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CONFIGURABLE VITAL SIGNS SYSTEM

Cross-Reference To Related Application

[001] This application claims the benefit of United States Provisional Application
No. 61/706,625, filed September 27, 2012, the entire disclosure of which is incorporated

herein by reference.

Technical Field

[002] This application is directed to systems and methods for monitoring a
patient, and in particular, to systems and methods for determining an estimate of a

hemodynamic parameter of the patient.

Background

[003] Traditional non-invasive blood pressure monitoring devices operate by
inflating a cuff to a pressure well above a patient’s systolic blood pressure. Because the
systolic pressure is usually not known prior to inflation, the cuff must be inflated to such
a high pressure to ensure that the patient’s arterial blood flow is completely occluded.
Once well above systole, the cuff is deflated and the systolic and diastolic pressures are
calculated based on signals provided during cuff deflation.

[004] Some systems and methods have been developed to determine blood
pressures during cuff inflation. These methods, however, are generally inaccurate
and/or slow. Consequently, such methods cannot provide a commercially useful
determination of systolic pressure that must meet certain regulatory standards.

[005] Other systems and method have been developed to automatically take a

sequence of systolic and diastolic blood pressure measurements, and to estimate blood
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pressure based on an average of the measured systolic and diastolic blood pressures.
For example, U.S. Patent No. 6,602,199 (“the ‘199 patent”) teaches a system
configured to take a predetermined number of consecutive systolic and diastolic blood
pressure measurements of a patient. The system of the '199 patent includes a blood
pressure cuff, a sensor, and a control module configured to determine an estimated
blood pressure of the patient based on the sequence of measurements.

[006] While the system of the '199 patent may provide a rough estimate of
patient blood pressure, such systems are typically characterized by several significant
drawbacks when used in patient monitoring environments. For example, such systems
typically take measurements over a span of several minutes before determining the
estimated blood pressure value. In hospitals, physicians’ offices, clinics, and other like
healthcare facilities, however, such a long lead time prior to determining the blood
pressure measurement may result in extended patient wait times and an overall
decrease in facility efficiency. In addition, such systems are generally not configured to
adapt to variations in patient blood pressure occurring throughout the sequence of
measurements. As a result, the blood pressure estimate provided by such systems
may be inaccurate.

[007] The various exemplary embodiments of the present disclosure are

directed toward overcoming one or more of the deficiencies of the prior art.

SUMMARY

[008] In a first exemplary embodiment of the present disclosure, a method of
determining a value indicative of a hemodynamic parameter of a patient includes

performing a plurality of value determinations. Performing the plurality of value



WO 2014/052108 PCT/US2013/060307

determinations includes determining a first value indicative of the hemodynamic
parameter, determining, with a controller, a difference between the first value and a
baseline associated with the first value, and replacing the baseline with the first value, in
a memory of the controller, if the difference is outside of a predetermined range. The
method also includes determining an estimate of the hemodynamic parameter based on
acceptable values determined during the plurality of value determinations.

[009] In another exemplary embodiment of the present disclosure, a method of
determining a value indicative of a blood pressure of a patient includes automatically
performing a plurality of value determinations, in a closed-loop manner, in response to
receiving at least one input associated with the plurality of values. Performing the
plurality of value determinations includes inflating a cuff disposed around a limb of the
patient until a vessel within the limb is at least partially occluded, determining a first
blood pressure value of the patient while the cuff is being inflated, and determining
whether a component of the first blood pressure is within a predetermined range of a
baseline blood pressure value. Performing the plurality of value determinations also
includes substantially deflating the cuff and reinflating the cuff until the vessel is at least
partially occluded, determining a second blood pressure value of the patient while the
cuff is being reinflated. Performing the plurality of value determinations further includes
determining, if the first blood pressure value is within the predetermined range of the
baseline, whether the second blood pressure value is within the predetermined range of
the baseline, or if the first blood pressure is outside of the predetermined range of the
baseline, whether the second blood pressure is within the predetermined range of the

first blood pressure value. The method also includes determining an estimate of the
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blood pressure of the patient, wherein the estimate is based on at least one of the first
and second blood pressure values.

[010] In a further exemplary embodiment of the present disclosure, a patient
monitoring system includes a sensor configured to determine a value indicative of a
hemodynamic parameter of the patient during transition of a vessel of the patient from
unoccluded to at least partially occluded, and a controller in communication with the
sensor. The controller includes a memory and is configured to assist in performing a
plurality of value determinations. In such an exemplary embodiment, performing the
plurality of value determinations includes determining a first value indicative of the
hemodynamic parameter, determining a difference between the first value and a
baseline associated with the first value, and replacing the baseline with the first value, in
the memory of the controller, if the difference is outside of a predetermined range. The
controller is further configured to determine an estimate of the hemodynamic parameter

based on acceptable values determined during the plurality of value determinations.

BRIEF DESCRIPTION OF THE DRAWINGS

[011] Figure 1 illustrates a patient monitoring system according to an exemplary
embodiment of the present disclosure.

[012] Figure 2 illustrates a user interface associated with the exemplary patient
monitoring system of Figure 1.

