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HEMODYNAMIC MONITORING SYSTEM WITH DETACHABLE DISPLAY UNIT

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This apphcation claims priority under 35 US.C § 119%e) to US
Provisional Patent Application No. 62/243,555, entitled “"HEMODYNAMIC MONITORING
SYSTEM WITH DETACHABLE DISPLAY UNIT” and filed on October 9, 2015, the

entire contents of which disclosure 15 herewith mcorporated by reference.

BACKGROUND
Field

[0002] Certain embodiments disclosed herein relate generally to monitoring
physiological parameters of a patient, and specifically to a patient monitor configured to
monitor parameters of a patient.

Description of Related Axt

[0003] In many healthcare settings, especially in the care of seriously afflicted
cardiac patients, it is desirable or necessary for a healthcare practitioner to be able to monitor
generally continuous information about a patient’s physiology, such as a patient’s cardiac
performance or a patient’s blood characteristics. Hemodynamic monitoring 15 typically
performed to ensure tissue oxygenation m critically il patients in different settings. A
pulmonary artery catheter (PAC) can generally be used for this task in order to assess cardiac
output, a primary determinant of oxygen delivery.  Additionally, a varnety of minimally
mvasive hemodynamic monitors are available to provide information of systermic flow and
cardiac performance as well as intravascular fluid status. Patient monitoring devices
typically mchide a user interface screen for displaying data acquired about the patient via

sensors 1n communication with the patient monutoring device and with the patient.

SUMMARY
[6004] The systems, methods and devices of the disclosure cach have innovative

aspects, no single one of which is indispensable or solely responsible for the desirable
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attributes disclosed herein. Some of the advantageous features of some embodiments will
now be summarized.

[8005] The embodiments disclosed herein describe a patient monitor configured
to receive patient-information electrical signals from an invasive patient sensor and a
minimally mvasive patient sensor, the patient monitor including a base unit and a detachable
user interface unit for displaying hemodynamic parameters determined by the base unit.
Embodiments of the base unit and user mterface umit can be docked together, tethered
together through a cabled connection, or physically separated from one another using
wireless communication to transmit and receive information. Embodiments of the patient
monitor can be configured to switch between invasive and minimally invasive monttoring of
hemodynamic parameters of a patient, using invasive measurements to calibrate munimally
mvasive measurements,

[06006] The embodiments disclosed herein describe various features of the patient
monitor. For example, the patient monitor can be configured to switch between invasive and
minirnally jnvasive monitoring of hemodynamic parameters of a patient and adjust the
display of hemodynamic parameters accordingly.  As another example, the patient monitor
can include a base unit and a detachable user interface unit, where the base unit determines
hemodynamic parameters using measurements received from various sensors and the
detachable user interface unit displays various user interfaces. Such user mterfaces can
mclude a user interface that displays trend data for one or more hemodynamic parameters, a
user interface that displays a physiological schematic with corresponding hemodynamic
parameter values, a user mterface that displays current and historical hemodynamic
parameter values in a table, a user interface that displays a bi-variant plot of two
hemodynamic parameters, a user interface that displays a hemodynamic calculator for
determining output parameter vahies given a set of input parameter values, and/or a user
mterface that displays a Bolus cardiac output graph.  Because a location may include
multiple base units and detachable user interface units, the base unit and the detachable user
interface unit can implement a pairing process at startup or when the detachable user
interface unit connects or disconnects from the base unit to link a particular base unit to a
particular detachable user interface unit. The pairing process can be wnplemented using a

wired or wireless connection source between the base unit and the detachable user mterface
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unit.  As another example, the detachable user interface unit is pole-mountable and can
communicate with the base unit via a wired or wireless connection. If a connection between
the base unit and the user interface unit 1s lost, the base unit can automatically indicate
whether an alarm condition has occurred without the use of the user interface unit and can
automatically lower the power of a heater coupled to the base unit if the heater 15 active. As
another exarople, the base umit can prioritize data sources for heart rate and mean artenial
pressure calculations. Such prioritization can inchlude prioritizing sensors coupled to the base
unit via an analog input over sensors coupled to the base unit via a digital mput.

[06007] One aspect of the disclosure provides a patient monttor configured to
recetve patient-information electrical signals from an invasive patient sensor and a minimally
mvasive patient sensor. The patient monitor includes a base unit having a housing forming a
docking base and a front plate, the docking base inchiding a base unit connector; a plurality
of sensor input connectors on an exterior portion of the housing, at least one sensor mput
connector configured to receive electrical signals from an invasive patient sensor and at least
one sensor input connector configured to receive electrical signals from a minimally invasive
patient sensor; a wireless communication system comprising an antenna and a transceiver
enclosed within the housing; and a latch attached to the housing. The patient monitor further
includes a user interface unit having a housing with a bottom portion and a rear portion; a
display on a front portion of the user nterface unit, the display configured to display
hemodynamic parameters determuned by the base unit based on the received patient-
information electrical signals; a wireless communication system enclosed within the housing;
and a user mnterface connector on the bottom portion of the housing, the user interface
connector configured to mate with the base unit connector. In a docked configuration, the
user iterface connector is configured to directly couple to the base unit connector and the
bottom portion of the housing of the user mterface unit ts configured to contact the docking
base of the base umit and at least a portion of the rear portion of the housing of the user
mterface umt is configured to contact the front plate of the housing of the base unit, and the
latch 1s configured to secure the user interface unit to the base umit.  In a tethered
configuration, the user interface connector is electrically coupled to the base unit connector
using a cable, the cable conducting electrical power and electrical signals between the base

unit and the user interface umit. In a detached configuration, the wireless communication
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systern of the user interface unit 1s configured to wirelessly conununicate with the wireless
communication system of the base unit.

[0008] The patient monitor of the preceding paragraph can include any sub-
combination of the following features: where the mimmally invasive patient sensor
comprises at least one pressure sensor configured to be 1 fluid comomunication with a
patient’s blood vessel through a fluid-receiving region in the pressure sensor and configured
to be in electrical communication with the base unit, the pressure sensor being configured to
sense a pressure wave 1n the patient’s vasculature and being configured to transnut at least
one patient-information electrical signal to the base unit that indicates a hemodynamic
parameter of a patient; where the base unit is configured to determine a hemodynamic
parameter of a patient based on the patient-information electrical signals received from the
mvastve patient sensor during a first time period and to determine the hemodynamic
parameter of the patient based on the patient-information electrical signals received from the
minimally invastve patient sensor during a second time period after the first time period,
wherein the hemodynamic parameter based on the patient-information electrical signals
recetved from the munmimally i1nvasive patient sensor 1s calibrated using the patient-
information electrical signals received from the invasive patient sensor; where the patient
monttor 1s configured to swiich between determining the hemodynamic parameter of the
patient based on the patient-information electrical signals received from the wnvasive patient
sensor and determining the hemodynamic parameter of the patient based on the patient-
information electrical signals received from the minimally invasive patient sensor; where the
docking base is sloped so that liquid flows off of the docking base when the user interface
unit is docked on the base umit; where the patient monutor further mcludes a plurahty of
analog signal input connectors configured to receive an analog input signal from an external
patient monitor system; where the base umit is configured to automatically convert received
signals to a physiological parameter based on a maximum expected value of the
physiological parameter and a received maximum analog signal from the external patient
mounttor system; where the user interface unit receives an indication of the maximum
expected value of the physiological parameter through an interaction of a user with the
display; where the base unit further comprises a conducting portion configured to act as a

ground plane for the antenna of the wireless communication systern so that a resulting
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raciation pattern of the antenna preferentially transmits electromagnetic energy 1n a forward
direction relative to the base umit; where the docking base and base unit connector are
configured so that the user mterface unit cannot be docked on the base unit with the display
portion adjacent to the front plate; and where the user interface unit and the base umit are
configured such that, in the tethered configuration, the user mterface unit cannot be seated in
the docking base so that the latch secures the user interface unit in place on the base unit.

[6069] Another aspect of the disclosure provides a method for providing an alarm
for a patient monitoring system comprising a base unit and a detachable user interface unit
when the detachable user interface unit 1s not electrically coupled to the base unut through a
cable or connector. The method includes determining a presence of one or more alarm
conditions based at least in part on a value of a hemodynamic parameter of a patient based on
patient~-information electrical signals recetved from an invasive patient sensor or a minially
mvasive patient sensor. The method includes determining whether the user interface unit 1s
in wireless communication with the base unit. The method includes signaling an alarm on
the base unit if there is at least one alarm condition and there 1s no wireless communication
between the user interface unit and the base unit. The method includes signaling an alarm on
the user interface unit if there is at least one alarm condition and the user interface unit is
wirelessly communicating with the base unit.

[6016] The method of the preceding paragraph can include any sub-combination
of the following features: where the at least one alarm condition comprises an alarm
indicating that at least one hemodynamic parameter 1s outside a tatlored range of accepted
values; where the method further mncludes not signaling the alarm on the base unit if there 15
at least one alarm condition and the user interface unit is wirelessly communicating with the
base unit; where signaling the alarm comprises providing a visual indication of the alarm;
and where signahing the alarm comprises providing an audible indication of the alarm.

[6011] Another aspect of the disclosure provides a method for controlling a
heater coupled to a patient sensor for a patient monitoring system comprising a base unit and
a detachable user interface unit when the detachable user mterface unit 1s not electrically
coupled to the base unit through a cable or connector. The method mmcludes teratively
commanding the heater to be in a low power state for a first period of time and to be 1n a high

power state for a second period of time. The method includes determining whether the user
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mterface unit 13w wireless communication with the base umit.  The method includes
monitoring a length of time where there is no wireless communication between the user
interface unit and the base unit. The method includes setting the power of the heater to be in
the low power state if the length of time exceeds a time threshold.

[0012] The method of the preceding paragraph can include any sub-combination
of the following features: where the length of time is less than or equal to about 2 minutes;
where the first period of time is less than or equal to about 20 seconds; where the first period
of time 13 the same duration as the second period of time; where the low power state
comprises providing less than or equal to about 200 mW of power to the heater; and where

the high power state comprises providing at least about 7.5 W of power to the heater.

BRIEF BESCRIPTION OF THE DRAWINGS

(0013} The drawings are provided to illustrate example embodiments described
herein and are not intended to limit the scope of the disclosure. Throughout the drawings,
reference numbers may be re-used to mdicate general correspondence between referenced
elements.

[0014] FIGS. 1A-1C lustrate an example critical-care patient monitoring system
having a patient monitor comprising a base unit and a detachable user mterface unit, the
patient monitor placed i electrical communication with a patient sensor.

001 5] FIGS. 2A-2D itlustrate front, side, and top views of an example base unit
for a patient monitor.

[0016] FIG. 3 illustrates an 1sometric view of an example user interface unit with
the example base unit llustrated 1 FIGS. 2A-2D, together forming a patient monitor.

[0017] FIGS. 4A-4B illustrate partial cut-away views of a base unit having a
wireless communication system comprising an omni-directional antenna.

[6018] FIG. S ilustrates a user interface unit separated from a base umt of a
patient monitor, the units being separated by a barrier.

(6019} FIG. 6A illustrates an example base umit having a plurality of analog

inputs configured to receive analog signals from an external monttoring system.
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(6020} FIG. 6B illustrates the example base unit having a display screen
configured to display one or more hemodynamic parameters, an alarm status, a status of a
user interface unit, or other similar information.

[6021] FIG. 7 illustrates a flow chart of an example method for providing alarms
for a patient monttor that includes a base unit and a detachable user interface unit configured
to display hemodynamic monitoring information provided by the base unit.

6022} FIG. 8 illustrates a flow chart of an example method for controlling a
heater 1n a patient monttor that includes a base unit and a detachable user nterface unit
configured to provide user interface elements to control a heater attached to the base unit.

[6023] FIG. 9 illustrates an example user mterface depicting trend data that 1s
displayed by a user interface unit, such as the user interface unit of FIGS. 1A-1C.

[0024] FiG. 10 illustrates an example user interface depicting a physislogical
schematic 1010 that 1s displayed by a user mterface unit, such as the user interface unit of
FIGS 1A-1C

[0025] FIG. [l illustrates an example user interface depicting a2 hemodynamic
parameter vahie matrix that 1s displayed by 3 user interface unit, such as the user interface
unit of FIGS. 1A-1C.

[0026] FIG. 12 ilustrates an example user interface depicting a bi-variant plot
that 1s displaved by a user interface unit, such as the user interface unit of FIGS. T1A-1C.

(60271 FIG. 13 illustrates an example user interface depicting a Bolus CO graph
that is displayed by a user interface unit, such as the user interface unit of FIGS. 1A-1C.

[0028] FIG. 14 illustrates an example user interface depicting a hemodynamic
calculator that 15 displayed by a user interface unit, such as the user interface unit of FIGS.
1A-1C.

[06029] FIG. 1S5 illustrates a flow chart of an example method for pauring a base
unit with a user interface unit.

[6036] FIGS. 10A-16B8 illustrate another flow chart of an example method for
pairing a base unit with a user interface unit,

[0031] FIGS. 17A-17B lustrate another flow chart of an example method for

pairing a base unit with a user interface unit.
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[6032] FIG. 18 illustrates a sequence diagram depicting a chronological order of
events executed by the base unit and the user interface unit when the user interface unit 1s
connected to the base unit over a wired connection source and attemipts to pair with the base
unit for the fust time.

[0033] FIG. 19 dlustrates a sequence diagram depicting a chronological order of
events executed by the base umit and the user interface unit when the user mterface umit is
connected to the base unit over a wired connection source and attempts to re-pair with the
base unit.

[0034] FIG. 20 illustrates a sequence diagram depicting a chronological order of
events executed by the base unit and the user interface unit when the user interface unit is
connected to the base unit over a wired connection source and 1s a new user interface umit
reconnecting with the base unit.

(6035} FIG. 21 dlustrates a sequence diagram depicting a chronological order of
events executed by the base unit and the user interface unit when the user interface unit is
connected to the base unit over a wired connection source and 15 the same user interface unit
reconnecting with the base umnit.

[0036] FIG. 22 dlustrates a sequence diagram depicting a chronological order of
events executed by the base unit and the user interface unit when the user interface unit is
connected to the base unit over a wireless connection source and attempts to pair with the
base unit for the first time.

[0037] FIG. 23 illustrates a sequence diagram depicting a chronological order of
events executed by the base unit and the user interface unit when the user interface unit s
connected to the base unit over a wireless connection source and attempts to re-pair with the
base unit,

(6038 FIG. 24 dhustrates a sequence diagram depicting a chronological order of
events executed by the base unit and the user mnterface unit when the user mterface umt 1s
connected to the base unit over a wireless connection source and i3 a new user interface unit
reconnecting with the base ynit.

[6039] FI(G. 25 illustrates a sequence diagram depicting a chronological order of

events executed by the base unit and the user interface unit when the user interface unit 1s
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connected to the base unit over a wireless connection source and s the same user interface

unit reconnecting with the base unit.

DETAILED DESCRIPTION
[0040] Various aspects of the disclosure will now be described with regard to
certain examples and embodiments, which are intended to illustrate but not to limit the
disclosure. Nothing in this disclosure 1s mtended to imply that any particelar feature or
charactenistic of the disclosed embodiments 1s essential. The scope of protection of certamn

mventions 1s defined by the claims.

Example Critical-Care Patient Monitoring System

[0041] As ilustrated in the example of FIGS. 1A-1C, in some embodiments, a
critical-care patient monitoring system 100 can include a patient monitor 110, comprising a
base unit 115 and a detachable user interface unit 117, placed in electrical commumication
with a patient sensor 120, such as a cardiac-monitoring sensor and/or a blood parameter
sensor, which in turn 15 placed in fluid communication with a blood vessel of a patient 130,
such as by way of a catheter 150, The patient monitoring system 100 can be configured to
acquire, analyze, and/or display hemodynamic parameters acquired through both invasive
and minimally mvasive methods.

[0042] As a patient’s heart beats, a pressure wave is transmitted through the
patient’s interconnected system of biood vessels (e.g., veins and arteries). The pressure wave
provides information about the patient’s cardiac performance, which can be eclectrically
transmitted from the patient sensor 120 to the patient monitor 110, such as by way of a wired
connection 160 or a wireless connection. The information about the patient’s cardiac
performance can be denived or calculated through a mathematical analysis performed by the
patient monitor 110 (e g., through the base unut 115) of the shape of the pressure wave, the
ways in which the pressure wave changes over time, and/or the like. As shown, the patient
sensor 120 can be positioned on a suitable holding structure [40, such as a pole stand or
other holder, and the patient sensor 120 can be in fluid communication with a liquid source

170,

0.
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[6043] The patient sensor 120, such as a cardiac monttoring sensor, can be
configured to transform mechanical motion into electrical energy, such as a pressure sensor
that produces an electrical signal that changes over time in response to changes in fluid
pressure. The patient sensor 120 can comprise a fhad channel that 13 in comrnunication with
the transducer. The fluid channel can form part of, or be attached to, or otherwise be
positioned 1n fluid communication with, the medical catheter 150 or other tubing or device in
fluid communication with a patient’s vessel. A distal end of the medical catheter can be
mserted into a patient’s blood vessel, in contact with the patient’s blood, in a conventional
manner.

