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(7) ABSTRACT

A multi-parametric vital signs monitoring device configured
for use as an ambulatory and a bedside monitor wherein the
device can be patient-wearable and is battery powered. The
monitoring device can be used with a charging cradle to
provide power to the device in lieu of the battery as a power
source for bedside applications, in which the cradle further
serves as an intermediary device to enable a data link with a
PC or other peripheral device. The monitoring device can
include a wireless radio to enable bi-directional transfer of
patient-related data to a separate remote station.
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8.1  ParamSet Enable
Do you waont to enable ParamSet?

197 ~ @(Yes)
C1{No)

Note If you select J{No), disregards the rest of the PoramSet settings.

8.2 ParamSet % for Upper HR/PR
ParamSet increases the Upper HP/PR limit ___%. (5, 10, 15, 20, 25)
B.3 ParamSet % for Lower HR/PR >199
ParamSet decreases the Lower HP/PR limit ___%. (5, 10, 15, 20, 25)
8.4 ParamSet % for Upper NIBP Systolic
PoramSet increases the Upper NIBP Systolic fimit by __%. (5, 10, 15, 20, 25)
8.5 ParamSet % for Lower NIBP Systolic
ParamSet decreases the Lower NIBP Systolic limit by __%. (5, 10, 15, 20, 25)
8.6 ParamSet % for Lower NIBP Diastolic
ParamSet increases the Upper NIBP Diastolic limit by _ % (5, 10, 15, 20, 25)
8.7 ParomSet % for Lower NIBP Diostolic
ParamSet decreases the Lower NIBP Diastolic limit by _ %. (5, 10, 15, 20, 25)
8.8 ParamSet % for Upper NIBP Mean
ParamSet increases the Upper NIBP Mean limit by __ %. (5,10,15)
8.9 ParamSet % for Lower NIBP Mean
ParamSet decreoses the Lower NIBP Mean limit by _ %. (510,15)
8.10 ParamSet % for Upper Sp02 :
ParamSet increases the Upper Sp0y limit by ___%. (5, 10)
8.11 ParamSet % for Lower Sp0Op
ParamSet decreases the Lower SpOp limit by _ %. (5, 10)
8.12 ParamSet % for Upper Resp
ParamSet increases the Upper Resp limit by __%. (5, 10, 15, 20, 25)
8.13 ParamSet % for Lower Resp
PoramSet decreases the Lower Resp limit by _ %. (5, 10, 15, 20, 25)

F1G.64
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VITAL SIGNS MONITOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of, and
claims the priority and benefit to, pending U.S. patent appli-
cation Ser. No. 11/795,301, filed on Jul. 13, 2007, which is
National Stage Entry of PCT/US2006/001093, filed on Jan.
13,2006, which claims priority from U.S. Provisional Appli-
cation 60/643,636, filed on Jan. 13, 2005. All of the afore-
mentioned patent applications and patents are incorporated
herein by reference in their entirety.

FIELD OF THE INVENTION

[0002] The invention relates to the field of medical diag-
nostic instruments and in particular to a portable, battery
powered, multi-parametric, vital signs monitoring device that
can be used for both ambulatory and transport applications as
well as bedside monitoring. The device can be used with an
optional charging cradle that supplies power and charges the
contained battery. The charging cradle can additionally serve
to provide an isolated data link to an interconnected portable
computer allowing snapshot and trended data from the moni-
toring device to be printed automatically and also allowing
default configuration settings to be downloaded to the moni-
toring device. The monitoring device is capable of use as a
stand-alone unit as well as part of a bi-directional wireless
communications network that includes at least one remote
monitoring station.

BACKGROUND OF THE INVENTION

[0003] A number of vital signs monitoring devices are
known that are capable of measuring multiple physiologic
parameters of a patient wherein various sensor output signals
are transmitted either wirelessly or by means of a wired
connection to at least one remote site, such as a central moni-
toring station. U.S. Pat. No. 5,319,363 describes a wired
version of such a device and network, while U.S. Pat. Nos.
6,544,173 and 6,544,174 each describe a multi-parametric
vital signs monitoring device that is linked by means of a
bi-directional wireless communications network with at least
one central monitoring station, usually located at a nurse’s
station on a hospital floor or Intensive Care Unit (ICU). Such
monitoring systems have dramatically improved the manner
in which patients can be monitored during a hospital stay.
However, there is a perceived need in the field to provide a
patient monitoring device that is truly versatile, such that the
device can be selectively used for bedside as well as ambula-
tory applications in order to more effectively cover the varied
number of situations a monitored patient may encounter, but
without a loss in device (e.g., monitoring) connection with
that patient or in obtaining required physiologic data.

[0004] There are additional concerns that exist in the field
of patient vital signs monitoring. For example, the nature of
monitoring devices that continuously monitor SpO, (blood
oxygen saturation) levels of a patient can cause false or nui-
sance alarms, particularly those patients who are of lower
acuity or are ambulatory. Traditional continuous monitors of
this typeare found in ICU, OR, ED, PACU and other specialty
beds, for the most part. The majority of hospital beds, on the
other hand, are found in medical-surgical and/or general care
areas in which non-continuous, spot-checking monitoring
devices are primarily used. It is believed that present hospital
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healthcare dynamics, such as the general shortage of nurses,
has increased pressure for regulatory compliance, rising
costs, and higher acuity in patient census. The latter, it is
further believed, could cause a convergence of continuous
monitoring and spot-checking to the un-monitored beds of
the hospital. A very large challenge or barrier to this trend is
that clinical staff members on medical surgical floors are
generally ill-trained or adequately skilled in the use of con-
tinuous medical monitoring devices.

[0005] There is yet another general need in the field of
patient vital signs monitoring to improve the level of alarm
management with regard to existing physiologic monitoring
devices. Most known devices of this type include at least one
visual and/or audible alarm that is produced, typically both at
the monitoring device (e.g., bedside) as well as at the central
monitoring station. According to one currently known moni-
toring system, the preset upper and lower alarm limits for all
physiologic parameters can be automatically changed simul-
taneously a single time by a user simultaneously by a speci-
fied percentage (e.g., 20 percent). While this form of man-
agement/updating is often suitable for certain parameters,
such as heart rate, it is not practicable for other parameters
(e.g., Sp0,). Though some monitoring devices further permit
manual adjustment of alarm limits, this adjustment can be a
somewhat time consuming and tedious process. As a result,
there is a general desire to improve alarm management over
presently known patient monitoring devices.

[0006] Additionally, there are also a number of patient
monitoring devices that can indicate when an electrode
assembly, such as those used for ECG electrode assemblies,
has already reached failure or has become detached from the
patient, such as those described by U.S. Pat. No. 5,819,741 to
Karlsson et al. It would be even more desirable, however, to
provide a patient monitoring device that can in addition to the
above features proactively detect the onset of failure in at least
one leadwire/electrode such that the at least one electrode or
leadwire could be retrofitted in advance of having the ECG
electrode assembly fail during examination or during rounds.

[0007] Itis a desirable function of any cardiac monitoring
device to provide sufficient information so that a clinician can
discern if an implanted cardiac pacemaker is operating prop-
erly. Basically, it is desirable to include in the ECG waveform
a highly visible indication each time the pacemaker fires. As
the technology for implanted pacemakers and implanted pac-
ing electrodes has evolved, the magnitude and duration of the
pulses that result at the body surface have reduced, making
these pulses more difficult to detect. Furthermore, the
observed pacer pulse amplitude is smaller in some ECG vec-
tors than in others. Which ECG vectors have the strongest
pacer pulse signals is dependent on body surface ECG elec-
trode placement and the location of the implanted pacemaker
electrodes, and therefore the detection issues vary from
patient to patient. Making the pacer pulse detector in an ECG
monitoring device be able to detect smaller amplitude, shorter
duration spikes unfortunately causes the detector to trigger
more often on the electrical noise spikes that often occur in
the patient’s vicinity. Faulty incandescent light dimmers,
fluorescent lights, electronic power supplies, and other
assemblies generate electromagnetic interference (EMI) and
other sources of electronic noise may generate such noise
spikes, these spikes occurring at a rate that is twice the fre-
quency of the power line. If a pacer pulse detector is triggered
this rapidly, it is extremely difficult for the monitoring device
to calculate an accurate heart rate. The extent to which these
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noise spikes affect a pacer pulse detector is further affected by
the contact impedance of the body surface ECG electrodes—
higher impedance connections make it more likely that these
noise spikes will trigger the pacer pulse detector. For each of
the foregoing reasons it is therefore desirable to be able to
selectas an input to amonitor’s pacer detector, an ECG vector
that contains real pacer pulses whose amplitude is sufficiently
above the detection threshold, and which also contains envi-
ronmental noise spikes whose amplitudes are sufficiently
below the detection threshold. To that end, it would be desir-
able to be able to identify localized areas or sources of elec-
trical noise, in order to permit the clinician to move the patient
and/or noise source and thereby avoid instances of premature
alerts or other similar situations.

[0008] Itis yet another general desire in the field of remote
monitoring to provide a multiple physiologic parameter
monitoring device that is more user-friendly than previous
devices of this type; that is, a device that can be more easily
and effectively used by staff of varying skill levels.

[0009] Still further, there is a general need to provide a
more rugged and durable patient monitoring device, given
that such devices are finding increased uses, for example, in
military field applications, requiring devices of this type to be
much more tolerant to shock and environmental loads than
those found in classical hospital environments.

SUMMARY OF THE INVENTION

[0010] According to an aspect of the present invention,
there is herein described a portable, lightweight and battery
powered vital signs monitoring device that is capable of being
used as an ambulatory or transport monitor and which is
optionally patient-wearable. In spite of its lightweight design
defined by a compact profile for ease of transport and hand-
held use, the device is defined by a rugged design that is
intended to withstand shock, impact and/or other loads that
could be present in literally any patient-related setting or
application.

[0011] The herein-described monitoring device can also be
used in connection with a charging cradle, permitting use of
same as a bedside monitor, wherein the charging cradle pro-
vides power for the monitoring device in lieu of the contained
battery and provides charging for same. In addition, the moni-
toring device and cradle further permit mounting of same, for
example, to either a bed rail and/or a fluid (IV) pole, as
needed, or to a large display connected as a peripheral to the
device as mounted in the cradle with the cradle having a data
port permitting the pass through of data.

[0012] The monitoring device further optionally includes
an integrated wireless transceiver and antenna, permitting
communication bi-directionally with at least one remote sta-
tion, such as a central monitoring station, over a wireless
network. The monitoring device can operate to transmit
patient data whether the device is connected to the charging
cradle or while in use as a stand-alone unit.

[0013] The charging cradle according to one aspect of the
present invention further can permit a data-link connection
between the monitoring device and a portable computer (PC).
According to one version of the invention, the PC can be
equipped with configuration utility software and used in order
to custom configure the monitoring device for specified usage
in ahospital or facility; for example, a neonatal ward. Accord-
ing to another version, the monitoring device is storing “snap-
shot” data and trended data to be manually or automatically
transmitted for printing using the PC with the connected
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charging cradle acting as an intermediary or pass through
device. Alternatively, the charging cradle permits the moni-
toring device to transmit patient data in a real-time fashion,
such as to a large display via the serial connection.

[0014] The monitoring device according to another aspect
of the present invention is connectable to a plurality of physi-
ologic sensor assemblies wherein multiple patient parameters
can be measured, including, for example, blood pressure,
SpO,, ECG, pulse/heart rate and respiration. The monitoring
device includes an integrated display to indicate the status of
the measured physiologic parameters, as well as a user inter-
face, including a keypad, that permits the user to selectively
display various output or display modes, including both tabu-
lar and graphical data trending of at least one monitored
physiologic parameter, as well as to view status of the moni-
toring device, including connectivity with the wireless net-
work, available power to operate the monitoring device, and
other features.

[0015] According to yet another aspect of the present
invention, the user interface of the monitoring device permits
navigation using a series of embedded menus using the key-
pad (user interface), thereby minimizing the time required for
the clinician to obtain relevant data and further permitting
highly skilled as well as less skilled clinical staff to equally
and effectively utilize the monitoring device. The device fur-
ther includes security features wherein the buttons of the user
interface and/or the display can be locked out or disabled in
order to prevent any unauthorized use and power-saving fea-
tures wherein the display is automatically powered down
based on a lack of activity or in which certain assemblies are
made inoperative (i.e., NIBP) when a low battery condition
exists. In addition and in a wireless version in which the
herein described monitoring device is out of range, the wire-
less data transmission feature can selectively be deactivated
until the device is again in range of the network.

[0016] According to still another version of the present
invention, the user interface is additionally configured to
assist the user in terms of alarm management. According to
this version of the present invention, upper and/or lower alarm
settings or limits for specified measured parameters can be
selectively incremented by preset percentage amounts, as
needed, during the occurrence of an existing alarm. Addition-
ally, all parameters can be similarly adjusted simultaneously,
as needed.

[0017] According to yet another aspect of the present
invention, the monitoring device permits continuous mea-
surement of certain physiologic parameters, including pulse
oximetry. The device, however, can be selectively configured
by the user such that the remaining physiologic parameters,
such as ECG, can continue to be monitored in the usual
manner while SpO, readings of a patient can be selectively
random or spot checked by the user of the monitoring device.

[0018] Anadvantageofthe present invention is that a multi-
parametric monitoring device is provided that can be used in
literally any patient setting, allowing the device to be used for
monitoring a patient on hospital medical-surgical, telemetry
and intermediate floors, hospital emergency departments,
transport, emergency medical services and/or other health-
care applications. As such, the herein described monitoring
device can be used for and/or between bedside, ambulatory,
transport or other similar applications seamlessly.

[0019] Moreover, the rugged construction, compact design
and adaptability between various bedside and transport appli-



US 2015/0087933 Al

cations make the herein described monitoring device
extremely useful for military and other similar purposes.
[0020] Another advantage of the present invention is that
the herein described monitoring device can be custom con-
figured to enable the device to be used in a specific facility.
The device can also be temporarily configured for a current
patient, wherein settings can be selectively retained for the
patient or deleted along with stored data upon power down of
the device, thereby facilitating use between patients.

[0021] These and other aspects, features and advantages
will become readily apparent from the following Detailed
Description as well as the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a front view of a vital signs monitoring
device in accordance with an embodiment of the present
invention;

[0023] FIG. 2 s a front perspective view of the vital signs
monitoring device of FIG. 1;

[0024] FIG. 3 is a top plan view of the vital signs monitor-
ing device of FIGS. 1 and 2;

[0025] FIG. 4 is a front perspective view of a charging
cradle that is used in connection with the vital signs monitor-
ing device of FIGS. 1-3;

[0026] FIG. 5 is a front view of the vital signs monitoring
device of FIGS. 1-3 as mounted in the charging cradle of FIG.
4;
[0027] FIG. 6 is a schematic block diagram of a patient
monitoring system including the vital signs monitoring
device of FIGS. 1-3 and the charging cradle of FIG. 4;
[0028] FIG. 7 is another front view of the vital signs moni-
toring device of FIGS. 1-3 as mounted in the charging cradle
of FIGS. 4 and 5, illustrating the user interface thereof;
[0029] FIG. 8 is a front view of the vital signs monitoring
device of FIGS. 1-3 with an attached strap permitting hand-
held operation thereof;

[0030] FIG.9is a alternative view of the vital signs moni-
toring device of FIGS. 1-3 using a patient-wearable harness;
[0031] FIG. 10 depicts the vital signs monitoring device of
FIGS. 1-3, as used in a patient transport application;

[0032] FIG. 11 depicts the vital signs monitoring device of
FIGS. 1-3 as mounted to a bed rail and attached to a large
display;

[0033] FIG. 12 depicts the vital signs monitoring device of
FIG. 11 as attached to a charging cradle and an interface
housing for the large display;

[0034] FIG. 13 depicts the vital signs monitoring device of
FIGS. 11 and 12 as mounted in a charging cradle and directly
attached to the large display;

[0035] FIG. 14 illustrates two sample display screens
indicative of the information that can be captured by the vital
signs monitoring device of FIGS. 1-3 and displayed by the
large display:;

[0036] FIG. 15 illustrates an example of a display screen of
the vital signs monitoring device of FIGS. 1-3 according to
one display mode;

[0037] FIG. 16 depicts another example of a display screen
of the vital signs monitoring device according to another
display mode for the vital signs monitoring device of FIGS.
1-3;

[0038] FIG. 17 depicts yet another exemplary display
screen according to yet another display mode for the vital
signs monitoring device of FIGS. 1-3;
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[0039] FIG. 18 depicts yet another example of a display
screen according to yet another display mode for the vital
signs monitoring device of FIGS. 1-3 showing trended tabular
data;

[0040] FIG. 19 depicts the toggling between various dis-
play modes using the vital signs monitoring device;

[0041] FIG. 20 illustrates another display screen showing
how the display cursor is used to highlight a displayed item to
permit navigation;