[013] Figure 3 illustrates another user interface associated with the exemplary
patient monitoring system of Figure 1.

[014] Figure 4 illustrates a further user interface associated with the exemplary

patient monitoring system of Figure 1.
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[015] Figure 5 illustrates yet another user interface associated with the
exemplary patient monitoring system of Figure 1.
[016] Figure 6 illustrates a flow chart according to an exemplary embodiment of

the present disclosure.

DETAILED DESCRIPTION

[017] Fig. 1 illustrates a patient monitoring system 100, according to an
exemplary embodiment of the present disclosure. System 100 can be configured to
monitor a patient, and in some embodiments, to determine a hemodynamic parameter
of the patient. As used herein, the term “hemodynamic parameter” can include an
indication of cardiac or vascular health, such as, for example, an indication of cardiac,
circulatory, or vascular functionality. Specifically, a hemodynamic parameter can
include a heart rate, a blood pressure, a vessel compliance, an aortic index, an
augmentation index, reflected wave ratio, or an indication of treatment. Blood pressure
can include systolic, diastolic, or mean atrial pressure. It is understood that such blood
pressures may be represented as a systolic blood pressure over a diastolic blood
pressure, and that a mean or average blood pressure may be represented as an
average systolic blood pressure over an average diastolic blood pressure. Moreover,
an indication of treatment can include a parameter reflecting the affect of a drug
treatment, or one or more treatments of a disease state.

[018] System 100 can include a cuff 12 configured to at least to partially occlude
the movement of blood through a vessel 10 of patient 14 such as an artery, vein, or the
like. In some embodiments, cuff 12 can be configured to completely occlude an artery

of patient 14. Although shown in Fig. 1 surrounding the arm 22 of patient 14, cuff 12



WO 2014/052108 PCT/US2013/060307

may be adapted for placement on any suitable part of patient 14, including, for example,
a wrist, a finger, an upper thigh, or an ankle. In addition, one or more cuffs 12 could be
placed at different locations about patient 14 for use with system 100.

[019] Cuff 12 can include an inflatable device, wherein the pressure or volume
within cuff 12 may be controlled by any known inflation device (not shown) operably
associated with cuff 12. Such inflation devices can include a pump or similar device
configured to controllably inflate and/or deflate cuff 12. For example, such inflation
devices could supply cuff 12 with a fluid to increase the pressure or volume of cuff 12.
In other embodiments, one or more inflation devices could include mechanical,
electrical, or chemical devices configured to control vessel occlusion of patient 14 via
cuff 12. In some embodiments, such inflation devices can generally maintain cuff 12 at
about a target pressure.

[020] System 100 can further include a sensor 18 configured to receive a signal
associated with patient 14. In some embodiments, sensor 18 can be configured to
receive a signal associated with an at least partially occluded vessel 10 of patient 14.
Such an input signal can arise from blood movement through a partially occluded vessel
10 or from a signal associated with an occluded blood vessel 10. Sensor 18 could
sample multiple times at various intervals. In yet other embodiments, sensor 18 could
provide an indication of blood vessel movement, such as, for example, oscillations
arising from vascular expansion or contraction. For example, sensor 18 could be
configured to detect a pressure or volume of cuff 12 that may vary periodically with the

cyclic expansion and contraction of an artery of patient 14. In particular, sensor 18
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could determine a blood pressure or other hemodynamic parameter associated with
patient 14 using an oscillometric method.

[021] In some embodiments, sensor 18 could detect a volume or a pressure
associated with cuff 12. For example, sensor 18 could include a pressure sensor and
may be located within or about cuff 12. System 100 could further operate with a
plurality of sensors 18, and may include a high-resolution sensor or pneumatic sensor
designed to operate in conjunction with cuff 12.

[022] Sensor 18 can further be configured to generate an output signal. The
output signal may be generated based on an input signal received from patient 14. In
one aspect, the output signal can include a representation of an input signal associated
with cuff 12 and/or patient 14.

[023] Cuff 12, the cuff inflation devices described above, and sensor 18 may be
operably associated with a controller 20. Specifically, controller 20 could include one or
more processors configured to control one or more operations of cuff 12, cuff inflation
devices, or sensor 18. For example, controller 20 can control inflation of cuff 12 via
control of the inflation devices described above.

[024] In some embodiments, controller 20 can calculate a target pressure. This
calculation may be based on an output signal from sensor 18, as described above.
Controller 20 may also control inflation of cuff 12, inflation of cuff 12 to the target
pressure, or generally maintaining inflation of cuff 12 at about the target pressure.

[025] In some embodiments, a hemodynamic parameter can be determined
based on a suprasystolic measurement. In other embodiments, a hemodynamic

parameter can be determined based on a first set of data obtained during inflation of
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cuff 12 and a second set of data obtained during general maintenance of cuff 12 at
about the target pressure mentioned above. The first or second sets of data can
include various data associated with a signal waveform associated with patient 14
and/or cuff 12, and may include amplitude, frequency, morphology, feature, or
mathematically derived data. Data can be derived from a derivative, integration, or
frequency analysis, such as, for example, a fast-Fourier transform. Data may also be
derived from various algorithms, including curve fitting, neural network, filtering,
smoothing, or data processing.

