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VITAL SIGNS MONITOR FOR
CONTROLLING POWER-ADJUSTABLE
EXAMINATION TABLE

BACKGROUND OF THE INVENTION

[0001] The medical exam table, medical procedure chair,
and dental exam chair lie at the center of the patient care
experience in nearly all outpatient clinical settings. Tradition-
ally, these items have been used solely for their outward
utilitarian benefit—that is, solely to support and position a
patient for a medical or dental procedure or examination.
Recognizing the need for medical and dental tables and chairs
that provide greater functionality and efficiency to the clinical
space, the present invention is broadly directed to medical and
dental tables and chairs that include an integrated scale for
determining a subject’s weight and a processing system that
allows these tables and chairs to communicate with and be
controlled by a vital signs monitor. The present invention is
thus further directed to vital signs monitors that are capable of
receiving weight measurements obtained from the aforemen-
tioned medical and dental tables and chairs, as well as con-
trolling the position of these tables and chairs. While the
breadth and depth of the present invention is described in
greater detail below, it is useful from a background perspec-
tive to understand certain shortcomings that currently exist in
the clinical space that would be effectively addressed through
implementation of the present invention.

[0002] Presently, when a subject enters a clinical space for
an examination or other medical or dental treatment or pro-
cedure, the subject is frequently weighed on a common scale
located in a common area of the clinical space. Not only is
such a practice often uncomfortable for a subject who is
self-conscious regarding his or her weight, but it is also inef-
ficient since weighing of the subject constitutes a separate
step that must be performed by the clinician. Additionally, it
is often also the case that the clinician must perform the
time-consuming step of manually entering the subject’s
weight into the clinician’s records. Furthermore, once a sub-
ject enters the examination or treatment room, the clinician
must generally obtain certain vital signs from the subject and
is then required to properly position the examination table or
chair once the subject is seated thereon before being able to
begin treatment or examination of the subject.

[0003] Given the above-noted observations, the present
invention is directed to medical and dental exam tables and
chairs that include an integrated weight scale and is also
directed to vital signs monitors capable of connecting to,
controlling, and communicating with these medical and den-
tal exam tables and chairs. By providing such devices, effi-
ciency of data collection, uniformity and efficacy of clinical
treatment, and the patient’s clinical experience can be greatly
enhanced.

BRIEF SUMMARY OF THE INVENTION

[0004] The present invention relates to devices and meth-
ods, which, from a high-level perspective, serve to increase
the ease of data gathering and information flow in a clinical
setting. By way of brief summary, the devices of the present
invention include, but are not limited to, medical exam tables,
dental exam chairs and vital signs monitors, all of which
further include integrated hardware and software that allow
these devices to effectively collect data and communicate one
with another in a manner that allows for greater ease ofuse of
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these devices and increased efficiency in the clinical space on
the part of the clinician. The methods of the present invention
are directed at using the aforementioned devices to increase
ease of data collection and efficiency of care delivery within
a space in which the devices are used.

[0005] As abrief example of how the present invention may
be utilized, in one of its preferred embodiments the present
invention includes a power-adjustable medical exam table
with an integrated scale and a vital signs monitor capable of
connecting to and communicating with the power-adjustable
medical exam table. In this example the vital signs monitor
includes appropriate hardware and software to allow it to
control positioning of the medical exam table. Further, the
vital signs monitor of this example, in addition to being
capable of measuring traditional vital signs from a subject, is
also capable of capturing a weight measurement produced by
the exam table and then transmitting this and other measure-
ments to an electronic medical record system for recording.
Continuing this example, a subject may enter a treatment
room at a medical clinic and be seated on the medical exami-
nation table of the present invention, near which is positioned
a vital signs monitor of the present invention. The exam table
then automatically measures the subject’s weight and sends
this weight to the vital signs monitor, which is connected to
the examination table. A clinician then further utilizes the
vital signs monitor of the present invention as a control point
to properly position a subject for obtaining a measurement of
the subject’s blood pressure using the vital signs monitor.
After a blood pressure measurement is obtained, the vital
signs monitor of the present invention sends both the sub-
ject’s weight and the subject’s blood pressure measurements
to the subject’s electronic medical record for recording.
[0006] Whilea number ofmore specific examples and a full
description of the present invention are provided below, the
example provided directly above should nevertheless be suf-
ficient to allow one of ordinary skill in the art to appreciate the
fundamental scope and objects of the present invention as
well as to quickly gain a summary understanding of the utility
provided by the devices and methods of present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 Perspective drawing of one embodiment of
the exam table of the present invention.

[0008] FIG. 2 Perspective drawing of one embodiment of
the exam table of the present invention showing various fea-
tures of the exam table in greater detail.

[0009] FIG. 3 Perspective drawing of one embodiment of
the exam table of the present invention illustrating, among
other features, the location of limit switches and actuators
used in controlling position of the exam table.

[0010] FIG. 4 Perspective drawing of one embodiment of
the exam table of the present invention providing a detailed
view of one of the table actuators.

[0011] FIG. 5 Perspective drawing of a portion of one
embodiment of the exam table of the present invention illus-
trating structural and other features of the exam table.
[0012] FIG. 6 A detailed view of a handheld control used in
certain embodiments of the present invention to position the
exam table.

[0013] FIG. 7a-c Various views of one embodiment of the
vital signs monitor of the present invention, illustrating cer-
tain features thereof.
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[0014] FIG. 8 A exemplary representation of a vital signs
monitor user interface screen for controlling the position of
the exam table of the present invention.

[0015] FIG. 9 A schematic block diagram illustrating a
number of components of the exam table and vital signs
monitor of the present invention.

[0016] FIG. 10 A flow diagram illustrating an exemplary
exam table control process that can be implemented as part of
the present invention.

[0017] FIG. 11 A flow diagram illustrating one method of
data movement between various elements of the present
invention.

[0018] FIG. 12 A flow diagram illustrating one method of
data movement between various elements of the present
invention.

[0019] FIG. 13 A flow diagram illustrating one method of
data movement between various elements of the present
invention.

[0020] FIG. 14 A flow diagram illustrating one method of
data movement between various elements of the present
invention.

[0021] FIG. 15 A flow diagram illustrating one method of
data movement between various elements of the present
invention.

[0022] FIG. 16 A flow diagram illustrating one method of
data movement between various elements of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention is directed to devices and
methods for use and control of a power-adjustable examina-
tion table. The present invention is also directed to a device
for monitoring a subject’s vital signs and methods of use of
this device alone and in combination with the aforementioned
examination table.

[0024] Broadly stated, the present invention provides a vital
signs monitor and examination table capable of communicat-
ing and transferring information one with the other. The
present invention also provides methods of using the devices
disclosed herein to allow a clinician to efficiently and effec-
tively collect physiological information from a subject. Cli-
nician as used herein refers to one whose specialized skill set
allows them to competently participate in providing medical
or dental care to a subject. Accordingly, clinician as used
herein includes registered nurses, medical doctors, medical
assistants, physician’s assistants, nurse practitioners, dental
hygienists, dental doctors (i.e. dentists), dental assistants, and
the like.

[0025] To assist in clearly and effectively describing the
various components of the present invention, it is helpful to
broadly divide the invention into several elements. For pur-
poses of describing the present invention these elements can
be most easily broken down as (1) an examination table and
(2) a vital signs monitor. Each of these elements will be
described individually in greater detail below. It will be
understood, however, that this categorical division of the
present invention is intended only to aid in describing the
invention and is not necessarily reflective of a required divi-
sion of the above-noted elements when actually using the
invention or practicing the associated methods.

