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BLOOD-PRESSURE MONITORING DEVICE
FEATURING A CALIBRATION-BASED ANALYSIS

CROSS REFERENCES TO RELATED
APPLICATION

[0001] This application is a continuation-in-part applica-
tion of U.S. patent application Ser. No. 10/709,014, filed on
Apr. 7, 2004.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable
BACKGROUND OF THE INVENTION
[0003] 1. Field of the Invention
[0004] The present invention relates to devices for moni-

toring a patient’s vital signs. More specifically, the present
invention relates to devices for monitoring blood pressure.

[0005] 2. Description of the Related Art

[0006] Blood within a patient’s body is characterized by a
baseline pressure value, called the diastolic pressure. Dias-
tolic pressure indicates a pressure in an artery when the
blood it contains is static. A heartbeat forces a time-depen-
dent volume of blood through the artery, causing the base-
line pressure to increase in a pulse-like manner to a value
called the systolic pressure. The systolic pressure indicates
a maximum pressure in a portion of the artery that contains
a flowing volume of blood.

[0007] Pressure in the artery periodically increases from
the diastolic pressure to the systolic pressure in a pulsatile
manner, with each pulse corresponding to a single heartbeat.
Blood pressure then returns to the diastolic pressure when
the flowing pulse of blood passes through the artery.

[0008] Both invasive and non-invasive devices can mea-
sure a patient’s systolic and diastolic blood pressure. A
non-invasive medical device called a sphygmomanometer
measures a patient’s blood pressure using an inflatable cuff
and a sensor (e.g., a stethoscope) that detects blood flow by
listening for sounds called the Korotkoff sounds. During a
measurement, a medical professional typically places the
cuff around the patient’s arm and inflates it to a pressure that
exceeds the systolic blood pressure. The medical profes-
sional then incrementally reduces pressure in the cuff while
listening for flowing blood with the stethoscope. The pres-
sure value at which blood first begins to flow past the
deflating cuff, indicated by a Korotkoff sound, is the systolic
pressure. The stethoscope monitors this pressure by detect-
ing strong, periodic acoustic ‘beats’ or ‘taps’ indicating that
the blood is flowing past the cuff (i.e., the systolic pressure
barely exceeds the cuff pressure). The minimum pressure in
the cuff that restricts blood flow, as detected by the stetho-
scope, is the diastolic pressure. The stethoscope monitors
this pressure by detecting another Korotkoff sound, in this
case a ‘leveling off” or disappearance in the acoustic mag-
nitude of the periodic beats, indicating that the cuff no longer
restricts blood flow (i.e., the diastolic pressure barely
exceeds the cuff pressure).

[0009] TLow-cost, automated devices measure blood pres-
sure using an inflatable cuff and an automated acoustic or
pressure sensor that measures blood flow. These devices
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typically feature cuffs fitted to measure blood pressure in a
patient’s wrist, arm or finger. During a measurement, the
cuff automatically inflates and then incrementally deflates. A
microcontroller in the automated device monitors variations
in pressure and processes these values to calculate blood
pressure. Cuff-based blood-pressure measurements such as
these typically only determine the systolic and diastolic
blood pressures; they do not measure dynamic, time-depen-
dent blood pressure.

[0010] Time-dependent blood pressure can be measured
with a device called a tonometer. The tonometer typically
features a sensitive transducer positioned on the patient’s
skin above an underlying artery. The tonometer compresses
the artery against a portion of bone while the transducer
measures blood pressure in the form of a time-dependent
waveform. The waveform features a baseline that indicates
the diastolic pressure, and time-dependent pulses, each
corresponding to individual heartbeats. The maximum value
of each pulse is the systolic pressure. The rising and falling
edges of each pulse correspond to pressure values that lie
between the systolic and diastolic pressures.

[0011] Data indicating blood pressure are most accurately
measured during a patient’s appointment with a medical
professional, such as a doctor or a nurse. Once measured, the
medical professional manually records these data in either a
written or electronic file. Appointments typically take place
a few times each year. Unfortunately, in some cases, patients
experience ‘white coat syndrome’ where anxiety during the
appointment affects the blood pressure that is measured.
White coat syndrome typically elevates a patient’s heart rate
and blood pressure; this, in turn, can lead to an inaccurate
diagnoses.