[6044] The medical catheter 150 can contain a cohimn of hiocompatible fluid,
such as sahine and/or blood, that mterfaces with the blood flowing inside of a patient’s blood
vessel {e.g., a vein or an arterv). The column of fluid can be provided by a liquid source 170,
such as an 1V bag, that i1s pressurized or that 1s gravity-fed into the patient sensor 120, which
can be disposed in fluid communication with the patient sensor 120, As the pressure wave
from the patient’s beating heart 1s transmitted through the patient’s blood vessel, the wave 1s
commmuntcated through fluid interaction with the blood mnto the column of fluid inside the
medical catheter 150 at or near the transducer, where the fluid pressure wave can be
converted into a cardiac monttoring electrical signal and transmitted by an electrical wire 160
or wirelessly to the patient monttor 110, The patient monitor 110 can be programmed to
analyze the cardiac monitoring electrical signal to provide physiological information about
the patient, such as cardiac performance information (e.g., pulse rate, blood pressure such as
systolic pressure and/or diastolic pressure, cardiac output, etc. ).

[0045] In addition to, or instead of, providing cardiac performance information, a
blood parameter sensor can be provided with a medical catheter configured to convey
nformation about one or more blood parameters, such as one or more of: a blood gas level
{e.g., oxygen and/or carbon dioxide, etc.), a pH level, a hemoglobin level, a hematocrit level,
a glucose level, a blood temperature, etc. In some embodiments, one or more blood
parameters can be determuned by measuring characteristics of hght waves that are
transmitted mto and/or reflected from the blood or another substance i communication with
the blood, such as through a system of one or more fiber optic hight-transmitting and/or Light-

recerving cables. In some embodiments, one or more blood parameters can be determined by

-10-
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placing one or more sensors in close communication with the blood, such as a teraperature-
sensing thermistor suspended in the blood or positioned near the blood.

[08046] The patient sensor 120, whether a cardiac-monitoring sensor and/or a
blood-parameter sensor, or some other form of patient sensor, can be structured, positioned,
and/or oriented in a variety of different ways. The patient monitoring system 100 can be
configured to switch, for example, from monitoring hemodynamic parameters derived from
data provided by a patient sensor at a pulmonary artery catheter, to monitoring hemodynamic
parameters derived from data provided by a patient sensor in a peripheral venous hne or a
peripheral arterial line. For example, cardiac output of a patient can be measured where an
arterial blood pressure waveform of the patient 15 obtained from a blood pressure monitoring
device over a period of time to determine the pulsatility and heart rate of the patient. The
nommal stroke volume can then be calculated from the pulsatility and the heart rate. In some
embodiments, the hemodynamic parameters derived wvsing minumally nvasive techniques
{e.g., a sensor in a peripheral venous or arterial line), such as the nominal stroke value, can
be calibrated based on the hemodynamic parameters derived using invasive technigues {e.g.,
thermodilution). Advantageously, this can allow the same patient monitor 110 to obtain,
store, and apply calibration factors when switching from monitoring a patient using invasive
techniques to minimally-invasive technigues. This can provide the benefit of the patient
monitor 110 being able to display hemodynamic parameters obtained through mimimally
mvasive techniques that are cahibrated to more accurate measurements obtained using
invasive techniques.

[6047] For example, the patient monitor 110 can be configured to acquire, derive,
and display continuous cardiac output (CCO) and cardiac output derived from pulsatility
data. Using the Stewart-Hamilton equation, the patient monitor 110 can calculate cardiac
output by the use of an intravascular indicator {e.g, saline} injected mto a central or
peripheral vein and measured 0 a peripheral artery using a specialized sensor probe attached
to the pressure line (referred to herein as Iithium dilution). The patient mounitor 110 can use
the cardiac output obtained with hthium dilution to calibrate a nominal stroke volume value
dertved from the arterial blood pressure waveform using a PULSECO algorithm.
Alternatively or 1n addition, the patient momitor 110 can measure cardiac output by

implementing other techniques, such as by implementing the cardiac output measurement

-11-
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techmiques provided in U.S. Pat. No. 6,071,244 to Band et al., and in U.8. Pat. No.6,216,094
to Fox Linton et al., cach of which is incorporated by reference herein in s entivety. The
PULSECO algorithm method is based at least in part on the principles of conservation of
mass and power. The patient monitor 110 can calculate stroke volume from an analysis of
the stroke volume mmduced pulsatile change in the artenial blood pressure waveform. The
PULSECG algorithm transforms the arterial blood pressure waveform from pressure to a
volume equivalent through a compliance and aortic volume correction maneuver. For
example, using a lockup table that maps arterial blood pressure values to artenial volume
values and that 13 stored 1n memory of the patient monitor 110, the patient monitor 110 can
use the arterial blood pressure waveform as the basis for calculating a continuous curve
describing the general form of the arterial volume changes with every cardiac cycle for
which arterial blood pressure is available  The patient monitor 110 can autocorrelate the
volume waveform to derive the beat period (e g. heart rate) and input pulsatile volume
change {e.g., stroke volume). The patient monitor 110 can then determine cardiac output by
multiplying the stroke volume by the heart rate.

[0048] The cardiac output determined by the patient monitor 110 based on the
stroke volume and heart rate may be referred to as a pre-caltbration cardiac output (CO,.).
The patient monitor 110 may use a calibration factor, {, to cahibrate the stroke volume vahies
derived from the autocorrelation of the volume waveform and, therefore, to calibrate the
calculated pre-calibration cardiac output. The calibration factor, C, can be obtained by
entering a known cardiac output, COy, such as a cardiac output obtained through invasive
technmiques {e.g., thermodilution) or lithium ditution. The calibration factor, €| can then be:
C = COYCO,y.. The calibration factor, C, may also be deternuned using a nomograr, which
calculates the calibration factor using, at least in part, the patient’s age, height, gender, and
weight.  The cardiac output displaved by the patient monitor 110, then, can be
CO=C* CO,p..

[0049] In some embodiments, when switching from determuning cardiac output
using invasive patient sensors {e.g, pulmonary artery catheters, central venous oximetry
catheters, etc.} to determining cardiac output using minimally invasive patient sensors {e.g.,
CARDIOFLO™ cardiac output sensors, oximetry catheters, etc.), the patient monitor 110

can use the last measurement or a recent measurement of cardiac output determined using the

-12-
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mvastve patient sensors to calibrate the cardiac output determined using the minimally
mvasive patient sensors.  In some embodiments, the patient momtor 110 can display the
cardiac output determined using the mimimally invasive patient sensors as a trend without
being cahbrated. The display of the uncalibrated trend mformation can continue until
calibration occurs, at which tirme the patient monitor 110 can adjust the display of the cardiac
output to display calibrated cardiac output mformation.  In certain implementations, the
cardiac output measurements derived from munimally invasive patient sensors can be
calibrated manually {e.g., the patient monitor 110 can receive a calibration factor from a user
of the patient monitor 110, such as through the user interface unit 117).

60501 in some embodiments, when switching from invasive to mimimally
mvasive cardiac output monitoring, the patient monitor 110 uses parameters derived from
mvastve cardiac monitoring to calibrate the parameters derived from the minimally invasive
cardiac monitoring. In certain implementations, the patient monitor 110 can update more
frequently (e.g., from beat to beat of the heart, every 10 seconds, etc) one or more of the
parameters dertved using mimmally invasive patient sensors than one or more parameters
derived using invasive patient sensors {e.g., which may be updated about every 2 nunutes).
For example, continuous cardiac output calculated using an mvasive patient sensor can take
about 2 minutes to acquire. This calculated cardiac output, however, can be a calibrated and
accurate measurement of cardiac output. In comparnison, cardiac output calculated using data
from a mimmally invasive patient sensor (e.g., a CARDIOFLO™ cardiac output sensor} can
be updated trom beat to beat of the heart, but is uncalibrated. In some embodiments, before
switching between displaying calibrated and uncalibrated hemodynamic parameters, the
patient monitor 110 can be configured to wait at least a predetermined period of time. In
some embodiments, the predetermined period of time 15 about 2 minutes, at least about 4
minutes, or at least about 6 munutes.

[0051] In some embodiments, the patient monitor 110 can be configured to
operate based on data from invasive patient sensors when an invasive patient sensor is
connected to the patient monitor 110, excluding operations based on data and/or discarding
data from muumally invasive patient sensors until the invasive patient sensor is
disconnected. In some embodiments, the patient monitor 110 can display information

derived from the invasive patient sensor after switching to a mimmally mvasive patient
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sensor until the parameters derived from the mummally 1nvasive patient sensor are cahibrated
and/or after a tatlored period of time {eg., about 2 minutes, about 4 minutes, about 8
minutes, etc.}). This can reduce potentially misleading changes in displayed hemodynamic
parameters when switching between mvasive patient sensors and minimally mvasive patient
sensors. In some embodiments, the patient monitor 110 can be configured to operate based
on data from nvasive patient sensors when the patient monitor 110 15 operating in a mode
that utilizes invasive patient sensors, excluding operations based on data and/or discarding
data from minimally invasive patient sensors until the patient monitor 110 1s operating in a
mode that utilizes minimally mvasive patient sensors.  In some embodiments, the patient
monitor 110 can be configured to display on the user interface unit 117 options for selecting
which monitoring techniques are to be emploved (e g., choosing between measurements
based on 1nvasive or mummally invasive patient sensors).

[0052] The user mnterface unmit 117 can be implemented with or without embedded
processing capabilities and 1s releasably attached to the base unit 115, FEG. 1A illustrates the
patient monitor 110 with the user interface unit 117 docked in the base unit 115, where the
user interface unit 117 1s electrically and mechanically coupled to the base unit 115, FIG. 1B
itlustrates the patient monitor 110 with the user interface unit 117 tethered to the base unit
[15, where the user mterface umt 117 s electrically coupled to the base unit 115 through
tethering cable 119, FIG. 1C dlustrates the patient monitor 110 with the user interface unit
117 separated from the base unit 115, where the user interface unit 117 and the base unit 115
are in communication with one another using wireless communication schemes (e.g., WIFE
BLUETOOTH®, utira-wide band communications, near field communication, WIDI, and/or
other forms of radio frequency communications).

[0053] As illustrated in FIG. 1A, the base unit 115 and the user interface unit 117
are docked together. The user interface unit 117 can be mechanically coupled to the base
urit 115 through mechanical features, such as a latch systern, an electromic connector,
housing contour shaped to hold the user interface unit 117, and the like. The user interface
unit 117 can be electrically coupled to the base uwnit 115 through mating connectors
respectively on the user mnterface unit 117 and the base vnit 115 When docked in the base
unit 115, a connector of the user nterface umt 117 can mate with a connector of the base unit

115 to establish an electrical connection between the units. This electrical connection can be
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used to provide power from the base umt 115 to the user mterface umit 117 {e.g., to power the
user interface unit 117 and/or charge a batterv of the user interface umt 117} and/or to
communicate information between the umits. For example, the base unit 115 can transmit
calculated hemodynamic parameters {e.g., cardiac output {C0), conventional filling
pressures, pulmonary artery pressures, nuxed venous oxygen saturation {(Sv(d), central
venous oxygen saturation (ScvO,), stroke volume (SV), stroke volume variation (S8VV),
pulse pressure variation, continuous cardiac index (CCI), oxygen saturation (80,), stroke
volume index (SVI), systemic vascular resistance index (SVRI), mean arterial pressure
(MAP)}, mean pulmonary artery pressure (MPAP), arterial oxygen saturation (Sp(;), central
venous pressure (CVP), pulmonary artery occlusion pressure {(PAOP), partial pressure of
oxygen in arterial blood (Pa0;), Hemoglobin (Hgb), mixed venous oxygen tension (Py(;),
body surface area (BSA), pulmonary vascular resistance (PVR), pulmonary vascular
resistance index (PVRI), arterial oxygen content {Ca(,), oxygen delivery (D(h), oxygen
delivery index (DO,1), right ventricular stroke work index (RVSWI), left ventricular stroke
work mdex (LVSWI), mixed venous oxygen content {{v(},), oxygen volume (V3;), oxygen
volume mdex (VO.I}, arterio-jugular differences of oxygen {(avD(y), oxygen extraction ratio
{O:ER), oxygen extraction index (O,EI), blood pressure, heart rate, ete.) to the user interface
unit 117 for display through the electrical connection. As another example, the user interface
unit {17 can transmit information {e.g., a user input, user selection, status of the user
mterface unit 117, ete.} to the base umit 115 through the electrical connection,

[0054] As tllustrated in FIG. 1B, the base vt 115 and the user interface ynit 117
are tethered together. As used herein, the base unit 115 and the user interface unit 117 can be
referred to as tethered when the base unit 115 15 electrically coupled to the user mterface unit
117 through a cable 119 that connects the corresponding connectors on the units. In this
configuration, the user interface unit 117 1s not mechanically coupled to the base unit 115 in
the sense that the base umt 115 does not provide mechanical support to the user interface unit
117 to maurtain the umit 11 a fixed or secured posttion. The cable 119 can be configured to
provide the same or sinular functionality that exists when the base unit 115 and the user
interface unit 117 are docked together. For example, the cable 119 can be configured to
provide electrical power to the user interface unit 117 from the base unit 115, Moreover, the

cable 119 can be configured to transmit electrical signals between the unus. In some
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embodunents, when the base unit 115 1s tethered to the user interface unit 117, the user
mtertace unit 117 cannot be docked on the base unit 115 without first removing the cable
119, In this configuration, the user interface unit 117 can be mounted or positioned away
from the base unit 115, but can still be configured to receive power from the base unit 115
rather than relying on battery power. The user imnterface unit 117 can be configured to mount
10 a post, a bed, a pole, or other similar structure, such as structures that are conunon n
hospital rooms or other critical care rooms or areas. Thus, even if the base unit 115 13
positioned somewhere inconvenient, the user mterface unit 117 can be positioned n a
desirable or suttable location for use by health professionals treating a patient.

[0055] As tllustrated in FIG 1C, the base vt 115 and the user mterface ynit 117
are physically separated {&.g., undocked and untethered} from one another. The base unit
115 and the user mterface unit 117 can be configured to communicate wirelessly with one
another using any number of suitable wireless communication protocols, as described herein
When the user interface unit 117 15 not docked or tethered to the base unit 115, the user
interface unit 117 can be powered by a battery. In some embodiments, the user interface unit
117 mcludes an electrical connection configured to receive power from a power cord or the
like to provide external power to the unit. As described herein, a user interface unit 117 can
be configured to wirelessly pair with multiple base uniis 115, In this way, if a user interface
unit 117 gets damaged or otherwise fails to function properly, a new user imterface umt 117
can be provided to maintain the ability to monitor the hemodynamic properties calculated
and provided by the base urut 115,

[8056] The patient monitor 110 of the critical-care patient momtoring system 100
can comprise a computer processor housed in the base unit 115, memory housed in the base
unit 115 that stores hemodynamic parameters determined for a current patient and one or
more {e.g., 3, 4, 5, etc.} previous patients, wherein the base unit 115 can be configured to
determine one or more hemodynamic parameters based at least in part on mformation
obtained from the patient sensor 120, a user interface umit 117 configured to display
physiological information about the patient (including one or any combination of any of the
physiological nformation that the base unit 115 is configured to determine), a power source
{such as a battery or a power cord), and one or more electrical eonnectors, 270, 240

configured to establish an electrical connection with the patient sensor 120, such as by way
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of an attachment with one or more electrical connectors 240 that form part of the patient
sensor 120, The base unit 115 of the patient monitor 110 can be configured to receive one or
more patient-information electrical signals that convey mnformation about a patient’s
physiological conditions. The user interface wait 117 15 detachable from the base unit 115,
The base unit 115 mcludes the one or more processors and other electrical curcuntry used n
processing the signals to determine the mowtored hemodynamic parameters. In certain
implementations, the user interface unit 117 does not calculate any of the monitored
hemodynamic parameters that it displays.

[6057] In some healthcare settings, the distance between the transducer portion of
the patient sensor 120 and the patient monitor 110 can be significant, such as when the
transducer is positioned on a pole stand 140 or in some other location relatively close to the
entry pomt of the medical catheter mto the patient’s body (such as into the patient’s arm 130
or some other location) and the patient monitor 110 5 located on a stand 1n a hospital room
several feet away from the entry point. A fluid catheter 145 attached to the patient can be
connected to the fluid ine 150 from the sensor 120 by way of a pair of fluid connectors, such
as corresponding male and female fluid connectors 155, 175, The detachable user interface
unit 117 can advantageously allow the user interface unit 117 to be mounted at a convenient
tocation for hospital personnel, such as when the position of the base unit 115 1s dictated or
mfluenced by the patient sensor 120, geometry of the patient’s room, access to power cords,
or the like This allows the healthcare professional to mount the user mterface umt 117
somewhere more convenient or to leave the user interface unit 117 detached and unmounted
{e.g., portable).

