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Smart Adapter for Infusion Devices

Field of the Invention

[0001] The present invention relates generally to a smart insulin or medicament delivery
device that records, for example, the flow, dose of an insulin or medicament injection and/or
other medicament-related parameter or fluid-type medicament delivery parameter, and

communicates wirelessly with a portable system and controller.

Background of the Invention

[0002] According to the American Diabetes Association, over 23.6 million children and adults
within the United States alone (7.8% of the population) have diabetes. About 1 in every 400 to
600 children and adolescents has type 1 diabetes, requiring daily injections of insulin to regulate
his/her blood sugar. In adults, type 1 diabetes accounts for 5-10% of all diagnosed cases of
diabetes. To manage the injection of insulin on a daily basis, different technologies have emerged
to regulate insulin delivery. However, insulin must be regulated on an individual basis. Thus, a
dose correct for an adult could be life threatening to a child. Accordingly, regardless of the
different technologies in place to regulate insulin, insulin remains one of the top high alert drugs

on the Institute for Safe Medication Practices’ (ISMP's) list of High-alert Medications.

[0003] Insulin is dispensed in units that correspond to an individual's body mass, age, and blood
sugar levels. Current injection pens and cartridges accommodate multiple doses so that an
individual can dispense the proper amount of insulin and can typically use each pen or cartridge
multiple times before it is empty. However, it is becoming increasingly difficult to use these unit

doses of insulin to effectively treat diabetic patients in view of growing population trends.

[0004] In October 2003, the Centers for Disease Control and Prevention (CDC) reported that the
average BMI (i.e., body mass index, which is a weight-for height formula used to measure
obesity) has increased among adults from approximately 25 in 1960 to 28 in 2002. Meanwhile,

the average weight for men aged 20-74 years rose dramatically from 166.3 pounds in 1960 to
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191 pounds in 2002, while the average weight for women the same age also increased
dramatically from 140.2 pounds in 1960 to 164.3 pounds in 2002. Insulin manufacturers have
responded by creating higher doses of insulin in an effort to accommodate people who require
large doses. The American Society of Health-System Pharmacists (ASHP) published an article
about the use of concentrated insulin human regular (U-500) and the concerns associated with
dispensing at these high doses. This article recommended that the health care professionals be
well educated and vigilant about patient safety issues regarding the drug's prescription, dosing,
and administration. (Segal, A.R. et al., “Use of Concentrated Insulin Human Regular (U-500) for
Patients with Diabetes,” American Journal of Health-System Pharmacists, September 15, 2010,
67:1526-1535).

[0005] A need therefore exists for a drug delivery device that can help address concemns about
high dose insulin and other high alert drugs by ensuring that the drug will be delivered at the

correct dose into the patient.

[0006] Additionally, insulin and other drugs contained in injection pens are subject to
degradation over time. Insulin should be kept refrigerated before use and expires within days
once the insulin is in use. Having insulin cartridges that monitor the temperature and/or
degradation of the insulin could prevent medication errors that occur due to improper handling,

temperature exposure, light exposure or time elapse.

[0007] A need therefore also exists for a drug delivery device (e.g., an insulin pump or injection
pen needle) that has the capability of accurately verifying a drug before being administered,

and/or catching medication errors due to drug expiration, degradation, contamination, and so on.

[0008] Also, a need exists for a drug delivery device that has the capability of transferring
comprehensive documentation, patient information, and scientific fluid identification, all in one

device.

Summary of the Invention

[0009] In accordance with an aspect of the illustrative embodiments of the present invention, a
smart sensor can be in-line with respect to a drug delivery system’s path of delivery such as, for

example, provide all or part of a drug throughway, or be adjacent to the drug throughway such as
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part of the cannula of an infusion set or needle mechanism of a syringe or pen, or connected to
the side of a drug reservoir, cartridge or syringe, or submersed in the drug such as submersed in a

cartridge or reservoir of a pump or in a syringe).

[0010] The drug delivery system or device with smart sensor(s) described herein in accordance
with illustrative embodiments allows for accurate and confirmed delivery of a desired dose of
drug, and therefore increases efficacy and safety of the drug’s usage, which is helpful to patients
prescribed High alert Medications such as insulin and particularly helpful to patients prescribed

high doses such as concentrated insulin human regular (U-500).
[0011] A number of different aspects of illustrative embodiments are described herein.

[0012] 1. For example, a system for injecting medicament into a patient comprises an adapter
configured to be detachably coupled between an injection pen housing and its needle assembly
and to deliver the medicament from the injection pen housing to the needle assembly, a sensor
configured as a microchip provided in the adapter to sense at least one characteristic about the
medicament or its delivery to the patient and generate sensor data, and a device configured to

wirelessly communicate with the sensor to obtain its sensor data.
[0013] 2. In the system, the device is a portable user interface.

[0014] 3. In the system, the device is configured to obtain wireless transfer of the sensor data

and to provide wireless power to the sensor.

[0015] 4. In the system, the device employs one of RFID and SAW for providing wireless

power to the sensor.

[0016] 5. In the system, the sensor detects at least one of drug identification, concentration,

agglomeration, and degradation, and flow rate.

[0017] 6. In the system, the device comprises an application for performing at least one of
interfacing with the adapter, processing the sensor data, setting alerts relating to the medicament
or its delivery, and graphing and indexing information relating to medicament use and

degradation for display.
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[0018] 7. Another example system for injecting medicament into a patient comprises: a patch-
like infusion device that can be adhered to a skin surface of a patient and comprises a reservoir of
medicament and a needle manifold to deliver a designated amount of the medicament from the
reservoir to the patient, a sensor configured as a microchip provided in the patch-like infusion
device to sense at least one characteristic about the medicament or its delivery to the patient and
generate sensor data, and a device configured to wirelessly communicate with the sensor to

obtain its sensor data.
[0019] 8. In the system, the device is a portable user interface.

[0020] 9. In the system, the device is configured to obtain wireless transfer of the sensor data

and to provide wireless power to the sensor.

[0021] 10. In the system, the device employs one of RFID and SAW for providing wireless

power to the sensor.
[0022] 11. In the system, the sensor detects dose amount.

[0023] 12. In the system, sensor data can be used to estimate insulin on board and confirm

quality of dose.

[0024] 13. Another example system for injecting medicament into a patient comprises: an
infusion set that can be adhered to a skin surface of a patient and is configured to deliver a
designated amount of the medicament from a pump to the patient, a sensor configured as a
microchip provided in the infusion set to sense at least one characteristic about the medicament
or its delivery to the patient and generate sensor data, and a device configured to wirelessly

communicate with the sensor to obtain its sensor data.
[0025] 14. In the system, the device is a portable user interface.