[0012] Some medical devices for measuring blood pres-
sure and other vital signs include systems for transmitting
data from a remote site, such as the patient’s home, to a
central database. These systems can include a conventional
computer modem that transmits data through a telephone
line to the database. Or alternatively they can include a
wireless transmitter, such as a cellular telephone, which
wirelessly transmits the data through a wireless network.

[0013] Pulse oximeters are devices that measure variations
in a patient’s arterial blood volume. These devices typically
feature a light source that transmits optical radiation through
the patient’s finger to a photodetector. A processor in the
pulse oximeter monitors time and wavelength-dependent
variations in the transmitted radiation to determine heart rate
and the degree of oxygen saturation in the patient’s blood.
Various methods have been disclosed for using pulse oxime-
ters to obtain arterial blood pressure values for a patient. One
such method is disclosed in U.S. Pat. No. 5,140,990 to Jones
et al., for a ‘Method Of Measuring Blood Pressure With a
Photoplethysmograph’. The 990 Patent discloses using a
pulse oximeter with a calibrated auxiliary blood pressure to
generate a constant that is specific to a patient’s blood
pressure. Another method for using a pulse oximeter to
measure blood pressure is disclosed in U.S. Pat. No. 6,616,
613 to Goodman for a ‘Physiological Signal Monitoring
System’. The ’613 Patent discloses processing a pulse
oximetry signal in combination with information from a
calibrating device to determine a patient’s blood pressure.
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BRIEF SUMMARY OF THE INVENTION

[0014] The present invention measures a patient’s blood
pressure using a cuffless device. The cuffless device wire-
lessly sends the information to an Internet-accessible web-
site. With the present invention accurate measurements can
be made in an ambulatory manner at a patient’s home, office
or elsewhere outside of a conventional medical facility.

[0015] One aspect of the present invention is a device for
monitoring a patient’s blood pressure that includes: 1) a
vital-sign monitor featuring an optical module for monitor-
ing a flow of blood through an artery of the patient; 2) a
microprocessor configured to receive a signal from the
vital-sign monitor and compare it to a mathematical model
to generate a blood-pressure value for the patient; and 3) a
short-range wireless transceiver that transmits the blood-
pressure value from the device.

[0016] Another aspect of the present invention is a method
for monitoring a patient’s blood pressure that includes the
following steps: 1) obtaining at least one numerical calibra-
tion curve describing the patient’s blood pressure; 2) gen-
erating an optical waveform based on the flow of blood
through the patient’s artery; 3) fitting the optical waveform
to determine calibration parameters describing a blood-
pressure value; 4) comparing the calibration parameters to
the at least one numerical calibration curve to determine the
blood-pressure value; and 5) wirelessly transmitting the
blood-pressure value.

[0017] Having briefly described the present invention, the
above and further objects, features and advantages thereof
will be recognized by those skilled in the pertinent art from
the following detailed description of the invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0018] FIG. 1 is a schematic side view of a monitoring
system for measuring vital signs according to the present
invention;

[0019] FIG. 2 is an isolated cross-sectional view of a
finger-mounted module used in the monitoring system of
FIG. 1;

[0020] FIG. 3 is a schematic view of circuit components
used in the monitoring system of FIG. 1,

[0021] FIG. 4 is a schematic diagram of a calibration
system used with the monitoring system of FIG. 1 to
determine blood pressure;

[0022] FIG. 5 is a graph of a single pulse from an optical
waveform and a corresponding mathematical ‘fit’ generated
with the monitoring system of FIG. 1;

[0023] FIG. 6A is a graph of the mathematical fit of FIG.
5 along with mathematical components used to represent a
mathematical model according to the invention;

[0024] FIG. 6B is a graph of the mathematical fit of FIG.
5
[0025] FIG. 7 is a flow chart of the calibration process

used with the monitoring system of FIG. 1 and the calibra-
tion system of FIG. 4,
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[0026] FIG. 8 is an image of four different graphs of
optical waveforms for four different blood pressure mea-
surements made with the monitoring system of FIG. 1; and

[0027] FIG. 9 is an image of three different graphs com-
paring blood pressure measured with a conventional cuff
(y-axis) to blood pressure measured using the monitoring
system of FIG. 1 (x-axis).