[026] Although not shown in Fig. 1, in additional exemplary embodiments,
system 100 can optionally include a signal analysis module and/or an accelerometer.
These components may operate with one or more of the components of system 100 as
described above. For example, the signal analysis module may be configured to
analyze one or more signals using one or more processors. Such analysis may be
based on the output signal of sensor 18. For example, the signal analysis module can
include one or more filters configured to filter a signal associated with sensor 18 or
controller 20. Such filters can include band-pass, high-pass, or low-pass filters.

[027] In exemplary embodiments, the accelerometer described above may be
configured to detect movement of limb 22 and/or of patient 14. The accelerometer can
be configured to detect movement in one, two, or three dimensions. A signal arising
from the accelerometer could be used to provide additional information to another
component of system 100. For example, if movement of patient 14 is sufficient to
interfere with sensor 18, a signal from the accelerometer may be transmitted to

controller 20 to halt one or more measurements. In addition, a signal from the
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accelerometer may be transmitted to the signal analysis module described above to
cancel or reset a calculation. Data obtained from sensor 18 could be combined with
data from the accelerometer to determine if an irregular signal may be caused by a
motion artifact. Various data from the accelerometer may be processed to provide
additional data to determine one or more hemodynamic parameters.

[028] System 100 can further include a user interface 16 configured to provide
communication to patient 14 or one or more operators. For example, user interface 16
could include a display configured to display one or more hemodynamic parameters.
As will be described in greater detail below, Figs. 2-5 illustrate exemplary displays
associated with user interface 16. In other embodiments, user interface 16 could
include a transmitter configured to transmit data to a remote location. User interface 16
may further include audio output to communicate with patient 14 and/or an operator of
system 100.

[029] In addition to the components outlined above, system 100 may include
various other components as required, such as, for example, a memory, a power
source, and a user input. One or more components described herein may be combined
or may be separate and operate with wireless or wired communication links. Moreover,
the various components of system 100 could be integrated into a single processing unit
or may operate as separate processors. In operation, one or more processors can be
configured to operate in conjunction with one or more software programs to provide the
functionality of system 100. For example, one or more of the components described

above with respect to system 100 may include one or more hardware components
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and/or one or more software components configured to control operation of such
components and/or of system 100.

[030] Fig. 6 illustrates a flow chart 200 according to an exemplary embodiment
of the present disclosure. Each step described below with respect to Fig. 6 can be
understood as corresponding to one or more computational instructions. These
computational instructions can operate based on hardware and/or software components
of system 100, and may operate on one or more processors of controller 20.

[031] In an exemplary embodiment, the method illustrated by flow chart 200
may include one of more steps required to position, activate and/or calibrate the various
components of system 100. For example, system 100 may be turned on, a calibration
protocol may be started, cuff 12 may be placed around patient’s limb 22, an operator
may enter information to identify a particular patient 14, or information could be
extracted from a database. Further, various components of system 100 may be
calibrated or tested to ensure proper functioning. These operations could include a
check of cuff integrity, if sufficient power is available, a calibration of one or more
sensors 18, or confirmation of proper processor functioning. Also, other information
may be entered into system 100, such as a patient identification, weight, gender, height,
or other suitable data.

[032] At Step: 210, the user may create one or more programs associated with
a sequence of value determinations and may set one or more program parameters
associated with the sequence. In particular, at Step: 210, the system 100 may provide
the user with the option of creating and saving one or more such programs for future

use, and such exemplary programs are illustrated by the display of the exemplary user

10
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interface 16 shown in Fig. 3. In exemplary embodiments, a user may create and/or
save programs tailored to the specialized needs of different patients or groups of
patients. As shown in Fig. 3, such groups of patients may include, but are not limited to,
for example, patients known to have a blood pressure or other hemodynamic parameter
approximating an average blood pressure for a majority of the user's patients, patients
known to have high blood pressure, and/or patients known to have low blood pressure.
As shown in Fig. 3, such groups of patients may be characterized and/or otherwise
further distinguished based on one or more physical characteristics (e.g., height, weight,
gender, sex, age, etc.) of the patient, and the programs created by the user at Step 210
may be tailored to such characteristics if desired.

[033] Fig. 2 illustrates a display of an exemplary user interface 16 corresponding
to Step: 210. As shown in Fig. 2, setting one or more program parameters associated
with a sequence of value determinations may include user selection of a plurality of
measurement parameters. For example, at Step: 210, the user may provide one or
more inputs to controller 20 via user interface 16. Such inputs may include and/or may
otherwise be indicative of, for example, one or more of a delay or wait time associated
with initiating the sequence of value determinations, a time interval between initiation of
each consecutive value determination made during the sequence, a baseline value
associated with the sequence of value determinations, and a selection of the value to be
determined during the sequence of value determinations. In such embodiments, an
exemplary baseline value may include, for example, an initial systolic blood pressure
value, an initial diastolic blood pressure value, an initial average blood pressure value

represented as an average systolic blood pressure value over an average diastolic

11
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blood pressure value, an initial heart rate, an initial SpO. value, and/or any other like
value with which one or more values determined during the sequence of value
determinations may be compared. In further exemplary embodiments, the baseline
value may not be selected by the user as an input. Instead, an initial value determined
at Step: 216 (discussed in greater detail below) may be utilized as the baseline, and one
or more additional values determined during the sequence of value determinations may
be compared against such an initial determined value. In such exemplary
embodiments, the selected baseline described above may not be output by the
exemplary display associated with the user interface 16 illustrated in Fig. 2.