[0042] FIG. 21 illustrates another example of a display
screen of the vital signs monitoring device of the present
invention and illustrating how the SELECT button is used to
select a highlighted item for navigation;

[0043] FIG. 22 is an exemplary control menu accessed
through selection of the highlighted item of the display screen
of FIG. 21;

[0044] FIG. 23 depicts another exemplary control menu for
the vital signs monitoring device in accordance with the
present invention;

[0045] FIG. 24 depicts side by side examples of display
screens presented to a user of the vital signs monitoring
device upon powering up of the device, depending upon
whether patient-related data and settings have been previ-
ously stored by the device;

[0046] FIG. 25 is an exemplary set-up menu for the vital
signs monitoring device;

[0047] FIG. 26 is an exemplary set of information display
windows for the vital signs monitoring device;

[0048] FIG. 27 is a configured data display screen of the
vital signs monitoring device in which patient information is
being entered;

[0049] FIG. 28 is another display screen depicting a patient
information entry panel of the display screen of FIG. 27,
[0050] FIG. 29 depicts an exemplary change patient mode
menu for the display screen of the vital signs monitoring
device of FIGS. 1-3;

[0051] FIG. 30 depicts a confirmation display screen that is
displayed by the vital signs monitoring device in accordance
with the invention when a patient mode is changed by the
user;

[0052] FIG. 31 is an exemplary display screen of the vital
signs monitoring device of the present invention including a
time/date control menu;

[0053] FIG. 32 is an exemplary display screen of the vital
signs monitoring device of the present invention including a
waveform source menu;

[0054] FIG. 33 is another exemplary display screen of the
vital signs monitoring device depicting a different waveform
source;

[0055] FIG. 34 is another exemplary display screen of the
vital signs monitoring device including a waveform size
mernu;

[0056] FIG. 35 is a display screen of the vital signs moni-
toring device depicting an ECG set-up menu in accordance
with an aspect of the present invention;

[0057] FIG. 36 is another example of a function performed
in the ECG set-up menu of FIG. 35;

[0058] FIG. 37 is an exemplary respiration waveform as
displayed by the vital signs monitoring device;

[0059] FIG. 38 depicts a portion of an exemplary display
screen of the monitoring device and in particular an SpO,
control menu;

[0060] FIG. 39 is aflow chart relating to a SpO, spot check-
ing feature of the vital signs monitoring device of FIGS. 1-3;
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[0061] FIG. 40 is an exemplary display screen of the vital
signs monitoring device of the present invention, including a
primary vital signs display screen with the SpO, icon high-
lighted after SpO, has been turned off}

[0062] FIG. 41 is a drop down pulse oximeter spot check
menu accessed through the window navigation of FIG. 40;
[0063] FIG. 42 is an exemplary display screen detailing
portions of the SpO, spot-check feature in accordance with
the present invention;

[0064] FIG. 43 is a later version of the display screen of
FIG. 42 illustrating pulse oximetry data;

[0065] FIG. 44 is an exemplary display screen of the vital
signs monitoring device illustrating a digital manometer fea-
ture;

[0066] FIG. 45 is the display screen of FIG. 44 at a later
time during an NIBP reading, in progress;

[0067] FIG. 46 is the display screen of FIGS. 44 and 45 at
a later time following the NIBP measurement including
depicting markers/indicators for the user with respect to sys-
tolic, diastolic and mean pressure values;

[0068] FIG.47is an exemplary Power Off display screen of
the vital signs monitoring device;

[0069] FIG. 48 is an exemplary display screen of the vital
signs monitoring device depicting in part, a wireless mode
drop-down menu;

[0070] FIG. 49 is a display screen accessed and displayed
by the vital signs monitoring device when the device is dis-
connected from the wireless network;

[0071] FIGS. 50-52 depict examples of an exemplary dis-
play screen according to yet another display mode for the vital
signs monitoring device of FIGS. 1-3 illustrating snapshots of
vitals signs data captured by the device;

[0072] FIG. 53 depicts a snapshot display screen similar to
FIGS. 50-52, but further including a trends data selection
menu;

[0073] FIGS. 54-56 depict various exemplary display
screens of tabular trended patient data as displayed by the
vital signs monitoring device of the present invention;
[0074] FIG. 57 depicts yet another example of a display
screen according to yet another display mode for the vital
signs monitoring device of FIGS. 1-3, showing trended
graphical data;

[0075] FIG. 58 depicts an exemplary alarm display screen
of the vital signs monitoring device of FIGS. 1-3;

[0076] FIG. 59 depicts an exemplary equipment alert dis-
play screen of the vital signs monitoring device of FIGS. 1-3;
[0077] FIGS. 60 and 61 illustrate exemplary display
screens for the vital signs monitoring device, including an
alarms set-up menu in which audible alarms can be enabled or
disabled;

[0078] FIG. 62 illustrates examples of display screens in
accordance with the present invention, including a parameter
control menu wherein alarm limits can be temporarily cus-
tomized for an individual patient;

[0079] FIG. 63 is a signal output indicating how electrical
noise can be discriminated from pacer signals as detected by
the device from a selected ECG vector; and

[0080] FIGS. 64 and 65 depict portions of an exemplary
configuration worksheet used for configuring individual
alarm limit settings to predetermined percentage amounts for
the monitoring device in accordance with one version of the
invention.
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DETAILED DESCRIPTION

[0081] The following description relates to a specific
embodiment for a multi-parametric, vital signs monitoring
device that can be used universally for a number of different
patient-related applications, including ambulatory, bedside,
transport, procedure, and handheld operations. It will be
readily apparent, however, from the discussion that follows to
those of sufficient skill that numerous variations and modifi-
cations are possible within the intended scope of the inven-
tion. In addition and throughout the text, a number of terms
are used in order to provide a suitable frame of reference with
regard to the accompanying drawings, including “top”, “bot-
tom”, “front”, “rear”, “back”, and the like. These terms are
not intended to be over limiting of the present invention,
except in those instances where specifically indicated.
[0082] Referring to FIG. 1, the herein described patient
monitoring device 20 is defined by a housing 24 that receives
input from a plurality of sensors, each forming part of physi-
ologic sensor assemblies 28, 32 and 36, in this instance ECG,
SpO, (pulse oximetry) and blood pressure (NIBP) assem-
blies. The housing 24 includes a display 88 for vital sign
numerics, waveforms and other patient data, as well as a user
interface 92, FIG. 2, that permits operation of the monitoring
device 20.

[0083] Referringto FIGS. 1-3, the display 88 is provided on
a front facing side of the housing 24, as well as a plurality of
adjacent actuable buttons defining the user interface 92.
According to the present embodiment, the display 88 is a
quarter (QVGA) color display, the display according to this
embodiment being approximately 3.5 inches (measured
diagonally). More particularly and according to this embodi-
ment, the display 88 is an LCD having a pixel count of 240 by
320. The herein described display 88 preferably includes a
backlight (not shown) to improve readability of the display
under low ambient light conditions.

[0084] As to the profile of the herein described device 20,
the housing 24 according to this specific embodiment is
approximately 5.3 inches in height, 7.5 inches in width, and
2.0 inches in depth. In spite of the lightweight design, how-
ever, the herein described monitoring device 20 is extremely
durable and rugged wherein the device is equipped to handle
various loads that may be encountered in a patient-related
setting. For example, the housing 24 includes a center or
intermediate rubberized bladder 26 disposed between a front
housing half and a rear housing half that is disposed periph-
erally therebetween about the device housing 24 in order to
assist in cushioning the monitoring device 20 from impact or
shock loads and to retain the interior of the device from dust
or other contaminants. To further assist in cushioning the
monitoring device 20, each of the corners of the housing 24
are curved to provide an effective contour. A battery compart-
ment (not shown) is also formed within the housing 24, the
cover of the battery compartment being essentially flush with
the rear facing side 61 of the housing such the compartment
does not protrude from the overall profile of the monitoring
device 20. The rear facing side 61 of the housing 24 further
includes a set of rubberized pads or feet 58, enabling the
monitoring device 20 to be placed on a flat surface, as needed.
In addition, each of the buttons comprising the user interface
92, discussed in greater detail below, are elastomerized to aid
in the overall durability and ruggedness of the monitoring
device 20, the buttons being positioned so as not to overly
protrude from the facing surface 84 of the housing 24 and
allowing the device to maintain a relatively compact profile.
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[0085] The compact profile of the device housing 24
enables the monitoring device 20 to be patient wearable. A
pair of tabs 132, FIG. 2, provided on opposing lateral sides of
the device housing 24 enable the monitoring device 20 to be
secured to a patient-wearable harness 135, such as shown in
FIG. 9, or alternatively a strap 137 can be attached to the side
tabs 132, as shown in FIG. 8, permitting hand-held and por-
table operation of the monitoring device 20. The strap 137 can
be used additionally for transport operations along with a
transport belt 139, such as shown in FIG. 10, with respect to
a gurney 138 or other transport apparatus. Otherwise and as
noted above, the herein described monitoring device 20 can
be suitably positioned upon a table or other flat surface using
the rubberized pads 58 provided on the rear facing side 61 of
the device housing 24.

[0086] Inadditionto being compact and durable, the herein
described monitoring device 20 is extremely lightweight. The
entireassemblage shown in FIG. 1 weighs approximately two
pounds.

[0087] As noted above and according to this embodiment, a
plurality of physiologic sensor assemblies are tethered to the
housing 24, including an ECG sensor assembly 28, an SpO,
sensor assembly 32 and a non-invasive blood pressure (here-
inafter NIBP) sensor assembly 36, respectively, the sensor
assemblies being shown in FIG. 1 only for the sake of clarity.

[0088] A brief treatment of each tethered physiologic sen-
sor assembly 28, 32, 36 is now provided for the sake of
completeness. More particularly and in brief, the SpO, sensor
assembly 32 is used to noninvasively measure oxygen satu-
ration of arteriolar hemoglobin of a peripheral measurement
site of a patient, such as the wrist, a finger, a toe, forehead,
earlobe or other area. Reusable or disposable sensor probes
can be used. In this instance, a finger clamp 60 is shown in
FIG. 1, the clamp having a light emitter and a light detector
that can be used to detect pulse/heart rate as well as blood
oxygen saturation through pulse oximetry. The finger clamp
60 is tethered by means of a cable 64 extending to a pinned
connector that mates with a corresponding female connecting
port 44, F1G. 3, that is provided on the exterior of the device
housing 24. The concepts relating to pulse oximetry in gen-
eral are commonly known in the field and do not form an
inventive part of the present invention.

[0089] Inbrief, the ECG sensor or monitoring assembly 28
includes a lead wire assembly, wherein either a three-lead or
a five-lead ECG can be utilized according to the present
embodiment. More particularly and by way of example, the
herein pictured ECG sensor assembly 28 of FIG. 1 comprises
a set of lead wires 68, each having electrodes 70 at the ends
thereofto permit attachment, in a conventionally known man-
ner, to the body of a patient, the lead wire assembly compris-
ing a harness 71 that is attached to a connection cable 72
having a connector which is matingly attachable to the con-
nection port 40 of the device housing 24. The ECG sensor
assembly 28 is further utilized herein with respect to a respi-
ration channel of the herein-described monitoring device 20
in order to determine the rate or absence (apnea) of respiration
effort through the determination of ac impedance between
selected terminals of ECG electrodes 70, thereby determining
the respiration rate of a patient using impedance pneumogra-
phy based upon movements of the chest wall using a desig-
nated reference lead wire. Heart rate according to the present
embodiment is detected for the herein described device 20
using the ECG sensor assembly 28.
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[0090] The ECG sensor assembly 32 creates a waveform
(ECG vector) for each lead and further includes a QRS detec-
tor that can be adjusted depending upon the patient mode
selected. The ECG sensor assembly 28 is further configured
to determine heart/pulse rate, if selected, according to the
present embodiment as well as mark pacer spikes in the
resulting ECG waveforms by way of a pacer detection circuit.
The ECG sensor assembly 28 according to the present
embodiment further includes selectable notch filters of 50 Hz
and 100 Hz, 60 Hz and 120 Hz, respectively.

[0091] Inbrief, the NIBP sensor assembly 36 according to
this embodiment indirectly measures arterial pressure using
an inflatable cuff or sleeve 76. which is attached to the limb
(arm or leg) of a patient (not shown). The remaining end of a
connected hose 80 includes an attachment end that can be
screwed into a fitted air connector fitting 48 that is provided
on the top facing side of the housing 24. The air connector
fitting 48 is connected to a pump (not shown) disposed within
the monitoring device housing 24 in order to selectively
inflate and deflate the cuff 76 to a specified pressure, depend-
ing on the type of patient, using the oscillometric method.
Pressure changes are detected by means of circuitry in order
to determine systolic, diastolic and mean arterial pressure
(MAP). The NIBP sensor assembly 36 according to this
embodiment is capable of performing manual, automatic and
a turbo mode of operation, as described in greater detail
below. The assembly 36 can also be equipped, in this embodi-
ment, when ECG is also being monitored, with a motion
artifact filter if ECG is also being monitored. The filter
according to the present embodiment employs a software
algorithm that can be used to automatically synchronize the
process of NIBP measurement to the occurrences of the
R-wave of the ECG waveform, thereby increasing accuracy in
cases of extreme artifact and diminished pulses. An example
of a suitable NIBP artifact filter is described in U.S. Pat. No.
6,405,076 B1, the entire contents of which are herein incor-
porated by reference. Examples of NIBP and ECG sensor
assemblies useful for incorporation into the herein described
monitoring device 20 are manufactured by Welch Allyn Inc.,
of Skaneateles Falls, N.Y., among others. With regard to each,
the form of sensor assembly can be varied depending on the
type of patient, (i.e., adult, pediatric, neonatal) by selective
attachment to the connection ports 40, 48 that are provided on
the monitoring device 20. Each of the foregoing sensor
assemblies according to the present embodiment further
include electrosurgery interference suppression. As noted,
pulse rate can be detected from either the SpO, or the NIBP
channels of the monitoring device 20.

[0092] Itis contemplated for purposes of the present inven-
tion, however, that other means for connecting the above-
noted sensor assemblies 28, 32 to the monitoring device 20
other than through the connection ports 40, 44, including
wireless means, such as for example, IR, optical, RF, and
other nontethered connections could also be employed for
purposes of the present invention. It should be further noted
that the number of types of physiologic sensor assemblies
used with the herein described device 20 can be varied and
that those shown are intended to only be exemplary of the
present invention. The invention contemplates both multiple
and single physiologic parameter monitoring of a patient
using the monitoring device 20 and therefore such variation is
purposely intended.

[0093] Referring to FIGS. 1 and 6, each of the above physi-
ologic sensor assemblies 28, 32, 36 according to this embodi-
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ment are internally connected electrically to aCPU 174 that is
contained within the housing 24 of the monitoring device 20.
According to this embodiment, signal processing for each of
the physiologic sensor assemblies 28, 32, 36 is performed
internally through resident processing circuitry; for example,
the SpO, sensor assembly 32 of the present embodiment
utilizes the Nellcor Puritan MP506 architecture while the
NIBP sensor assembly 36 is based upon a design, such as
those used presently in the Micropaq and Propaq vital signs
monitors, including, for example, an NIBP Module, Part 007-
0090-01, manufactured and sold by Welch Allyn, Inc. Though
not shown in FIG. 6, the resident circuitry for each of the
sensor assemblies 28, 32, 36 are all integrated into a single
logic board wherein the ECG and respiration parameters uti-
lize a common processor, such as a Motorola MPC 823 pro-
cessor of the CPU 174. Despite being integrated into a single
logic board, the remaining physiologic parameters (SpO, and
NIBP) are implemented in a more modular fashion, as shown
in FIG. 6, and utilize their own processors. It should be readily
apparent, however, that the electronic packaging of the vari-
ous processing elements of the physiologic sensor assemblies
28, 32, 36 of the monitoring device 20 can easily assume
various configurations for purposes of the present invention
and other versions could easily be contemplated.

[0094] Still referring to the schematic diagram of FIG. 6,
the contained battery pack 170 is interconnected to the CPU
174, the latter including a microprocessor, memory, and resi-
dent circuitry, wherein each are connected to the tethered
sensor assemblies 28, 32, 36 in order to enable processing
storage and selective display of the signals provided there-
from as well as perform power conversion between the charg-
ing circuit of an optional charging cradle 140 and the con-
tained battery pack, including circuitry to prevent
overcharging of the contained battery pack 170 (i.e., 12 volts
to 5volts), as described in greater detail below. The CPU 174
according to this embodiment includes available volatile and
nonvolatile storage for patient data, in the form of Flash
memory and SRAM, though other form as are also possible,
the CPU 174 being further connected to the display 88. As
noted above, the CPU 174 according to this embodiment is
presented on a single logic board along with the processors
for the physiologic sensor assemblies 28, 32, 36. The CPU
174 is intended to handle device-specific aspects, such as
alarm limits, display generation, and enabling and disabling
of certain features, wherein the physiologic sensor assem-
blies 28, 32, 36 predominantly only relate data for use by the
CPU 174. It should be noted that portions of the processing
function, for example, the ECG processing algorithms, can
also reside in CPU 174, though this can be varied appropri-
ately depending, for example, on the extent of processing
power required or packaging concerns. The CPU 174, pre-
dominantly controls the operation of the device 20, including
patient modes, pressures, voltages and the like, either as a
factory default setting, or configured, as described below
either through the user interface 92, a remote monitoring
station 184, FIG. 6, and/or a connected PC 192, FIG. 6.