DETAILED DESCRIPTION OF THE
INVENTION

[0028] FIGS. 1-3 show a monitoring system 9 that mea-
sures the vital signs of a user. The system 9 features a
monitoring device 10 that measures and wirelessly transmits
the measurements through a short-range wireless link 26 to
an external laptop computer 50 or hand-held device 51 for
further processing with a software program stored in a
memory, or for transmission over a network such as dis-
closed in co-pending U.S. patent application Ser. No.
10/810,237, filed Mar. 26, 2004, for a CUFFLESS BLOOD
PRESSURE MONITOR AND ACCOMPANYING WEB
SERVICES INTERFACE; co-pending U.S. patent applica-
tion Ser. No. 10/709,015, filed Apr. 7, 2004, for a CUFF-
LESS BLOOD-PRESSURE MONITOR AND ACCOMPA-
NYING WIRELESS, INTERNET-BASED SYSTEM; or
co-pending U.S. patent application Ser. No. 10/752,198,
filed Jan. 6, 2004, for a WIRELESS, INTERNET-BASED
MEDICAL DIAGNOSTIC SYSTEM, all of which are
hereby incorporated by reference in their entirety. The
monitoring device 10 preferably includes a wrist-mounted
module 11 that attaches to an area of the user’s wrist 15
where a watch is typically worn, and a finger-mounted
module 13 that attaches to the user’s index finger 14. A cable
12 preferably provides an electrical connection between the
finger-mounted module 13 and wrist-mounted module 11.

[0029] Referring to FIG. 3, in a preferred embodiment,
the wrist-mounted module 11 preferably comprises a data-
processing circuit 18 that includes a microprocessor, a
short-range wireless transceiver 38, a pulse oximetry circuit
35, a battery 37 and an antenna 39. The components are
preferably embedded within a comfortable, non-conductive
material, such as neoprene rubber, that wraps around the
patient’s wrist.

[0030] The microprocessor within the data-processing cir-
cuit 18 directs the monitoring device 10. The term ‘micro-
processor’, as used herein, preferably means a silicon-based
microprocessor or microcontroller that operates compiled
computer code to perform mathematical operations on data
stored in a memory.

[0031] Examples include ARM7 or ARM9 microproces-
sors manufactured by a number of different companies; AVR
8-bit RISC microcontrollers manufactured by Atmel; PIC
CPUs manufactured by Microchip Technology Inc.; and
high-end microprocessors manufactured by Intel and AMD.

[0032] The short-range wireless transceiver 38 is prefer-
ably a transmitter operating on a wireless protocol, e.g.
Bluetooth™, part-15, 802.15.4 or 802.11. “Part-15-" refers
to a conventional low-power, short-range wireless protocol,
such as that used in cordless telephones. The short-range
wireless transceiver 38 (e.g., a Bluetooth™ transmitter)
receives information from the data-processing circuit 18 and
transmits this information in the form of a packet through an
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antenna 39. The external laptop computer 50 or hand-held
device 51 features a similar antenna coupled to a matched
wireless, short-range receiver that receives the packet. In
certain embodiments, the hand-held device 51 is a cellular
telephone with a Bluetooth™ circuit and antenna integrated
directly into a chipset used in the cellular telephone. In this
case, the cellular telephone may include a software appli-
cation that receives, processes, and displays the information.
The hand-held device 51 may also include a long-range
wireless transmitter that transmits information over a ter-
restrial, satellite, or 802.11-based wireless network. Suitable
networks include those operating at least one of the follow-
ing protocols: CDMA, GSM, GPRS, Mobitex, DataTac,
iDEN, and analogs and derivatives thereof.

[0033] A vital-sign monitor 16 connects to the finger-
mounted module 13 and measures information that is pro-
cessed to determine the user’s vital signs. Specifically, the
vital-sign monitor 16 connects to a light source 30 and
photodetector 31 embedded in the finger-mounted module
13 that measure blood flow in the user’s finger, and sends
this information through the cable 12 to the wrist-mounted
module 11. The finger-mounted module 13 is preferably
composed of a flexible polymer material. The light source 30
typically includes light-emitting diodes that generate both
red (A~630 nm) and infrared (A~900 nm) radiation. As the
heart pumps blood through the patient’s finger, blood cells
absorb and transmit varying amounts of the red and infrared
radiation depending on how much oxygen binds to the cells’
hemoglobin. The photodetector 31 detects transmission at
the red and infrared wavelengths, and in response generates
a radiation-induced current that travels through the cable 12
to the pulse-oximetry circuit 35 embedded within the wrist-
mounted module 11. The pulse-oximetry circuit 35 connects
to an analog-to-digital signal converter 46. The analog-to-
digital signal converter 46 converts the radiation-induced
current into a time-dependent optical waveform, which is
then sent back to the pulse-oximetry circuit 35 and analyzed
to determine the user’s vital signs as described in this
application and the above-mentioned co-pending patent
applications, the contents of which have been incorporated
by reference.

