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(57) Abstract: The present disclosure relates to systems and methods for controlling an MRI safe patient care/monitoring system.
The system may include a an MRI safe infusion pump that contains a co-processor which acts as a central brain for all other patient
care/monitoring devices in the MRI room. The co-processor is separated from the primary processor by a buffer in the infusion
pump's memory, so that no actions by the co-processor can affect the primary processor. The co-processor controls the display sott-
ware, alert software and alerts database. All other patient care/monitoring devices are connected to the MRI safe infusion pump in a
daisy chain, so that they can share a single connection to outside the MRI room. Outside the MRI room the co-processor has access
to the remote control & display, which contains the remote control GUL and to the internet, through which it will access an external
medical network, which contains an algorithm database. The algorithm database has data processing algorithms for a variety of pa-
tient care/monitoring devices. allowing simpler "dumb" devices to be connected and still have "smart" functionality.
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Driving Miss Daisy

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the priority benefit of U.S. provisional
application number 62/274,057 filed December 31, 2015 and entitled “Driving Miss

Daisy,” the disclosure of which is incorporated herein by reference in its entirety.

BACKGROUND
[0001] The present disclosure relates generally to patient monitoring and patient
care. More particularly, the present disclosure relates to a system and method useful in
monitoring and caring for patients in a magnetic resonance imaging (MRI) room.
[0002] Smart electronic devices such as patient care and patient monitoring
devices need expensive shielding to function properly in an MRI room, including
properly transmitting data to outside of the MRI room. However, such expensive
shielding can add cost to the overall medical expenses charged by the medical service
providers providing patient care and patient monitoring using an MRI, as multiple
patient care or patient monitoring devices are used to continuously monitor or treat

patients in an MRI room.

SUMMARY OF THE CLAIMED INVENTION
[0003] In an exemplary embodiment, the MRI safe patient care/monitoring
system comprises an MRI safe infusion pump that contains a co-processor which acts as
a central brain for all other patient care/monitoring devices in the MRI room. The co-
processor is separated from the primary processor by a buffer in the infusion pump’s
memory, so that no actions by the co-processor can effect the primary processor, and
hence the infusion pump’s, function in any way. The co-processor controls the display

software, alert software and alerts database. All other patient care/monitoring devices
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are connected to the MRI safe infusion pump in a daisy chain, so that they can share a
single connection to outside the MRI room. Outside the MRI room, the co-processor has
access to the remote control & display, which contains the remote control GUI, and to the
internet, through which it will access an external medical network that contains an
algorithm database. The algorithm database has data processing algorithms for a variety
of patient care/monitoring devices. This is for when a “dumb” device is part of the daisy
chain, the display software will go out to the algorithm database and download the data
processing algorithm and assume control of the dumb device. The display software
begins when other patient care/monitoring device(s) are connected. It will first check to
make sure all connected devices are MRI safe, and then which devices are “smart”
enough to retain control of their function and which devices are “dumb” thereby
needing the pump to assume control. The display software will then dynamically update
the remote control GUI with the data feed from all connected devices. The alert software
will then run, allowing the caregiver to import alert thresholds from other devices, such
as the patient transfer device, or manually set the alert thresholds. These values,
imported or caregiver defined, are placed in the alerts database.

[0004] In yet another exemplary embodiment, the MRI safe patient
care/monitoring method includes: using a co-processor in a MRI safe infusion pump as a
central brain for all other patient monitoring/care devices; connecting all other devices to
the infusion pump in a daisy chain, which allows for all information from and control of
those devices to be sent to an external controller in the MRI control room through a
single communication channel; and the co-processor can also control additional devices
that have less processing power, allowing for simpler “dumb” devices to be connected

and still have “smart” functionality.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying drawings, which are included to provide a further
understanding of the invention, are incorporated herein to illustrate embodiments of the
invention. Along with the description, they also serve to explain the principle of the
invention. In the drawings:

[0006] FIG. 1 shows a schematic diagram of an exemplary MRI safe patient
care/monitoring system according to some embodiments of the present disclosure.
[0007] FIG. 2 shows a main screen of the remote control GUI according to an
embodiment of the present disclosure.

[0008] FIG. 3 shows an alert setting screen of the remote control GUI according
to an embodiment of the disclosure.

[0009] FIG. 4 shows a flowchart of the daisy chain software according to a
preferred embodiment of the disclosure.

[0010] FIG. 5 shows a flowchart of the display software according to a preferred
embodiment of the disclosure.

[0011] FIG. 6 shows a flowchart of the alert software according to a preferred
embodiment of the disclosure.

