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7) ABSTRACT

An implantable device for reversing an overdose of a
substance in a person. The device measures the person’s
respiratory rate and/or the person’s activity state and auto-
matically injects a dose of overdose reversal agent in the
person if the person’s respiratory rate and/or the person’s
activity state indicate that the person may over overdosed on
the substance. The device can administer subsequent doses
if the person’s respiratory rate and/or the person’s activity
state continue have not improved after the first dose. The
device can include a wireless communication device to
contact a third party after one or more doses have been
administered.
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IMPLANTABLE DEVICE AND METHODS
FOR REVERSING OVERDOSE OF A
SUBSTANCE

TECHNICAL FIELD

[0001] The present application relates generally to
Implantable devices for reversing overdose of a substance in
a person.

BACKGROUND

[0002] In the United States there were more than 29,000
drug poisoning deaths attributable to opioids (heroin and
opioid analgesics) in 2014, and the number of such deaths
has increased steadily each year since 1999, when it stood at
less than 6,000. This has led the United States Government
Centers for Disease Control and Prevention to label over-
dose from prescription painkillers and heroin as an epi-
demic. Several responses to this dramatic increase in over-
dose death have been proposed and implemented including
updated guidelines for the prescription of opioid analgesics,
state-level prescription drug monitoring programs (PDMPs)
to minimize “doctor-shopping” among opioid dependent
patients, increasing use of medication assisted treatment
(MAT) and other treatments for opioid dependence, and
systems to train and distribute an opioid antagonist medi-
cation called naloxone to first responders.

[0003] Still, these efforts have thus far failed to stem the
increase in overdose deaths and physicians are still left with
limited options when treating patients who have experienced
near-fatal overdose related to opioids, which is a common
clinical situation, evidenced by the over 400,000 emergency
department visits related to opioid analgesics or heroin in
2011. Treatment programs are often not readily available at
the point of discharge from the hospital setting, limited by
their availability, insurance coverage and often subject to
wait lists. Even if treatment capacity were expanded to meet
the need, many users are not prepared to engage in treatment
subsequent to near-fatal overdose and remain at markedly
elevated risk for death. Further, for patients who do go on to
engage in treatment, such programs are not universally
efficacious in reducing the risk of overdose death and
elevated risk persists.

[0004] One effect caused by an opioid overdose is a
depressed breathing or respiratory rate. Breathing in a
human subject is effected by the expansion of the chest
cavity (along with coordinated movement of the diaphragm)
that generates a negative pressure within the thoracic cavity,
thereby drawing in oxygenated ambient air and exchanging
the biological waste product, carbon dioxide. The depressed
respiratory rate is a result of direct action of the opioid agent
on receptors in the individual’s brain that control respiratory
drive, such that the frequency of physical excursions of the
chest cavity (i.e., breaths) slows down, preventing adequate
influx of oxygenated air and efflux of waste products such as
carbon dioxide. Either the lack of oxygen or the buildup of
such waste products (acidosis) can lead to death of the
individual by a critical lack of oxygen to the cells of the
brain, heart or other vital organs or by arrhythmia of the
heart, promoting the former.

[0005] One promising strategy that is being used increas-
ingly is training third parties to recognize the signs of opioid
overdose and to administer an opioid antagonist either via
intranasal or subcutaneous injection. These third parties may
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be first responders such as police, paramedics, EMTs, and
the like. The opioid overdose reversal agent achieves its
effect by competitively removing the opioid agent from the
receptors in the subject’s brain, which are responsible for the
control of respiratory drive.

[0006] Although training of third parties has increased, the
problem remains that such third parties need to be contacted
by someone to know about a potential overdose. Thus, when
a person overdoses alone or together with other users, they
are often left unconscious for prolonged periods of time,
since no one is able to call for third-party assistance. This
can be harmful to the overdosed user’s health and can
potentially be fatal. It would be desirable to overcome this
and other problems in the art.

SUMMARY

[0007] The following description and drawings set forth
certain illustrative implementations of the disclosure in
detail, which are indicative of several exemplary ways in
which the various principles of the disclosure may be carried
out. The illustrative examples, however, are not exhaustive
of the many possible embodiments of the disclosure. Other
objects, advantages and novel features of the disclosure will
be set forth in the following detailed description of the
disclosure when considered in conjunction with the draw-
ings.

[0008] One or more embodiments are directed to an
implantable device for reversing an overdose of a substance
in a person, the implantable device comprising a housing; a
reservoir disposed in the housing to store an overdose
reversal agent; an injector port in fluid communication with
the reservoir, the injector port extending through the hous-
ing; a pressure source in fluid communication with the
reservoir; an electromechanical gate disposed between the
injector port and the reservoir, wherein the electromechani-
cal gate has an open state that allows the overdose reversal
agent to pass through the injector port, and a closed state that
prevents the overdose reversal agent from passing through
the injector port; a controller disposed in the housing, the
controller in electrical communication with the electrome-
chanical gate, the pressure source, and a thoracic cavity
excursion sensor, wherein the controller determines a mea-
sured respiratory rate of the person using output signals from
the thoracic cavity excursion sensor, and when the calcu-
lated respiratory rate is below a predetermined minimum
respiratory rate for a predetermined rolling time period, the
controller generates a first signal that causes the electrome-
chanical gate to switch from the closed state to the open
state, thereby administering a predetermined dose of the
overdose reversal agent to the subcutaneous tissue of the
individual through the injector port.

