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(57) ABSTRACT

A non-invasive blood pressure monitor has a blood pressure
cuff and a wireless blood pressure determination unit. The
wireless blood pressure determination unit automatically
determines the fastest method for measuring blood pressure
of a patient based on an initial blood pressure measurement
made while inflating the cuff.
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ADAPTIVE NONINVASIVE BLOOD
PRESSURE MONITORING SYSTEM AND
METHOD

BACKGROUND

[0001] The present disclosure generally relates to methods
and systems for non-invasively measuring blood pressure.
More specifically, the present disclosure relates to an auto-
mated non-invasive blood pressure (NIBP) monitor that
automatically determines an optimal method for measuring
blood pressure.

[0002] Automated blood pressure monitoring has rapidly
become an accepted and central aspect of human health care.
Such monitors are now a conventional part of patient
monitoring, especially in emergency rooms, intensive and
critical care units, and in the operating room. Traditionally,
NIBP monitoring devices have been connected to sensors
through cables and/or tubing. However, such cables and or
tubing can be problematic because they inhibit patient
movement and create obstacles to clinicians engaged in
patient care. Thus, there has been a push towards wireless
patient monitoring. However, the design of wireless moni-
toring devices presents challenges.

SUMMARY

[0003] A non-invasive blood pressure monitor has a blood
pressure cuff and a wireless blood pressure determination
unit. The wireless blood pressure determination unit auto-
matically determines the fastest method for measuring blood
pressure of a patient based on an initial blood pressure
measurement made while inflating the cuff.

[0004] Oneembodiment of a method of measuring a blood
pressure of a patient in a wireless, non-invasive blood
pressure monitor includes inflating a blood pressure cuff of
awireless blood pressure monitor, and taking an initial blood
pressure measurement during the inflation. It is then deter-
mined whether the initial blood pressure measurement meets
an accuracy condition. A final blood pressure measurement
is taken during deflation of the cuff if the initial blood
pressure measurement does not meet the accuracy condition.
However, if the initial blood pressure measurement does
meet the accuracy condition, then the cuff is immediately
deflated.

[0005] Various other features, objects and advantages of
the invention will be made apparent from the following
description taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The drawings illustrate the best mode presently
contemplated of carrying out the disclosure. In the drawings:
[0007] FIG. 1 is a block diagram of a patient monitoring
environment including one embodiment of a wireless non-
invasive blood pressure monitor;

[0008] FIG. 2 is a block diagram of a wireless noninvasive
blood pressure monitor and a wireless ECG monitor;
[0009] FIG. 3 depicts an exemplary embodiment of a
wireless noninvasive blood pressure monitor;

[0010] FIG. da depicts an exemplary method of measuring
blood pressure of a patient according to the present disclo-
sure;

[0011] FIG. 45 depicts another exemplary method of mea-
suring blood pressure of a patient according to the present
disclosure;
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[0012] FIG. 4c¢ depicts another exemplary embodiment of
a method of measuring a blood pressure of the patient
according to the present disclosure;

[0013] FIG. 5 depicts another exemplary embodiment of a
method of measuring a blood pressure of a patient according
to the present disclosure; and

[0014] FIG. 6 is a flow chart depicting another embodi-
ment of a method of measuring blood pressure of a patient
according to the present disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 depicts one embodiment of a patient moni-
toring environment 100 wherein a patient 1 is being moni-
tored using a wireless NIBP monitor 2 and a wireless ECG
monitor 10. The wireless NIBP monitor 2 and the wireless
ECG monitor 10 gather the respective physiological infor-
mation from the patient without requiring a physical con-
nection to a central monitoring device or power source.
Thus, the wireless monitors 2 and 10 are self powered, such
as by a battery contained therein, and may communicate
physiological information of the patient, whether raw or
processed physiological data, to another device or location
via wireless means. In the embodiment depicted in FIG. 1,
the wireless NIBP monitor 2 and the wireless ECG monitor
10 are in wireless communication with the central monitor
30. The wireless blood pressure monitor 2 has a blood
pressure cuff 3 and a wireless blood pressure determination
unit 4. The wireless ECG monitor 10 has an ECG sensor unit
11 (which may comprise one or more ECG sensors) and a
wireless ECG determination unit 12. The central monitor 30
has wireless transceiver 38 that communicates with the
wireless transceivers of patient monitoring devices, includ-
ing transceivers in wireless NIBP monitor 2 and in the
wireless ECG monitor 10. Thus, the wireless transceiver 38
communicates information between the patient monitors 2
and 10 and the processing unit 32 of the central monitor 30.
The wireless transceiver 38 of the monitor 30 may commu-
nicate with wireless transceivers of the respective monitor-
ing devices 2 and 10 by any wireless means, such as via a
network operating on the medical body area network
(MBAN), body area network (BAN), wireless medical
telemetry service (WMTS) the spectrum or on a Wi-Fi-
compliant local area network (WLAN), or by Bluetooth or
another wireless communication standard.