[0034] Additional software programs can further analyze
blood pressure, and heart rate, and pulse oximetry values to
characterize the user’s cardiac condition. These programs,
for example, may provide a report that features statistical
analysis of these data to determine averages, data displayed
in a graphical format, trends, and comparisons to doctor-
recommended values.

[0035] FIG. 3 shows, in detail, electronic components
featured in the monitoring device 10. In a preferred embodi-
ment, the pulse-oximetry circuit 35 connects to the analog-
to-digital converter 46 within the data-processing circuit 18.
Abattery 37 powers all the electrical components within the
monitoring device 10, and is typically a metal hydride
battery (generating 5-7V) that can be recharged through a
battery recharge interface 44. The monitoring device 10 can
include an LCD 42 that displays information for the user or
patient. In another embodiment, the data-processing circuit
18 avails calculated information through a serial port 40 to
an external personal computer, which then displays and
analyzes the information using a client-side software appli-
cation. In yet another alternate embodiment, the monitoring
device 10 includes an accelerometer 34 or alternative
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motion-detecting device to determine when the patient” hand
is at rest, thereby reducing motion-related artifacts intro-
duced to the measurement.

[0036] FIG. 4 shows schematically how the above-de-
scribed monitoring device 10 measures blood pressure from
a patient 300 using a calibration-based approach. In a
preferred embodiment, the monitoring device 10 measures
blood pressure using calibration parameters in combination
with an optical measurement made using the monitoring
device 10 described in FIGS. 1-3. Calibration parameters
are determined prior to a measurement using a calibration
device 302, typically a conventional blood-pressure cuff,
that temporarily attaches to an upper portion 312 of the
patient’s arm. Immediately prior to measuring the calibra-
tion parameters, a short-range radio transmitter 310 embed-
ded in the calibration device 302 sends a wireless signal to
the short-range wireless transceiver 38 in the monitoring
device 10 worn on the patient’s wrist 314. The signal
indicates that the calibration measurement is about to begin.
Once the signal is received, the calibration device 302 and
monitoring device 10 simultaneously collect, respectively,
blood pressure values (systolic, diastolic pressures) and a
corresponding optical waveform. The calibration device 302
measures systolic and diastolic blood pressure using a cuff
coupled to an electronic system 308 that includes a motor-
controlled pump and data-processing electronics. The short-
range radio transmitter sends systolic and diastolic blood
pressure values wirelessly to the monitoring device 10 once
the calibration measurement is completed. This process is
repeated at a later time (e.g., 15 minutes later) to collect a
second set of calibration parameters. The calibration device
302 is then removed.

[0037] The systolic and diastolic blood pressure values
measured with the calibration device 302, along with their
corresponding optical waveforms, are stored in memory in
the monitoring device 10 and then analyzed with the data-
processing circuit 18 as described in detail below to com-
plete the calibration. FIG. 5 features a graph 320 that
indicates how this analysis is performed on a single pulse
322 from the optical waveform. Once collected, the pulse
322 is “fit’ using a mathematical function that accurately
describes the pulse’s features, and an algorithm (e.g., the
Marquardt-Levenberg algorithm) that iteratively varies the
parameters of the function until it best matches the time-
dependent features of the pulse 322. The graph 320 includes
a dashed line showing a mathematical function 308 that
represents the fit. The mathematical function 308 is com-
posed of numerical parameters can be easily stored in
memory and analyzed with the data-processing circuit 18 to
calibrate the monitoring device 10.

[0038] FIGS. 6A and 6B show how the data-processing
circuit can analyze the mathematical function 308 of FIG. 5
to yield calibration parameters required for the blood-pres-
sure measurement according to the invention. As shown in
FIG. 6A, the mathematical function 308 comes from a
mathematical model that describes blood dynamics in the
patient’s body. The mathematical model accounts for pri-
mary and reflected ‘waves’ within the optical waveform. The
primary wave, shown as the first peak 322¢ in the math-
ematical function 308, results from a pressure wave travel-
ing through the patient’s arteries following systole. The
pressure wave causes a short, time-dependent increase in
volume of blood as measured in an artery in the patient’s
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extremities (¢.g., a finger) by the light source and photode-
tector. Some energy from the primary wave reflects back to
the extremities from various sites in the patient’s vascular
tree, causing the reflected wave. This increases the blood
volume in the patient’s extremities at a slightly later time as
measured by the light source and photodetector, resulting in
a second peak 322b in the mathematical function 308.