[0058] In some embodiments, the electrical connection with the patient sensor
120 1s achieved by attaching an electrical connection portion 240 of the patient sensor 120 to
a proximal electrical connection portion of the non-disposable cable, and then attaching a
distal commection portion of the non-disposable cable 270 to an electrical connection portion
of the computer monitor.

[8059] The electrical mformation can be conveyed m some embodiments
wirelessly, such as by way of an electromagnetic short-range signal, such as over a Wi-Fi
network or by way of a BLUETOOTH or ZigBee signal, or by some other wireless protocol

that 1s acceptable or utilized in a healthcare setting. Any description or illustration in this
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specification of an electrical wire 160, 250, or electrical connection 240 can be accomplished
n a wireless manner and such descriptions or ilustrations of wires or electrical connections

should be understood to also refer to and encompass wireless connections.

Example Base Unit of a Patient Monitor

[0060] FIGS. 2A-2D illustrate front, side, and top views of an example base unit
315 for a patient monitor, such as the patient monitor 110 described herein with reference to
FIGS. 1A to 1C. The example base unit 315 mcludes a housing 301 generally enclosing
electronic components configured to carry out the processes of the base unit 315, including
but not limited to, receiving patient sensor electronic information, processing the received
information to derive hemodynamic parameters, determining alarms based on the derived
parameters, displaying information, and the hike. The housmg 301 of the base unit 315 forms
a docking base 302 configured to support a rear portion of a user interface unit 117 when
docked. The docking base 302 includes a docking connector 303 configured to electrically
and mechamcally couple to a mating connector on a rear portion of the user interface unit
117. The housing 301 of the base unit 315 forms a front plate 304 configured to support a
rear portion of a user interface unit 117 when docked on the base unit 315,

[6061] The base umt 315 includes a latch 306 configured to secure the user
interface umt 117 in place when docked on the base umt 315 The latch 306 can be
configured to be actuated to alternately secure and release the user interface umit 117. When
docked with the base unit 315, the latch 306 can be configured to sufficiently secure the user
interface unit 117 to the base unit 315 so that a user can move the base unit 315 without
having to independently secure or hold the user interface unit 117 against the base unit 315,
In some embodiments, the latch 306 is configured to sufficiently secure the user interface
unit 117 against the base unit 315 so that the units can be treated as a umitary patient monitor.
For ease of handling, a handle 312 can be provided on the base unit 315, The handle 312 can
be stowed i a first position so as to be substantially aligned with a top portion of the housing
301, and can be raised in a second position, raising above the top portion of the housing 301,
to facilitate carrying and moving the base unit 315, The handle 312 can be configured to
allow a user to carry the base unit 315 with one hand while the user interface unit 117 13

docked on the base unit 318.
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[6062] The docking base 302 can be eonfigured to be generally tilted with respect
to horizontal so that higuid tends to run off the docking base 302 rather than pooling. In
addition, in some embodiments, the docking base 302 can generally slope from the exterior
edges towards a central or mid-pomnt so that liquids generally tend to run towards the mud-
point and flow off of the docking base 302. For example, when the user interface unit 117 is
docked on the base unit 315, the connectors of the units can mate and any liquid can run off
the docking base 302 rather than pooling around and/or damaging the connector 303 or the

electrical contacts of the connector 303 or the connector on the user interface umit 117,

Example Base Unit and User Interface Unit of a Patient Monitor

[6063] FIG. 3 sllustrates an isometrie view of an example user interface umit 317
with the example base unut 315 ilustrated in FIGS. 2A-2D, together forming a patient
monitor 310. The patient monitor 310 can be similar to the patient monitor 110 described
herein with reference to FIGS. 1A to 1C. The example user mierface umt 317 can include a
display 319 for displayving hemodynamie parameter values and/or trends.  Information
displayed by the display 319 1s discussed n greater detail below with respect to FIGS. 9-14.
The display 319 can comprise a touchscreen configured to recetve mput from a user through
contact with the touchscreen. The display 319 can be configured to display user interface
features with which the user can interact to control the patient monitor 310, The user
mterface unit 317 can include one or more physical user interface elements 321 configured to
atlow user input from sources other than the display 319 {e.g., the touchscreen).

[06064] The user mterface unit 317 can mclude 3 connector 323 configured to
mate with the connector 303 on the base unit 315 when the user interface unit 317 1s seated
against the docking base 302. The connector 323 and connector 303 can be configured to
mate together in one configuration so that the display 319 of the user mterface unit 317 faces
outward, away from the front plate 304 of the base unit 315 In some embodiments, the
housing 301 of the base unit 315 includes one or more features that prevents the user
mterface umt 317 from being docked on the base unit 315 so that the display 319 faces the
face portion 304 of the base unit 315, In some embodiments, the user mterface umt 317
mcludes one or more features that prevents the user mterface unit 317 from being docked on

the base unit 315 so that the display 319 faces the face portion 304 of the base unit 315
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[6065] The connector 323 of the user interface unit 317 and the connector 303 of
the base unit 315 can be configured to be electrically coupled using a cable that connects to
both of the connectors. This configuration can be referred to as tethered, or the user interface
urit 317 13 tethered to the base unit 315 when the connectors are coupled using a cabled
connection.  When tethered, the configuration of the connectors can be such that the user
interface unit 317 cannot be docked on the base unit 315 when tethered. For example, to
dock the user interface unit 317 to the base unit 315 after being tethered, the cable coupling
the connectors should be removed to allow the user mnterface unmit 317 to seat correctly m the

docking hase 302 so that the connectors mate.

Example Wireless Communication System of a Base Unit

[08066] FIGS. 4A-4B ilustrate partial cut-away views of a base unit 415 having a
wireless communication system 421 comprising an omni-directional antenna 420. FIG 4A
itiustrates a back view of the base unit 415 with a portion of the housing 401 removed to
reveal internal components of the base unit 415, Positioned within the housmg 401 can be a
wireless communication system 421 A ground plane and/or RF reflector 423 can be
positioned within the housing 401, wherein the ground plane and/or RF reflector 423 can be
a piece of metal positioned on a back side of the housing 401. The ground plane 423 can be
configured to provide electromagnetic shielding to components within the housing 401,
protecting them from potential sources of electromagnetic interference from outside sources.
Simlarly, the ground plane 423 can be configured to reduce electromagnetic interference
produced by the components of the base unit 415 within the housing 401,

0067} The wireless communication system 421 can include an ommi-directional
antenna 420 configured to send and receive wireless communication from the user interface
unit, for example. In certain wmplementations, the antenna 420 can 1nteract with the ground
plane 423 to provide a directional wireless signal. For example, the ground plane 423 can act
to reduce electromagnetic waves produced by the antenna 420 that exit the housing 401 out
of the rear of the housmg 401, Sinmularly, the ground plane 423 can effectively act as an
electromagnetic reflector for the antenna 420, redirecting radiated energy m a forward
direction relative to the base unit 415, This can allow the effective radiation patiern of the

antenna 420 to appear to be directional even though the antenna 420 is omni-directional.
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This can advantageously mcrease wireless range forward of the base unit 415, potentially
allowing the user interface unit 317 to be used from farther away than f there were no
ground plane configured to increase forward projection of radio frequency energy emitted by
the antenna 420, This can also be advantageous because it 1s generally more likely that the
user nterface unit 317 15 to be used while the user nterface unit 317 s tn front of the base
urut 415 rather than when the user mnterface unit 317 is behind the base unit 415,
[6068] In some embodiments, the design of the wireless communication system
421 and/or antenna 420 15 configured to transfer energy to the housing 401 so the housing
401 acts as a transmitier or acts to enhance the transmission and reception capabilities of the
antenna 420. This may occur due at least in part to the proximity of the antenna 420 to the
housing 401, the housing including one or more elecirically conducting plates. In this way,
the housing 401 can act to enhance the way radio frequency energy 1s radiated by effeetively
reflecting the RF signal produced by the antenna 420, In some embodiments, the antenna
20 1s a stamped metal antenna having a ground plane on a printed circuit board. The
housing 401 of the base umt 415 can at least partially be a metal housmg. The metal
housing, in some implementations, can increase the effective size of the ground plane which
thereby increases the reflective properties of the housing 401 and antenna 420, thereby

increasing radiation strength.

Using a Detachable User Interface Unit Separated from a Base Unit

[6069] FIG. 5 illustrates a user interface unit 517 separated from a base unit 515
of a patient monitor S10, the units being separated by a barrier 530, such as a wall or other
obstruction. In the dlustrated scenario “A,” the wireless signal from the user interface unit
517 1s sufficient to travel through the barrier 530 to the base unit 515 In the ilustrated
scenario “B,” the wireless signal from the user interface unit 517 15 reflected and/or
attenuated by the barrrer 530 such that the wireless signal does not reach the base umt 515
When the wireless signal does not reach the base unit S15, such as for a tailored length of
time, the base unit 515 can be configured to signal a loss of signal on the base unit 515 itself.
For example, audible alarms or alerts can sound indicating that the base unit 515 does not
detect a compatible user nterface unmit 5317 As another example, a display on the base unit

515 can be used to indicate that the user interface unit 5317 15 out of range.
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[607¢] In some embodiments, the base unit 515 can use the strength or presence
of the wireless signal from the user interface unit 517 as a proxy for a proximity sensor. For
example, when the base unit 515 detects a wireless signal from the user interface unit 517,
the base unit S15 can indicate that a compatible or suitable user mterface umit 517 1s
sufficiently close to the base unit 515 to function properly or adequately.

(0071} In some embodiments, when the base unit 515 determines that the user
mterface unit 517 15 too far from the base unit 515 (e.g., because no wireless signal is
detected or a wireless signal below a threshold strength is detected), one or more alarms can
be provided at the base unit 515 In addition, in such circumstances, specialized control
functions can be mplemented to increase safety of the patient. Examples of processes or
methods related to the relative positions of the base unit 515 and the user interface umit 517

are described in greater detail herein with reference to FIGS. 7 and 8.

Example Features of a Base Unit

[6072] FIG. 6A illustrates an example base unit 615 having a plurality of analog
mputs 626 configured to receive analog signals from one or more external monitoring
systems, the analog signals corresponding to measured parameters. The base umt 615 can be
configured to automatically scale and display the received signals for display on a user
mterface umt S17. The base unit 615 can include a number of connectors 625 for receiving
patient sensor electrical information directly from one or more patient sensors, such as pulse
oximeters, thermodilution sensors, pressure sensors, and the like. The base unit 615 can also
mclude eonnectors 627 for eonnecting to one or more peripheral devices, to connect to
communications networks, and/or to connect diagnostic or test devices {e.g., USB sticks). In
some embodiments, the base unit 615 mcludes a network connection for connecting to an
internal hospital network to relay and/or retrieve mformation from one or more databases
related to the patient being monitored.

6073} The analog signal inputs 626 can be configured to receive an analog signal
from one or more external monttormg systems. The base umit 615 can be configured to
receive the analog signals for conversion into an appropriate parameter for display. For
example, an external monitor system can be configured to measure end-systolic volume in

mb. The external monitor system can include an analog output that outputs an analog
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voltage signal correlated to the measured end-systohic volume. When couphing the analog
output from the external monitor system to the base unit 615, the base unit 615 can be
configured to expect a max voltage signal corresponding to a maximum voltage that may be
put out by the external monitor umt. A user can use the user interface umt 517 to wput a
maximom measured value {e.g., 150 mL for the end-systohic volume} corresponding to the
maximum voltage sent by the external monitor system. The base unit 615 can use this
information to subsequently scale the received analog voltage to map it to an appropriate
value for the measured parameter, as measured by the external monitoring system. As a
particular example, if the user inputs that the maximum measured value 18 150 ml, and the
external monitor sent a 10 V signal 1o indicate the maximum output voltage corresponding to
the maximum measured voltage, the base unit 615 can be configured to multiply the received
analog voltage by 15 mL/V to convert the analog signal into the appropriate measured value
for display. This can allow the base unit 615 to incorporate measurements from external
systems for display on the user interface unit 517, In some embodiments, the base unit 615
can include 2 analog mnputs, 2 or more analog mputs, 3 or more analog inputs, 4 or more
analog tnputs, S or more analog wputs, or & or more analog puts. In some embodiments,
the base unit 615 can be configured to receive both a high signal and a low signal to indicate
the upper and lower bounds of potential signals on the analog signal mmputs 625

[6074] In some embodiments, the base unit 615 can be configured to read a
sufficiently large dynamic range of nput voltages at the analog signal inputs 626 so that an
expected voltage range does not need to be entered into the base unit 615, Rather, the base
unit 615 can be configured to receive input indicating a largest {and smallest) expected
measured value and that value can be correlated with analog input signal(s) received from an
external monitor system, wherein the received analog signal(s) corresponds to a maximum
{(mimmum} analog voltage corresponding to the largest (smallest} expected measured value.

[6075] In some embodiments, not shown, the base unit 615 includes one or more
digital inputs and/or one or more serial mputs in place of the one or more analog inputs 626
or in addition to the one or more analog inputs 626. The base unit 615 may prioritize data
sources if more than one sensor is coupled to the base unit 615, For example, if a cardiac

output sensor {e.g., a CARDIOFLO™ sensor) 1s coupled to the base umt 615, a second

sensor 1s coupled to an analog input, and/or a third sensor 1s coupled to a digital mput, the
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base unit 615 may process data received via the cardiae output sensor first, process data
recetved via the analog input 626 second, and process data received via the digual mput
third. In some embodiments, the base unit 615 ignores or discards data recetved via the
analog mput 626 and the digital input while data continues to be received from the cardiac
output sensor. If an error oecurs and/or data 13 no longer received from the cardiac output
sensor {e.g., the cardiac output sensor malfunctions or 1s disconnected), then the base unut
615 may begin to process data received via the analog nput 626 and ignore or discard data
received via the digital input. I an error occurs and/or data 1s no longer received from the
cardiac output sensor and the analog input 626 (e.g., the cardiac output sensor and/or the
sensor coupled to the analog mnput 626 malfunction or are disconnected), then the base unit
615 may begin to process data received via the digital input.  As another example, if a
thermal coil cable {(e.g., to perform thermodilution} and a cardiae output sensor are both
coupled to the base unit 615, the base unit 615 may cause the user interface unit 517 to
display a user interface requesting a practitioner to select either the PA catheter cables or the
cardiac output sensor cable for use in determming the hemodynamic parameter values. Thus,
m some embodiments, the base unit 615 can allow the user to elect fully or mumumally
mvasive measurements. Once elected, the base unit 615 may further require the unelected
input to be disconnected from the base unit 615 (e.g., via a prompt presented on the user
interface unit 517).

[6076] FIG. 6B ilustrates the example base unit 615 having a display screen 605
configured to display one or more hemodynamic parameters, an alarm status, a status of a
user nterface umit 517, or other similar information. The display screen 605 can be
configured to display mformation at least in part as a redundant display systern m case a
corresponding user nterface unit 317 breaks, is lost, or otherwise fails to operate properly.
The display screen 605 can be configured to be flush with the housing 601 and integrated
with 1t. The display screen 605 can be a non-touchscreen display. In some embodiments, the
display sereen 603 15 configured to display a single measured value, multiple measured
values, alarm statuses, connection states, wireless communication states, or the like.

16077} In some embodiments, when the base unit 615 loses a wireless connection
with the user mnterface unit 517, the display screen 605 of the base unit 615 can be activated

and/or configured to display this information. In some embodiments, such as where the user
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mterface unit 517 1s separated and no longer i wireless communication with the base unit
613, the display screen 605 can be configured to display alarm statuses or current alarms.
This can be advantageous where a user interface unit 517 1s musplaced, broken, or otherwise
unavailable so that the healthcare professionals can sufficiently monitor the patient.

[6078] The display screen 605 of the base unit 615 can be configured to indicate a
state of a heater used in patient monitoring (e.g., power state, power level, etc.}. The display
screen 605 can be configured to indicate a connection state between the base unit 615 and the
user mterface unit 517, The display screen 605 can be configured to provide a reduced or

mnimal display for selected, predetermined, and/or critical hemodynamic parameters,

Example Method for Providing Alarms in a Patient Monitor with a Detachable Display

[6079] FIG. 7 illustrates a flow chart of an example method 700 for providing
alarms for a patient monitor that includes a base unit and a detachable user interface unit
configured to display hemodynamic monitormg information provided by the base unit. The
method 700 can be performed to decide which unmit of a patient mowntoring system to signal
an alarm to ensure patient safety and to provide potentially urgent or critical information to
appropriate personnel. For example, if the user interface unit becomes separated from the
base unit to the point that wireless communications are no longer established between the
two units, the base unit can be configured to mndicate an alarm eondition without the user
mterface unut. If) on the other hand, the user mnterface unit is in communication with the base
unit, either wirelessly or wired (e.g., tethered or docked with the base unit}, the base unit can
be coufigured to send any alarms to the user interface umt for display.  This can
advantageously coordinate alarms so that they are signaled on only one unit rather than on
both units. In some embodiments of the patient monitors disclosed herein, however, alarms
can be configured to be provided on both the base unit and the user interface unit.