[0016] The central monitor 30 may also have a user
interface 36. The user interface 36 may provide a means
through which a clinician may receive or view information
from the patient monitors 2 and 10 and/or to provide input
to the patient monitors 2 and 10. The processing unit 32 may
also be connected to a digital storage device 34 for storing
the physiological data collected by the various sensor
devices 2 and 10. The digital storage device 34 may also
store processed physiological data and/or other information
generated by the processor 32, and/or may operate to store
other relevant patient information.

[0017] In the embodiment of FIG. 1, each wireless moni-
toring device 2 and 10 communicates with the central
monitor 30. Thus, any communication of information
between the wireless monitoring devices 2 and 10 goes
through the central monitor 30. However, in the embodiment
of FIG. 2, the wireless NIBP monitor 2 and the wireless ECG
monitor 10 may communicate directly with one another,
including communicating information about the patient sta-
tus, or other monitoring information. Specifically, the wire-
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less noninvasive blood pressure monitor 2 has a wireless
transceiver 48 responsible for receiving input information
and transmitting output information. Likewise, the wireless
noninvasive ECG monitor 10 has a wireless transceiver 13
responsible for receiving input information and transmitting
output information. For example, the wireless transceiver 48
of the wireless NIBP monitor 2 may communicate with the
wireless transceiver 13 of the wireless ECG monitor 10 to
receive ECG information of the patient 1. As described
above with respect to the embodiment of FIG. 1, the wireless
transceivers 48 and 13 may communicate by any wireless
communication standards known in the art, including
MBAN, BAN, WMTS, Wi-Fi, Bluetooth, or the like.

[0018] The wireless NIBP monitor 2 has a blood pressure
cuff 3 and a wireless blood pressure determination unit 4. As
depicted in FIG. 3, the blood pressure determination unit 4
may be physically connected to the cuff' 3 so that the wireless
NIBP monitor 2 can easily be worn by the patient 1, such as
by wrapping the cuff around the patient’s arm or leg in a
manner known in the art. The blood pressure determination
unit 4 is configured to inflate the blood pressure cuff 3 on the
patient, and to then determine a blood pressure of the patient
according to the methods described herein. The blood pres-
sure determination unit 4 may have a display 49 that
displays, for example, the patient’s blood pressure 15 mea-
sured according to the methods disclosed herein, a battery
status 17, and or a wireless connectivity status 19. The
display 49 may also provide a mode indicator 21 which may
indicate the mode, or method, used to calculate the patient’s
blood pressure 15. For example, the mode indicator 21 may
indicate whether the blood pressure value for the patient was
measured during continuous inflation of the cuff 3, stepwise
inflation of the cuff 3, or stepwise deflation of the cuff 3.

[0019] Referring again to FIG. 2, the blood pressure
determination unit 4 has a pump 43 configured to inflate the
blood pressure cuff 3. The pump 43 pumps air into the cuff
3 via one or more pump lines 42. The pump 43 is powered
by battery 45, also housed in the blood pressure determina-
tion unit 4. The battery 45 is connected to the pump 43
through power gauge and protection module 44, which
regulates the power distribution within the blood pressure
determination unit 4. For example, the power from the
battery 45 may be distributed via the power gauge and
protection module 44 to the processor 41, analog to digital
convertor 46, wireless transmitter 38, user interface 49, and
pump 43. The battery 45 may be any battery capable of
providing sufficient power, and is preferably a rechargeable
battery. The user interface 49 may be a display, such as
shown in FIG. 3. Additionally, the user interface 49 may
enable user input, such as to select a mode or to initiate a
blood pressure measurement.