[0026] 15. In the system, the device is configured to obtain wireless transfer of the sensor data

and to provide wireless power to the sensor.

[0027] 16. In the system, the device employs one of radio frequency identification (RFID) and

surface acoustic wave (SAW) technology for providing wireless power to the sensor.

Date Regue/Date Received 2020-05-19



[0028] 17. In the system, the sensor detects at least one of a site failure, a medication error and

compliance.
[0029] 18. In the system, the sensor is a pressure sensor.
[0030] 19. In the system, the sensor detects at least one of a site failure, occlusion, and leakage.

[0031] The present invention may comprise a method or apparatus or system for injecting
medicament into a patient having one or more of the above aspects, and/or one or more of the

features and combinations thereof.

Brief Description of the Drawings

[0032] The above and/or other aspects and advantages of embodiments of the invention will
be more readily appreciated from the following detailed description, taken in conjunction with

the accompanying drawings, in which:

[0033] Figs. 1A and 1B illustrate a smart pen adapter system constructed in accordance with

an illustrative embodiment of the present invention;

[0034] Fig. 2 illustrates a smart pen configuration constructed in accordance with an

illustrative embodiment of the present invention;

[0035] Figs. 3A, 3B, 4A, 4B, 5A, 5B, 6A and 6B illustrate advantages of the smart pen
adapter system illustrated in Fig. 1;

[0036] Figs. 7-9 illustrate a smart infusion device constructed in accordance with an

illustrative embodiment of the present invention;

[0037] Figs. 10A and 10B illustrate a smart infusion set and delivery system constructed in

accordance with an illustrative embodiment of the present invention; and
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[0038] Fig. 11 illustrates a smart infusion system constructed in accordance with an
illustrative embodiment of the present invention that can comprise one or more smart pressure
sensors for drug delivery site failure detection in accordance with illustrative embodiments of the

present invention.

[0039] Throughout the drawing figures, like reference numbers will be understood to refer to

like elements, features and structures.

Detailed Description of Illustrative Embodiments

[0040] In accordance with an illustrative embodiment of the present invention, Figs. 1A and
IB illustrate a smart injection pen 2 having dose setting capabilities, and a smart sensor 20
configured to detect information about characteristics and use of the injection pen 2 and
wirelessly communicate the information to the pen 2 or a portable device 22. As shown in Fig.
1A, the portable device can be a smartphone or tablet or other portable device such as a laptop or
handheld personal data assistant (PDA) such as a personal diabetes manager (PDM) which has a
processing device, memory, display 26, user interface and communications interface. The
injection pen 2 includes a housing 10 having a proximal end 4 and distal end 6. A dose dial
knob 12 is coupled to the proximal end 4 of the housing 10. The user can set a desired dose by
rotating the dose set knob 12 with respect to the housing 10 until the desired dose amount is
shown in a display (e.g. a window) 14. Additional drive and dose setting elements are secured
within the housing 10 and configured, for example, in a conventional manner with respect to
existing drug delivery pens. A cartridge retaining member 16 is secured to the distal end 6 of the
housing 10. A cartridge of injectable fluid, e.g. insulin or other medicament, is housed within the
cartridge retaining member 16. The cartridge retaining member 16 interfaces with a needle
adapter 18 which, in turn, interfaces with a needle assembly 21 for injecting the medicament into
a user. Another example delivery pen is described in commonly-owned U.S. Patent No.

5,931,817.
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[0041] As shown in Fig. 1B, then pen 2 can have a needle adapter 18 that includes a smart
sensor 20, thereby making the needle adapter 18 into a smart pen needle adapter that is
configured, for example, to detect or receive and process information relative to the medicament
being delivered and to transfer (e.g., wirelessly) sensor information to the injection pen itself 2 or

to the portable device 22.

[0042] The pen needle adapter 18 can be removably coupled at one end thereof to the
cartridge retaining member 16 in a conventional manner such as via threads on the exterior
circumference of cartridge retaining member 16 being arranged and dimensioned to cooperate
with grooves in the interior circumference of the pen needle adapter 18, or vice versa. Similarly,
the pen needle adapter 18 can be removably coupled at the other end thereof to the needle
assembly 21 in a conventional manner such as via threads on the exterior circumference of pen
needle adapter 18 being arranged and dimensioned to cooperate with grooves in the interior
circumference of the needle assembly 21, or vice versa. Other quick-connect interlocking means
can be provided to the cartridge retaining member 16, pen needle adapter 18, and needle

assembly 21 to allow for coupling and decoupling of these components.

[0043] The smart sensor 20 is capable of wirelessly communicating with a portable user
interface 22, for example, or pen 2, or both, either of which can display various features and
characteristics of the medicament injection process (e.g., on the touchscreen of a smartphone or
LED screen of a PDM or on the display 14 of the pen 2). As stated above, the user interface 22
can be a mobile phone or other hand-held or portable device. The user interface 22 can include
applications specific to processing and/or interfacing with the smart pen needle adapter 18, such
as setting alerts, graphing and indexing information related to use and/or degradation of the drug
delivered by the injection pen with smart pen needle adapter 18. The user interface 22 can also
enable a user to manipulate or configure or simply view different desired characteristics to be
processed by the smart pen needle adapter 18 such as sensing volume or mass flow rates or
pressure to determine leakage or occlusion or incomplete drug delivery, or constituent, diluent,
temperature to determine drug degradation or expiry or incorrect drug, and so on, depending on
the type(s) of the sensor(s) 20 provided in the pen needle adapter 18. The smart pen needle
adapter 18 can communicate with the user interface 22 or pen 2 via radio frequency (RF)

wireless communications such as Bluetooth®, Zigbee®, 802.11, or other conventional wireless
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solutions such as RFID or SAW technology described below in connection with US
2008/0129475 to provide wireless power (e.g., via an inductive link) and as well as
communications. The smart pen needle adapter 18 and the user interface 22 can also employ
line-of-sight communication such as using infrared (IR) technology used by some medical
devices. Wireless communication systems, since they do not require a line of sight, are preferred
over IR technology. Additionally, the injection pen case or housing 10 can also include a smart
sensor 20 (not shown) that can sense use trends, dates of use and remaining cartridges and/or
uses. Utilizing the smart sensor, the injection pen 2 case or housing 10 can communicate its
detected information to the user interface 22 via wireless communication in a similar manner as

discussed above with respect to the smart pen needle adapter 18.