[0009] One or more embodiments are directed to a method
for reversing an overdose of a substance using an implant-
able device in a person, the method comprising receiving
data from a sensor disposed on or in the person, the data
corresponding to a measured respiratory parameter of the
person; determining whether the measured respiratory
parameter is lower than a predetermined minimum respira-
tory parameter over a first rolling time period; when the
measured respiratory parameter is lower than the predeter-
mined minimum respiratory parameter over the first rolling
time period administering a dose of an overdose reversal
agent to the person from the implantable device; and auto-
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matically sending a notification message to a third party
using a wireless communication device disposed in the
implantable device.

[0010] One or more embodiments are directed to a method
for reversing an overdose of a substance using an implant-
able device in a person, the method comprising receiving
data from a sensor disposed on or in the person, the data
corresponding to a measured respiratory rate of the person;
receiving data from an accelerometer disposed in the
implantable device, the data from the accelerometer corre-
sponding to an active state or a rest state of the person;
determining, using the data from the accelerometer, that the
person is in the rest state for a predetermined time period,
after determining that the person is in the rest state for the
predetermined time period, determining whether the mea-
sured respiratory rate is lower than a predetermined mini-
mum respiratory rate over a first rolling time period; when
the measured respiratory rate is lower than the predeter-
mined minimum respiratory rate over the first rolling time
period administering a dose of an overdose reversal agent to
the person from the implantable device; and automatically
sending a notification message to a third party using a
wireless communication device disposed in the implantable
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a fuller understanding of the nature and advan-
tages of the present invention, reference is made to the
following detailed description of preferred embodiments
and in connection with the accompanying drawings, in
which:

[0012] FIG. 1 is a block diagram of an implantable device
for reversing overdose of a substance according to one or
more embodiments;

[0013] FIG. 2 is a flow chart for a method of reversing a
substance overdose in an individual using an implantable
device according to one or more embodiments;

[0014] FIG. 3 is a flow chart for a method of reversing a
substance overdose in an individual using an implantable
device according to one or more embodiments; and

[0015] FIG. 4 is a flow chart 40 for a method of reversing
a substance overdose.

DETAILED DESCRIPTION

[0016] FIG.1 is a block diagram of an implantable device
10 for reversing overdose of a substance according to one or
more embodiments. The device 10 includes an injector port
1, an electromechanical gate 2, a controller 3, a battery 4, a
wireless communications device 5, an accelerometer 6, a
shear detector anchor 7, a shear detection arm 8, and an
overdose reversal agent reservoir 9. The injector port 1
extends from the overdose reversal agent reservoir 9 to an
outlet disposed outside of housing 15 of device 10.

[0017] The electromechanical gate 2 is disposed between
the outlet of injector port 1 and the overdose reversal agent
reservoir 9. The electromechanical gate 2 can be in an open
position or a closed position. In the open position, the
electromechanical gate 2 is adjusted (e.g., retracted, raised,
etc.) to allow the overdose reversal agent to flow from the
reservoir 9 to the outlet of injector port 1. Opening the
electromechanical gate 2 causes a dose or volume (e.g., an
aliquot) of overdose reversal agent to be administered to the
individual through injector port 1. The length of time that the
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electromechanical gate 2 is open, in addition to the force
applied by the optional pressure source, as described below,
corresponds to the dose. In the closed position, the electro-
mechanical gate 2 is adjusted so that it obstructs the flow of
the overdose reversal agent. The electromechanical gate 2
can be a valve, a physical barrier, or other device that can
selectively obstruct or allow the flow of overdose reversal
agent, which generally is in liquid form.

[0018] The overdose reversal agent reservoir 9 holds a
volume of an overdose reversal agent in liquid form, such as
an overdose reversal agent for narcotics (e.g., opioids). An
example of an overdose reversal agent is naloxone (e.g.,
NARCAN®). The overdose reversal agent reservoir 9 can
hold the overdose reversal agent at a predetermined pres-
sure, the predetermined pressure causing the overdose rever-
sal agent to flow towards electromechanical gate 2 or
injector port 1 (and into the individual) depending on
whether electromechanical gate 2 is open or closed. The
predetermined pressure in overdose reversal agent reservoir
9 can be maintained continuously in some embodiments,
while in other embodiments the overdose reversal agent
reservoir 9 is only pressurized when needed (e.g., on
demand), such as just prior to administering a dose of the
overdose reversal agent to the individual. The predetermined
pressure can be obtained through a pressure source, such as
a pump or other device in fluid communication with over-
dose reversal agent reservoir 9. Alternatively, overdose
reversal agent reservoir 9 can be a flexible, squeezable
bladder and the pressure source can be a bladder pump or
other device (e.g., a pneumatic device) that can generate
pressure or contract the flexible walls of the bladder. In some
embodiments, a pressure sensor is in fluid communication
with the overdose reversal agent reservoir 9 to sense the
pressure generated by the pressure source. The pressure
source and/or the pressure sensor can be in electrical com-
munication (e.g., via a wired or a wireless connection) with
controller 3.

[0019] After the device 10 is implanted in the individual,
overdose reversal agent reservoir 9 can be re-filled in an
outpatient procedure, for example by replacing the reservoir
9 or by a sterile injection of the overdose reversal agent
directly into the reservoir 9 (i.e., while the device 10 remains
implanted). The act of replacing the reservoir 9 can be
similar to changing a battery in an implantable cardiac
defibrillator device. In some embodiments, the dose admin-
istered to the individual is 0.4 to 1.0 mg of naloxone, or any
value or range there between.

[0020] The controller 3 is in electrical communication
with the electromechanical gate 2, the wireless communi-
cations device 5, the accelerometer 6, and the battery 4 (as
a power source). As discussed in more detail herein, the
controller 3 can send a control signal to the electromechani-
cal gate 2 to cause it to open when the individual may have
overdosed on a substance, such as a narcotic. To determine
whether to send such a control signal, the controller 3 uses
data provided by a thoracic cavity excursion sensor and/or
the accelerometer 6.