[0020] The wireless NIBP monitor 2 measures the
patient’s blood pressure by inflating the cuff' 3 around the
patient’s arm and measuring the pressure changes in the cuff
via pressure sensor 28 to measure pressure oscillations
caused by blood flow in the patient’s arm. Specifically, the
processor 41 causes the pump 43 to inflate the cuff 3 via
pump line 42. The processor 41 controls the pressure in the
cuff 3 according to the methods disclosed herein to facilitate
and optimize blood pressure measurement. Pressure mea-
surements sensed by the pressure sensor 28 are transmitted
to the analog-to-digital converter (A/D converter) 46, which
digitizes the signals and transmits them to the processor 41.
The A/D converter 46 may be any device or logic set capable
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of digitizing analog physiological signals. For example, the
A/D converter 46 may be an analog front end (AFE).
[0021] Through the experimentation and research in the
relevant field, the present inventors have recognized that
certain design challenges and difficulties exist in creating a
wireless blood pressure monitor that is small enough and
light enough for a patient to wear comfortably. For example,
pump devices incorporated in presently available wired
blood pressure monitors are bulky, heavy, and energy inten-
sive. Such pumps cannot be adequately powered by a small
battery ideal for incorporation in a wireless NIBP monitor 2.
Such pumps are also loud and thus not well suited for a
wireless monitoring situation where the entire NIBP monitor
2 is located on the patient, likely on a patient’s upper arm
and thus close to the patient’s ear. Moreover, the inventors
have also recognized that smaller pumps that are quieter and
less power intensive take longer to inflate the cuff 3, which
increases the amount of time that the patient must experi-
ence discomfort during the standard blood pressure mea-
surement.

[0022] Accordingly, the present inventors developed the
disclosed system and method that determines and executes
the fastest method of obtaining a blood pressure measure-
ment from the patient 1 while still maintaining one or more
accuracy conditions. The present method also minimizes the
pressure to which the cuff has to be inflated in order to obtain
an accurate blood pressure measurement. The goal is to
minimize the amount of time that the cuff 3 is inflated,
thereby minimizing patient discomfort. Additionally, mini-
mizing the inflation pressure and the inflation time mini-
mizes the amount of power utilized for each measurement
cycle, thereby increasing battery life for the device.

[0023] The processor 41 of the blood pressure determina-
tion unit 4 determines and executes the fastest method of
obtaining a non-invasive blood pressure measurement from
a patient 1 by using the inflation cycle to measure the
patient’s blood pressure and/or obtain information that can
expedite the measurement process on the deflation cycle,
thereby minimizing the amount of time that the blood
pressure cuff needs to remain inflated. This differs from
typical, presently available NIBP monitoring devices, which
inflate to a predetermined target inflation pressure and then
measure the patient’s blood pressure as the cufl' is deflated
in a series of pressure steps. This presently available method
works fine for wired NIBP monitors because they have
larger pumps that quickly reach a target pressure. However,
the inflation time is much longer with the smaller pumps 43
that are well suited for wireless monitoring applications, and
thus the standard blood pressure measurement methods
utilized in presently available, wired NIBP monitors is
undesirable.

