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SYSTEMS AND METHODS FOR
MONITORING A PATIENT

TECHNICAL FIELD

[0001] This application is directed to systems and methods
for monitoring a patient, and in particular, to systems and
methods for determining a hemodynamic parameter of a
patient.

BACKGROUND

[0002] Traditional non-invasive blood pressure monitoring
devices operate by inflating a blood pressure cuffto a pressure
abovea patient’s systolic blood pressure. Because the systolic
pressure is usually not know prior to inflation, the cuff must
be inflated to such a pressure to ensure that the patient’s
arterial blood flow is completely occluded. Once above sys-
tole, pressure data collected during inflation and/or deflation
of the cuff is used to determine systolic and diastolic pres-
sures of the patient.

[0003] Typically, automated non-invasive blood pressure
devices have a fixed calibration to determine the pressure a
cuffis applying to a limb of a patient, based on an input signal
from a pressure sensor. The size, type, and/or configuration of
the cuff being used, however, may introduce variation with
respect to the pressure measured by the sensor versus the
actual pressure a cuff is applying to a limb. Even though such
variations in cuff designs or configuration may have a rela-
tively small effect on the resulting blood pressure measure-
ment (typically between approximately 0 mmHg and
approximately 5 mmHg), such variations are large enough to
cause difficulties in satisfying applicable blood pressure cuff
regulations.

[0004] The systems and methods described herein are
directed toward overcoming the difficulties described above.

SUMMARY

[0005] In an exemplary embodiment of the present disclo-
sure, a system for monitoring a patient includes an inflatable
cuff configured to at least partially occlude an artery of the
patient, and a sensor configured to determine a first parameter
associated with the at least partially occluded artery and to
generate an output signal indicative ofthe first parameter. The
system also includes a processor configured to receive the
output signal and information indicative of an occlusion effi-
ciency of the cuff. The processor is configured to determine a
hemodynamic parameter of the patient based on the output
signal and the information.

[0006] In a further exemplary embodiment of the present
disclosure, a method of determining a hemodynamic param-
eter of a patient includes inflating a cuff to an occlusion
pressure, wherein inflating the cuff at least partially occludes
anartery of the patient. The method also includes determining
a parameter associated with the at least partially occluded
artery and receiving information indicative of an occlusion
efficiency of the cuff. The method further includes determin-
ing the hemodynamic parameter of the patient based on the
parameter and the information.

[0007] In another exemplary embodiment of the present
disclosure, a method of determining a hemodynamic param-
eter of a patient includes determining at least one of a systolic
pressure, a diastolic pressure, and a mean arterial pressure
associated with an artery at least partially occluded by a cuff.
The method also includes determining an occlusion effi-
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ciency of the cuff based on at least one of a size, type, and
mode] of the cuft. The method further includes determining a
hemodynamic parameter of the patient based on the at least
one of the systolic pressure, the diastolic pressure, and the
mean arterial pressure, and the occlusion efficiency of the
cuff.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates a system according to an exem-
plary embodiment of the present disclosure.

[0009] FIG. 2 shows a flow chart illustrating an exemplary
method of the present disclosure.

DETAILED DESCRIPTION

[0010] FIG. 1illustrates a monitoring system 10 according
to an exemplary embodiment of the present disclosure. Sys-
tem 10 can be configured to monitor a patient 14, and in some
embodiments, to determine a hemodynamic parameter of the
patient 14. System 10 can include a cuff 12 configured to at
least to partially occlude the movement of blood through a
vessel, vein, and/or artery 22 of the patient 14. In some
embodiments, cuff 12 can be configured to completely
occlude an artery 22 of patient 14, and the artery 22 may be,
for example, the brachial artery. For example, the cuff 12 may
be inflated to any known occlusion pressure, and at such an
occlusion pressure, the artery 22 may be at least partially
occluded. Although shown in FIG. 1 as surrounding the upper
arm of patient 14, cuff 12 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 and/or on
patient 14 for use with system 10.