[0026] The present invention is directed in part to an exami-
nation table. For purposes of this disclosure, an examination
table is a medical or dental examination table or chair used to
support or position a subject’s body, or a portionofa subject’s

Feb. 27,2014

body, during an outpatient medical or dental procedure,
examination, or consultation. By way of example, but not
limitation, the medical or dental exam table or chair of the
present invention can include dental exam and operatory
chairs and medical tables and chairs for various uses and of
various styles. These tables and/or chairs can be either multi-
purpose or specialty-specific. Specialty-specific tables and/or
chairs can include tables and/or chairs for specialties such as
oral surgery, pediatrics, podiatry, plastic surgery, orthodon-
tics, dermatology, and gynecology, among others. For sim-
plicity, medical or dental exam tables or chairs as referenced
above will hereinafter be collectively referred to as an exam
table, unless otherwise noted.

[0027] In certain preferred embodiments of the present
invention the exam table is adjustable. By adjustable it is
meant that the table can be adjusted, where applicable, in any
or all of height, degree of incline of the back support, degree
of incline of the foot support, height of foot support, angle of
the sitting area, or overall angle of the exam table. By degree
of incline of the back support it is meant the angle of the back
support relative to the sitting area. By angle of the sitting area
and overall angle of the exam table it is meant the angle of the
sitting area and/or exam table with respect to the surface on
which the exam table is placed. For purposes of this disclo-
sure, the Tait-Bryan convention will be used to describe table
angles. Accordingly, adjustment of the angle of the sitting
area or angle of the overall exam table refers to adjustment of
the elevation and/or bank of the sitting area or overall exam
table relative to the surface on which the table is placed.
Adjustment of the exam table can be accomplished through
power-driven adjustment, such as with a hydraulic or
mechanical actuator or the like, by manual adjustment, or a
combination of the two. Hereinafter, power-adjustable exam
table will be used to refer to an exam table that is adjusted or
moved at least in part by power-driven adjustment, such as
with a hydraulic or mechanical actuator or the like. If the
exam table is adjustable in height, this adjustment is prefer-
ably accomplished through the use of a scissors mechanism
driven by alinear actuator. Although in other embodiments of
the present invention this adjustment could be performed by
simply using a linear actuator alone, without the use of a
scissors mechanism.

[0028] Invarious preferred embodiments, the exam table of
the present invention also includes sensors built into or
attached to the table capable of sensing a current position of
the table and transmitting this position to a processor that is
part of the table and/or to another device. One example of
such a sensor is a limit switch designed to prevent the exam
table from being adjusted beyond certain predetermined stop
points. Still other sensors include sensors for determining if
an obstruction is interfering with movement of the table. For
exampleifa user unintentionally places an appendage in such
away as to interfere with exam table movement, force sensors
or optical sensors can be used to stop movement of the exam
table and prevent user injury. Still further, in embodiments of
the present invention in which the exam table is moved using
linear actuators driven by electric motors, hall effect sensors
can be used in combination with the electric motors to deter-
mine the number and direction of motor rotations and thus
provide a method of accurately tracking table position.

[0029] In still other preferred embodiments the exam table
of the present invention can include certain accessories or
features that increase the ease and efficiency of examination
procedures, management of the clinical space, or patient
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comfort, such as storage space built into the table, heated
seating and/or storage areas, or tool rests extending from and
attached to the table for holding tools or other accessories
used in procedures performed. Examples of tools and other
accessories usable with the exam table include exam lights
capable of being attached to the table, IV poles, instrument
trays, and arm rests or armboards for proper positioning of a
subject’s arm(s) for procedures such as the taking of blood
pressure, collection of blood sample(s), or performance of
outpatient surgical procedures. Still other items that can be
used in connection with the exam table of the present inven-
tion include specific types of light sources such as those used
in ophthalmology exams (e.g., blue light source, slit lamp,
etc.), dermatological treatments (e.g., photodynamic therapy,
laser therapy, etc.), or UV-based light sources such as those
used in combination with light-curing adhesives or those used
in dermatological procedures that involve treatment of'a sub-
ject’s skin with UV radiation. In still other embodiments, the
exam table disclosed herein can be used as a mounting or
positioning point for X-ray emitting devices used for con-
ducting radiographic imaging, or ultrasound emitting devices
used for ultrasonic imaging or other ultrasound-based proce-
dures. Of the above-listed tools and other accessories, many
are preferably attached directly to or directly supported by the
exam table and can in certain preferred embodiments be
optionally powered through the exam table via power sources
located within or on the exam table. Power sources located
within or on the exam table can include line voltage outlets,
such as standard wall outlets and can also include low voltage
power sources such as that provided by a universal serial bus
port, or the like. Power provided through the table can be
either alternating current or direct current power.

[0030] In still other preferred embodiments of the present
invention, the exam table can serve as a connection point for
certain diagnostic or measurement devices. Examples of such
devices include devices for examining cardiac function, such
as by ECG, or devices for examining pulmonary or respira-
tory function, such as by spirometry. In such instances the
device can be powered through the exam table as well as
optionally transfer data using hardware located within the
exam table. Allowing connection of diagnostic devices to the
exam table is beneficial because it can eliminate the need for
additional independent connection points for such devices
within an exam room or clinical space, by providing a single
location for connection of all devices.

[0031] In yetother preferred embodiments, the exam table
of the present invention includes a processing system. By
processing system it is meant a system that is capable of
receiving, generating, handling, storing and/or manipulating
data. Thus, the exam table of the present invention preferably
includes at least a microprocessor, a memory, and input and
output ports or channels for sending and receiving data. The
memory, in addition to being capable of storing data gener-
ated by the processor or received via the input port(s), is used
to store instructions including commands and processes fol-
lowed by the processor in controlling adjustment of the table
and other table features as detailed below. The exam table
memory is preferably digital memory capable of storing digi-
tized data. The exam table memory is also preferably at least
partially comprised of non-volatile digital memory.

[0032] The input and output port(s), or communications
port(s), of the exam table can preferably send and receive data
to and from the exam table by either wired or wireless trans-
mission or a combination of the two and can handle and
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produce either digital or analog data. Examples of different
types of communications ports include, but are not limited to,
serial ports (e.g., various types registered jack ports such as
RJ11 or RJ45 format using RS232, IEEE 802.3, or other
similar communication standards), universal serial bus
(USB) ports, and radio frequency (RF) network interface
controllers with their associated antennas (hereinafter, wire-
less ports). Where appropriate, the input and output port(s) of
the exam table are capable of interacting with and transmit-
ting data between a number of different other processing
systems connected through any type of network, including,
for example, local area networks (LAN), personal area net-
works (PAN) and the Internet. If wireless transmission of data
is implemented through a wireless port, it is preferable that
the exam table includes hardware that allows the exam table
to communicate wirelessly using any desired or appropriate
protocol. Examples of protocols that could be used by the
exam table to communicate wirelessly through a communi-
cation port include, but are not limited to, the Wireless Medi-
cal Telemetry Bands, in the 608-614 MHz, 1395-1400 MHz,
or 1427-1432 MHz ranges, as well as ZigBee®, Bluetooth®,
or IEEE 802.11 communication protocols.

[0033] In certain preferred embodiments of the present
invention the exam table can have more than one communi-
cations port. In embodiments of the present invention that use
multiple communications ports, it is not required that all ports
be of the same type. For example, in certain preferred
embodiments, the exam table may have multiples of each of
USB ports, Ethernet ports, serial ports, and wireless ports, or
such other ports as may be desirable for communication of
analog or digital data. Multiple communications ports allow
the exam table to both send and receive information more
effectively and efficiently as well as to easily communicate
with a number of different devices. By way of example, one
can envision a scenario in which the exam table is simulta-
neously connected to both a USB-based device and a device
that connects wirelessly to the exam table using an RF trans-
ceiver. While a more complete explanation of the capability
of the exam table to interact with and send and receive data to
and from various other devices is provided below, the above
examples nevertheless serve well to provide a fundamental
understanding of the intended scope of the capabilities of the
exam table of the present invention.