[0095] In addition to the preceding, the monitoring device
20 as schematically represented in FIG. 6 further optionally
includes a wireless radio card/transceiver 180, enabling bi-
directional wireless communication with at least one remote
monitoring station 184, such as, for example, the Acuity
Monitoring Station manufactured and sold by Welch Allyn
Inc., using the radio card as inserted in an internal PCMCIA
expansion slot (not shown). The radio card 180 according to
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this embodiment is an IEEE 802.11 compliant radio card that
connects to an antenna 182 that is also disposed within the
housing 24 of the monitoring device 20 for transmission over
a 2.4 GHz frequency hopping spread spectrum (FHSS) wire-
less local area network (WLAN) using access points 186.
Additional details relating to an exemplary wireless intercon-
nection, including networking therewith, is provided in U.S.
Pat. No. 6,544,174, the entire contents of which are herein
incorporated by reference. Additional discussion of device-
specific details relating to the wireless connection of the
herein described monitoring device 20 is provided in a later
portion of this description.

[0096] As most clearly shown in FIG. 2, a lower or bottom
facing surface 120 of the device housing 24 includes a latch-
ing member 124, FIG. 2, as well as an electrical port 128, FIG.
2, each of which are used in conjunction with an optional
charging cradle 140, FIG. 4, described in greater detail below.
As previously noted, the battery pack 170, only shown sche-
matically in FIG. 6, is contained in the rear of the device
housing 24 within a rear compartment (not shown). The bat-
tery pack 170 provides portable power for the monitoring
device 20 wherein the battery life is dependent upon certain
operational modes of the device, as described below. The
battery pack 170 is rechargeable by means of charging cir-
cuitry contained within the optional charging cradle 140,
FIGS. 4, 5. According to this embodiment, the battery pack
170 includes at least one rechargeable lithium-ion battery,
such as those manufactured by Sanyo Corporation. In this
instance, the battery pack 170 includes two rechargeable bat-
teries. According to the present embodiment, the monitoring
device 20 is capable of operation in a stand-alone mode using
the contained battery 170 as a power source, the battery
according to this embodiment having an average runtime of
up to approximately 24 hours, depending on the usage of the
device.

[0097] Referring to FIGS. 4-6, details relating to the charg-
ing cradle 140 and its optional connection with the monitor-
ing device 20 are herein described. The charging cradle 140
permits DC power from a wall adapter 171, shown only
schematically in FIG. 6, or other source to be supplied to the
contained rechargeable battery pack 170 through charging
circuitry contained in the cradle and power conversion cir-
cuitry contained in the monitoring device. The use of the
optional charging cradle 140 permits the monitoring device
20 to be operated regardless of the status of the contained
battery (i.e., charged or uncharged), therefore enabling use of
the monitoring device 20 as a stand-alone or networked bed-
side monitor. That is, the foregoing operation can permit both
the internal display of patient data as well as wireless trans-
mission of stored patient data to the central monitoring station
184.

[0098] Structurally, the charging cradle 140, according to
the present embodiment, is defined by an open-topped recep-
tacle 144 having a molded or otherwise defined internal cav-
ity that is sized to receive the lower half of the monitoring
device 20. The receptacle 144 is designed to allow operation
of the monitoring device 20 via the user interface 92, as shown
in the attached view of FIG. 5, when the device is attached
thereto. A monitor release button 148 is provided on a front
facing side 152 of the receptacle 144. The monitoring device
20 is engaged by aligning the bottom facing surface 120, F1G.
2, of the device housing 24 with the internal cavity of the
receptacle 144 and more specifically aligning the latching
member 124 provided thereupon with a pivotally movable
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locking or latching element 156 that is disposed within the
bottom of the internal cavity of the receptacle 144. A pinned
electrical connector 160 adjacent the latching element 156
mates with the corresponding electrical connector 128, FIG.
2, provided on the bottom facing side 120, FIG. 2, of the
device housing 24, FIG. 2, and thereby provides electrical
connection between the monitoring device 20 and the charg-
ing cradle 140, as schematically shown in FIG. 6. Engage-
ment of the latching member 124 with the latching element
156 locks the monitoring device 20 in place wherein depres-
sion of the monitor release button 148 causes the latching
element 156 to be pivoted out of contact with the latching
member 124, allowing release of the monitoring device 20
from the charging cradle 140.

[0099] A rear engagement portion 164 of the charging
cradle 140 includes a curved hanging bracket 166, permitting
the charging cradle and attached monitoring device 20 to be
attached to a bedrail, as shown, for example, in FIG. 11.
Alternatively, the hanging bracket 166 can further include at
least one other mount (not shown) that permits attachment to
separate apparatus, such as a fluid-IV pole (not shown). [none
version, the hanging bracket 166 can include both attachment
modes (bedrail, IV pole). The hanging bracket 166 is separa-
bly removable by way of threaded fasteners (not shown) or
other means from the rear engagement portion 164 to permit
other attachment arrangements, such as those discussed
below with reference to FIGS. 11-13. The bottom surface of
the charging cradle 140 according to this embodiment further
includes a plurality of support feet 149, FIG. 5. According to
this embodiment, the support feet 149 are provided at each
corner of the bottom surface in order to permit placement onto
a flat surface, such as a table 203, FIG. 12.

[0100] A pair of indicators 167, 168 are provided on the
front facing side 152 of the charging cradle 140 wherein
according to this embodiment indicator 167 is a status indi-
cator and indicator 168 is a power indicator. The power indi-
cator 168, in this instance, a green LED, indicates that power
is connected to the charging cradle 140. The status indicator
167, in this instance, a multi-colored LED, is used to indicate
the charging status of the monitoring device 20. For example
and if the monitoring device 20 is in the charging cradle 140
and power is properly connected to the charging cradle from
the wall adapter 171, FIG. 6, the status indicator 167 will be
illuminated (e.g., either green or yellow) or will be off. When
the status indicator 167 is green, charging is proceeding nor-
mally. The status indicator 167 is turned off when the battery
pack 170 reaches full charge. When the status indicator 167 is
yellow, theindicator indicates that a faulthas occurred and the
battery pack 170 is not charging properly. Such faults may
occur, for example, as those caused by a severe discharge of
the battery 170, a cradle logic fault, incorrect seating of the
monitoring device 20 within the charging cradle 140,
improper engagement of the connectors or other similar
anomaly.

[0101] In spite of most charging faults, as noted above,
power will not be interrupted to the monitoring device 20.
That is, the power indicator 168 may be illuminated (e.g.,
green), indicating power is capable of being delivered to the
monitoring device 20 in spite of the fact that a charging fault
(vellow) has occurred. Each time the monitoring device 20 is
placed into the charging cradle 140 according to this embodi-
ment, the cradle attempts to charge the contained battery pack
170. If the battery pack 170 is fully charged when the moni-
toring device 20 is inserted into the charging cradle 140, the
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status indicator 167 turns green momentarily and upon sens-
ing of a full charge, the indicator is turned off. In the instance
that the battery is overcharged at the device 20, however, no
power for charging the battery pack 170 will be delivered to
the device.

[0102] Typically, the herein described monitoring device
20 is shipped to a user/facility with a preset factory configu-
ration for each setting and behavior of the device. It is desir-
able for most facilities to reconfigure any received patient
monitoring device 20 to conform the device to local protocol
and adapt the device to the clinical environment to which the
device will be used. For example, the monitoring device 20
might be used in a neonatal unit although the factory calibra-
tion/configuration is preset for adult patients. Although the
user could custom configure the monitoring device 20 upon
each use to allow the device to be used for neonatal patients,
as described in greater detail herein, it may be preferable to
have neonatal mode installed as the default patient mode for
a monitoring device.

[0103] According to the present invention, a PC 192, FIG.
6, can be used in conjunction with the charging cradle 140 to
download a new configuration file to the monitoring device(s)
20 prior to use in a facility for service. According to the
present embodiment, the charging cradle includes a USB data
port 165, FIG. 4, provided on the exterior of the charging
cradle 140 that provides an isolated serial data-link connec-
tion between the attached monitoring device 20 and the per-
sonal computer (PC) 192, FIG. 6, through a USB cable.
[0104] Using a configuration utility supplied through the
data link with the PC 192, the charging cradle 140 serves as an
intermediary or pass through to the monitoring device 20 to
configure the monitoring device prior to use in a facility by
creating a configuration file that includes a plurality of setting
choices that can be completed, for example, by the bioengi-
neer of the hospital, to adapt onto or to replace pre-existing
factory settings initially provided with the device 20 that are
stored or programmed within the CPU 174. According to this
embodiment, the PC 192 includes utility software that
enables the creation of a utility configuration worksheet into
which default settings and limits can be entered. The work-
sheet is then converted into the new configuration file that is
downloaded into the CPU 174 of the monitoring device 20
through the intermediary charging cradle 140. As many as
approximately 60-70 different settings, depending on the
device, can be preset using the downloaded configuration file
wherein some of these features, if not enabled, cannot be
controlled by the clinician/user. These settings can include,
for example, the default language of the monitoring device
20, the default patient mode of device operation, forms of
display available to the user and/or their ordering, the enable-
ment of device specific features, such as, for example, lockout
of the user interface 92 and display 88, time limits on alarms
and alerts, data trending, and the enablement of alarm and
alert tones. All or certain of the factory settings can be
adjusted by appropriate entries provided on the configuration
worksheet created at the PC 192 and communicated through
the data link between the CPU 174 and the PC192. Therefore,
this PC configuration results in a set of revised default settings
and monitoring device behaviors.

[0105] A portion of an exemplary configuration worksheet
is shown in FIGS. 64 and 65 with regard to one specific
feature that can be enabled with regard to alarm management.
Specifics relating to this feature are described in greater detail
in a later section. The worksheet 198 shown is a paper version
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that is completed by a user in advance to using the configu-
ration utility, the latter providing a PC worksheet version that
provides similar entries. The user completes the paper con-
figuration worksheet 198, F1G. 64, to organize the features for
configuration or can directly input selections into the utility
worksheet provided at the PC 192, FIG. 6. Once all entries
have been made, the configuration file is created with instruc-
tions to override the factory settings when the file is down-
loaded to the monitoring device 20 through the serial data link
provided by the charging cradle 140.

[0106] As will be described in greater detail below, the PC
192, FIG. 6, also permits stored data to be printed automati-
cally when the monitoring device 20 is activated and attached
to the charging cradle 140, also using the associated USB data
port 165, FIG. 4. In this instance and referring to FIG. 6, the
PC 192 is connected to a suitable peripheral printer, in this
instance, a laser printer 195, also schematically shown in FIG.
6, wherein the monitoring device 20 and PC are programmed
to automatically permit data transfer to occur. According to
this embodiment, the data that is stored is in the form of
trended data and “snapshots”, the latter term referring to
numeric and waveform data covering a predetermined time
period that is selectively taken by a user using the snapshot
button 116. Pressing the snapshots button 116, FIG. 7, located
on the device housing 24, FIG. 2, causes data occurring a
predetermined time period prior to pressing the button and a
predetermined time period after pressing the button to be
stored by the CPU 174. Details relating to stored trend and
snapshot data are provided in a later portion of this descrip-
tion.

[0107] Referring to FIGS. 6 and 11-14, the charging cradle
140 can alternatively serve to provide an intermediary inter-
connection between the herein described monitoring device
20 and a large display 200. This form of interconnection
permits all processed data in the monitoring device 20 to be
transmitted in real time in order to permit viewing of the data
substantially as though users were at the central monitoring
station 184, as opposed to the smaller and constricted device
display 88. That is, a series of waveforms can be displayed for
viewing, for example, as shown in FIG. 14. The large display
200 according to this embodiment includes a VGA card and
suitable attachment bracketry in the form of an interface box
or housing 202. Several embodiments for interconnection of
the monitoring device/charging cradle assembly to the large
display 200 through the interface box 202 are illustrated in
FIGS. 11-13. In each embodiment, the monitoring device 20
is already attached to the charging cradle 140 in the manner
described above. According to FIG. 11, the charging cradle
140 is attached to a bedrail using the hanging bracket 166. A
VGA cable 205 is then connected from the USB data port 165,
FIG. 4, to connectors that are provided on the interface box
202. As such, the charging cradle 140 serves as an interme-
diary for data transfer from the patient monitoring device 20.
As shown in FIG. 12, the curved bracket 166, FIG. 4, can be
removed from the rear engagement portion 166, F1G. 4, of the
charging cradle 140 and the monitoring device 20/charging
cradle 140 can be placed on a table 203 adjacent the large
display 200, the latter being attached in each instance to a
wall. In the latter example, the interface box 202 is directly
attached to the rear of the charging cradle 140. Finally and as
shown in FIG. 13, the monitoring device 20 and charging
cradle 140 can be attached to the interface box 202 directly on
the large display 200 through the display bracketry and brack-
etry that is provided on the charging cradle 140, respectively.
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A sample data output of the large display 200 is shown in FIG.
14, this output substantially replicating that seen by the
remote monitoring station 184, FIG. 6, and considerably an
increased amount of data than is viewable on the integrated
display 88.

[0108] Itis further contemplated within the spirit and scope
of the present invention that the charging cradle 140 can
include additional features to provide a level of adaptability
for a system incorporating the herein described monitoring
device 20. For example, an additional physiologic parameter
assembly could be attached to the charging cradle 140 in lieu
of or in addition to the monitoring device 20 wherein physi-
ologic data could still be uploaded to the monitoring device
20 when the device is attached to the charging cradle for
wireless transmission to the central monitoring station 184,
FIG. 6. Similar configurations should be readily apparent. For
example, the charging cradle 140 can be equipped with at
least one physiologic sensor assembly (not shown) wherein
data collected by the at least one sensor assembly can be
inputted to the CPU 174 of the monitoring device 20 for
display and transmission.

[0109] With regard to running time available on the moni-
toring device 20 when the device is not mounted in the charg-
ing cradle 140, the life of the battery pack 170 is highly
dependent on the use mode of the device. As noted above and
according to this embodiment, about 24 hours of runtime is
possible. The level of battery charge is displayed by the moni-
toring device 20 according to this embodiment, as described
below.

[0110] Referring to FIG. 7, the user interface 92, FIG. 2,
according to this specific embodiment includes five (5)
closely arranged buttons forming a keypad. In brief, a center
button, referred to throughout as a SELECT button 96, is
generally used to select a highlighted item that is displayed by
the device, as discussed in greater detail below, or to confirm
a choice. Four buttons 100 immediately surrounding the
SELECT button 96 are generally used (up, down, left orright)
in order to directionally guide a display cursor in order to
highlight an item, for example, or to increase or decrease a
selected parameter value. A number of additional actuable
buttons are also provided, according to this embodiment, on
the front facing side 84 of the housing 24, these buttons being
used for specified or dedicated purposes, including a display
button 104, permitting the user to cycle between a plurality of
varied display formats, such as those shown in FIGS. 15-19,
an alarm silence/resume button 108 permitting the user to
temporarily and manually silence or resume an existing
patient alert/alarm tone, an NIBP start/stop button 112 for
manually starting or stopping an NIBP measurement, and
finally the above referred to snapshots button 116 that auto-
matically stores a predetermined time period of vitals-signs
data in both tabular and waveform format, an exemplary
snapshot display screen being shown in FIG. 50. Each of the
above-described buttons further include a visual representa-
tion of their function for ease of use by the clinician; for
example, the directional control buttons 100 include specific
directional arrow indicators, the display button 104 includes
a display icon, the NIBP start/stop button 112 includes a
depiction of a blood pressure cuff, the snapshots button 116
includes a camera icon and the SELECT button 96 depicts a
circle thereupon. Additional details concerning the functions
defined by each of the above-listed buttons, and the imple-
mentation and operation of the user interface 92 of the herein
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described monitoring device 20 will be described in greater
detail in a succeeding section of this description.

[0111] Referring to FIGS. 2, 5 and 7 and in addition to the
above user interface 92, a series of visual status indicators are
also provided on the front facing side 84 of the monitoring
device 20. Three status indicators 169 are arranged in linear
fashion above the display 88 at the center of the front facing
side 84 of the device housing 24, and are electrically con-
nected to the CPU 174, FIG. 6. Among the purposes of the
visual status indicators 169 according to this embodiment are
to apprise the user of the operational status of the monitoring
device 20; that is, whether the monitoring device 20 is opet-
ating normally, confirmation of the connection of the moni-
toring device 20 and the proper patient being connected to a
network or to a remote monitoring station 184, FI1G. 6, and/or
whether the herein monitoring device 20 is subject to analarm
and/or alert condition. It should be readily apparent that the
number and location of these indicators can be suitably var-
ied.