[0012] FIG. 7 shows a schematic diagram of another exemplary system according

to some embodiments of the disclosure.
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DETAILED DESCRIPTION

[0013] FIG. 1 shows the MRI safe patient monitoring/treatment system 10
according to an embodiment of the present disclosure. The system 10 includes an MRI
safe infusion pump 100 that contains a co-processor 102 which acts as a central brain for
all other patient care/monitoring devices 104-108 (e.g., ventilator, IV pump, etc.) in the
MRI room 12. The co-processor 102 is separated from the primary processor 110 by a
buffer 111 in the infusion pump’s memory 112, so that no actions by the co-processor can
affect the primary processor, and hence the infusion pump’s, function in any way. In one
embodiment, the daisy chain hardware 113 that includes but is not limited to the co-
processor 102 and one or more I/O devices 115 are positioned within the MRI infusion
pump 100. As shown, the daisy chain hardware 113 is physically and electrically isolated
from primary processor 110. Thus, the primary processor 110 and memory 112 only
operate the MRI pump 100; while the co-processor 102 and buffer 111 are limited to
serving only the external devices 104-108 that are daisy chained. As such, these
processors each have their associated own displays and GUIs 117 and 119.

[0014] The co-processor 102 controls the display software 114, alert software 116
and alerts database 118. All other patient care/monitoring devices 104-108 are connected
to the MRI safe infusion pump 100 in a daisy chain, so that they can share a single
connection to outside the MRI room 12. Outside the MRI room 12, the co-processor 102
has access to the remote control and display 120, which contains the remote control GUI
122, and to the Internet 124 or other network, through which it will access an external
medical network 126 that contains an algorithm database 128. The algorithm database
128 has data processing algorithms for a variety of patient care/monitoring devices 104-
108. The data processing algorithms can be used when a “dumb” device is part of the
daisy chain. The display software 114 will enable the co-processor 102 to access the
algorithm database 128, download the data processing algorithm, and assume control of
the dumb device. The display software 114 begins when other patient care/monitoring
device(s) are connected. It will first enable the system to verify and confirm that all

connected devices 104-108 are MRI safe, and then which devices are “smart” enough to
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retain control of their function and which devices are “dumb” and thus need the pump
to assume control. The display software 114 will then dynamically update the remote
control GUI 122 with the data feed from all connected devices 104-108. The alert software
116 will then execute, allowing a user (e.g., a doctor, nurse, caregiver, and other medical
professionals) to import alert thresholds from other devices, such as the patient transfer
device, or manually set the alert thresholds. These values, imported or user defined, are
placed in the alerts database 118.

[0015] FIG. 2 represents a main screen 130 of the graphical user interface 122
(GUI) for the remote control of the system according to some embodiments of the
present disclosure. The remote control GUI 122 (main screen) has five fields: a sensor
data feed display 132, a display of the MRI image data 134, a set alerts button 136, a load
settings button138 and an all stop button 140. The sensor data field 132 is populated by
the display software 114. The MRI image field 134 is populated with image data from the
MRI. The all stop button 140 provides an emergency shutdown of the MRI. The set alerts
and load settings buttons 136 and 138, respectively, are controlled by the alert software
116. The load settings button 138 is highlighted when alert thresholds are available from
the existing patient care/monitor devices 104-108. When the user selects load settings
button 138, the alert thresholds are imported into the alert database 118. The set alerts
button 136 opens the alerts setting screen 138 of the remote control GUI 122.

[0016] FIG. 3 shows the alert setting screen 142 that is presented in the remote
control GUI 122 when the user selects the “set alerts” button in the remote control GUI's
main screen 130. The alert setting screen GUI 142 has five sections: a sensor data display
132 that is identical to that found in the remote control GUI’s main screen 130, a series of
radio buttons 144A-C next to each sensor data feed (in this figure labeled “Patient
Monitors”), a “set alerts” button 136, an “alert threshold” box 146, and a “return” button
148. The user will select the radio button 144A-C next to the sensor data feed 136 for
which they wish to set an alert threshold. This will give the user access to the “alert
threshold” box 146, which is a free form box that enables the user to set an alert
threshold for that patient monitor. That threshold is not entered into the alert database

118 until the user hits the “set alerts” button 136. The user can keep adjusting or setting
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new alert thresholds until they select the “return” button 148, which will bring them
back to the remote control GUI’s main screen 130.

[0017] FIG. 4 shows a flowchart of a method 400 performed or caused to be
performed by an instance of the daisy chain software 121 executing at the co-processor
102 according to a preferred embodiment of the disclosure. In one embodiment, the co-
processor 102 executing the daisy chain software 121 polls for new patient
care/monitoring devices and connects to them if found at step 402. Data is then
transferred back and forth among the patient care/monitoring devices 104-108 and the
medical network 126, at step 404, via a communications link such as the Internet 124
without burdening the computing resources of the main (primary) processor. A query is
initiated at step 406 to determine if there is at least one other new device connected to the
chain of devices. If there is at least one new device, the method 400 returns to step 402
where the new device is brought into communication with the co-processor 102. If no
new devices are identified at step 406, then the co-processor executes the daisy chain
display software 114 at step 408.