[0011] The exemplary cuffs 12 of the present disclosure
may be formed from any medically approved material known
in the art. Such materials may be highly flexible, durable, and
suitable for contact with, for example, the skin of the patient
14. Such materials may also be tear-resistant, fluid-imperme-
able, and recyclable. Such materials may include, for
example, paper, cloth, mesh and/or polymers such as polypro-
pylene or polyethylene. In still further exemplary embodi-
ments, such materials may be coated and/or otherwise treated
with one or more additives that cause the material to become
biodegradable within a desired time interval (e.g., within 2 to
3 months). Each of the exemplary cuffs 12 described herein
may have a respective length, width, and inflated height suit-
able for use with a particular patient 14. For example, a first
cuff 12 intended to be used with an adolescent patient 14 may
have a first deflated length and a first deflated width, and a
second cuff 12 intended for use with an adult patient 14 may
have a corresponding second deflated length and second
deflated width. In such an exemplary embodiment, the first
deflated length may be less than the second deflated length
and the first deflated width may be less than the second
deflated width. Unless otherwise indicated, the lengths and
widths referred to for the duration of this disclosure are
intended to be deflated lengths and widths. In exemplary
embodiments, inflated lengths and widths of the exemplary
cuffs described herein may be different than the correspond-
ing deflated lengths and widths.

[0012] The cuff 12 may include one or more bladders (not
shown) or other like inflatable devices. Such a bladder may be
formed from a single piece of material or, alternatively, from
two or more pieces of material that are joined together
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through heat sealing, ultrasonic or RF welding, adhering,
and/or other like processes. In still further exemplary embodi-
ments, the cuff 12 may form one or more inflatable pockets
that perform the same functions as a bladder. In such exem-
plary embodiments, the bladder may be omitted. Tt is under-
stood that the cuff 12 and/or bladder may be inflatable to an
occlusion pressure of approximately 160 mm Hg or greater to
assist in at least partially occluding the artery 22. In exem-
plary embodiments, the cuff 12 may include one or more ports
(not shown) fluidly connected to the internal pocket or blad-
der to assist with inflation and/or deflation thereof.

[0013] The pressure or volume of fluid within cuff 12 may
be controlled by a cuff controller 16 operably associated with
the cuff 12. Cuff controller 16 can include a pump or similar
device to inflate and/or deflate the cuff 12. For example, cuff
controller 16 could supply cuff 12 with a fluid such as air to
increase the pressure or volume within the cuff 12. In other
embodiments, cuff controller 16 could include mechanical,
electrical, or chemical devices configured to control occlu-
sion of the artery 22 via cuff12. The cuff controller 16 may be
mechanically, fluidly, and/or operably connectable to one or
more of the ports described herein to assist in inflating and/or
deflating the cuff 12.

[0014] In some embodiments, cuff controller 16 can gen-
erally maintain cuff 12 at about a target or reference pressure.
For example, once a target or reference pressure has been
chosen, cuff controller 16 could inflate and maintain the cuff
12 to the target or reference pressure. While the present dis-
closure refers to a target or reference pressure, it should be
understood that the actual pressure applied by cuff 12 may
vary slightly from the target or reference. For example, the
actual pressure applied to patient 14 may generally remain
within appropriate limits, such as, for example, within 2%,
5%, 10%, or 20% of the target or reference pressure. This
difference between the chosen target or reference pressure
and the actual pressure applied by the cuff 12 may be caused
by the occlusion efficiency of the respective cuff 12. A cuff’s
“occlusion efficiency” may be defined as the ease or difficulty
with which air pressure within the cuff 12 is transferred to
force on the underlying artery 22. For example, cuffs 12
having a higher occlusion efficiency may be capable of apply-
ing a relatively greater force to such an artery 22 at a given
inflation pressure than a like cuff 12 having a relatively lower
occlusion efficiency. Prior to use, automated non-invasive
blood pressure monitoring devices are typically calibrated
based on a standard occlusion efficiency associated with the
cuff type to be used for blood pressure measurement. While
such calibration is effective when the appropriate cuff type is
used with the monitoring device, such calibration is problem-
atic when clinicians or other health care professionals use
cuffs of a different type or design, and thus having different
occlusion efficiencies, with the blood pressure monitoring
device. Such calibration can also be problematic when the
proper cuff-type is used if the cuff has a different occlusion
efficiency than that used to calibrate the monitoring device.