[0112] More specifically and according to the present
embodiment, each ofthe status indicators 169 are illuminated
with a specific colored light (e.g., red, yellow or amber, and
green), indicating an alarm condition, an alert condition, and
normal operation of the monitoring device 20, respectively.
For purposes of definition herein, an “alarm” is indicative of
a patient condition, such as vital signs reading(s) that is out-
side of acceptable limits. When an alarm condition occurs, for
example, the red indicator 169 is illuminated. An “alert”
condition, by comparison, is not as serious as an “alarm”
condition and is typically indicative of a device-operational
problem, such as a low or discharged battery or a detached
lead. The yellow status indicator 169 is illuminated when this
type of condition is indicated. Normal operation is signified
by illumination of the green indicator 169. The status indica-
tors 169 can further either illuminate steadily or flash in order
to indicate the severity of the problem. For example and
according to this embodiment, this severity can be defined
between an equipment alert and an alarm condition. The
monitoring device 20 further includes a speaker 161, shown
only schematically in FIG. 6, for signifying audible tones, as
needed, for example, that may be sounded during an alarm or
alert condition. Additional details relating to alarm and alert
management using the herein described monitoring device 20
are described in a later portion.

[0113] Each of the tethered sensor assemblies 28, 32, 36
provide physiologic parameter data in the form of analog
signals and the like to the CPU 174 of the monitoring device
20. The herein described monitoring device 20 is capable of
continuously monitoring each of the physiologic parameters
(NIBP, pulse rate, 3 and 5 lead ECG, respiration, SpO,)
depending on the number and type of sensor assemblies that
are connected therewith.

[0114] As depicted in the operational block diagram of
FIG. 6 and as previously noted herein, each of the SpO,
sensor assembly 32 and the blood pressure (NIBP) sensor
assembly 36 according to this embodiment include their own
individual processors contained within the monitoring device
20 that operate the sensor assemblies with regard to the acqui-
sition of and processing of data (that is, each of the above
sensor assemblies include appropriate algorithms and resi-
dent circuitry for processing the acquired signals). The ECG/
respiration sensor assembly 28 according to this embodiment
includes attendant circuitry within the CPU 174. As previ-
ously noted, any or all of the sensor assemblies can include
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modular processors or the processing can be carried out
within a single integrated logic/CPU board. The signals then
being processed are stored into the memory of the CPU 174
for display and for wireless transmission using the contained
transceiver 180 and antenna 182 to the central monitoring
station 184 using the communications network, as described
in the previously incorporated U.S. Pat. No. 6,544,174. Addi-
tional data, such as patient demographics, can be added for
storage and display by the user, as discussed below, or may
alternately be uploaded to the monitoring device 20 from alist
of available patients from the remote station 184. The moni-
toring device 20 can transmit patient information, once con-
figured with the network, for display of all stored parametric
data at the remote monitoring station 184. The monitoring
device 20 is also connectable through the USB port 165, FIG.
4, of the charging cradle 140, enabling operation as a bedside
monitor in which serial attachment to the PC 192 through the
USB port 165 enables interconnectivity to a peripheral
device, such as a printer 195, as previously described or
alternatively, to the larger display 200. In the meantime, the
monitoring device 20 can also transmit wirelessly to the
remote monitoring station 184 using the connected radio 180
and antenna 182.

[0115] The versatility of the herein described monitoring
device 20 therefore provides a number of distinct advantages.
First, the herein described monitoring device 20 can be used
as a transport monitor in that the device is battery powered.
Second, the use of the rubberized back feet or pads 58, the rear
interior loading of the battery pack 170 and general packag-
ing and compactness of the profile of the monitoring device
20 present a lightweight and extremely versatile unit that
allows for both wired and wireless connectivities enabling the
device to work in either a stand-alone or a networked capac-
ity. The charging cradle 140, FIG. 4, permits the monitoring
device 20 to be used for bedside applications by providing a
source of power for the contained battery pack 170 as needed
and for charging same. In addition and through use of the data
port, the charging cradle 140 serves as an intermediary device
that enables data transfer to either a large display 200 or
printing to a locally connected computer 192. The locally
connected computer 192 can also be used to selectively
modify factory programmed configuration settings ofa moni-
toring device 20 through new default settings that can be
downloaded to the monitoring device 20.

[0116] The following discussion relates to the operational
aspects of the monitoring device 20. Reference is made
throughout to numerous exemplary display screens that are
generated by the CPU 174 of the herein described monitoring
device 20. Each display screen is defined by a stored prefor-
matted template consisting of a number of discrete panels
with each panel including a number of elements that are
defined by various combinations of textual, numeric, wave-
form, graphical and/or other forms of data, as described
herein that are obtained from the CPU 174 and generated onto
display 88.

[0117] Upon powering up the herein described monitoring
device 20 using the Power On/Off button 56, an audible tone
from the contained speaker 61, FIG. 6, is sounded. With each
activation of the monitoring device 20 according to this
embodiment, a self-diagnostic or operational test is initiated.
If the self test is unsuccessful, at least one of the status
indicators 169 of the monitoring device 20 is illuminated,
depending on the error. In terms of a general overview and if
the self test is successful and following this diagnostic, a
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start-up display screen 400(a), 400(4), F1G. 24, appears on
the display 88, FIG. 1, with the display screen having uset-
selectable options to continue monitoring a patient (in the
event patient data has been saved), start monitoring a new
patient, obtain system information, or enter a demonstration
mode.

[0118] Referring to FIG. 24, the stored template format of
each of the generated start-up screens 400(a), 400(5) is simi-
lar whether or not patient data has previously been stored by
the monitoring device 20. That s, each start-up display screen
400(a), 400(b) commonly includes a customer ID panel 404,
anotice panel 408, a bottom message panel 412 and a context
menu panel 416, respectively, as read from the top of the
display screen. In the instance that no patient data has previ-
ously been saved by the monitoring device 20, the notice
panel 408 of start-up display screen 400(a) indicates by way
of a textual message that no data has been saved. The notice
panel 408 of the other version of the display screen 400(5), on
the other hand, indicates that specific patient data has been
previously stored by the monitoring device 20. In the instance
that a patient’s data was stored prior to the time the monitor-
ing device 20 was last turned off, monitoring can be resumed
for that patient when the monitoring device 20 is powered up
again. When the patient data is saved by the monitoring
device 20, the settings of the monitoring device 20 are also
saved into the nonvolatile memory of the CPU 174. In this
instance, a decision must be made by the user as to whether
the data is to be saved and monitoring will continue with the
same patient or whether the stored patient data should be
deleted and a new patient monitoring mode should be initi-
ated.

[0119] The customer ID panel 404 provides information
about the facility and device that have been previously
entered and stored in an information screen, such as shown in
FIG. 26, shown as 420(a), 420(b). The information screen
420(a), 420(b) can be accessed from the Info option of the
context menu panel 416. Each of the information screens
420(a), 420(b) also include a context menu panel 416 at the
bottom thereof, including the same options as the start-up
screens 400(a), 400(b), respectively. Typically, this informa-
tion can be added to the memory of the device 20, such as
during the creation and downloading of the configuration file
using PC 192, FIG. 6, as described previously.

[0120] In general, the context menu panels 416 provide a
means for navigation between various control screens of the
herein-described monitoring device 20. Each context menu
contains a number of menu options disposed along the length
of the panel 416. The user interface 92 and in particular, the
directional buttons 100 and the SELECT button 96 are used to
highlight and select a highlighted option by movement of the
display cursor. To that end, selection of one of the context
menu options executes a new mode of the monitoring device
20 or creates a new display screen, as described in greater
detail below. The content and options available in context
menus vary depending on the display screen which utilizes
them. Examples of various context menus 416 thatare used in
the operation of the monitoring device 20 are provided in
FIGS. 25, 28 and 47, each of which are detailed in a later
portion of this description.

[0121] Referring back to FIG. 24, and to the specifics of the
context menu panel 416 of the start-up display screens—in
the instance in which no previous patient data has been stored
by the monitoring device 20, the context menu panel 416
indicates the following available user-selectable options;
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namely, a Start New Patient option, an Info option, and a
Demo option. The Start New Patient option permits the user
to enter a patient monitoring mode. The Info option reverts
the user to an information screen, such as either 420(a),
420(b) shown in FIG. 26, while selection of the Demo menu
option provides access to a demonstration mode for the moni-
toring device 20.

[0122] In the instance that patient data has been saved by
the monitoring device 20, the above three (3) user-selectable
options are provided in the context menu panel 416 of display
screen 400(5), as well as a Continue Patient option. To resume
monitoring on the same patient and upon powering up the
monitoring device 20, the “patient data stored” display
screen, 400(2), FIG. 24, 1s displayed. The user then verifies
that the displayed name and patient ID match that of the
current patient and upon verification, and highlights the Con-
tinue Patient option in the context menu panel 416 at the
bottom of the display screen 400(5). If the latter option is
selected through use of the directional arrow buttons 100 and
pressing the SELECT button 96, then any stored data is
loaded and the monitoring device 20 is ready for monitoring,
including the continued implementation of any previous cus-
tom configuration settings that are particular to the patient.
[0123] If, however, the Start New Patient option (onto
which the display cursor is highlighted in the display screen
400(b)) is elected and the SELECT button 96 is pressed, then
all previous data (and custom configuration settings) are
deleted and a new patient monitoring mode is initiated.
[0124] Upon election ofthe Start New Patient option, a first
configured data display screen 430 appears, as shown in FIG.
27. In this data display screen 430, a unique auto ID is pro-
vided in a status panel 320, and more specifically in a device
1D field 434 that is highlighted using the SELECT button 96,
accessing a Patient Information Entry screen 440, as shown in
FIG. 28, the latter consisting of a table of alphanumeric char-
acters 444 that can be highlighted and sequentially entered
into the proper field 448 to create entries. The name of the new
patient is then entered as well as the patient ID and the patient
room number. Alternatively, this data can be entered using the
remote monitoring station 184, FIG. 6, through an enabled
wireless connection as opposed to the above-described local
entry of information. When all of the above information is
entered, a Confirm option provided in the context menu panel
416 of the display screen 440 is highlighted and the SELECT
button 96 is pressed. All information entered is then stored
into memory of the CPU 174 and is used by the device in
various display screens throughout the operation of the moni-
toring device 20. The mode of the patient is then confirmed
and the sensor assemblies 28, 32, 36 are attached to the patient
and the monitoring device 20 (if not already attached to the
device). The monitoring device 20 is now ready to begin
monitoring wherein readings are displayed on a formatted
default data display screen, such as shown in FIG. 27, in
predetermined fields on a display screen adjacent to text
identifiers that are preformatted on the generated screen tem-
plate. The screen format shown in FIG. 27 is that of a large
numerics display screen, discussed in greater detail below.
[0125] For purposes of the following discussion, it is
assumed that each of the sensor assemblies 28, 32, 36 have
been suitably attached to a patient (not shown) and the moni-
toring device 20 and that the patient has been monitored for an
extended period of time by the device. A number of specifi-
cally configured display screen template formats are stored in
memory of the CPU 174 and are available for viewing at the
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user’s option, these templates including associated vital signs
data in the form of either current or trended data. An exem-
plary default display screen 210, FIG. 15, for purposes of this
discussion is enabled by way of the configuration settings of
the monitoring device 20, this screen being the current dis-
play screen displayed to the user during monitoring. The
format of this particular display screen 210 includes a status
panel 320, a large waveform panel 324 and a parameter panel
328, respectively, as read from the top of the display screen.
[0126] The displayed data that is shown in FIG. 15 as con-
tained in the various fields of the status panel 320 includes the
following elements: the patient’s name, if available, shown as
204, the patient ID 208, and the patient room number 209.
Each of the preceding elements were manually added to the
internal memory of the monitoring device 20 and added at
start-up as previously described above with regard to FIGS.
27 and 28 by the clinician or alternatively in the case of a
network-enabled monitoring device 20, by the remote moni-
toring station 184, FIG. 6, prior to monitoring of the patient
over a wireless communications link. In the former instance,
this information as entered in the Patient Entry Information
display screen 440, FIG. 28, by the CPU 174 is used to
populate the status panel 320 of each display screen of the
herein described monitoring device 20 for the patient cur-
rently being monitored, for so long as power is maintained to
the device, unless the user elects to specifically maintain these
settings prior to turning the device off, as described in greater
detail below.

[0127] Referring to FIG. 15 and in addition to the patient
information, the status panel 320 further includes a commu-
nication status icon 212 (if the device includes a wireless
transceiver 180, FIG. 6, and antenna 182, FIG. 6) and a time
display 216, as well as a battery status indicator or icon 220,
the latter providing an indication of available battery power.
The battery status icon 220 can provide an indication as to
whether the contained battery pack 170 is full, partially full
indicating that the battery is not fully charged, but not fully
discharged, partially full and charging, low battery wherein
the battery has approximately 30 minutes of runtime remain-
ing, low battery and charging, very low battery wherein the
battery has approximately 5 minutes of run time remaining
and very low battery but charging. In the instances in which
low battery is indicated by the icon 220 (as indicated by a
depiction of a half-filled battery) and in addition to the icon,
an alert (not shown) can be provided by the monitoring device
20. The battery status icon 220 would remain after acknowl-
edgement of the alert. Alerts and their management are dis-
cussed in a later portion of this description.

[0128] According to this embodiment, the CPU 174 is pro-
grammed to automatically disable the NIBP sensor assembly
36 upon a low battery indication being determined wherein a
status message is displayed to the user if the manual NIBP
start/stop button 112 is pressed. If the monitoring device 20 is
charging in the charging cradle 140 and a low battery and
charging indication appears via icon 220, then the NIBP
sensor assembly 36 is enabled.

[0129] In addition to the above, the mode (adult, neonatal,
pediatric) of the patient 224, as well as the mode of the device
228 (simulation, monitoring) are each applied within separate
fields that are provided in the status panel 320 of the display
screen 210. Each of the foregoing are typically based upon
default settings of the herein described monitoring device 20,
unless modified by the user, as described in greater detail
below.
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[0130] With regard to the waveform panel 324, the depicted
waveform 240 is current and can originate from a number of
sources. The panel 324 further provides text identifiers relat-
ing to the specific waveform source 232 and waveform size
(display scale) 236. In this example, a waveform representa-
tive of an ECG vector is represented. The waveform depicted,
including its size and source as displayed, are also typically
based upon a default setting of the monitoring device 20,
wherein each setting may be changed locally by the user or
remotely by the remote monitoring station 184, as described
below.

[0131] Beneath the waveform panel 324 and in the format-
ted parameter numerics panel 328, current or live parameter
numeric values are displayed for heart rate/pulse rate 244,
respiration rate 252, and pulse oximetry 256, as well as a
separate dynamic indicator for the pulse amplitude of the
pulse oximeter sensor in the form of a blip bar 260. Text
identifiers are also provided beneath each above-noted
parameter. In addition, the most recent NIBP measurement
248 is also displayed, with a corresponding text identifier and
time stamp, the pressure measurement being displayed in
terms of systolic over diastolic numerics with mean pressure
being expressed in parenthetical terms. Since each of these
physiologic parameters, except NIBP, are continuously moni-
tored, their numeric values will change and be updated with
stored data being trended by the CPU 174, FIG. 6. Finally, a
series of alarm status indicators 268 are also represented in
the parameter numerics panel 328 at the bottom of the display
screen 210 for each listed parameter. These alarm indicators
268, represented herein by bell icons indicate whether the
upper and lower limits for each physiologic parameter are on,
the upper alarm limit is on but the lower alarm limit is off, the
upper limit is off but the lower limit is on, or all alarms are off
through an appropriate representation of an alarm symbol,
whether in blank or solid, and combinations thereof. Alarms
are described in greater detail in a later portion of this descrip-
tion.

[0132] Each of FIGS. 16-19 depict additional exemplary
display screens that can be selectively displayed by the user in
addition to the single waveform display screen 210 depicted
in FIG. 15. Each of these additional display screens include a
specifically defined template format that is stored into
memory for generation by the CPU 174 onto the display 88.
According to this specific embodiment, these additional user-
selectable display screens include a dual waveform display
screen 332, shown in FIG. 16, a large numeric display screen
336, shown in FIG. 17, which is similar to that shown also in
FIG. 27, and a single waveform with tabular trended data
display screen 340, as shown in FIG. 18. For purposes of
discussion herein, each of the same reference numerals are
used to label similar data and symbology herein for the sake
of convenience and clarity. The above-noted display screens
permit live monitoring of vital sign numerics, waveforms
and/or trend information in various user-selectable formats as
now described.