[0021] The thoracic cavity excursion sensor is placed
proximal to the individual’s thoracic cavity (e.g., proximal
to the individual’s chest) to measure the respiratory rate of
the individual. The controller 3 receives data (e.g., output
signals) from the cavity excursion sensor wirelessly
(through wireless communications device 5) or through a
direct wired connection. In some embodiments, the thoracic



US 2018/0228969 A1l

cavity excursion sensor is disposed on or in device 10. Using
the received data, controller 3 calculates a measured respi-
ratory rate of the individual. The controller 3 then deter-
mines whether the measured respiratory rate falls below a
predetermined minimum respiratory rate for a predeter-
mined period of time. If the measured respiratory rate falls
below the predetermined minimum respiratory rate for the
predetermined period of time, controller 3 causes (e.g., via
a control signal) the electromechanical gate 2 to be in the
open state to administer a dose of the overdose reversal
agent to the individual. In addition, controller 3 can cause
(e.g., via a second control signal) a pressure source to
pressurize the overdose reversal agent reservoir 9 to a
predetermined pressure, which can be confirmed with an
optional pressure sensor (as an input to controller 3), prior
to causing the electromechanical gate 2 to be in the open
state. In addition, controller 3 can confirm that the overdose
reversal agent reservoir 9 is pressurized to the predetermined
pressure (e.g., via an input signal from an optional pressure
sensor) if the pressure source continuously maintains the
overdose reversal agent reservoir 9 at the predetermined
pressure. The dose administered can be a function of the
length of time that electromechanical gate 2 is in the open
state and the pressure (e.g., the predetermined pressure) on
the overdose reversal agent in the overdose reversal agent
reservoir 9. If the measured respiratory rate is at or above the
predetermined minimum respiratory rate for the predeter-
mined period of time, controller 3 causes (e.g., via a control
signal) the electromechanical gate 2 to be in the closed state
(or remain closed) to prevent the overdose reversal agent
from flowing into the individual.

[0022] The predetermined minimum respiratory rate can
be selected so that it generally corresponds with the respi-
ratory rate of an individual who has overdosed on a sub-
stance, e.g., a narcotic substance such as an opioid. In
general, the respiratory rate of an overdosed individual is
low compared to an individual who has not overdosed. For
example, an adult who has overdosed would have a respi-
ratory rate of about 7 breaths per minute or less while an
adult who has not overdosed (and is at rest) has a respiratory
rate of about 12 breaths per minute to about 20 breaths per
minute. Thus, it can be seen that a respiratory rate of about
5 breaths per minute that is sustained over a predetermined
time period can be used as a reasonable proxy for determin-
ing whether an individual has overdosed. In other words, the
predetermined minimum respiratory rate can be selected to
be in the range of about 7 breaths per minute or fewer. As
used herein, “about” means plus or minus 10% of the
relevant value.

[0023] Insome embodiments, controller 3 also determines
the length of time that the individual has a measured
respiratory rate. The length of time can be used to confirm
that the reduced respiratory rate is due to an overdose and
not from another cause, such as the individual holding his
breath, meditating, or engaging in another activity that may
also cause a temporary reduction in respiratory rate. For
example, controller 3 can determine whether the measured
respiratory rate is below the predetermined minimum respi-
ratory rate for longer than a first predetermined maximum
time period (e.g., a rolling time period of 30 seconds to 2
minutes) or a second predetermined maximum time period
(e.g., a rolling time period of 3-5 minutes). In some embodi-
ments, the measured respiratory rate can be an average or
median respiratory rate measured over a rolling time period/
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window (e.g., 30 seconds to 5 minutes), such as the first
and/or second predetermined maximum time periods. If
controller 3 determines that the measured respiratory rate
has fallen below the predetermined minimum respiratory
rate for more than the first or second predetermined maxi-
mum time period, controller 3 causes (e.g., via a control
signal) the electromechanical gate 2 to be in the open state
to administer a dose of the overdose reversal agent to the
individual. Prior to causing the electromechanical gate 2 to
be in the open state, controller 3 can also confirm (e.g., via
a pressor sensor) that the overdose reversal agent reservoir
9 is at a predetermined pressure and/or activate a pressure
source to pressurize overdose reversal agent reservoir 9 to
the predetermined pressure. However, if controller 3 deter-
mines that the measured respiratory rate at or above the
predetermined minimum respiratory rate for more than the
first or second predetermined maximum time period, con-
troller 3 causes the electromechanical gate 2 to remain
closed to prevent the overdose reversal agent from flowing
into the individual (e.g., due to gravity or pressure provided
by a pressure source). It is noted that the measured respi-
ratory rate used by controller 3 can also be the average or
median measured respiratory rate over the relevant time
period.

[0024] Device 10 also includes an optional shear detection
anchor 7 and an optional shear detection arm 8. Shear
detection anchor 7 and shear detection arm 8 can measure
the mechanical forces of the excursion of the chest to
directly monitor the respiratory rate of the individual. For
example, shear detection anchor 7 and shear detection arm
8 can measure the physical pressure exerted on device 10 by
the workings of the respiratory muscles of the individual and
the physical excursion of the chest cavity associated with
breathing. The output signals generated by shear detection
anchor 7 and shear detection arm 8 generate data, such as a
tracing, which can be analyzed by controller 3 to measure
the individual’s respiratory rate. Controller 3 can use the
measured respiratory rate, as determined from shear detec-
tion anchor 7 and shear detection arm 8, as an input (e.g., to
determine whether to administer a dose of overdose reversal
agent) in the same or substantially the same as the measured
respiratory rate, as determined from a thoracic cavity sensor.
The measured respiratory rate can be used by controller 3
along with inputs from accelerometer 6 and/or a pulse
oximeter in some embodiments to determine whether to
administer a dose of overdose reversal agent.

