US 20180060520A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2018/0060520 A1

DEGEN et al. (43) Pub, Date: Mar. 1, 2018
(54) SYSTEMS AND METHODS FOR MANAGING A61B 5/07 (2006.01)
AND ANALYZING DATA GENERATED BY A6IM 27/00 (2006.01)
AN IMPLANTABLE DEVICE (52) US.CL
CPC ... GO6F 19/3418 (2013.01); A61B 5/0402
(71)  Applicant: Sequana Medical AG, Zug (CH) (2013.01); A6IB 5/02055 (2013.01); A61B
5/0022 (2013.01); A61B 5/02444 (2013.01);
(72) Inventors: T!lomas Werner DEGEN, AG6IB 5/07 (201301), AGIM 27/002
Birmensdorft (CH): Stefan (2013.01); A61B 5/0006 (2013.01); A61B
TSCHUMPER, Wattwil (CH) 5/746 (2013.01); AG1B 5/6847 (2013.01)
(73) Assignee: Sequana Medical AG, Zug (CH) (57) ABSTRACT
(21) Appl. No.: 15/684,479 A system is provided including an implantable device con-
figured to be implanted subcutaneously within a patient, a
(22) Filed: Aug. 23, 2017 clinician monitoring and control device, an optional patient
mobile device, a remote server and/or at least one data
Related U.S. Application Data analyst device used by a data analyst. The implantable
(60) Provisional application No. 62/380,284, filed on Aug. device may communicate Wiﬂ.l any or all of the monitoring
26. 2016, and control device, the' mobll'e device and/gr t'he rerpote
’ server through the charging device or by establishing a direct
Publication Classification wireless connection with each such device. The data analyst
device may establish a direct connection with the remote
(51) Imt. CL server and also may establish a connection with the moni-
GO6F 19/00 (2006.01) toring and control device and the mobile device. By ana-
A61B 5/0402 (2006.01) lyzing and reviewing the data generated by the implantable
A61B 5/0205 (2006.01) device, the data analyst may diagnose a medical condition or
AG6IB 5/00 (2006.01) indicate a heightened risk of a condition.




US 2018/0060520 A1

Mar. 1,2018 Sheet 1 of 9

Patent Application Publication

#or
Y4 /

- WYY e W)

FIG. 1



Patent Application Publication = Mar. 1, 2018 Sheet 2 of 9 US 2018/0060520 A1

20 30 33 31 3432

) ( 27
23
Nop-volatile \ Transceiver
Memory Micro- 37
Processor - . 3%
244 Volatde o) Infrared LED 35
Memory J“ T —L 2
15— Motor Battery Inductive
Circutt S
25 \2 6
52
{ 44
42 \ Input ) 40
. Device Transceiver i
Non-volatile I
Memory Micro- 50
Processor | O 1 EDs
43— Volatile 41 1&4 7? .
Memory I L] /
Inductive
48~ Display Battery Circuit
} ~ P I \ w
46 Conpector 45

N

N
[

FIG. 3



Patent Application Publication

Mar. 1,2018 Sheet 3 of 9

US 2018/0060520 A1

60
\\
V 67 Battery
~ 66 64—~
Power i 61
; ’ VO
SUpply | ey [
Processor
Transceiver[ € Rl | User
: t Interface
62 68
J[ 65) R N \ 63
Memory || Software

FIG. 4

80
\
87 Battery
86 84 ~
Power ¢ R
Supply L 1O
Processor 7
Transceiver| &> < User
1 i interface
82 38
v s’/ ¥ ) \ g
Memory || Software

FIG. 5



Patent Application Publication = Mar. 1, 2018 Sheet 4 of 9 US 2018/0060520 A1

80




Patent Application Publication = Mar. 1, 2018 Sheet 5 of 9 US 2018/0060520 A1

l o 130

Measure physiological and/or
operational data

l

Compare physiological and/or
132 operational data to preprogrammed
threshold

151

Does data exceed
preprogrammed
threshold?

54~
Generate warning of physiological
and/or operational anomaly
(55~

Transmit warning of physiological
and/or operational anomaly

FIG. 7



Patent Application Publication = Mar. 1, 2018 Sheet 6 of 9 US 2018/0060520 A1

- 80

—— 86




US 2018/0060520 A1

Mar. 1,2018 Sheet 7 of 9

Patent Application Publication

6 DId

6L

8L

P~

2\

[sov][scv] (A) oFerop WE (1)) oy 1woRy
[z (syur) paods mopg | |[£86][8'86] (1) prmpiaduray,
EH () samesadwe | EH (/) oy Azoyendsay
3.0 (g wowsowydsiy | | [15°0][ 5570 (Bruaar) aanssaig

Ay CAON A MO
_— ejegg puonvaadyy sepR(y oIS ooIsAy -

(quwis "W 901V 9SP 1100 ON Wweneg — |

[}
[l

AR}
I~

-

o L




Patent Application Publication = Mar. 1, 2018 Sheet 8 of 9 US 2018/0060520 A1

. oo
¢« » o
° a

-

rrrrs7

o © v

ey @ &

es v o @

ee ® & v o
v
.o

(4

NI



US 2018/0060520 A1

Mar. 1,2018 Sheet 9 of 9

Patent Application Publication

11 DOI4

HH SoId

91 pdy

o1y HEYH

2

Anssoag jady

(S Y $IN8801g

901

(24

— 01

{ 1071
001



US 2018/0060520 A1

SYSTEMS AND METHODS FOR MANAGING
AND ANALYZING DATA GENERATED BY
AN IMPLANTABLE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the filing date
of U.S. Provisional Patent Application No. 62/380,284 filed
on Aug. 26, 2016, the disclosure of which is incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates generally to implant-
able medical devices and more specifically to managing and
analyzing data generated by implantable medical devices.

BACKGROUND

[0003] Physiological data may offer medical experts an
understanding of a person’s wellbeing far beyond what may
be gleaned by observation. For example, measuring a
patient’s temperature, pulse, pulse strength, respiratory rate,
blood oxygen levels, tidal volume, blood pressure and
various other physiological parameters may provide medical
professionals a better understanding of the current state of a
patient’s body, vital organs and systems. Physiological data
may further include measurements of biomarkers.

[0004] Physiological data also may provide early detec-
tion of a medical condition. As is the case with many
medical conditions, early detection may be the difference
between life and death. In the field of cancer, periodic
monitoring of a patient’s wellbeing may improve survival
and decrease mortality by detecting cancer at an early stage
when treatment is more effective. Similarly, early detection
of heart disease allows the patient to change or eliminate
habits that worsen their condition.

[0005] Even after a medical condition is detected, physi-
ological data remains extremely valuable. By monitoring
and analyzing a patient’s symptoms and physiological mea-
surements over an appropriate period of time, a better
understanding of a patient’s wellbeing or medical condition
may be achieved. Monitoring a patient’s symptoms and
physiological measurements over a period of time will allow
physicians and medical professionals to better understand
the progression of the patient’s medical condition and detect
additional related and potentially unrelated conditions. Hav-
ing a record of a patient’s symptoms and physiological
measurements provides an archive from which the signifi-
cance and relevance of future changes may be determined.

[0006] Though physiological data may be gathered during
hospital stays and office visits, the data gathered represents
only glimpse into the patient’s physiological wellbeing at
that given period of time while the patient is in the hospital
or doctor’s office. With so few data points, it is difficult to
truly understand how these physiological measurements are
changing over time and how they relate to events and
routines of a patient. Furthermore, the physiological mea-
surements taken during a hospital stay or doctor’s office visit
are typically limited to non-invasive measurement mecha-
nisms limited to the exterior of one’s body. These types of
measurements are often incapable of measuring interior
parameters used as biomarkers such as temperature, pressure
and other fluid parameters within a body cavity. Non-
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invasive measurements limited to the exterior of one’s body
typically do not serve as reliable biomarkers for conditions
within the body.

[0007] Several devices have been produced that are
directed to gathering specific physiological data outside of a
hospital or doctor’s office setting. Heart rate monitors are an
example of a specific physiological measurement device
used outside of the hospital setting. Heart rate monitors are
typically worn by patients who have been diagnosed with a
heart condition or have recently had a heart attack. Addi-
tionally, athletes are known to wear heart rate monitors for
fitness purposes. Typically, heart rate monitors measure the
heart rate from the exterior of the patient’s body in a
non-invasive manner. Some heart rate monitors are also
capable of communicating to a mobile device allowing the
user to view the data at a later time in a reader friendly way.
[0008] Similar in purpose is Medtronic’s Reveal LINQ
Insertable Cardiac Monitor device which continuously
monitors a patient’s heart and automatically detects and
records abnormal heart thythms. The system is implanted
under the skin in the user’s chest and continuously monitors
a patient’s heart activity in the form of an electrocardiogram
(ECG). When a medical event occurs, an extracorporeal
recording device is placed in close proximity to the implant-
able device to record the heart’s rhythm during the medical
episode.

