
{such as pump 14), and senses a back pressure 1o the fluid delivery path. The pressure sensor
100 provides an indication when the back pressure drops below a predetermined threshold

after the pressurizing system cgases operation.

106619} The pressure sensor 100 illustrated in Figs. 9-12 includes a main body 102 with a
primary fluid channel 104 therethrough. The prnmary fluid channel 104 is a portion of the
fhud delivery path between the pressurizing sysiem {e.g., pump 14} and the hollow cannula
{c.g., patient cannula 84). Opposing ends of the primary fluid channel 104 fluidly connect to
the mfusion line set 10 and/or the tubing 20. For example, according to one embodiment, one
end of the primary fluid channel 104 connects to the tubing 20, and the opposing end of the
primary fhuid channel 104 counects to the set or fluid connector 10 (e.g.. position A of Fig. 7).
According to another embodiment, both ends of the primary fluid channel connect to the

tubing 20 (¢.g., position B of Fig. 7).

{80620} As best seen in Fig. 10, the pressure sensor 100 mcludes a gauge chamber 106 fluidly
connected to the primary fluid channel 104, and a gauge 108 movably disposed within the
gauge chamber 106. The gauge or first gauge 108 senses the back pressure m primary fluid
channel 104, which is part of the fluid delivery path, and the gauge 108 extends outside the
main bodv 102 when the back pressure exceeds the predetermined threshold. The gauge 108
withdraws into the main bodv 102 when the back pressure drops below the predetermined
threshold after the pressurtzing system (o g., pump 14} ceases operation. According to one
embodiment, the pressure sensor 100 includes a biasing member 110, such as a spring 110

biasing the gauge 108 mward with respect to the main body 102,

{8021} According to ancther embodiment, as shown in Figs. 9-12, the pressure sensor 100
also mcludes a second gauge chamber 112 fluidly comnected to the primary fluid chanunel 104,
and a second gauge 114 movably disposed within the second gange chamber 112, that senses
the back pressure in the primary fhad channel 104, extends outside the maim body 102 when
the back pressure is greater than zoro, and withdraws into the main body 102 when the back

Pressure is zero or less.

10622} Preferably, the pressure sensor 100 also includes a second biasing member 115, such

as a second spring 115 biasing the second gauge 114 inward with respect to the main body

6
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102. According to one embodiment, the springs 110, 115 have different spring constants to
accommodate different predetermined thresholds. For example, the spring 115 inwardly
biasing the second gauge 114 inwardly can be weaker than the spring 110 inwardly biasing
the first gauge 108, In such an embodiment, the second gauge 114 would extend from the
matn body 102 at a lower back pressure in the primary fluid chamnel 104 than what would be

required to extend the first gauge 108,

{8623} In such an embodiment, when the first gauge 108 withdraws mio the mam body 102,
the pressure sensor 100 the provides an indication to the user that i is safe to remove the flmd
connector or set from the site or base 12 becanse the back pressure has dropped below the
predetermined threshold after the pressunizing system (e.g., pump 14) ceases operation.
According to one embodiment, the predetermined threshold 1s below about 0.5 psi. More
preferably, the predetermined threshold is about 0.25 psi. Maost preferably, the predetermined

threshold 1s about 0.1 psi.

{8624} As shown in Fig. 13, with one combination of pump, tubing, fluid connector, and
base, during operation of the pump, after an initial spike, the pump provides .28 psi during
delivery, and the pressure tapers off after the pump cuts off. During the wait period after the
pump cuts off, there 1s still the potential for medicament debivery, and thus, for such a
combination, the predetermined threshold would preferably be about 0.1 psi, to indicate that
the imtended dosage has been received and it 15 safe to remove the fluid connector from the

base.

{8625} As shown in Fig. 14, with another combination of pump, tubing, fluid connector, and

base, during operation of the pump, the pump provides about 0.4 psi prior to cutoff. For such
a combination, the predetermuned threshold would preferably be about 0.1-0.2 psi, to indicate
that the intended dosage has been received and it s safe to remove the fluid connector from

the base.