[608¢] In block 703, the base unit monitors incoming patient sensor electrical
mnformation for potential alarm conditions. The base umit can also monttor other
communication channels, such as a network channel, or analog signal channels, to determine
if an alarm, warning, or other alert 1s to be provided on the patient monitor. For example, the
base unit can be configured to calculate one or more hemodynamic parameters from the

received information (e.g., from patient sensors and/or external monitor systems). The
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determuned values can be compared to alarm conditions set on the base unit, where the alarm
conditions can be automatically calculated, set, or determined and/or manually set.

[0081] In block 710, the base unit monitors a wireless signal from the user
mterface unit. The base unit can be configured to determine whether the user mterface unit
15 still in communication with the base unit. For example, the base unit can send a request
for acknowledgement to the user interface unit. If no reply is received within a tailored
period of time, then the base unit decides that the user interface is not in commumication with
the base umit. Other methods of determiming wireless connection can be used as well. For
example, the user interface unit can be configured to periodically ping the base unit, and if
the base unit determines that it has missed one or more pings from the user interface unit,
then the base unit can decide that the user interface is not m communication with the base
urnt.

[0082] in block 715, the base unit determines whether an alarm condition exists.
An alarm condition exists, for example, if one or more determined hemodynamic parameters,
or a combination of parameters, triggers a sclected, predetermmed, or tardored alarm
conditton. An alarm condition may also exist where a peripheral device signals an alarm to
the patient monitor. An alarm condition may also exist where a hospital communication
network nitiates an alarm condition through a network connection with the base unit. If no
alarm condition exists, then the base unit ecan return to block 705 to monttor alarm
conditions. If an alarm condition exists, then the base unit can proceed to block 720 to
determine whether a wireless signal exists between the base unit and the user interface
module.

[0083] If wireless communications are established and continuing between the
base unit and the user interface unit as determined m block 720, then the base unit proceeds
to block 730 where the base unit sends the alarm condition(s) to the user mterface umt for
display. If no wireless comamunications are currently established, then the base unit proceeds
to block 725 to display and/or sound an alarm. For example, the base unit can include a
speaker and/or a display or hights to mdicate audibly and/or visually that an alarm condition
has occurred. In this way, the patient monitor system can be configured to preferably alarm
on the user interface unit and to fall back to the base unit where the user interface unit is out

of communication with the base unit. This redundancy can ensure that alarms are signaled
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when they occur, regardless of whether the user interface unit 15 present m the room, on, or
functioning. This can also reduce alarm fatigue, which may occur where users hear multiple
alarms and/or frequent alarms to the point where the user begins to ignore the alarms.

[6084] In some embodmments, the base umit can be configured to track one or
more alarms when the user interface unit 158 disconnected. Upon re-establishing a connection,

the base unii can send the one or more alarms to the user interface unit.

Example Method for Controlling a Heater in a Patient Monitor with a Detachable Display

[0085] FIG. 8 illustrates a flow chart of an example method 800 for controlling a
heater in a patient monitor that includes a base unit and a detachable user interface unit
configured to provide user mterface elements to control a heater attached to the base umt.
The hase unit can be configured to control the heater for use, for example, in thermodilution
measurements in a patient. It may be desirable, then, to be able to control the heater so as to
not cause pain or damage to the patient. In general, the user interface unit is configured to be
a command center for the base unit, where the user mterface unit 1s used to provide
commmands to the base unit to control the heater, for example. If the base unit loses contact
with the user interface unit, it can be advantageous to default to a safe condition for the
heater to avoid or prevent the heater from causing harm to the patient by, for example,
providing too much heat energy in the patient.

[0086] In block 805, the patient monitor sets the heater to a low power setting,
For example, the low power setting can be less than or equal to about 150 mW, less than or
equal to about 200 mW less than or equal to about 300 mW, or less than or equal to about
S00 mW. Thus low power can be chimcally safe to the patient even if the heater were to
remain at this power for an extended period of time.

[6087] In block B10, the base unit monitors a wireless signal from the user
mterface unit. The base unit can be configured to determine whether the user interface unut
is still in communication with the base umt. For example, the base unit can send a request
for acknowledgement to the user interface unit.  If no reply 1s received within a tarlored
period of time, then the base unit decides that the user interface 1s not in communication with
the base unit. Other methods of determining wireless connection can be used as well. For

example, the user mterface unit can be configured to periodically ping the base umit, and if
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the base umt determmes that 1t has missed one or more pmgs from the user interface unit,
then the base unit can decide that the user interface is not in communication with the base
unit.

[0088] In block 815, the base unit monitors a timer to deternmune the amount of
time that the heater has been in a particular state {e.g., at a particular power level) and/or to
determine the amount of time since the last wireless communication with the user interface
unit.

[0608%] If wireless communications are established and continuing between the
base unit and the user interface unit as deternuned 1n block 820, then the base unit proceeds
to block 825 to control the heater. To control the heater, the base unit can command the
heater to turn on to a high setting (e.g., about 12 W) for a period of time {e.g., about 20 s}
followed by turning the heater to a low setting {e.g., about 150 mW) for the same period of
time {e.g., about 20s). The amount of tumes that the heater 1s in the high setting and/or the
low setting can vary and can be varied during operation to achieve targeted goals. For
example, the high setting can comprise providing at least about 8 W of power to the heater, at
least about 7.5 W of power to the heater, at least about 10 W of power to the heater, at least
about 12 W of power to the heater, or at least about 15 W of power to the heater. The low
power setting time can be different from the high power setting. The low power setting or
the high power setting can be applied for at least about 10 5, at least about 15 s, at least about
20 s, at least about 30 s, or at least about 60 s.

[6090] If wireless communications have been determined to be down for longer
than a threshold period of time, as deterrmined m block 820, then the base unit proceeds to
block 830 to set the heater to a low setting to reduce the chances of mjury to the patient. In
addition, the patient monitor can be configured to mark or label data acguired during this
period as faulty or bad data. For example, the displayved trends or values on the user
mterface unit can be displayed with an asterisk, with a particular color, or the like to show
that the data i1s unrehable and/or that there may be a problem with the communication
between the user interface unit and the base unit. In some embodiments, the threshold period
of time 1s at least about 40 s, at least about 60 5, at least about 80 s, at least about 100 ¢, at
least about 120 5, or at least about 140 5. In some embodiments, the threshold period of time

is at least about 40s and/or less than about 140s. In some embodiments, if wireless
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communications have not been reestabhished before the timer indicates the threshold period
of timne has run, then the heater 15 set to low. If, however, wireless communications are re-

established, then the heater can continue to be controlled in the same manner as before.

Example User Interfaces Displaved by the User Interface Unit

[0091] When the patient monitor 110 1s mitiahized, the user mterface unit 117
may display a user interface or screen requesting a practitioner or user to dentify {eg., via a
touch screen mput) whether a new patient 15 being monitored by the patient monitor 110,
whether a previously entered patient {(e.g, a current patient) 1s being momtored by the patient
monitor 110, or whether a patient 1s being transferred to another area of a hospital (e.g., from
an operating room to an intensive care unit). If the practitioner identifies that a current
patient 1s bemg monitored, then the base unit 115 resumes monttoring the patient. If the
practitioner wentifies that a patient is being transferred, then the base unit 115 may transfer
mformation assoctated with the patient to another base unit 115 {e.g., a base unit located in
the area where the patient is being transferred) via a wired and/or wireless network.
Otherwise, if the practitioner identifies that the patient 1s new, then the user interface unit
117 may display a user interface that allows the practitioner to input via a touch screen or
external input device {(£.g., @ mouse, a keyboard, a stylus, etc) patient information {e.g.,
patient 1D, gender, height, weight, age, hemodynamic parameter values, ete.).

[0092] Once the patient information is entered or the current patient option is
selected, the user interface umt 117 can display a main menu from which one of several user
mterfaces can be accessed.  For example, the user mterfaces can mclude various
hemodynamic parameter monitoring user interfaces, an arterial waveform setup and
calibration user mterface, an oximetry calibration user interface, a hemodynamic calculator
user interface, and/or a system configuration user mterface. The main menu user interface
displayed by the user mterface unit 117 allows a practitioner to view entered patient
mformation; perform a pre-insertion calibration, light intensity bhaseline, and/or in vivo
calibration of a light intensity signal received from a cable; enter lab results; inspect, zero,
and/or calibrate an arterial blood pressure waveform; mark events on a trend plot of
hemodynamic parameter values; export hemodynamic parameter values stored 1 memory of

the base unit 115 (e g., hemodynamic parameter values for a current patient and/or one or
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more previous patients) via a wireless connection, a base unit 115 port {e.g., a universal
serial bus (USB) port), and/or the like; and/or configure the patient monttor 110,

[8093] FI(G. 9 illustrates an example user interface 900 depicting trend data that s
displayed by a user interface unit, such as the user interface umt 117 of FIGS. 1A-1C. The
user interface 900 may be generated by the user interface unit 117 and be populated with data
determined by the base unit 115 As tllustrated in FIG. 9, the user interface 900 displays

o P1,

=

numerical values and historical trends for one or more hemodynamic parameters (e.
P2, P3, and P4). Whule the user interface 900 displays numerical values and historical trends
for four hemodynamic parameters, this is not meant to be hmiting. The user interface 900
may display numerical values, historical trends, or both numerical values and historical
trends for any number of hemodynamic parameters {e.g., 1,2, 3,4, 5, 6, 7, etc.).

[06094] One or more of the hemodynamic parameters may be associated with a
symbol or shape and/or a specific color. For example, hemodynamic parameter Pl is
associated with a circle, hemodynamic parameter P2 15 associated with a square,
hemodynamic parameter P3 15 associated with a triangle, hemodynamic parameter P4 1s
associated with an upside-down triangle, and each of the hemodynamic parameters P1-P4 13
assoctated with a different color. Given that graph 910 depicted in the user interface 900
displays the historical trends for each of the hemodynamic parameters P1-P4, the symbols
and/or colors can be used to differentiate between the different lustorical trends {e.g., the
historical trend line can be a color associated with the appropriate hemodynamic parameter
and/or the historical trend line can be shaded a color associated with the appropriate
hemodynamic parameter).

[0095] In an embodiment, the historical trend for a hemodynamic parameter can
be temporarily hidden from the user interface 900 via a selection {e.g, a touch screen
selection} of the v-axis of the respeetive hemodynamic parameter. For example, if the
practitioner would like to hide tustorical trend 920, which corresponds with hemodynamic
parameter P3, the practitioner can select the y-axis corresponding to hemodynamic parameter

i)

(%

[06096] The user miterface 900 may also numenically indicate upper and/or lower
limits for one or more of the hemodynamic parameters P1-P4.  If the value of a

hemodynamic parameter P1-P4 falls below a lower hmit or exceeds an upper himut, then the
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base urut 115 may generate an alarm for display in the user mterface 300 and/or for output
via a speaker. For example, the upper limit for hemodynamic parameter P4 15 1200 and the
lower limit for hemodynamic parameter P4 1s 800 as shown in box 930, As depicted in FIG.
9, a current value of the hemodynamic parameter P4 is 1300 and thus the hemodynamic
parameter P4 exceeds the upper imit. Accordingly, the user interface 900 displays an alarm
940 mdicating that the hemodynamic parameter P4 has exceeded the upper hint,

[6097] Within the graph 910, a practitioner can pan or scroll through various
hemodynamic parameter P1-P4 values. For example, the practitioner can select a pan or
scroll mode. Selection of the pan or scroll mode may cause a moveable vertical marker to
appear in the graph 910. Thus, the vertical marker may correspond with various times
depending on the location of the vertical marker.  The value for one or more of the
hemodynamic parameters P1-P4 that correspond to the time at which the vertical marker 1s
located may be displaved in the graph 910, As the practutioner adjusts the location of the
vertical marker {(e.g, as the practitioner moves the vertical marker left or right), the
hemodynamic parameter P1-P4 values may update accordingly.

[0098] Optionally, the user interface unit 117 displays a user interface that
provides a practitioner with an option to pause or resume hemodynamic parameter
monitoring.  Pausing hemodynamic parameter monttoring may cause the user interface unit
117 to stop displayimg hemodynamic parameter values and/or may cause the base umit 115 to
stop generating alarms or notifications.

[6099] In further embodiments, the practitioner can adjust the time scale in the
user terface 900 {e.g., the seale of the x-axis of the graph 910} by selecting the x-axis.
Adjusting the time scale causes the graph 910 to display additional historical hemodynamic
parameter vahlugs (e.g., if the time scale is increased) or fewer historical hemodynamic
parameter values {e.g., if the time scale 15 decreased).

[0100] Optionally, the practitioner can add events to the graph 910, For example,
the user interface unit 117 can generate and display a screen that allows the practitioner to
select an event and a time that the event oecurred.  Events can include blood gas, drug
uitration, electrosurgical procedure, fluid challenge, miscellaneous, nursing maneuver,
respirator/ventilator change, suction, x-ray/radiclogy, and/or the like. An event can be

displayed as a vertical line or other symbol in the graph 910 at a time that the event cccurred.
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The vertical line or symbol may be marked with another symbol or character that rdentifies
the type of event that occurred at the time.

[0101] FIG. 10 dllustrates an example user mterface 1000 depicting a
physiological schematic 1010 that is displayed by a user mterface unit, such as the user
mterface unit 117 of FIGS. 1A-1C. The user interface 1000 may be generated by the user
mterface unit 117 and be populated with data determined by the base unit 115, As illustrated
in FIG. 10, the physiological schematic 1010 13 of the circulatory loop. However, this is not
meant to be lmuting. The physiological schematic 1010 may be at least a portion of any
physiological system in the human body.

6162} One or more hemodynamic parameters may be indicated at vartous
locations within the physiological schematie 1010, For example, the mdicated hemodynamic
parameters can include stroke volume varation (SVV), SV, heart rate (HR), CCO, mean
arterial pressure (MAP), systemic vascular resistance (§VR), central venous pressure ({CVP),
end-diastolic volume (EDV), right ventricular ejection fraction (RVEF), mixed venous
oxygen saturation (Sv(), and/or other such parameters. Hemodynamie parameters for
which bive values are available can be lightly shaded {e.g., SVV, 8V, HR, CCO, MAP, and
SVR) and hemodynamic parameters for which no live values are available can be darkly
shaded {e.g., CVP, EDV, RVEF, and S¢(,).

[6103] As described above with respect to FIGS. 7 and 8, the base unit 115 and/or
the user interface unit 117 can periodically communicate with each other to determine
whether a connection between the two units 1s still active. If, for example, the user interface
unit 117 18 not able to communicate with the base unit 115, the user interface vnit 117 can
generate and display a notification 1040 in the user interface 1000 indicating that the user
interface umit 117 cannot connect to the base unit 115,

[0104] FIG. 11 dlustrates an example user mterface 1100 depicting a
hemodynamuic parameter value matrix 1110 that i1s displaved by a user interface unit, such as
the user inierface unit 117 of FIGS. 1A-1C. As tllustrated 11 FIG. 11, the user interface 1100
displays numerical hemodynamic parameter values for one or more hemodynamic
parameters over a period of time n the hemodynamic parameter value matrnix 1110, While
the hemodynamic parameter value matrix 1110 includes hemodynamic parameter values for

hemodynamic parameters P1-P4, this is not meant to be himiting. The hemodynamic
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parameter value matrix 1100 can mclude hemodynamic parameter values for any number of
hemodynamic parameters over any length of time.

[6105] Below the hemodynamic parameter value matrix 1110 are bars 1120-1126
that indicate the signal quality of the wirgless or wired connection between the base unit 115
and the user mterface unit 117 over the period of time identified in the hemodynamic
parameter value matrix 1110, For example, the length of the darkly shaded bar in the bars
1120-1126 indicates the signal quality level.