[0133] Thedual waveforms display 332 screen of FIG. 16 is
a variation upon the single waveform display screen 210 of
FIG. 15. This display screen 332 provides patient and moni-
toring device information as well as two waveforms and
available parameter numerics. To that end, the defined format
of this display screen 332 includes a status panel 320 that
includes each of the elements of the single waveform display
screen 210 referred to above including patient name 204,
patient 1D 208, patient room number 209, communication
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status indicator 212, time display 216, battery status indicator
220, patient mode indicator 224, and display mode indicator
228. Two small waveform panels 344 are provided in lieu of
the single panel of the display screen 210, FIG. 15, the display
screen further including alive or current parameters numerics
panel 328, similar to that of the single waveform display
screen 210, FIG. 15. Each of the waveform panels 344 are
smaller than that of the single waveform data display screen
210, but contain similar information including waveform
source 232 and size indicia 236. The waveforms presented in
the panels 344 can be from two different sources or can be
provided alternatively as a cascaded waveform from one
source that is presented on two adjacent waveform panels. In
the example shown in FIG. 16, separate ECG and SpO,
waveform 240, 242, respectively, are depicted. The live
parameter numerics panel 328 like the preceding includes a
heart rate/pulse rate numeric and text identifier 244, the most
recently taken NIBP numeric 248 including the systolic/di-
astolic and mean (parentheses) numerics and text identifiers
as well as a corresponding time stamp, a respiration numeric
and text identifier 252, and an SpO, numeric and text identi-
fier 256 including a dynamic blip bar 260 showing pulse
amplitude. Alarm icons 268, in the forms of bell icons, are
also provided for each of the preceding parameters in this
panel 328.

[0134] The large numerics display screen 336 shown in
FIG. 17 is similar to that depicted in FIG. 27, labeled as 430
(but without data or patient information entered). This display
screen 336 is defined by a format that includes a status panel
320, also similar to that described for the display screens of
FIGS. 15 and 16, and a large numerics panel 352 provided in
lieu of waveform panels. The large numerics panel 352 con-
tains the same information provided in the panel 348 dis-
cussed with regard to FIG. 16 other than that the icons and
associated text identifiers are significantly larger and dis-
posed in differently assigned fields in the display screen 336.
More specifically, the live or current parameters panel for this
display screen includes a large HR/PR numeric element 244
as well as a text element and an alarm icon 268, a large SpO,
numeric element 256 along with an associated text element,
alarm icon 268 and blip bar 260, a large NIBP numeric ele-
ment 248 representative of the most recent measurement as
well as a text element and time stamp of measurement and
alarm icon 268 and a large respiration numeric element 252
along with an associated text element and alarm icon 268.
With regard to the alarm icons 268, these provide an indica-
tion of those alarms that are currently enabled and those
alarms that are currently disabled. For purposes of this dis-
cussion, the left half of each alarm icon 268 relates to the
lower alarm limit and the right hand side of the icon refers to
the upper alarm limit. A solid bell, shown herein as white,
indicates that the alarm is enabled while a blackened portion
of the bell indicates that the alarm is disabled. Alarms are
provided (upper and lower limits) for each of heart rate/pulse
rate, respiration, NIBP (systolic, diastolic and mean) and
SpQ,. As seen in the depicted example, the lower limit of the
mean NIBP is currently disabled while the remaining alarm
limits are each currently enabled. The alarm icons 268 further
permit the user to access menus, as described in greater detail
below, by which the alarms can be enabled or disabled, upper
and lower limits can be set, and volume controls for audible
tones can be adjusted.

[0135] The herein described monitoring device 20 can not
only display current or recent numerics and waveforms, but is
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also storing data for trend analysis. To that end, several dis-
play formats relate to trended data, wherein this data can be
reproduced either graphically or tabularly. Snapshot data is
also stored in addition to any periodic or randomly taken
measurement data and data stored by the device 20 based
upon continuous monitoring. To that end, FIG. 18 illustrates
a combination waveform/tabular trend display screen 340. In
this example, a waveform as well as live parameter numerics
and tabular list of trend data are depicted in a generated
template format on the display 88 pertaining to a monitored
patient. The pre-defined format of this display screen 340
includes a status panel 320, similar to that described with
regard to FIG. 15, a single waveform panel 344 including a
waveform and text identifiers relating to the waveform source
232 and size 236, respectively, similar to those described in
FIG. 16, a trends live numeric panel 356 and a trends data
panel 360, respectively.

[0136] The trends live numerics panel 356 includes a data
display header 364 relating the form of data presented (tabu-
lar, graphical, or other) followed by a linear set of current
heart rate, respiration and SpO, parameter numerics and the
most recent NIBP measurement, as well as text identifiers
beneath each corresponding parameter numeric and the cur-
rent blip bar 260 for SpO,. A “Time” table heading is also
provided beneath the data display header 364.

[0137] Thetrends data panel 360 of this display screen 340
includes a tabular (in this instance) arrangement of stored
numerics arranged in a table, allowing the user to navigate
through a predetermined period (e.g., 24 hours) of stored
trends with entries for time, heart rate/pulse rate, NIBP, res-
piration and pulse oximetry provided beneath each corre-
sponding text identifier. According to this embodiment, trend
data is listed in one minute intervals for each of time, heart
rate/pulse rate, respiration, and SpO,, respectively, when any
NIBP readings are successfully made using the NIBP start/
stop button 112 or through automated mode, or when an SpO,
spot check reading is made. Each of the latter features are
described in a later portion herein. As will also be detailed in
a later portion of this description, the time interval between
trend entries is a configuration setting of the monitoring
device 20 that can be selectively adjusted by the user, for
example, depending on the patient.

[0138] The exemplary display screen 340 is configured to
list seven (7) entries in the display panel 360 according to the
present example, although this parameter can be varied. For
example, and as shown in FIGS. 19 and 54-56, a twelve (12)
entry table is provided on a tabular trend data display screen
470. No waveform data is provided on this screen 470, which
is defined by a status panel 320, a trends live numerics panel
356, similar to that shown in FIG. 18, and a trends data panel
474. As noted, up to 24 hours or other predetermined time
period of trend data can be stored into memory. A scrolling
navigation icon 374 is also provided next to the time listing in
order to permit the user to access any of the stored data, as
needed.

[0139] In addition to tabular data, the herein described
device 20 can display trended data in a graphical form. An
exemplary graphical trend data display screen 380 is shown in
FIG. 57. This display screen 380 is defined by a format that
includes a status panel 320, as described above, a live trends
numerics panel 356, and a graphics display panel 384 with
graphical trend data 294 having a time scroll 388 at the
bottom thereof. The data shown pertains to a single parameter
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(in this example, heart rate), wherein the parameter data being
displayed can be varied, as described in greater detail below.
[0140] Referring to FIGS. 18, 19 and 56, user-captured
snapshots are identified separately in the tabular listing of
trend data with a camera icon 477. A sample snapshots view-
ing screen 298 is shown in FIG. 50. Reviewing of snapshot
data is discussed in a later portion of this description.

[0141] The display button 104 according to the herein
described embodiment is used to cycle through the config-
ured display formats. As shown in FIG. 19, the display modes
can be toggled between large numeric display screens, wave-
form/numeric display screens, and trend data display screens.
According to this example, pressing the display button 104
allows the user of the monitoring device 20 to toggle between
a large numerics display screen 336, a single waveform dis-
play screen 210, and a tabular trend display screen 470,
respectively. Depending on the configuration settings of the
herein described monitoring device 20, the display button 104
could be used to navigate between each of the display screens
shown in FIGS. 15, 17 and 18, respectively, wherein a default
version of each type of display screen can be determined.
[0142] In terms of overall navigation with regard to any of
the above primary display screens and in general according to
this embodiment, the display cursor, as referred to above, is
always highlighted. Referring to FIG. 21, and looking at an
exemplary display screen, in this case a dual waveform dis-
play screen 332, each and every display screen according to
this embodiment includes a single element—the current con-
text—labeled herein as 407, that is shown by a first colored
field (e.g., blue) in order to highlight the element.

[0143] Using the user interface 92 of the herein described
monitoring device 20, pressing the SELECT button 96 causes
the monitoring device 20 to replace the current display screen
with another display screen that is related to the current con-
text. By way of example, if the SpO, text identifier is high-
lighted in the display screen 332 of FIG. 21, and the SELECT
button 96 is pressed, the monitoring device 20 is programmed
to then display a SpO, control menu 402, having a specified
format and shown in FIG. 22, onto the primary display screen.
The directional buttons 100 can be used to scroll the display
cursor in order to highlight the item to be selected by the user.
[0144] In addition, there are at least some display screens
that also contain elements—parameter values—that are high-
lighted by a second colored field (e.g., green). In the case of
the second color highlighted areas, the current values of mul-
tiple parameters are identified within a given context. For
example and in the control menu display screen of FIG. 22,
the current context of the SpO, monitoring menu option 403
is highlighted in the primary or first color (e.g., blue), while
the current settings 404 of the SpO, parameters according to
this embodiment are highlighted in the second color (e.g.,
green). Control menus and other menus are discussed in a
later portion of this description.

[0145] In passing, other forms of indications can be pro-
vided on a display screen to a user using various colors or are
provided with separate indicators in accordance with this
embodiment. For example, items listed in red as shown in the
display screen of FIG. 20 indicate readings 396 that exceeded
a given alarm limit (either an upper or a lower limit) in
addition to the current context 392, for example. Other
examples are provided. For example, the trend tabular display
screen 470 presented in FIG. 56 depicts a number of readings
475 that have been compared to known limits and have been
suitably identified.
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[0146] In addition to the display button 104, the herein
described monitoring device includes a set of embedded
menus that are used for at least two purposes. First, certain
menus (e.g., context menus) permit the user to navigate
between various modes of the monitoring device 20. Second,
other menus permit adjustments to be made to the monitoring
device 20. These adjustments are intended to be temporary
and typically relate to the specific patient being monitored. As
previously noted, device settings are typically configured
through factory default settings. A technique using a configu-
ration file using the charging cradle 140 as an intermediary
relative to a portable computer 192, FIG. 6, has also been
discussed as an option to permit at least some of the factory
settings to be overridden. The monitoring device 20 further
permits custom configuration at the user level using a variety
of display menus that can be accessed through the user inter-
face 92. For purposes of explanation herein, two (2) main
types of menus can be accessed, pop-up (also referred to
throughout the discussion as drop-down) menus and control
menus. Each of these menus will now be described with
regard to the present embodiment. Other menus assist in
navigation through and between various display screens in
addition to the herein described display button 112. These
menus have been alluded to with regard to the start-up display
screens, FIG. 24, and information screens, FIG. 27, noted
above and are referred to as context menus.

[0147] First, pop-up or drop down menus are provided to
allow a user to temporarily make configuration settings for
the herein described monitoring device 20 as well as to vary
certain formats, for example, for display. The menus also
affect various modes of the device, among other features, as
will now be described. In brief, the display cursor is used to
highlight an item in any primary display screen 210, 332, such
as shown in FIGS. 15, 16, using the directional buttons 100 of
the user interface 92 and the SELECT button 96 1s pressed to
access a corresponding drop-down menu. As shown, for
example, in FIG. 53, the resulting pop-up or drop down menu
appears as an overlay onto the primary display screen 590
wherein the format of each corresponding menu includes a
header text and a plurality of listed menu items or options.
According to this embodiment, there are at least ten (10) drop
down menus available for the herein described monitoring
device 20, each of which enable certain settings of the device
to be temporarily altered for a particular patient.

[0148] A patient mode drop down menu 540, FIG. 29, is
accessible by highlighting the displayed patient mode field
224 as provided on any primary vital signs display screen 210,
FIG. 15, in the status panel 320 thereof and pressing the
SELECT button 96. The current or default patient mode 544,
in this case, an Adult mode, is highlighted and the directional
arrow buttons 100 of the user interface 92, FIG. 2, enable the
mode to be changed to pediatric mode, shown as 556. When
a patient mode is changed according to this embodiment, all
stored vital signs data, including any snapshot and trended
data, for the patient is deleted automatically from the CPU
174 and all monitoring device settings revert to the default
settings for the new patient mode that is selected. Therefore
and when changing a patient mode, a confirmation screen
550, see FIG. 30, appears as an overlay on the display screen,
shown herein as 554, indicating that parameter values will be
changed to default settings for the mode now selected and
further indicating that all stored information will be lost if the
patient modeis changed. Confirmation is then required before
any new mode selection can be implemented by the user
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wherein confirmation changes the patient mode and removes
the confirmation message panel 550 from the display screen
554. The resulting display screen (not shown) then indicates
pediatric in the patient mode field 224 thereof.

[0149] As noted previously and referring to FIG. 6, the
monitoring device 20 includes a wireless RF radio card 180
and internal antenna 182 which when enabled, automatically
establishes a wireless communications link between the
monitoring device 20 and the central monitoring station 184.
While within the confines of a wireless LAN (Local Area
Network), this connection is suitable within range of a suit-
able access point 186. The communication status indicator or
icon 212 located on the status panel 320 of any primary
display screen 210, such as those shown in FIG. 15, is con-
figured to provide an indication of the status of the wireless
connection with the remote monitoring station 184, which is
limited, for example, given the distance between the moni-
toring device 20 and an access point 186 on the network. For
example, if the status indicator 212 is blank, according to this
embodiment, then the monitoring device 20 is not enabled for
communication with the remote monitoring station 184. This
status indicator 212 can provide certain information concern-
ing the connection as follows according to this embodiment:
If the communication status indicator 212 flashes, this is an
indication that the monitoring device 20 is associated with an
access point 186, but the device is not communicating with
the remote monitoring station 184. If the communication
status indicator 212 has a line appearing through it, the indi-
cator being presented as shown in FIGS. 15-18 as an antenna
symbol, then the monitoring device 20 is not communicating
with an access point 186, FIG. 6, and is not communicating
with the remote monitoring station 184. As previously noted,
the communication status indicator 212 according to this
embodiment is located at the upper right hand corner of the
status panel 320 in any primary display screen. Similar indi-
cations can be made using the status indicator 212 when the
monitoring device 20 is communicating with a PC 192 and
not with the network, and whether the monitoring device is
associated with the network and is communicating with the
remote monitoring station 184.

[0150] Due to battery constraints it is desirable when the
monitoring device 20 moves out of range of the access point
186, that the user can selectively disconnect the monitoring
device 20 from the wireless network and place the device in a
disconnected wireless mode. This selective disconnection is
highly desirable given the considerable drain to the battery
resources that occur when attempting to restore communica-
tions with the remote monitoring station 184, FIG. 6, as the
device would continue to attempt to restore communications
even when the device is out of range. According to one ver-
sion according to the present invention, this selective discon-
nection is achieved through software wherein the user high-
lights the communications status indicator 212 of primary
display screen 210, FIG. 15, or any display screen having a
status panel 320 using one of the directional arrow buttons
100 pressing the SELECT button 96.

[0151] According to this embodiment and referring to
FIGS. 48 and 49, a disconnected wireless icon popup or
drop-down menu 560 (if the device is enabled with a wireless
transceiver 180 and antenna 182) is accessed by which the
user is permitted to selectively toggle into and out of a dis-
connected wireless mode.

[0152] The pop-up menu 560 includes a set of menu
options, including a disconnect option 564 which the user can
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elect to disconnect the monitoring device 20 from the wireless
network by scrolling using the appropriate directional arrow
buttons 100 and highlighting the disconnect menu option.
This election is further indicated to the user by one of the
status indicators 169, F1G. 2, provided on the front facing side
84 of the monitoring device 20. During the time that the
monitoring device 20 is disconnected from the network, the
device provides only local respiration, NIBP, HR/PR and
SpO, alarms or equipment alerts. During that time, a Discon-
nect message 568 is also displayed to the user next to the
communication status indicator 212 on the display screen
210, the latter having a symbol indication of disconnection, as
shown in FIG. 49. The use of the disconnect feature provides
an advantage in that battery/device power is conserved while
the monitoring device 20 is out of range. During the time the
above wireless disconnect feature is utilized, trended vital
signs data continues to be stored within the memory of the
CPU 174, as per normal operation.

[0153] When the monitoring device 20 is again within
range of the network, the communication status indicator
212, FIG. 15, provides a signal that the monitoring device 20
is within range and network connection can be restored by
again highlighting the communication status indicator 212 to
access the wireless mode menu 560, highlighting a Reconnect
menu option (not shown), and pressing the SELECT button
96. This selection automatically causes a prompt that is dis-
played to the user for information concerning the patient and
the network. A similar message is displayed at the remote
monitoring station 184. Reconfiguration and handshaking of
the herein described monitoring device 20 with the wireless
network is as described in the previously incorporated U.S.
Pat. No. 6,544,174. At the time network connection is
restored, all trended data stored during the time the monitor-
ing device 20 was disconnected is transmitted to the remote
monitoring station 184, FIG. 6, over the wireless network.

[0154] While the wireless version of the herein described
monitoring device 20 is connected over the network, patient
data gathered by the monitoring device is continuously stored
at the remote monitoring station 184. At the remote monitor-
ing station 184, patient information can be accessed and
administrative functions can be performed including admit-
ting, transferring and discharging the patient from the remote
central monitoring station unit, editing the patient description
(name, primary care physician), and reviewing and printing
patient data, including trends and waveforms.