[0024] The present inventors realized that the longer infla-
tion time with the smaller pump 43 can be used advanta-
geously to take an initial blood pressure measurement,
including an estimated systolic and/or diastolic pressure,
and/or to determine when the maximum required inflation
pressure has been reached. FIG. 4A provides a graphical
depiction of a first method of measuring blood pressure that
vyields calculation of an initial blood pressure measurement
during continuous inflation of the cuff 3. In FIG. 4A, the cuff
pressure profile 51 shows that the pressure in the cuff 3
increases over a relatively long period of time, reaching a
maximum required pressure 53 at an inflation time 73. As
will be known to one of skill in the art, the maximum
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required pressure 53 is typically that pressure at which the
blood pressure cuff 3 fully occludes blood flow through the
surface arteries under the cuff 3. Typically, the blood pres-
sure cuff' 3 is placed around the patient’s upper arm over the
brachial artery. The blood pressure cuff 3 is inflated to the
maximum required pressure 53 that fully occludes the
brachial artery, i.e., prevents blood from flowing through the
brachial artery at any time in the heart cycle. Oscillations in
the cuff pressure 55 are measured during the inflation, such
as via pressure sensor 28. As the pressure in the cuff 3
reaches the maximum required pressure 53, the cuff pressure
oscillations 55 become smaller. When the cuff pressure
oscillations disappear, the brachial artery has been occluded
(if cuff 3 is placed on the upper arm) and the maximum
required pressure 53 has been reached. The cuff pressure
oscillations 55 measured during inflation of the cuff' 3 may
be utilized to determine an initial blood pressure, including
an initial systolic pressure, an initial diastolic pressure,
and/or an initial mean arterial pressure (MAP).

[0025] FIG. 4B depicts a second method of calculating a
blood pressure during inflation of the cuff 3. In FIG. 4B, the
cuff pressure profile 51 is increased in a stepwise manner,
through a series of inflation steps, until the maximum
required pressure 53 is reached. The stepwise inflation of the
cuff 3 takes longer than the continuous inflation, and thus the
inflation time 74 of the second method is longer than the
inflation time 73 of the first method depicted in FIG. 4A.
Although various values for each pressure step can be
utilized, in an exemplary example, each pressure step may
be about 8 mmHG per step. However, the pressure step may
be varied based on the expected blood pressure values. As
described above, the cuff pressure oscillations 55 are moni-
tored during the inflation of the cuff 3 to determine the
maximum required pressure 53 and to calculate an initial
blood pressure for the patient, preferably including an initial
systolic pressure and an initial diastolic pressure.

[0026] FIG. 4C depicts a third and most common method
of calculating blood pressure for a patient, where the pres-
sure is measured during deflation of the cuff' 3. The cuff
pressure profile 51 is increased to a target inflation pressure
54, and then is decreased in a series of deflation steps, or
stepwise deflation. As will be known to one of skill in the art,
several methods are known for calculating target inflation
pressure 54. For example, the target inflation pressure 54
may be calculated based on previous cufl’ pressure profiles
51 and/or blood pressure measurements taken for the
patient. Alternatively or additionally, the target inflation
pressure 54 may be based on patient demographic data and
our other information related to the health of the patient. The
patient’s blood pressure is calculated based on the cuff
pressure oscillations 55 measured during the stepwise defla-
tion.

[0027] The method depicted in FIG. 4C may be used in
conjunction with either of the inflation measurement meth-
ods depicted in FI1G. 4A or 4B. In such an embodiment, the
target inflation pressure 54 may be the maximum acquired
pressure 53 as described above. FIG. 5 demonstrates an
exemplary embodiment of a method of measuring blood
pressure of the patient including measurement during the
inflation and deflation periods of the cuff pressure profile 51.
As will be known to one of skill in the art, cuff pressure
oscillation amplitudes 56 may be determined from the cuff
pressure oscillations 55 recorded during the inflation and/or
deflation of the blood pressure cuff 3. The processor 41
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within the blood pressure determination unit 4 can then
calculate the systolic pressure 58 and the diastolic pressure
60. Specifically, as the measurement cycles progress, the
pressure oscillation amplitudes 56, or peak amplitudes of the
oscillation pulses, generally become larger to a maximum
and then become smaller as the cuff pressure continues
toward the target inflation pressure 54 or deflation, which-
ever is applicable. Specifically, on inflation the pressure
oscillation amplitudes 56 initially increase to a maximum as
the arterial flow is slightly occluded, and then decrease to
zero as the arterial space becomes completely occluded.
Likewise, during deflation, the pressure the pressure oscil-
lation amplitudes 56 seen in the cuff' 3 will increase to a
maximum as the arterial space partially re-opens, and then
decrease as the cuff 3 is deflated.