18626} In the embodiment shown in Figs. 9-12, when the second gauge 108 15 withdrawn into
the main body 102 and the pump is operating, the pregsure sensor 100 provides an indication
to the user that the insertion of the base into the skin or the connection of the fluid connector
to the base is faulty because there is no back pressure in the primary fluid channel 104, In
other words, if the cannula of the base were not mserted in the patient’s skin, or if the flaid
connector were not connected to the base, when the pump was operating, the fluid would

7
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flow through the fluid delivery path without any reststance {other than the inherent resistance
of. for example, the tubing), and thus, there would be little or no back pressure in the primary

fluid channel 104,

{66271 When the pump is operating and the second gauge 108 extends from the main body
102, the pressure sensor 100 provides an indication to the user that the base is sufficiently
mseried and the connection between the fluid connector and the base is satisfactory, because

the back pressure i the primary fliid channel 104 1s greater than zero.

{0028] According to one embodiment, the pressure sensor 100 includes a sliding cap 120
(best shown in Figs. 11 and 12} to sclectively cover either the gauge 108 or the second gauge
114 so that only an vacovered one of the ganges 108 and 114 1s operational at a given time.
For example, during insertion of the base mto the user’s skin and the initial operation of the
pump, the user may have the sliding cap covering the first gauge 108, so that the second
gauge 114 can provide an indication that the msertion is successful. Subsequently, once the
aser 13 assured of successful insertion and connection, the user can shide the shiding cap 120
to cover the second gauge 114, and thus mounttor the condition of the first gauge 108 to
determine when 1t is safe to remove the fluid connector 10 from the base 80 to ensure proper

dosage delivery.

16629} According to one embodiment, the user needs to depress the second gauge 114 to
shide the shding cap 120 over the second gauge 114. According to another embodiment, the
shiding cap has a ramp that engages a corresponding ramp on the second gauge 114 so that the
act of shiding the sliding cap 120 over the second gauge 114 depresses the second gauge 114

to enable the sliding cap 120 to cover the second gauge 114,

10630} According to one embodiment, the shding cap 120 can be positioned not to cover
cither of the gauges 108 and 114, and both gauges 108 and 114 are able to extend from the
main body 102 at the same time. According to another embodiment, there is no sliding cap,

and both gauges 108 and 114 are able to extend from the main body 102 at the same time.

{0031} According to another embodiment shown in Fig. 15, the pressure sensor 125 only

mncludes a single gauge chamber 106 and the single gauge 108, In addition, the pressure

sensor 125 does not inchude a biasing member or spring. According to one embodiment, the

pressurc sensor 125 should be kept upright during operation, and the weight of the gange 108

retracts the gange 108 within the main body 102 when the back pressure has dropped below
2
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the predetermined threshold after the pressurizing system {(e.g., pump 14) ceases operation,
thereby signifving proper dosage delivery and that it is safe to remove the fhiid connector 106
from the base 80. In other respects, the pressure sensor 125 operates similarly to pressure

sensor 100, and further description thereof is onutted for brevity.

103632} According to another embodiment shown in Figs, 16-18, the pressure sensor 130 also
only includes a single gauge chamber 106 and a single gauge 138, but includes the
functionality of the two gauges of pressure sensor 100 of Figs. 9-12. More specifically, in this
embodiment, the gauge 108 has three bands 132, 134, and 136 of demarcation, for example,

texture or color,

18633} Like the second gauge 114 of previously describe pressure sensor 100, against the
bias of spring 110, the gavge 138 extends a first distance from the main body 102 when the
back pressure is greater than zero, and withdraws into the main body 102 when the back
pressure 1s zero or less. When the gauge extends thas first distance, as shown in Fig. 16, only

the first band 132 is visible outside of the mam body 102.

{0034] When the back pressure meets or exceeds the predeternined threshold, the gange 138
gxtends outside of the mam body 102 by a second distance, and all three bands 132, 134, and
136 are visible cuiside the main body 102 (Fig. 17} And when the back pressure 1n the gavge
chamber 106 1s less than the predetermined pressure but greater than the first, non-zero
pressure, the gauge 138 extends from the main body 102 by a third distance when the back
pressure drops below the predetermined threshold after the pressurizing system ceases
operation and only the first and second bands 132 and 134 are visible outside of the main
body 102, as shown in Fig. 18 Pen injection devices, such as an exemplary pen injector 250,
as shown i FIGS. 19 and 20, typically comprise a dose knob/button 224, an outer sleeve 213,
and a cap 221. The dose kncb/button 224 allows a user to sot the dosage of medication to be
mjected. The outer sleeve 213 15 gripped by the user when injecting medication. The cap 221
is emploved by the user to securely hold the pen injector 250 1 a shirt pocket, purse, or other
suitable location.