[0044] The smart pen needle adapter 18 or other drug delivery-related device configured with
a sensor 20 can be configured to detect one or more of a drug identification, concentration,
agglomeration, degradation and/or other drug or delivery characteristic using corresponding drug
delivery sensing technology that can be coupled to or retrofitted onto injection pen injectors
and/or drug delivery cartridges and/or or infusion sets, thereby enabling these pen injector
systems or drug delivery cartridges or infusion sets to stop medication errors that occur primarily
through self or automated injection or other self-administrating drug delivery device (e.g., as
opposed to bench-top fluid testing systems in pharmacies or IV fluid testing systems deployed in
a clinical setting with IV poles supporting pumps and cannula extending therefrom). One
example, which is used throughout this description, is insulin delivery. Tt is to be understood,
however, that illustrative embodiments of the present invention could be applied to any drug

delivered through an injection pen needle or drug delivery cartridge or infusion set or patch.

[0045] As stated above, no insulin pump or injection pen needle currently has the capability to
accurately and scientifically (e.g., through sensing technology) verify the drug being
administered, dose, and/or flow, and/or catch medication errors due to drug expiration,

contamination, incorrect dosing, and so on.

[0046] In accordance with illustrative embodiments of the present invention, smart drug delivery
device (e.g., a smart drug container, or smart injection pen needle adapter 18, or smart cannula,

or smart infusion set) provides accurate scientific verification and/or detection and/or
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identification of one or more of the following parameters or characteristics of drug
administration such as, but not limited to, temperature, contamination, drug manufacturer,
compromised drugs (e.g., due to light exposure, improper handling, contaminated or faulty
containers, tampering, temperature exposure, or expiry from actual drug deterioration which is
more accurate than projected expiry based on date of preparation), time of injection/infusion(s),
drug, dose, diluent, concentration, or agglomeration. The smart drug delivery devices of the
illustrative embodiments also provide convenient and wireless access to stored data such as, but
not limited to, use by date, medication storage device information (e.g., catalog information
and/or lot number), patient information (e.g., one or more of height, weight, gender, ethnicity,
allergies, conditions), patient's electronic medication administration record (eMAR) downloaded
from hospital information technology (IT) system, drug use conditions, dates of preparation or
device access, and/or drug information (e.g., lot number, manufacturer), as well as actions/alerts
such as, but limited to, visual or audible cues if the drug should not be administered,
documentation (e.g., information automatically provided to the patient's medical record or the
doctor's office), potential display of information about contents and delivery instructions and a

locking mechanism if drug should not be delivered for any reason.

[0047] As stated above, to ensure the proper delivery of insulin or drug, there are many different
types of drug pumps. These different drug delivery technologies have documentation
technologies, patient information technologies and some alerts to let the patient know if
something is wrong. Most pumps, for example, can also be programmed for the specific user.
Some devices, for example, have a PDM, which is a wireless, hand-held device that is used to
program the drug delivery device with customized insulin delivery instructions, that monitors the
operation of the drug delivery device, and checks blood glucose levels. In accordance with
illustrative embodiments of the present invention, the sensor 20 can be used in conjunction with
injection pen needles or other pen components (e.g., cartridge retainer member 16), or drug
cartridges, or infusion set, or cannula, or any insulin pump or other portable drug delivery device

operated or wearable by a user for self-administration of a drug.

[0048] The sensor 20 can be, for example, a fluid detection sensor, and used with or without
identification data repository (IDR) or container identification data repository (CIDR) data or

other stored data (e.g., as exemplified in the preceding paragraph) embedded in a radio frequency
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identification (RFID) chip, for example, and provided to any injection pen needle/device or a
drug delivery cartridge. The example sensing technologies described herein can be powered by
the pump to which the cartridge attaches or could be independently powered by a small battery

or a surface acoustic wave (SAW) (e.g., inductive field energy or radiation field energy).

[0049] The fluid detection sensor 20 is in contact with the fluid so that it can identify important
characteristics of the drug. As mentioned above, it can detect the drug, dose, diluent,
manufacturer, concentration, and whether the drug has been compromised, expired,

contaminated or should not be delivered to the patient, among other characteristics.

[0050] When the sensor technologies (e.g., IDR or CIDR data on RFID chips, and fluid detection
sensor) are embedded into a pump, for example, the sensor 20 can signal the pump to stop the
injection or create a visual or audible display for the patient or clinician to alert them of a
complication (e.g., occlusion, leak, incorrect dose or drug, expiry or contamination). For
example, the drug cartridge provided to the pump can have an CIDR chip and its information
interrogated by a controller in the pump to obtain drug identification, manufacturer, lot number,
catalog number, expiration date and other information that would alert the pump controller of an
incorrect drug, dose, concentration or drug expiration. Since it has a flow rate detector, the
sensor 20 can also provide a feedback mechanism to the pump to ensure the correct flow rate. If
there was an occlusion or leak, or the connection to the patient was compromised, or the pump
has stopped, the sensor 20 can detect these conditions and operate in conjunction with the user
interface 22 to generate an alert to the pump user to check the infusion line. In all embodiments
of the present invention, drug administration, and any errors that occur during drug
administration, can be documented and reported to a mobile device or computer (e.g., to the user
interface 22 which can in turn communicate this information to any other networked device) to
alert the pump user’s doctor's office, caregiver, or other stakeholder besides the patient to any
problems or complications that arise. Alternately, the data can be stored on the device (e.g, in a
memory provided in the housing 10 of a pen 2, or in a pump, or in a user interface 22 connected
wirelessly or via cable to the drug delivery device) and accessed later for the drug administration

history.

10
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[0051] A biosensor (e.g., a blood glucose meter (BGM) or continuous blood glucose (CGM)
meter wirelessly connected to a pen 2 or pump 102 or patch pump or other infusion device 90)
can also be employed to monitor the blood glucose levels or other physiologic conditions to
ensure that the optimal dose was given to the patient. This biosensor can be configured to
provide a feedback mechanism to a drug delivery system and, as such, adjustments to drug
delivery can be made without any human interactions. The biosensor or drug delivery system can
also communicate with an IDR (e.g. via an 802.11 network connection), or retrieve information
from an IDR RFID chip (i.e., if present locally such as provided in a cartridge) to determine the
real time flow rate and/or dose that was prescribed, and then it can adjust the dose and any
changes to the flow rate or dose can be confirmed by the fluid detection sensor 20. The stored
IDR data can contain, for example, patient information (e.g. one or more of height, weight,
gender, ethnicity, allergies, conditions, etc.), drug, dose, diluent, concentration, lot number,
manufacturer, among other information exemplified above. The sensor can also have temperature
and/or light exposure history. If the sensor is embedded into the cartridge, a CIDR RFID chip
can allow for the storage of the information about the fluid container such as manufacturer, lot

number, catalog number, expiration date (if relevant), etc.