[0015] System 10 can further include a sensor 18 config-
ured to receive a signal associated with the patient 14. In each
of the exemplary embodiments described herein, the sensor
18 may determine one or more parameters associated with an
at least partially occluded artery 22 of the patient 14. Such
parameters may include, for example, a systolic pressure, a
diastolic pressure, a mean arterial pressure, and/or other
known parameters associated with the cuff 12, the artery 22,
and/or the patient 14. As will be described in greater detail
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below, in further exemplary embodiments the sensor 18 may
be configured to determine one or more of an oscillation
signal strength, an ambient temperature, a humidity, a cumu-
lative cycle count of the cuff 12, a volume of the cuff 12, an
occlusion pressure of the cuff 12, a cumulative time associ-
ated with the cuff 12 being inflated to a reference volume
and/or pressure, and/or other like parameters. In exemplary
embodiments, the reference pressure may be approximately
100 mm Hg, and the target pressure may be equal to the
reference pressure. The reference volume may be any volume
of the cuff 12 and/or the bladder associated with reaching
such a reference pressure. The sensor 18 may comprise
devices including, but not limited to, one or more of a pressure
sensor, a thermometer, a thermocouple, a hygrometer, and/or
a timer. The sensor 18 may be located at positions including,
but not limited to, within, on, or about cuff 12. System 10 may
further include a plurality of sensors 18, and may include a
high-resolution sensor or pneumatic sensor designed to oper-
ate in conjunction with cuff 12.

[0016] Insome embodiments, the sensor 18 can be config-
ured to receive a signal associated with an at least partially
occluded artery 22 of patient 14. Such an input signal can
arise from blood movement through a partially occluded
artery 22 or from a signal associated with an occluded blood
vessel. Sensor 18 could sample various aspects or character-
istics of the artery 22 multiple times at various intervals. In
additional exemplary embodiments, sensor 18 could provide
an indication ofblood vessel movement, such as, for example,
oscillations arising from vascular expansion or contraction.
Such oscillations may produce a signal that is detected by the
sensor 18, and the strength of such an oscillation signal may
be used to determine a hemodynamic parameter of the patient
14. For example, sensor 18 could be configured to detect an
occlusion pressure or volume of cuff 12 that may vary peri-
odically with the cyclic expansion and contraction of the
artery 22 of patient 14.

[0017] Inadditional exemplary embodiments, the sensor 18
may be configured to read, scan, sense, detect, and/or other-
wise input information associated with the cuff 12. Such
information may include, for example, an occlusion effi-
ciency that is particular to the actual cuff 12 being used, or an
occlusion efficiency associated with the type, size, design,
model, and/or style of cuff 12 being used. It is understood that
the type, size, design, model, and/or style of the cuff 12 may
be parameters that are unique or particular to the actual cuff
12 being used. For example, such parameters may include
and/or may be indicative of the length, width, inflated height,
and/or other dimensions of the cuff 12, the shape of the cuff
12, the number of bladders included in the cuff 12, the length,
width, and/or inflated height of such bladders, the maximum
inflated volume of the cuff 12, materials used to construct the
cuff 12, and whether the cuff 12 is intended for use with a
child, adolescent, adult, elderly, and/or bariatric patient 14,
among other things. In such exemplary embodiments, the
sensor 18 may comprise an RFID reader, a barcode reader, an
MICR reader, a conductance sensor, a resistance sensor, a
magnetic sensor, and/or any other like reading device known
in the art. Such a sensor 18 may be configured to sense, scan,
detect, and/or otherwise read information carried by one or
more information features 26 associated with the cuff 12. In
addition to standard text, such information features 26 may
comprise one of an RFID tag, a barcode, MICR printing, a
conductive, resistive, and/or magnetic strip of material, and/
or other known means for providing information. For
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example, such information features 26 may communicate an
occlusion efficiency of the cuff 12 to the sensor 18 and/or to
a user of the system 10. Such information features 26 may
also communicate an identification parameter particular to
the cuff 12. Such an identification parameter may be indica-
tive of, for example, the type, size, design, model, and/or style
of the cuff 12 being used. Such an identification parameter
may also comprise, for example, a serial number, a model
number, a part number, and/or any other like information
enabling the particular cuff 12 to be identified for purposes of
tracking or recording, for example, a cumulative cycle count,
an age of the cuff, and/or any of the other parameters
described herein.