{0035] FIG. 20 is an exploded view of the exemplary medicament delivery pen 250 shown in
FIG. 19, The dose knob/button 24 has a dual purpose and 1s used to both set the dosage of the
medication to be injected and to inject the dosed medicament via a lead serew 207 and
stopper 215 from a medicament cariridge 212, which is attached to the drug deliverv pen

g
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through a lower housing 217, The medicament cariridge 212 13 tymcally a glass tube scaled at
ong ¢nd with a septum 216 and at the other end with the stopper 215, In standard drug
delivery pens, the dosing and delivery mechanisms are all found within the outer sleeve 213,
Those mechanisms are not described in greater detail herein as they are understood by those
skilled in the art. According to one embodiment of the present invention, pressure sensor 140

mcludes pen needle hub 150

[8036] Figs. 21 and 22 illustrate the pressure sensor 140 i greater detail, with the needle 211
omitted for clarity. Pressure sensor 140 has a primary fluid channel 152 therethrough, a gauge
chamber 154, and a gauge 156 movably disposed in the gauge chamber 154, Preferably, the
pressure sensor 140 also mcludes a biasing member 138 inwardly biasing the gauge 156 with
respect to the hub 150, According to one embodiment, the necdle 211 has a sharpened distal
patient end for msertion into a patient, and a sharpened proximal end for penctrating a septum
of, for cxample, cartridge 212, The two ends of the needie 211 are in fluid comnmunication
with each other. In such an embodiment, the needle 211 has a lateral opening communicating
with the gauge chamber 154, According to another embodiment, the needle 211 only has a
sharpened distal patient end, which communicates with a fluid path (e.g., primary fhad
channel 152} that communicates with the cartridge 212, for example, via a spike. In such an

embodiment, the gauge chamber fluidly commumicates with the fluid path.

{0637} Operation of the pressure sensor 140 is substantially similar to the operation of the
pressure sensor 100, 125 or 130, and is therefore omitted for brevity. Similar to the pressure
sensor 100, in other embodiments, the pressure sensor 140 can also include a second gauge
chamber, a second gauge, a second hiasing member, and a shiding cap, but preferably doeg

not, because a user can usually see whether a pen needle has been successtully inserted.

{038] Fig. 23 illastrates an exemplary embodiment of a medication delivery device such
as a plastic disposable syringe 300 having a needle 302 at its proximal end and disposed in a
molded needle hub 304 that includes a pressure sensor 350. Fig. 24 is a cross-sectional view
of the needle 302, the needie hub 304, and the pressure sensor 350, The needie hob 304 15
fastened to an open proximal end of a molded cylindrical barrel 306, and a plunger 308 is
disposcd at an open distal end of the cvlindrical barrel 306, The plunger 308 includes a
stopper 110 that 1s configured to scal the distal end of the barrel 306. The stopper 310 may be

mitegral to the plunger 108, A distal end of the phunger 308 inchides a thumb press 311 to

10
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provide an interface for a user to move the planger 308 1n the axial direction of the barrel
106. By pulling or depressing the plunger, a user is able to transfer fluids to and from the

syringe 300 at its proximal end via the needle 302,

6039} Pressure sensor 350 has a primary fluid channel 352 therethrough, a gauge
chamber 354, and a gauge 356 movably disposed in the gauge chamber 354, Preferably, the
pressure sensor 350 also mcludes a biasing member 358 inwardly biasing the gauge 356 with

respect to the hub 304,

{0040} Operation of the pressure sensor 350 is substantially sumilar to the operation of the
pressure sensor 100, 125, 130, or 140, and 1s theretore omitted for brevity, Similar to the
pressure sensor 100, in other embodiments, the pressure sensor 350 can also inchude a second
gauge chamber, a second gauge, a seoond biasing member, and a shiding cap, but preferably

does not, because a user can usually see whether a needle 302 has been successfully inserted.