[0009] Another device designed to gather specific physi-
ological data outside of a hospital or doctor’s office setting
is Medtronic’s Continuous Glucose Monitoring (CGM) sys-
tem which measures glucose levels in real time and sends
alerts to a remote monitor. The alerts include the direction
glucose levels are going, early notification of oncoming
lows and highs, alerts for lows or highs, and insights into
how food, physical activity, medication, and illness impact
glucose levels. The system consists of a glucose sensor
inserted under the skin that measures glucose levels, a
transmitter that sends the glucose information from the
sensor to a monitor via wireless radio frequency, and a small
external monitor that displays glucose levels on a screen and
notifies the user if it detects that glucose is reaching a high
or low limit.

[0010] While devices for measuring specific physiological
parameters outside of the hospital or doctor’s office setting
have been developed and commercialized, these devices are
only directed to measuring physiological parameters specific
to the medical condition being treated or the part of the
anatomy in question. Typically these devices are limited to
one sensor, only measuring heart rate or glucose levels, for
example. For this reason, any analysis of the data generated
is often narrow in scope and directed to the medical condi-
tion being treated. While the limited data generated is
helpful for better understanding that particular medical
condition, it offers little to no insight into the body’s overall
wellbeing and how other parts of the body or systems within
the body relate to the medical condition or part of the
anatomy in question and therefore is often insufficient to
serve as a biomarker.

[0011] Another drawback of these devices is that the
monitoring or recording elements of the device are typically
physically coupled to the sensing device or required to be in
very close proximity to the sensing device. Where the
sensing device is physically connected to the monitoring or
recording element, this often requires a cable running trans-
cutaneously from an implanted sensor to an external moni-
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toring or recording device. The transcutaneous cable is not
only painful but also could lead to infection. Additionally,
the transcutaneous cable may restrict movement and hinder
the user’s daily activities.

[0012] In U.S. Pat. No. 9,039,652 to Degen, entitled
apparatus and methods for treating intracorporeal fluid accu-
mulation, incorporated by reference herein in its entirety, an
implantable medical sensing device is configured to generate
data and a charging device is configured to download the
data. The implantable device disclosed in the Degen patent
includes a mechanical gear pump that is configured to be
coupled to the bladder and another cavity such as the
peritoneal cavity. The implantable device in Degen further
describes a plurality of sensors to continually monitor pres-
sure, temperature, humidity, charge status, pump status,
patient movement and other environmental and system
related parameters. The plurality of sensors may communi-
cate wirelessly with the charging device only when in close
proximity. The charging device may then relay this infor-
mation to a physician’s computer.

[0013] Devices generally require that the monitoring or
recording device be in close proximity to an implantable
device. Considering that the implantable device will fre-
quently be out of range of the monitoring and recording
device, data may not be uploaded to the monitoring or
recording device continuously. Accordingly, the implantable
sensing device is required to include complex circuitry and
memory for storing data between uploads.

[0014] Yet another drawback of these devices is that they
often do not generate operational parameters to track the
performance of the implanted machinery, such as an insulin
pump. For example, while a Continuous Glucose Monitor-
ing system may generate data regarding the patient’s glucose
levels, such systems do not measure insulin pump param-
eters, leaving the performance of the pump in question. Such
data, if available, could be compared to the performance of
the insulin pump to better optimize and understand the
pump’s effect on the body.

[0015] In view of the above-noted drawbacks of previ-
ously-known systems, it would be desirable to provide
methods and systems for managing and analyzing physi-
ological and operational data generated by an implantable
device using a number of other computing devices not
necessarily located in close proximity to the implantable
device.

SUMMARY

[0016] The present disclosure overcomes the drawbacks
of the previously-known systems having an implantable
medical device by providing systems and methods for
managing, reviewing and analyzing data generated by an
implantable device configured to communicate wirelessly
with a variety of communication devices including a remote
data analyst device.

[0017] In accordance with the principles of the present
invention, an exemplary system may include an implantable
device to be implanted into a patient, a charging device for
charging and/or communicating with the implantable
device, a remote server configured to communicate with the
implantable device and/or the charging device, a monitoring
and control device and optionally, a mobile device, each of
which may be in communication with the implantable
device, the charging device, and/or the remote server, as well
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as each other. The system may further include a data analyst
device in communication with at least the remote server.
[0018] The implantable device may have a microproces-
sor, a communication unit, and a plurality of sensors. The
implantable device may generate operational data and physi-
ological data and extract biomarkers based on information
sensed by one or more sensors of the plurality of sensors.
The operational data and physiological data may be pro-
cessed using the microprocessor and communicated to other
devices within the system using the communication unit.
The implantable device may communicate with other
devices in the system through communications with the
charging device. In this manner, the implantable device may
communicate operational data and/or physiological data to
the charging device and the charging device may then send
the data to other devices in the system. In this same way,
other devices in the system may send operational parameters
and/or instructions to the implantable device by relaying that
information through the charging device. The communica-
tion unit of the implantable device may communicate with
the charging device using any number of well-known wire-
less communication technologies. The other devices within
the system may communicate with the charging device using
any number of well-known wireless or wired communica-
tion technologies.

[0019] Alternatively, the implantable device may commu-
nicate directly to other devices within the system, without
relaying communications through the charging device, by
communicating wirelessly with these other devices. For
example, the monitoring and control device and/or a mobile
device may receive physiological and/or operational data
from the implantable device. Wireless communication may
be enabled by any number of well-known wireless commu-
nication technologies. In this manner, the implantable device
may communicate operational data and/or physiological
data to the other devices within the system and similarly the
other devices within the system may wirelessly communi-
cate operational parameters and/or instructions to the
implantable device.

[0020] Whether the charging device is used as a relay or
the implantable device communicates directly with the other
devices in the system using wireless technology, the remote
server may receive physiological and/or operational data.
The data analyst device may access and download opera-
tional data and/or physiological data including biomarker
data from the remote server. The data analyst device may be
configured to analyze operational and/or physiological data
and generate analyst data. The analyst data may include
trends in the data and may compare the operational and/or
physiological data to past data received from that individu-
al’s implantable device and/or to data from other implant-
able devices. The data also may be compared to predeter-
mined or calculated thresholds. The analyst data may be
communicated to the remote server and saved on the remote
server for retrieval by the charging device, the monitoring
and control device and/or the mobile device. The data
analyst device also may generate a warning message con-
taining a medical diagnosis or indication of a high risk of a
medical condition, for example, and communicate the warn-
ing message to the charging device, the monitoring and
control device, and/or the mobile device.

[0021] The implantable device also or alternatively may
be programmed to analyze the operational and/or physi-
ological data including biomarker data. For example, the
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implantable device may compare operational and/or physi-
ological data to predetermined thresholds programmed into
the implantable device. If the operational and/or physiologi-
cal data exceeds or is otherwise inconsistent with the pre-
determined threshold, the implantable device may commu-
nicate a warning message to one or more of the other devices
in the system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 illustrates an exemplary system of the
present disclosure having an implantable device, a charging
device, a monitoring and control device, a mobile device, a
remote server, and data analyst devices.

[0023] FIG. 2 is a schematic view of the electronic com-
ponents of an exemplary embodiment of the implantable
device.

[0024] FIG. 3 is a schematic view of the electronic com-
ponents of an exemplary embodiment of the charging
device.

[0025] FIG. 4 is a schematic view of the electronic com-
ponents of an exemplary embodiment of the monitoring and
control device.

[0026] FIG. 5 is a schematic view of the electronic com-
ponents of an exemplary embodiment of the mobile device.
[0027] FIG. 6 illustrates an exemplary embodiment of a
mobile graphic user interface displayed on the mobile
device.

[0028] FIG. 7 illustrates a flow chart outlining an exem-
plary process for generating and transmitting a warning of a
physiological and/or operational anomaly.

[0029] FIG. 8 illustrates an exemplary embodiment of a
warning graphic user interface displayed on the mobile
device.

[0030] FIG. 9 illustrates an exemplary embodiment of the
physician graphic user interface displayed on the monitoring
and control device.

[0031] FIG. 10 illustrates an exemplary embodiment of a
communication network established by a monitoring and
control device, a remote server and a data analyst devices.
[0032] FIG. 11 illustrates an exemplary embodiment of an
analyst graphic user interface displayed on the data analyst
device.

DETAILED DESCRIPTION

[0033] The system of the present disclosure includes sys-
tems and methods for monitoring and analyzing physiologi-
cal and/or operational data generated by an implantable
medical device. In addition to an implantable device, an
exemplary system constructed in accordance with the prin-
ciples of the present invention may include a charging
device, a patient’s mobile communication device, a physi-
cian’s monitoring and control device, and one or more
remote servers. The one or more remote servers further may
be in communication with one or more data analyst devices
for accessing the operational and/or physiological data from
the remote server and analyzing the operational and/or
physiological data. The system may be configured to alert
the physician and/or the patient of a medical condition or
operational anomaly based on analysis of the physiological
and/or operational data.