Additionally, it is understood that the value to be determined may include systolic blood
pressure, diastolic blood pressure, systolic blood pressure over diastolic blood pressure,
heart rate, SpO,, temperature, and/or any other like value indicative of a hemodynamic
parameter of the patient. Such values may be selected via user interface 16 during
Step: 210 in any number of ways including, for example, selecting from a drop-down
menu or directly typing the value selection.

[034] As shown by Fig. 2, inputs provided by the user at Step: 210 may also
include and/or may otherwise be indicative of, for example, one or more of a range
associated with the value and/or values selected by the user, and a number of value
determinations to be performed during the sequence. In such embodiments, the
selected range associated with the value may be, for example, a set of one or more
boundary conditions, and as will be discussed in greater detail below, such a range may
be used in characterizing and/or otherwise identifying individual values determined

during the value determination sequence as being either "acceptable" or

12
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"unacceptable." As shown in Fig. 2, in exemplary embodiments in which the value
selected by the user comprises a systolic blood pressure of the patient over a diastolic
blood pressure of the patient, and the selected baseline value comprises a systolic
blood pressure of 120 mmHg, the selected range may comprise a value (i.e., plus or
minus) associated with the baseline, the selected value, and/or a component thereof.
For example, in the embodiment shown in Fig. 2, a measured systolic blood pressure
value that is within a selected range of 10 mmHg (plus or minus) of the baseline of 120
mmHg may be identified as being "acceptable” for blood pressure estimate
determinations. To the contrary, in such embodiments, a measured systolic blood
pressure value that is outside of the selected range of 10 mmHg (plus or minus) of the
baseline of 120 mmHg may be identified as "unacceptable” for blood pressure estimate
determinations. In such exemplary embodiments, a difference between the measured
value and the baseline may be compared to the selected range, and if such a difference
is within the selected range, the measured value may be identified as "acceptable” for
blood pressure estimate determinations. Likewise, if such a difference is outside of the
selected range, the measured value may be identified as "unacceptable."

[035] With continued reference to Fig. 2, inputs provided by the user at Step:
210 may also include and/or may otherwise be indicative of, for example, one or more
of an instruction whether or not to omit a value determined during one or more of the
value determinations of the sequence. In exemplary embodiments in which the user
provides an input comprising an instruction to omit such a value, the user may also
select which of the value determinations should be omitted during determination of, for

example, an average blood pressure and/or other hemodynamic parameter of the

13
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patient. As shown in Fig. 2, in exemplary embodiments, a display of user interface 16
may provide a numbered list corresponding to the number of value determinations
selected by the user, and the user may select, via user interface 16, one or more of the
value determinations for omission. In exemplary embodiments, the user may make
such a selection and/or otherwise provide such an input prior to performance of the
sequence of value determinations, during performance of the sequence of value
determinations, or after performance of the sequence. As is also illustrated in Fig. 2, in
exemplary embodiments, a display of user interface 16 may also output the name
and/or other information associated with the program being set at Step: 210, and in
further exemplary embodiments, user interface 16 may provide the user with the option
of saving the information, parameters, selections, and/or other inputs provided at Step:
210.

[036] In still further exemplary embodiments, inputs provided by the user at
Step: 210 may also include and/or may otherwise be indicative of, for example, one or
more of an acceptable value trending range, an acceptable envelope and/or curve
profile, an acceptable signal quality range, and/or any other acceptability criterion
related to the determination of blood pressure, heart rate, SpO,, temperature, and/or
other hemodynamic parameters. For example, at Step: 210, the user may provide an
input indicative of an acceptable rate of change associated with the value being
determined. In such embodiments, exemplary methods of the present disclosure may
include a comparison of an actual rate of change of the determined value with a
minimum and/or maximum rate of change input by the user. Such a comparison may

be utilized by controller 20 to determine whether the values determined during the
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sequence of value determinations are trending up at an acceptable/unacceptable rate,
trending down at an acceptable/unacceptable rate, or staying relatively constant. In
some situations, it may be preferable to determine such values while such values
remain at substantially steady state.

