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7) ABSTRACT

A data acquisition system can include an acquisition device
and a receiving device. The acquisition device includes
inputs that receive data from sensors connected to a subject,
a wireless and/or a wired transmitter that transmits data
received by the inputs, and a housing carrying at least some
of the components of the acquisition device. The housing
may be wearable by a patient. The acquisition device may be
switchable between a tethered data transmission mode and
an untethered data transmission mode. The receiving device
includes a receiver that receives data transmitted by the
acquisition device, and may include an output that outputs
data to a host. The system may be configured to transmit data

Appl. No.: 10/668,569 from the data acquisition device to the local monitor point-
to-point. The system is particularly useful for monitoring
Filed: Sep. 23, 2003 high acuity patients that may or may not require ambulation.
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WIRELESS SUBJECT MONITORING SYSTEM

BACKGROUND

[0001] Patient mobility is an integral part of many patient
care regimens in high acuity care environments. As part of
the recovery process, patients are encouraged to periodically
stand up, make short trips to the window, the bathroom, and
other patient mobility events. Lack of patient mobility can
result in physiologic complications such as deep vein throm-
bosis, infection, and overall prolonged recovery periods.
Although it is preferable to provide continuous monitoring
during these patient mobility events, it is often too difficult.
Patient cables are often too short to allow for optimal range
of patient movement, yet long enough to provide a tangle
hazard to the patient and to the caregiver. As a result, the
patient is typically disconnected from the local/bedside
monitoring device. Disconnecting the patient can be time
consuming, results in an unmonitored patient, and creates a
gap in the patient record. It would be preferable to have a
system that allows for easy connection and disconnection of
a patient from a local monitor. Also, it would be preferable
to allow a patient to continue to be monitored while not
physically connected to a local/bedside monitor such that a
patient may be monitored during patient mobility events.

[0002] Patients who are classified as high acuity often
have a number of different sensors, probes, and electrodes
monitoring their condition at any one time. Further, high
acuity patients should be closely monitored on a continual
basis. It would be preferable to have a monitoring system
that allows high acuity patients to be able to move around
while being monitored.

[0003] Patient mobility events for many patients do not
involve leaving the vicinity of the local/bedside monitor,
such as walking around a room or going to the bathroom.
Further, if a patient is having problems it would be desirable
to know this as soon as possible. Further still, when multiple
connections and data transfers must take place for data to go
from the sensor to the monitor, the chance that data will be
degraded or will be unable to be transferred increases. It
would be desirable to have a monitoring system that trans-
fers data with as few connections as possible, especially
when monitoring high acuity patients.

[0004] While wireless data transmission can offer the
advantage of substantially continuous monitoring, it is not as
reliable as a direct connection. Other objects may emit fields
or signals that interfere with the ability of a wireless trans-
mitter to accurately transmit data. For instance, in an oper-
ating room environment where electrocautery equipment is
being used, the electrocautery equipment may emit fields
that can interfere with wireless data transmission. It would
be preferable to have a system that could combine the
portability of wireless data transmission with the reliability
of wired data transmission. Further, it would be desirable if
the system were easier to operate than unplugging the
sensors from one device and then replugging the sensors into
a second device.

[0005] The teachings hereinbelow extend to those
embodiments which fall within the scope of the appended
claims, regardless of whether they accomplish one or more
of the above-mentioned needs.

SUMMARY

[0006] One embodiment relates to a monitoring system
having an acquisition device and a receiving device. The

Apr. 7,2005

acquisition device includes an input that is configured to
receive data from at least one sensor coupled to a subject,
and a wireless transmitter that continuously transmits data
received by the input. The receiving device includes a
receiver that receives data transmitted by the acquisition
device, and an output that outputs data to at least one host.
The system transmits data from the data acquisition device
to the local host point-to-point.

[0007] Another embodiment is directed to an acquisition
device for use with multi-parameter subjects. The acquisi-
tion device includes a plurality of inputs that are configured
to receive data from a plurality of sensors coupled to the
subject, and a wireless transmitter that transmits data
received by the inputs. The acquisition device is particularly
suitable for monitoring parameters typically associated with
high acuity patients.

[0008] Another embodiment provides an acquisition
device for use with high acuity patients. The acquisition
device includes an input that receives data from an invasive
sensor coupled to a patient, and a wireless transmitter that
transmits data received by the inputs.

[0009] Another embodiment relates to an acquisition
device. The acquisition device includes an input that
receives data from at least one sensor coupled to a subject,
a wired transmitter that transmits data received by the input
in a tethered data transmission mode, a wireless transmitter
that transmits data received by the input in an untethered
data transmission mode, and a data transmission mode, the
data transition mode being switchable between the tethered
data transmission mode and the untethered data transmission
mode.