[0034] Data generated by implantable medical devices
may be analyzed to achieve several different objectives,
depending on the user group or business model. One goal
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may be to improve outcomes for patients with chronic
diseases by delivering actionable insights to patients thereby
influencing their behavior. Another goal may be to reduce
healthcare cost and improve quality of life by enabling home
care through provision of safe technical solutions for self-
administration and remote monitoring. Another objective
may be to improve outcomes, and potentially life expec-
tancy, by delivering actionable insights to physicians based
on personalized trend recognition and prediction, enabling
early interventions or preventive therapeutical measures.
Data generated by implantable devices may also deliver
actionable insights to pharmaceutical companies based on
biomarkers.

[0035] Data generated by implantable medical devices
further ensures authenticity as an implantable device with a
unique identifier cannot easily be removed from a patient.
The data can be trusted to originate from that specific patient
unlike wearable sensors which can easily be swapped
between patients. Authenticity may be an important factor
for new business models evolving around medical data.
[0036] Referring to FIG. 1, an overview of system 10 of
the present disclosure is provided. System 10 may include
implantable device 15, external charging device 40, moni-
toring and control device 60, mobile device 80 and remote
server 95 as well as data analyst device 100.

[0037] Implantable device 15 is implanted subcutaneously
into the body of a patient and is configured to generate
various physiological and/or operational data and commu-
nicate physiological and/or operational data to other devices
within system 10. As shown in FIG. 1 and discussed in more
detail below, implantable device 15 may have low volume
sealed biocompatible housing 16 which may house a plu-
rality of sensors for generating physiological and/or opera-
tional data and a transceiver for transmitting physiological
and/or operational data between implantable device 15 and
other devices within system 10.

[0038] Implantable device 15 further may include hard-
ware for treating a medical condition subcutaneously such as
a pump. Implantable device 15 may include inlet port 17
coupled to inlet catheter 18 and outlet port 19 coupled to
outlet catheter 20. The pump may be an electromechanical
pump designed to move fluid from one body cavity to
another body cavity, e.g. a first body cavity to a second body
cavity. For example, the electromechanical pump may be
used for treating ascites by positioning inlet catheter 18 in a
patient’s peritoneal cavity and outlet catheter 20 through the
wall of a patient’s bladder. In this manner, the electrome-
chanical pump may move fluid from the peritoneal cavity to
the patient’s bladder as disclosed in the Degen patent
discussed above. It is understood that implantable device 15
alternatively or additionally may be include other hardware
within the biocompatible housing.

[0039] Referring now to FIG. 2, exemplary functional
blocks of implantable device 15 are illustrated. In particular,
implantable device 15 may include control circuitry, illus-
tratively microprocessor 22 coupled to nonvolatile memory
23, such as flash memory or electrically erasable program-
mable read only memory, and volatile memory 24 via data
buses.

[0040] Microprocessor 22 may include firmware having
instructions stored on non-transitory computer readable
medium configured to cause transmission of operational data
and/or physiological data to any or all of charging device 40,
monitoring and control device 60, mobile device 80 and/or
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remote server 95. Instructions also may cause implantable
device 15 to receive operational instructions. Microproces-
sor 22 may be electrically coupled to battery 25, inductive
circuit 26, radio transceiver 27, electric motor 28, infrared
LED 38 and a plurality of sensors, including for example,
one or more humidity sensors 29, one or more temperature
sensors 30, one or more accelerometers 31, one or more
pressure sensors 32, one or more respiratory rate sensors 33
and one or more heart rate sensors 34. Other sensors
additionally could be included in device 15, such as flow rate
sensors, ECG sensors, pH sensors, and capacity sensors for
measuring the amount of a liquid in a given cavity.

[0041] Operational data is indicative of the operation of
implantable device 15 and/or hardware incorporated into
implantable device 15 and may be generated by sensors
incorporated into implantable device 15. Physiological data
is indicative of the physiological state of the patient and also
may be generated by sensors incorporated into system 10.
For example, one or more humidity sensors 29 may be used
to measure the humidity within the implantable device
housing; one or more temperature sensors 30 may be used
for measuring the temperature in one or more body cavities
(e.g., peritoneal cavity, pleural cavity, pericardial cavity,
and/or bladder) or region of the body (e.g., abdomen) and/or
for measuring the temperature within implantable device 15
housing and/or the temperature of an implantable device
component such as battery 25, one or more accelerometers
31 may be used for determining whether the patient is at rest
and/or for sensing the position of a patient, e.g., vertical,
horizontal; one or more pressure sensors 32 may be incor-
porated in implantable device 15 to measure blood pressure
and/or the pressure within one or more body cavities (e.g.,
peritoneal cavity, pleural cavity, pericardial cavity, and/or
bladder); one or more respiratory rate sensors 33 may be
used to sense the number of breaths taken in a given period
of time; and one or more heart rate sensors 34 may be used
to sense the rate at which the heart is beating over a given
period of time or the heart rate variation. Other sensors such
as flow rate sensors, pH sensors and capacity sensors may be
used for measuring the flow rate of the pump inlet and the
pump outlet from which fluid viscosity may also be derived
if the flow measurement is combined with pressure sensor
measurements, the acidity of fluids within the body. and the
degree to which a cavity is filled with fluid, respectively.

[0042] Examples of physiological data may include
sensed data associated with the physiology of the patient
such as temperature data associated with the one or more
body cavities, accelerometer data associated with, for
example, heart rate, respiratory rate and/or, pressure data
associated with blood pressure and/or the one or more body
cavities, respiratory rate data, and heart rate data, flow rate
data associated with the one or more body cavities, pH data
associated with bodily fluid pumped by the implantable
device, and capacity data associated with the one or more
body cavities. Physiological data may include biomarker
data—measurable data indicative of a biological state or
condition. For example, the viscosity of ascites in patients
with liver disease may act as a biomarker indicative of an
infection. Data gathered from multiple sensors within the
patient may be combined to result in an effective biomarker.
For example, temperature data in combination with ascites
viscosity data may be combined to result an even more
reliable indicator of an existing or developing infection.
Examples of operational data may include data associated
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with the implantable device such as humidity data associated
with the implantable device, temperature data associated
with the implantable device, pressure data associated with
the implantable device, flow rate data associated with the
implantable device and may also include data related to the
pump such as RPM data, efficiency data, run-time data, etc.
In some cases, operational parameters may even serve as an
indirect measurement of physiological parameters. For
example, measurement of the motor torque of a pump can be
used, in combination with other measured parameters, to
determine fluid viscosity based on flow resistance.

[0043] Inductive circuit 26 may be electrically coupled to
coil 35 to receive energy transmitted from charging device
40. Transceiver 27 may incorporate wireless communication
unit 37 and may be coupled to antenna 36. Wireless com-
munication unit 37 may be communication circuitry, such as
a chipset, conforming to one or more wireless telephony/
cellular standards such as GSM, LTE, CDMA, and/or other
communication standards such as BLUETOOTH™, Blu-
etooth low energy, ZigBee, IEFE802.15, NFC, any IEEE
802.11 wireless standard such as Wi-Fi or Wi-Fi Direct or
any other wireless standard comprising optical, acoustical or
conductive intracorporal principles. All of the components
depicted in FIG. 2 may be contained within housing 21, as
shown in FIG. 1.

[0044] As shown in FIG. 1, charging device 40 may be a
hand held device and having an ergonomic housing suitable
for being held. As discussed in more detail, charging device
40 may transcutaneously transfer energy using inductive
coils in the respective devices to charge battery 25 in
implantable device 15. Charging device 40 also may be in
direct communication with implantable device 15 using
transceivers and communication units in each device.
Charging device 40 may include non-transitory computer
readable medium and instructions run on the non-transitory
computer readable medium that permits communication
with implantable device 15 including transmission of data to
implantable device 15. The instructions also may permit
charging device 40 to receive data from implantable device,
monitoring and control device 60, mobile device 80 and data
analyst device 100. Charging device 40 may communicate to
implantable device 15 operational instructions, including at
least operational parameters, and may receive from implant-
able device 15 physiological and/or operational data. Opera-
tional instructions may control the operation of implantable
device 15 and hardware incorporated into implantable
device 15. For example, operational instructions may
instruct hardware incorporated into implantable device 15 to
operate at specified operational parameters or settings.
Operational parameters or settings may include pump dis-
placement settings, pump voltage or current settings, pump
flow rate settings, pump RPMs, or any other settings at
which hardware incorporated into pump may be set to
operate at. Charging device 40 may receive and store the
physiological and/or operational data received from
implantable device 15. Charging device 40 may further be in
communication with other devices in system 10 such as
monitoring and control device 60, mobile device 80 and
remote server 95.