[0025] In some embodiments, controller 3 receives, as an
input, the output signals from a pulse oximeter. The pulse
oximeter can be included as part of device 10 or it can be a
separate component that is in electrical communication (e.g,,
a wired or a wireless connection) with device 10. The pulse
oximeter can be used in addition to or in place of mechanical
respiratory rate detection (e.g., shear detection anchor 7 and
shear detection arm 8, and/or thoracic cavity sensor) to
provide both respiratory rate and oxygen saturation infor-
mation to controller 6. In general, the oxygen saturation of
the blood of an overdosed individual is lower than the
oxygen saturation of the blood of an individual who has not
overdosed. For example, an overdosed individual can have
an oxygen saturation of about 90% or lower while an
individual who has not overdosed would have an oxygen
saturation of 95% to 100%. Thus, it can be seen that an
oxygen saturation of less than about 90% can be used as a
reasonable proxy for determining whether an individual has
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overdosed. Controller 3 can cause a dose of overdose
reversal agent to be administered to the individual in
response to the oxygen saturation or in response to a
combination of the oxygen saturation and other data inputs,
such as the measured pulse (as measured by the pulse
oximeter), the measured respiratory rate and/or the individu-
al’s activity level (as measured by accelerometer 6).
[0026] Controller 3 is also in electrical communication
with accelerometer 6, which can sense the individual’s
movement. In general, an overdosed individual remains still
or at rest for a prolonged time period because the overdose
causes the individual to be in a depressed state of conscious-
ness. Thus, the output of accelerometer 6 can be used as a
“check” on the measured respiratory rate since it is unlikely
that an overdosed individual would have a low respiratory
rate (e.g., below the predetermined minimum respiratory
rate) while in an active state (e.g., while walking, turning the
body, or other active movement). It is even less likely that
an overdosed individual would have a low respiratory rate
(e.g., below the predetermined minimum respiratory rate)
for a sustained time period (e.g., longer than the first
predetermined maximum time period) while in an active
state. [n some embodiments controller 3 determines whether
the individual is in a rest or inactive state for a third or a
fourth predetermined maximum time period, which can be
the same or different than the first or second predetermined
maximum time period, respectively. In some embodiments,
controller 3 determines whether the individual is in a rest or
inactive state for a predetermined time period of up to about
7 minutes to about 10 minutes.

[0027] Alternatively, controller 3 first determines that the
individual is in a rest or inactive state for a predetermined
time period (e.g., as described above), based on the output
of accelerometer 6. If the individual has been in a rest or
inactive state for the predetermined time period, controller 3
then checks the individual’s measured respiratory rate (e.g.,
as described above) and administers the overdose reversal
agent if the individual’s measured respiratory rate is low
(e.g., below the predetermined minimum respiratory rate)
for a sustained time period (e.g., longer than the first
predetermined maximum time period). In this alternative
embodiment, it can be seen that the output of accelerometer
6 can be used as a prerequisite or gate for whether controller
3 needs to check the individual’s measured respiratory rate.
[0028] In some embodiments controller 3 administers a
dose of overdose reversal agent to be administered to the
individual in one or more of the following scenarios. As
discussed above, administering a dose of overdose reversal
agent includes opening electromechanical gate 2 and,
optionally, activating a pressure source (e.g., prior to open-
ing electromechanical gate 2) to increase the pressure in
overdose reversal agent reservoir 9 to a predetermined
pressure to thereby cause overdose reversal agent to flow
through injector port 1 into the individual. As discussed, the
pressure in overdose reversal agent reservoir 9 can also be
checked (e.g., via a pressure sensor) prior to opening elec-
tromechanical gate 2.

[0029] A. Controller 3 determines that the measured respi-
ratory rate of the individual falls below the predetermined
minimum respiratory rate for any period of time;

[0030] B. Controller 3 determines that the measured respi-
ratory rate of the individual falls below the predetermined
minimum respiratory rate for longer than a first predeter-
mined maximum time period or a second predetermined
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maximum time period, the second predetermined maximum
time petiod greater than the first predetermined maximum
time period;

[0031] C. Controller 3 determines that (1) the measured
respiratory rate of the individual falls below the predeter-
mined minimum respiratory rate for any period of time and
(2) the individual is currently in an inactive state (i.e., the
output of accelerometer 6 indicates that the individual is not
moving);

[0032] D. Controller 3 determines that (1) the measured
respiratory rate of the individual falls below the predeter-
mined minimum respiratory rate for any period of time and
(2) the individual has been in an inactive state for longer
than a third predetermined maximum time period or a fourth
predetermined maximum time period, the fourth predeter-
mined maximum time period greater than the third prede-
termined maximum time period,

[0033] E. Controller 3 determines that (1) the measured
respiratory rate of the individual falls below the predeter-
mined minimum respiratory rate for longer than the first or
second predetermined maximum time period and (2) the
individual is currently in an inactive state;

[0034] F. Controller 3 determines that (1) the measured
respiratory rate of the individual falls below the predeter-
mined minimum respiratory rate for longer than the first or
second predetermined maximum time period and (2) the
individual has been in an inactive state for longer than the
third or fourth predetermined maximum time period;
[0035] G. Controller 3 first determines that the individual
has been in an inactive state for longer than the third or
fourth predetermined maximum time period. If so, controller
3 then determines that the measured respiratory rate of the
individual falls below the predetermined minimum respira-
tory rate for any period of time;