[0010] Another embodiment is directed to a data acquisi-
tion system for use with high acuity patients. The data
acquisition system can include an acquisition device and a
receiving device. The acquisition device includes a plurality
of inputs that are configured to receive data from a plurality
of sensors coupled to a patient, a wired transmitter that
transmits data received by the inputs in a tethered data
transmission mode, a wireless transmitter that transmits data
received by the inputs in a wireless data transmission mode,
a housing carrying at least some of the components of the
acquisition device, the housing configured to be portable by
a patient, and a data transmission mode, the data transition
mode being switchable between the tethered data transmis-
sion mode and the untethered data transmission mode. The
receiving device includes a receiver that receives data trans-
mitted by the acquisition device, and an output that outputs
data to at least one local host. The system transmits data
from the data acquisition device to the local host point-to-
point.

[0011] Another embodiment provides a method for moni-
toring a subject. The method includes receiving data relating
to high acuity parameters from sensors coupled to the
subject; and continuously transmitting the data to a local
host point-to-point.

[0012] Other principle features and advantages of the
invention will become apparent to those skilled in the art
upon review of the following drawings, the detailed descrip-
tion, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIGS. 1A-F are schematic diagrams of a monitor-
ing system according to one embodiment of the invention;
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[0014] FIGS. 2A-C are schematic hardware diagrams of
an acquisition module according to the embodiment of FIG.
1A,

[0015] FIGS. 3A-D are functional software block dia-
grams of an acquisition module according to the embodi-
ment shown in FIG. 2A;

[0016] FIG. 4 is a schematic diagram of a monitoring
system according to another embodiment of the invention,

[0017] FIG. 5 is a diagram of an acquisition module
according to one embodiment of the invention; and

[0018] FIG. 6 is a flow chart of steps that could be
performed by a monitoring system according to any of the
preceding embodiments or another embodiment of the
invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0019] Referring to FIGS. 1A-F, a monitoring system 10,
may include a data acquisition module 72, a host 34 or a
transport host 20, a docking station 46, and/or an expansion
module 74. Acquisition module 72 receives data from sen-
sors 70 and transfers the data to a local host 20,34. Data may
be transferred from acquisition module 72 to host 20,34
using a wired or a wireless connection. If a wired connection
is used, a docking station 46 may be used to facilitate the
connection. Acquisition module 72 may receive further data
from an expansion module 74 which may contain additional
Sensors.

[0020] Acquisition module 72 includes inputs 56 which
are configured to receive data from sensors 70 coupled to a
subject, such as a patient. Some examples of patient sensors
that can be used include electrocardiograph (ECG) elec-
trodes, non-invasive blood pressure (NBP) cuffs, pulse
oximetry probes, temperature probes, cardiac output probes,
and invasive blood pressure transducers. Inputs 56 may be
configured to recognize the type and/or manufacturer of the
sensor coupled to input 56. This may be done using
mechanical linkages, electronic linkages, wireless connec-
tions, 1-wire technology, or some other technology used to
identify a subject. If 1-wire technology is used, data relating
to the sensor being used (such as duration of usage, cali-
bration values, etc.) can be transmitted from the sensor
and/or to the sensor.

[0021] Acquisition module 72 may also include a user
interface 59. User interface 59 may include user inputs 62
and a display 60. User inputs 62 may include calibration
inputs, a power switch, a data transmission mode switch, and
inputs for other information or commands. Display 60 may
include LEDs, an LCD screen, or other forms of display.
Display 60 may display information such as power/battery
status, data transmission mode, monitoring results, etc.

[0022] Acquisition module 72 may also be configured to
include output controls 58 for control devices 68 coupled to
a subject. Some examples of medical devices which may be
coupled to a subject include external defibrillators, intra-
aortic balloon pump, neonatal ventilator, and/or any other
controlled medical device.

[0023] Acquisition module 72 further includes a battery
66. Battery 66 may be a rechargeable battery, and/or may be
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removable. If battery 66 is removable, acquisition module
72 may include a battery slot 64 for facilitating the exchange
of battery 66.

[0024] Acquisition module 72 may also include an expan-
sion port 76 that allows expansion modules 74 to be added
to acquisition module 72. Expansion modules 74 may
include additional sensor inputs 57, additional batteries 80
for additional power, additional output controls, additional
user interfaces, additional communication devices, or other
components that expand the functions of data acquisition
module 72. Expansion modules 74 may have their own
processing circuits, or may transfer data to be processed by
acquisition module 72. Expansion modules 74 may further
include additional expansion ports 77 for additional expan-
sion modules. Expansion port 76 may include a universal
serial bus (USB) connection, and may be configured to
transfer data and/or power to or from expansion module 74.
Reference to “an acquisition device” includes, unless stated
otherwise, either an acquisition device by itself or an acqui-
sition device coupled to one or more expansion modules.

[0025] Acquisition module 72 is configured to transmit
data to hosts 20,34 in a wired data transmission mode and in
a wireless data transmission mode. Wireless transmitter 54
can be used to transmit data wirelessly to hosts 20,34.
Alternatively, wired data port 52 can be used to transmit data
over a wired connection to hosts 20,34.