[0045] Referring now to FIG. 3, a schematic diagram of
exemplary functional blocks of charging device 40 is
described. Charging device 40 may include microprocessor
41 coupled to nonvolatile memory 42 (e.g., either EEPROM
or flash memory), volatile memory 43, radio transceiver 44,
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inductive circuit 45, battery 46, indicator 47 and display 48.
Microprocessor 41, non-volatile memory 42 and volatile
memory 43, and radio transceiver 44 may be incorporated
into a single unit, such as the MPS430 family of micropro-
cessors, available from Texas Instruments Incorporated,
Dallas, Tex. Transceiver 44 may be coupled to antenna 49
for sending and receiving information to and from implant-
able device 15. Transceiver 44 of charging device 40 may
include wireless communication unit 50, that may be com-
munication circuitry, such as a chipset, that conforms to one
or more wireless telephony/cellular, BLUETOOTH™, Blu-
etooth low energy, ZigBee, IEEE 802.15, NFC, IEEE 802.11
wireless standards or any other wireless standard comprising
optical, acoustical or conductive intracorporal principles,
thereby enabling charging device 40 to communicate wire-
lessly with one or more of implantable device 15, monitor-
ing and control system 60, mobile device 80 and remote
server 95. It is further understood that wireless communi-
cation unit 50 may be compatible with more than one type
of communication standard. Battery 46 may be coupled to
connector 51 to charge battery 46 using an external power
source. Input device 52, preferably a multi-function button,
also may be coupled to microprocessor 41 to enable a patient
to input a number of commands into charging device 40.
Indicator 47 may comprise a plurality of LEDs that illumi-
nate to indicate the quality of charge achieved between
charging device 40 and implantable device 15, and therefore
assist in optimizing the positioning of charging device 40
relative to implantable device 15 during recharging.
[0046] Microprocessor 41 also may execute firmware
stored in nonvolatile memory 42 that controls communica-
tions and/or charging of the implantable device. Micropro-
cessor 41 is configured to transfer and store data, such as
physiological data, operational data, and/or event logs,
uploaded to charging device 40 from implantable device 15.
Microprocessor 41 may include firmware having instruc-
tions stored on non-transitory computer readable medium
configured for receiving command inputs from monitoring
control device 60 and/or mobile device 80 and for transmit-
ting those command inputs to implantable device 15. Micro-
processor 41 also may include firmware having instructions
stored on non-transitory computer readable medium config-
ured for transmitting command inputs to implantable device
15 using input device 52 incorporated into charging device
40. Microprocessor 41 also may include firmware having
instructions stored on non-transitory computer readable
medium configured to cause transmission of operational data
and/or physiological data to remote server 95. The instruc-
tions also may cause communication unit 50 of charging
device 40 to communicate with remote server 95 over the
internet and/or over via a wireless telephony regime. Fur-
thermore, the instructions may cause the communications
between remote server 95 and charging device 40 to be
encrypted. Microprocessor 41 may also control and monitor
various power operations of charging device 40, including
operation of inductive circuit 45 during recharging of the
implantable device and displaying the state of the charge,
e.g. the charge rate or percentage charged.

[0047] Inductive circuit 45 is coupled to coil 53, and is
configured to inductively couple with coil 35 of implantable
device 15 to recharge battery 25 of implantable device 15.
Energy transfer is accomplished via electromagnetic cou-
pling of coil 53 with coil 35 in the implantable device. As
will be appreciated by one of ordinary skill, an alternating
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current may be delivered through coil 53, which causes an
electromagnetic field to be established around coil 53, which
induces an alternating current in coil 35 when coil 53 and 35
are held in close proximity.

[0048] Monitoring and control device 60, shown in FIG. 1,
may be a clinician or physician computer used by the
clinician or physician to, among other things, set and adjust
operational parameters and download event logs as well as
retrieve and display physiological and/or operational data
generated by implantable device 15 as well analyst data
generated by analyst device 65. Monitoring and control
device 60 may be any computing device (e.g., personal
computer, laptop, tablet, smartphone, etc.) of the clinician
and is illustratively a laptop computer. Using monitoring and
control device 60, a clinician may review data generated by
implantable device 15 and track a patient’s health in addition
to the performance of hardware incorporated into implant-
able device 15. A clinician or physician using monitoring
and control device 60 may also receive actionable insight
and administer treatment or otherwise effectuate changes to
improve the patient’s condition or wellbeing.

[0049] Referring now to FIG. 4, a schematic diagram of
exemplary functional blocks of monitoring and control
device 60 is described. Monitoring and control device 60
preferably includes components generally found on a con-
ventional personal computing device, such as processor 61,
volatile and/or non-volatile memory 62, user interface 63
such as digital display, input and output components 64
including, for example, a keyboard, a mouse and a USB port,
transceiver 65, a power supply port 66, and a battery 67.
Transceiver 65 may include wireless communication cir-
cuitry conforming to one or more of cellular, BLU-
ETOOTH™, Bluetooth low energy and ZigBee standards,
IEEE 802.15, NFC or any IEEE 802.11 wireless standard
such as Wi-Fi or Wi-Fi Direct. Furthermore, monitoring and
control device 60 may include software 68 that, when run on
processor 61, retrieves and displays physiological and/or
operational data and, when run on monitoring and control
device 60, causes monitoring and control device 60 to
communicate operational instructions, including operational
parameters, to implantable device 15 and/or charging device
40. The physiological and/or operational data may be trans-
mitted to monitoring and control device 60 from implantable
device 15, charging device 40, remote server 95, and/or data
analyst device 100.

[0050] As shown in FIG. 1, optional mobile device 80 also
may be incorporated in system 10. Mobile device 80 may be
a patient mobile communication device and may be used by
the patient or a person assisting the patient to, among other
things, view physiological and/or operational data. Mobile
device 80 may be any mobile communication device (e.g.,
smartphone, tablet, smartwatch, laptop, etc.) of the user/
patient/caregiver and is illustratively a smartphone having a
large display. As discussed in more detail below, using
mobile device 80, the patient may communicate with
implantable device 15, charging device 40, and/or monitor-
ing and control device 60.

[0051] Referring now to FIG. 5, a schematic diagram of
exemplary functional blocks of mobile device 80 is
described. Mobile device 80 may include components gen-
erally found on any modern mobile device such as processor
81, volatile and/or non-volatile memory 82, user interface 83
such as digital display, input and output mechanisms 84
including, for example, a keyboard, touchscreen or a USB
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port, transceiver 85, power supply port 86, and battery 87.
Transceiver 85 may include a wireless communication cit-
cuitry conforming to one or more of cellular standards such
as GSM, LTE, CDMA or other communication standards
such as BLUETOOTH™, Bluetooth low energy, ZigBee,
NFC, any IEEE 802.11 wireless standard such as Wi-Fi or
Wi-Fi Direct. For example, transceiver 85 may conform to
a cellular standard having SMS text and voice message
capability. Furthermore, mobile device 80 may include
software 88 having instructions stored on non-transitory
computer readable medium that, when run on processor 81,
causes mobile device 80 to communicate with implantable
device 15 and/or remote server 95 to retrieve and display
physiological data, operational data, and/or analyst data.
Software 88 may further be configured to generate instruc-
tions that, when run by processor 81, cause mobile device 80
to communicate operational instructions to implantable
device 15 and charging device 40.

[0052] Remote server 95, as shown in FIG. 1, may receive
physiological and/or operational data generated by implant-
able device 15 and may store the physiological and/or
operational data. Remote server 95 may be accessed for
retrieval of the physiological and/or operational data as well
as any other data generated by implantable device 15 or by
other devices such as mobile device 80, monitoring and
control device 60, and/or data analyst device 100. Remote
server 95 may communicate with other devices in system 10
using any of the known methods of communication dis-
cussed above. For example, remote server 95 preferably is
connected to the Internet to communicate with any or all of
charging device 40, monitoring and control device 60,
mobile device 80, and/or data analyst device 100.

[0053] Data analyst device 100, also shown in FIG. 1, may
be used by a data analyst to compile, review and analyze the
data generated by implantable device 15 and generate data
analysis based on the data generated by implantable device
15. Data analyst device 100 may include a computer read-
able medium and instructions stored on the computer read-
able medium and run on data analyst device that cause the
data analyst device to communicate with remote server 95 to
receive from remote server 95 operational data and/or physi-
ological data. Additionally, the instructions may cause data
analyst device 100 to compile the operational and/or physi-
ological data and generate analyst data. The instructions may
also cause data analyst device 100 to communicate with
remote server 95 to transmit analyst data to remote server
95. Data analyst device 100 may make a wired connection
with remote server 95 via any suitable LAN or WAN or may
communicate wirelessly with remote server 95. Using data
analyst device 100, the data analysis generated by data
analyst device 100 may be transmitted to the remote server
95 and stored on remote server 95 for retrieval by monitor-
ing and control device 60 and/or mobile device 80.