[0036] H. Controller 3 first determines that the individual
has been in an inactive state for longer than the third or
fourth predetermined maximum time period. If so, controller
3 then determines that the measured respiratory rate of the
individual falls below the predetermined minimum respira-
tory rate for longer than the first or second predetermined
maximum time period,

[0037] 1. Controller 3 determines that (1) the individual
has been in an inactive state for longer than the third or
fourth predetermined maximum time period and (2) the
oxygen saturation of the individual is below a predetermined
minimum oxygen saturation (e.g., 90%);

[0038] J. Controller 3 determines that (1) the oxygen
saturation of the individual is below the predetermined
minimum oxygen saturation and (2) the measured respira-
tory rate of the individual falls below the predetermined
minimum respiratory rate for longer than the first or second
predetermined maximum time period,

[0039] K. Controller 3 determines that (1) the oxygen
saturation of the individual is below the predetermined
minimum oxygen saturation, (2) the measured respiratory
rate of the individual falls below the predetermined mini-
mum respiratory rate for longer than the first or second
predetermined maximum time period, and (3) the individual
has been in an inactive state for longer than the third or
fourth predetermined maximum time period; or

[0040] L. Controller 3 determines that (1) the oxygen
saturation of the individual is below the predetermined
minimum oxygen saturation and (2) the measured respira-
tory rate of the individual falls below the predetermined
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minimum respiratory rate for longer than the first or second
predetermined maximum time period; and (3) the pulse of
the individual falls below a predetermined minimum pulse.
[0041] The converse of the foregoing scenarios is also
true. For example, when controller 3 determines that the
measured respiratory rate (as measured by the cavity excur-
sion sensor) and/or the individual’s state of activity (as
measured by accelerometer 6) indicate that the individual
has not overdosed, controller 3 prevents (via a control signal
to close electromechanical gate 2) the overdose reversal
agent from being administered to the individual. Alterna-
tively, controller 3 does not need to send any control signals
to prevent the overdose reversal agent from being adminis-
tered to the individual since the default position of electro-
mechanical gate 2 can be set to the closed state.

[0042] After a dose of the overdose reversal agent has
been administered (e.g., in the case of one or more of
scenarios A-L, above), controller 3 returns to monitoring the
individual’s respiratory rate and/or activity level. If control-
ler 3 determines that one or more of scenarios A-L exists
after the overdose reversal agent has been administered,
controller 3 can administer a second dose of the overdose
reversal agent. This process can continue until one of the
following occurs: (a) the individual’s physical conditions
have improved (i.e., the measured respiratory rate rises
above the predetermined minimum respiratory rate and/or
activity (movement) of the individual is detected by accel-
erometer 6); (b) a predetermined maximum number of doses
of the overdose reversal agent have been administered; or (c)
the device 10 is deactivated, for example by first responders
or medical personnel.

[0043] In some embodiments, controller 3 waits for a
predetermined time period after administering a dose of the
overdose reversal agent before re-checking the individual’s
physical conditions to determine if a second dose is needed
(e.g., if one or more of scenarios A-L exists). This prede-
termined time period can be set to allow adequate time for
the overdose reversal agent to take effect in the individual.
In some embodiments, this time period is from about 2
minutes to about 10 minutes, about 4 minutes, about 6
minutes, about 8 minutes, or any value or range between any
two of the foregoing values.

[0044] In some embodiments, controller 3 administers a
first dose when it determines that a first scenario (e.g.,
scenario A) exists and then administers a second dose when
it determines that a second scenario (e.g., scenario B) exists,
and so on. As discussed, controller 3 can wait for a time
period between administering the first dose and determining
whether the individual needs a second dose. The order of the
scenarios in the foregoing example can be selected in an
increasing order of “sensitivity.” That is, the first dose can be
administered in response to scenario A (measured respira-
tory rate less than predetermined minimum respiratory rate
for any period of time) while the second dose is only
administered if one of the “checks” passes. For example, the
second dose can be administered only in response to sce-
nario B, which requires a sustained low respiratory rate. In
another example, the first dose is administered in response
to scenario B when the low respiratory rate is sustained for
a first predetermined maximum time period and the second
dose is administered in response to scenario B when the low
respiratory rate is sustained for a second predetermined
maximum time period, the second predetermined maximum
time period being longer than the first predetermined maxi-
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mum time period. In some embodiments, the first predeter-
mined time period is from 30 seconds to 2 minutes and the
second predetermined time period is from 3 minutes to 5
minutes.

[0045] In another example, the second dose can be admin-
istered only in response to scenario D, which requires input
from accelerometer 6 in addition to the sustained low
respiratory rate. Of course, the foregoing are examples and
other combinations of dosing and scenarios are within the
scope of these embodiments, including for three or more
doses. In addition or in the alternative, controller 3 can
increase dosing from the first dose (e.g., 0.4 mg of naloxone)
to the second dose (e.g., 0.6 mg of naloxone), and/or from
the second dose (e.g., 0.6 mg of naloxone) to the third dose
(e.g., 0.8 mg of naloxone).