[0155] Other pop-up or drop-down menus are provided
according to this embodiment for temporarily configuring
other settings ofthe monitoring device 20 include a waveform
source popup menu 580, see FIGS. 32, 33, that provides user
selections for determining which waveform is being dis-
played (e.g., resp, ECG including choice of vector) and for
switching, for example, between a single waveform display
screen 210 and a dual waveforms display screen 332, F1G. 16.
This latter menu 580 is accessed by the user by highlighting
the waveform source field 232 on the display screen 210 and
pressing the SELECT button 96. According to the present
embodiment and for all waveforms, except respiration, the
monitoring device 20 further includes means for cascading a
display in order to sweep a single waveform through two
panels, thereby showing or presenting a waveform covering a
2.times. time period (e.g., 6 seconds to 12 seconds). FIG. 32
illustrates an example ECG waveform having a default menu
option 584, with FIG. 33 depicting a user option 588 for a
respiration waveform using the menu 580.
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[0156] Similarly, a waveform size drop-down menu 600,
FIG. 34, permits user selection relating to the size of dis-
played ECG, SpQ, or respiration waveforms relative to any
display screen 332 by highlighting the waveform size text
identifier 236, located in the waveform panel 344 and select-
ing a menu option 604. A sample respiration waveform 608,
FIG. 37, is shown that is augmented by this size menu.
[0157] A trend display pop-up menu 640, FIG. 53, permits
selection between various forms of trended data (tabular,
waveform, snapshot) by highlighting the data display header
364, F1G. 52, in the trends live numerics panel 356, FIG. 52,
of a trended display screen, in this instance, a snapshots
display screen 590. As previously noted, tabular screens are
shown in FIGS. 54-56 and a graphical trend display screen
380 is depicted in FIG. 57.

[0158] Similarly, a trend view interval popup menu 660,
FIG. 55, is accessed by highlighting the Time heading in the
data display panel 474, the menu permitting the time intervals
between trended data listed to be selectively varied by the
user.

[0159] Additional pop-up menus according to this embodi-
ment include a snapshot waveform source popup menu, a
graphical source pop-up menu and a snapshot selection pop-
up menu. Each of these embedded menus are similarly
accessed by highlighting the appropriate text identifier and
pressing the SELECT button 96 to affect temporary configu-
ration setting changes for the device 20. In addition, an SpQO,
spot check or random pop-up menu 620, FIG. 41, is also
provided, details being provided for this latter feature in a
succeeding section.

[0160] A “control” menu for purposes of this embodiment
includes a topic name for the current context (for example,
SpQ,, in FIG. 22), each menu being defined by a stored
formatted template comprising a first display panel having a
column of parameters with one of the parameters highlighted
(for example, SpO, Monitoring), and a column of options,
with one item in the set of options being highlighted (for
example, Standby, On, 100, On, 90, Low). The primary (e.g.,
blue) highlighted item indicates the parameter that is cur-
rently enabled for modification, while secondary (e.g., green)
highlighted items indicate each of the current settings for all
parameters in the control menu. Each control menu further
includes a context menu at the bottom of the control panel in
order to enable navigation as well as permit confirmation or
cancellation of a choice/option selected by the user, such as in
the instance of the start-up display screens 400(a), 400(5),
FIG. 24. Presently; the monitoring device 20 described herein
includes at least nine (9) control menus that are accessible by
the user.

[0161] As noted, each control menu can provide customi-
zation of the configuration of the monitoring device 20 for the
current patient and to confirm choices. As in the preceding,
each control menu can be accessed using the directional
arrow buttons 100 to locate and highlight the item to be
controlled and pressing the SELECT button 96, as previously
described. It will be readily apparent that the number and
arrangement of these menus is exemplary and that other
variations and modifications are possible within the intended
ambits of the invention. Additionally, it should further be
noted that each of the following controls can be similarly
modified from the remote monitoring station 184 over the
wireless connection with the monitoring device 20.

[0162] First, atime setup control menu 700, FIG. 31, allows
the time, date and time format used by the monitoring device
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20 to be locally modified by the user. More particularly and
according to this embodiment, the time format (12 hour/24
hour), hour, minute, month, day, year, year and year format
can be selectively adjusted by the user. The time and date can
also be confirmed for correctness as the monitoring device 20
is capable of displaying time in either 12 hour (AM/PM) or 24
hour format, and displays the date in either a month/day/vear,
day/month/year, or other suitable format. According to this
embodiment, the date does not appear in the primary display
screens but does appear in both a snapshot list and associated
snapshot data, details of which are described below. High-
lighting the time display 216 (located in the upper right corner
of a primary vital signs display screen 210 or any display
screen having a status panel 320) and pressing the SELECT
button 96 to accesses the Time/Date control menu 700, the
screen allowing changes to be made and stored into memory
by the monitoring device 20.

[0163] Additionally, a number of parameter control menus
are accessible, including an NIBP control menu, an SpO,
control menu, a HR/PR control menu and a respiration con-
trol menu, respectively. Each of these parameter control
menus can be accessed by either selecting the parameter text
identifier in any primary display screen such as 210, FIG. 15,
or by selecting the alarm bell icon 268.

[0164] More specifically, the NIBP control menu permits
the setting of upper and lower alarm limits for each of the
systolic, diastolic and mean pressures as well as the selection
of a digital manometer, the selection of a specific NIBP mode
and the time interval used when an automatic mode is
enabled. An exemplary NIBP control menu 720 is shown in
FIG. 23. The NIBP control menu 720 is defined by three
panels according to the present embodiment. The uppermost
panel 722 includes a listing of menu options that can be
elected by the user. The second field 724 includes a listing of
submenu options associated with each menu option from the
first panel 722. The third panel is a context menu panel 416
that includes a series of navigational options.

[0165] More specifically with regard to the herein
described monitoring device 20, NIBP measurements can be
taken through a user-selected automatic mode in which blood
pressure readings are taken at prescribed time intervals. Fol-
lowing the correct positioning of a proper sized cuft 76, FIG.
1, on a patient, and screwing the hose end into the NIBP air
connector fitting 48, FIG. 3, provided on the top facing side 52
of the device housing 24, FIG. 3, the automatic NIBP mode
can be enabled by highlighting the NIBP text identifier in the
primary vital signs display screen 210, FIG. 15, and pressing
the SELECT button 96. The above selection accesses the
NIBP control menu 720, shown in F1G. 23, wherein the NIBP
Modeoption is scrolled to and the Auto menu suboptionin the
second panel 724 is selected using the directional control
buttons 100 to highlight the desired mode and pressing the
SELECT button 96. An appropriate time interval can then be
selected by highlighting the Auto Time Interval (min) subop-
tion in the panel 724 that will provide automatic blood pres-
sure measurements at the prescribed intervals (e.g., 3 min, 5
min, 15 min, 30 min, 60 min, etc). It should be noted that the
incorrect placement or failure to place the cuff 76 on the
patient will still enable automated mode, but an equipment
alert will be sounded by the monitoring device 20.

[0166] The automatic NIBP mode can be disabled by high-
lighting the NIBP text identifier on the primary vital signs
display screen 210 using the directional control buttons 100,
pressing the SELECT button 96 to access the NIBP control
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menu, FIG. 23, and then highlighting NIBP mode from the
NIBP control menu 720 and selecting the Manual menu
option using the appropriate directional control buttons 100.

[0167] Otherwise, any blood pressure reading can be taken
manually after positioning the correct cuff 76, FIG. 1, and
hose 80, FIG. 1, relative to the patient, screwing the hose end
into the NIBP air connector fitting 48, FIG. 3, provided on the
top facing side 52, FIG. 3, of the housing 24 and pressing the
NIBP start/stop button 112. As previously noted, all manual
and other NIBP mode measurements are stored as trended
data by the monitoring device 20.

[0168] In addition, an enhanced blood pressure measure-
ment mode (herein referred to as “Turbo” mode) is provided
in which the monitoring device 20 automatically initiates a
blood pressure measurement reading in a conventional man-
ner and then takes as many readings as is possible within a
predetermined time period (e.g., 5 minutes), provided this
option is enabled by way of default configuration settings
such as through the downloaded configuration file. Turbo
mode, as defined herein, can be set through the user interface
92 by highlighting the NIBP text identifier in any primary
vital signs display screen 210 and pressing the SELECT
button 96 to access the NIBP control menu 720, FIG. 23, as
previously described. The NIBP Mode menu option can then
be highlighted with the Turbo suboption then being selected
using the appropriate arrow button 100. Selecting the NIBP
start/stop button 112 or highlighting the NIBP Mode Manual
menu option from the NIBP control menu 720 will restore the
monitoring device 20 to a manual NIBP measurement mode.

[0169] As noted generally above, the patient monitoring
device 20 according to the present embodiment further
includes a digital manometer that can be selectively displayed
for the user during a blood pressure measurement procedure.
This feature is enabled through the NIBP control menu 720
which is accessed in the manner previously described above
from any of the primary vital signs display screens. In the
NIBP control menu 720, FIG. 23, the Manometer option
listed therein in the top panel 722 is highlighted using the
directional arrow buttons 100. Pressing the SELECT button
96 causes a manometer menu 730 to appear as an overlay on
the display screen 210, as shown in FIG. 44. Pressing the
NIBP start/stop button 112 starts the NIBP measurement
cycle as previously described. When the attached cuff 76,
FIG. 1, is inflated, a manometer pressure indicator bar 734
located at the bottom of the display screen 210 dynamically
displays the pressure reading, as shown in FIG. 45. When the
blood pressure measurement cycle is completed, measure-
ment numerics 742 appear below the waveform grid of the
display screen 210 and each of the systolic, diastolic and
MAP values for the measurement are displayed as markers
738, if valid readings are obtained for each along a defined
manometer scale, as shown in FIG. 46.

[0170] Adjustment and enablement of the alarm limits and
the remaining options on the control menu 720 are selected in
the same manner described above. As to the context menu
panel 416 options for parameter control menus and referring
for example to FIG. 44, the Exit menu option, if selected by
the SELECT button 96, reverts the user back to the previous
primary vitals signs display screen, the Trends option changes
the display screen to a trends viewer screen that causes a
tabular or waveform history to be displayed, the Snapshots
menu option causes a series of 21-second waveform snap-
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shots of the current patient’s vital signs to be selectively
viewable, and the Setup menu option accesses the setup con-
trol menu.

[0171] The SpO, control menu 402, FIG. 22, permits set-
ting of either continuous or a random (herein also commonly
referred to as a spot-check) SpO, measurements, the setting
of alarm limits and setting of the pulse tone. According to the
present embodiment, continuous measurement of at least one
physiologic parameter other than SpO,, such as ECG, is
enabled through the CPU 174 and the tethered physiologic
parameter sensor assemblies, while permitting the user, by
means of the user interface 92, to manually “spot check”
Sp0O,. That is to say, SpO, can be periodically or randomly
checked on the patient (not shown) while simultaneously
maintaining continuous monitoring of at least one other
physiologic parameter.

[0172] When continuous SpO, is enabled, an alert is gen-
erated each time that SpO, readings are interrupted, such as
when the sensor is disconnected from the patient after the
monitoring device 20 has begun to take SpO, readings. Using
the random monitoring or “spot check™ feature, any number
of randomly taken readings can be taken, attaching and
detaching the sensor repeatedly without generating any
alarms.

[0173] Referring to FIG. 39, a flowchart generally
describes the herein referred to random or spot checking
monitoring feature. Initially, the SpO, monitoring function of
the monitoring device 20 is turned off. The user can turn the
continuous SpO, monitoring function off manually with the
user interface 92 by scrolling to the primary vital signs dis-
play screen, FIG. 21, and highlighting the SpO, text identifier
407 and pressing the SELECT button 96. The preceding
accesses the SpO, control menu 402, FIG. 22. This control
menu 402 is defined by two panels; a first panel 746 that
includes a list of menu options and suboptions and a context
menu panel 416 permitting navigation out of the spot-check
mode. Highlighting the SpO, Monitoring menu option 403,
using the left arrow button 100 to highlight the Off suboption
and pressing the SELECT button 96 then turns off the con-
tinuous monitoring function and turns the spot checking fea-
ture.

[0174] When the SpO, monitoring function has been deac-
tivated, it can then be reactivated by the user, either for con-
tinuous monitoring or for a one-time spot check reading.
When a spot check is desired according to this embodiment,
the pulse oximeter sensor 60, FIG. 1, is attached to the moni-
toring device 20 and to the patient. The user then highlights
SpO, on the primary vitals sign display screen, FIG. 40, and
presses the SELECT button 96. Upon pressing same, the user
then highlights SpO, @ XX:XX and presses the SELECT
button 96 accessing a SpO,, drop-down menu 620, FIG. 41.
This menu 620 that appears as an overlay onto the display
screen (not shown in this view) includes On, Off and Spot
Check options. The On option 622 permits the user to reen-
able the continuous SpO, monitoring feature. The Off option
624 disables the continuous monitoring feature and enables
spot checks. The Spot check option 626 is highlighted in this
instance, since the SpO, continuous monitoring function has
already been disabled. The spot checking feature of the herein
described monitoring device 20 is controlled through logic
contained within the monitoring device 20 that allows the
SpO, hardware to first initiate the sensor assembly 32, FIG. 1,
and acquire a stable SpO, measurement from the patient as
sensed by the apparatus. According to this embodiment and
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referring to FIG. 42, the primary vital signs display indicates
SpO, Spot Check with a text identifier “SEARCH” 628 dis-
played above a Spot Check text identifier 629 to indicate that
the monitoring device 20 is waiting for pulse oximetry data
from the patient. After a few seconds, the SpO, indicator (if
SpO, is used to determine pulse rate begins to display pulses
and after approximately 30 seconds, the SEARCH text iden-
tifier 628 disappears and a pulse oximetry reading 256
appears, FIG. 43. Once a stable measurement has been
acquired, the SpO, subsystem is powered down automati-
cally. The stable SpO, reading that has been obtained is then
displayed for a predetermined period of time or until a new
spot check reading of SpO, is acquired. For additional spot
checking, the preceding steps are then repeated wherein the
SpO, sensor assembly 28 is initiated; a stable reading is
acquired and then displayed for a predetermined period of
time. In the meantime, any other parameters that are continu-
ously monitored, such as ECG, are unaffected by the spot-
checking functionality feature.

[0175] Each of the HR/PR and respiration control menus as
well as the NIBP and pulse oximeter control menus permit the
setting of upper and lower alarm limits. The HR/PR control
menu (not shown) further permits adjustment of volume or
enablement of the heart tone, and the preferred source (either
SpO, or ECG) for heart rate wherein the current source is also
highlighted. The respiration control menu (not shown) also
permits the selection of the reference leadwire used from the
ECG monitoring assembly.

[0176] In addition to the above parameter control menus
and the time setup control menu, set-up control menus are
also provided to the user in order to define the behavior of the
herein described monitoring device 20. A typical set-up menu
can be accessed according to this embodiment from any main
display screen, such as those depicted in FIGS. 15-19, by
performing the steps of: highlighting the battery indicator
icon 220, HR/PR text identifier, SpO, text identifier, NIBP
text identifier, respiration text identifier or the alarm icon 268;
pressing the SELECT button 96 thereby accessing a param-
eter control menu; highlighting the setup option located in the
context menu panel 416 at the bottom of the display screen
210; and pressing the SELECT button 96 again.

[0177] Among the items that can be configured in the
respective set-up control menus according to this embodi-
ment are the suspension and enablement of the audible alarms
and adjustment of alarm tones, permitting management of
same in a patient context. As previously noted, an “alarm”
warns of a patient condition, such as a vital-sign reading that
is outside of acceptable limits. When an “alarm condition”
occurs according to the present embodiment, the red light
status indicator 169, FIG. 2, on the front facing side 84 of the
monitoring device 20 flashes and the numerics of the violat-
ing alarm limits shown on the display 88 turn red, such as
depicted in FIG. 20. In addition, the display cursor moves
automatically to the displayed item that caused the alarm and
if not suspended, an audible alarm tone also may sound. A
sample alarm condition 850 is shown in FIG. 58 in a single
waveform display screen 210. In this instance, the heart rate
for the monitored patient has exceeded a predetermined limit,
as highlighted by 854. In addition to the above and in the
instance that the monitoring device 20 is connected to a
remote monitoring station 184, FIG. 6, notification of the
alarm condition may also be transmitted to the remote moni-
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toring station. Pressing the alarm silence/resume button 112
will silence current alarm tone for a predetermined period of
time (e.g., 90 seconds).