[0196] In an embodiment, the base umit 115 may determine one or more
hemodynamic parameter values in time intervals shorter than the time intervals between
entries in the hemodynamic value matrix 1110, For example, the base unit 115 may
determine values for hemodynamic parameter Pl every second. The hemodynamic
parameter value matrix 1110, however, displays a value for hemodynamic parameter Pl
every 10 seconds. Thus, the base unit 115 can aggregate the determined values that fall
within each time interval of the hemodynamic parameter value matrix 1110 (e g., determine
an average the 10 values that fall within each 10 second time interval, deternune a medium of
the 10 values that fall within each 10 second time interval, determine a mode of the 10 values
that fall within each 10 second time interval, etc.} and transmit the aggregate value to the
user interface unit 117 for display in the hemodynamic parameter value matrix 1110,

[6197] FIG. 12 illustrates an example user interface 1200 depicting a bi-variant
plot 1210 that s displayed by a user mterface unit, such as the user interface unit 117 of
FIGS. 1A-1C As illustrated in FHG. 12, the user interface 1200 displays the bi-variant plot
1210 that plots the values of one hemodynamuc parameter {e.g., P1) against the values of
another hemodynamie parameter {e.g., P2). The bi-variant plot 1210 may include shaded
symbols {e.g., symbol 1212) that represent the plotted values of the two hemodynamic
parameters over a perrod of time. The shading of the symbol may indicate newer and older
plotted values. For example, darker shaded symbols may be newer than lighter shaded
symbols. As new plotted values are determined by the base unit 1135 for display, previous
symbols may become lighter to indicate their respective age.

[0108] The bi-variant plot 1210 may also depiet an optimal range represented by
a shape, such as rectangle 1220 (or a circle, square, trapezoid, etc.). If the plotted values fall

outside the optimal range, then the hase unit 115 may generate a notification 1240 for
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display. A practitioner can set the limuts that define the optimal range and the limits may
only affect the bi-variant plot 1210 or may determine when the base unit 115 generates an
alarm or notification. In some embodiments, the alarm limuts (e.g., limits that, it exceeded,
cause the base unit 115 to generate a notification) and the optimal range limits can be the
same or different. The notification 1240 may mndicate which of the hemodynamic parameter
values caused the plotted value to fall outside the optimal range and/or a reason why the
hemodynamic parameter value caused the plotted value to fall outside the optimal range. For
example, as shown in FIG 12, symbol 1212 falls outside the rectangle 1220, The
notification 1240 mdicates that the value for hemodynanuc parameter P1 caused the plotted
value to fall outside the optimal range because the value exceeded a high it

[0109] In an embodiment, the user interface umt 117 generates and displays a
user interface that aliows a practitioner to configure a catheter and injectate volume to be
used when performing Bolus CO measurements (e.g, set a catheter type, an injectate
volume, an injectate temperature, a type of injectate probe, etc.). Some settings, such as
injectate temperature and injectate probe type, may be automatically determined by the base
unit 115,

[01190] Once the settings are determined, the user mnterface unit 117 can display a
Bolus {0 measurement user interface. FIG. 13 illustrates an example user interface 1300
depicting a Bolus CO graph 1310 that is displayed by a user interface unit, such as the user
mterface unit 117 of FIGS. 1A-1C.  As illustrated m FIG. 13, the Bolus CO graph 1310
includes a Bolus curve 1312 that indicates a Bolus CO level over a period of time. When the
base umt 115 1s mitialized, the user mterface 1300 can display a start button {(not shown)
that, when selected, causes the Bolus curve 1312 to begin displaying in the Bolus CO graph
1310, As the start button is selected, the user interface 1300 begins to plot one or more
Bolus curves {e.g., 4, 5, 6, 7, etc.}, such as the Bolus curve 1312, automatically. The
practitioner may select a stop or pause button to stop the automatic plotting of the Bolus
Curves.

(0111} As Bolus CO values are determined by the base unit 115, the determined
Bolus CO values are displayed below the Bolus CO graph 1310 under the corresponding
curve number in boxes 1320, A practitioner can select button 1330 to cause the boxes 1320

to instead display Bolus cardiac index (1) values that are also determined by the base unit
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115, The vser interface 1300 can also display an average Bolus CO {or average Bolus CI)
and/or a solution/TV temperature below the Bolus CO graph 1310,

(6112} In some embodiments, not shown, the user interface 1300 can numerically
display current and/or historical Bolus CO and/or CI values. Along with the current and/or
historical Bolus CO and/or CT values, the user interface 1300 can display the Bolus volume
at different times.

[6113] FIG. 14 illustrates an example user interface 1400 depicting a
hemodynamic calculator 1410 that s displayed by a user interface unit, such as the user
mterface umt 117 of FIGS. 1A-1C. The hemodynamic calculator 1410 allows a practitioner
to understand the adjustments in various mnput parameters that may be necessary to achieve
targeted output parameter values. Patient information, such as height and weight, can be
imported from the patient information settings or manually entered, and such information
along with imported hemodynamic parameter values (e.g., as determined by the base unit
115} or manually entered hemodynamic parameter values can be used by the base unit 115 to
determune assoeiated hemodynamic output parameters.

(0114} As illustrated 1in FIG. 14, the hemodynamic calculator 1410 15 divided into
three horizontal sections. The top and middle sections include nput parameters for which
values can be entered or imported {e.g., via import button 1420) and adjusted. Such mnput
parameters can include CCO, continuous cardiac index (CC), oxygen saturation (50,), SV,
stroke volume index {(SVI}, SVR, systenuc vascular resistance index (SVRI), MAP, mean
pulmonary artery pressure (MPAP}, arterial oxygen saturation (8Sp(), height, CVP,
pulmonary artery occlusion pressure {PAOP), partial pressure of oxygen n arterial blood
(Pa(,), HR, Hemoglobin (Hgb), nmixed venous oxygen tension (Pyv(,), and/or body surface
area (BSA). The lowest section inchudes output parameters determined by the base unit 115
based on the mput parameters n the top and middle sections. Such output parameters can
mclude pulmonary vascular resistance (PVR), pulmonary vascular resistance index (PVRI),
arterial oxygen content {Ca(,), oxygen delivery (D(0»), oxygen delivery index (DO,I, right
ventricular stroke work tndex (RVSWI), left ventricular stroke work ndex (LVSWI), mixed
venous oxygen eontent (Cv0;), oxygen volume {(VO;), oxygen volume index (VO,I), arterio-
jugular differences of oxygen (avD(»), oxygen extraction ratio ((hER), and/or oxygen

extraction index {(,EI}.
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[6115] When a practitioner navigates to the user mterface 1400, current patient
nformation {e.g., determined hemodynamic parameter values and/or patient information hike
weight and height) mayv be automatically imported for use as input parameters. Input
parameter values can be manually entered {either via the user mterface ant 117 or by
selecting import button 1420} and/or changed by selecting a parameter in the hemodynamic
calculator 1410, A marking, such as an asterisk, may appear next to an input parameter that
has a value that has been manually entered. The date and/or time of the latest update may be

displayed at the top of the hemodynamic calculator 1410,

Base Unit and User Interface Unit Pairing Process

[0116] In an embodiment, the base unit 115 and the user interface umt 117
implement a pairing process such that the user 1nterface umit 117 can display data generated
by the base unit 115 and/or any one user interface unit 117 can display data generated by a
spectfic base umit 115 (in situations, for example, in which multiple patient monitors 110 are
present). FIGS. 15 through 25 describe the pairing process in more detatl below,

(0117} FIG. 15 illustrates a flow chart of an example method 1500 for pairing a
hase unit with a user interface unit. In an embodiment, the method 1500 s implemented by a
first thread executed by a proecessor housed in the base umit 115, For example, the first
thread, and thus the method 1500, may be mnitiated at startup of the base unit 115, The first
thread may be referred to as an IpServer thread. While the method 1500 depicts several
steps, this is not meant to be limiting. Method 1500 may include fewer or more steps than
depicted in FIG. 15, The method 1500 begins at block 1502,

[0118] At block 1502, the base unit may enter a listening state, waiting for the
user mnterface unit to request a connection. The user interface unit may transmit a connection
request to the base unit at some time after the user interface unit starts up. For example, the
user interface unit 117 may transmut a connection request at startup or after being
disconnected from the base unit. In some embodiments, the user interface wnit 117
broadeasts the connection request using a wired or wireless transnussion protocol, such as
the user datagram protocol (UDP).

8119 At block 1504, the base unit determines whether a connection has been

requested by a user interface unmit. If a connection has not been requested, then the method
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1500 reverts back to block 1502 and the base unit returns to the listening state to wait for
another connection request. Otherwise, if a connection has been requested, then the method
1500 proceeds to block 1506,

[612¢] At block 1506, the base wmit begins attempts to connect with the user
mnterface urut. In some embodiments, the connection attempt includes the base unit and/or
the user interface unit transmitting authentication, association, and/or other like messages to
each other using a wired or wireless transmission protocol, such as transmission control
protoeo] {TCP),

(0121} At bock 1508, the base unit determines whether a connection is
successfully established with the user interface unit. If the attempt to connect with the user
mnterface unit fails, then the method 1500 reverts baek to block 1502 and the base unit returns
to the listening state to wait for another connection request. Otherwise, if the connection
attempt succeeds, then the method 1500 proceeds to block 1510,

[6122] At block 1510, the base umit can set up send and/or receive message
handlers and/or various other connection listeners. The send and/or receive message
handlers and/or the various other connection histeners may allow the base unit to transmit
data to, receive data from, and/or process data received from the user interface unit.

[0123] At block 1512, the base unit transmits an acknowledgement message to
the user mterface unit confirming that the connection attempt succeeded. After transmitting
the acknowledgement message, the executing thread may transmit a message to one or more
apphications executing on the base umit indicating that the base unit has suecessfully paired
with the user interface unit.

[6124] FIGS. 16A-16B illustrate another flow chart of an example method 1600
for pamring a base unit with a user mterface umt.  In an embodiment, the method 1600 s
mmplemented by a second thread executed by a processor housed in the base unit 115, For
example, the second thread, and thus the method 1600, may be started and/or stopped by the
first thread based on a connection or disconnection of the user interface unit 117 from the
base unit 115, The second thread may be referred to as a PairmgReceiver thread. While the
method 1600 depiets several steps, this is not meant to be limiting. Method 1600 may
include fewer or more steps than depicted 1n FIGS. 16A-16B. The method 1600 begins at
bloek 1602
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[6125] At block 1602, the base unit creates a wireless hotspot (e.g., WIFL
BLUETOOQOTH, etc.) at startup of the base unit. The wireless hotspot may be created to allow
the user nterface unit to connect to the wireless hotspot. A name of the hotspot may be
determuned by a service set identifier (SSED) listed in a configuration file stored on the base
unit or may be auto-generated if a SSID is not stored. Whether creation of the hotspot
succeeds or fails, the method 1600 proceeds to block 1604 (eg., because a wireless
connection may not be necessary for the base unit and the user mterface unit to
connunieate}.

[0126] At block 1604, the base unit starts listening for a broadcast pairing 1D,
The base unit may start listening for the broadcast pairing D afier a wireless hotspot 1s
created upon startup or after the user mterface unit 18 disconneeted from the base unit.

(0127} At block 1606, the base unit determines whether a broadcast pairing 1D
transmitted by a user interface unit 1s detected. If a broadcast pairing 1D 1s not detected, then
the method 1600 reverts back to block 1604 and the base unit continues to listen for a
broadcast pairing 1D. Otherwise, if a broadcast pairing ID 15 detected, then the method 1600
proceeds to block 1608 and the base unit determines whether wired {e.g., local area network
(LAN} created via Ethernet or another cable) or wireless communications should be used to
establish the eonnection with the user mterface unit.  In some embodiments, a wired
connection source takes priority over a wireless connection source if both are available.

[0128] At block 1608, the base unit determines whether a wired connection
source exists. If a wired conneetion source exists, then the method 1600 proceeds to block
1610, Otherwise, if a wired connection source does not exist, then the method 1600 proceeds
to block 1622

[6129] At block 1610, the base urit uses the wired connection source to establish
the connection with the user interface unit.  After block 1610 15 complete, the method 1600
proceeds to block 1612,

[6130] At block 1612, the base unit determimes whether the base unit and the user
mterface umt were previously paired. For example, the base unit and the user interface unit
may have previously paired if the pairing key of the user mterface unit matches the pairing
key of the base unit. The pairing key of the user interface unit may have been mcluded in or

be equivalent to the transmitted broadcast pamming 1D, ¥ the base unit and the user mterface
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unit were previously paired, then the method 1600 proceeds to block 1620, Otherwise, if the
base unit and the user interface unit were not previously pawred, then the method 1600
proceeds to block 1614

[0131] At block 1614, the base unit generates a new pairing key for eventual
transmission to the user interface unit. For example, the new pairing key can be a guaranteed
unique 1D, After block 1614 i1s complete, the method 1600 proceeds to block 1616.

[6132] At block 1616, the base unit determunes whether the base unit was
previously wirelessly connected to a user interface unit.  If the base umt was previously
wirelessly connected to a user interface untt, then the method 1600 proceeds to block 1618,
Otherwise, if the base unit was not previously wirelessly connected to a user interface umit,
then the method 1600 proceeds to block 1620,

[0133] At block 1618, the base unit creates a new wireless hotspot. The base unit
may create a new wireless hoispot to disallow a previously connected user interface unit
from communicating with the base umit.

[0134] At block 1620, the base unit transmits pairing information to the user
interface unit. The pairing information can include the pairing key {g.g., a previous pairing
key or the new pairing key generated at block 1614}, the hotspot SSID, a version of the base
unit, a wired address of the base unit if a wired connection souree s available (e.g, a LAN
mnterpet protocol (IP) address), and/or a wireless address of the base unit if a wireless
connection source is avatlable {e.g, a wireless IP address). After block 1620 is complete, the
method 1600 reverts back to block 1604 and the base unit continues to listen for a broadeast
pairing ID.

[0135] At block 1622, the base umt determines whether a wireless connection
source 1s available. If a wireless connection souree 18 not avadable, then an error may have
oceurred.  (Otherwise, if a wireless connection source 15 available, then the method 1600
proceeds to block 1624,

[6136] At block 1624, the base unit uses the wireless connection source to
establish a conneetion with the user interface unit. After block 1624 1s complete, the method
1600 proceeds to block 1626,

(6137} At block 1626, the base unit determines whether the pairing key of the

user nterface unit matehes the pauring key of the base unit. If the pairing keys do not maich,
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then the method 1600 reverts back to block 1604 and the base unit continues to isten for a
broadeast pairing D, Otherwise, if the pairing keys do match, then the method 1600
proceeds to block 1620

[0138] FIGS. 17A-178 illustrate another flow chart of an example method 1700
for pairing a base unit with a user mterface unit.  In an embodiment, the method 1700 13
implemented by a first thread executed by a processor housed in the user mterface unit 117,
For example, the first thread, and thus the method 1700, may be imtiated based on the
connection or disconneetion of the user mterface unit 117 from the base umit 115, While the
method 1700 depiets several steps, this is not meant to be hmiting. Method 1700 may
include fewer or more steps than depicted 1o FIGS. 17A-17B. The method 1700 begins at
hlock 1702.

[0139] At block 1702, the user interface unit determines whether a valid wireless
hotspot exists and whether the user interface 15 not currently connected to a wireless hotspot.
The user interface unit may make this determination after startup of the user interface unit or
after a network disconnection {e.g., a disconnection from the base vnit). If a valid wireless
hotspot exists and the user interface unit 15 not eurrently conneeted to a wireless hotspot, then
the method 1700 proceeds to block 1704, Otherwise, the method 1700 proceeds to block
1706,

[0140] At block 1704, the user interface unit atiempis to connect to the wireless
hotspot. After block 1704 1s complete, the method 1700 proceeds to block 1706,

[0141] At block 1706, the user interface untt broadcast a pawing 1D, The user
mterface unit may broadeast the pawring ID over all available connections (e g., wired and
wireless connections).

[6142] At bloek 1708, the user mterface unit determines whether a broadeast
response is received from the base unit. For example, the broadcast response may be an
acknowledgment that the broadcasted pairing 1D was received. If a broadcast response s not
received, the method 1700 reverts back to block 1706 and the user interface unit continues 1o
broadeast the pairing ID. Otherwise, if a broadeast response s received, the method 1700
proceeds to block 1710,

[0143] At block 1710, the user interface unit starts listening for pairing

mformation transmitted by the base unit. M no pairing information has been received after a
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threshold period of time {e.g., a timeout period, such as 5 seconds or any hike time period)
expires, then the method 1700 reverts back to block 1706 and the user interface umt again
broadcasts the pairing 1D,

[0144] At bloek 1712, the vser interface unmit determunes whether the pairmg
mformation is recetved from the base unit before the threshold period of time expires. If the
parring information 1s not recetved and the threshold period of time has not expired, then the
method 1700 reverts back to block 1710 and the user interface unit continues to listen for the
paring mformation. If the pawring information 1s received before the threshold period of time
expires, then the method 1700 proceeds to block 1714

[6145] At block 1714, the user interface unit notifigs other threads or applications
executed by the processor housed in the user mterface unit that a base unit has been found
and a connection attempt should be made. After block 1714 1s complete, the method 1600
proceeds to block 1716.