[0026] Wireless transmitter 54 preferably transfers data
point-to-point to host 34. Point-to point data transfer indi-
cates that data is transferred directly from the acquisition
module 72 to host 34 where host 34 is located in the vicinity
of acquisition module 72. Transferring data point-to-point is
generally meant as not being transferred from an acquisition
module 72 to a network 39 and then to host 34, This is not
to say that host 34 may not have a device connected to host
34 which facilitates wireless transfer of data to host 34.
Wireless transmitter 54 may also be configured to transmit
data to hosts 20,34 over a network 39. For example, wireless
transmitter 54 may be configured to transmit data point-to-
point when hosts 20,34 are in range and to transmit data over
a network 39 when hosts 20,34 are not within range.

[0027] Acquisition module 72 may also be configured to
transmit data using wired data port 52. Wired data port 52
may include a data transmission portion 50 for transmitting
data. Data transmission portion 50 may use any number of
technologies such as serial data transmission, Ethernet data
transmission, etc. Wired data port 52 may also include a
power input portion 49 such that acquisition module 72 can
be powered by an external power source and/or such that
battery 66 may be recharged by an external power source.
Power input portion 49 and data transmission portion 50 are
preferably configured to be a single input such that connect-
ing one wire to wired data port 52 can facilitate both data
transmission and powering of acquisition module 72. This
may be facilitated by using a universal serial bus (USB) port,
powered Ethernet, or some other technology.

[0028] Wired data port 52 may also include a module
detection portion 48 that determines whether a wired con-
nection is being made. Module detection portion 48 can
determine whether a wired data connection is being made.
Data can then automatically be routed to wireless transmitter
54 or wired data port 52 based on whether a wired connec-
tion is being made.
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[0029] Wired data transfer may be facilitated by docking
station 46. Docking station 46 may connect to acquisition
module 72 through wired data port 52 or through a separate
data port. Docking station 46 connects to acquisition module
72 from acquisition module connection port 51. Docking
station 46 can then be directly connected to host 34. Docking
station 46 preferably has a data transmission portion 50, a
power input portion 49, and a module detection portion 48.
Docking station 46 may be a separate device, or may be
integrated into a host device.

[0030] Host/receiving device 34 receives information
from acquisition module 72 at input 36. Input 36 may
include a wired receiver (such as an Ethernet card 35 and a
power portion 37 that transfers power to acquisition module
72 when acquisition module is wired to host 34. Host 34 also
has a wireless receiver 42 for receiving data transmitted
wirelessly from acquisition module 72.

[0031] Host 34 further includes network interfaces 38 for
connecting to one or more networks 39. Network interfaces
38 can be configured to allow a wired connection to net-
works 39 (such as Ethernet ports), or may facilitate wireless
access to networks 39.

[0032] Host 34 also includes an internal power connection
44 1o provide power to host 34. Power connection 44 may
also be used to provide power to acquisition module 72
through power portions 37 and 49.

[0033] Host 34 also has a display output 40 that connects
host 34 to a local/bedside display 41. Display 41 can then
display information processed by acquisition device 72, host
34, and/or display 41. Display 41 may also be used to
generate local alarms (alarms that are triggered in the
vicinity of host 34).

[0034] Transport host/receiving device 20 is configured to
be more easily transported. Transport host 20 includes
external power connection 32 that can be connected to
transport host 20 to provide power from a power outlet.
External power connection 32 may also be used to recharge
batteries 27.

[0035] Host 20 includes a screen 30 that can display
information processed by host 20 and/or acquisition device
72. Host 20 also includes an alarm device that can trigger
local alarms or remote alarms (alarms not necessarily occur-
ring in the vicinity of host 20, such as an alarm at a nurse
station, on a pager, on a personal digital assistant carried by
a clinician, etc.).

[0036] Referring to FIGS. 2A-C, hardware included in an
acquisition interface 100 of acquisition module 72 includes
inputs 156 that are configured to receive cabling from
sensors 70 to facilitate transfer of data from sensors 70.
Acquisition module 72 further includes smart battery 166
which provides power for acquisition module 72 when
transmitting in a wireless data transmission mode, and
which recharges when transmitting data in a powered, wired
data transmission mode. Acquisition module 72 also
includes expansion module interface board 176 for facili-
tating a data connection to an expansion module 74. Acqui-
sition module 72 also includes user interface panel 159
which includes user inputs 62 and display 60.

[0037] Inputs 156 are comnected to signal processing
board 158. Signal processing board 158 includes a main
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processing board 162 that receives inputs from temperature
sensors, cardiac output sensors, invasive blood pressure
sensors, and pulse oximetry sensors, and an ECG processing
board 160 that receives data from ECG electrodes.