[0178] An “alert” refers to an equipment or device condi-
tion, such as a low battery or a detached lead. When an “alert
condition” occurs, the yellow light indicator 169 on the moni-
toring device 20 flashes and a message describing the condi-
tion appears on the display 88 in a message panel. An example
ofan equipment alert, in this instance, the disconnection of an
ECG lead, is shown by the display screen of FIG. 59. Equip-
ment alerts, according to this device embodiment, are indi-
cated by a flashing yellow indicator 169 as well as a high-
lighted (e.g., yellow) alert message 306 provided
conspicuously on the display screen of the monitoring device
20 and repeated sounding of an alert tone, in the instance that
the alert is not acknowledged or the cause of the alert is not
alleviated. The knowledgement is made through a context
menu located at the alert window screen. Preferably, an alert
tone will be distinguishable from an alarm tone to a user. In
this specific instance, the depicted equipment alert is an ECG
lead failure. Therefore and in addition, a diagram 302 is
illustrated with an indication (in this instance a circled X) to
indicate at least one disconnected lead. Alarm and alert con-
ditions can also be detected by the remote monitoring station
184, F1G. 6, via the wireless network.

[0179] Examples of alert conditions detected by the herein
described monitoring device 20 include, but are not limited
to, the following: ECG Faults which can include Lead failure
(single, multiple), excessive offset, or detection of unplugged
ECG cable; NIBP Faults that can include an air leak, kinked
hose, overpressure cuff condition, weak pulses to determine
systolic/diastolic pressure, no pulses detected, detection of
artifact prevents valid reading, or low battery; Network Com-
munication Faults including the detection of a network com-
munication problem, detection in attachment to charging
cradle, low battery, or no SpO, detected; and respiration chan-
nel faults, such as a noisy signal or lead failure. Still referring
to FIG. 59, acknowledgement of the alert by the user is made
by highlighting the acknowledge option 864 at the bottom of
the display screen and pressing the SELECT button 96, FIG.
2. Acknowledgement will remove the message panel and
revert the display 88 to the previous display screen format.
[0180] Equipment faults for those situations in which the
herein-described monitoring device 20 is operating on battery
power as opposed to being mounted in the charging cradle
have been discussed previously. In low battery conditions in
which less than approximately 30 minutes of battery runtime
remains, NIBP functions are disabled and the monitoring
device 20 displays an appropriate message to the user that
NIBP is disabled. Any attempt to press the NIBP start/stop
button 112 or otherwise initiate a blood pressure measure-
ment during a low battery condition will display an equip-
ment alert with an appropriate message. However, placing the
monitoring device 20 into the charging cradle 140 during a
low battery condition will immediately enable all blood pres-
sure monitoring features.

[0181] There are two techniques according to the present
embodiment in order temporarily silence an alarm tone. The
first technique is through pressing the alarm/silence button
108, which will silence any current alarm(s) for a predeter-
mined period of time (e.g., 90 seconds). It should be noted,
that silencing the audible tone does not affect the remaining
alarm or alert indicators. The alarm tone can also, according
to this particular device embodiment, be suspended for all
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parameters, thereby preventing the alarm tone from sounding
if an alarm condition occurs while monitoring a patient. Sus-
pension is done by the user through accessing an alarms
suspend menu 880 that is provided in the set up controls menu
800, as shown in FIGS. 60, 61. If an alarm condition occurs
while the alarm tones are suspended, the monitoring device
20 presents visual alarm indicators, but does not sound an
audible tone.

[0182] As opposed to the interval for silencing an alarm
tone, the suspension period of the alarm tone can be set during
configuration of the monitoring device 20 to disable the tone
for a predetermined period (i.e., 90 seconds-60 minutes). In
addition, the monitoring device 20 can be so preconfigured
such that the alarm tone cannot be suspended by the user, for
example, through use of the configuration file that is uploaded
to replace the factory settings of the monitoring device using
the PC 192, FIG. 6, as previously described.

[0183] Referring to FIGS. 60, 61, and if the suspend feature
is not disabled for the present monitoring device 20, the user
can access the set-up control menu 800 by highlighting the
text identifier of the parameter that is highlighted by the
alarm. Once in the set-up control menu 800, the user can
highlight the Alarms option, thereby accessing the Alarms
set-up menu 880. As shown in FIG. 60 and upon accessing the
Alarms setup menu 880, the display cursor highlights the Off
menu option wherein a message panel appears in the display
screen 210 to use the directional right arrow button 100 in
order to highlight the On suboption. Once suspension has
commenced, FIG. 61, a count-down timer 884 appears below
the line in the set-up menu 880 as well as a highlighted
indicator 888 in the upper portion of the display screen 210.
When the suspension period expires, the alarm tone is again
enabled. The alarms set up menu 880 further permits the
volume of the alarm tone to be selectively adjusted by the
user.

[0184] Typically, each medical facility defines the patient
alarm limits for adult, pediatric and neonatal patients and then
configures the monitoring device 20 with those alarm limits
prior to putting the monitoring device into service. As previ-
ously noted herein, it was noted that the user can locally or
custom adjust certain configuration settings of the herein
described monitoring device 20.

[0185] According to another feature of the herein described
patient monitoring device 20 and referring to FIG. 62, upper
and lower alarm limits can be temporarily customized for an
individual patient while the monitoring device 20 is in use.
This temporary customization feature can be implemented by
the user by highlighting any vital sign of interest from a
primary vitals signs display screen and pressing the SELECT
button 96 so as to access the control menu for that parameter;
in this instance, NIBP, 720. Upper and lower alarm limits can
then be selected by highlighting the current value and using
the left and right directional arrow buttons 100 to set the new
alarm limit(s), 726, 728. These new limit values are then
stored in volatile memory of the CPU 174, FIG. 6, of the
monitoring device 20 and are erased when the monitoring
device is powered down unless the user specifically maintains
them as part of the current patient. Alternatively, however, the
device could be configured to allow a user such that the
settings could be retained by the user irrespective of the
patient. The monitoring device 20 is further configured to
permit alarm limits to be customized for a particular patient
from the remote monitoring station 184, FIG. 6, over the
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bidirectional wireless network using the radio card 180 and
antenna 182 to receive new limit values.

[0186] In addition to the above features, the herein
described monitoring device can be further configured such
that the user can perform alarm management on the monitor-
ing device 20 by permitting the user to actuate a feature
provided on the user interface 92 that creates a predetermined
percentage change to the alarm limits for a single parameter
each time the SELECT button 96 is depressed at the time of an
existing alarm. The initialization and initial percentage set-
tings for each of the alarm parameter settings is performed
according to this specific embodiment as part of the configu-
ration of the monitoring device 20 prior to use of the moni-
toring device 20 through the PC 192 using the configuration
file to override factory configuration settings, the new settings
being stored by the CPU 174. A portion of a sample worksheet
198 is shown in FIGS. 64, 65 in which factory settings 199,
shown in bold, can be adjusted for specific parameters, as
listed in FIG. 64. Completing the worksheet 198 through the
utility thereby provides means for completing the configura-
tion file and assigning preset percentage amounts for adjust-
ing alarm limits for any single parameter during a current
alarm(s). The worksheet includes a menu choice 197 for
enabling the alarm limit percentage option herein, also
referred to as ParamSet. In essence, the user of this selective
alarm management setting feature permits both upper and
lower alarm limits to be preset accordingly and then used
selectively by the clinician/nurse.

[0187] Insummary, four(4)techniques are now provided in
the present monitoring device 20 for handling or managing an
existing alarm: First, the user can temporarily silence an
alarm through use of the alarm silence/resume button 108
provided on the user interface 92. Turning the alarm off
temporarily, however, in and of itself, does not change the
limit. Therefore, if the patient’s physiologic parameters are
unchanged, the alarm will go off again momentarily depend-
ing on the default settings of the monitoring device 20 (e.g,,
90 seconds). Second, the user can suspend the alarm tone for
a patient for a predetermined period of time in the manner
described above using the control menus 800. This feature
also does not change any alarm limits. Third, the user can
temporarily change or customize any of the alarm limits
individually through features provided on the user interface
92, using the set-up control menus, as described above, such
as 720 or other menu. As noted, this third technique can be
accomplished by accessing the control menu for a specific
parameter to highlight a specified parameter indicator (such
as HR/min or NIBP, for example) and pressing the SELECT
button 96. The corresponding parameter control menu, FIG.
62, is then displayed, permitting the user using the directional
left and right cursor control buttons 100 to set appropriate
alarm limits for the patient, the user then highlighting Exit to
leave the menu window. Using the same pop-up menu or a
similar menu, a fourth technique is provided by means of the
presently described vital signs monitoring device 20 in which
the user can also now automatically and selectively change a
parameter alarm limit by a prescribed amount. Rather than
incrementally changing the alarm limits, the user can change
the alarm limits by a prescribed percentage amount each time
the SELECT button 96 for this option is actuated as entered
using worksheet 198, F1G. 64, via the configuration file. The
latter feature can be accessed only during a current alarm(s).
For example, upper and lower alarm limits for HR/PR can
initially be set to alarm at an upper rate of 90 and a lower rate
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of 60. Using the latter feature, each time the SELECT button
96 is actuated for the above feature in the control menu, the
alarm limits can be incremented by a predetermined percent-
age (e.g., 5 percent, 10 percent, or other). For example, if a
five percent change were configured for the herein described
monitoring device 20, the alarm limits would change to 94
(upper)/57 (lower) the first time the SELECT button 96 is
depressed, 99 (upper)/54 (lower) the second time the button is
depressed, and so forth. Similarly, NIBP (systolic pressure,
diastolic pressure and mean pressure), SpO, and respiration
rate limits can be similarly adjusted wherein the amount from
factory (default) preset value alarm limit values can be
adjusted, depending on the patient mode, for individual
parameters as part of the pre-configuration routine using the
PC 192. A tabular listing 950 is shown in FIG. 65 for appro-
priate percentage changes to the alarm limits according to one
example.

[0188] The ECG monitoring sensor assembly 28, FIG. 1, of
the present embodiment includes a respiration circuit pro-
vided in the form of an ASIC, wherein breath signals using
impedance pneumography supports measurement of respira-
tion rate as well as central apnea. The herein described moni-
toring device 20 can monitor heart signs (ECG) and respira-
tion rate using either a 3-lead or a 5-lead ECG cable. Using a
3-lead ECG cable, one signal waveform for lead I, II, or 1II
canbe displayed. Using a 5-lead ECG cable, either one or two
signal waveforms can be displayed by the monitoring device
20 for leads I, 11, 111, V, and if enabled in the configuration,
aVR, aVL, or aVF. The SpO, or Resp waveform can also be
displayed in place of the ECG waveform.

[0189] To monitor ECG, the appropriate ECG cable is
plugged into the device housing 24 and appropriate electrode
sites are selected on the body of the patient. This selection
process is commonly known and does not form a significant
part of the present invention. At least three (3) electrode
connections are required for ECG/Resp monitoring. The
monitoring device 20 provides a graphic display 302, FIG. 59,
of a three or five lead ECG attachment with fixed locations
being indicated. The locations of the circles shown in the
diagram 302 in FIG. 59 do not indicate the exact placement of
the electrodes on the patient.

[0190] The monitoring device 20 is adapted to indicate
whether some lead wires are not connected and to indicate an
“ECG Fault” equipment alert and a chest diagram such as
shown in FIG. 59, indicating the general location of the dis-
connected lead or leads. If the disconnected lead(s) indicate
that the waveform source (Lead) used for HR determination,
then the monitoring device 20 automatically reassigns, if
possible, the Lead used for heart rate (HR). If the reassign-
ment succeeds, the monitoring device 20 then displays
another equipment alert with the message “ECG Lead
changed”.

[0191] When all leads are properly connected, returning to
the primary vital signs display screen will confirm that an
ECG waveform is being displayed as well as heart rate and
other patient data. The waveform source can be changed, for
example, from Lead I to Lead Il by highlighting the waveform
source selection icon using the cursor control buttons 100 and
pressing the SELECT button 96. The latter will access the
waveform source menu 580, FIG. 32, wherein the appropriate
option 584 can be highlighted. In passing and by scrolling to
the bottom of the waveform source choice menu, a second
waveform can be added (or deleted). The waveform size can
also be suitably varied by the user by highlighting the current
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waveform scale and pressing the SELECT button 96. The
waveform size pop-up menu 600, FIG. 34, is accessed
through the latter selection and a desired scaling factor can be
highlighted.

[0192] Respiration rate is also monitored using the ECG
monitoring circuit, as noted above, based on impedance pneu-
mography, wherein respirations can be sensed from the ECG
electrodes. The respiration numeric is displayed in the lower
right corner of the display screen. To view the respiration
waveform, the waveform source identifier 232, FIG. 15, is
highlighted and the SELECT button 96 is pressed in order to
access the waveform source pop-up menu 580, FIG. 33. Res-
piration as a menu option 588 is then highlighted and
selected. Waveform size can be adjusted in the same manner
described previously for the ECG waveforms.

[0193] In addition to monitoring the presence of the ECG
waveform, the monitoring device 20 also detects the periodic
signals emanating from an implanted pacemaker device. To
that end, according to the present embodiment and referring
to FIG. 35, if the patient being monitored has an implanted
pacemaker device, the monitoring device 20 can indicate the
occurrence of pacemaker or pacer signals by activation of the
Pacer Indicator option 904 from the ECG set-up control menu
900, FIG. 36, if not already configured. When activated, the
Pacer Indicator displays and prints vertical dashed lines to
indicate pacemaker signals. If the Pacer Indicator option 904
is not enabled, the monitoring device 20 according to this
embodiment continues to detect the pacemaker signals, but
does not display or print the pacer markers. Ifthe pacer signal
is sufficiently strong, the monitoring device 20 displays this
signal as a waveform spike, whether the Pacer Indicator
option 904 is enabled or not. The present ECG circuit also
detects when pacer signals/EMI pulses are occurring too fre-
quently (outside of the periodicity of realistic pacer signals).

[0194] As previously noted, the detection of these pacer
signals is commonly affected by electronic noise (such as
EMI—FElectromagnetic Interference) triggered, for example,
from overhead lights that can hinder the ability to adequately
detect a pacer signal from an implanted patient device (i.e., a
pacemaker). Electrical noise from a power source can also
cause an unclear or noisy waveform. According to one aspect,
the invention provides the ability to select amongst the vari-
ous ECG vectors, each of which has been processed for pacer
pulse detection of both polarities and feeds both the pacer
pulse detector and a peak/noise floor detector. An example is
shown in FIG. 63. The latter detector generally captures a
value 908 that is representative of the peak amplitude of real
pacer pulses, and also captures a second value 912 that is
representative of the peak amplitude of rapidly repetitive
noise spikes, as shown in FIG. 63. Means allow selection of
available ECG vectors and after obtaining a peak and noise
floor level signal from each, shown as 915, 916, respectively,
then picking an optimum ECG vector to continue feeding the
pacer pulse detector. Ifthe noise floor signal is made available
to the user, the user can observe how the magnitude of the
noise floor signal changes while moving the monitoring
device 20 about in the vicinity of a possible noise source, the
latter being shown magnified as 918. The reported signal level
will generally increase as the monitoring device 20 is moved
closer to the noise source and hence serves a directional aid in
locating the source of electrical noise. Since it is already
known at what level the noise spikes 912 would begin to
trigger the pacer pulse detector, it may thus be determined
whether a noise source was sufficiently large to cause false
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pulse detections. The principles described herein can be
implemented by hardware, software or a combination of
hardware and software.

[0195] The above circuit can further be used to validate a
measurement in order to assess lead wire and electrode integ-
rity for an ECG monitoring assembly. This measurement
capability provides means for monitoring electrode perfor-
mance as well as providing a means for proactively changing
electrodes, as needed. As a matter of background and when
lead wires of an ECG monitoring assembly are attached to a
patient, the hardware drives a small current through each
connected lead wire. This current is directed through the
patient to a reference lead wire, also extending from the
patient. As a result, each lead wire produces an offset voltage
(with respect to the reference lead) based on Ohm’s Law.
[0196] According to a variant of the present invention, each
lead wire’s offset voltage delta (that is, the voltage difference
between each of its lead wires) can be determined, thereby
providing a means for qualitatively “ranking” each of the lead
wires and electrode assemblies. Software included within the
monitoring device can then be utilized in order to provide an
assessment of the electrodes and the lead wires based on the
computed deltas, at least to determine the “qualitative state”
of the electrodes, (e.g., if one lead wire has a much higher
offset than the remaining leads, the most likely cause is an
electrode contact issue such as a dry electrode or loss of
contact with the patient). By comparing ratios of these volt-
age differentials, it is therefore possible to anticipate or
become proactive relative to the life of portions of the ECG
monitoring assembly.

[0197] In addition to the above, the monitoring device 20
also includes a power source filter that can be enabled from
the ECG set-up control menu 900, FIG. 36. The settings for
the power source filter should be applied depending on the
power source in the facility. To that end, the power source
filter option 906 according 1o this embodiment includes set-
tings of 60 Hz and 50 Hz.