[0028] The general pattern of pressure oscillation ampli-
tude during inflation and deflation is illustrated by line 66 in
FIG. 5. In FIG. 5, the cuff pressure profile 51 increases over
a relatively long period, such as may be performed by a
pump 43 in a wireless NIBP monitor, and then decreased in
a stepwise manner. The pressure oscillation amplitudes 56
and the corresponding cuff pressure values from the cuff
pressure profile 51 are used by the processor 41 to calculate
the an initial blood pressure for the patient during inflation
of the cuff 3, including the systolic pressure 58 and/or
diastolic pressure 60. If the initial pressure measurement
meets the required accuracy conditions, then the processor
41 can output the initial pressure measurement as the blood
pressure measurement for the patient and can immediately
deflate the cuff’ 3, as is depicted in the cuff pressure profile
51 of FIG. 4a. Thereby, the duration for which the cuff 3 was
inflated is minimized. However, if the accuracy condition is
not met, then that initial pressure may be used to strategi-
cally deflate the cuff' 3 and obtain a final pressure measure-
ment more quickly during deflation.

[0029] The processing unit 41 determines whether the
initial blood pressure measurement meets one or more
accuracy conditions. For example, the accuracy condition
may require that the initial blood pressure measurement be
within a predetermined range of a previous blood pressure
measurement for the patient. The previous blood pressure
measurement may be a stored value that represents a “nor-
mal” for the patient. Alternatively or additionally, the pre-
vious blood pressure measurement may be a previous value
measured by the blood pressure determination unit 4 at an
earlier time. In still other embodiments, the previous blood
pressure measurement may be an average or mean of blood
pressure values previously obtained from the patient.

[0030] Alternatively or additionally, the processor 41 may
receive medical condition information for the patient, and
may rely on such information to determine whether the
initial blood pressure measurement is accurate and reliable.
For example, the processor may base the accuracy assess-
ment on information received from the wireless ECG moni-
tor 10 about the patient’s heart rate or heart beat. For
example, if the wireless ECG monitor 10 indicates that the
patient is experiencing cardiac arrhythmia, the processor 41
may determine that the initial blood pressure measurement
does not meet the accuracy condition. In another example, if
the patient heart beat is naturally very slow (which might be
the case, for example, on professional cyclists), the device
may not be able to collect enough samples within the
inflation period 51, and thus the predetermined accuracy
condition is not met. For example, the slow heart rate may
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be detected by the ECG monitor 10 or from a pulse oximeter.
In that instance, the device may only try to detect the right
target inflation pressure 54 and estimate where to stop
pumping. Thereafter, the operation mode shown in FIG. 4C
may be used to determine an accurate blood pressure of the
patient. In still other embodiments, the accuracy condition
may include assessment of noise or artifact, such as due to
movement of the patient or physical interference with the
cuff. If the patient is moving a lot, for example a baby, the
data obtained during the inflation period is not likely to be
consistent and a targeted step down process may be needed
to verify the blood pressure measurement. An exemplary
instance of this scenario is shown at FIG. 5 and described
below.

[0031] In situations where the initial blood pressure mea-
surement taken during inflation does not meet an accuracy
condition, the final blood pressure may be taken during
deflation of the blood pressure cuff, as is exemplified in FIG.
4c and also in FIG. 5. In that instance, the processor 41 of
the blood pressure determination unit 4 may utilize any
information it gains from measurements during inflation of
the cuff 3 to minimize the cuff inflation and patient discom-
fort, and to inform and adjust the measurement process of
the final blood pressure taken during the deflation stage.
First, the wireless NIBP monitor 2 may use the cuff pressure
oscillation measurements 55 during inflation period 51 to
determine the maximum required pressure 53. As such, the
cuff 3 will not be inflated beyond the maximum required
pressure 53. Further, the processor 41 may utilize the cuff
pressure oscillation 55 and/or the pressure oscillation ampli-
tude 56 to provide information about the patient’s blood
pressure, such as an estimate of the patient’s current systolic
pressure 58 and/or diastolic pressure 60, and to strategically
deflate the cuff' 3 to minimize the number of deflation steps
necessary to obtain a final blood pressure during deflation of
the cuff 3. For example, the initial pressure measurement
may be utilized as a systolic pressure estimate 58 and/or a
diastolic pressure estimate 60. Those initial values may be
used to deflate the blood pressure cuff 3 to the point where
the relevant pressure oscillation amplitudes 56 can be mea-
sured to calculate a final systolic pressure and diastolic
pressure. Thereby, the final blood pressure measurement can
be made quickly using fewer, targeted deflation steps that are
the most likely to yield results quickly. However, in other
embodiments, the cuff 3 may be deflated in a more conven-
tional manner, such as is depicted in FIG. 4C, using multiple
smaller steps. Although various values for each pressure step
can be utilized, in an exemplary instance, each pressure step
may be decreased by about 8 mmHG per step.