[0054] Data analyst device 100 may be any computing
device (e.g., personal computer, laptop, tablet, smartphones,
etc.) of the data analyst configured to retrieve physiological
and/or operational data and analyze the data for trends and
anomalies. The instructions also may cause data analyst
device to generate analyst data or aid the data analyst in the
generation of analyst data which may include a diagnosis a
medical condition and/or an indication a heightened risk of
a medical condition. The instructions run on the non-
transitory computer readable medium may cause data ana-
lyst device 100 to generate a warning message when the
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operational data and/or physiological data exceeds prepro-
grammed thresholds and also may cause data analyst device
100 to communicate the warning message to the patient
mobile communication device 80 and/or monitoring and
control device 60. Data analyst device 100 may include
components generally found on a conventional personal
computing device, such as a processor, volatile and/or
non-volatile memory, a user interface such as digital display,
a transceiver, a battery and input and output components
such as a keyboard, a mouse and a USB port.

[0055] There are at least two ways in which implantable
device 15 may communicate with system 10. First, implant-
able device 15 may be in direct wireless communication
with charging device 40 using one or more of any well-
known wireless standards such as GSM, LTE, CDMA,
BLUETOOTH™, Bluetooth low energy, ZigBee, NFC, or
any IEEE 802.11 wireless standard such as Wi-Fi or Wi-Fi
Direct or any other wireless standard comprising optical,
acoustical or conductive intracorporal principles. In this first
configuration, implantable device 15 may communicate with
other devices in system 10 by relaying communication
through charging device 40. Charging device 40 may be in
either wired or wireless communication with one or more of
the devices in system 10 using one or more well-known
communication standards including but not limited to GSM,
LTE, CDMA, BLUETOOTH™, Bluetooth low energy, Zig-
Bee and any IEEE 802.11 wireless standard such as Wi-Fi or
Wi-Fi Direct. For example, charging device 40 may connect
with implantable device 15 using Wi-Fi Direct and also may
make a connection with a local Wi-Fi router and connect to
the internet. Through the Internet, charging device 40 may
be in communication with monitoring and control device 60,
mobile device 80, and/or remote server 95.

[0056] Charging device 40, monitoring and control device
60 and mobile device 80 may each be configured to run
instructions stored on a non-transitory computer readable
medium programmed with messaging protocols that allows
each device to communicate to one another over the internet.
Commands may be communicated to microprocessor 41 of
charging device 40 from monitoring and control device 60
and/or mobile device 80 which may subsequently be relayed
from charging device 40 to implantable device 15. In this
manner, communicating with charging device 40 through
the monitoring and control device 60, a clinician may
communicate with implantable device 15 to set or adjust the
operational parameters of implantable device 15. Upon
receiving the command to set or adjust the operational
parameters, implantable device 15 will set or adjust the
operational parameters according to the instructions from
charging device 40. Alternatively, charging device 40 may
communicate with other devices within system 10 using
different communication standards discussed above.

[0057] Where charging device 40 is used as a relay point
between implantable device 15 and other devices of system
10, information such as physiological and/or operational
data may be communicated from implantable device 15 to
charging device 40 and then from charging device 40 to
remote server 95 for storage on remote server 95. For
example, implantable device 15 may transmit physiological
and/or operational data to charging device 40. Charging
device 40 may store the physiological and/or operational
data and may run a programmed routine configured to
transmit the stored physiological and/or operational data to
remote server 95 for remote storage. The programmed
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routine may include instructions that permit the charging
device to communicate with remote server over the internet
or via a wireless telephony regime. The instructions also
may cause communications from charging device 40 to be
encrypted such that transmission of physiological and/or
operational data is encrypted. Altematively, charging device
40 may transmit the physiological and/or operational data to
monitoring and control device 60 and/or mobile device 80 to
be stored on the respective devices. In this configuration,
monitoring and control device 60 and/or mobile device 80
may run a programmed routine configured to transmit the
stored physiological and/or operational data to remote server
95 for remote storage. The programmed routine further may
cause monitoring and control device 60 and mobile device
80 to transmit operational parameters and instructions or
commands to charging device 40 to be relayed to implant-
able device 15.

[0058] The second way in which implantable device 15
may communicate with system 10, is by directly commu-
nicating with one or more devices in system 10 without the
use of a relay device. In this configuration, communication
with other devices within system 10 may be established
using any of the communication standards discussed above
including close range standards, such as BLUETOOTH™,
Bluetooth low energy, ZigBee and Wi-Fi, and long range
standards such as GSM, LTE, CDMA. It is further under-
stood that implantable device 15 may communicate with
different devices within system 10 using different commu-
nication standards as implantable device 15 may be config-
ured to communicate using more than one communication
standard. Like in the first arrangement, where charging
device 40 was used as a relay, clinician may communicate
with implantable device 15 to set or adjust the operational
parameters of implantable device 15. Upon receiving the
command to set or adjust the operational parameters,
implantable device 15 will set or adjust the operational
parameters according to the instructions from charging
device 40.

[0059] For example, implantable device 15 may be in
direct wireless communication with monitoring and control
device 60 using BLUETOOTH™ or Bluetooth low energy
connectivity. Monitoring and control device 60 may include
non-transitory computer readable medium programmed with
instructions that, when run on monitoring and control device
60 allows monitoring and control device 60 to directly
communicate with implantable device 15. In this example,
during patient visits, a clinician using monitoring and con-
trol device 60 may wirelessly connect to implantable device
15 to download for review, data generated by and stored on
implantable device 15. Further, monitoring and control
device 60 may transmit operational parameters to implant-
able device 15 to adjust or set operational parameters of
implantable device 15 without using charging device 40 as
a relay point. Where implantable device 15 includes a pump,
a clinician may adjust operational parameters in the pump
such as timing intervals for running the pump. Upon receiv-
ing the operational parameters, implantable device 15, e.g.
the one or more processors, may adjust operation according
to the received operational parameters. While in communi-
cation with implantable device 15, the clinician using moni-
toring and control device 60 also may download operational
and/or physiological data stored on implantable device 15.
In yet another example, implantable device 15 may support
Wi-Fi connectivity and the clinician using monitoring and
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control device 60 may directly connect to implantable
device 15 even when the clinician and patient are not in the
same location.

[0060] Implantable device 15 also may be configured to
communicate directly with mobile device 80 and/or remote
server 95. Mobile device 80 and remote server 95 may each
similarly include a non-transitory computer readable
medium programmed with instructions that, when run on
mobile device 80 and/or remote server 95 allow mobile
device 80 and/or remote server 95, respectively, to directly
communicate with implantable device 15. In this configu-
ration, implantable device 15 may transmit data generated
from the sensors incorporated in implantable device 15 to
remote server 95 so that the sensor data is accessible for
review by the data analyst device 100. Mobile device 80
and/or remote server 95 may communicate with implantable
device 15 using any of the well-known methods discussed
above. For example mobile device 80 and remote server 95
may have Wi-Fi compatibility and communicate with
implantable device 20 via the internet. Alternatively, or in
addition to, implantable device 20 may be configured to
have wireless telephony capabilities and establish a connec-
tion to mobile device 80, for example, using LTE.

[0061] Whether implantable device 15 uses charging
device 40 to communicate with system 10 or is in direct
communication with other devices within system 10, moni-
toring and control device 60 and/or mobile device 80 may
each have non-transitory computer readable medium and
may each run instructions on the non-transitory computer
readable medium to cause the monitoring and control device
60 and/or mobile device 80 to communicate with the remote
server and receive from the remote server operational and/or
physiological data. Specifically, monitoring and control
device 60 and/or mobile device 80 may interrogate remote
server 95 for new data uploaded onto remote server 95,
including data generated by implantable device 15 and data
generated by data analyst device 100, discussed in more
detail below. For example, monitoring and control device 60
and/or mobile device 80 may be configured to manually
interrogate remote server 95 to determine if analyst data has
been uploaded to remote server 95.

[0062] Alternatively, monitoring and control device 60
and/or mobile device 80 may each include a non-transitory
computer readable medium programmed with instructions
that, when run on monitoring and control device 60 and/or
mobile device 80, cause monitoring and control device 60 or
mobile device 80, respectively, to automatically periodically
interrogate remote server 95 for new analyst data uploaded
to remote server 95 to determine, for example, whether
uploaded analyst data includes a diagnosis of a medical
condition and/or an indication of a high risk of a medical
condition. Monitoring and control device 60 may be con-
figured to transmit an alert to mobile device 80 upon
confirmation that the analyst data includes a diagnosis of a
medical condition and/or an indication of high risk of a
medical condition. Data analyst device 100 and implantable
device 15 also may be configured to automatically generate
and transmit an alert to monitoring and control device 60
and/or mobile device 80 indicating that data has been
transmitted to the server. Preferably communication
between implantable device 15, charging device 40, moni-
toring and control device 60, mobile device 80, remote
server 95 and/or data analyst device 100 is encrypted.
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[0063] Referring now to FIG. 6, mobile device 80 may
include a non-transitory computer readable medium pro-
grammed with instructions that, when run, permit mobile
device 80 to view data generated by implantable device 15.
As shown in FIG. 6, mobile device 80 may be configured to
run mobile graphic user interface 85 for displaying patient
identifying information 81 and patient data 82 such as
physiological and/or operational data. In this manner, the
patient using the patient mobile device 80 may view instan-
taneous or archived data generated by implantable device
15, allowing the patient to monitor his or her physiological
wellbeing at all times. Specifically, mobile graphic user
interface 85 may display data 83 generated by one or more
sensors integrated into implantable device 15. For example,
mobile graphic user interface 85 may display temperature
data as well as heart rate, heart rate variation, physical
activity, respiratory and pressure data generated by the
plurality of sensors.