[0198] Many factors can adversely affect a blood pressure
(NIBP) measurement including cardiac arrhythmias, sudden
changes in blood pressure, patient motion such as convul-
sions or shivering, sudden cuff movement, vibration, vehicle
motion, or a weak pulse, among others. According to the
present embodiment, and when NIBP and ECG are each
being monitored with regard to a patient, the herein described
monitoring device 20 can be further equipped with the selec-
tive use of a motion artifact filter, such as the Smartcuf artifact
filter manufactured by Welch Allyn, Inc., in order to increase
the measurement accuracy in the presence of moderate
motion artifacts or diminished pulses. Specific details relat-
ing to the specific motion artifact filter utilized by this device
are described in U.S. Pat. No. 6,405,076 B1, the entire con-
tents of which have been previously incorporated by refer-
ence.

[0199] Enablement of an artifact filter feature would
include the steps of mounting each of the ECG and NIBP
assemblies to the monitoring device 20 and to the patient
respectively and as previously described, and then simulta-
neously monitoring the patient using each of the above physi-
ologic sensor assemblies. The set-up control menu 800 would
be accessed in the manner described above from a primary
vital signs display screen. Upon accessing the set-up control
menu 800, the NIBP menu option would be highlighted to
access the NIBP setup control menu and then a Smartcuf
suboption (not shown) would be highlighted and selected.
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Under some conditions in which the artifact filter feature is
enabled and motion artifacts are too severe that measurement
accuracy is still affected, the blood pressure measurement
could be marked with an identifiable symbol on the display
screen and on printouts. During certain types of arrhythmias
and other situations in which a valid ECG signal cannot be
obtained, the motion artifact filter could also be selectively
disabled by accessing the control menu in the same manner
described above, highlighting the NIBP option and disabling
the Smartcuf sub-option.

[0200] The buttons of the user interface 96 and the display
and/or backlight of the herein described monitoring device 20
can be locked out to prevent unauthorized access or use. This
lock out feature can be accomplished in several different
ways. According to one technique and if the feature is initially
enabled using the PC configuration utility, the user can simul-
taneously hold down the left arrow, the right arrow and the up
button simultaneously for a continuous period of time (e.g., 5
seconds). All buttons, including the Power ON/Off button 56
are locked. The buttons are automatically unlocked when an
alert or an alarm condition occurs. Similarly, the display 88
and/or backlight can also be locked out by the user using a
selective combination of buttons if no operator activity (e.g.,
no buttons are pressed) has occurred for a predetermined
amount oftime. The backlight lockout and the display lockout
features would again be disabled immediately after an alarm
or alert condition occurs.

[0201] The remaining set up control menus that are avail-
able to the user according to this specific embodiment include
that relating to the Demo Mode (Disabled, Low, High). In
addition to the set-up control menus, the monitoring device
20 incorporates additional control menus according to this
embodiment including a Device Status Control Menu; and a
Message Control Menu. The Device Status Control Menu
permits the user to see a displayed information screen 420(a),
420(b), such as shown in FIG. 26. The information screen
420(a), 420(b) includes separate panels 422, 424 including
the facility name, department name, and other associated
information. The Message Control Menu is used, for
example, with regard to changing of ECG leads in the event of
alead failure, requiring the reassignment of channels. At the
bottom of each of the control menus are context menu panels
416, allowing the user to navigate, the context menus for the
set-up control menus being identical to those of the parameter
control menus.

[0202] A more specific example of using a control menu is
now herein described with reference to the display screen
depicted in FIG. 22. In this example, it is desired to alter (i.e.,
raise) the SpO, lower alarm limit to 95 and to shut off the
HR/PR tone. To perform the first step and with “SpO,” high-
lighted, the down arrow button 100 is used to scroll to high-
light Lower Limit and the right arrow button 100 is then
pressed as many times as necessary in order to increment the
limit to the intended limit value; in this instance 95. It should
be pointed out the herein described monitoring device 20 is
programmed such that the upper alarm limit cannot be
decreased to a level that is lower than the lower alarm limit for
the parameter. Similarly, a lower alarm limit cannot be raised
to a level that is greater than or equal to the upper alarm limit.

[0203] To adjust the HR/PR tone, the down arrow button
100 is pressed to scroll down to the HR/PR Tone field and the
left or right arrow button is pressed as many times as is
necessary in order to highlight OFF. Pressing the SELECT
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button or the display button 104 will exit the control menu
screen and return the display to the previous vital signs dis-
play screen.

[0204] When the control menu is exited, the values that are
displayed at the time the menu is exited are the new default
values for the monitoring device 20. Ifa parameteris changed
therefore, a decision must be made by the user prior to leaving
the display screen whether or not to keep the previous setting
values. If so, these parameters must be returned prior to
exiting the control menu.

[0205] In summary and for purposes of menu and display
navigation of the herein described monitoring device 20, the
directional arrow buttons 100 are therefore used to perform
any of the following functions: highlight an item on display,
selection of options from a control menu, set-up menu or
displayed “pop-up” menu, and changing the values of
numetic parameters.

[0206] According to this embodiment, the display button
104 in addition to cycling though the configured display
formats as shown in FIG. 19 can also be used to return to a
primary vital signs display screen from a control menu and for
closing a “pop-up” menu.

[0207] Finally, the SELECT button 96 is used to perform
the following operations: display the control menu for a pri-
mary highlighted item, return from a control menu to a pri-
mary vital signs display screen, provide access to a set up
menu when setup is highlighted by the display cursor, display
of tabular and graphical trends when trends is highlighted,
display of snapshots when snapshot is highlighted, turn on the
display or the back light if either has been turned off by a
power save feature of the monitoring device 20, and display-
ing a pop-up menu.

[0208] The herein described monitoring device 20 in addi-
tion to displaying current numerics and waveforms and the
most recent measurements also stores a predetermined
amount of patient data. According to this specific embodi-
ment, up to 24 hours (at one-minute intervals) of trends
(graphical and/or numeric) information for the patient being
monitored can be stored, as well as NIBP and SpO, “spot
checks” and “snapshots”, as taken selectively by the user in
connection with the patient and accessible from the Trends
option of the context menu of any control menu, as described
below. When data storage is at capacity, the data from each
new reading overwrites the data from the oldest data stored.
The features relating to the taking of SpO, and NIBP spot
checks have previously been discussed at length.

[0209] As previously noted, a snapshot request is made by
pressing the snapshot button 116, FIG. 7, which is provided
on the front facing side 84 of the device housing 24. Upon
depression of the snapshots button 116, the CPU 174 is pro-
grammed to provide a graphical display 298 of a default
waveform (ECG, respiration) for a selected lead for a prede-
termined time period along with additional information, such
as shown in the exemplary display screen of FIG. 50. In the
sample snapshot display screen depicted in FIG. 50 and
according to this embodiment, for example, 21 seconds of
stored ECG data (7 seconds after the snapshot button 116 is
pressed and 14 seconds before the snapshot button is pressed)
is presented along with a time and data stamp for each wave-
form, the waveform source detected, the waveform scale
(size) used and the corresponding number of the snapshot.
According to the present embodiment, up to twenty (20)
snapshots can be stored by the monitoring device 20 wherein
any new snapshots overwrite the oldest stored versions
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thereof. Tt should be readily apparent that the number of
snapshots can be suitably varied.

[0210] This data can be reviewed at the monitoring device
20. To review a snapshot and from any primary vital signs
display screen, the user highlights any of the parameter text
identifiers (HR/PR, SpO,, etc) and then accesses a control
menu for that parameter. The user then highlights the context
menu panel 416 for that control menu and selects the snap-
shots option and confirms the selection by pressing the
SELECT button 96. Highlighting the Snapshots option
causes a Snapshots display screen to be displayed, examples
of which is depicted in FIG. 51-53. Each of the up to twenty
snapshots can then be viewed by the user. In the example
shown in FIGS. 51-53, five (5) snapshots were taken. The
snapshot display screen 590 includes a status panel 320 at the
top of the display screen, a live numerics panel 356 and a
snapshot display panel 594, respectively. The snapshot dis-
play panel 594 displays the stored snapshot for viewing and
includes controls for selecting the snapshot file, the data
source, the scale of the display and scroll controls. A vertical
line indicates the center of the display. The waveform and
numeric vitals signs data during the 21 seconds can be viewed
by the user by highlighting time interval provided at the
bottom of the display screen 590 and using the directional
(left/right) cursor buttons 100 to scroll the display to the
desired time. An example is shown in FIG. 52, for five sec-
onds after the trigger point of the snapshot as opposed to FIG.
51, which is taken one second following the trigger point. The
waveform source and size of the snapshot can also be selec-
tively changed by the user for any captured snapshot by
highlighting the appropriate icon on the display screen and
accessing an associated drop-down menu 580, 600, as shown
in FIG. 32, 33. In this example, the user can optionally switch
to another type of display or can exit and return to a primary
vital signs display screen by highlighting Snapshots in the
upper left corner of the display screen and pressing the
SELECT button 96. The preceding accesses a Trends menu
640, FIG. 53, wherein highlighting the appropriate option
allows the user to navigate to another display screen.

[0211] As noted, the monitoring device 20 also stores trend
data that is viewable in a plurality of user selectable formats.
Trend data can be reviewed in a manner similar to that of
waveform data by highlighting any parameter icon from any
primary vitals signs display screen, FIG. 53, and pressing the
SELECT button 96. Highlighting Trends from the resulting
pop-up menu and pressing the SELECT button 96 accesses
the Trends display screen 470, an example of which is shown
in FIG. 54. The trends display screen 470 displays tabular
trend data as well as live numerics for the monitored patient,
the screen having a format consisting of a status panel 320, a
trends live numerics panel 356 and trends panel 474, respec-
tively. The status panel 320 is similar to that previously
described with respect to FIG. 15 and the live numerics panel
is similar to that depicted in FIG. 18. The trends panel 474
includes a tabular listing taken at one minute intervals with
current vital sign readings for the monitored patient at the top
of the display screen above the tabular list. As shown in this
example, the reading time, HR/min, blood pressure (systolic/
diastolic/mean), Respiration rate/min, and pulse oximeter
(SpO,) readings are provided. The user can scroll through the
displayed tabular list using the directional (up/down) cursor
buttons 100. The listing can include indications to show those
readings that have already been captured in terms of snap-
shots, and any readings (if any) that are outside of permissible
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limits. Referring to FIG. 54, the user can selectively change
the time interval for the displayed trend data by highlighting
the Time text identifier 476 in the display screen 470 and
accessing a view interval “pop-up” menu 660, permitting the
user to selectively change the time (e.g., 5 minutes, 15 min-
utes, 30 minutes, 60 minutes) as needed by highlighting same
and pressing the SELECT button 96.

[0212] FIG. 56 represents a sample display screen similar
to FIG. 54, but indicating readings that have either exceeded
alarm limits or appear suspect.

[0213] When attached to the charging cradle 140 and the
PC 192, as shown in FIG. 6, all captured snapshots are caused
to be automatically printed, if the monitoring device 20 is on
for subsequent printing by the printer 195 through the USB
data link with the PC 192 and the charging cradle 140. The
data is uploaded to the PC 192, either manually or automati-
cally through software loaded into the PC. According to the
one version, all stored patient data is automatically printed
when a powered monitoring device 20 is placed into a charg-
ing cradle 140. If the monitoring device 20 is off when placed
in the charging cradle 140, then the autoprint feature is dis-
abled. To enable the autoprint feature, the user must power up
the monitoring device 20 and select Continue Patient in the
start-up display screen 400(b), FIG. 24. Tabular trend data
and snapshots stored within the monitoring device 20 are
printed.

[0214] Pressing the Power On/Off button 56 accesses a
Power Off display screen as shown in FIG. 47. The format of
the Power-Off display screen 940 includes a status panel 320,
a notice panel 408, a short message panel 412 and a context
menu panel 416, as read from the top of the display screen. If
there is an intent to monitor the same patient when the moni-
toring device 20 is turned on again, then it may be desired to
save the stored vitals signs data and monitoring device set-
tings. As such, two options are provided in the context menu
panel 416 at the bottom of the display screen 940—to either
deletethe stored data and settings and shut down or to save the
stored data and shut down. Highlighting either of these
options using the directional arrow buttons 100 and pressing
the SELECT button 96 will cause the monitoring device 20 to
shut down and either save or delete the stored data and set-
tings. Alternatively, if the Power Off button 56 is pressed and
the user wishes to continue monitoring the same patient, then
a Cancel option is also provided in the Context menu panel
416 of the display screen 940. Failure to act within a prede-
termined time period according to this embodiment, as mea-
sured by an internal timer, will revert the display screen 940 to
the previous screen or the default display screen as configured
by the monitoring device 20.

[0215] Variations of the herein described monitoring
device and associated hardware and software are possible
within the intended scope of the inventive concepts in accor-
dance with the following claims.

What is claimed is:

1. A multi-parametric vital signs monitoring system, com-

prising:

a vital signs monitoring device, said monitoring device
including a portable power supply enabling said moni-
toring device to operate in a stand-alone mode and a
wireless transceiver enabling said monitoring device to
operate in an alternative wireless networked mode with
at least one remote station; and

a charging cradle adapted to receive said vital signs moni-
toring device, said charging cradle permitting said com-
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pact vital signs monitoring device to operate in a pow-
ered mode when said monitoring device is received by
said charging cradle, said monitoring device being oper-
able in said networked mode when said monitoring
device is in said charging cradle.

2. A system as recited in claim 1, including a computing
device connected to said charging cradle through a serial
connection, said portable computer being configured to auto-
matically receive stored patient-related data from said moni-
toring device when said monitoring device is attached to said
charging cradle.

3. A system as recited in claim 2, including a printer con-
nected to said computing device, said printer being config-
ured to automatically print stored patient-related data from
said monitoring device when said monitoring device is
attached to said charging cradle.

4. A system as recited in claim 1, wherein said charging
cradle includes a data port, said data port being engageable
with at least one peripheral device, the peripheral device
being a large display wherein data can be transmitted in real
time to said display in said third mode.

5. A system as recited in claim 3, wherein said vital signs
monitoring device includes a processor having memory and
in which said data port is connected with a computing device,
said computing device and said monitoring device being con-
figured for automatically printing all data stored in said moni-
toring device when said monitoring device is attached to said
charging cradle.

6. A system as recited in claim 5, wherein said vital signs
monitoring device includes a selectively activated mecha-
nism for capturing snapshots of patient related data, wherein
stored snapshot data is automatically sent to the computing
device for printing when said monitoring device is attached to
said charging cradle.

7. A system as recited in claim 3, wherein said vital signs
monitoring device stores patient data as trended data and in
which said stored trended data is automatically sent to the
computing device for printing by said printer when said moni-
toring device is attached to said charging cradle.

8. A system as recited in claim 2, wherein said vital signs
monitoring device includes a processor having default set-
tings for the operation of said device, said computing device
including software for creating a configuration file that can be
downloaded to said vital signs monitoring device when said
device is attached to said charging cradle, said configuration
file including a set of selectable instructions that replace at
least one of the default settings of said device.

9. A system as recited in claim 8, wherein said vital signs
monitoring device permits temporary configuring of at least
some of the settings loaded by said configuration file or
through the initial default settings.

10. A system as recited in claim 9, wherein the vital signs
monitoring device includes a user interface having a set of
user actuable controls enabling the user to apply temporary
configuration settings to said monitoring device.

11. A system as recited in claim 1, including a remote
station, said monitoring device and said remote station each
including a wireless transceiver to enable bidirectional wire-
less communication therebetween.

12. A system as recited in claim 11, wherein said remote
station is capable of transmitting temporary configuration
settings to said monitoring device by wireless communica-
tion.
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13. A system as recited in claim 1, wherein said vital signs
monitoring device is patient wearable.

14. A system as recited in claim 8, wherein said configu-
ration file includes instructions for adjusting alarm limits of at
least one monitored parameter, said adjustment enabling a
user to adjust the alarm limits by predetermined percentage
amounts.

15. A system as recited in claim 14, wherein said monitor-
ing device includes a user interface wherein a violated alarm
limit can be adjusted when the alarm has sounded using a
single button on said user interface.

16. A system as recited in claim 1, wherein said vital signs
monitoring device continuously monitors at least one physi-
ologic parameter, said device including a pulse oximeter sen-
sor assembly in which said device permits continuous opera-
tion of said at least one other parameter while enabling said
pulse oximeter sensor assembly to be run either continuously
or for spot checking a patient.

Mar. 26, 2015

17. A device as recited in claim 1, including an ECG
assembly, said ECG assembly including a pacer detection
circuit for determining pacer spikes.

18. A device as recited in claim 17, wherein said ECG
sensor assembly is configured to selectively determine an
appropriate ECO vector for noise detection.

19. A device as recited in claim 10, wherein said user-
actuable controls include a plurality of buttons that are used
with a display screen to navigate using drop-down menus that
are selectively accessible through the user interface.

20. A device as recited in claim 19, wherein said user-
actuable controls include a display button enabling a user to
toggle through multiple data display modes of said monitor-
ing device.
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