[0039] Separate components 340a, 340b within the math-
ematical model represent, respectively, the primary and
reflected waves, and can thus be used to model the first 3224
and second 322b peaks in the mathematical function 308. In
a simple model, as shown in FIG. 6A, both components
340a, 3400 can be represented by Gaussian functions £, (t):

exp—((x— up,,)z /20',,_,2,)

Apr
forl) = —2

[0040] where A, represents the amplitude of either the
primary (p) or reflected (r) wave, o, , represents the width of
these waves, and w, , represents a point in time at which the
wave’s peak amplitude is reached. The second component
340b has a relatively small amplitude (A,) and large width
(0,) because the reflected wave disperses (causing it to
widen) and attenuates due to reflection (causing its ampli-
tude to lessen) as it propagates through the patient’s circu-
latory system. FIG. 6B shows how A, 0, , and u, , relate
to the mathematical function 308. The amplitude and central
position of the primary wave, indicated by the arrow 330,
represent A, and u,, respectively. Similarly, the amplitude
and central position of the reflected wave, indicated by the
arrow 335, represent A, and u,, respectively. The widths of
primary and reflected waves, indicated respectively by
arrows 339 and 337, represent o, and o,. Arrow 325 repre-
sents the difference in the central positions of the primary
and reflected wave, i.e. u,-u,.

[0041] Combinations of the calibration parameters may
also be used in the blood-pressure measurement. For
example, a ratio between the reflected and primary waves’
maximum amplitudes (A/A ) may be used as a calibration
parameter. In addition, an optical waveform may be numeri-
cally processed before it is fit with the mathematical model
as a way of maximizing the effectiveness of the fit and
consequently the accuracy of the blood-pressure measure-
ment. For example, the data-processing circuit 18 may run
an algorithm that takes a second derivative of the waveform
as a way of isolating the first and second peaks. This is
especially useful if these peaks are merged together within
the waveform. In addition, in an effort to improve the
signal-to-noise ratio of the optical waveform, the data-
processing circuit may average multiple waveforms
together. Alternatively, the data processing circuit 18
reduces high-frequency noise within the optical waveform
using a relatively simple multiple-point smoothing algo-
rithm, or a relatively complicated algorithm based on Fou-
rier analysis.

[0042] FIG. 7 illustrates a flow chart of a preferred
method of utilizing the calibration parameters A, , 0,, ,, and
u,, , are measured and processed to perform a blood-pressure
measurement according to the present invention. As shown
in the figure, the arm-worn calibration device 302 is attached
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to the patient (box 400) at block 402, the calibration device
302 sends a signal preferably via Bluetooth™ to the wrist-
mounted monitoring device 304 to indicate that the calibra-
tion device is active. At block 404, the calibration device 302
then makes a conventional cuff-based blood-pressure mea-
surement while the monitoring device 304 simultaneously
measures an optical waveform from the patient. At block
405, the calibration device then sends the blood-pressure
values via Bluetooth™ to the monitoring device 304. At
block 406, a mathematical model operating on the data-
processing circuit 18 of the monitoring device 304 fits the
optical waveform to extract A, ,, o, ,, and v, ,, which are
used as calibration parameters. This process is preferably
repeated at least one more time at a later time to extract A, ,
0., and u,, corresponding to a second blood-pressure
value. At block 408, this information is then processed to
generate numerical calibration curves that correlate the
calibration parameters to actual blood-pressure values. At
block 410, the monitoring device 304 stores the calibration
curves in its memory (box 410) for use in subsequent
measurements. At block 412, the patient then removes the
calibration device 304, at block 414 the monitoring device
304 performs continuous measurements, typically over a
period lasting 24-48 hours, to determine A, ,, ¢, ,, and u,,
(box 414). The values for A ,, 0, ,, and u,,, obtained during
the continuous measurements are then compared to the
stored calibration curves to determine the patient’s blood
pressure.