[0052] The sensor 20 can use impedance spectroscopy as the fluid detection mechanism, as
described by patents supplied by S.E.A. Medical Systems, Inc. (e.g., US 2010/0305499).
However, other sensing techniques can include, but are not limited to, optical, electrical,
mechanical, thermal and/or rheological, or a combination of which could provide enough fluid
characterization mechanism to readout the necessary drug information. This multiparametric
approach has been documented by S.E.A. Medical Systems Inc. in the afore-mentioned patent.
For example, S.E.A. Medical System Inc.’s IV sensing technology has been leveraged by
illustrative embodiments herein for detection of one or more of insulin contaminants,
degradation, dose, diluent and flow rate at a self-administration drug delivery device as

illustrated, for example, in Figs. 1,9, 10a and 11.

[0053] There are some techniques used currently to power wireless sensors such as providing
wireless power inductively, through radio frequency energy transfer, or capacitively as described
in U.S. Patent Application Publication No. 2008/0129475 A1l. In this patent, RFID or SAW are

recommended for sensor powering. One of these techniques could be used to provide enough

11
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power and signal amplification to allow the wireless transfer of information from the smart
sensor 20 or 180 to the interrogator in the drug delivery device in which sensor is deployed (e.g.,
a controller in the pen 2 or pump 102 or other device, or the user interface 22). There are two
patents that have been identified which employ an RFID chip embedded in a syringe (US
2009/0322545 and W0 2009/025996A1); however these patents do not incorporate fluid sensing

as described herein with reference to illustrative embodiments of the present invention.

[0054] Fig. 2 illustrates a smart injection pen 2 having RF (e.g., Bluetooth®) communication
abilities and information processing capabilities. However, a smart injection pen 2, as shown in
Fig. 2, can also be retrofitted to receive the smart pen needle adapter 18 in order to add additional
sensing abilities not previously realized in the smart injection pen. For example, the smart pen
needle adapter 18 can identify if the injection pen 2 itself is malfunctioning or if the dosages
being administered to the user are inconsistent with the dosage settings on the injection pen.
These additional features, as well as the additional features described above, enable a user to
easily upgrade a smart injection pen to improve performance and provide the user with additional
important information. In addition to generating reminders to a user of time to dose, the pen 2
can also communicate (e.g., wirelessly) with a BGM or CGM or other automated blood glucose
testing device to improve glucose control by recommending insulin dosing with greater accuracy
(e.g., using feedback information from glucose testing provided by the BGM/CGM), recording
actual dosing information (e.g., as confirmed by a flow or other type of sensor 20 provided in a
pen needle adapter and configured to accurately detect amount of drug actually delivered), and
integrating with eHealth options (e.g., automatically reporting test information and dose
information to a patient’s electronic health record) to automate compliance with a prescribed
diabetes management protocol. Such automated sensing, feedback and adjustments to
recommended insulin dosing eliminates manual blood glucose control regimens and their
intrinsic inaccuracies due to relying on patients to manually track intake of carbohydrates (i.e.,
carb counting) and perform insulin calculations, which result in dosing errors. With a smart drug
delivery device 2, patients spend significantly more time within their recommended range for

glucose control, which can result in HbAlc improvement.

[0055] Figs. 3A, 4A, 5A and 6A illustrate difficulties and disadvantages to using conventional

insulin/medicament injection devices (e.g., a pen 3) without smart sensors 20, 180 as described
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herein, particularly amidst everyday activities. Figs. 3B, 4B, 5B and 6B illustrate how a smart
needle adapter, for example, smart needle adapter 18 in a pen 2 or other drug delivery device
having one or more smart sensors 20, 180 as described herein, overcomes the difficulties of and
disadvantages of conventional injection devices and provides additional features previously

unavailable with conventional injectors.

[0056] With reference to Fig. 3A, users of conventional insulin pens 3 often must set the dose
(e.g., via a dose dial knob) and, if their pen does not log an injection event, they must manually
record their insulin administration events. As illustrated in Fig. 4A, these users also receive no
feedback regarding whether the insulin is the correct drug prescribed, whether the insulin is
viable and not degraded, or whether the dose was correct, timely and complete. With reference
to Figs. 5A and 6A, many users of conventional injection pens 3 also receive no alerts of when to
dose, nor do they have convenient access to their insulin management data apart from what may

or may not be logged by and stored at their pen 3.

[0057] Unlike existing pens 3 described with reference to Figs. 3A, 4A, 5A and 6A, smart
drug delivery devices (e.g., pen 2 or pumps or other infusion devices 90, 100) employ smart
sensors 20,180 and connectivity with a user interface 22 to provide valuable infomatics to users
as illustrated, for example, in Figs. 3B, 4B, 5B and 6B. For example, with regard to Fig. 3B, a
smart pen 2 can have a sensor 20 for sensing flow to confirm total dose actually delivered. The
sensor data is available, for example, to the pen 2 and/or user interface 22, either of which can
interrogate the pen needle adapter 18 with smart sensor 20 periodically and/or after sensing an
event such as dose dial-in or activation of insulin injection, and associate time stamp data with
received sensor data and determine such parameters as time and amount of dose delivered. Thus,
the smart pen needle adapter 18 facilitates data logging and data integration to provide a user
with convenient access to accurate information on a user interface 22 screen to see current dose
amount, time of dose and dose information relative to previously stored, historical insulin

administration events.

[0058] With reference to Fig. 4B, the pen 2 has a smart sensor 20 in an adapter 18 or in a
cartridge, connectivity with a user interface 22 such as a smartphone or laptop or PDM, and

stored (or access to stored) historical insulin administration events (e.g., at the pen 2 or user
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interface 22) such as dose volume, dose time, insulin identification and viability, which permits a
user to conveniently access and consider a body of injection information to more quickly
determine where changes in a diabetes management protocol may be needed or where patient-
compliance has been lacking such as not injecting at prescribed times or using degraded or
contaminated insulin. As described herein, sensor(s) 20 can be provided in the drug delivery
device (e.g., pen needle adapter 2, or in insulin cartridge, or in patch pump or other infusion
device 90, or within or in connection with an infusion set 100) to monitor temperature of insulin,

concentration, impedance spectroscopy signature (e.g., to detect degradation) and the like.