[0038] Acquisition interface 100 also includes power
board 164 and mainboard 172. Main board 172 connects to
power board 164, expansion interface board 176, smart
battery 166, Ethernet connector 184, wireless transmitter
connector, non-invasive blood pressure (NBP) subsystem
182 (including pump 186), user interface panel 159, and
output control board 168.

[0039] Referring to FIGS. 3A-D, acquisition software 200
includes main signal processing section 262 running on
main processing board 162, ECG processing section 260
running on ECG processing board 160, and mainboard
section 272 running on mainboard 172.

[0040] Main signal processing section 262 includes mod-
ules that control calibration of temperature sensors 212, that
identify the type and/or function of the cables 212, that
interface with the cables 218, and that process 210 the
signals input on the main processing board. Main signal
processing section 262 also includes a communication sec-
tion 208 that facilitates communication with mainboard
section 272.

[0041] ECG signal processing section 260 includes mod-
ules that control ECG functions 202, that configure respi-
ration functions 204, and that perform other ECG signal
processing operations 202. ECG processing section 262 also
includes a communication section 206 that facilitates com-
munication with mainboard section 272.

[0042] Mainboard section 272 runs a Linux operating
system on an ARM processor. Mainboard section 272
includes a communication manager module 220 that facili-
tates communication between host manager 232, data pro-
cessing modules 224, NBP manager, output control manager
213, main signal processing section 262, and ECG signal
processing section 260.

[0043] Mainboard section 272 also includes trend man-
ager module 230 and data storage manager module 226
which facilitate storage of data in the event that data cannot
be successfully transmitted to a host. Mainboard section also
includes a battery manager module that manages the use and
charging of smart battery 166.

[0044] Mainboard section 272 further includes an expan-
sion port module 236 that facilitates communication

between an expansion module 74 and acquisition module
72.

[0045] Referring to FIG. 4, a monitoring system 310
includes an acquisition device 372 and a receiving device
334. Acquisition device 372 includes a plurality of inputs
356 that receive data from a plurality of sensors 370 coupled
to subject 302. Data from inputs 356 is transferred to
processing circuit 390. Processing circuit 390 can include
various types of processing circuitry, digital and/or analog,
and may include a microprocessor, microcontroller, appli-
cation-specific integrated circuit (ASIC), or other circuitry
configured to perform various input/output, control, analy-
sis, and other functions to be described herein. Processing
circuit 390 can digitize the data, can filter the data, can
analyze the data, can combine the data, and/or can process
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the data in some other manner. Processing circuit 390 may
also include a memory that stores data that cannot be
transmitted.

[0046] Processing circuit 390 then transfers the data to
receiving device 334 using wired transmitter 350 or wireless
transmitter 354. Preferably, acquisition device 372 can trans-
mit data using wired transmitter 350 in a wired data trans-
mission mode 351 and transmit data using wireless trans-
mitter 354 in a wireless data transmission mode 355.
Processing circuit 390 may be able to determine whether
wired transmitter 350 is coupled to receiving device 334. If
wired transmitter 350 is coupled to receiving device 334,
then processing circuit 390 may transmit data in a wired data
transmission mode 351. If wired transmitter 350 is not
coupled to receiving device 334, then processing circuit 390
may transmit data in a wireless data transmission mode 355.
Alternately, processing circuit 390 may receive an input
from user interface 362 that determines which data trans-
mission mode to use.

[0047] Wireless transmitter 354 may be a transmitter, a
transceiver, or any other wireless transmitting device. Wire-
less transmitter 354 preferably uses a technology not requir-
ing a line of sight, such as RF technology. Also, wireless
transmitter 354 preferably uses a technology that automati-
cally detects the presence of other wireless devices that are
in the vicinity of wireless transmitter 354. Even more,
wireless transmitter 354 would suitably use a technology
that requires only a small amount of power. Transmitter 354
may use Bluetooth™ technology, 802.11 b protocol, WMTS
protocol, or some other wireless technology.

[0048] The Bluetooth trademark is owned by Bluetooth
SIG, Inc. Bluetooth wireless technology provides wireless
connections; enabling links between mobile computers,
mobile phones, portable handheld devices, and connectivity
to the Internet. Bluetooth devices tend to have a low power
consumption and a low cost.

[0049] The Bluetooth wireless specification includes both
link layer and application layer definitions for product
developers which supports data, voice and content-centric
applications. Radios that comply with the Bluetooth™ wire-
less specification operate in the unlicensed, 2.4 GHz ISM
(Industrial, Scientific and Medical) Band radio spectrum.
These radios use a spread spectrum, frequency hopping,
full-duplex signal at up to 1600 hops/sec. The signal hops
among 79 frequencies at 1 MHz intervals to give a high
degree of interference immunity. Bluetooth’s synchronous
bands are geared to carry relatively high-quality voice, while
the asynchronous communication will support data at
slightly more than 700 Kbps.