[0043] FIG. 8 shows how pulses within the optical wave-
form vary with blood pressure, and can therefore be pro-
cessed as described above. The figure includes four optical
waveforms 340, 342, 344, 346, cach corresponding to a
different blood pressure. The first optical waveform 340
corresponds to a blood pressure of 132 mmHg (systolic) and
75 mmHg (diastolic) and features a heart rate of 110 bpm;
the reflected wave is absent, and thus the ratio between the
reflected and primary waves is 0. In the second waveform
342, the heart rate decreases to 106 bpm, and blood pressure
correspondingly decreases to 131 mmHg (systolic) and 73
mmHg (diastolic). The reflected wave begins to appear in
the second waveform 342, resulting in a ratio between the
reflected and primary peaks of 0.19. The third 344 and fourth
346 waveforms show that the patient’s heart rate decreases
and the ratio increases as both systolic and diastolic blood
pressure continue to decrease. Table 1, below, describes
these relationships in more detail.

TABLE 1

relationship between blood pressure and calibration parameters

Optical Heart Rate Ratio of Secondary/ Systolic BP Diastolic BP
Waveform  (bpm) Primary Waves (mmHg) (mmHg)
340 110 bpm 0.0 132 76
342 106 bpm 0.19 131 73
344 103 bpm 0.30 126 70
346 89 bpm 0.34 122 67

[0044] FIG. 9 indicates the efficacy of the above-de-
scribed calibration-based approach to measuring blood pres-
sure. The figure includes three graphs 350, 352, 354 that
compare blood pressure measured with a conventional cuff
(y axis) to blood pressure calculated using a calibration-
based approach following a cuffless measurement (x axis).
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Each graph 350, 352, 354 includes a dashed line indicating
perfect, 1:1 correlation. The first graph 350 shows results for
systolic blood pressure. Correlation for these measurements
is very good, with the average difference between the
conventional and cuffless measurements being 3.2 mmHg.
The second graph 352 is for pulse blood pressure (the
difference between systolic and diastolic blood pressure) and
features an average difference between the conventional and
cuffless measurements of 1.9 mmHg. Graph 354 is for
diastolic blood pressure and features an average difference
between the conventional and cuffless measurements of 3.8
mmHg.

[0045] In other embodiments, placement of the optical,
mechanical, and electrical modules described above can be
modified to change the form factor of the monitoring device
10. Other configurations of the above-described optical,
mechanical, and electrical sensors are also within the scope
of the invention. The data-processing circuit 18 can also use
algorithms other than those described above to process data
measured by the wrist 11 and finger-mounted 13 modules.
These algorithms are typically based on the equations
described above, but may vary in their form. In other
embodiments, electrical components within the monitoring
device 10 (as shown in FIG. 3) differ from those described
above, or are consolidated into a single silicon-based device,
such as a custom-made ASIC.

[0046] In still other embodiments mathematical functions
other than the Gaussian function (e.g., an exponential func-
tion), or different methods of analysis, can be used to model
both the primary and reflected waves. For example, the
data-processing circuit may take a Fourier or Laplace trans-
form of the time-dependent optical waveform to generate a
frequency-dependent waveform. The frequency-dependent
waveform may then be fit with a mathematical function to
analyze the primary and secondary waves. In other methods
of analysis, the data-processing circuit may take a first or
second derivative of the optical waveform, and the first or
second derivative is then analyzed as described above.

[0047] The monitoring device 10 is small, easily worn by
the user for general day-to-day activities. It makes non-
invasive measurements in a matter of seconds with no affect
on the user. Furthermore, the on-board microprocessor can
analyze the time-dependent measurements to generate
detailed statistics (e.g., average values, standard deviations,
beat-to-beat pressure variations) that are not available with
conventional devices that only measure properties at isolated
times.

[0048] From the foregoing it is believed that those skilled
in the pertinent art will recognize the meritorious advance-
ment of this invention and will readily understand that while
the present invention has been described in association with
a preferred embodiment thereof, and other embodiments
illustrated in the accompanying drawings, numerous
changes modification and substitutions of equivalents may
be made therein without departing from the spirit and scope
of this invention which is intended to be unlimited by the
foregoing except as may appear in the following appended
claim. Therefore, the embodiments of the invention in which
an exclusive property or privilege is claimed are defined in
the following appended claims.
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We claim as our invention:
1. A device for monitoring a patient’s blood pressure, the
device comprising:

a vital-sign monitor comprising an optical module for
monitoring a flow of blood through an artery of the
patient;

a microprocessor configured to receive a signal from the
vital-sign monitor and compare it to a mathematical
model to generate a blood-pressure value for the
patient; and

a short-range wireless transceiver for transmitting the

blood-pressure value from the device.