[0059] With reference to Fig. 5B, sensing, storing and improving insulin delivery data via
smart sensors 20, 180 and wireless connectivity as described herein realizes a number of
advantages over conventional drug delivery devices such as pens 3. For example, the smart
sensor 20 can be provided, for example, in an inexpensive pen needle adapter 18 that can be
attached to any pen injector to harvest considerably more information about a dosing event than
is available from a pen 3. For example, a pen 2 having a pen needle adapter 18 with smart sensor
20 can detect actual dose delivered, volume, concentration, and/or degradation and share sensor
information with the controller in the pen 2 and/or user interface 22 to give a rich injection
history database that can be synchronized in the user interface 22 for more convenient access and

manipulation and redundancy.

[0060] With reference to Fig. 6B, a pen 2 having a smart needle adapter 18 and/or a user
interface 22 can be wirelessly coupled to a biosensor such as a BGM/CGM, as stated above, to
receive historical glucose data as well. Glucose control can therefore be improved since the pen
2 and/or a user interface 22 can provide recommendations for insulin dosing having greater
accuracy (e.g., using feedback information from glucose testing provided by the BGM/CGM),
and record actual dosing information (e.g., as confirmed by a flow or other type of sensor 20

provided in a pen needle adapter and configured to accurately detect amount of drug actually
delivered).

[0061] Another embodiment of the present invention is patch-like infusion or self-injection

device 90 to deliver a pre-measured dose of a substance, such as a liquid drug or medication, to a
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patient over a period of time or all at once. The device is preferably provided to the end user in a

pre-filled condition, that is, with the drug or medication already in the device reservoir.

[0062] The patch-like infusion device 90 of Figs. 7-9 is self-contained and is attached to the
skin surface of the patient by adhesive disposed on a bottom of the infusion device 90 (as will be
described in greater detail below). In accordance with an illustrative embodiment, the infusion
device 90 can be configured and to operate as described in commonly-owned WO 2011/075101.
Once properly positioned and activated by the patient, the pressure of a released spring on a
flexible reservoir within the device can be used to empty the contents of the reservoir through
one or more patient needles (for example, microneedles) via a needle manifold. The substance
within the reservoir is then delivered through the skin of the patient by the microneedles, which
are driven into the skin. It will be understood that other embodiments are possible in which the
spring is replaced with a different type of stored energy device, which may be mechanical,

electrical and/or chemical in nature.

[0063] The activation and energizing of the infusion device 90 that is accomplished in a single
multi-function/step process can include depression of an activator button 128 by a patient, and
rotation of a rotor 136 due to engagement between an activation arm of the activator button 128
and an activation projection of the rotor 136. The rotation of the rotor 136 rotates and releases
the plunger 144 to pressurize the fluid within the reservoir 160. Additionally, the rotation of the
rotor 136 releases a drive spring from a drive spring holder, thereby driving a needle manifold
170, which secures microneedles 152, such that microneedles 152 extend outside of the infusion
device 100. The single multi-function/step process also includes movement of the valve 168
from the pre-activated position to the activated position due to the activator button 128 engaging
and moving the valve 168 when the activator button 128 is depressed, thereby commencing fluid

flow between the reservoir and the microneedles 152 via the channel 172.

[0064] A smart sensor 180 (e.g., similar to the sensor 20 described above) can be secured with
respect to the needle manifold 170 to accurately and efficiently detect dose recording, timing and
amount, insulin remaining in the reservoir 160, dose reminders, dosing suggestions (based on
bolus calculators and automated BG data input), missed dose alarms, insulin on board estimation,

cross-communication with BG sensors (episodic and continuous), data integration (BG + dosing)
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storage and display, data communication (patient PC, HCP, e-health management systems) and
confirmation of dose quality (e.g. leakage). For example, the sensor 180 can be coupled at a
point along a cannula or other fluid throughway from the reservoir 160 to the needle (e.g.,
microneedles 152). Alternatively, the senor 180 can be provided in the reservoir 160 depending

on the type of sensor.

[0065] The smart sensor 180 is configured to wirelessly communicate with a portable user
interface 22 (e.g., a pump or PDM or other user interface 22) which displays various features and
characteristics of the medicament injection process. The user interface 22 can also enable a user
to manipulate or configure different desired characteristics to be processed by smart sensor 180.
The smart sensor 180 can communicate with the user interface via radio frequency (RF) wireless
communications such as Bluetooth®, Zigbee®, 802.11, or other conventional wireless solutions
such as RFID or SAW technology described above in connection with US 2008/0129475 to
provide wireless power (e.g., via inductive field energy or radiation field energy) as well as
communications. Some medical devices communicate via a line-of-sight using infrared (IR)
technology. Wireless communication systems, since they do not require a line of sight, are

preferred over IR technology.

[0066] The smart sensor 180 or 20 is one or more of a drug identification, concentration,
agglomeration, and degradation sensing technology that can be coupled to or retrofitted onto
infusion devices and/or drug delivery cartridges, enabling these infusion devices 100 or drug
delivery cartridges described above to stop medication errors that occur primarily through self or
automated injection. One example, used to describe throughout this invention is insulin delivery,
however, this technology could be applied to any drug delivered through an injection pen needle
or drug delivery cartridge or infusion set. These additional features, as well as the additional
features presented previously, enable a user to easily upgrade a smart injection pen or infusion

set to improve performance and provide the user with additional important information.

[0067] Figs. 10A and 10B illustrate an integrated smart sensor 180 in a standard infusion set
100 that operates in conjunction with an infusion pump 102. The integrated smart sensor 180
provides sensing capabilities to the improved infusion set 100 for early detection of site failures,

medication errors and compliance. The smart sensor 180 can also provide the additional sensing

16

Date Regue/Date Received 2020-05-19



and processing capabilities provided by the sensor 20 in the smart pen needle adapter discussed
above. For example, providing smart sensors 20, 180 and related sensing capabilities in or with
respect to infusion devices can allow for early detection of site failures, medication errors and
compliance, thereby realizing (1) real-time detection and feedback loops for infusion site
failures (e.g., leakage, occlusions, insulin instability) and insulin delivery, and (2) improved
safety (e.g., via early detections of drug and/or delivery parameters as described herein that can
prevent hyperglycemic or hypoglycemic events), both of which have previously been unmet

needs for users of conventional self-administered drug delivery devices.