[0064] Mobile graphic user interface 85 also may output
parameter status 84. Parameter status 84 may indicate the
status of the measured parameter, e.g., whether the measured
parameter is LOW, HIGH or OK (normal) for a given
patient. For example, parameter status 84 may indicate to the
patient how the measured parameter compares to pre-pro-
grammed thresholds. If the pressure reading exceeds a
pre-programmed threshold, the parameter status will read
“HIGH”. Similarly, if the pressure reading is below a
pre-programmed threshold, the parameter status will read
“LOW”. The other parameter statuses in FIG. 6 read “OK”
indicating that those measurements fall within a normal
range between thresholds.

[0065] The data displayed on mobile graphic user inter-
face 85 may be received from remote server 95 when mobile
device 80 has established a connection with remote server
95. Alternatively, when mobile device 80 has established a
direct connection with implantable device 15, the data
displayed on graphic user interface 85 may be transmitted
directly from implantable device 15. In yet another example,
the data displayed on graphic user interface 85 may be
transmitted from charging device 60. The status parameters
illustrated in FIG. 6 may be determined by software run on
mobile device 80 or may be included in the data received by
mobile device 80.

[0066] Referring now to FIG. 7, an exemplary test proto-
col is illustrated, which is run by implantable device 15 to
compare measured data to preprogrammed thresholds to
determine if a warning should be generated. Test protocol
150 begins with measuring step 151 where the processor of
implantable device 15 directs at least one of the sensors in
implantable device 20 to measure physiological and/or
operational data. Subsequently, in comparison step 152, the
processor executes instructions to compare the measured
data to preprogrammed thresholds. The preprogrammed
thresholds may be set or updated from operational instruc-
tions transmitted to implantable device 15 from other
devices within system 10. At decision 153, if the measured
physiological and/or operational data is consistent with the
preprogrammed threshold range, the implantable device is
instructed to once again measure physiological or opera-
tional data after waiting a predetermined period of time. If,
however, the measured data is outside the preprogrammed
threshold range, at warning step 154, the processor executes
instructions directing implantable device 15 to generate a
warning message. Upon generation of a warning message,
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transmission step 155 executes instructions directing
implantable device 15 to transmit the warning to at least one
or more of mobile device 80, monitoring and control device
60, charging device 40 and remote server 95.

[0067] Referring now to FIG. 8, mobile device 80 is
shown running instructions stored on a non-transitory com-
puter readable medium that, when run on mobile device 80,
causes the mobile device to communicate a warning mes-
sage to the patient/caregiver. As explained above and shown
in FIG. 7, the warning message may be generated by
implantable device 15 and transmitted either directly from
implantable device 15 or relayed through charging device
40. Alternatively, the warning may be generated by the data
analyst using data analyst device 100 or monitoring and
control device 60 where analysis of the data by the data
analyst or clinician revealed a problem or otherwise raised
concern. Alternatively, mobile device 80 may analyze physi-
ological and/or operational data by comparing the physi-
ological and/or operational data to preprogrammed thresh-
olds and/or input physiological and/or operational data into
preprogrammed algorithms and may generate a warning
message if necessary, e.g., above or below programmed
thresholds and/or outside a programmed threshold range.
[0068] Warning graphic user interface 86 may show
actionable insight related to the measured physiological
and/or operational data and may show a warning message
related to the physiological and/or operational data. Warning
graphic user interface 86 may indicate that an anomaly has
been detected or may even display the measured parameter
compared to the predetermined threshold. For example,
analysis from implantable device 15 may detect an irregular
heartbeat and upon detection, warning graphic user interface
86 may alert the patient to this anomaly. Warning graphic
user interface 86 may further include a direct link to the
patient’s physician, either by text, email or phone. If it is
possible to alleviate the condition by adjusting operational
parameters, warning graphic user interface 86 may seek
permission from the patient to adjust the operational param-
eters. Where the warning is issued by data analyst device
100 the warning message also may indicate the type of
medical condition that has been detected and/or other action-
able insight generated. Warning graphic user interface 86
may further include a link to the data related to the warning
and/or analysis of the data. Emergency responders may
simultaneously be contacted and informed of the patient’s
location and condition upon generation of the warning
message.

[0069] Where the warning is generated by implantable
device 15, mobile device 80 and/or data analyst device 100,
a physician or clinician using monitoring and control device
60 may also receive an alert on monitoring and control
device 60 regarding the same information displayed on
warning graphic user interface 86. The alert may further
include data related to the warning, actionable insight and/or
a link to access the data, similar to the warning shown in
FIG. 9. Where the warning was generated by implantable
device 15 or data analyst device 100, the physician may then
review the parameters in question and if appropriate send the
warning to mobile device 80.

[0070] Ifitis possible to alleviate the condition by adjust-
ing operational parameters, a request may be sent to the
physician or clinician to adjust operational parameters of
implantable device 15, and upon receiving permission, com-
mand implantable device 15 to adjust operation, either by
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communicating the command directly from monitoring and
control device 60 to the implantable device or relaying the
command through the charging device. Upon receiving the
command, implantable device 15 may adjust the operational
parameter or parameters. For example, the command may
direct the processor of implantable device 15 to pump more
or less fluid from one body cavity, e.g. peritoneal, pleural,
pericardial, to another body cavity, e.g., bladder, peritoneal
cavity, and/or to adjust time intervals between pumping
sessions. Implantable device 15 may send a similar alert to
any number of devices within the system including data
analyst device 100. An alert sent to data analyst device 100
from implantable device 15 may further include the most
recent data measured by the implantable device relating to
the warning being transmitted, allowing the remote analyst
to immediately access and analyze the relevant data.

[0071] Referring now to FIG. 9, monitoring and control
device 60 may run instructions stored on a non-transitory
computer readable medium programmed to permit monitor-
ing and control device 60 to retrieve and view data generated
by implantable device 15 and/or data analyst device 100.
The data received by monitoring and control device 60 on
data analyst device 100 may provide a clinician or physician
actionable insight, i.e. may provide the physician enough
information to determine how to act or what measures to
take to address a problem or concern. As shown in FIG. 9,
graphic user interface 61 provides a user friendly view of the
data and permits a clinician to receive relevant information
in a short period of time. As explained above, monitoring
and control device 60 may receive this data from implant-
able device 15, charging device 40, mobile device 80,
remote server 95 and/or data analyst device 100.

[0072] Clinician graphic user interface 71 shown in FIG.
9 is illustrative of an exemplary clinician graphic user
interface. As shown in FIG. 9, clinician graphic user inter-
face 61 may include patient identifier 72 which may include
arecord locator such as a patient number and/or the patient’s
name. Clinician graphic user interface 60 may, for example,
display data arranged into physiological data box 73 and
operational data box 74. Physiological data box 63 may
include current physiological measurements 75 generated by
implantable device 15 as well as average and/or prior
measurements 76 archived by implantable device 15, remote
server 95, charging device 40 and/or monitoring and control
device 60. For example, physiological data box 73 may
display physiological parameters such as the current respi-
ratory rate, current pressure of a body cavity, current tem-
perature of a body cavity or targeted region of a body,
current heart rate, or any other current measurement sensed
by implantable device 15 indicating the physiological state
of the body. Physiological box 73 may also display the
physiological parameters such as average respiratory rate,
the average pressure of a body cavity, the average tempera-
ture of a body cavity or targeted region of a body, the
average heart rate, heart rate variability over a period of time
or any other average measurement sensed by implantable
device 15 indicating the physiological state of the body, as
well as one or more previously measured respiratory rates,
previously measured pressures of a body cavity, previously
measured temperatures of a body cavity or targeted region of
a body, previously measured heart rate or any other previ-
ously measured parameter sensed by implantable device 15.
lustratively, the current pressure may be 0.55 mmHg while
the average pressure may be 0.51 mmHg, the current respi-
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ratory rate may be 15 breathes per minute while the average
is 12.5, the current temperature may be 98.8 while the
average temperature may be 98.7 and the current heart rate
may be 68 beats per minute while the average heart rate may
be 82 beats per minute.