[0046] When controller 3 determines that it is appropriate
to administer a dose of the overdose reversal agent, control-
ler 3 can automatically generate a notification signal or
message to notify an appropriate party (e.g., first responders,
etc.) that the individual may have overdosed on a substance.
The notification signal can be transmitted to the appropriate
party via wireless communications center 5, which can
include a cellular or WiFi-enabled communications device.
In some embodiments, device 10 includes a location-sensi-
tive device, such as a GPS device comprising GPS circuitry
and instructions, for determining the location of the device
(and thus the overdosed individual). The notification signal
can include the location (e.g., GPS coordinates, street
address, etc.) of the device, which can assist the receiving
party (or a third party notified by the receiving party) in
locating the overdosed individual. The notification signal
can also include the identity of or a unique identifier of the
overdosed individual. For example, the notification signal
can include the individual’s name and date of birth. In
addition or in the alternative, the notification signal can
include a unique identifier assigned to the overdosed indi-
vidual. An example of such a unique identifier can include
the serial number of the device 10, the individual’s social
security number, an encrypted or hashed version of either of
these identifiers, or other identifier associated with indi-
vidual, any of which can be stored in a database accessible
by the receiving party.

[0047] The wireless communications center 5 can also
send data collected by the device 10. The data can include
the measured respiratory rate, the output data of accelerom-
eter 6, and/or the time that any doses have been adminis-
tered. In some embodiments, the device 10 has an internal
memory unit that can store the data collected by the thoracic
cavity excursion sensor and the accelerometer 6. The data
stored on the internal memory unit can be limited (e.g., to the
size of the memory until) to a rolling time window (e.g., past
12 hours). The data stored on the internal memory unit can
also include the time that the data was collected and the time
and amount of any doses administer to the individual. Some
or all of this data can be sent in conjunction with the
notification signal to the receiving party using wireless
communications center 5. In addition or in the alternative,
some or all of the data can be sent to a device held by a first
responder or other party who is physically close to the
individual, for example over a local wireless connection
such as Bluetooth. Data sent from the device 10 using
wireless communications center 5 can also be used to
monitor the individual or to debug the device 10. Also,
device 10 can receive data over wireless communications
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center 5 to program or re-program the device 10, such as the
instructions and parameters used by controller 3.

[0048] FIG. 2 is a flow chart 20 for a method of reversing
a substance overdose in an individual using an implantable
device (e.g., device 10 described above) according to one or
more embodiments. In step 200, the device measures the
individual’s respiratory rate, for example by using data or
signals output from a thoracic cavity excursion sensor. As
discussed above, the thoracic cavity excursion monitor can
be external or internal to the device, and can be electrically
coupled to the device with a wired or a wireless connection.
In step 210, the device determines whether the measured
respiratory rate is lower than a predetermined minimum
respiratory rate. As discussed above, the predetermined
minimum respiratory rate can be selected so that it corre-
sponds with the typical respiratory rate of an overdosed
individual, such as about 7 breaths per minute to about 10
breaths per minute. However, the present concepts can be
extended to other breath rates, e.g., 5-7 breaths per minute,
or another rate. In addition or in the alternative, the deter-
mination in step 210 can be based on the average or median
measured respiratory rate over a predetermined rolling time
period (e.g., over the past 30 seconds to over the past 5
minutes).

[0049] If the measured respiratory rate is greater than or
equal to the predetermined minimum respiratory rate at 210,
flow chart 20 loops back at 215 to step 200 to re-measure the
respiratory rate. This loop continues until the device deter-
mines that the measured respiratory rate is lower than a
predetermined minimum respiratory rate at 210 (e.g., over a
predetermined rolling time period as discussed above), in
which case flow chart 20 proceeds to step 220. In step 220,
the device administers a dose of overdose reversal agent to
the individual through an external port on the device. After
the dose is administered, the flow chart at 225 loops back to
step 200 to re-measure the respiratory rate.

[0050] In an alternative embodiment, flow chart 20 pro-
ceeds to optional step 230 and/or optional step 240. In
optional step 230, the device automatically sends a notifi-
cation (e.g., via a wireless communications module in the
device over a cellular or WiFi network) to alert a third party
that the individual has overdosed. The notification can
include identifying information for the individual and the
individual’s location (e.g., if the device includes a GPS
unit). In some embodiments, the third party is selected
based, at least in part, on the individual’s location. For
example, the third party can be a first responder located in
the same town or region as the individual.

[0051] The flow chart can also proceed to step 240, in
which the device waits for a waiting time period to allow the
overdose reversal agent to take effect in the individual. The
waiting time period in step 240 can be 2 minutes to 10
minutes, or any value or range there between. After the
waiting time period in step 240 is complete, the flow chart
loops back at 225 to step 200, as discussed above.

[0052] FIG. 3 is a flow chart 30 for a method of reversing
a substance overdose in an individual using an implantable
device (e.g., device 10 described above) according to one or
more embodiments. In step 300, the device measures the
individual’s respiratory rate, as discussed above. In step 310,
the device determines whether the measured respiratory rate
is lower than a predetermined minimum respiratory rate. As
discussed above, this determination can be based on the
mean or median measured respiratory rate over a predeter-
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mined rolling time period (e.g., over the past 30 seconds to
over the past 5 minutes). If the measured respiratory rate is
greater than or equal to the predetermined minimum respi-
ratory rate (e.g., over a predetermined rolling time period as
discussed above), flow chart 30 loops back at 315 to step
300, similar to flow chart 20. However, if the measured
respiratory rate is lower than the predetermined minimum
respiratory rate at 310, flow chart 30 proceeds to step 320.
[0053] In step 320, the device uses the output of an
accelerometer or other motion-sensing device to determine
if the individual is still or at rest. The device can determine
if the individual is still (or not) over a rolling time period
(e.g., over the past 30 seconds to over the past 5 minutes).
If the device determines that the individual is not still (i.e.,
is currently moving or has moved during the rolling time
period), the flow chart at 325 loops back to step 300 to
re-measure the individual’s respiratory rate. If the device
determines that the individual is still or at rest, (i.e., is
currently still or has not moved during the rolling time
period), the flow chart proceeds to 330 to administer a dose
of overdose reversal agent to the individual through an
external port on the device. After the dose is administered,
the flow chart at 335 loops back to step 300 to re-measure
the respiratory rate. The accelerometer or motion-sensor
may be used as a first or primary detector, with the breathing
rate detector being used as a secondary detector in some
embodiments.