[0146] At block 1716, the user interface unit determines whether the user
mterface unit previously paired with the base unit or whether a pauing with the base unit has
been confirmed (e.g., by selection of a confirm button by a user). For example, the user
mterface may determine whether the user interface unit has previously paired with the base
unit by eomparing the pairing key of the user interface unit with the pairing key of the base
unit received as part of the pairing information.  The user interface unit and the base unit
previously paired if the pairing keys match. If the user interface unit and the base unit were
not previously paired and a pairing has not been confirmed, then the method 1700 proceeds
to block 1718, Otherwise, if the user mterface unit and the base unit were previously paired
or a pairing has been confirmed, then the method 1700 proceeds to block 1722,

6147} At block 1718, the user interface unit determines whether a wired
connection source s avatlable. If a wired conneetion source 18 not available, then the user
mterface unit does not proceed with a connection and the method 1700 may revert back to
block 1702 or 1706, Otherwise, if a wired connection source is available, then the method
1700 proeeeds to bloek 1720,

[0148] At block 1720, the user 1nterface unut displays a confirm button. The user
can select the confirm button to verify that the user interface unit and the base unit should

pair. After block 1720 s complete, the method 1700 either proceeds to block 1722 {e.g., if
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the confirm button 1s selected before a timeout period, sueh as 5 seconds or any hike time
period) or reverts back to block 1706 and the user interface unit can broadcast the pairing 1D
to ensure that the base unit remains available for pairing while the user interface unit waits
for the user to select the confirm button. If the confirm button is selected after the timeout
period, the user mterface unit may complete blocks 1706 through 1714 again before
proceeding to block 1722 beeause the pairing has been confirmed.

[6149] At block 1722, the user interface unit imtializes send and/or receive
message handlers to handle commumications transmitted to or received from the base unit.
After block 1722 1s complete, the method 1700 proceeds to block 1724,

[615¢] At block 1724, the user interface unit decides whether to use a wired
connection source or a wireless connection sowrce.  In some embodiuments, a wired
connection source supersedes a wireless connection souree such that the user nterface unit
uses the wired connection source to establish a connection with the base untt it both a wired
and wireless connection source are available.

[0151] At block 1726, the user mterface unit atteropts to connect with the base
unit using the chosen connection source and determines whether a connection with the base
unit 18 successful. If the connection with the base unit is unsuccessful, then the method 1700
proceeds to block 1732, Otherwise, if the connection with the base unit 1s successful, then
the method 1700 proceeds to block 1728,

[0152] At block 1728, the user interface umt waits for an acknowledgment to be
transmitted by the base unit. The user mterface unit may wait for a timeout period, such as 7
seconds {or any other like time period). A connection may not be considered complete until
the acknowledgement is received.

[0153] At block 1730, the user interface umit determines whether the
acknowledgement has been received from the base unit. If the acknowledgment has not been
received or has not been recetved before the timeout period expires, then the method 1700
proceeds to block 1732, Otherwise, if the acknowledgment has been received {(e.g., before
the timeout period expires), then the method 1700 proceeds to block 1734

[0154] At block 1732, the user interface unit handles a connection failure. After
block 1732 1s complete, the method 1700 reverts to block 1706 and the user interface unit

starts over by broadcastmg the pairing 1D,
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[6155] At bloek 1734, the user interface unit confirms that a connection with the
base unit 15 established. The user interface unit may then begin displaying data received
from the base unit.

[0156] FIG. 18 illustrates a sequence diagram depicting a chronological order of
events executed by the base unit 115 and the user interface unit 117 when the user interface
unit 117 1s connected to the base unit 115 over a wired connection source and attempts to
pair with the base unit 115 for the first time.  As illustrated in FIG. 18, the base unst 115
executes a series of processes, including program 1810, receiver 1820, and thread 1830. The
receiver 1820 may be the second thread described above and the thread 1830 may be the first
thread described above. The user interface unit 117 can execute a series of processes,
including sereen 1840 (e.g., information displaved on the screen), broadeaster 1850, manager
1850, and client 1890,

[6157] At startup, such as when the user interface unit 117 1s turned on, the
screen 1840 may display a pairing screen. The screen 1840 may then instruct the broadeaster
1850 to listen and broadcast a pairing 1D at 1861, Simularly, at startup, such as when the
base unit 115 1s turned on, the program 1810 may launch a wireless host s0 as to create a
wireless hotspot at 1862, The program 1810 may then instruct the thread 1830 to start
histenung for a broadcast pairing D at 1863, Receipt of the mstruction may cause the thread
1830 to create a listener (e.g., a TCP listener) at 1864, The program 1810 may also instruct
the receiver 1820 to start listening for a broadcast pairing 1D at 1865,

[0158] The broadeaster 18350 may atternpt to conneet to the wireless hotspot at
1866, After some time, the broadeaster 1850 may also transmit the pairing ID at 1867, For
example, the broadcaster 1850 may broadcast the pairing ID. The broadcaster 1850 may
pertodically transmit the pairing ID (e.g., every 3 seconds or other like time period) until
paring information is received from the base umit 115, Receipt of the pamming 1D may cause
the receiver 1820 to transmit a response acknowledging that the pairing 1D was received
and/or indicating that the base unit 115 is attempting a connection.

[6159] After reeetving the pairing ID, the receiver 1820 can determine whether to
use g wired or wireless connection source at 1868 as described above. Here, the receiver

1820 selected the wired connection source. Once this 15 determined, the receiver 1820 can
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fransmit 3 response over the wired eonnection souree acknowledging that the pairing ID was
recetved and/or indicating that the base unit 115 15 attempting a connection at 1869,

{6160} The broadcaster 1850 can then begin to listen for the pairing information
at 1870, The broadcaster 1850 may histen for a timeout period {e.g., 5 seconds or other like
time periods). If the pawring information is not received before the timeout period expires,
then the broadcaster 1850 may again broadcast the pairing ID. Here, the receiver 1820
transmits the pairing information before the timeout period expires at 1871, At 1872, the
broadeaster 1850 notifies the screen 1840 that a connection is detected, which causes the
screen 1840 to start a connection detected function that causes the screen 1840 to display the
pairing imformation at 1873, In addition, the screen 1840 may display the confirm button.
The broadcaster 1850 may continue to broadcast the pairing 1D until the confirm button s
selected to ensure that the base unit 115 1s still available for a eonnection. Onee the confum
button 1s selected, then the screen 1840 notifies the manager 1860 at 1874 and the manager
1860 mnitializes the send and/or recetve message handlers at 1875,

[0161] The manager 1860 then notifies the elient 1890 that the message handlers
are mutialized at 1876 and the client 1890 determines whether to use a wired or wireless
connection source at 1877. Here, the client 1890 uses the wired connection source. After the
determination 13 made, the client 1890 transmits a connection request over the wired
connection source to the thread 1830 at 1878, At 1879, the thread 1830 sends a message to
the client 1890 accepting the connection. The client 1890 then notifies the manager 1860 of
the connection acceptance at 1880, Before or after message 1880, the thread 1830 mitializes
send and/or receive message handlers to handle the connection at 1881 and instructs the
receiver 1820 to stop listerung for pairing IDs at 1882, After receiving the connection
acceptance at 1880, the manager 1860 starts listening for the acknowledgment message at
1883, At 1884, the thread 1830 transmits the acknowledgment message to the manager
1860. This may cause the manager 1360 to transmit a notification to the screen 1840 that the
connection is successful at 1885, The screen 1840 may then instruct the broadcaster 1850 to
stop broadcasting the pairing 1D at 1886,

[6162] FIG. 19 illustrates a sequence diagram depicting a chronological order of
events executed by the base unit 115 and the user interface unit 117 when the user interface

unit 117 1s connected to the base unit 115 over a wired connection source and attempis to re-
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pair with the base urut 115, As illustrated in FIG. 19, the base unit 115 executes a series of
processes, mncluding program 1810, recerver 1820, and thread 1830, The receiver 1820 may
be the second thread described above and the thread 1830 may be the first thread described
above. The user mterface unit 117 can execute a series of processes, including screen 1840
{e.g., mformation displayed on the sereen), broadeaster 1850, manager 1860, and chent 1890,

[0163] After the user interface unit 117 15 removed from a dock or tether
connecting the user interface umt 117 with the base unit 115, the screen 1840 may instruct
the broadeaster 1850 {e.g., on any screen} to listen and broadcast a paming 1D at 1961,
Simitlarly, after the user nterface unit 117 is removed from a dock or tether connecting the
user interface unit 117 with the base unit 115, the program 1810 may instruct the thread 1830
to start listening for a broadcast pairing 1D at 1963, Receipt of the instruction may cause the
thread 1830 to create a listener {e.g., a TCP listener) at 1964, The program 1810 may also
mstruct the receiver 1820 to start histening for a broadcast pairing ID at 1965,

[0164] The broadcaster 1850 may attempt to connect to the wireless hotspot at
1966, After some time, the broadcaster 1350 may also transmut the pairing 1D at 1967, For
example, the broadcaster 1850 mayv broadcast the pairing ID. The broadcaster 1850 may
periodically transmit the patring 1D {e.g., every 3 seconds or other like time period) until
pairing information i3 received from the base unit 115, Receipt of the pairing 1D may cause
the recetver 1820 to transmit a response acknowledging that the pairing ID was received
and/or indicating that the base unit 1135 is attempting a connection.

[6165] After recetving the pairing ID, the receiver 1820 can determine whether to
use a wired or wireless connection source at 1968 as deseribed above. ere, the receiver
1820 selected the wired connection source. Once this i1s deiermined, the recerver 1820 can
transmit a response over the wired connection source acknowledging that the pairmg ID was
recetved and/or indicating that the base unit 115 13 attempting a connection at 1969

[0166] The broadcaster 1850 can then begin to listen for the pairing information
at 1970. The broadcaster 1850 may listen for a timeout period {e.g., 5 seconds or other like
time periods). I the pairing mformation is not received before the timeout period expires,
then the broadcaster 1850 may again broadcast the pairing 1D, Here, the receiver 1820
transmits the pairing information before the timeout period expires at 1971, At 1972, the

broadcaster 1850 notifies the screen 1840 that a connection is detected, which causes the
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sereen 1840 to start a connection detected function at 1973, The screen 1840 then notifies
the manager 1860 at 1974 to connect and the manager 1860 mitializes the send and/or
receive message handlers at 1975,

[8167] The manager 1860 then notifies the elient 1890 that the message handlers
are mutialized at 1976 and the client 1890 determines whether to use a wired or wireless
connection source at 1977, Here, the client 1890 uses the wired connection source. After the
determination 13 made, the client 1890 transmits a connection request over the wired
connection source to the thread 1830 at 1978, At 1979, the thread 1830 sends a message to
the client 1890 accepting the connection. The client 1890 then notifies the manager 1860 of
the connection acceptance at 1980. Before or after message 1980, the thread 1830 mitializes
send and/or receive message handlers to handle the connection at 1981 and instructs the
recerver 1820 to stop listening for pairmg IDs at 1982, After receiving the connection
acceptance at 1980, the manager 1860 starts histerung for the acknowledgment message at
1983. At 1984, the thread 1830 transmits the acknowledgment message to the manager
1860. This may cause the manager 1860 to transmit a notification to the screen 1840 that the
connection is successful at 1985, The screen 1840 may then instruct the broadcaster 1850 to
stop broadcasting the pairing 1D at 1986,

[6168] FIG. 20 dhustrates a sequence diagram depicting a chronological order of
events executed by the base unit 115 and the user interface umit 117 when the user mterface
unit 117 15 connected to the base unit 115 over a wired connection source and 15 8 new user
interface unit reconnecting with the base unit 115, As illustrated in FIG. 20, the base unit
115 executes a series of processes, inchuding program 1810, receiver 1820, and thread 1830
The receiver 1820 may be the second thread described above and the thread 1830 may be the
first thread described above. The user interface unit 117 can execute a series of processes,
including screen 1840 (e.g., information displaved on the screen), broadcaster 1850, manager
1860, and client 1890,

8169 After the user interface unit 117 1s removed from a dock or tether
connecting the user interface unit 117 with the base unit 115, the manager 1860 may instruct
the broadeaster 1850 to listen and broadeast a pawring D at 2061, Suntarly, after the user
mterface unut 117 1s removed from a dock or tether connecting the user interface umt 117

with the base unit 115, the program 1810 may instruct the thread 1830 to start listening for a
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broadcast pairing 1D at 2063, Receipt of the instruction may cause the thread 1830 to ereate
a listener {e.g., a TCP listener) at 2064, The program 1810 may also nstruct the receiver
1820 to start listening for a broadcast pairing 1D at 2065,

[617¢] The broadeaster 18350 may atternpt to conneet to the wireless hotspot at
2066. After some time, the broadeaster 1850 may also transmit the pairing ID at 2067, For
example, the broadcaster 1850 may broadcast the pairing ID. The broadcaster 1850 may
pertodically transmit the pairing ID (e.g., every 3 seconds or other like time period) until
pairing mformation is received from the base umit 115, Receipt of the paring 1D may cause
the receiver 1820 to transmit a response acknowledging that the pairing 1D was received
and/or indicating that the base unit 115 is attempting a connection.

(6171} After reeetving the pairing ID, the receiver 1820 can determine whether to
use g wired or wireless connection source at 2068 as described above. Here, the receiver
1820 selected the wired connection source. Once this s determined, the receiver 1820 can
transmit a response over the wired connection source acknowledging that the pairing 1D was
recerved and/or mdicating that the base unut 115 1s atternpting a connection at 2069,

(6172} The broadcaster 1850 can then begin to listen for the pairing information
at 2070. The broadcaster 1850 may listen for a timeout period {e.g., 5 seconds or other hike
time periods). If the paring information 1s not recetved before the timeout period expires,
then the broadeaster 18530 may again broadeast the pairing ID. Here, the receiver 1820
transmits the pairing mformation before the timeout period expires at 2071, At 2072, the
broadcaster 1850 notifies the manager 1860 that a connection s detected, which causes the
manager 1860 to start a eonnection detected function at 2073, The manager 1860 then
mstructs the sereen 1840 to show the pairing screen at 2074, where the pairing screen
includes the confirm button. Once the confirm button 15 selected, the screen 1840 notifies
the manager 1860 accordingly at 2075, Selection of the confirm button causes the manager
1860 at 2076 to connect and initialize the send and/or receive message handlers.

[6173] The manager 1860 then notifies the client 1890 that the message handlers
are mutialized at 2077 and the client 1390 determines whether to use a wired or wireless
connection source at 2078, Here, the client 1890 uses the wired connection source. After the
determination is made, the client 1890 transmits a connection request over the wired

connection source to the thread 1830 at 2079. At 2080, the thread 1830 sends a message to
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the client 1890 accepting the connection. The client 1890 then notifies the manager 1360 of
the connection acceptance at 2081, Before or after message 2081, the thread 1830 inttializes
send and/or receive message handlers to handle the connection at 2082 and instructs the
receiver 1820 to stop listening for pairing IDs at 2083, After receiving the connection
acceptance at 2081, the manager 1860 starts histenimg for the acknowledgment message at
2084, At 2085, the thread 1830 transmits the acknowledgment message to the manager
1860. This may cause the manager 1860 to transmit an instruction to the screen 1840 to
close the pairing screen at 2086 and an instruction to the broadcaster 1850 to stop
broadcasting the pairing 1D at 2087

(6174} FIG. 21 illustrates a sequence diagram depicting a chronological order of
events executed by the base unit 115 and the user interface umit 117 when the user interface
unit 117 1s connected to the base unit 115 over a wired conneetion source and 1s the same
user interface unit reconnecting with the base unit 115, As illustrated in FIG. 21, the base
unit 115 executes a series of processes, including program 1810, recetver 1820, and thread
1830, The receiver 1820 may be the second thread described above and the thread 1830 may
be the first thread deseribed above. The user interface unit 117 can execute a series of
processes, including screen 1840 (e.g., information displayed on the screen}, broadcaster
1850, manager 1860, and client 1890.

[0175] After the user mterface unit 117 s removed from a dock or tether
connecting the user interface unit 117 with the base unit 115, the manager 1860 may instruct
the broadcaster 1850 to listen and broadcast a patring 1D at 2161, Simularly, after the user
interface unit 117 15 removed from a dock or tether connecting the user mterface umt 117
with the base unit 113, the program 1810 may instruct the thread 1830 to start listening for a
broadcast pairing ID at 2163, Receipt of the instruction may cause the thread 1830 to create
a listener {e.g., a TCP listener) at 2164. The program 1810 may also nstruct the receiver
1820 to start histenmg for a broadcast pairing 1D at 2165,

[0176] The broadcaster 1850 may attempt to connect to the wireless hotspot at
2166, After some time, the broadcaster 1850 may also transmit the pairing ID at 2167, For
example, the broadeaster 1850 may broadcast the pawring ID.  The broadeaster 1850 may
periodically transmit the pairing 1D (e.g., every 3 seconds or other like time period) until

pairing information is recetved from the base umit 115, Receipt of the pairing DD may cause
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the receiver 1820 to transmit a response acknowledging that the pamrmg ID was received
and/or indicating that the base unit 115 15 attempting a connection.