[0034] In certain preferred embodiments of the present
invention, the exam table is capable of sensing the weight of
a subject seated on the exam table. This is preferably accom-
plished using a load sensor or a plurality of load sensors
positioned within the table in such a manner that the output of
these sensors can be used to determine the weight of a subject
when the subject sits on the table. The weight sensor prefer-
ably consists of at least one load sensor capable of producing
or modulating an electrical signal that changes in proportion
to the weight supported by the sensor. For example, one
preferred form of load sensor is a load cell that uses a series of
resistors arranged in a Wheatstone bridge configuration. In
this arrangement, changes in weight supported by the load
cell (e.g. when a patient is seated on the exam table) lead to
changes in resistance. These changes in resistance are mea-
sured and then processed to yield a determination of weight as
a measurement of pound force. If more than one load cell is
used, the processing system of the exam table can accept
input from each load cell and then use summing, averaging,
and other algorithms to accurately determine the weight of a
subject seated on the table. Once a subject’s weight is
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obtained using the at least one load cell and the processing
system of the exam table, this weight can then be communi-
cated to other devices connected to the exam table and poten-
tially to other locations remote from the exam table using the
various forms of networks described above.

[0035] As mentioned above, in certain preferred embodi-
ments, the exam table of the present invention is adjustable by
power driven adjustment through the use of various actuators
and the like. These actuators and other power-driven adjust-
ment features are preferably controlled via the processing
system of the exam table. Because the processing system of
the exam table can accept input from external devices, exter-
nal devices can be used to accept input from a user of the table
and allow the user to control the table. This input can then be
used to control the positioning of the exam table. In this way,
a user can conveniently control the position of an adjustable
table using an external device. In various preferred embodi-
ments of the present invention, the external device used to
control the positioning of the exam table is a handheld con-
trol. This handheld control can include various buttons or
other input mechanisms to allow the user to make desired
adjustments to the position of the table. In other preferred
embodiments, the handheld control can also include the abil-
ity, in combination with the processing system of the exam
table, to assign certain buttons or other inputs on the handheld
control to specific table positions. In this way, the user of the
exam table can quickly position the exam table in an easily
repeatable manner. In still other embodiments, the external
device used to control positioning of the exam table is a
foot-operated control wherein the user can adjust the position
of the table by depressing buttons or other input mechanisms
with his or her feet. As with the above-described handheld
control, the foot-operated control can provide the ability to
preset certain table positions and then easily return to these
table positions when needed by selecting a preset position
from the foot control interface. In both the handheld and
foot-operated versions of the external control, the control unit
can be connected to the table using either a wired or wireless
connection of the types described herein. Furthermore, the
external control can, in certain embodiments, include a dis-
play area where the weight measurement produced by an
exam table capable of measuring a subject’s weight can be
displayed to the user of the table.

[0036] In addition to the above-noted features, the exam
table preferably also includes a power source for powering
the processing system of the exam table as well as providing
power, where needed, to the sensors, actuators, and/or other
devices used in combination with the exam table. Because of
the power demands of the table, the power source is prefer-
ably line voltage (e.g. 120V, 60 Hz A/C; 220V, 50 Hz A/C)
filtered through appropriate regulators so as to provide the
correct level of power to the various component parts of the
exam table.

[0037] As mentioned above, certain preferred embodi-
ments of the present invention involve the use of a vital signs
monitor (hereinafter “VSM™). As used herein, VSM refers to
a device that is designed to be used in an ambulatory or
outpatient setting and is capable of measuring any or all of a
subject’s blood pressure, temperature, pulse rate and blood
oxygenation. Accordingly, the VSM preferably includes at
least a microprocessor, a memory, and input and output ports
or channels for sending and receiving data to the various
sensors as well as to other devices, including data storage
devices at locations remote from the VSM. The VSM
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memory, in addition to being capable of storing data gener-
ated by the processor or received via the input port(s), is used
to store instructions including commands and processes fol-
lowed by the processor. Specifically, the VSM preferably
includes software and/or firmware, stored in the VSM
memory and executed by the VSM microprocessor, that con-
trols functions of the VSM as well as helps to regulate inter-
actions of the VSM with the various sensors attached to the
VSM and other external devices. The VSM memory is pref-
erably digital memory capable of storing digitized data. The
VSM memory is also preferably at least partially comprised
of non-volatile digital memory.

[0038] The input and output ports, or communications port
(s), of the VSM can preferably send and receive data to and
from the VSM by either wired or wireless transmission or a
combination of the two and can handle and produce either
digital or analog data. Examples of different types of com-
munications ports used in the VSM of the present invention
include, but are not limited to, serial ports (e.g., various types
registered jack ports such as RJ11 or RJ45 format using
RS232, IEEE 802.3, or other similar communication stan-
dards), universal serial bus (USB) ports, and radio frequency
(RF) network interface controllers with their associated
antennas (hereinafter, wireless ports), in addition to the vari-
ous types of input ports used in connecting the above-noted
sensors to the VSM. Where appropriate, the communications
ports of the VSM are preferably capable of interacting with
and transmitting data between a number of different other
devices connected through direct hard-wired connections or
any type of network, including, for example, local area net-
works (LAN), personal area networks (PAN) and the Internet.
If wireless transmission of data is implemented through a
wireless port, it is preferable that the VSM include hardware
that allows it to communicate wirelessly using any desired or
appropriate protocol. Examples of protocols that could be
used by the VSM to communicate wirelessly through a com-
munication port include, but are not limited to, the Wireless
Medical Telemetry Bands, in the 608-614 MHz, 1395-1400
MHz, or 1427-1432 MHz ranges, as well as ZigBee®, Blue-
tooth®, or IEEE 802.11 communication protocols.

[0039] Incertain embodiments of the present invention the
VSM preferably has more than one input and/or output port
(s). In embodiments of the present invention in which the
VSM uses multiple communications ports, it is not required
that all ports be of the same type. For example, in certain
preferred embodiments, the VSM may have multiples of each
of USB ports, Ethernet ports, serial ports, and wireless ports,
or such other ports as may be desirable for communication of
analog or digital data. Multiple communications ports allow
the VSM to both send and receive information more effec-
tively and efficiently as well as to easily communicate with
numerous different devices. By way of example, one can
envision an instance in which the VSM is simultaneously
receiving data from physiological sensors connected to the
VSM, processing this data, then communicating this data to
an external storage location using radio frequency communi-
cation.

[0040] In embodiments of the present invention in which
the VSM is used to measure blood pressure, the VSM prefer-
ably includes a pump capable of using atmospheric air to
pressurize a sphygmomanometer cuff to pressures sufficient
for accurate measurement of human systolic and diastolic
brachial artery blood pressures. Blood pressure measurement
is preferably performed using pressure sensors pneumatically
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connected with the sphygmomanometer cuff and accompa-
nying algorithms executed by the VSM processor that can
determine a subject’s blood pressure without the need of a
stethoscope and without requiring significant clinician
involvement.

[0041] In embodiments of the present invention in which
the VSM is capable of measuring pulse rate or blood oxygen-
ation, these measurements are preferably accomplished using
a transmission-based infrared oximeter sensor connected to
the processing system of the VSM. However, in other pre-
ferred embodiments of the present invention, measurement of
blood oxygenation and pulse rate can be accomplished using
areflectance-based infrared oximeter sensor used on the fore-
head or other appropriate location. It will further be noted that
in still other embodiments of the present invention, measure-
ment of pulse rate need not be accomplished using an oxime-
ter sensor, but can instead be accomplished using the above-
mentioned sphygmomanometer cuff and associated pressure
Sensors.

[0042] In embodiments of the present invention in which
the VSM is capable of measuring temperature, temperature
measurement is preferably accomplished using a thermistor-
based temperature probe that is capable of measuring a sub-
ject’s temperature using either axillary or oral placement of
the temperature probe. In still other preferred embodiments
temperature can be measured from a subject using temporal
artery or tympanic membrane temperature probes connected
to the processing system of the VSM.