[0068] Fig. 11 illustrates a smart pressure sensor or other type of smart sensor 180 that can be
incorporated by any of the smart sensors 20, 180 mentioned previously with regard the smart pen
needle adapter 18 and integrated smart sensor infusion set 100. The sensor 180 can, for example,
be provided in the pump 102 or along the cannula 106 connecting the pump to the infusion set
100 or in the infusion set 100. The smart pressure sensor 180 can, for example, detect site
failure, real time occlusion detection and leakage detection. Data from a relatively inexpensive
pressure sensor 180 placed close to an injection site for real-time occlusion detection can be
used, for example, in conjunction with a flow interruption detection algorithm at a controller in
the pump 102 or user interface 22, which in turn can generate an alarm to alert the user of the
occlusion. The sensor pressure data can also be used with a leakage detection algorithm based
on pressure profiles by a controller in the pump 102 or user interface 22 to determine if leakage

has occurred.

[0069] In general, the pump 102 includes a drug reservoir not shown that interfaces with a
pump device via a displaceable member that may be, for example, a piston, diaphragm, bladder,
or plunger. In use, the drug reservoir is filled with a liquid drug, and pressure generated by the
pump device moves or expands the displaceable member to push the drug out of the reservoir
and into a cannula 106 connected to an outlet of the drug reservoir. The cannula 106 conducts
the liquid drug to an infusion set 100, and may be made of substantially impermeable tubing,
such as medical-grade plastic. The infusion set 100 comprises a catheter that is fluidically

connected to the cannula 108 and delivers the drug to a subcutaneous tissue region on a patient.
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[0070] In accordance with example embodiments, a smart sensor 180 can be placed in the
infusion set (e.g., at a selected point within the infusion set 100 between an inlet for the cannula
106 and the catheter) or can be placed along the cannula 106 at an external point thereon
between the pump 102 and the infusion set 100. The sensor 180 can be, for example, a
microelectromechanical system (MEMS) fabricated sensor or other micromachined chip or
microfluidic device having dimensions that can be accommodated in an infusion set 100, for
example.  The sensor can detect, for example, flow rate or pressure. Sensor data can be
collected by the pump 102 or other user interface device 22 that is wirelessly connected to the
infusion set, for example, using Bluetooth® or near field communication signals to power the
sensor as well as collect its data (e.g.,, to wake up the sensor and collect data via the

communication signals and associated inductive coils).

[0071] Feedback from the sensor 180 (e.g., located internally or externally with respect to the
infusion set 100) may be used in combination with a drug-delivery protocol pre-programmed in
the pump 102 to monitor drug delivery and compensate for external influences that may affect
the infusion rate despite unchanged pump device operation (e.g., external condition such as
backpressure from the infusion site or clogging of the cannula 106 or infusion set 100). For
example, signals from a flow sensor 180 deployed along the cannula 106 (e.g., in the cannula
106 or in a fluid measurement chamber connected to the cannula 106 and indicated generally as
“180” in Fig. 11) or in the infusion set 100 (e.g., indicated generally as “180” in Fig. 10A) may
be used in conjunction with a processor in the pump 102 or a user interface 22 to determine when
the proper dosage has been administered (e.g., determining total dose by integrating flow rate
over time relative to a clock associated with the controller, or simply a time stamp when the
pump ceases a particular delivery action), to assess the flow through the cannula 106 as reported
by a flow sensor 180 and take corrective action if the flow rate deviates sufficiently from a
programmed or expected rate (e.g., increase pump driver such as increase the current to the
electrolysis electrodes of an electrolysis-type pump to accelerate gas evolution in the electrolysis
chamber if the processor determines that a higher flow rate of drug is needed, or decrease the
current to the electrolysis electrodes or otherwise decrease actuation of the pump, depending on

the type of pump, if the processor determines that a lower flow rate of drug is needed).
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[0072] As stated above, the sensor 180 can have flow sensing and/or pressure sensing.
Combination sensing can beneficial when, for example, the flow sensor fails. The pressure
sensor may still be available to detect high drug delivery rates, and this sensor information can
be used by the processor or pump controller to shut the pump 102 down to avoid administering
an overdose to the patient. In addition, the combination of a flow sensor 180 at the cannula 106
(as shown in Fig. 11) or infusion set 100 (as shown in Fig. 10A) and a pressure sensor at the
pump (e.g., a sensor in the pump’s drug reservoir) can detect a leak or compromised drug
reservoir if pressure is measured in the pump chamber but no flow is measured in the cannula

106 or infusion set 100.

[0073] As mentioned above and shown for example in Fig. 11, smart wireless sensors 20, 180
can be employed in medical systems such as, for example, a drug delivery system (e.g., as shown
in Figs. 1,9, 10B and 11) to measure, detect or sense information about a component of the drug
delivery system and/or the drug used therein, and to output (e.g., wireless transmit) data about
the measured, detected or sensed property or properties to another device such as a controller or
other device internal or external to the a drug delivery system. As described above with
reference to US 2008/0129475 and illustrated in Figs. 1,9, 10B and 11, the smart sensors 20, 180
can be based on MEMS, SAW and/or RFID technologies whereby information or data or signal
from a sensor 20, 180 can be returned to an interrogator provided in the controller or other device
that is internal or external to the a drug delivery system and configured for wireless
communication with the sensor 20, 180. Further, as described above with reference to US
2008/0129475, the sensors can be configured to receive power wirelessly (e.g., activated upon
receiving a transmission of a certain radio frequency (RF) from an interrogator, or inductively as
a result of receiving an RF signal which can be in a lower frequency range than an RF

communication signal to more efficiently transfer energy in the near field as known in the art).

[0074] In accordance with different embodiments, the smart sensor 20, 180 (e.g., illustrated in
Figs. 1, 9, 10A and 11) can be configured to measure at least one parameter related to fluid
delivery and/or the drug being delivered such as a physical or chemical parameter or
characteristic, and to transfer the measured data to a processor or other control circuitry coupled
to the sensor directly (e.g., a processor or control circuit co-located with the sensor in the fluid

sensing area or chamber), or remotely (e.g., processor or control circuit located separately from
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the sensor such as in a related drug-delivery device, device attachment or handheld user interface

device with wired or wireless connection to the drug-delivery device).

[0075] In accordance with different embodiments, a smart sensor 20 or 180 can be configured
to measure two or more different parameters related to fluid delivery and/or the drug being
delivered such as physical or chemical parameters or characteristics, and to transfer the measured
data to a processor or other control circuitry coupled to the sensor (e.g., directly or remotely as
exemplified above). Alternatively, two or more smart sensors 20 or 180 can be deployed to
measure different parameters related to fluid delivery and/or the drug being delivered such as
physical or chemical parameters or characteristics, and to transfer the measured data to a
processor or other control circuitry coupled to the sensor (e.g., directly or remotely as

exemplified above).