[8177] After receiving the pairing 1D, the receiver 1820 can determine whether to
use a wired or wireless connection source at 2168 as described above. Here, the receiver
1820 selected the wired connection source. Once this 18 determined, the receiver 1820 can
transmit a response over the wired connection source acknowledgimg that the pairmg ID was
recetved and/or indicating that the base unit 115 1s attempting a connection at 2169,

[6178] The broadcaster 1850 can then begin to listen for the pairing information
at 2170. The broadcaster 1850 may listen for a timeout period {e.g., 5 seconds or other like
time periods). If the pairing information 13 not recetved before the timeout period expires,
then the broadcaster 1850 may again broadeast the pairing ID.  Here, the receiver 1820
transmits the pairing mformation before the timeout period expires at 2171, At 2172, the
broadcaster 1850 notifies the manager 1860 that a connection 1s detected, which causes the
manager 1860 to start a connection detected function at 2173, The manager 1860 at 2174
then conmects and mitializes the send and/or recerve message handlers.

(0179 The manager 1860 then notifies the client 1890 that the message handlers
are mitialized at 2175 and the client 1890 determines whether to use a wired or wireless
conmection source at 2176, Here, the chient 1890 uses the wired connection source. After the
determination 1s made, the client 1890 transmuts a connection request over the wired
connection source to the thread 1830 at 2177, At 2178, the thread 1830 sends a message to
the client 1890 accepting the connection. The chient 1890 then notifies the manager 1860 of
the connection aceeptance at 2179, Before or after message 2179, the thread 1830 mitializes
send and/or receive message handlers to handle the connection at 2180 and instructs the
receiver 1820 to stop listening for pairing IDs at 2181 After receiving the connection
acceptance at 2179, the manager 1860 starts histenimg for the acknowledgment message at
2182, At 2183, the thread 1830 transmiis the acknowledgment message to the manager
1860. This may cause the manager 1860 to transmit an mnstruction to the broadcaster 1850 to
stop broadcasting the pairing 11 at 2184

[0180] FIG. 22 illustrates a sequence diagram depicting a chronological order of
events executed by the base unit 115 and the user interface unit 117 when the user interface

unit 117 1s connected to the base unit 115 over a wireless connection source and attempts to
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pair with the base unit 115 for the first time.  As iHustrated in FIG. 22, the base unst 115
executes a series of processes, including program 1810, receiver 1820, and thread 1830. The
receiver 1820 may be the second thread described above and the thread 1830 may be the first
thread described above. The user interface unit 117 can execute a series of processes,
including sereen 1840 (e.g., information displaved on the screen), broadeaster 1850, manager
1850, and client 1890,

[0181] At startup, such as when the user interface unit 117 1s turned on, the
screen 1840 may display a pairing screen. The screen 1840 may then instruct the broadeaster
1850 to listen and broadcast a pairing 1D at 2261, Sumularly, at startup, such as when the
base unit 115 1s turned on, the program 1810 may launch a wireless host s0 as to create a
wireless hotspot at 2262, The program 1810 may then instruct the thread 1830 to start
histerung for a broadcast pairing ID at 2263, Receipt of the mstruction may cause the thread
1830 to create a listener (e.g., a TCP listener) at 2264, The program 1810 may also instruct
the receiver 1820 to start listening for a broadcast pairing 1D at 2265,

[0182] The broadeaster 1850 may atternpt to conneet to the wireless hotspot at
2266, After some time, the broadeaster 1850 may also transmit the pairing 1D at 2267 For
example, the broadcaster 1850 may broadcast the pairing ID. The broadcaster 1850 may
pertodically transmit the pairing ID (e.g., every 3 seconds or other hike time period) until
pamring information is received from the base umit 115, Receipt of the pamring 1D may cause
the receiver 1820 to transmit a response acknowledging that the pairing ID was received
and/or indicating that the base unit 115 is attempting a connection if the pairing 1D of the
user iterface unit 117 matches the pawring ID of the base anit 115, Otherwise, if the pairing
{Ds do not mateh, then the receiver 1820 may not send an acknowledgment.

(6183} After recetving the pairing ID, the receiver 1820 can determine whether to
use a wired or wireless connection source at 2268 as deseribed above. Here, the receiver
1820 selected the wireless connection sourece. Once this 1s determined, the receiver 1820 can
check to ensure that the pairing IDs match. If the pairing 1Ds match, then the recetver 1820
can transmit a response over the wireless connection source acknowledging that the pairing
ID was received and/or indicating that the base umit 115 1s attemptimg a connection at 2269,

If the pairing IDs do not match, then the receiver 1820 does not transmit a response and the
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remaming messages described below are not transmutted.  Rather, the broadeaster 1850
resumes broadcasting the pairing 1D,

[6184] The broadcaster 1850 can then begin to listen for the pairing information
at 2270. The broadcaster 1850 may histen for a timeout period {e.g., 5 seconds or other like
time periods). If the pawring information is not received before the timeout period expires,
then the broadcaster 1850 may again broadcast the pairing ID. Here, the receiver 1820
transmits the pairing information before the timeout period expires at 2271, At 2272, the
broadeaster 1850 potifies the sereen 1840 that a connection is detected, which causes the
screen 1840 to start a connection detected function that causes the screen 1840 to display the
pairing mformation at 2273, In addition, the screen 1840 may display the confirm button.
The broadcaster 1850 may continue to broadcast the pairing 1D until the confirm button s
selected to ensure that the base unit 115 1s still available for a eonnection. Onee the confum
button 1s selected, then the screen 1840 notifies the manager 1860 at 2274 and the manager
1860 mnitializes the send and/or recetve message handlers at 2275,

[0185] The manager 1860 then notifies the elient 1890 that the message handlers
are mutialized at 2276 and the client 1890 determines whether to use a wired or wireless
connection source at 2277. Here, the client 1890 uses the wireless conneciion source. After
the determunation is made, the client 1890 transmits a connection request over the wireless
connection source to the thread 1830 at 2278, At 2279, the thread 1830 sends a message to
the client 1890 accepting the connection. The client 1890 then notifies the manager 1860 of
the connection acceptance at 2280, Before or after message 1880, the thread 1830 mitializes
send and/or receive message handlers to handle the connection at 2281 and instructs the
receiver 1820 to stop listerung for pairing IDs at 2282 After recetving the connection
acceptance at 2280, the manager 1860 starts listening for the acknowledgment message at
2283, At 2284, the thread 1830 transmits the acknowledgment message to the manager
1860. This may cause the manager 1360 to transmit a notification to the screen 1840 that the
connection is successful at 2285 The screen 1840 may then instruct the broadcaster 1850 to
stop broadcasting the pairing 1D at 2286,

[0186] FIG. 23 illustrates a sequence diagram depicting a chronological order of
events executed by the base unit 115 and the user interface unit 117 when the user interface

unit 117 1s connected to the base unit 115 over a wireless connection source and attempts to
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re-pair with the base unit 115, As illustrated m FIG. 23, the base unit 115 executes a series
of processes, ncluding program 1810, receiver 1820, and thread 1830. The receiver 1820
may be the second thread described above and the thread 1830 may be the first thread
described above. The user interface unit 117 can execute a series of processes, including
screen 1840 (e.g., information displayed on the screen), broadeaster 1850, manager 1860,
and ehent 1890

6187} After the user mterface unit 117 is removed from a dock or tether
connecting the user interface unit 117 with the base unit 115, the screen 1840 may mstruct
the broadcaster 1850 (e.g., on any screen) to listen and broadeast a pawring 1D at 2361
Smilarly, after the user interface unit 117 1s removed from a dock or tether connecting the
user interface unit 117 with the base unit 115, the program 1810 may launch a wireless host
50 as to ereate a wireless hotspot at 2362 and the program 1810 may nstruct the thread 1830
to start listening for a broadcast pauring 1D at 2363, Receipt of the instruction may cause the
thread 1830 to create a listener (e.g., a TCP listener) at 2364. The program 1810 may also
instruct the receiver 1820 to start histening for a broadcast pairing 1D at 2365,

[0188] The broadcaster 1850 may attempt to eonnect to the wireless hotspot at
2366, After some time, the broadcaster 1850 may also transmit the pairing ID at 2367, For
example, the broadcaster 1850 may broadcast the paming 3. The broadcaster 1850 may
periodically transmit the pairing 1D {e.g., every 3 seconds or other like time period) until
pairing information is recetved from the base umit 115, Receipt of the pairing 1D may cause
the receiver 1820 to transmit a response acknowledging that the pairing ID was received
and/or mdicating that the base unit 115 15 attempting a connection if the pairimg ID of the
user interface unit 117 matches the pairing ID of the base umit 115, Otherwise, if the pairing
1Ds do not match, then the receiver 1820 may not send an acknowledgment.

[6189] After recetving the pairing ID, the receiver 1820 can determine whether to
use g wired or wireless connection source at 2368 as described above. Here, the receiver
1820 selected the wireless connection source. Once this i1s determined, the receiver 1820 can
check to ensure that the pairing IDs match. If the paining IDs match, then the receiver 1820
can transmit a response over the wireless connection source acknowledging that the pairmg
ID was received and/or indicating that the base unit 115 15 attempting a connection at 2369

if the pairing IDs do not match, then the receiver 1820 does not transmit a response and the
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remaming messages described below are not transmutted.  Rather, the broadeaster 1850
resumes broadcasting the pairing 1D,

{6190} The broadcaster 1850 can then begin to listen for the pairing information
at 2370. The broadcaster 1850 may histen for a timeout period {e.g., 5 seconds or other like
time periods). If the pawring information is not received before the timeout period expires,
then the broadcaster 1850 may again broadcast the pairing ID. Here, the receiver 1820
transmits the pairing information before the timeout period expires at 2371, At 2372, the
broadeaster 1850 potifies the sereen 1840 that a connection is detected, which causes the
screen 1840 to start a connection detected function at 2373, The screen 1840 then notifies
the manager 1860 at 2374 to connect and the manager 1860 mitializes the send and/or
receive message handlers at 2375,

[0191] The manager 1860 then notifies the elient 1890 that the message handlers
are mitialized at 2376 and the client 1890 determines whether to use a wired or wireless
connection source at 2377, Here, the client 1890 uses the wireless conneciion source. After
the determmation 1s made, the client 1890 transmuts a connection request over the wireless
connection source to the thread 1830 at 2378 At 2379, the thread 1830 sends a message to
the client 1890 accepting the connection. The client 1890 then notifies the manager 1860 of
the connection acceptance at 2380, Before or after message 2380, the thread 1830 mitializes
send and/or receive message handlers to handle the connection at 2381 and instructs the
receiver 1820 to stop listeming for pairing IDs at 2382 After recetving the connection
acceptance at 2380, the manager 1860 starts histening for the acknowledgment message at
2383, At 2384, the thread 1830 transmuts the acknowledgment message to the manager
1860, This may cause the manager 1860 to transmit a notification to the screen 1840 that the
connection is successful at 2385, The screen 1840 may then instruct the broadcaster 1850 to
stop broadcasting the pairing 1D at 23986,

[0192] FIG. 24 illustrates a sequence diagram depicting a chronological order of
events executed by the base unit 115 and the user interface unit 117 when the user interface
unit 117 1s connected to the base unit 115 over a wireless connection source and is a new
user mterface unit reconnecting with the base unut 115 As rllustrated in FIG. 24, the base
unit 115 executes a series of processes, including program 1810, receiver 1820, and thread

1830. The receiver 1820 may be the second thread described above and the thread 1830 may
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be the first thread described above. The user interface unit 117 can execute a series of
processes, including screen 1840 (e g., mnformation displayed on the screen), broadcaster
1850, manager 1860, and client 1890,

[6193] After the user mterface unit 117 15 removed from a doek or tether
connecting the user interface unit 117 with the base unut 115, the manager 1860 may instruct
the broadcaster 1850 to listen and broadcast a pairing [D at 2461, Similarly, after the user
interface unit 117 1s removed from a dock or tether connecting the user interface unit 117
with the base umit 115, the program 1810 may wnstruct the thread 1830 to start histening for a
broadcast pairing 1D at 2463, Receipt of the instruction may cause the thread 1830 to ereate
a listener {e.g., a TCP listener) at 2464, The program 1810 may also nstruct the receiver
1820 to start Ustening for a broadcast pairing 11> at 2465,

[6194] The broadeaster 1850 may atterapt to conneet to the wireless hotspot at
2466. After some time, the broadcaster 1850 may also transmit the pairing D at 2467, For
example, the broadcaster 1850 may broadcast the painng ID. The broadcaster 1850 may
pertodically transmut the paring ID (e.g., every 3 seconds or other like time period) until
pairing information 18 received from the hase umit 115, Receipt of the pairing ID may cause
the receiver 1820 to transmit a response acknowledging that the pairing 1D was received
and/or indicating that the base unit 115 is attempting a connection if the pairing 1D of the
user iterface unit 117 matches the pawring ID of the base anit 115, Otherwise, if the pairing
{Ds do not match, then the receiver 1820 may not send an acknowledgment.

(6195} After recetving the pairing ID, the receiver 1820 can determine whether to
use a wired or wireless connection source at 2468 as deseribed above. Here, the receiver
1820 selected the wireless connection source. Once this is determined, the receiver 1820 can
check to ensure that the pairing IDs match. If the pairing IDs match, then the receiver 1820
can transmit a response over the wireless connection source acknowledging that the pairing
ID was received and/or indicating that the base unit 115 is attempting a connection at 2469
If the pairing IDs do not match, then the recerver 1820 does not transmit a response and the
remaining messages described below are not transmitted.  Rather, the broadcaster 1830
resumes broadeasting the pairing 1D,

[6196] The broadcaster 1850 can then begin to listen for the pairing information

at 2470. The broadcaster 1850 may listen for a timeout period {e.g., 5 seconds or other hike
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time periods). If the pairing information 1s not recetved before the timeout period expires,
then the broadeaster 18530 may again broadeast the pairing ID. Here, the receiver 1820
transmits the pairing mformation before the timeout period expires at 2471, At 2472, the
broadcaster 1850 notifies the manager 1860 that a connection is detected, which causes the
manager 1860 to start a connection detected function at 2473, The manager 1860 then
mstructs the sereen 1840 to show the pairing screen at 2474, where the pairing screen
inciudes the confirm button. Once the confirm bution 1s selected, the screen 1840 notifies
the manager 1860 accordingly at 2475, Selection of the confirm button causes the manager
1860 at 2476 to connect and mitialize the send and/or receive message handlers.

(0197} The manager 1860 then notifies the client 1890 that the message handlers
are mitialized at 2477 and the client 1890 determines whether to use a wired or wireless
conmection source at 2478, Here, the chient 1890 uses the wireless connection source. After
the determunation is made, the chient 1890 transmits a connection request over the wireless
connection source to the thread 1830 at 2479 At 2480, the thread 1830 sends a message to
the client 1890 accepting the connection. The chient 1890 then notifies the manager 1860 of
the connection acceptance at 2481 Before or after message 2481, the thread 1830 inttializes
send and/or receive message handlers to handle the connection at 2482 and instructs the
receiver 1820 to stop listening for pairing IDs at 2483, After receiving the connection
acceptance at 2081, the manager 1860 starts histening for the acknowledgment message at
2084, At 2485, the thread 1830 transmiis the acknowledgment message to the manager
1860. This may cause the manager 1860 to transmit an instruction to the screen 1840 to
close the pairing screen at 2486 and an instruction to the broadcaster 1850 to stop
broadcasting the pairing 1D at 2487

[6198] FIG. 25 illustrates a sequence diagram depicting a chronological order of
events executed by the base unit 115 and the user interface unit 117 when the user interface
unit 117 13 connected to the base umit 115 over a wireless connection source and s the same
user interface unit reconnecting with the base unit 115, As ilustrated in FIG. 25, the base
unit 115 executes a series of processes, including program 1810, recetver 1820, and thread
1830. The receiver 1820 may be the second thread described above and the thread 1830 may

be the first thread deseribed above. The user interface unit 117 can execute a series of
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processes, including screen 1840 (e.g., information displaved on the sereen), broadcaster
1830, manager 1860, and client 1890,

[0199] After the user interface umt 117 is removed from a dock or tether
connecting the user interface unit 117 with the base unit 115, the manager 1860 may mnstruet
the broadcaster 1850 to listen and broadcast a pairing 1D at 2561, Similarly, after the user
mterface unit 117 1s removed from a dock or tether connecting the user interface unit 117
with the base unit 115, the program 1810 may instruct the thread 1830 to start listening for a
broadeast pairing 1D at 2563, Receipt of the mstruction may cause the thread 1830 to create
a histener {e.g., a TCP listener) at 2564, The program 1810 may also instruct the receiver
1820 to start listening for a broadcast pairing 1D at 2565,

16200} The broadcaster 1850 may attempt to eonnect to the wireless hotspot at
2566, After some time, the broadcaster 1850 may also transnut the pairing ID at 2567, For
example, the broadcaster 1850 may broadcast the pairing I, The broadcaster 1850 may
periodically transmit the pairing 1D (e.g., every 3 seconds or other like time period) until
pairing imformation 15 received from the base unit 115, Receipt of the pairing ID may cause
the receiver 1820 to transmit a response acknowledging that the pairing 1D was received
and/or mndicating that the base unit 115 is attempting a connection if the pairing 1D of the
user interface unit 117 matches the pairing ID of the base umit 115, Otherwise, if the pairing
1Ds do not match, then the recetver 1820 may not send an acknowledgment.