[0043] Certain embodiments of the VSM can include a
display screen for displaying data to the user of the VSM.
Data that can be displayed on the screen of the VSM includes
the measurements obtained using any of the above-noted
physiological sensors or information from other diagnostic
devices such as devices for recording electrocardiogram sig-
nals from a subject or devices such as spirometers used to
measure a subject’s pulmonary or respiratory function.
Because the VSM can connect to other devices over the types
of networks mentioned above, data displayed on the screen of
the VSM can also include data pertaining to a subject’s health,
such as data obtained from the subject’s medical records,
including data relating to medical problems previously expe-
rienced by the subject.

[0044] The display screen of the VSM can be either liquid
crystal display (LCD) or light emitting diode (LED) based, or
a combination of the two. Thus, in various embodiments, the
display screen of the VSM can be a passively lit monochrome
LCD display, a backlit color LCD display (including the use
of LEDs for backlighting), or an LED-only display, including
the use of organic LEDs. In addition, the display screen of the
VSM can also be a touch-sensitive display screen. A touch-
sensitive display screen allows the user to manipulate data
that is displayed on the screen and can also allow the user to
add additional data to a subject’s medical record, or add
additional details to the physiological measurements col-
lected from the subject using the VSM. A touch-sensitive
display screen also allows the user to easily adjust the system
settings of the VSM (e.g. units in which measurements are
displayed). If a touch-sensitive screen is implemented, it can
be either a capacitance-based touch-sensitive screen or a
resistance-based touch-sensitive screen. In still other embodi-
ments, the VSM may receive user input such as that described
above via a keyboard, mouse, or other independent input
device attached to the VSM. In this case, a display screen
would be required on the VSM, however, this display screen
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would not need to be touch-sensitive since data entry and
manipulation of data, or changing the type of data displayed,
could be accomplished using the independent input means
just noted.

[0045] In embodiments of the present invention in which
the VSM does not include a display screen, the VSM can
preferably connect to a personal computer through one of the
communication ports listed above. In this embodiment the
personal computer preferably includes appropriate software
to allow it to effectively communicate with and transfer data
between the VSM. Also in this embodiment, the display of the
personal computer can be used to display data collected by the
VSM, and the keyboard, mouse, or other input means
attached to the personal computer can be used to manipulate
this data, add additional data to a subject’s medical record,
add additional details to the physiological measurements col-
lected from the subject using the VSM, or change the VSM
settings. In addition to the physiological sensors noted above,
the VSM can further preferably accept input from other out-
side devices. By way of specific example, it is preferable that
the VSM be capable of communicating with the exam table of
the present invention. More specifically, it is preferable that
the VSM be capable of receiving subject weight measure-
ments generated by the exam table and subsequently display-
ing the weight measurement on the display screen (whether
built-in display or the display of a personal computer to which
the VSM is connected) of the VSM. Such a feature is advan-
tageous because it eliminates the need for a separate display
for displaying weight in the exam room, and, more impor-
tantly, allows for automatic recording of a subject’s weight
without needing to manually enter this data. Further, in
instances in which the VSM is also connected to the electronic
medical record system of an organization, the VSM can allow
the subject’s weight to be automatically recorded in the sub-
ject’s electronic medical record. Other independent devices
that can be attached or connected to the VSM include devices
for sensing and measuring cardiac function, such as an ECG
device, as well as devices for measuring respiratory or pul-
monary function, such as a spirometer. If such devices are
connected to the VSM, the VSM can preferably display data
produced by such devices and also store this data, or, where
desired, transfer this data for recording in the electronic medi-
cal record system of the organization in which the VSM is
used.

[0046] In addition to the VSM being able to accept input
from various sensors and devices, it is also preferable that the
VSM be able to output data to other devices in order to allow
the VSM to act as a control point within an examination room
or clinical space. By way of specific example, the VSM of the
present invention is preferably able to output data and com-
mands to the exam table of the present invention in such a way
as to control the position of the exam table. More specifically,
it is preferable that the VSM be able to control the movement
and positioning of exam tables of the present invention that
are adjustable using power-driven adjustment. By controlling
the movement and positioning of the exam table it is meant
thata user can position the exam table by inputting the desired
table movement or position into the VSM. Accordingly, in
embodiments of the present invention in which the VSM is
capable of controlling exam table position, it is preferable that
a user can control the position of the exam table by inputting
adesired position via a touch-sensitive screen integrated with
the VSM. While use of a touch-screen integrated with the
VSM is the most preferable approach, other preferred
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embodiments can allow a user to adjust table position using
an independent input device (e.g. keyboard, mouse, or pet-
sonal computer) connected to the VSM. Using the VSM to
control position of the exam table is advantageous because it
can lead to increased efficiency in care delivery in the clinical
setting by allowing a clinician to accomplish multiple tasks
from a single position, or single touch point, within the
examination room or clinical space. Use of the VSM to con-
trol table position is further advantageous because the VSM
can include preprogrammed table positions that allow one to
efficiently collect physiological data from a subject. For
example, the VSM can include a preset table position to be
used in obtaining a blood pressure measurement from a sub-
ject. Thus, use of this preset position would automatically
position the subject with the correct back incline, foot posi-
tion, arm position, etc. needed to accurately and efficiently
obtain a blood pressure measurement from a subject using the
VSM. As a specific example, the VSM could be prepro-
grammed to position the exam table so that the subject is
positioned in accordance with the American Heart Associa-
tion guidelines for in-clinic blood pressure measurement,
which would include ensuring the subject is in a position in
which the subject’s back is supported, legs uncrossed and
upper arm supported at approximately heart level. As an
additional example, the VSM could include a prepro-
grammed position for performing ECG measurement on a
subject, which would include automatic movement of the
exam table to a supine position. Other preset positions could
include low, semi-, standard, and high Fowler’s positions as
well as sitting and Trendelenburg positions. Furthermore, in
still other embodiments, the VSM could be programmed with
aset of user-specified preprogrammed positions that could be
varied based upon the specific needs of the individual user.
[0047] It will be noted that connection of the VSM to other
devices as well as to the physiologic sensors described above,
can be done using either hard-wired or wireless connections
of the types previously described herein.

[0048] In addition to the above-noted features, the VSM
preferably also includes a power source for powering the
processing system of the VSM as well as providing power,
where needed, to the sensors and/or other devices used in
combination with the VSM. The power source can include
line voltage (e.g. 120V, 60 Hz A/C; 220V, 50 Hz A/C) filtered
through appropriate regulators, or can include a rechargeable
battery that is charged by the use of appropriate regulators
connected to line voltage. If a rechargeable battery is used, it
is preferably a nickel-cadmium, nickel-metal hydride,
lithium-ion, or lithium-ion polymer battery.

[0049] Additionally, as briefly mentioned above, in certain
preferred embodiments of the present invention the VSM
includes hardware and software that allow the VSM to con-
nect to and interact with the electronic medical record (EMR)
system of the facility in which the VSM is located. In this way,
the VSM can both retrieve existing data from, and send newly
recorded data to, the EMR system ofthe facility. By providing
the ability to electronically record and transfer physiological
measurement data, the VSM can eliminate the time-consum-
ing manual entry of such data into an EMR system.

[0050] The above description of the preferred embodi-
ments has been largely focused on description of the indi-
vidual elements of the invention. However, figures are useful
in gaining a greater understanding of the way in which the
various elements of the present invention interact and inter-
relate to produce many of the methods and techniques encom-
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passed within the present invention. To this end, a number of
illustrative figures are discussed in greater detail below.