2. The device according to claim 1 wherein the optical
module generates information describing a real-time flow of
blood through the patient.

3. The device according to claim 1 wherein the micro-
processor is further configured to extract numerical param-
eters characterizing the signal and configured to process the
numerical parameters to generate blood-pressure values.

4. The device according to claim 3 wherein the micro-
processor is further configured to compare the numerical
parameters to a calibration curve to generate blood-pressure
values.

5. The device according to claim 1 wherein the optical
module connects to a wrist-mounted module comprising the
microprocessor and the short-range wireless transceiver.

6. The device according to claim 1 wherein the short-
range wireless transceiver is a radio-frequency transmitter
operating a wireless protocol based on Bluetooth™, 802.11,
802.15.4, or part-15.

7. The device according to claim 6 further comprising a
finger-mounted component that comprises the optical mod-
ule.

8. Amethod for monitoring a patient’s blood pressure, the
method comprising:

obtaining at least one numerical calibration curve describ-
ing the patient’s blood pressure;

generating an optical waveform based on the flow of
blood through the patient’s artery;

fitting the optical waveform to determine calibration
parameters describing a blood-pressure value;

comparing the calibration parameters to the at least one
numerical calibration curve to determine the blood-
pressure value; and

wirelessly transmitting the blood-pressure value.

9. The method according to claim 8 wherein obtaining the
at least one numerical calibration curve comprises simulta-
neously measuring the patient’s arterial blood flow with a
monitoring device and a calibration blood pressure with a
calibration device.

10. The method according to claim 8 wherein obtaining
the at least one numerical calibration curve further com-
prises transmitting the calibration blood pressure from the
calibration device to the monitoring device.

11. The method according to claim 10 wherein the cali-
bration blood pressure is wirelessly transmitted from the
calibration device using a radio-frequency transceiver oper-
ating a wireless protocol based on Bluetooth™, part-15,
802.11, or 802.15.4.
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12. The method according to claim 8 wherein generating
the optical waveform comprises sending a signal corre-
sponding to the patient’s arterial blood flow to an analog-
to-digital converter which converts the signal into the optical
waveform.

13. The method according to claim 8 wherein the fitting
step further comprises comparing the optical waveform to a
mathematical model that describes primary and reflected
waves in the patient’s circulatory system.

14. A device for monitoring a patient’s vital signs, the
method comprising:

means for obtaining numerical calibration curves describ-
ing the patient’s vital signs;

means for generating an optical waveform based on the
flow of blood through the patient’s artery,

means for fitting the optical waveform to determine
calibration parameters describing a vital-sign value;

means for comparing the calibration parameters to at least
one numerical calibration curve to determine the vital-
sign value; and

for a short range wireless transceiver wirelessly transmit-
ting the vital-sign value.
15. A system for wirelessly monitoring a patient’s blood
pressure, the system comprising:

a monitoring device comprising

a vital-sign monitor for monitoring a flow of blood
through an artery of the patient using an optical
module,

a microprocessor for receiving a signal from the vital-
sign monitor corresponding to the flow of blood and
generating a real-time blood pressure for the patient,
and
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a short-range wireless transceiver for transmitting the
real-time blood-pressure value from the micropro-
cessor; and

a handheld device comprising a wireless transceiver for
receiving the real-time blood-pressure value and con-
nection to a network.

16. A device for wirelessly monitoring a patient’s blood

pressure, the device comprising:

a finger-mounted module comprising a vital-sign monitor
for monitoring the flow of blood through an artery of
the patient;

a wrist-mounted module comprising

a microprocessor for receiving a signal from the vital-
sign monitor corresponding to the flow of blood
through an artery of the patient and generating a
real-time blood pressure for the patient, and

a short-range wireless transceiver for transmitting the
real-time blood pressure value from the micropro-
cessor; and

means for communicating from the finger-mounted mod-

ule to the wrist-mounted module.

17. The device according to claim 16 wherein the vital-
sign monitor comprises a light source and a photodetector in
communication with a pulse-oximetry circuit.

18. The device according to claim 16 wherein the wrist-
mounted module further comprises an analog-to-digital con-
verter configured to generate a time-dependent optical wave-
form based on the information provided by the vital-sign
monitor.

19. The device according to claim 16 wherein the short-
range wireless transmitter is a radio-frequency transmitter
operating a wireless protocol based on Bluetooth™, part-15,
802.11, or 802.15.4.
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