[0201] After receiving the pairing ID, the receiver 1820 can determine whether to
use a wired or wireless connection source at 2568 as described above. Here, the receiver
1820 selected the wireless commection source. Onee this 1s determined, the receiver 1820 can
check to ensure that the pairing IDs match. If the pairing 1Ds match, then the receiver 1820
can transimit a response over the wireless connection source acknowledging that the pairing
1D was recetved and/or indicating that the base unit 115 13 attempting a connection at 2569,
If the pairing IDs do not match, then the receiver 1820 does not transmit a response and the
remaining messages described below are not transmitted.  Rather, the broadcaster 1850
resumes broadcasting the pairing ID.

[0202] The broadcaster 1850 can then begin to listen for the pairing information
at 2570. The broadcaster 1850 may listen for a timeout period {e.g., 5 seconds or other like

time periods). If the pairing mformation is not received before the timecut period expires,
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then the broadcaster 1850 may again broadcast the pawring 1D, Here, the receiver 1820
transmits the patring information before the timeout period expires at 2571, At 2572, the
broadcaster 1850 notifies the manager 1860 that a connection s detected, which causes the
manager 1860 to start a connection detected function at 2573, The manager 1860 at 2574
then connects and mitiahzes the send and/or recetve message handlers.

[0203] The manager 1860 then notifies the client 1890 that the message handlers
are mitialized at 2575 and the chent 1890 determines whether to use a wired or wireless
connection source at 2576, Here, the client 1890 uses the wireless connection source. After
the determination is made, the client 1890 transmits a connection request over the wireless
connection source to the thread 1830 at 2577, At 2578, the thread 1830 sends a message to
the client 1890 accepting the connection. The chlient 1890 then notifies the manager 1860 of
the connection acceptance at 2579, Betore or after message 2579, the thread 1830 mitializes
send and/or receive message handlers to handle the connection at 2380 and wnstructs the
receiver 1820 to stop listeming for pairing IDs at 2581 After recetving the connection
acceptance at 2579, the manager 1860 starts histening for the acknowledgment message at
2582, At 2583, the thread 1830 transmuts the acknowledgment message to the manager
1860, This may cause the manager 1860 to transmit an mstruction to the broadcaster 1850 to

stop broadcasting the pairing 1D at 2584,

Jerminology

6264} Many variations on the patient monitoring systems and methods described
above are possible. For example, the user interface unit can be implemented using different
design aesthetics as well as different physical elements for docking with a compatible base
unit. In addition, the base unit can be configured to recetve information and send it directly
to the user interface unit for further processing prior to display (e.g., determining a measured
hemodynamic parameter from patient sensor electrical mformation).

[0265] Fach of the processes, methods, and algorithms described i the preceding
sections may be embodied in, and fully or partially automated by, code modules executed by
one or more specialized or dedicated computers, computer processors, or machings
configured to execute speecialized computer instructions. The code modules may be

implemented using a combination of hardware {e.g., programmable logic circuits, application
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specific mtegrated circuits, microprocessors, ete.) and software stored on any type of noun-
transitory computer-readable medium or tangible computer storage device, such as hard
drives, solid state memory, optical disc, and/or the like. The systems and modules may also
be transmutted as generated data signals (e.g., as part of a carrier wave or other analog or
digital propagated signal} on a variety of computer-readable transmussion mediums,
mcluding wireless-based and wired/cable-based mediums, and may take a variety of forms
(e.g., as part of a single or multiplexed analog signal, or as multiple discrete digital packets
or frames}. The processes and algorithms may be implemented partially or wholly in
apphication-specific cireuitry. The results of the disclosed processes and process steps may
be stored, persistently or otherwise, in any type of non-transitory computer storage such as,
e.g., volatile or non-volatile storage.

[62086] The various features and processes described above may be used
mndependently of one another, or may be combined in various ways. All possible
combinations and sub-combinations are mtended to fall within the scope of this disclosure.
In addition, certain method or process blocks may be omitted in some implementations. The
methods and processes described herein are also not himited to any particular sequence, and
the blocks or states relating thereto can be performed m other sequences that are appropriate.
For example, described tasks or events may be performed in an order other than that
specifically diselosed, or mulitiple may be combined in a smgle block or state. The example
tasks or events may be performed in senal, in paraliel, or in some other manner. Tasks or
events may be added to or removed from the disclosed example embodiments. The example
systems and components described herein may be configured differently than described. For
example, elements may be added to, removed from, or rearranged compared to the disclosed
example embodiments.

(0207} Conditional language used herein, such as, among others, “can,” “could,”
“might,” “may,” “e.g.,” and the like, is not generally intended to wnply that features,
elements and/or steps are required for one or more embodiments or that one or more
embodiments necessarily include logic for deciding, with or without author input or
prompting, whether these features, elements and/or steps are included or are to be performed
in any particular embodiment. The terms “comprising,” “including,” “having,” and the like

are synonymous and are used inclusively, in an open-ended fashion, and do not exclude
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additional elements, features, acts, operations, and so forth.  Also, the term “or” 13 used n its
melusive sense {and not n 1ts exclusive sense) so that when used, for example, to connect a
fist of elements, the term “or” means one, some, or all of the elements in the hst
Conjunctive language such as the phrase “at least one of X, Y and 2.7 unless specifically
stated otherwise, 1s otherwise understood with the context as used in general to convey that
an item, term, etc. may be either X, Y or Z. Thus, such conjunctive language is not generally
intended to imply that certain embodiments require at least one of X, at least one of Y and at
least one of Z to each be present. The terms “about” or “approximate” and the hke are
synonymous and are used to idicate that the value modified by the term has an understood
range associated with it, where the range can be £20%, +15%, £10%, +£5%, or =1%. The
term “‘substantially” is used to indicate that a result {e.g., measurement value) is close to a
targeted value, where close can mean, for example, the result 13 within 80% of the value,
within 90% of the value, within 95% of the value, or within 99% of the value.

[0208] While certain example embodiments have been described, these
embodiments have been presented by way of example only, and are not intended to hmut the
scope of the mventions disclosed herein.  Thus, nothing in the foregoing description is
intended to imply that any particular feature, characteristic, step, module, or block is
necessary or indispensable. Indeed, the novel methods and systems described herein may be
embodied 1n a vanety of other forms; furthermore, varicus omissions, substitutions and
changes in the form of the methods and systems described herein may be made without

departing from the spirit of the mventions disclosed herein.
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WHATIS CLAIMED IS;

I

A patient monttor configured to receive patient-information electrieal signals

from an invasive patient sensor and a minimally nvasive patient sensor, the patient monitor

COMPrising;

a base untt comprising:

a housing forming a docking base and a front plate, the docking base
mcluding a base uynit connector;

a plurahty of sensor input connectors on an exterior portion of the
housing, at least one sensor input connector configured to receive electrical
signals from an invasive patient sensor and at least one sensor input connector
configured to recetve electrical signals from a minimally invasive patient
SENSOT;

a wireless communication systemn comprising an antenna and a
transcetver enclosed within the housing; and

a latch attached to the housing; and
a user interface unit comprising:

a housing with a bottom portion and a rear portion;

a display on a front portion of the user interface unit, the display
configured to display hemodynamic parameters determined by the base unit
based on the received patient-mformation electrical signals;

a wireless communication system enelosed within the housing; and

a user mnterface connector on the bottom portion of the housing, the
user interface connector configured to mate with the base unit connector,

wheretn, 0 a docked configuration, the user interface connector 1s configured

to directly couple to the base umit connector and the bottom portion of the housing of

the user interface unit 1s configured to contact the docking base of the base unit and at

least a portion of the rear portion of the housing of the user interface umit 13

configured to eontact the front plate of the housing of the base unit, and the latch s

configured to secure the user interface unit to the base unit,

wheretn, m a tethered configuration, the user interface connector is

electrically coupled to the base umit connector using a cable, the cable conducting
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electrical power and electrical signals between the base onit and the user interface
unit, and

wherein, in a detached configuration, the wireless communication system of
the user mterface unit 1s configured to wirelessly commumnicate with the wireless
communication system of the base unit.

2. The patient monitor of Claim 1, wherein the muimally invasive patient sensor
comprises at least one pressure sensor configured to be 1n fluid communication with a
patient’s blood vessel through a fluid-receiving region in the pressure sensor and configured
10 be n electrical communication with the base unit, the pressure sensor being configured to
sense a pressure wave in the patient’s vaseulature and being configured to transmit at least
one patient-information electrical signal to the base unit that mdicates a hemodynamic
parameter of a patient.

3. The patient monitor of Claim 1, wherein the base unit is configured to
determine a hemodynamic parameter of a patient based on the patient-information electrical
signals received from the invasive patient sensor during a first time pertod and to determine
the hemodynamie parameter of the patient based on the patient-information electrical signals
received from the muumally invasive patient sensor during a second time period after the
first time period, wherein the hemodynamic parameter based on the patient-information
electrical signals received from the munimally mvasive patient sensor is calibrated using the
patient-information electrical signals received from the invasive patient sensor.

4. The patient momtor of Claim 3, wherein the patient monitor 13 configured to
switch between determining the hemodynamic parameter of the patient based on the patient-
information elecirical signals received from the invasive patient sensor and determining the
hemodynamic parameter of the patient based on the patient-mformation electrical signals
received from the mimimally invasive patient sensor.

5. The patient momtor of Claim 1, wherein the docking base 15 sloped so that
liquid flows off of the docking base when the user mterface unit 1s docked on the base unit.

6. The patient monitor of Claim 1, further comprising a plurality of analog signal
input connectors configured to receitve an analog input signal from an external patient

monitor system.
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7. The patient monttor of Claim 6, wheremn the base unit 15 configured to

automatically convert received signals to a physiological parameter based on a maximum
expected value of the physiological parameter and a received maximum analog signal from
the external patient monitor systern.

8. The patrent monitor of Claim 7, wherein the user interface unit receives an
mdication of the maxunum expected value of the physiological parameter through an
interaction of a user with the display.

9. The patient momtor of Claim 1, wherein the base unit further comprises a
conducting portion configured to act as a ground plane for the antenna of the wireless
communication system so that a resulting radiation pattern of the antenna preferentially
transmits electromagnetic energy in a forward direction relative to the base unit.

0. The patient monstor of Claim 1, wheremn the docking base and base unt
connector are configured so that the user nterface umit cannot be docked on the base unit
with the display portion adjacent to the front plate.

1t The patient monitor of Claim 1, wherein the user interface unit and the base
unit are configured such that, in the tethered configuration, the user interface unit cannot be
seated in the docking base so that the latch secures the user mterface unit in place on the hase
unit.

12 A method of providing an alarm for a patient monitoring system comprising a
base unit and a detachable user interface unit when the detachable user interface unit is not
electrically coupled to the base unit through a cable or connector, the method comprising:

determining a presence of one or more alarm conditions based at least i part
on a value of a hemodvnamic parameter of a patient based on patient-information
electrical signals received from an invasive patient sensor or a munumally mvasive
patient sensor;

determining whether the user interface unit is in wireless communication with
the base unit;

signaling an alarm on the base unit if there 15 at least one alarm eondition and
there 1s no wireless communication between the user interface unit and the base unii;

and



WO 2017/070120 PCT/US2016/057553

signaling an alarm on the user interface umit if there 15 at least one alarm
condition and the user interface unit is wirelessly communicating with the base unit.

13. The method of Claim 12, wherein the at least one alarm condition comprises
an alarm indicating that at least one hemodynamic parameter 1s outside a tatlored range of
accepted values.

14. The method of Claim 12 further comprising not signaling the alarm on the
base unit if there is at least one alarm condition and the user interface unit is wirelessly
communicating with the base unit.

3. The method of Claim 12, wherein signahng the alarm comprises providing a
visual indication of the alarm.

16, The method of Claim 12, wherein signaling the alarm comprises providing an
audible indication of the alarm.

17. A method of controlling a heater coupled to a patient sensor for a patient
monttoring system comprising a8 base unit and a detachable user interface unit when the
detachable user mnterface unit s not electrically coupled to the base unit through a cable or
connector, the method comprising:

iteratively commanding the heater to be in a low power state for a first period
of time and to be in a high power state for a second period of time;

determining whether the user interface unit 15 in wireless communication with
the base unii;

monttoring a length of time where there 1s no wireless comumunication
between the user interface unit and the base unit; and

setting the power of the heater to be in the low power state if the length of
time exceeds a time threshold.

18. The method of Claim 17, wherein the length of time 1s less than or equal to
about 2 minutes.

19 The method of Clain 17, wherein the first pertod of time 15 less than or equal
to about 20 seconds.

20. The method of Claim 17, wherein the first period of time is the same duration

as the second period of time.
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21 The method of Claim 17, wherein the low power state comprises providing
less than or equal to about 200 mW of power to the heater.
22. The method of Claim 21, wherein the high power state comprises providing at

least about 7.5 W of power to the heater.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group |, claims 1-11 are drawn to a detachable display with three operating configurations.
Group |l, claims 12-16 are drawn to a patient monitoring method including a hemodynamic alarm.
Group |ll, claims 17-22 are drawn to a method of operating a heater.

The inventions listed in Groups |, Il and |Il do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT
Rule 13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group |, a plurality of sensor input connectors on an exterior portion of the housing, at least one sensor
input connector configured to receive electrical signals from an invasive patient sensor and at least one sensor input connector
configured to receive electrical signals from a minimally invasive patient sensor; a wireless communication system comprising, an
antenna and a transceiver enclosed within the housing; and a latch attached to the housing; and a user interface unit comprising: a
housing with a bottom portion and a rear portion; a display on a front portion of the user interface unit, the display configured to display
hemodynamic parameters determined by the base unit based on the received patient-information electrical signals; a wireless
communication system enclosed within the housing; and a user interface connector on the bottom portion of the housing, the user
interface connector configured to mate with the base unit connector, wherein, in a docked configuration, the user interface connector is
configured to directly couple to the base unit connector and the bottom portion of the housing of the user interface unit is configured to
contact the docking base of the base unit and at least a portion of the rear portion of the housing of the user interface unit is configured
to contact the front plate of the housing of the base unit, and the latch is configured to secure the user interface unit to the base unit,
wherein, in a tethered configuration, the user interface connector is electrically coupled to the base unit connector using a cable, the
cable conducting electrical power and electrical signals between the base unit and the user interface unit, and wherein, in a detached
configuration, the wireless communication system of the user interface unit is configured to wirelessly communicate with the wireless
communication system of the base unit, are not present in Groups Il or II!; the special technical features of Group Il, determining a
presence of one or more alarm conditions based at least in part on a value of a hemodynamic parameter of a patient based on
patient-information electrical signals received from an invasive patient sensor or a minimally invasive patient sensor; determining
whether the user interface unit is in wireless communication with the base unit; signaling an alarm on the base unit if there is at least one
alarm condition and there is no wireless communication between the user interface unit and the base unit; and signaling an alarm on the
user interface unit if there is at least one alarm condition and the user interface unit is wirelessly communicating with the base unit, are
not present in Groups 1 or IIl; and the special technical features of Group Il, iteratively commanding the heater to be in a low power state
for a first period of time and to be in a high power state for a second period of time; determining whether the user interface unit is in
wireless communication with the base unit; monitoring a length of time where there is no wireless communication between the user
interface unit and the base unit; and setting the power of the heater to be in the low power state if the length of time exceeds a time
threshold, are not present in Group | or If.

Groups |, It, and Il share the technical features of a patient monitor including a base unit, and a detachable user interface, wherein the
user interface is electrically coupled to the base unit connector using a cable. However, these shared technical features do not
represent a contribution over the prior art. Specifically, US 2014/0235963 A1 to Welch Allyn, Inc. teaches of a patient monitor (Abstract)
including a base unit (Fig. 2, enclosure 212, para. [0038]-{0039)), and a detachable user interface (Fig. 2, a tablet or smartphone 210,
wherein the enclosure 212 is configured to act as a cradle for the smartphone 210, wherein the smartphone 210 is there detachable from
the enclosure 212, para. [0039); Fig. 5-18, wherein the smartphone 210 is configured to act as a user interface for interacting with a
user, para. [0052]), wherein the user interface is electrically coupled to the base unit connector using a cable (Para. [0039), wherein the
smartphone 210 is configured to be connected to the enclosure 212 through a USB cable).

Since none of the special technical features of the Group 1, I}, and Ill inventions are found in more than one of the inventions, unity is
lacking.
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