[037] In exemplary embodiments in which the user provides, at Step: 210, an
input indicative of an acceptable envelope and/or profile, such inputs may be associated
with typical blood pressure, heart rate, SpO.,, temperature, and/or other hemodynamic
parameter envelopes known in the art. For example, the user may provide an input
indicative of an acceptable blood pressure envelope, and such an acceptable envelope
may be associated with a desired profile and/or area under the curve related to a plot of
blood pressure versus time. Such a plot may be output by an exemplary display of user
interface 16 during performance of the exemplary methods described herein. In
exemplary embodiments, an actual blood pressure envelope associated with patient 14
may be compared to a desired blood pressure envelope input by the user. For
example, such a desired blood pressure envelope may be indicative of historical data,
known acceptable blood pressure data, and/or average patient blood pressure data.
Controller 20 may determine a difference between the desired blood pressure envelope
and the actual envelope, and such a difference may be used to determine, for example,
the acceptability of the determined values described above. For example, a relatively
large difference between the actual and desired blood pressure envelopes may be
indicative of one or more unacceptable values.

[038] Additionally, in exemplary embodiments in which the user provides, at

Step: 210, an input indicative of an acceptable signal quality, such inputs may be
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associated with the strength, quality, and/or integrity of signals received by the one or
more sensors 18 while determining blood pressure, heart rate, SpO,, temperature,
and/or other values described herein. The quality of such signals may vary based on,
among other things, patient movement, sensor positioning, and/or other factors known
in the art. In such embodiments, the user may provide an input indicative of an
acceptable range of signal quality, and the input may be used by controller 20 to
determine which, if any, signals should be utilized to determine the estimate of the
hemodynamic parameter. For example, patient movement during the determination of
blood pressure and/or other values may create related movement artifacts and/or other
noise in the sensor signal transmitted to controller 20. In other examples, wax build-ups
or other blockages may create related temperature determination artifacts and/or other
noise in temperature sensor signals transmitted to controller 20. If levels of such noise
exceeds a predetermined noise threshold, the corresponding values may be
automatically omitted from the determination of the hemodynamic parameter estimate.
[039] Moreover, it is understood that the above description of the various user
inputs received at Step: 210 is merely exemplary. At least one of the inputs described
herein may, instead, comprise an output of system 100. For example, controller 20 may
output indicia indicative of, for example, one or more of an acceptable value trending
range, an acceptable envelope and/or curve profile, an acceptable signal quality range,
and/or any other acceptability criterion related to the hemodynamic parameters
described herein. Such indicia may be automatically determined by controller 20 using

one or more indicia algorithms. Such indicia may be output via user interface 16 and/or

16



WO 2014/052108 PCT/US2013/060307

may otherwise be used by controller 20 to filter and/or process the values determined
during the sequence of value determinations.

[040] At Step: 212, the user may select a desired program from a list of
programs stored in a memory of controller 20. As described above, a list of several
such exemplary programs is illustrated by the display of the exemplary user interface 16
shown in Fig. 3. Itis understood that such a selection may be made at Step: 212 via
user interface 16 in any known manner, and if only a single program is stored in
memory of controller 20, the list of exemplary programs may only include the single
stored program. As described above, selection of such a program at Step: 212 may be
made by the user based on one or more physical characteristics (e.g., height, weight,
gender, sex, age, etc.) particular to the patient being monitored.

[041] Once the parameters have been set and the desired program has been
selected, the user may provide an input requesting initiation of the value determination
sequence via, for example, a "start" button or other like component of user interface 16.
Such an exemplary component is illustrated in Fig. 3. At Step: 214, controller 20 may
initiate a sequence comprising a plurality of value determinations in response to the
user's request. Initiation of the sequence of value determinations at Step: 214 may
include, for example, commencing inflation of cuff 12 previously positioned around limb
22 of patient 14. In order to commence inflation, controller 20 may, for example,
operate one or more of the inflation, deflation, and/or control components discussed
above so as to at least partially occlude vessel 10. It is understood that initiation at
Step: 214 may also include, for example, configuring, calibrating, and/or activating one

or more sensors 18.
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[042] Control may then proceed to Step: 216 where controller 20, one or more
sensors 18, and/or other components of system 100 may measure, calculate, sense,
estimate, and/or otherwise determine a value indicative of a hemodynamic parameter of
patient 14. For example, sensor 18 may determine a systolic blood pressure, a diastolic
blood pressure, a SpO, value, and/or any of the other values described herein. In
further exemplary embodiments in which system 100 includes more than one sensor 18
in communication with controller 20, Step: 216 may include determining a first value
indicative of a first hemodynamic parameter of patient 14 using a first sensor 18, and
determining a second value indicative of a second hemodynamic parameter of patient
14 using a second sensor 18 different than the first sensor 18. For example, at Step:
216, a first sensor may determine first systolic and diastolic blood pressures of patient
14, and a second sensor may determine a SpO. value of patient 14. In such
embodiments, it is understood that such values may be determined by the different first
and second sensors 18 each time control returns to Step: 216 during the sequence of
value determinations.