[0054] In an alternative embodiment, flow chart 30 pro-
ceeds to optional step 340 and/or optional step 350. In
optional step 340, the device automatically sends a notifi-
cation (e.g., via a wireless communications module in the
device over a cellular or WiFi network) to alert a third party
that the individual has overdosed, as discussed above in step
230. The notification can include identifying information for
the individual and the individual’s location (e.g., if the
device includes a GPS unit). In some embodiments, the third
party is selected based, at least in part, on the individual’s
location. For example, the third party can be a first responder
located in the same town or region as the individual.
[0055] 1In optional step 350, the device waits for a waiting
time period to allow the overdose reversal agent to take
effect in the individual, as discussed above in step 240. After
flow chart 30 proceeds through optional step 340 and/or
optional step 350, it loops back in 335 to step 300.

[0056] FIG. 4 is a flow chart 40 for a method of reversing
a substance overdose in an individual using an implantable
device (e.g., device 10 described above) according to one or
more embodiments. In step 400, the device uses the output
of an accelerometer or other motion-sensing device to
determine if the individual is still or at rest, for example over
a rolling time period (e.g., over the past 30 seconds to over
the past 5 minutes). Step 400 can be the same or substan-
tially the same as step 320, described above. If the device
determines that the individual is not still or at rest (i.e., is
currently moving or has moved during the rolling time
period), flow chart 40 loops back at 405 to step 400 re-check
whether the individual is still or at rest. In some embodi-
ments, the device can wait for a predetermine time period
(e.g., about 1 minute to about 10 minutes) prior to recheck-
ing whether the individual is still or at rest.

[0057] If the individual is still or at rest (e.g., over the
rolling time period), the device measures the individual’s
respiratory rate in step 410. In step 420, the device deter-
mines whether the measured respiratory rate is lower than a
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predetermined minimum respiratory rate. Steps 410 and 420
can be the same or substantially the same as steps 300 and
310, respectively. If the measured respiratory rate is not
lower than the predetermined minimum respiratory rate,
flow chart 40 loops back at 425 to step 400 to re-check
whether the individual is still or at rest. In some embodi-
ments, the device can wait for a predetermine time period
(e.g., about 1 minute to about 10 minutes) prior to recheck-
ing whether the individual is still or at rest. [f the measured
respiratory rate is lower than the predetermined minimum
respiratory rate, the device administers a dose of overdose
reversal agent to the individual through an external port on
the device. After the dose is administered, the flow chart at
435 loops back to step 400 to re-check whether the indi-
vidual is still or at rest.

[0058] In an alternative embodiment, flow chart 40 pro-
ceeds to optional step 440 and/or optional step 450, which
are the same or substantially the same as optional steps 340
and 350, respectively, described above.

[0059] Those skilled in the art will appreciate the many
equivalents to the specific embodiments described herein. It
is, therefore, to be understood that the foregoing embodi-
ments are presented by way of example only and that, within
the scope of the appended claims and equivalents thereto,
inventive embodiments may be practiced otherwise than as
specifically described. In addition, any combination of two
or more features, systems, articles, materials, kits, and/or
methods described herein, if such features, systems, articles,
materials, kits, and/or methods are not mutually inconsis-
tent, is included within the scope of the present disclosure.
[0060] Also, as described, some aspects may be embodied
as one or more methods. The acts performed as part of the
method may be ordered in any suitable way. Accordingly,
embodiments may be constructed in which acts are pet-
formed in an order different than illustrated, which may
include performing some acts simultaneously, even though
shown as sequential acts in illustrative embodiments.
[0061] The present invention should therefore not be con-
sidered limited to the particular embodiments described
above. Various modifications, equivalent processes, as well
as numerous structures to which the present invention may
be applicable, will be readily apparent to those skilled in the
art to which the present invention is directed upon review of
the present disclosure.

What is claimed is:

1. An implantable device for reversing an overdose of a

substance in a person, the implantable device comprising:

a housing;

a reservoir disposed in the housing to store an overdose
reversal agent;

an injector port in fluid communication with the reservoir,
the injector port extending through the housing;

a pressure source in fluid communication with the reser-
voir;

an electromechanical gate disposed between the injector
port and the reservoir, wherein the electromechanical
gate has an open state that allows the overdose reversal
agent to pass through the injector port, and a closed
state that prevents the overdose reversal agent from
passing through the injector port;

a controller disposed in the housing, the controller in
electrical communication with the electromechanical
gate, the pressure source, and a thoracic cavity excur-
sion sensor, wherein:
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the controller determines a measured respiratory rate of
the person using output signals from the thoracic
cavity excursion sensor, and

when the calculated respiratory rate is below a prede-
termined minimum respiratory rate for a predeter-
mined rolling time period, the controller generates a
first signal that causes the electromechanical gate to
switch from the closed state to the open state, thereby
administering a predetermined dose of the overdose
reversal agent to the subcutaneous tissue of the
individual through the injector port.

2. The implantable device of claim 1, further comprising
an accelerometer disposed in the housing, the accelerometer
in electrical communication with the controller.