[0076] If analyzing capability is not provided via a processor on mircomachined chip(s) in
sensor 20, 180, then data can be sent inductively from the sensor 20, 180 to a processor in the
pen 2 and/or user interface 22 or pump 102. Flow data can be used to accurately determine
completed dose (e.g., a comparison of dosage input with actual amount detected as being
delivered based on flow data from sensor 20,180). The flow data can also be used by a processor
to determine if a leak or an occlusion has occurred. An indication (e.g., confirmation of
complete dose delivery, or warning of incomplete dose, or status indicating leak or occlusion)
can be generated on a display (e.g., display 14 on pen 2, display on the user interface 22, or

display 104 on a pump 102).

[0077] In general, the sensors 20, 180 can be configured to sense any kind of physical or
chemical parameter value that may be relevant to the drug being administered or conditions for
delivery or dispensing of the fluid such has, but not limited to, pressure, force, temperature,
electrical resistance or conductivity, pH, oxygen or other constituent level, flow, and so on. For
example, sensor(s) 180 for various pump 102 parameters may be flow, thermal, time of flight,
pressure, or other sensors known in the art, and may be fabricated (at least in part) from
parylene—a biocompatible, thin-film polymer. Multiple pressure sensors may be used, for
example, to detect a difference in pressure and calculate the flow rate based on a known laminar

relationship. In the illustrated embodiment of Fig. 11, a flow sensor 180 (e.g., a MEMS sensor)
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is disposed in the cannula 106 to monitor drug flow to the infusion site, and detect potential

obstructions in the flow path, variations in drug-pump pressure, etc.

[0078] For example, a sensor 20, 180 can be a microfluidic chip available from Integrated
Sensing Systems Inc. that can provide density sensing or Coriolis mass flow sensing. The
microfluidic chip sensor employs a chip level silicon tube that can be driven to resonance
electrostatically and its motion sensed capacitively using metal electrodes located under the tube
and accompanying micromachined electronic circuits connected to the MEMS chip, for example,
by wire bonding. Power can be provided to the electronic circuits via an inductive link (e.g.,
inductive coupling between a receiver coil provided in the electronic circuits associated with the
MEMS chip and a transmitter coil and driver provided, for example, in the pen 2, user interface,

or pump 102).

[0079] A MEMS density or Coriolis mass flow sensor 20 can be provided in the fluid path of a
pen 2 or infusion device (e.g., pump 102 and infusion set 100), having a inlet therein that
receives sample fluid (e.g., insulin) from a cannula of a drug delivery device (e.g., cannula 24 in
the needle adapter 18 for a syringe 2 or cannula 106 connecting an infusion set 100 to a pump
102 or internal cannula with respect to the cartridge provided in the pump and its outlet to the

infusion set).

[0080] In accordance with another example, a sensor 20, 180 can be a multi-parametric sensor
using impedance spectroscopy such as sensors available from S.E.A. Medical Systems, Inc.. An
impedance spectroscopy sensor can be fabricated using MEMS wherein, for example, variable
frequency, low voltage excitation is applied to multiple electrode pairs on a silicon chip (e.g., of
dimension 2 mm x 2.9 mm or smaller) having, for example, a leadframe, admittance, waveguide
and flowmeter as shown in Fig. 11 herein and described with respect to Fig. 13D in U.S. Patent
Application Publication No. 2010/0305499. When the chip is in contact with a particular fluid,
an electrical response signature is produced (e.g., see Fig. 19F of US 2010/0305499) that is

unique to that fluid due to the fluid’s molecular structure or ionic properties.

[0081] Such sensing may be particularly useful for determining drug identification (ID),
concentration and diluent because of the ability of impedance spectroscopy to distinguish drugs

and concentrations. Impedance spectroscopy sensors may also be used to identify expired,
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degraded or contaminated drugs whose electrical response signatures would be altered from the
expected (e.g., previously stored) electrical response signatures of their viable states. In addition
to verifying, for example, drug ID and/or concentration, the flowmeter or flow sensor on the chip

can detect flow rate and total dose.

[0082] The duration of time that such an impedance spectroscopy sensor chip needs to be in
contact with a fluid can vary. The chip can be immersed in the fluid being tested, for example,
such as using a closed sensor 20 in a pen needle adapter 18 as shown in Fig. 1 or a sensor 20
provided in a cartridge that is attached to a pen 2 (e.g., inserted into the cartridge retaining
member 16) as shown in Fig. 2 or placed in a conventional manner in a pump such as the pump
102 shown in Fig. 11. The sensor can, for example, be suspended in the fluid of the cartridge or

adhered to an internal surface of the cartridge such as near the cartridge outlet.

[0083] The data from the impedance spectroscopy sensor chip can be scanned by a wireless
scanner provided in a user interface 22 (e.g., a handheld device 22 that wirelessly communicates
with an injection pen 2 having a sensor in its cartridge or in a connected pen needle adapter 18).
In the example of a pump, the controller and related electronic components internal to the pump
can be configured to receive data from a cartridge having a sensor 20 that is currently inserted

into the pump.

[0084] The data from the sensor 20 (e.g., a measured electrical response signature from the
impedance spectroscopy sensor chip) can be compared with a stored electrical response signature
corresponding to the drug that is prescribed to be delivered by the pump (e.g., stored in a
memory accessible by a controller in the pump 102 or a wirelessly coupled user interface or
portable device 22) to determine if an incorrect drug or a degraded drug has actually been sensed
by the sensor 20 in the fluid path of the drug delivery system. The pump 102 and/or the user
device 22 can be configured to generate an alert and possible to automatically shut down the

pump drive if such an error has been detected.

[0085] Tllustrative embodiments of the present invention can be implemented, at least in part, in
digital electronic circuitry, analog electronic circuitry, or in computer hardware, firmware,
software, or in combinations of them. The components of the smart sensors 20, 180 operating in

conjunction with a processor or controller associated with the sensor itself, or a drug delivery
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device 2, 90, 102, or a user interface 22 (e.g., a handheld user device such as a smartphone,
laptop, PDM and the like) can be implemented as a computer program product, i.e., a computer
program tangibly embodied in an information carrier, e.g., in a machine-readable storage device
or in a propagated signal, for execution by, or to control the operation of, data processing
apparatus, e.g., a programmable processor, a computer, or multiple computers. A computer
program can be written in any form of programming language, including compiled or interpreted
languages, and it can be deployed in any form, including as a stand-alone program or as a
module, component, subroutine, or other unit suitable for use in a computing environment. A
computer program can be deployed to be executed on one computer or on multiple computers at

one site or distributed across multiple sites and interconnected by a communication network.