[0073] Similarly, operational data box 74 may display
operational data such as operational measurements 77 which
may include displacement, temperature, duration and volt-
age measurements or any other measurements related to
performance of the implantable pump 15 or performance of
hardware incorporated into the implantable pump. Opera-
tional data box 74, like physiological data box 73, may show
current operational measurements of implantable device 15
or measurements archived by implantable device 15, remote
server 95, charging device 40 and/or monitoring and control
device 60. For example, operational data box 74 may show
operational parameters such as the current measurements for
the hardware in implantable device 15, e.g., current dis-
placement of an incorporated pump, current temperature of
a battery, current flow speed, current voltage measurements,
or any other current measurement sensed by implantable
device 15 indicative of the operation of implantable device
15 or hardware incorporated in implantable device 15.
[0074] Operational box 74 also or alternatively may show
operational parameters such as average displacement or a
previously recorded displacement measurements, average
temperature or a previously recorded temperature measure-
ments, average flow speed or a previously recorded flow
speed measurements, average voltage or a previously
recorded voltage measurements or any other average or
previously recorded measurement sensed by implantable
device 15 indicative of the operation of implantable device
15 or hardware incorporated in implantable device 15.
Operational data box 74 may further include operational
data measurements such as battery and/or pump tempera-
ture, pump RPMs, humidity within the housing of implant-
able device 15, or any other measurements related to the
performance or operation of implantable device 15 or hard-
ware incorporated into implantable device 15.

[0075] Clinician graphic user interface 71 may also show
other parameters and data amounting to actionable insight.
For example, clinician graphic user interface 71 may include
parameters calculated from measured physiological and/or
operational parameters such as viscosity of a fluid within a
body cavity or burn rate of calories. Actionable insight
garnered from measured physiological and/or operational
parameters may be generated using algorithms programmed
into implantable device 15, monitoring and control device
60, mobile device 80, or data analyst device 100. Alterna-
tively, or in addition to, a data analyst may analyze measured
physiological and/or operational parameters on data analyst
device 100 and generate actionable insight by comparing
data to known trends or correlations.

[0076] Using clinician graphic user interface 71, a clini-
cian or physician may adjust the performance of implantable
device 15 by altering operational settings which may also
appear in operational data box 74. For example, a clinician
may change the desired displacement of the pump to 0.05.
This change may be immediately communicated to implant-
able device 15 either through direct communication between
implantable device 15 and monitoring and control device 60
or by using charging device 40 as a relay. Other examples of
settings that a clinician or physician may adjust include the
timing of pump activation, duration of pumping, or any
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other setting that may control the operation of implantable
device 15 or hardware incorporated into implantable device
15.

[0077] Physician graphic user interface 71 may be cus-
tomizable such that the physician may decide which data to
display. The physician may choose to display any combi-
nation of archived data and current data. For example, the
physician may customize the graphic user interface to dis-
play pressure averages over a period of time, e.g., the last six
months, or may choose to display pressure highs and lows
instead. Alternatively, a physician may customize the
graphic user interface to only show select physiological
and/or operational data but not others, e.g., the pressure,
temperature and heart rate, but not the respiratory rate.
[0078] Clinician graphic user interface 71 also may gen-
erate one or more graphic representations of the data gen-
erated by implantable device 15. Graphic representation 78
may be generated by the physician to analyze a given
parameter over a certain period of time. Graphic presenta-
tion 78 may include a flow chart(s), a pie chart(s), a bar
graph(s), etc., representing measured physiological and/or
operational data. The physician may choose to compare the
patient’s respiratory rate against the patient’s heart rate for
a given period of time to better understand the patient’s
oxygen saturation levels. As is discussed in more detail
below, graphical analysis also may be generated by a dedi-
cated analyst remotely and may be viewed by the clinician
on graphic user interface 71. Similarly, tables and various
other well-known data comparison methods may be gener-
ated remotely by dedicated analysts at data analyst devices
and accessed by the clinician using graphic user interface 71.
Clinician graphic user interface 71 may display additional
information such as that shown in U.S. Pat. No. 9,039,652
to Degen, the entire contents of which are incorporated
herein by reference.

[0079] Clinician graphic user interface 71 also may com-
municate various messages such as warnings 79 to the
physician. Warnings or alerts may be generated by implant-
able device 15, mobile device 80 and/or data analyst device
100. For example, where implantable device 15 has a pump,
clinician graphic user interface 71 may display a warning
that the pump experienced a malfunction such as a clog and
may even suggest methods for fixing the problem such as
reversing flow direction. In another example, monitoring
and control device 60 may run instructions stored on a
non-transitory computer readable medium programmed to
automatically compare physiological parameters and/or
operational parameters against predetermined thresholds
and to automatically generate a warning when an anomaly is
discovered, e.g. when the measured parameters are above or
below predetermined thresholds and/or are outside of a
predetermined threshold range(s), much like the process
shown in steps 152 to 155 in FIG. 7.

[0080] Clinician graphic user interface 71 may support a
messaging protocol established on monitoring and control
device 60 and/or mobile device 80. The messaging protocol
may permit a physician or clinician to communicate a
message and/or a warning to the patient by transmitting the
message and/or warning to mobile device 80. For example,
a physician may notice an unusual physiological and/or
operational parameter or trend and may send a message to
mobile device 80 to, for example, ask the patient how he or
she feels or if he or she is experiencing certain symptoms or
discomfort. Using the messaging protocol, the patient may
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inform the physician of his current condition using mobile
device 80. If the physician instead notices from the physi-
ological data that the patient is currently experiencing a
medical event or is about to experience a medical event, the
physician may immediately message the patient with
instructions on what to do next. For example, the message
may direct the patient to immediately cease all physical
activity. Alternatively or additionally, the physician may
message emergency services using clinician graphic user
interface 71 and inform emergency services of the patient’s
location and condition.

[0081] Referring now to FIG. 10, implantable device 15
optionally may be in direct wireless communication with
remote server 95 via a LAN or WAN or communicate with
remote server 95 additionally via charging device 40.
Remote server 95 is also in communication with one or more
data analyst devices 100 via a hard connection or wireless
connection. One or more data analyst devices 100 also may
be in communication with one another either wirelessly or
by wired connection. An analyst using data analyst device
100 may periodically access, download and review on data
analyst device 100, operational and/or physiological data
received by remote server 95. Though data analyst device
100 may be in a different city or even a different country than
implantable device 15, the analyst may access recently
generated data from implantable device 15 via the remote
server. In addition to receiving and accessing data from
remote server 95, data analyst device 100 may transmit
analyst data to remote server 95. Remote server 95 may store
the data transmitted from data analyst devices 100 for
retrieval by other devices such as mobile device 80 and/or
monitoring and control device 60.

[0082] Data analyst device 100 also may establish a con-
nection with other devices within the system and retrieve
physiological and/or operational data for the other devices.
For example, a remote analyst using data analyst device 100
may retrieve physiological data from implantable device 15,
analyze the received physiological data, and transmit data
analysis to a remote server 95 for download by other devices
in the system. As another example, a remote analyst using
data analyst device 100 may retrieve operational data from
implantable device 15, analyze the received operational
data, and transmit data analysis to a remote server 95 for
download by other devices in the system. As explained
above, the data analysis may include actionable insight that
may provide a patient, caretaker, physician or clinician
enough information to determine how to act or what mea-
sures to take to address a problem or concern.

[0083] Referring now to FIG. 11, analyst graphic user
interface 101 is shown displayed on data analyst device 95.
Analyst graphic user interface 101 may include patient
identifier 102 which may include a record locator such as a
patient identification number and/or the patient’s name.
Analyst graphic user interface 101 also may include data
analyst identifier 103 that indicates the data analyst that
generated the analysis. Analyst graphic user interface 101 is
used to present the data analyst with an easy to understand
representation of select data generated by implantable
device 15 such as operational and/or physiological data.
Analyst graphic user interface 101 may be completely
customizable by the analyst to meet the analyst’s needs and
analytical approach. For example, analyst graphic user inter-
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face 101 may display data in a table format and/or a
graphical format or in any other well-known format known
for data analysis.

[0084] Using analyst graphic user interface 101, data
analyst may review and analyze data, e.g., operational
and/or physiological data generated by implantable device
15. Analyst also may use both current data and archived data
to observe trends, predict trends, identify a medical condi-
tion and/or risk of a medical condition and produce action-
able insight. Data from multiple patients may be anony-
mously or non-anonymously compared against each other.
For example, data generated from a son’s implantable device
may be compared to data generated by a father’s implantable
device to better understand the effects of a hereditary con-
dition where both patients have the same diagnosis. Alter-
natively, data from multiple patients known to have devel-
oped the same condition may be collectively analyzed to
search for a trend among the data. Such a trend may help
prevent or diagnose the medical condition in others who
share the same trend.

[0085] In an exemplary embodiment, a data analyst may
detect early warning signs of a heart attack by analyzing data
generated by respiratory rate sensors, heart rate sensors,
ECG sensors, blood pressure sensors, and/or temperature
sensors. The data generated from these sensors may be
compared to trends of individuals who have had heart
attacks to determine whether a heart attack is imminent or
likely. Similarly, using sensors including respiratory rate
sensors, heart rate sensors, blood pressure sensors and/or
temperature sensors, a data analyst may detect early signs of
heart failure.