3. The implantable device of claim 2, wherein the con-
troller determines whether the person is in an active state or
a rest state using output signals from the accelerometer.

4. The implantable device of claim 3, wherein the con-
troller causes the electromechanical gate to switch from the
closed state to the open state only when (a) the calculated
respiratory rate is below the predetermined minimum respi-
ratory rate for the predetermined rolling time period and (b)
the person is in the rest state.

5. The implantable device of claim 4, wherein the con-
troller causes the electromechanical gate to switch from the
closed state to the open state only when the person is in the
rest state for a second predetermined rolling time period.

6. The implantable device of claim 1, further comprising
a wireless communications device disposed in the housing,
the wireless communication device in electrical communi-
cation with the controller.

7. The implantable device of claim 6, wherein the con-
troller sends a notification message to a third party using the
wireless communications device when the controller causes
the electromechanical gate to switch from the closed state to
the open state.

8. The implantable device of claim 7, wherein the wireless
communications device comprises a cellular communica-
tions device.

9. The implantable device of claim 6, further comprising
a GPS device disposed in the housing, and wherein the
notification message includes a location of the GPS device.

10. The implantable device of claim 1, said injector port
further being coupled to a pump.

11. A method for reversing an overdose of a substance
using an implantable device in a person, the method com-
prising:

receiving data from a sensor disposed on or in the person,

the data corresponding to a measured respiratory
parameter of the person;

determining whether the measured respiratory parameter
is lower than a predetermined minimum respiratory
parameter over a first rolling time period,;

when the measured respiratory parameter is lower than
the predetermined minimum respiratory parameter over
the first rolling time period:

administering a dose of an overdose reversal agent to
the person from the implantable device; and

automatically sending a notification message to a third
party using a wireless communication device dis-
posed in the implantable device.
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12. The method of claim 11, further comprising;

determining an activity state of the person using an

accelerometer disposed in the implantable device, the
activity state comprising an active state or a rest state;
and

administering the dose of the overdose reversal agent to

the person only when (a) the measured respiratory
parameter is lower than the predetermined minimum
respiratory parameter over the first rolling time period
and (b) the person is in the rest state.

13. The method of claim 12, wherein the rest state is
determined over a second rolling time period.

14. The method of claim 11, further comprising:
determining a location of the implantable device using a
GPS device disposed in the implantable device; and
wherein the notification message includes the location of

the implantable device.

15. The method of claim 11, said respiratory parameter
comprising any of a breathing rate or an oxygen level in said
person’s blood.

16. The method of claim 12, further comprising;

after administering the first dose of the overdose reversal

agent to the person,

receiving second data from the sensor disposed on or in
the person, the second data corresponding to a sec-
ond measured respiratory rate of the person;

determining whether the second measured respiratory
rate is lower than the predetermined minimum respi-
ratory rate over a second rolling time period; and

when the measured respiratory rate is lower than the
predetermined minimum respiratory rate over the
second rolling time period, administering a second
dose of the overdose reversal agent to the person
from the implantable device.

17. The method of claim 16, further comprising;

after administering the first dose of the overdose reversal

agent to the person, waiting for a wait time period prior
to determining whether the second measured respira-
tory rate is lower than the predetermined minimum
respiratory rate over the second rolling time period.

18. The method of claim 16, wherein the second rolling
time period is greater than the first rolling time period.

19. The method of claim 16, wherein the second dose is
higher than the first dose.

20. The method of claim 16, further comprising;

after administering the first dose of the overdose reversal

agent to the person,

determining a second activity state of the person using
the accelerometer, the second activity state compris-
ing an active state or a rest state; and

administering the second dose of the overdose reversal
agent to the person only when (a) the second mea-
sured respiratory rate is lower than the predeter-
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mined minimum respiratory rate over the second
rolling time period and (b) the second activity state
of the person is the rest state.

21. The method of claim 11, further comprising:

receiving data from a second sensor disposed on or in the

person, the data corresponding to a measured oxygen
saturation of the person’s blood; and

administering the dose of the overdose reversal agent to

the person from the implantable device only when (a)
the measured respiratory rate is lower than the prede-
termined minimum respiratory rate over the first rolling
time period and (b) the measured oxygen saturation of
the person’s blood is lower than a predetermined mini-
mum oxygen saturation.

22. A method for reversing an overdose of a substance
using an implantable device in a person, the method com-
prising:

receiving data from a sensor disposed on or in the person,

the data corresponding to a measured respiratory rate of
the person;

receiving data from an accelerometer disposed in the

implantable device, the data from the accelerometer
corresponding to an active state or a rest state of the
person;

determining, using the data from the accelerometer, that

the person is in the rest state for a predetermined time
period,

after determining that the person is in the rest state for the

predetermined time period, determining whether the
measured respiratory rate is lower than a predetermined
minimum respiratory rate over a first rolling time
period,;

when the measured respiratory rate is lower than the

predetermined minimum respiratory rate over the first

rolling time period:

administering a dose of an overdose reversal agent to
the person from the implantable device; and

automatically sending a notification message to a third
party using a wireless communication device dis-
posed in the implantable device.

23. The method of claim 22, further comprising;

receiving data from a second sensor disposed on or in the

person, the data corresponding to a measured oxygen
saturation of the person’s blood; and

administering the dose of the overdose reversal agent to

the person from the implantable device only when (a)
the measured respiratory rate is lower than the prede-
termined minimum respiratory rate over the first rolling
time period, (b) the measured oxygen saturation of the
person’s blood is lower than a predetermined minimum
oxygen saturation, and (c) the person is in the rest state
for the predetermined time period.
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