[0086] Illustrative embodiments of the present invention have been described with reference to
smart sensors 20, 180 operating in conjunction with a processor or controller associated with the
sensor itself, or a drug delivery device 2, 90, 102, or a user interface 22 (e.g., a handheld user
device such as a smartphone, laptop, PDM and the like), among other components. It is to be
understood, however, that the present invention can also be embodied as computer-readable
codes on a computer-readable recording medium. The computer-readable recording medium is
any data storage device that can store data which can thereafter be read by a computer system.
Examples of the computer-readable recording medium include, but are not limited to, read-only
memory (ROM), random-access memory (RAM), CD-ROMs, magnetic tapes, floppy disks, and
optical data storage devices. The computer-readable recording medium can also be distributed
over network-coupled computer systems so that the computer-readable code is stored and

executed in a distributed fashion.

[0087] Also, functional programs, codes, and code segments for accomplishing the present
invention can be easily construed as within the scope of the invention by programmers skilled in

the art to which the present invention pertains.

[0088] Method steps, processes or operations associated with smart sensors 20, 180 operating in
conjunction with a processor or controller associated with the sensor itself, or a drug delivery
device 2, 90, 102, or a user interface 22 (e.g., a handheld user device such as a smartphone,

laptop, PDM and the like), can be performed by one or more programmable processors executing
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a computer program to perform functions of the invention by operating on input data and
generating an output. Method steps can also be performed by, and an apparatus according to
illustrative embodiments of the present invention, can be implemented as, special purpose logic
circuitry, e.g., an FPGA (field programmable gate array) or an ASIC (application-specific

integrated circuit).

[0089] Processors suitable for the execution of a computer program include, by way of example,
both general and special purpose microprocessors, and any one or more processors of any kind of
digital computer. Generally, a processor will receive instructions and data from a read-only
memory or a random access memory or both. The essential elements of a computer are a
processor for executing instructions and one or more memory devices for storing instructions and
data. Generally, a computer will also include, or be operatively coupled to receive data from or
transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic,
magneto-optical disks, or optical disks. Information carriers suitable for embodying computer
program instructions and data include all forms of non-volatile memory, including by way of
example, semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices;
magnetic disks, e.g., internal hard disks or removable disks; magneto-optical disks; and CD-
ROM and DVD-ROM disks. The processor and the memory can be supplemented by, or

incorporated in special purpose logic circuitry.

[0090] The above-presented description and figures are intended by way of example only and
are not intended to limit the present invention in any way except as set forth in the following
claims. It is particularly noted that persons skilled in the art can readily combine the various
technical aspects of the various elements of the various exemplary embodiments that have been
described above in numerous other ways, all of which are considered to be within the scope of

the invention.

[0091] While the invention herein disclosed has been described by means of specific
embodiments and applications thereof, numerous modifications and variations can be made

thereto by those skilled in the art without departing from the scope of the invention.
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Claims:

1. A system for injecting medicament into a patient via an injection pen having an injection pen
housing and used with a replaceable needle assembly for each injection, the injection pen housing having
a cartridge containing member for receiving a cartridge of medicament and threads on the exterior
circumference of a distal end thereof that cooperate with grooves in the interior circumference of the
needle assembly to facilitate their coupling and decoupling and replacement of a removable needle

assembly each time the injection pen is used,
wherein the system comprises:

an adapter configured to be detachably coupled between an injection pen housing and its needle

assembly and to deliver the medicament from the injection pen housing to the needle assembly,
the adapter comprising

grooves in the interior circumference of a proximal end thereof that are configured
to be the same as the grooves of the needle assembly to cooperate with the threads on the
injection pen housing to facilitate coupling and decoupling of the adapter and the injection

pen housing,

a cannula providing a drug throughway from the injection pen housing to a
removable needle assembly, the cannula having a proximal portion that extends into the
injection pen housing when the adapter is coupled to the injection pen housing for fluid

path connection with the injection pen housing, and

threads on the exterior circumference of its distal end that are configured to be the
same as the threads on the injection pen housing to cooperate with the grooves in the
interior circumference of a removable needle assembly to facilitate coupling and
decoupling of the adapter and the needle assembly, the cannula having a distal portion
that extends into the needle assembly when the adapter is coupled to the needle assembly

for fluid path connection with the needle assembly;
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a sensor configured as a microchip provided in the adapter to sense at least one characteristic

about the medicament or its delivery to the patient and generate sensor data; and
a device configured to wirelessly communicate with the sensor to obtain its sensor data.
2. A system as claimed in claim 1, wherein the device is a portable user interface.

3. A system as claimed in claim 1, wherein the device is configured to obtain wireless transfer of

the sensor data and to provide wireless power to the sensor.

4. A system as claimed in claim 1, wherein the device employs one of radio frequency identification

(RFID) and surface acoustic wave (SAW) technology for providing wireless power to the sensor.

5. A system as claimed in claim 1, wherein the sensor detects at least one of drug identification,

concentration, agglomeration, degradation, and flow rate.

6. A system as claimed in claim 1, wherein the device comprises an application for performing at
least one of interfacing with the adapter, processing the sensor data, setting alerts relating to the
medicament or its delivery, and graphing and indexing information relating to medicament use and

degradation for display.
7. A system as claimed in claim 1, wherein the sensor detects a dose amount.

8. A system as claimed in claim 1, wherein the sensor data can be used to estimate the amount of

medicament available and confirm quality of dose.

9. A system as claimed in claim 1, wherein the sensor detects at least one of a medication error and
compliance.
10. A system as claimed in claim 1, wherein the sensor is a pressure sensor.
11. A system as claimed in claim 1, wherein the sensor is a thermal time of flight sensor.
26

Date Regue/Date Received 2020-05-19



CA 02904121 2015-09-03

PCT/US2014/027640

WO 2014/152704

115

r

dlL "Old

144

NN N NN NN

\\\\\\ Yrzm
ool/l//ﬁ_lglil

ESASSSISO

0¢
losuas

|
|
|
|
paso|) - -

I

’%f@

e

0¢

[

1

P1—"

A\/N

Il\ll.T

4!




CA 02904121 2015-09-03

WO 2014/152704 PCT/US2014/027640

2/15

FIG. 2
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