[043] In exemplary embodiments, value determinations may be made at Step:
216 during inflation of cuff 12 and/or prior to cuff 12 being substantially completely
inflated. For example, such value determinations may be made while vessel 10 is only
partially occluded, and in such exemplary embodiments, one or more of the value
determinations may be made during transition of vessel 10 of patient 14 from
unoccluded to at least partially occluded. In such exemplary embodiments, such value
determinations may be made in a relatively short period of time, thereby minimizing the

overall time required for controller 20 to perform the value determination sequence.
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Depending on the number of value determinations selected by the user, in exemplary
embodiments, the time required for controller 20 to perform the value determination
sequence may be less than or equal to approximately two minutes, and in further
exemplary embodiments, the time required may be less than or equal to approximately
one minute. As described above, in exemplary embodiments in which the baseline has
not been provided by the user at Step: 210, the first value determined at Step: 216 may
be utilized by controller 20 as an initial baseline value.

[044] In one embodiment, at Step: 216, controller 20 may use an algorithm
stored in memory in order to determine a value indicative of a hemodynamic parameter
using oscillometric pulse data obtained during inflation of cuff 12 and/or during the
transition of vessel 10 from substantially unoccluded to at least partially occluded. The
data may be analyzed in real time until such a point that an algorithm deems the data
sufficient for a reading determination. Such data can relate to the maturity of a pulse
envelope or the amount of envelope found during inflation. The collected pulse data
can be filtered and/or conditioned. In other embodiments, a model curve can be fit to
the data. In yet other embodiments, data can be submitted to a trained network of
mathematical routines. Such analysis can be used to determine a systolic pressure or a
diastolic pressure.

[045] For example, the SureBP algorithm could be used to determine a systolic
pressure. Such an algorithm is described in “Clinical evaluation of the Welch Allyn
SureBP algorithm for automated blood pressure measurement,” by Bruce Alpert, which
is hereby incorporated by reference in its entirety. Such an algorithm can provide an

accurate measure of systolic pressure during inflation, whereby the mean error is less
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than about 1 mmHg and the standard deviation of the mean error is less than about £7
mmHg. In other embodiments, such an algorithm could provide a mean error of less
than about 5 mmHg and a standard deviation of less than about £5 mmHg. Such a
method of blood pressure determination may comprise a suprasystolic measurement in
a fast blood-pressure cycle. Such a suprasystolic blood-pressure determination may be
completed in less time than a typical blood pressure assessment alone, such as, for
example, about 25 seconds. The time is reduced in part because cuff re-inflation can
be avoided.

[046] As illustrated by the display of exemplary user interface 16 shown in Fig.
4, one or more of the values determined at Step: 216 may be displayed and/or
otherwise outputted by user interface 16 during and/or after Step: 216. In exemplary
embodiments, such values may be displayed in list and/or table form, and one or more
of the baseline value, predetermined range, and type/name of the selected value may
also be displayed.

[047] Once a value has been determined at Step: 216, control may proceed to
Step: 218 where controller 20 may determine whether the determined value, for
example, a first value, is within an acceptable range of a baseline, such as the baseline
value selected at Step: 210. For example, at Step: 218, controller 20 may determine a
difference between the value determined at Step: 216 and the baseline value selected
at Step: 210. If controller 20 determines that the difference is less than or equal to the
range selected at Step: 210 (Step: 218 - Yes), controller 20 may identify the value as

“acceptable” at Step: 220, and control may proceed to Step: 226.
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[048] If, on the other hand, controller 20 determines that the difference is greater
than the range selected at Step: 210 (Step: 218 - No), controller 20 may set the value
determined at Step: 216, for example, the first value, as the new baseline value for
future comparisons at Step: 218. In some exemplary embodiments, the baseline value
selected at Step: 210 may also be deleted and/or otherwise removed from a memory of
controller 20 at Step: 222. In this way, the baseline of the present disclosure may be
dynamic in nature. In other words, each time controller 20 determines that the presently
determined value is outside of a predetermined range of the current baseline, controller
20 may update (i.e., replace) the current baseline with the measured value. The
updated baseline will then be used in future determinations at Step: 216. The
replacement of consecutive baselines is illustrated in the exemplary display of user
interface 16 shown in Figs. 4 and 5. Controller 20 may then identify the value as
“unacceptable” at Step: 224, and control may proceed to Step: 226. Additionally, in
exemplary embodiments in which the baseline has not been selected by the user at
Step: 210, controller 20 may determine that the first value determined at Step: 216 is
within an acceptable range of the baseline at Step: 218 since in such embodiments the
initial baseline will be set equal to the first value.

[049] At Step: 226, controller 20 may determine whether a desired number of
value determinations have been performed. For example, controller 20 may compare
the number of desired value determinations selected at Step: 210 with a count value
that is automatically tabulated by a counter, timer, or other like component of controller
20. Such a count value may comprise, for example, a running tally of the value

determinations performed by system 100 in the present sequence of value
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determinations. If, at Step: 226, controller 20 determines that such a count value is less
than the number of desired value determinations selected at Step: 210 (Step: 226 - No),
control may proceed to Step: 216, in a closed-loop manner, whereby another (for
example, a second) value may be determined. If, on the other hand, controller 20
determines that such a count value is equal to the number of desired value
determinations selected at Step: 210 (Step: 226 - Yes), control may proceed to Step:
228 where controller 20 may determine whether any acceptable values have been
determined in the present value determination sequence.