[0032] In the example of FIG. 5, the cuff 3 is deflated in
three steps based on the initial blood pressure measurement,
including the initial systolic pressure estimate 58 and initial
diastolic pressure estimate 60 measured or estimated during
inflation of the cuff. Specifically, the first deflation step 61
deflates the cuff 3 to a pressure where a final systolic
pressure is likely to be measurable based on the initial blood
pressure measurements made during the inflation phase.
Likewise, the second step 62 deflates the cuff 3 to a pressure
where a final diastolic pressure is likely to be measurable
based on the initial measurements performed during the
inflation phase. Finally, in a third step 63, the pressure in the
cuff is completely released.

[0033] Inasituation where one or more measured pressure
values do not meet an accuracy condition due to noise or
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artifacts, for example the patient moves, the single point or
points that do not meet the predetermined accuracy condi-
tion might be verified by visiting those spots during the step
down. For example, if there is one spot in pressure curve that
doesn’t seem to make sense, the system may visit that spot
to see if that data was only noise. If consistent data is
obtained at that point, then the blood pressure may be
successfully estimated with only one step down. FIG. §
provides one example of where an initial blood pressure
measurement does not meet a predetermined accuracy con-
dition due to artifact 66 in the pressure oscillation amplitude
measurements 56. Specifically, artifact 66 interferes with the
initial blood pressure measurement such that the pressure
data 68 on the estimated pressure curve 67 near the initial
diastolic pressure estimate 60 does not meet the predeter-
mined accuracy condition. Additionally, due to the level of
artifact 66 present in the pressure oscillation amplitude
measurements 56, the system may determine that the initial
systolic pressure estimate 58 also does not meet the prede-
termined accuracy condition. Thus, the cuff is deflated in
three steps 61-63 as described above to verify the estimated
values and obtain final systolic and diastolic pressure mea-
surements.

[0034] Following the determination of the final blood
pressure value during deflation of the cuff 3, the processor
may perform a different measurement technique to see if it
can get an accurate initial blood pressure measurement
during the next inflation of the cuff 3. Specifically, the
processor 41 may utilize a stepwise inflation method, such
as that depicted in FIG. 4b. Thus, the cuff 3 may be inflated
in a stepwise manner, pausing at predetermined increments
to get clearer measurements of the cuff pressure oscillation
55 and the pressure oscillation amplitudes 56. If this second
initial blood pressure measurement measured during the
second inflation step meets the required accuracy conditions,
then the cuff may be immediately deflated. The blood
pressure determination unit 4 may then use the stepwise
inflation method going forward to measure the blood pres-
sure of the patient. Accordingly, this second method
depicted in FIG. 4B of measuring blood pressure during the
stepwise inflation still minimizes the amount of time that the
cuff 3 has to be inflated in order to obtain the blood pressure
measurement. While not as quick as the first measurement
method measuring the pressure during continuous inflation
of the cuff (FIG. 4A), the second method still minimizes
inflation time and inflation pressure by completing the blood
pressure measurement on the inflation phase and allowing
for immediate deflation of the cuff 3.