[0050] Distance for standard devices is limited to about 10
meters, but can be expanded to much larger distances (such
as 100 meters) if desired. Once the devices are within the
distance boundary, the devices can be connected automati-
cally. It also provides a fast and secure transmission of voice
and data even when the devices do not have a line of sight.

[0051] WTMS (or Wireless Medical Telemetry Service)
generally operates in a frequency band of 608-614 Mhz,
1395-1400 MHz, or 1429-1432 MHz and may use a protocol
such as that described in U.S. Pat. No. 5,944,659. The
WTMS is a band reserved almost exclusively for medical
devices, and, as a result, should not suffer from intentional
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interference from other bands. Under current FCC guide-
lines, voice and video communications are not allowed to be
transmitted using the WTMS bands, but patient data may be
transmitted.

[0052] Acquisition device 372 also includes a user inter-
face 362. User interface 362 may include user inputs that
allow a user to enter commands or other data, may include
displays that indicate system function and/or subject param-
eter data, and/or may include alarms that indicate the occur-
rence of an event.

[0053] Acquisition device 372 may also include a battery
366. Battery 366 is preferably a rechargeable battery that
powers acquisition device 372 when in a wireless data
transmission mode 355, and is recharged when in a wired
data transmission mode. Battery 366 may be configured to
be removable by using a battery slot.

[0054] Acquisition device 372 may also include an expan-
sion port that allows additional resources to be connected.
Also, acquisition device 372 may include an output control
358 that controls the operation of an external device.

[0055] Receiving device 334 receives data from acquisi-
tion device 372 with wireless receiver 342 and/or using
wired receiver 336. Wireless receiver 342 may be a receiver,
a transceiver, or some other type of receiving device. Data
received by wired receiver 336 and wireless receiver 342 is
sent to processing circuit 392. Processing circuit 392 can
digitize the data, can filter the data, can analyze the data, can
separate the data, and/or can process the data in some other
manner. Data from processing circuit 392 can be output to
host 341 using outputs 340 and/or can be transferred across
a network using network interface 339.

[0056] Hosts 341 can be individual devices which display
and/or control different parameters. For example, one host
may display or process cardiac output, another may display
or process ECG, yet another may display or process Sp02,
etc. Alternatively, host 341 may be a display for displaying
information processed by acquisition device 372 and/or
receiving device 334, may process a plurality of parameters,
may monitor for alarms, etc. Each host 341 may reccive
identical data. Alternatively, each host 341 may receive data
from a particular sensor 370. This may be accomplished by
correlating an input 356 to an output 340. Alternatively, this
may be accomplished by identifying the type of sensor
and/or the type of monitor connected to input 356 and output
340 respectively. Further, each host 341 may receive a
unique combination of sensor outputs and/or processed data.

[0057] Referring to FIG. 5, a data acquisition device 472
includes a housing 494. Housing 494 is configured to be
small and compact such that it is easier to transport. Housing
494 may also contain clips or other devices that allow it to
be wearable by a patient. As an alternate to clips, housing
494 may be configured to be received in a carrying case that
is wearable by a user.

[0058] Acquisition device 472 includes inputs 456 that
receive cables 470 extending from sensors that are coupled
to a subject. Acquisition device 472 also includes a user
interface 462. User interface 462 can include LEDs that
indicate the status of acquisition module 472 (tethered/
untethered, battery low/charging/full, etc.). User interface
462 can also include a power button, calibration buttons, or
some other user input device.
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[0059] Referring to FIG. 6, data is received from sensors
coupled to a subject at block 500. The data can be high
acuity patient parameter data. High acuity patient parameter
data includes any parameter set that is typically used to
monitor high acuity patients, but not regularly used to
monitor other patients such as sub-acute patients. High
acuity patients are patients who have a patient:clinician ratio
of at most 3:1 and typically less. Clinicians can include
doctors, nurses, physical therapists, physician assistants, etc.
Some examples of high acuity parameter sets include those
that use invasive techniques, an ECG having at least three
leads (especially those having ten or more leads), parameter
sets including four or more separate parameters, etc. Some
examples of patient parameters include blood pressure,
cardiac output, temperature, blood oxygen saturation, res-
piration rate, ECG data, etc.

[0060] The data may be processed at block 504. Process-
ing the data could include combining the data into a packet
signal, analyzing the data, filtering the data, converting the
data to digital signals, and/or some other type of processing.
Data can then be displayed at block 506, an alarm can be
sent at block 502, and/or an external device can be actuated
at block 507. External devices coupled to patients can
include an intra-aortic balloon pump, a defibrillator, and/or
some other external medical device. The external device can
also be actuated at block 507 based on a signal input at block
505. The signal at block 505 may be input from a network,
from a monitor, from a receiving device, and/or from some
other stimulus.

[0061] Data processed at block 508 may then be trans-
ferred at block 510 or 514 based on a determination of the
data transmission mode at block 508. The determination at
block 508 can be made based on a position of a switch, some
other user input, an external input, on whether a wired
connection is being made to a receiving device, and/or some
other condition. The data transition mode may be switched
from a tethered data transmission mode to an untethered data
transmission mode by a user input, or automatically.