[050] In exemplary embodiments, controller 20 may reference the identifications
made at Steps: 220 and 224 in making the determination at Step: 228. For example,
the identifications made at Steps: 220 and 224 may be stored in memory of controller
220 during the various value determinations described above. In such embodiments,
controller 20 may reference the identifications stored in memory to make the
determination at Step: 228. If none of the values determined by system 100 in the
present value determination sequence qualify as “acceptable” (Step: 228 - No), control
may proceed to Step: 230 where controller 20 may control user interface 16 to output
each of the unacceptable values. Such unacceptable values are illustrated in, for
example, FIGS. 4 and 5 as being crossed-out.

[051] In further exemplary embodiments, the values determined at Step: 216
may be output by user interface 16, in real time, after each value determination without
regard to whether the value is acceptable or unacceptable. Moreover, once a new
value has been set as the baseline at Step: 222, all previous values determined in the

current value determination sequence may be deemed “unacceptable” by controller 20
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at Step: 224. In such embodiments, controller 20 may control user interface 16 to
cross-out each of the unacceptable values at Step: 224 in response to such a
determination, and such crossed-out values may be output to a user by the display of
user interface 16 in real time.

[052] As shown in Fig. 5, if none of the values determined by system 100 in the
present value determination sequence qualify as acceptable (Step: 228 - No), no
estimate may be output by system 100. In further exemplary embodiments, if none of
the values determined by system 100 in the present value determination sequence
qualify as acceptable, controller 20 may output the last determined value as the
estimate of the hemodynamic parameter. In such an exemplary embodiment, and given
the exemplary determined blood pressure values 1-6 shown in Fig. 5, controller 20
would output an estimated blood pressure of 127/79 mmHg (i.e., determined value 6).

[053] If, on the other hand, at least one of the values determined by system 100
in the present value determination sequence qualifies as “acceptable” (Step: 228 - Yes),
control may proceed to Step: 232 where controller 20 may determine an estimate of the
hemodynamic parameter based on the acceptable values. In exemplary embodiments
in which the user identified at least one value determination for omission during Step:
210, the one or more values corresponding to the selected value determinations may
not be used by controller 20 in determining the estimate at Step: 232. Control may then
proceed from Step: 232 to Step: 234 where controller 20 may control user interface 16
to output the estimate. Such an estimate is illustrated by the display of exemplary user
interface 16 shown in Fig. 4. In exemplary embodiments in which the estimated

hemodynamic parameter comprises an average blood pressure of the patient, the
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estimate may be displayed as an average systolic blood pressure over an average
diastolic blood pressure as shown in Fig. 4.

[054] The exemplary systems and methods of the present disclosure overcome
various deficiencies of known prior art devices. For example, system 100 is configured
to estimate a desired hemodynamic parameter in less time than known systems,
thereby reducing the overall evaluation time required for each patient. Additionally,
since system 100 is configured to utilize a dynamic baseline while determining values
indicative of the desired hemodynamic parameter, system 100 may only utilize a subset
of stabilized determined values in determining the estimate of the hemodynamic
parameter. Due to this configuration, the estimate is typically more accurate than
estimates produced by other known systems.

[055] Other embodiments of the present disclosure will be apparent to those
skilled in the art from consideration of the specification and practice of the disclosure
contained herein. Itis intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the present disclosure being indicated by

the following claims.
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WHAT IS CLAIMED IS:

1. A method of determining a value indicative of a hemodynamic parameter
of a patient, comprising:

performing a plurality of value determinations, wherein performing the plurality of
value determinations includes

determining a first value indicative of the hemodynamic parameter,

determining, with a controller, a difference between the first value and a
baseline associated with the first value, and

replacing the baseline with the first value, in a memory of the controller, if
the difference is outside of a predetermined range; and

determining an estimate of the hemodynamic parameter based on acceptable
values determined during the plurality of value determinations.

2. The method of claim 1, wherein the first value comprises a systolic blood
pressure of the patient and a diastolic blood pressure of the patient, and wherein
determining the estimate comprises calculating an average systolic blood pressure of
the patient over an average diastolic blood pressure of the patient.

3. The method of claim 1, further including receiving an input indicative of the
predetermined range.

4. The method of claim 1, further including determining that fewer than a
desired number of value determinations have been performed, and automatically
determining a second value indicative of the hemodynamic parameter in response to
the determination that fewer than the desired number of value determinations have

been performed.
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5. The method of claim 1, further including determining that a desired
number of value determinations have been performed, and automatically determining
whether any acceptable values have been determined in response to the determination
that the desired number of value determinations have been performed.

6. The method of claim 5, wherein performing the plurality of value
determinations includes determining a plurality of values indicative of the hemodynamic
parameter, the method further including outputting at least one value of the plurality of
values in response to determining that no acceptable values have been determined.

7. The method of claim 5, wherein performing the plurality of value
determinations includes determining a plurality of values indicative of the hemodynamic
parameter, the method further including determining that acceptable values have been
determined, and determining the estimate based on only the acceptable values.