[0035] However, if the second initial blood pressure mea-
surement does not meet the required accuracy conditions,
the blood pressure determination unit 4 will measure a
second final blood pressure during a stepwise deflation of
the cuff; as is described above and depicted in FIG. 4¢ and/or
FIG. 5. Going forward then, the blood pressure determina-
tion unit 4 may revert back to continuous inflation of the cuff
3, and then taking a final blood pressure measurement during
deflation. Thereby, the blood pressure determination unit 4
executes the fastest method that achieves an accurate blood
pressure measurement. The blood pressure determination
unit 4 may continue to measure the cuff pressure oscillations
55 during inflation, such as is depicted and discussed with
respect to FIG. 5. In other embodiments, the blood pressure
determination unit 4 may only measure the blood pressure
during deflation of the cuff 3, such as is depicted in FIG. 4¢.
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[0036] A method 110 of measuring blood pressure
includes receiving ECG data at step 114. At step 116, the
ECG data is analyzed to determine whether an arrhythmia is
detected. Such an arrhythmia detection may be performed,
for example, by an ECG monitor 10 or a central monitor 30
and may be transmitted to the wireless NIBP monitor 2.
Alternatively, the processor 41 of the wireless NIBP monitor
2 may receive cardiac data and may assess the data to
determine whether an arrhythmia is present. If an arrhythmia
is present, the wireless blood pressure determination unit 4
inflates the cuff at step 117 in a continuous manner and
estimates blood pressure during the inflation step. At step
119, the cuff is deflated in a stepwise manner and a final
blood pressure is measured. The deflation steps may be
performed based on the initial blood pressure estimate
measured at step 117, such as is depicted and described with
respect to FIG. 5. In an alternative embodiment, the cuff
could be inflated without performing any estimation or
initial measurement, and the final blood pressure could be
measured in a standard stepwise deflation as is exemplified
by FIG. 4C. A final blood pressure is then output at step 121.
Going forward, the blood pressure determination unit 4 may
continue measuring the patient’s blood pressure according to
the method steps 117, 119, 121.

[0037] Ifanarrhythmiais not detected at step 116, then the
blood pressure determination unit 4 continues to step 118
where it inflates the cuff continuously and takes an initial
blood pressure during that continuous inflation. At step 120,
the blood pressure determination unit 4 assesses whether the
initial blood pressure measurement meets an accuracy con-
dition. If the accuracy condition is met, then the initial blood
pressure is reliable and usable and the blood pressure
determination unit 4 does not need to continue the measure-
ment process. Thus, the cuff is immediately deflated at step
123 where the pressure is released from the cuff. The initial
blood pressure is outputted at step 125 as the blood pressure
measurement for the patient. On the next measurement
cycle, the blood pressure determination unit 4 will return to
step 118 where it will take the initial blood pressure mea-
surement during continuous inflation of the cuff.

[0038] If, at any point, the accuracy condition is not met
at step 120, then the blood pressure determination unit 4
continues to step 122 where it deflates the cuff in steps and
measures a final blood pressure. The final blood pressure is
outputted at step 124 as the blood pressure for the patient.
Then, on the next measurement cycle, the blood pressure
determination unit 4 inflates the cuff in steps and attempts to
take a second initial blood pressure measurement. At step
128, the blood pressure determination unit 4 assesses
whether the second initial blood pressure meets the accuracy
condition. If so, the measurement process is over and the
pressure in the cuff is immediately released at step 129. The
second initial blood pressure is then outputted as the
patient’s blood pressure measurement at step 131. The blood
pressure determination unit 4 may then return to step 126 to
make the next blood pressure measurement for the patient
according to the steps of 126, 128, 129, and 131.

[0039] If, on the other hand, the second initial blood
pressure measurement does not meet the accuracy condition
at step 128, then the blood pressure determination unit 4 may
continue to step 119, where a final blood pressure measure-
ment is made. The blood pressure determination unit 4 may
then determine that initial blood pressure measurements
made during the inflation phase are not sufficiently accurate
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and thus a final blood pressure measurement is required
according to the steps 117, 119, and 121.

[0040] This written description uses examples to disclose
the invention, including the best mode, and also to enable
any person skilled in the art to make and use the invention.
The patentable scope of the invention is defined by the
claims, and may include other examples that occur to those
skilled in the art. Such other examples are intended to be
within the scope of the claims if they have structural
elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with
insubstantial differences from the literal languages of the
claims.