[0051] Turning now to a description of FIG. 1, there is
shown a perspective view of one embodiment of the exam
table 10 of the present invention. The exam table shown in
FIG. 1 is adjustable in both height of the sitting area 14 and
angle of the back support 12. The sitting area 14 and back
support 12 of the exam table are illustrated in FIG. 1 as being
upholstered. Addition of upholstery to the exam table pro-
vides increased comfort for patients as well as aesthetic ben-
efits to the clinical space in which the exam table is placed.
The exam table illustrated in FIG. 1 further includes extend-
able tool trays 16 for use during examinations or in-office
procedures. Also shown is a drawer 18 for supply storage in
addition to a button 20 that can be depressed to activate
operation of a heated seating area and/or heated drawer area.
A heated drawer area is advantageous in that it can warm
treatment and examination supplies to a comfortable tem-
perature in order to lessen patient discomfort when the sup-
plies are used in the treatment or examination process. The
exam table 10 further includes a table base 22, which provides
stability to the exam table and a point of contact between the
exam table and the surface on which the exam table is placed.
A telescopic exam table shell cover 28 is also connected to the
exam table base 22. The telescopic cover 28 serves to cover
the hardware that is used to adjust the exam table height and
angle of the exam table back support 12, and thus prevent
patients or users from inadvertently damaging or interfering
with the table hardware and adjustment mechanisms. Adjust-
ment of the exam table 10, illustrated in FIG. 1 can be accom-
plished using handheld control 60, and/or foot control 24.
Both handheld control 60 and foot control 24 are illustrated as
wireless, meaning they are able to connect to and control
movement of the exam table 10 without the need of wires.
However, it will be understood that in other embodiments of
the present invention, handheld control 60 and foot control 24
can be connected to exam table 10 with the use of appropriate
wires. Foot control 24 is used to control movement and
adjustment of the exam table 10 by accepting input via the
user input buttons 23 located on the foot control. Thus, if a
user desires to adjust or move the exam table using the foot
control, the user simply uses his or her foot to depress the
input button 23 that is assigned to the desired movement. The
handheld control 60 operates in a similar manner, accepting
input from a user’s fingers. The handheld control is described
in greater detail in the description of FIG. 6 below.

[0052] In FIG. 2 is shown a rear perspective view of the
embodiment of the exam table 10 illustrated in FIG. 1. InFIG.
2, the telescopic cover 28 of the exam table hardware is
partially removed, allowing one to see the scissors mecha-
nism 42 that is used to adjustheight of exam table 10. In actual
use, there is preferably an actuator connected to the scissors
mechanism and that is used to extend and retract the scissors
mechanism as the table height is respectively increased and
decreased. The back support actuator 30 is also illustrated in
FIG. 2. As back support actuator 30 is extended the back
support 12 is forced into a more upright position. When back
support actuator 30 is retracted, back support 12 is lowered
into a more supine position. FIG. 2 also provides a magnified
view of several features of the exam table 10. In magnified
view 33, there is shown a number of communications ports
and a power port, located at the lower rear portion of the exam
table. Specifically, the lower rear portion of the exam table
includes a Type A USB port 31, a Type B USB port 32, and
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two registered jack ports 36, 38. The lower rear portion of the
exam table further includes a line voltage port 34 for connect-
ing line voltage to the exam table. Registered jack ports 36, 38
and USB ports 31,32 can beutilized for anumber of purposes
that involve the transfer of data to or from the exam table 10.
By way of example, the Type A or Type B USB ports 31, 32
can be used for connecting a personal computer to the exam
table, while the registered jack ports 36, 38 can be used for
connecting items to the table such as a VSM (described in
greater detail below) or a wired handheld or foot control. In
still other situations, and by way of further example, the Type
A USB port 31 could be used to connect a diagnostic device
such as a spirometer to the table.

[0053] In magnified view 39 of FIG. 2, there is shown an
example of a load sensor 40 used in combination with exam
table 10 to obtain a subject’s weight when the subject is seated
on the table. The load sensor 40 is illustrated as being posi-
tioned in a corner of the exam table. Thus, in the embodiment
of the exam table illustrated in FIG. 2 it is preferable that four
such load sensors be positioned in the exam table with one
load sensor located at or near each corner of the exam table.
Load sensor 40 further includes load sensor connecting wire
39 used to connect the load sensor to the processing system of
the exam table.

[0054] In magnified view 46 of FIG. 2, there is shown an
example of a connection panel 39 in which power and com-
munications ports are grouped together in a single small panel
near the front of the exam table to provide convenient access
to these ports. In the embodiment of the connection panel 39
shown in magnified view 46, the panel includes a Type A USB
port 31, a registered jack port 36, and a standard line voltage
power connection 44. Preferably Type A USB port 31 is also
powered and can, if needed, provide low voltage direct cur-
rent power to device attached thereto. Line voltage power
connection 44 can be utilized to power a number of devices
that may be used in conjunction with exam table 10, including
examination lights, surgical tools, and personal computers,
among others. As before, the Type A USB port 31 and regis-
tered jack port 36 can be utilized fora number of purposes that
involve the transfer of data to or from the exam table 10,
including, for example, connecting a personal computer,
diagnostic device, VSM, or handheld or foot control to the
exam table.

[0055] Turning now to a description of FIG. 3, there is
shown another embodiment of the exam table 10 of the
present invention. In contrast to the embodiment of the exam
table shown in FIG. 1 and FIG. 2, the embodiment shown in
FIG. 3 includes an adjustable patient head support 48 and an
adjustable patient foot support 50. The presence of an adjust-
able head support 48 and adjustable foot support 50 can
increase the overall functionality of the exam table and
increase the utility of the exam table for use in simple outpa-
tient surgical procedures or examination procedures that
require a higher degree of versatility in patient positioning.
The exam table 10 illustrated in FIG. 3 further includes sid-
erail 55 which can serve as a mounting or support point for
table accessories such as armboards for positioning a
patient’s arm while the patient is seated on the exam table,
surgical instruments, lighting, or other accessories used in
procedures or examinations. Also illustrated in FIG. 3 are
limit switches 52, 54, 56, 58, which serve to stop movement
of the exam table 10 beyond certain points determined by the
limit switch settings. Specifically, limit switch 52 limits
movement of the adjustable foot support 50, limit switch 54
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serves to limit adjustment of table height, limit switch 56
limits the elevation angle (or degree of incline) of the sitting
area of the exam table, and limit switch 58 limits degree of
incline of the back support area of the exam table. FIG. 3
further illustrates the location of several linear actuators 49,
51, 53 that are used in controlling adjustment of the exam
table. In particular, linear actuator 49 controls the elevation
angle of the sitting area of the exam table, linear actuator 51
controls adjustment of the foot support 50, and linear actuator
53 controls the degree of incline of the back support area. The
head support 48 of the embodiment of the exam table illus-
trated in FIG. 3 is manually adjustable.

[0056] InFIG.4amagnifiedview of the back supportlinear
actuator 53 used in adjusting the degree of incline of the back
support area of the exam table illustrated in FIG. 3 is shown.
This magnified view illustrates how the linear actuator is
oriented within the table housing and provides a clear illus-
tration of the overall form of the linear actuator.

[0057] Turning now to a description of FIG. 5, there is
shown close-up view of the scissors mechanism 59 and other
hardware included in the embodiment of the exam table 10
illustrated in FIG. 3. The scissors mechanism is preferably
connected to a linear actuator (not shown), which, when
extended causes an increase in exam table height and when
retracted leads to a decrease in exam table height. Also shown
in FIG. 5 is a printed circuit board 47 attached to the base 22
of the exam table. While specific features of the printed circuit
board 47 are not discussed in reference to FIG. 5, it will be
understood that the printed circuit board 47 generally serves
as the processing system of the exam table and thus includes
at least a processor, digital memory, and input and/or output
port(s).