[0062] If data is to be transferred in a tethered data
transmission mode, data is transferred at block 510. If data
is to be transferred in an untethered data transmission mode,
data is transmitted wirelessly at block 514. Wirelessly trans-
mitted data can be transmitted point-to-point to a local host
via a receiving device connected to the local host, or can be
transferred over a network. Wireless data may generally be
transferred point-to-point, but, if the acquisition device
leaves the vicinity of the local/bedside host, data may be
transferred over a network.

[0063] A single transmitter may be used for both point-
to-point and network data transmission, or two different
transmitters may be used, such as a transmitter using Blue-
tooth technology for point-to-point transmission, and a
transmitter using WiFi technology for network transmission.
The untethered data transition mode may be switched
between a point-to-point mode and a network mode manu-
ally or automatically (i.e. when a Bluetooth receiving device
is or no longer is detected to be in proximity). Still further,
an acquisition device may be configured to use only one type
of untethered data transmission mode.

[0064] Data may also be transmitted in a single mode such
as the untethered data transmission mode. In this case, the
acquisition device would preferably still be connectable to a
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power supply such that a rechargeable battery may be
recharged while a subject is still being monitored.

[0065] Data is preferably transmitted continuously. Con-
tinuously transmitting means that data is generally transmit-
ted in real-time. Continuously transmitting is not meant to
mean that data is always being transmitted. For instance, a
device may run out of power, be shut off, become out of
range, not switch between a tethered and untethered mode of
operation very quickly (for instance, if the switching
requires a user to flip a switch), may switch from a con-
tinuous untethered data transmission mode to a tethered
transmission mode, or lose the ability to transmit in real time
by some other means. While these situations may tempo-
rarily impair the ability of the data to be transmitted, the data
is still generally being transmitted in real-time, and thus
continuously. A short delay, a buffer, or a temporary lapse
between acquisition and transmission of data does not
prevent the data from being considered as substantially
continuous.

[0066] If data is unable to be transmitted, it may be stored
at block 512 and then transferred at block 510 or 514 at a
later point in time.

[0067] Data is then received at block 516. The data is
preferably received by a local host, such that blocks 516,
518, and 526 would occur at the local host. Alternatively, an
adapting device may receive the data, and then transfer the
data to the local host. The received data can be processed (or
further processed) at block 518. Processing the data at block
518 can include separating the data from a packet signal,
analyzing the data, filtering the data, converting the data to
digital signals, and/or some other type of processing.

[0068] Data processed at block 518 can be transferred
across a network at block 520 or to a local/bedside host (a
host in the vicinity of the subject and the acquisition device)
at block 526. Data transferred to a network at block 520 may
be further processed at block 528, may be used to generate
an alarm at block 532, and may be transferred to a local host
at block 526. Data transferred to a local host may be
processed at block 530, displayed at block 534, and used to
generate an alarm at block 532.

[0069] Data transferred to a network at block 520 may be
stored at block 522, such as in the form of a record in a
patient or health care facility file. Data may also be used to
generate a bill at block 524.

[0070] Abill generator can generate a bill based on the use
of a monitor at block 524. The bill generator can generate a
bill for the use of the monitoring system, or can integrate the
use of the monitoring system into a larger bill to be sent. The
bill generator can also monitor the usage of the monitoring
system, and generate reports based on usage of the moni-
toring system. The bill generator can also be used to send a
notice to a person across a network indicating that the
monitoring system is being used and billed, and/or that a
patient is experiencing medical trouble. People that may
desire receiving such a notice might include a patient’s
primary physician, a treating physician, an insurance carrier,
and a patient. Delivering a notice to an insurance carrier may
allow faster approval for sudden, unexpected usage of the
monitoring system, and/or other medical treatment. This
would allow a hospital to collect funds sooner, and would
allow a patient to worry less about obtaining coverage after
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treatment. This can also allow medical facility staff and
insurance staff to make more informed business decisions.
Once the bill is generated, it can then be sent physically or
electronically to a recipient. The recipient may be a com-
puter at an insurance company that calculates the extent of
coverage and the amount to be paid based on the usage of the
monitoring system, or some other recipient.

[0071] The invention has been described with reference to
various specific and illustrative embodiments and tech-
niques. However, it should be understood that many varia-
tions and modifications may be made while remaining
within the spirit and scope of the invention. For instance
many of the components and sub-components from acqui-
sition devices 72, 372, and 472, receiving devices 20, 34,
and 334, and other listed components can be rearranged,
removed, formed as separate units which are later coupled,
and/or formed into integrated units, and still remain within
the scope of the invention. For instance, a high acuity
acquisition device could be comprised of a handful (three or
fewer) separate devices which together can be used to
monitor a high acuity parameter set.