[8041] A connector 402 for connecting tubing 20 to a pump {¢.g., pump 14) s iflustrated
in Fig. 25, and includes a pressure sensor 400 in accordance with ancther embodiment of the
present invention. The pressure sensor 400 has a primary fluid channel 432 therethrough,
mclading a spike 453 for penetrating a septum of the pump 14 or a reservoir. The pressure
sensor 400 also inclades a gange chamber 454 and a gauge 456 movably disposed in the
gauge chamber 454, Preferably, the pressure sensor 400 also includes a biasing member 458

mwardly biasing the gauge 456 with respect to the connector 402,

{00642} Operation of the pressure sensor 400 is substantially simifar to the operation of the
pressure sensor 100, 125, 1306, 140, or 350, and 1s therefore onutted for brevity. Similar to the
pressure sensor 100, o other embodiments, the pressure sensor 400 can also inchude a second

gauge chamber, a second gauge, a scoond biasing member, and a shiding cap.

{8643} Although only a few embodiments of the present invention have been shown and
described, the present invention is not limited to the described embodiments. Instead, it will
be appreciated by those skilled in the art that changes may be made to these embodiments
without departing from the principles and spirit of the invention. Any of the embodiments
and/or elements disclosed herein may be combined with one another to form various
additional embodiments not specifically disclosed, as long as they do not contradict cach
other. It 15 particularly noted that those skilled in the art can readily conmbine the various
techmnical aspects of the various elements of the vanous exemplary embodiments that have

11
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been described above in numerous other wavs, all of which are considered to be within the

scope of the invention, which is defined by the appended claims and their equivalents.

[B044] Varnous aspects of the multiple embodiments may be emploved independently or in
combinations thergof,

12
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CLAIMS

1. A medicament debivery device, comprising:

a reservoir for holding a medicament;

a pressunizing system that dispenses the medicament from the reservoir when operating;
a hollow cannula for insertion intc a patient;

a fluid delivery path disposed between the pressurizing system and the hollow cannula and
communicating the medicament therebetween: and

a pressure sensor external to the pressurizing system, sensing a back pressure in the fluid

delivery path, and providing an indication when the back pressure drops below a
predeternined threshold after the pressurizing system ceases operation.

2. The medicament delivery system according to claim 1, wherem:
the pressurizing system cOmprises a pump;
the fluid delivery path comprises an infusion line set; and

the pressure sensor is disposed 1 a connector connecting the infusion line set to the pump.

3 The medicament delivery system according fo claim 1, wherem:
the pressurizing Sysiem cOmprises a pump;
the fluid delivery path compnises an infusion line set; and

the pressure sensor is disposed in-line m the infusion hne set.

4. The medicament delivery system according to claim 3, wherein the pressare sensor
COMPriscs:

a main body having a primary fluid channel therethrough, opposing ends of the primary fhud
channel being fluidly connected to the infusion line set;

13
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a gauge chamber thudly connected to the primary fluid channel; and

a gauge movably disposed within the gauge chamber, sensing the back pressure in the fluid
delivery path, extending outside the main body when the back pressure exceeds the
predetermined threshold, and withdrawing into the main body when the back pressure drops
below the predetermined threshold after the pressurizing system ceases operation.

5. The medicament delivery system according to claim 4, wheren the pressure sensor
further comprises a biasing member biasing the gauge inward with respect to the main body.

6. The medicament delivery system according to claim 4, further comprising:
a second gauge chamber floidly connected to the primary fluid channel; and

a second gauge movably disposed within the second gauge chamber, sensing the back
pressure in the fluid delivery path, extending outside the main body when the back pressure is
greater than zero, and withdrawing into the main body when the back pressure is zero or less.

7

7. The medicament delivery system according to claim 6, further comprising a sliding
cap to selectively cover one of the gauge and the second gauge so that only an uncovered one
of the gange and the second gauge is operational at a given time.

3. The medicament delivery system according to claim 6, wherein the pressure sensor
further comprises:

a first biasing member biasing the gauge wnward with respect to the main body; and

a sccond biasing member biasing the second gauge mward with respect to the main body.

9. The medicament delivery system according to claim 8, whercin the first and second
biasing members comprise springs with different spring constants.