[0058] FIG. 6 shows a detailed view of one embodiment of
ahandheld control 60 used in the present invention to control
table position. The handheld control includes controls for the
scale function of the exam table as well as controls for posi-
tioning/adjusting the exam table. Specifically, the handheld
control includes a number of buttons that can be depressed by
a user in order to cause the exam table to perform certain
functions. The handheld control also includes a weight dis-
play screen 63 for displaying the weight of a subject seated on
the table as measured using the load sensors of the exam table.
The weight display screen 63 can be either a color or mono-
chrome liquid crystal display. If a color liquid crystal display
is used, it is preferably backlit using light emitting diodes.
[0059] Among the features provided by handheld control
60 are adjustment of degree of incline of the back support of
the exam table 64a, 645 and adjustment of the height of the
sitting area of the exam table 64¢, 644. The handheld control
can also include preset positions such as a “home” position
button 67, which, when selected causes the exam table to
return to an upright seated position used for convenient
ingress and egress to and from the exam table. Optional preset
exam table positions can also include a “Quick Exam” button
66 that can be preset by a user to a position frequently used in
administering examinations. The use of such preset table
positions can greatly increase efficiency within a clinical
space since automatic adjustment of the exam table frees the
clinician to perform other tasks during the time that would
otherwise be spent adjusting the exam table. Also illustrated
as a feature of handheld control 60 is a stop button 65, which
can be selected to stop movement of the exam table at any
time. For example if one of the above-mentioned preset posi-
tions is initially selected and the user then changes his or her
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mind about use of the preset position, the user can simply
select the stop button 65 to stop the automatic positioning of
the table and return full control of table position to the user.

[0060] Handheld control 60 can also include features for
controlling and managing the scale function of the exam
table. For example, a taring, or “zero” button 68, can be
selected in order to tare the scale function of the table, while
the weight button 69 can be selected to initiate acquisition of
the weight of a subject seated on the exam table. Units in
which weight is displayed on the weight display screen 63 can
be selected using the units button 71. For example, selection
of the units button 71 can cause the units in which weight is
displayed to toggle between pounds and kilograms, or other
desired units. Still more sophisticated functions can be pro-
vided by the handheld control 60 such as the calculation of a
subject’s body mass index. For example if a user knows a
subject’s height, the user can select the “Height/BMI” button
70a and then use “+” and “~” buttons 705, 70c¢ to input a
subject’s height in either inches or centimeters. A processor
included in the handheld control, or the processing system of
the exam table can then use the weight measured by the load
sensors of the exam table along with the entered height in
order to reach a calculation of a subject’s body mass index
and display that value on the weight display screen 63 of the
handheld control 60.

[0061] Turning now to a description of FIG. 7a-c, there are
shown multiple views of one embodiment of the VSM 80 of
the present invention. In FIG. 7a there is shown a front view
of the VSM. The embodiment of the VSM shown preferably
includes the ability to obtain blood pressure measurements.
Accordingly, the VSM includes a sphygmomanometer cuff
94 that is attached to the VSM via a hose 92 through which air
1s passed from the VSM 80 to the sphygmomanometer cuff 94
in order to pressurize the cuff. The VSM is also preferably
capable of measuring blood oxygenation and pulse rate using
atransmission-based fingertip pulse oximetry sensor 88, con-
nected to the VSM via pulse oximetry cable 90. Still further,
the VSM depicted in FIG. 7a-c is preferably capable of mea-
suring a subject’s temperature using temperature probe 86.
Temperature probe 86 can be any type of probe including
those capable of measuring temperature using the temporal
artery or tympanic membrane, in addition to more traditional
temperature probes used in oral or axillary temperature mea-
surement. The VSM further includes a display screen 82 for
displaying information to the user, including the results of
physiological measurements obtained using the above-men-
tioned sensors. The display screen 82 in the embodiment
shown in FIG. 7a is further preferably a touch-sensitive color
LCD or LED display. FIG. 7a further illustrates power switch
84 that can be selected by a user to activate or deactivate the
VSM.

[0062] FIG. 75 shows a side view of the VSM 80, and
illustrates the location of the pulse oximetry sensor port 100,
and the pneumatic port 98 for connection of the sphygmoma-
nometer cuff 94.

[0063] FIG. 7c shows a back view of the VSM 80, illustrat-
ing a number of communications ports and connections that
can be utilized by the VSM. Specifically, the embodiment of
the VSM illustrated in FIG. 7¢ includes a first registered jack
port 102, a mini USB port 104, a second registered jack port
103, a Type A USB port 31, a third registered jack port 106, a
power input port for providing an outside source of power to
the VSM, and a temperature probe port 110 for connection of
the temperature probe 86 to the VSM. By way of example, but
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not limitation, the above-noted ports could be configured as
follows: first registered jack port 102 could be used to connect
the VSM to an external printer for printing paper copies of
data stored on or obtained using the VSM; second registered
jack port 103 could be used to connect the VSM to the exam
table of the present invention in order to receive and display
weight measurements produced by the exam table and in
order to allow a user to control exam table position via the
VSM; mini USB port 104 could be used to connect the VSM
to a personal computer; Type A USB port 31 could be used to
connect a device for measuring a subject’s ECG signals to the
VSM; and third registered jack port 106 could be used to
connect the VSM to a computer network using, for example,
an RJ45 connector attached to a length of Category 5 cable.
While numerous other configurations are possible, the
example provided should be sufficient to illustrate the capa-
bilities and features of the VSM of the present invention to
those of ordinary skill in the art.

[0064] Turning now to FIG. 8 there is shown one example
of how a touch-sensitive VSM display screen of the present
invention may appear to a user who is using the VSM to
control function and position of the exam table of the present
invention. In this example, the display screen includes an area
for displaying a patient’s weight 128, as well touch points for
controlling the degree of incline of the exam table back sup-
port 120, 122 and the height of the exam table sitting area 124,
126. Forexample, if a user were to touch to the display screen
at touch point 126, the exam table would receive a command
via the VSM causing it to decrease in height. In this example
the VSM display screen also includes a number of prepro-
grammed or user-programmable preset positions 130. Such
preset positions could include, for example, positions for
used measuring ECG from a subject, having a subject per-
form a spirometry test, or acquiring a subject’s blood pres-
sure. Thus, by touching the VSM display screen at one of the
preset position touch points, the user can cause the exam table
to automatically move to a desired preset position, such a
supine position used for measuring electrocardiogram signals
from a subject. Finally, this example includes a number of
touch points on the display screen thatallow the user to access
additional functions 132 or move to different menus of the
VSM. Examples of additional functions include VSM set-
tings, display of physiological data recorded by the VSM
sensors, historical views of data obtained using the VSM, and
the like. It will be understood that FIG. 8 is exemplary only
and that other structures and layouts are possible using the
VSM display screen. For example, a patient’s weight need not
necessarily be displayed on the table adjustment interface
screen but could instead be displayed on a separate interface
screen showing other information such as data collected using
the physiological sensors of the VSM.

[0065] Turning now to a description of FIG. 9, there is
shown a schematic block diagram illustrating various com-
ponents of the VSM and exam table that are included in
certain preferred embodiments of the present invention. The
components included within the exam table are located
within box 10. Likewise the components included within the
VSM of the present invention are located within box 80.

[0066] Theexam table 10 includes anumber ofload sensors
168, which are connected to the table converter 166, which, in
turn, is capable of converting analog data to digital data, and
vice versa. Linear actuators 160, 162, used to adjust the posi-
tion of the exam table, are also connected to the table con-
verter 166. Table converter 166, is further illustrated as
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accepting input from limit switches and other position sen-
sors 170. It will be understood by those of ordinary skill in the
art that the use of digital sensors negates the need for conver-
sion of analog signals to digital format. Thus, those of ordi-
nary skill in the art will understand that in other embodiments
of the exam table of the present invention one could use, for
example, digital limit switches and eliminate the need for
analog to digital conversion of the limit switch signal. In
similar fashion, individual components (e.g. individual load
sensors or linear actuators) can be individually equipped with
analog to digital/digital to analog converters and thus elimi-
nate the need for the shared table converter 166 shown in FIG.
9

[0067] Once digitized, the signals from the various sensors
and actuators of the exam table of the present invention are
collected by the exam table processor 164, and processed/
handled in accordance with processing instructions stored in
the exam table memory 172. Exam table memory 172 can
also be used to store data collected from table sensors for later
use or analysis. The exam table microprocessor 164 can fur-
ther accept input and provide output to an external control
device 175. For example, the exam table microprocessor can
accept data from the load sensors 168, process this data to
obtain a subject’s weight, then pass the subject’s weight to the
external control device 175 for display on a weight display
screen 63. In turn, the external control device 175 can accept
various user inputs 174 and communicate these inputs to the
exam table microprocessor 164, which can then issue com-
mands, for example, to the linear actuators 160, 162 and
initiate movement of the exam table. The exam table 10 and
external control device 175 can each optionally include an RF
transceiver 176, 173, which, as illustrated, can be used to
allow wireless data transfer between the exam table 10 and
the external control device 175, and thus wireless control of
the exam table.