What is claimed is:
1. A monitoring system, comprising:

an acquisition device, the acquisition device comprising,

an input that is configured to receive data from a
plurality of sensors coupled to a patient, and

a wireless transmitter that continuously transmits data
received by the input; and

a receiving device, the receiving device comprising,

a receiver that receives the data transmitted by the
acquisition device, and

an output from the receiver that outputs the data to at
least one local host;

wherein the system transmits data from the data acquisi-

tion device to the receiving device point-to-point.

2. The monitoring system of claim 1, wherein the acqui-
sition device comprises a plurality of inputs configured to
receive data from sensors coupled to the patient.

3. The monitoring system of claim 2, wherein the acqui-
sition device may be switched between a tethered data
transmission mode and an untethered data transmission
mode.

4. The monitoring system of claim 3, wherein the data
acquisition device further comprises a housing configured to
be wearable by a patient.

5. The monitoring system of claim 2, wherein

a first input of the acquisition device is configured to
receive data from a sensor associated with a type of
monitoring, the type of monitoring selected from a
group consisting of electrocardiography, pulse oxim-
etry, cardiac output, end tidal carbon dioxide, invasive
blood pressure, non-invasive blood pressure, and tem-
perature; and

a second input of the acquisition device is configured to
receive data from a sensor associated with a type of
monitoring, the type of monitoring selected from a
group consisting of cardiac output, end tidal carbon
dioxide, invasive blood pressure, non-invasive blood
pressure, and temperature.
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6. The monitoring system of claim 2, wherein the plurality
of inputs of the acquisition device are configured to receive
data from at least three different types of sensors monitoring
at least three different parameters.

7. The system of claim 2, wherein the plurality of inputs
of the acquisition device are configured to receive data from
at least five different types of sensors monitoring at least five
different parameters.

8. The monitoring system of claim 2, wherein the receiv-
ing device further comprises an alarm.

9. The monitoring system of claim 1, wherein the acqui-
sition device may be switched between a tethered data
transmission mode and an untethered data transmission
mode.

10. The monitoring system of claim 9, wherein switching
the acquisition device between a tethered data transmission
mode and an untethered data transmission mode is facili-
tated by an output on the data acquisition device that allows
data and power to be transmitted over a single connection.

11. The monitoring system of claim 1, wherein the acqui-
sition device further comprises a control output configured
to allow the acquisition device to control an external device
coupled to the patient.

12. The monitoring system of claim 11, wherein the
control output is configured to control an external device
selected from the group consisting of an intra-aortic balloon
pump and a defibrillator.

13. The monitoring system of claim 11, wherein the
receiving device is a portion of the local host.

14. Awearable acquisition device for use with high acuity
patients, comprising:

at least three inputs that are configured to receive data
from a plurality of sensors coupled to a patient that are
monitoring at least three different parameters; and

a wireless transmitter that transmits data received by the

inputs.

15. The acquisition device of claim 14, wherein at least
one of the inputs is configured to receive data from an
invasive sensor.

16. The acquisition device of claim 14, wherein the
acquisition device may be switched between a tethered data
transmission mode and an untethered data transmission
mode.

17. The acquisition device of claim 14, wherein the data
acquisition device further comprises a housing configured to
be wearable by a patient.

18. The acquisition device of claim 14, wherein

a first input of the acquisition device is configured to
receive data from a sensor associated with a type of
monitoring, the type of monitoring selected from a
group consisting of electrocardiography, pulse oxim-
etry, cardiac output, invasive blood pressure, end tidal
carbon dioxide, non-invasive blood pressure, and tem-
perature; and

a second input of the acquisition device is configured to
receive data from a sensor associated with a type of
monitoring, the type of monitoring selected from a
group consisting of cardiac output, invasive blood
pressure, non-invasive blood pressure, end tidal carbon
dioxide, and temperature.
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19. The acquisition device of claim 14, wherein the inputs
of the acquisition device are configured to receive data from
at least five different types of sensors monitoring at least five
different parameters.

20. A wearable acquisition device for use with high acuity
patients, comprising:

an input that is configured to receive data from an invasive
sensor coupled to a patient; and

a wireless transmitter that transmits data received by the

inputs.

21. The acquisition device of claim 20, wherein the input
is configured to receive data from an invasive sensor
selected from the group consisting of an invasive blood
pressure sensor, an invasive temperature sensor, and a car-
diac output sensor.

22. The acquisition device of claim 20, further comprising
a control output configured to allow the acquisition device to
control an external device coupled to the patient.

23. The acquisition device of claim 20, wherein the
control output is configured to control an external device
selected from the group consisting of an intra-aortic balloon
pump and a defibrillator.

24. An acquisition device, comprising:

an input that is configured to receive data from at least one
sensor coupled to a patient;

a wired transmitter that transmits data received by the
input in a tethered data transmission mode; and

a wireless transmitter that transmits data received by the
input in an untethered data transmission mode;

wherein the acquisition device has a data transmission
mode that is switchable between the tethered data
transmission mode and the untethered data transmis-
sion mode.