10.  The medicament delivery system according to claim 3, wherein the pressure sensor
COmMprises:

14
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a main body having a primary flind channel therethrough, opposing ends of the primary fhod
channel being fluidly connected to the nfusion line set;

a gauge chamber fhudly connected to the primary fluid channel; and

a gauge movably disposed within the gauge chamber, sensing the back pressure in the fluid
delivery path, extending outside the main body bv a first distance when the back pressure
exceocds zoro but is below the predetermined threshold, extending outside the main body by a
second distance when the back pressure exceeds the predetermined threshold, and retracting
to extend from the main body by a third distance when the back pressure drops below the
predetermined threshold after the pressurizing system ceases operation.

11 A medicament delivery pen comprising:
a reservoir for holding a medicament;
a pressurizing system that dispenses the medicament from the reservoir when operating;

a needle hub housing a hollow canmula, the hollow cannula having a distal end for nsertion
mio a patient;

a fluid delivery path disposed between the pressurizing svstem and the distal end of the
hoilow cannula and communicating the medicament therebetween; and

a pressure sensor external to the pressurizing system and disposed 1n the hub, sensing a back
pressure in the fhuid delivery path, and providing an indication when the back pressure drops
below a predetermined threshold afier the pressurnizing svstem ceases operation,

12. The medicament delivery pen according to claim 11, wheren:

the hub comprises a primary flaid channel thercthrough, the primary fluid channel being a
portion of the fluid delivery path and being connected with the distal end of the hollow
cannula; and

the pressure sensor cOMprises:
a gauge chamber fluidly connecied to the primary fluid channel; and

a gauge movably disposed within the gange chamber, sensing the back pressure inthe
fluid delivery path, extending outside the hub when the back pressure exceeds the
predetermined threshold, and withdrawing into the hub when the back pressure drops
below the predetermined threshold after the pressunzing system ceases operation.

15
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13, The medicament delivery pen according to claim 12, wherein the pressurc sensor
further comprises a biasing member biasing the gauge inward with respact to the main body.

14. The medicament delivery pen according to claim 12, further comprising:
a second gange chamber flwidly connected to the primary fluid channcl; and
a second gauge movably disposed within the second gauge chamber, sensing the back

pressure in the thud delivery path, extending outside the hub when the back pressure 1s
greater than zero, and withdrawing into the hub when the back pressure is zero or less.

15, The medicament delivery pen according to claim 14, wherein the pressure sensor
further comprises:

a biasing member biasing the gauge inward with respect to the hub; and

a sccond biasing member biasing the second gauge inward with respect to the hub.

16. A medicament delivery syringe, comprising:
R t=hal =3
a reservoir for holding a medicament;
a pressurizing system that dispenses the medicament from the reservoir when operating;

ancedle hub housing a hollow cannula, the hollow cannula having a distal end for insertion
into a patient;

a fluid delivery path disposed between the pressurizing svstem and the distal end of the
hollow canmula and commumnicating the medicament therebetween; and

a pressure sensor extoraal to the pressurizing system and disposed 1n the hub, sensing a back
pressure in the flud delivery path, and providing an indication when the back pressure drops
below a predetermined threshold after the pressurizing system ceases operation,

17. The medicament delivery syringe according to claim 16, wherein:
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the hub comprises a primary flaid channel thercthrough, the primary fluid channel being a
portion of the fluid delivery path and being connected with the hollow cannula; and

the pressure sensor comprises:
a gauge chamber thudly connected to the primary fluid channel; and

a gauge movably disposed within the gauge chamber, sensing the back pressure in the
fhud delivery path, extending outside the hub when the back pressure excecds the
predetermined threshold, and withdrawing into the hub when the back pressure drops
below the predetermined threshold after the pressurizing system ceases operation.

18. The medicament delivery syrninge according fo claim 17, wherein the pressure sensor
further comprises a biasing member biasing the gange inward with respect o the main body.

19, The medicament delivery syringe according to claim 17, further comprising:
a second gauge chamber floidly connected to the primary fluid channel; and

a second gange movably disposed within the second gauge chamber, sensing the back
pressure in the fluid delivery path, extending outside the hub when the back pressure is
greater than zero, and withdrawing into the hub when the back pressure is zero or less.

20, The medicament delivery syringe according to claim 19, wherein the pressure sensor

further comprises:
a biasing member biasing the gauge inward with respect to the hub; and

a second biasing member biasing the second gauge mward with respect to the hub.

17
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