[0068] Similar to exam table 10, VSM 80 includes a VSM
memory 142, which stores instructions to be followed by
VSM microprocessor 152 and can also store data collected
from the various physiological sensors used with the VSM, or
data received from exam table 10. In FIG. 9, temperature
sensor 86 and pulse oximeter sensor 88 are connected to VSM
microprocessor 152 via VSM converter 154. VSM converter
154 is preferably capable of converting analog data to digital
data, and vice versa. The non-invasive blood pressure cuff (or
sphygmomanometer cuff) 94 is pneumatically connected to a
blood pressure pump 140 used to pressurize the blood pres-
sure cuff 94. Blood pressure pump 140 further preferably
includes, or is connected to, pressure sensors and other sen-
sors used to obtain a blood pressure measurement. Like the
pulse oximeter sensor 88 and temperature sensor 86, blood
pressure sensor 140 is connected to VSM converter 154. As
with exam table 10, those of ordinary skill in the art will
understand that use of fully digital sensors can eliminate the
need for analog to digital conversion of sensor signals and
thus eliminate the need for VSM converter 154. VSM micro-
processor 152 is further preferably connected to the VSM
display screen 82. If VSM display screen 82 is a touch sen-
sitive screen, microprocessor can preferably not only send
data to the VSM screen 82 but also receive input from the
VSM display screen 82. The VSM microprocessor can further
optionally communicate with an external personal computer
158 and/or an external printer 156.

[0069] The VSM preferably receives power by a line volt-
age connection 150 that is regulated by at least one voltage
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regulator 148. However, the VSM can also rely on a battery
146 as a power source. Reliance on battery power is advan-
tageous because it allows the VSM to be highly portable.
While the voltage regulator 148 is shown in FIG. 9 as being
connected only to VSM microprocessor 152, it will be under-
stood by those of ordinary skill in the art that voltage regulator
140 can be configured to produce a number of different power
outputs connected to a number of different components. By
way of example, the power requirements of blood pressure
pump 140 are likely to be very different than the power
requirements of the VSM microprocessor 152. Accordingly,
though not illustrated in FIG. 9, separate power connections
from the blood pressure pump 140 and the microprocessor
152 to the voltage regulator 148 would likely be necessary.
[0070] The VSM 80 further preferably includes an RF
transceiver/network interface 144 that allows the VSM to
both receive data wirelessly as well as be connected to net-
works of other computing devices. As illustrated by dashed
line 141, in embodiments of the present invention in which
the exam table 10 includes an RF transceiver 176 the VSMRF
transceiver 144 can be used to wirelessly communicate with
the exam table 10, and thus wirelessly control the position of
exam table 10. In embodiments in which exam table 10 does
not include an RF transceiver 176, communication between
the VSM and RF transceiver can be accomplished via a hard
wired connection, illustrated by solid line 155.

[0071] InFIG. 10 is shown a flow diagram illustrating one
exemplary control process that can be used in the present
invention. Specifically, FIG. 10 illustrates control of the exam
table 10 of the present invention with the VSM 80. As with
FIG. 9, the processes conducted within the exam table are
located within box 10 of FIG. 10. Likewise steps or processes
included within the VSM of the present invention are located
within box 80 of FIG. 10.

[0072] In the control process shown in FIG. 10, the exam
table 10 receives input from a user 180. In this instance input
from the user is generated via a touch-sensitive screen
included in the VSM 80. Specifically, one uses the touch-
sensitive screen of the VSM to first navigate to the table
control screen in the VSM display 196. From there the user
inputs desired table movement via the touch-sensitive screen
of the VSM 198, after which the VSM processor sends the
desired movement command 200 to the processing system of
the exam table 10 Once input from a user is received, the
processing system of the exam table checks whether any of
the safety features of the exam table have been triggered 182.
Safety features include, among other items, table position
sensors, limit switches or sensors for measuring resistance to
movement experienced by one of the table actuators. If the
exam table processing system determines that safety features
have been triggered no table movement occurs 192 and an
error code is generated 194 and subsequently sent to the VSM
80 and displayed on the VSM screen 202. If the exam table
processing system finds that no safety features have been
triggered, the processing system sends the appropriate signal
to the appropriate table actuator 184 and the exam table
begins to move 186. If the exam table continues to receive an
input signal from the user 188 the table movement continues
190. Once the table movement signal from the user ceases
188, the processing system of the exam table generates appro-
priate commands to stop table movement 192.

[0073] InFIG. 11-16 there are shown several flow diagrams
illustrating data movement between various parts of the
present invention. In each of FIG. 11-16 a sensor suite 210
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comprising a noninvasive blood pressure sensor 94, a pulse
oximeter sensor 88, and a temperature sensor 86, sends data to
the vital signs monitor 80 of the present invention. Likewise,
in each of FIG. 11-16 a power-adjustable exam table 10 with
an integrated scale exchanges data with other components or
elements of the present invention. EMR system 214 as
depicted in FIG. 11-16 includes the electronic medical record
system of the facility in which the exam table 10 and vital
signs monitor 80 are located or the electronic medical record
system managed by the clinician providing care to a patient
using the exam table 10 and vital signs monitor 80 of the
present invention. The cloud figure shown in FIG. 11-16 is
intended to represent the Internet or other communication
system 212 by which digital data can be moved to a location
or locations remote from the site of patient care or treatment.

[0074] In FIG. 11 is shown an embodiment of the present
invention in which the VSM 80 includes software and appro-
priate hardware that allow the VSM to communicate directly
with the EMR system 214. Such an arrangement is desirable
in certain instances because it allows physiological measure-
ments obtained using sensor suite 210 to be directly trans-
ferred to a patient’s electronic medical record using only the
VSM. Likewise, the VSM 80 can capture the weight obtained
from the load sensors of the exam table 10 and directly trans-
fer this to a patient’s electronic medical record. In the
embodiment illustrated in FIG. 11, the VSM can also be used
to control exam table position. Use of the VSM in this manner
is advantageous because it can increase efficiency for the
clinician since it allows the clinician to easily record and input
patient data into the EMR system and also control the exami-
nation table from a single point in the examination or treat-
ment room. FIG. 11 further illustrates one approach by which
the Internet or other communication system 212 can be struc-
tured and used to efficiently move data from the VSM 80 to
the EMR system 214. Specifically, in FIG. 11, the VSM
interfaces with a thin client terminal 211. In turn, the thin
client terminal, receives information and transmits informa-
tion to the PC/server 213, which processes information
received from the VSM 80 via the thin client terminal 211 and
sends this information back to the VSM 80 via the thin client
terminal 211 or else sends the processed information on to the
EMR system 214 via a network to which both the PC/Server
213 and the EMR system 214 are connected. The PC/Server
213 can also receive and/or retrieve data from the EMR sys-
tem and subsequently send this data to the VSM via the thin
client terminal 211. It will be noted, however, that use of a thin
client terminal 211 is not required in all embodiments of the
present invention and further that Internet or other commu-
nication system 212 as illustrated in FIG. 11 is not required to
include the use of PC/Server 213. Rather, this is only one
exemplary method of accomplishing communication
between the VSM 80 or personal computer 158 and the EMR
system 214.