8. The method of claim 7, wherein the acceptable values determined during
the plurality of value determinations comprise a subset of values determined during the
plurality of value determinations and are identified as being acceptable based on a
comparison with the predetermined range.

9. The method of claim 1, further including receiving an input indicative of a
time interval between initiation of each value determination of the plurality of value
determinations.

10.  The method of clam 1, further including receiving an input indicative of a
desired number of value determinations to be performed, and performing the plurality of

value determinations based on the desired number.
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11.  The method of claim 1, further including receiving an input comprising a
value determination selection, wherein, in response to the selection, a value
corresponding to the selected value determination is omitted from the determination of
the estimate.

12.  The method of claim 11, wherein the input is received prior to performing
the plurality of value determinations.

13.  The method of claim 1, wherein the plurality of value determinations is
performed in less than approximately one minute.

14.  The method of claim 1, wherein determining the first value comprises
sensing a systolic blood pressure of the patient during transition of a vessel of the
patient from unoccluded to at least partially occluded.

15.  The method of claim 1, further including

receiving a first input indicative of a wait time,

receiving a second input comprising a value determination initiation
command, and

delaying determining the first value by the wait time.

16.  The method of claim 1, further including determining the first value with a
first sensor, and determining a second value indicative of an additional hemodynamic
parameter with a second sensor different than the first sensor.

17.  The method of claim 1, wherein the first value comprises a systolic blood
pressure of the patient.

18. A method of determining a value indicative of a blood pressure of a

patient, comprising:
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automatically performing a plurality of value determinations, in a closed-loop
manner, in response to receiving at least one input associated with the plurality of
values, wherein performing the plurality of value determinations includes
inflating a cuff disposed around a limb of the patient until a vessel within
the limb is at least partially occluded,
determining a first blood pressure value of the patient while the cuff is
being inflated,
determining whether a component of the first blood pressure is within a
predetermined range of a baseline blood pressure value,
substantially deflating the cuff and reinflating the cuff until the vessel is at
least partially occluded,
determining a second blood pressure value of the patient while the cuff is
being reinflated, and
determining, if the first blood pressure value is within the predetermined
range of the baseline, whether the second blood pressure value is within the
predetermined range of the baseline, or
if the first blood pressure is outside of the predetermined range of
the baseline, whether the second blood pressure is within the predetermined range of
the first blood pressure value; and
determining an estimate of the blood pressure of the patient, wherein the
estimate is based on at least one of the first and second blood pressure values.
19.  The method of claim 18, wherein determining the estimate comprises

calculating an average systolic blood pressure of the patient, and wherein the average
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is calculated using the first blood pressure value only if the first blood pressure value is
within the predetermined range of the baseline.

20.  The method of claim 18, further including replacing the baseline with the
first blood pressure value, in a memory of a controller, in response to determining that
the first blood pressure value is outside of the predetermined range of the baseline.

21.  The method of claim 18, further including determining an additional blood
pressure value prior to determining the first and second blood pressure values, and
omitting the additional blood pressure value from the determination of the estimate.

22. The method of claim 18, wherein the at least one input is indicative of the
predetermined range.

23.  The method of claim 18, wherein the at least one input comprises a first
input indicative of a time interval between initiation of each value determination of the
plurality of value determinations, and a second input indicative of a wait time, the
method further including delaying determining the first blood pressure value by the wait
time.

24.  The method of claim 18, wherein the at least one input comprises a value
determination selection, the method further including omitting a blood pressure value
corresponding to the selected value determination from the determination of the
estimate.

25.  The method of claim 18, wherein the at least one input is indicative of a
desired number of value determinations to be performed, the method further including
performing the plurality of value determinations based on the desired number.

26. A patient monitoring system, comprising:
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a sensor associated configured to determine a value indicative of a
hemodynamic parameter of the patient during transition of a vessel of the patient from
unoccluded to at least partially occluded; and

a controller in communication with the sensor, the controller including a memory
and being configured to assist in performing a plurality of value determinations, wherein
performing the plurality of value determinations includes

determining a first value indicative of the hemodynamic parameter,

determining a difference between the first value and a baseline associated
with the first value, and

replacing the baseline with the first value, in the memory of the controller,
if the difference is outside of a predetermined range,

wherein the controller is further configured to determine an estimate

of the hemodynamic parameter based on acceptable values determined during the
plurality of value determinations.

27.  The system of claim 26, further including a user interface in
communication with the controller and configured to receive an input from a user, the
input being associated with performing the plurality of value determinations.

28.  The system of claim 27, wherein the input comprises a first input indicative
of the baseline and a second input indicative of the range.

29. The system of claim 27, wherein the input comprises a first input indicative
of a time interval between initiation of each value determination of the plurality of value
determinations, and a second input indicative of a wait time, the controller being

configured to delay determining the first value by the wait time.
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30. The system of claim 27, wherein the input comprises a value
determination selection, the controller being configured to omit a value corresponding to
the selected value determination when determining the estimate.

31.  The system of claim 27, wherein the input is indicative of a desired
number of value determinations to be performed, the controller being configured to

perform the plurality of value determinations based on the desired number.
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