[0086] Specifically, from the respiratory rate sensor, short-
ness of breath may be detected in addition to chronic
coughing or wheezing; from the blood pressure sensor, high
blood pressure may be detected; from the temperature
sensor, abnormalities in the patient’s temperature may be
detected; and from the heart rate sensor, an increased heart
rate may be detected. Additionally, a third heart sound
known as ventricular gallop or a protodiastolic gallop may
also be detected which is an additional indicator of heart
failure. Data analyst device 100 may run instructions stored
on a non-transitory computer readable medium programmed
to automatically compare data generated by implantable
device 15 to various trends to determine the risk of a given
condition or medical event. If a risk of a medical condition
or event is determined to be high, the instructions may also
generate a warning of the risk and automatically store the
warning on remote server 95 for retrieval by mobile device
80 and/or monitoring and control device 60 and/or may
automatically transmit the warning to mobile device 80
and/or monitoring and control device 60.

[0087] Analyst graphic user interface 101 shown in FIG.
11 is a snapshot illustrating an exemplary embodiment of an
analyst’s graphic user interface. As shown, analyst graphic
user interface 101 may simultaneously display multiple
graphical representations of data for comparison. For
example, analyst graphic user interface 101 may display
graphical representations of a measured pressure 104, over
a period of time. Similarly, graphic user interface 101 also
may display a graphical representation of the measured heart
rate 105 over the same period of time. By comparing the
measured pressure and the measured heart rate on overlaid
graphical representation 106, an analyst may make imme-
diate inferences and conclusions about the relationship
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between the two parameters. In this example, it is clear from
the overlaid graphical representation that the measured
pressure and measured heart rate spiked on the same day,
April 167,

[0088] Analyst also may wish to compare certain data to
archived data by generating a table. One or more tables may
display one or more measured parameters from implantable
device 15 over time including select measurements such as
highs or lows over a time period. For example, table 107
illustrates the highest pressure measurement and the highest
heart rate measurement for each month. In the snapshot
shown, for the month of April, the highest pressure mea-
sured is 1.25 mmHg and the highest heart rate measured is
113 beats per minute. Analyst graphic user interface 101,
arranged in the manner shown, allows the analyst to com-
pare table 107 to graphic representations 104, 105 and 106.
It is understood that an analyst may use any number of
analytic tools that are well known in the art for analyzing the
data generated by the implantable device.

[0089] The data analysis generated by data analyst device
100 may be formatted in any number of well-known ways
and transmitted to and stored on remote server 95. For
example, the results may be in the form of a report or a
spreadsheet. Alternatively, the analyst may simply save the
graphical representations or tables generated on data analyst
device 100 to remote server 95. As explained above, in
addition to transmitting the data analysis to remote server
95, a data analyst using analyst device 100 may transmit the
results directly to mobile device 80 and monitoring and
control device 60 and may generate an alert and communi-
cate the alert to monitoring and control device 60 and/or
mobile device 80 when data has been uploaded to remote
server 95,

[0090] As discussed above and in accordance with the
present disclosure, communication between devices in sys-
tem 10 may be facilitated by a number of well-known
techniques. While all devices within system 10 may be in
communication with one another, it is understood that some
devices may be in communication with less than the number
of total devices in the system. For example, some devices of
system 10 may be connected to the internet and others may
make one-to-one connections to other devices that are
connected to the internet using one or more of the well-
known methods.

[0091] While various illustrative embodiments of the
invention are described above, it will be apparent to one
skilled in the art that various changes and modifications may
be made therein without departing from the invention. For
example, system 10 shown in FIG. 1 may include fewer
components than those shown in FIG. 1 or may alternatively
include more components such as more than one monitoring
and control device or even more than one implantable
device. The appended claims are intended to cover all such
changes and modifications that fall within the true spirit and
scope of the invention.

What is claimed:

1. A system for managing and reviewing data obtained
from an implantable device at a data analyst device, the
system comprising:

an implantable device comprising a housing containing a

first inductive charging circuit, a first microprocessor, a
battery, a first communication unit, a pump configured
to move fluid from a first body cavity to a second body



US 2018/0060520 A1

cavity, and a plurality of sensors, the implantable
device configured to generate operational data and
physiological data;
acharging device comprising a second inductive charging
circuit, a second microprocessor, and a second com-
munication unit, the charging device configured to
wirelessly transfer energy transcutaneously from the
second inductive circuit to the first inductive circuit to
charge the battery, the charging device programmed to
communicate with the implantable device to receive the
operational data and the physiological data from the
implantable device and to store the operational data and
the physiological data on the charging device; and

instructions stored on a non-transitory computer readable
medium of the charging device configured to cause
transmission of the operational data and the physiologi-
cal data stored on the charging device to a remote
server so that the operational data and the physiological
data is periodically downloaded from the remote server
and reviewed at a data analyst device.

2. The system of claim 1, wherein the instructions stored
on the non-transitory computer readable medium of the
charging device are configured to cause the charging device
to communicate with the remoter server via the Internet.

3. The system of claim 1, wherein the instructions stored
on the non-transitory computer readable medium of the
charging device are configured to cause the charging device
to communicate with the remoter server via a wireless
telephony regime.

4. The system of claim 1, wherein the instructions stored
on the non-transitory computer readable medium of the
charging device are also configured to cause transmission of
operational instructions, including at least operational
parameters, to the implantable device.

5. The system of claim 1, wherein the instructions stored
on the non-transitory computer readable medium of the
charging device are configured to encrypt communications
between the charging device and the remote server such that
transmission of the operational data and the physiological
data is encrypted.

6. The system of claim 1, further comprising a clinician
computer comprising a non-transitory computer readable
medium and instructions stored on the non-transitory com-
puter readable medium configured to cause the clinician
computer to communicate with the remote server and to
receive from the remote server the operational data and the
physiological data.

7. The system of claim 1, further comprising a patient
mobile communication device comprising a non-transitory
computer readable medium and also comprising instructions
stored on the non-transitory computer readable medium
configured to cause the patient mobile communication
device to communicate with the remote server and to receive
from the remote server the operational data and the physi-
ological data.

8. The system of claim 1, further comprising a clinician
computer comprising a non-transitory computer readable
medium and instructions stored on the non-transitory com-
puter readable medium configured to cause transmission of
operational instructions, including at least operational
parameters, from the clinician computer to the charging
device.

9. The system of claim 1, wherein the data analyst device
further comprises a non-transitory computer readable
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medium and instructions stored on the non-transitory com-
puter readable medium configured to cause the data analyst
device to communicate with the remote server and to receive
from the remote server the operational data and the physi-
ological data.
10. The system of claim 9, wherein the instructions stored
on the non-transitory computer readable medium of the data
analyst device are further configured to cause the data
analyst device to compile the operational data and the
physiological data, generate analyst data and transmit the
analyst data to the remote server.
11. The system of claim 9, wherein the instructions stored
on the non-transitory computer readable medium of the data
analyst device will cause the data analyst device to generate
a warning message when one or more of the operational data
or physiological data exceeds preprogrammed thresholds
and communicate the warning message to at least one or
more of the patient mobile communication device and the
clinician computer.
12. The system of claim 1, wherein the plurality of sensors
comprises at least one or more of a heart rate sensor, an ECG
sensor, a temperature sensor, or a respiratory sensor and the
physiological data comprises at least one of a heart rate,
ECG data, a temperature or a respiratory rate.
13. A method of managing an implantable device com-
prising:
establishing a wireless connection between a clinician
computer and an implantable device, the implantable
device comprising a housing containing an inductive
charging circuit, a microprocessor, a battery, a commu-
nication unit, a punip and one or more sensors;

receiving operational parameters at the implantable
device from the clinician computer;

adjusting operation of the implantable device according to

received operational parameters at the implantable
device;

generating sensor data from the one or more sensors in the

implantable device; and

transmitting the sensor data to a remote server so that the

sensor data is accessible for review by a data analyst
device.
14. The method of claim 13, further comprising:
comparing, at the data analyst device, the sensor data to
one or more predetermined threshold ranges; and

generating, at the data analyst device, an alert if the sensor
data is outside one or more of the predetermined
threshold ranges.

15. The method of claim 14, further comprising transmit-
ting the alert from the data analyst device to at least one or
more of the remote server, a patient mobile communication
device and the clinician computer.

16. The method of claim 13, further comprising:

analyzing, on the data analyst device, the sensor data

accessed from the remote server;

generating analyst data on the data analyst device based

on the sensor data; and

transmitting the analyst data from the data analyst device

to the remote server.

17. The method of claim 16, wherein the generating the
analyst data on the data analyst device further comprises
generating at least one of a diagnosis of'a medical condition,
actionable insight and an indication of a heightened risk of
a medical condition.
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18. The method of claim 16, further comprising accessing,
using a clinician computer, the analyst data stored on the
remote server.

19. The method of claim 17, further comprising periodi-
cally interrogating, by the clinician computer, the remote
server to determine whether the analyst data comprises at
least one of a diagnosis of a medical condition or an
indication of high risk of a medical condition.

20. The method of claim 19, further comprising transmit-
ting an alert to a patient mobile communication device, from
the clinician computer, upon confirmation that the analyst
data comprises at least one of a diagnosis of a medical
condition, an indication of high risk of a medical condition
or other actionable insight.
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