[0018] FIG. 5 shows a flowchart of the of a method 500 performed or caused to
be performed by an instance of the daisy chain display software 114 executing at the co-
processor 102 according to a preferred embodiment of the disclosure. The co-processor
102 executing display software 114 polls the connected devices 104-108 at step 502 are
polled to determine if they are MRI safe. In one embodiment, if any of the patient
monitoring/care device(s) 104-108 are not MRI safe, then the MRI is disabled, the “all
stop” button 140 on the remote control GUI 122 will flash and the program will end. If all
of the device(s) are MRI safe, then the devices 104-108 are queried for their processor
specifications at step 504. If all connected devices 104-108 have a sufficient level of
processing power, they are allowed to control their own functions at step 506, and their
data feeds are displayed in the sensor data field of the remote control GUI 122. In
various aspects, the threshold for sufficient processing power is determined by a
manufacturer preset value or a user defined value. If any connected device(s) fall below
the acceptable threshold for processing power at step 504, then the appropriate data

processing algorithm is retrieved by the co-processor 102 from the algorithm database
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128 on the external medical network 126 and stored in the buffer 111 at step 506. Full or
at least partial control of the device(s) having insufficient processing power is then
assumed by the co-processor 102 at step 508. In one aspect, the co-processor 102 not only
passes device data thru to the display but it also actively manages any alerts for the
device at step 510. Furthermore, the remote control GUI 122 is adjusted to display the
patient monitoring device feed in the sensor data field of the remote control GUI 122.
Thus, all relevant information from the patient care/monitoring device can be displayed
on the remote control GUI 122. The alert software 116 is then prompted at step 514. As
shown, the devices 104-108 that have sufficient processing power at step 512 may also
execute an instance of the alert software at step 514.

[0019] In various aspects, either the devices 104-108 control their function and
transmit their data feed alerts to the daisy chain display GUI 119 directly where the co-
processor 102 just assists in passing thru device data. Alternately, the co-processor 102
passes thru device data but also loads the algorithms from the external medical network
and uses the algorithms to drive the alerts. In one embodiment, both the device data and
the alerts from the alerts database are used to drive the display on the daisy chain GUI
119. In another embodiment, a separate display is used to continually show the MRI
GUL

[0020] FIG. 6 shows a flowchart of a method 600 performed or caused to be
performed by an instance of the alert software 116 executing at the co-processor 102 or a
processor of the devices 104-108 having sufficient processing power according to a
preferred embodiment of the disclosure. In various embodiments, the alert software 116
is executed at the co-processor 102 to send device data and alerts to the daisy chain GUI
119 for both the devices that can control their functions directly or for devices that
cannot control their functions directly.

[0021] At step 602, the co-processor 102 executing the alert software 116 receives
alert from the devices 104-108 that the co-processor controls. At step 604, the co-
processor 102 displays device data and alerts on daisy chain GUI 119 and sends the
alerts to the medical network at step 610. Alternately, the co-processor 102 polls and

receives alert data from the alert database for the devices 104-108 that cannot control
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their own alerts at step 606. At step 608, the co-processor 102 displays device data and
alerts on the daisy chain GUI 119 for those devices that control their own alerts. The co-
processor 102 also sends the alerts to the medical network at step 610.

[0022] FIG. 7 shows a schematic diagram of another exemplary system 20
according to some embodiments of the disclosure. The intelligence is removed from
peripheral devices 104-108 (e.g., patient monitor, ventilator, IV pump) in an MRI room,
and a central processor 102 is used to both calculate values for those devices and
relaying that information to a remote control 120, whose display is dynamically updated

based upon the devices connected to the central processor 102.

[0023] By connecting all patient care/monitoring devices 104-108 to the infusion
pump 100 in a daisy chain, the system of the present disclosure allows for all information
from, and control of, those devices to be sent to an external controller in the MRI control
room through a single communication link/channel. The co-processor 102 can also
control additional devices that have less processing power, allowing simpler “dumb”

devices to be connected and still have “smart” functionality.

[0024] The present invention is not intended to be restricted to the several
exemplary embodiments of the invention described above. Other variations that may be

envisioned by those skilled in the art are intended to fall within the disclosure.
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CLAIMS:

1. An MRI safe patient care/monitoring system comprising:

a co-processor in a MRI safe infusion pump that acts as a central brain for all
patient monitoring/care devices;

the patient care/monitoring devices being connected to the infusion pump in a
daisy chain, which allows for all information from and control of those devices to be sent
to an external controller in the MRI control room through a single communication
channel;

wherein the co-processor can also control additional devices that have less
processing power, allowing simpler “dumb” devices to be connected and still have

“smart” functionality.