[0075] FIG. 12 is largely identical to FIG. 11, however, in
FIG. 12 a personal computer 158 serves as a connection point
between VSM 80 and the EMR system 214. Thus, in the
embodiment of the present invention illustrated in FIG. 12,
the VSM does not need to include the software and hardware
necessary to communicate with the EMR system 214. Rather,
this software and appropriate hardware is located on the per-
sonal computer 158. While data obtained using the sensor
suite 210 and data received from the exam table 10 are ini-
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tially handled by the VSM 80, the ultimate communication of
this data to the EMR system 14 is handled by the personal
computer 158.

[0076] FIG. 13 includes the addition of the hand or foot
control 60, 24, discussed in detail above, to control exam table
position. Thus, FIG. 13 illustrates the fact that in certain
embodiments of the present invention the exam table 10 can
accept input from, and output data to, more than one control
device. For example, in the embodiment illustrated in FIG.
13, a clinician may view a subject’s weight measurement
produced by the exam table on the weight display screen 63 of
the handheld control 60, while at the same time the VSM 80
can capture this weight and transmit the weight to the EMR
system for recording in the subject’s electronic medical
record.

[0077] FIG. 14 illustrates an embodiment of the present
invention in which the VSM acts only as a data processor and
transmits this datato a personal computer 158. Specifically, in
the embodiment of the present invention shown in FIG. 14,
the personal computer 158 includes software and hardware
that allow it to connect to and control the exam table 10 as
well as to interface and exchange data with the EMR system
214. Accordingly, the VSM 80 of FIG. 14 preferably does not
include a display screen since VSM data can simply be dis-
played on the display of the personal computer 158.

[0078] FIG. 15 illustrates an embodiment of the present
invention in which the VSM 80 is capable of directly accept-
ing input from additional diagnostic devices 220. Such addi-
tional diagnostic devices can include, for example, devices
for measuring a subject’s ECG signals or devices such as a
spirometer for measuring a subject’s respiratory function.
Accordingly, in the embodiment of the present invention
illustrated in F1G. 15, the VSM is preferably capable of dis-
playing data collected using the additional diagnostic devices
220 as well as optionally processing this data and/or sending
the data to the EMR system 214 for recording. Further, in the
embodiment of the present invention illustrated in FIG. 15,
the VSM preferably includes preset table positions for auto-
matically placing a subject seated on the exam table in a
position ideally suited for using an additional diagnostic
device to collect data from the subject. In this way, use of
additional diagnostic devices with the exam table of the
present invention can be accomplished easily and efficiently.
[0079] Turning now to FIG. 16 there is shown an additional
embodiment of the present invention in which the exam table
10 is capable of accepting input from and connecting to
additional diagnostic devices 220. In this embodiment, the
exam table 10 is connected to a personal computer 158. The
personal computer 158 in this embodiment preferably
includes software and hardware sufficient to allow the per-
sonal computer to not only control position of and accept
weight measurements from the exam table, but also to accept
and process data from the additional diagnostic devices and
subsequently communicate this data to the EMR system 214.
Alternatively, as illustrated by dashed lines 222, control of the
exam table, input of weight measurements obtained from the
exam table, and handling of data acquired using the additional
diagnostic devices 222, can be performed by the VSM 80,
with this data ultimately being communicated to the EMR
system using personal computer 158.

[0080] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
present invention without departing from the spirit and scope
of the invention as set forth in the above description. Thus, it
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is intended that the present invention cover the modifications
and variations of this invention provided they come within the
scope of the invention and its equivalents.

What we claim is:

1. A vital signs monitor comprising:

atleast one input channel for accepting signals from at least
one physiological sensor;

at least one output channel for outputting data or com-
mands from the vital signs monitor;

a microprocessor for processing the signals from the at
least one physiological sensor and for generating output
data or commands; and

a digital memory for storing instructions executed by the
microprocessor wherein the instructions, when executed
by the microprocessor, allow the vital signs monitor to
be used to control the movement of a power-adjustable
exam table.

2. The vital signs monitor of claim 1 further comprising a
touch-sensitive display screen through which a user can input
signals to the vital signs monitor to control the movement of
a power-adjustable exam table.

3. The vital signs monitor of claim 1 further comprising at
least one additional input channel for accepting signals from
a power-adjustable medical exam table.

4. The vital signs monitor of claim 3 wherein the power-
adjustable exam table further includes at least one load sensor
for determining the weight of a subject seated on the exam
table, and the input signal accepted by vital signs monitor
from the power-adjustable medical exam table is a measure of
the weight of a subject seated on the power-adjustable exam
table.

5. The vital signs monitor of claim 1 wherein the at least
one physiological sensor is a blood pressure sensor.

6. The vital signs monitor of claim § wherein the vital signs
monitor further comprises two additional input channels for
accepting signals from a pulse oximeter sensor and a tem-
perature sensor.

7. The vital signs monitor of claim 1 wherein the vital signs
monitor further includes a radio frequency transceiver for
wirelessly sending and receiving data.

8. The vital signs monitor of claim 1 wherein the vital signs
monitor is further capable of storing at least one preset posi-
tion and can be used to control movement of a power-adjust-
able exam table to the preset position in response to user
input.

9. The vital signs monitor of claim 1 wherein the instruc-
tions executed by the microprocessor allow the vital signs
monitor to be used to control the movement of a power-
adjustable exam table that is adjustable in exam table height
and degree of incline of a back support surface through the
use of at least two linear actuators.

10. A system for improving the efficiency of data collection
in a clinical space, the system comprising:

apower-adjustable exam table, the power-adjustable exam
table comprising at least one actuator for accomplishing
exam table adjustment, at least one input channel for
accepting exam table movement commands, at least one
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microprocessor, and a digital memory for storing
instructions to be executed by the at least one micropro-
cessor; and

avital signs monitor electronically connected to the power-

adjustable exam table, the vital signs monitor compris-
ing at least one input channel for accepting signals from
at least one physiological sensor, at least one output
channel for sending signals to the power-adjustable
exam table, a microprocessor, and a digital memory for
storing instructions to be executed by the microproces-
sor;

wherein the vital signs monitor is capable of being used to

adjust the position of the power-adjustable exam table
based on user input received by the vital signs monitor.

11. The system of claim 10 wherein the power-adjustable
exam table and the vital signs monitor each further comprise
aradio frequency transceiver and wherein the electronic con-
nection between the power-adjustable exam table and the
vital signs monitor is a wireless connection.

12. The system of claim 10 wherein the vital signs monitor
further comprises a touch-sensitive display screen through
which a user can input signals to the vital signs monitor to
control the movement of the power-adjustable exam table.

13. The system of claim 10 wherein the vital signs monitor
is further capable of storing at least one preset position to
which the power-adjustable exam table can be automatically
moved in response to user input.

14. The system of claim 10 wherein the power-adjustable
exam table comprises a first actuator and a second actuator,
the first actuator for adjusting exam table height and the
second actuator for adjusting degree of incline of a back
support surface of the exam table.

15. The system of claim 10 wherein the at least one actuator
of the power-adjustable exam table is a mechanically-driven
linear actuator.

16. The system of claim 10 wherein the power-adjustable
exam table further comprises at least one load sensor for
sensing the weight of a subject seated on the exam table and
at least one output channel for outputting the sensed weight of
asubject seated on the exam table, and wherein the vital signs
monitor further comprises an additional input channel for
accepting the sensed weight of a subject seated on the exam
table.

17. The system of claim 16 wherein the processor and
memory of the vital signs monitor are capable of automati-
cally storing the sensed weight of a subject seated on the exam
table and subsequently recalling this weight in response to
inputs received from a user.

18. The system of claim 10 wherein the at least one physi-
ological sensor is a blood pressure sensor.

19. The system of claim 18 wherein the vital signs monitor
further comprises two additional input channels for accepting
signals from a pulse oximeter sensor and a temperature sen-
SOt

20. The system of claim 13 wherein the at least one preset
position is a position optimal for non-invasively measuring a
subject’s blood pressure.
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