25. The acquisition device of claim 24, further comprising

a wired output slot, coupled to the wired transmitter,
configured to receive a wire that facilitates wired
transmission of data,

a processing circuit that switches the data transmission
mode between the tethered data transmission mode and
the untethered data transmission mode when a connec-
tion of the wired output slot is made or broken.

26. The acquisition device of claim 24, further comprising

a wired output slot, coupled to the wired transmitter, con-
figured to receive a wire that facilitates wired transmission
of data and configured to simultaneously receive power from
a power source.

27. The acquisition device of claim 24, wherein the
wireless transmitter transmits a radio frequency signal.

28. The acquisition device of claim 27, wherein the
wireless transmitter transmits signals using a protocol that
allows devices within proximity to each other to connect
automatically.

29. The acquisition device of claim 28, wherein the
wireless transmitter uses Bluetooth technology.

30. The acquisition device of claim 24, further comprising
a rechargeable battery adapted to recharge when the data
transition mode is in a tethered data transition mode.

31. The acquisition device of claim 24, further comprising
a control circuit configured to switch the data transmission
mode between the tethered data transmission mode and the
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untethered data transmission mode such that data transmis-
sion is substantially continuous.

32. The acquisition device of claim 24, wherein the
wireless transmitter transmits data using a technology that
does not require line of sight to transmit data.

33. The acquisition device of claim 24, further comprising
a control output configured to allow the acquisition device to
control an external device coupled to the patient.

34. The acquisition device of claim 24, wherein the
wireless transmitter is configured to transmit data point to
point in the untethered data transmission mode.

35. The acquisition device of claim 24, wherein the
acquisition device is configured to be wearable by the
patient.

36. A data acquisition system for use with high acuity
patients, comprising:

an acquisition device, the acquisition device comprising;

a plurality of inputs that are configured to receive data
from a plurality of sensors coupled to a patient,

a wired transmitter that transmits data received by the
inputs,

a wireless transmitter that transmits data received by
the inputs, the wireless transmitter using a technol-
ogy that does not require a line of sight to transmit
data, and

a housing carrying at least some of the components of
the acquisition device, the housing configured to be
portable by a patient,

wherein the acquisition device has a data transmission
mode that is switchable between a tethered data
transmission mode and an untethered data transmis-
sion mode; and

a receiving device, the receiving device comprising;

a receiver that receives data transmitted by the acqui-
sition device, and

an output from the receiver that outputs data to at least
one local host, wherein the system transmits data
from the data acquisition device to the receiver
point-to-point.
37. The device of claim 36, wherein

a first input of the acquisition device is configured to
receive data from a sensor associated with a type of
monitoring, the type of monitoring selected from a
group consisting of electrocardiography, pulse oxim-
etry, cardiac output, end tidal carbon dioxide, invasive
blood pressure, non-invasive blood pressure, and tem-
perature; and

a second input of the acquisition device is configured to
receive data from a sensor associated with a type of
monitoring, the type of monitoring selected from a
group consisting of cardiac output, end tidal carbon
dioxide, invasive blood pressure, non-invasive blood
pressure, and temperature.

38. The system of claim 36, wherein at least one of the
plurality of inputs is configured to receive data from an
invasive sensor coupled to a patient.

39. The system of claim 36, comprising a plurality of local
monitors that receive data from the acquisition device by
way of the receiving device.
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40. The system of claim 36, wherein the housing is
configured to be wearable by a patient.

41. The system of claim 36, wherein the receiving device
is a portion of the local host.

42. A method for monitoring a patient, comprising:

receiving data relating to high acuity parameters from
sensors coupled to the patient;

continuously transmitting the data to a local host; and

transmitting the data point-to-point in an untethered data
transmission mode.
43. The method of claim 42, further comprising changing
a data transmission mode from a tethered data transmission
mode to the untethered data transmission mode.
44. The method of claim 42, wherein

the high acuity parameters comprise at least a first high
acuity parameter and a second high acuity parameter;

the first high acuity parameter selected from a group
consisting of electrocardiograph information, blood
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oxygen saturation information, cardiac output, invasive
blood pressure, non-invasive blood pressure, end tidal
carbon dioxide, and temperature; and

the second high acuity parameter selected from a group
consisting of cardiac output, end tidal carbon dioxide,
invasive blood pressure, non-invasive blood pressure,
and temperature.

45. The method of claim 42, wherein at least one sensor
is an ECG having at least three leads.

46. The method of claim 42, wherein at least one sensor
is an ECG having at least ten leads.

47. The method of claim 42, wherein the high acuity
parameters include at least four different parameters.

48. The method of claim 42, wherein the high acuity
parameters comprise ECG, blood oxygen saturation, and at
least one other parameter.

49. The method of claim 42, further comprising transmit-
ting the data to a monitor over a network.
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