2. The system of claim 1, where the infusion pump further comprises a primary

processor and where the primary processor is electrically isolated from the co-processor.

3. The system of claim 1, wherein the co-processor is isolated from the primary

processor by at least one buffer.

4. The system of claim 1, further comprising;:

memory; and

at least one algorithm database storing data processing algorithms for the patient
care/monitoring devices; and

at least one alert database storing alert data for the patient care/monitoring

devices.

5. The system of claim 1, wherein the infusion pump and the patient care/monitoring

devices are controlled from a remote location.
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6. The system of claim 1, wherein the co-processer is disposed in a daisy chain system;

wherein the daisy chain system is disposed with in a housing of the infusion pump.

7. The system of 6, wherein the daisy chain system further comprises:

memory including a buffer;

at least one alert database storing alert data for the patient care/monitoring
devices;

an input/output device; and

a display device.

8. A system for monitoring and controlling one or more devices in an MRI
environment, the system comprising:

an infusion pump, the infusion pump comprising a pump processor, a pump
memory, and a pump display;

a patient monitoring device, the monitoring device including a device processor
and the monitoring device in communication with a co-processor; and

a daisy chain controller, the daisy chain controller comprising the co-processor,
memory including a buffer, a daisy chain display, and an alert database; the co-processor
to:

poll the system for initiating communication with the patient monitoring device;

transmit device data from the patient monitoring device to a medical network;

determine if there is another patient monitoring device in communication with
the patient monitoring device; and

initiate communication with the other patient monitoring device, if present.

10
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9. The system of 8, further comprising the co-processor to:
poll the patient monitoring device to determine if the monitoring device is MRI
safe;
query the patient monitoring device for the specifications of the device processor;
retrieve a data processing algorithm for the patient monitoring device;
store the data processing algorithm in the buffer;
pass device data from the patient monitoring device to the pump display; and

manage an alert for the patient monitoring device.

10. The system of 9, further comprising the co-processor to:
display device data and the alert at the daisy chain display; and

transmit the alert to a medical network.

11. The system of 8, further comprising the co-processor to:
poll the patient monitoring device for an alert;
receive alert data from the patient monitoring device;
display device data and the alert data at the daisy chain display; and

transmit the alert data to a medical network.

12. The system of 8, wherein the co-processor is in communication with the medical

network via a local area network or the internet.

13. The system of 8, wherein the daisy chain controller is disposed within a housing of

the infusion pump.

14. The system of claim 8, wherein the co-processor is electrically isolated from the

pump processor.

11
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15. A method for monitoring and controlling one or more devices in an MRI
environment, wherein the MRI environment includes an infusion pump further
including a pump processor, a pump memory, and a pump display; a patient monitoring
device, further including a device processor where the monitoring device is in
communication with a co-processor; and a daisy chain controller, the daisy chain
controller including the co-processor, memory including a buffer, a daisy chain display,
and an alert database; the method comprising;:

at the co-processor:

polling the system for initiating communication with the patient monitoring
device;

transmitting device data from the patient monitoring device to a medical
network;

determining if there is another patient monitoring device in communication with
the patient monitoring device; and

initiating communication with the other patient monitoring device, if present.

16. The method of 15, further comprising;:

at the co-processor:

polling the patient monitoring device to determine if the monitoring device is
MRI safe;

querying the patient monitoring device for the specifications of the device
processor;

retrieving a data processing algorithm for the patient monitoring device;

storing the data processing algorithm in the buffer;

passing device data from the patient monitoring device to the pump display; and

manage an alert for the patient monitoring device.

12
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17. The method of 16, further comprising;:
at the co-processor:
displaying device data and the alert at the daisy chain display; and

transmitting the alert to a medical network.

18. The method of 15, further comprising;:
at the co-processor:
polling the patient monitoring device for an alert;
receiving alert data from the patient monitoring device;
displaying device data and the alert data at the daisy chain display; and

transmitting the alert data to a medical network.

19. The method of 15, wherein the co-processor is in communication with the medical

network via a local area network or the internet.

20. The method of 15, wherein the daisy chain controller is disposed within a housing of

the infusion pump and is electrically isolated from the pump processor.

13
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International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2016/082943
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-7
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-7

MRI-safe pump with a co-processor that controls additional
devices in a MRI-safe system so that only one connection to
an external controller in the MRI control room is needed for
all these devices

2. claims: 8-20

system for MRI environment, comprising an infusion pump with
processor, memory and display and a daisy chain controller
with a co-processor, memory including a buffer, a display
and an alert database where the co-processor initiates
communication with patient monitoring devices and transmits
information from the patient monitoring devices to a medical
network.
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