We claim:

1. A noninvasive blood pressure monitor comprising:

a blood pressure cuff;, and

a wireless blood pressure determination unit;

wherein the wireless blood pressure determination unit

automatically determines a fastest method for measur-
ing blood pressure of a patient based on an initial blood
pressure measurement made while inflating the cuff.

2. The non-invasive blood pressure monitor of claim 1,
wherein the wireless blood pressure determination unit takes
a final blood pressure measurement during deflation of the
cuff if the initial blood pressure measurement does not meet
an accuracy condition.

3. The noninvasive blood pressure monitor of claim 2,
wherein the accuracy condition includes a comparison
between the initial blood pressure measurement and a pre-
vious blood pressure measurement.

4. The non-invasive blood pressure monitor of claim 1,
wherein the wireless blood pressure determination unit
automatically determines the fastest method for measuring
blood pressure based further on medical condition informa-
tion of the patient.

5. The noninvasive blood pressure monitor of claim 4,
wherein the wireless blood pressure determination unit
receives the medical condition information from one of an
electrocardiograph or a pulse oximeter.

6. The noninvasive blood pressure monitor of claim 5,
wherein the wireless blood pressure determination unit takes
a final blood pressure measurement during deflation of the
cuff if the medical condition information from the electro-
cardiograph indicates a cardiac arrhythmia.

7. The noninvasive blood pressure monitor of claim 2,
wherein the wireless blood pressure determination unit takes
the initial blood pressure measurement during continuous
inflation of the cuff.

8. The method of claim 7, wherein the wireless blood
pressure determination unit takes a second initial blood
pressure measurement during a stepwise inflation of the cuff
if the initial blood pressure measurement during the con-
tinuous inflation of the cuff does not meet the accuracy
condition.

9. The method of claim 8, wherein the wireless blood
pressure determination unit takes a second final blood pres-
sure measurement during deflation of the cuff if the second
initial blood pressure measurement does not meet the accu-
racy condition.

10. The method of claim 2, wherein the wireless blood
pressure determination unit takes the final blood pressure
measurement by deflating the cuff in steps based on the
initial blood pressure measurement.
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11. A method of measuring a blood pressure of a patient
in a wireless non-invasive blood pressure monitor, the
method comprising:

inflating a blood pressure cuff of a wireless blood pressure

monitor;

taking an initial blood pressure measurement during the

inflation of the cuff;

determining if the initial blood pressure measurement

meets an accuracy condition; and

taking a final blood pressure measurement during defla-

tion of the cuff if the initial blood pressure measure-
ment does not meet the accuracy condition, and imme-
diately deflating the cuff if the initial blood pressure
measurement meets the accuracy condition.

12. The method of claim 11, wherein determining if the
initial blood pressure measurement meets the accuracy con-
dition includes comparing the initial blood pressure mea-
surement with a previous blood pressure measurement.

13. The method of claim 11, wherein the accuracy con-
dition includes accounting for medical condition informa-
tion of the patient.

14. The method of claim 13, wherein the wireless blood
pressure monitor receives the medical condition information
from an electrocardiograph.
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15. The method of claim 14, wherein the initial blood
pressure measurement is determined not to meet the accu-
racy condition if the medical condition information indicates
a cardiac arrhythmia.

16. The method of claim 11, wherein the cuff is inflated
continuously and the initial blood pressure measurement is
taken during the continuous inflation of the cuff.

17. The method of claim 16, further comprising inflating
a blood pressure in steps:

taking a second initial blood pressure measurement during

one or more pauses in the inflation of the cuff;
determining if the second initial blood pressure measure-
ment meets the accuracy condition; and

taking a second final blood pressure measurement during

deflation of the cuff if the second initial blood pressure
measurement does not meet the accuracy condition.

18. The method of claim 11, wherein the cuff is inflated
in steps, and the initial blood pressure measurement is taken
during one or more pauses in the inflation.

19. The method of claim 11, wherein the cuff is deflated
in steps based on the initial blood pressure measurement.

20. The method of claim 19, wherein the cuff is deflated
in three steps based on the initial blood pressure measure-
ment.
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