[0018] One or more such information features 26 may be
disposed on an outer exposed surface of the cuff 12 for read-
ing by the sensor 18 or, alternatively, may be embedded
within and/or formed integrally with the cuff 12. The sensor
18 may further comprise one or more cametas, scopes, optical
devices, and/or other like components configured to read
information from the information feature 26. In such exem-
plary embodiments, the sensor 18 and/or components of the
system 10 in communication with the sensor 18 may employ
various pattern recognition software, identification software,
and/or other like control hardware/software to assist in read-
ing the information provided by the information feature 26. In
such embodiments, the information feature 26 may include
text, characters, numerals, figures, and/or other indicia that is
screen printed, encoded, and/or otherwise viewable on a sur-
face thereof. Alternatively, such indicia may be printed,
encoded, and/or otherwise disposed on a viewable surface of
the cuff 12. Sensor 18 can further be configured to generate
one or more output signals indicative of each respective
parameter that is determined. The output signal may be gen-
erated 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.

[0019] One or more of the parameters determined by the
sensor 18 may be used to determine one or more hemody-
namic parameters of the patient 14. As described herein, a
hemodynamic parameter can include any indication of car-
diac 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 augmenta-
tion index, a reflected wave ratio, and/or an indication of
treatment. Such a blood pressure can include systolic pres-
sure, diastolic pressure, and/or mean arterial pressure, and
vessel compliance may include, for example, arterial stiff-
ness. An indication of treatment can include a parameter
reflecting the effect of a drug treatment, or one or more
treatments of a disease state.

[0020] In some embodiments, a hemodynamic parameter
can be determined based on a suprasystolic measurement. In
other embodiments, a hemodynamic parameter can be deter-
mined based on a first set of data obtained during inflation of
cuff 12 and a second set of data obtained during general
maintenance of cuff 12 at about a target or reference pressure.
Such a target or reference pressure may be, for example, an
occlusion pressure wherein the artery 22 is at least partially
occluded. 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 oscillation signal
strength, amplitude, frequency, morphology. feature, or
mathematically derived data. Data may be derived from a
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derivative, integration, or frequency analysis, such as, for
example, a fast-Fourier transform. Data may also be derived
from various algorithms, including curve fitting, a neural
network, filtering, smoothing, or data processing. It is under-
stood that the system 10 may comprise any known oscillom-
etric or auscultation system, and that the system 10 may be
configured to perform and/or otherwise employ any known
oscillometric or auscultation methods.

[0021] Cuff 12, cuff controller 16, and sensor 18 may be
operably associated with a cuff control module 20. Specifi-
cally, cuff control module 20 could include one or more
processors 28 configured to control one or more operations of
cuff 12, cuff controller 16, and/or sensor 18. For example,
cuff control module 20 can control inflation and/or deflation
of cuff 12 via control of cuff controller 16. The cuff control
module 20 and/or one or more of the processors 28 associated
therewith may be configured to, for example, receive the
output signals generated by the sensor 18. The cuff control
module 20 and/or the one or more processors 28 may also be
configured to receive information, from the sensor 18 and/or
from an operator of the system 10, indicative of the occlusion
efficiency of the cuff. In an exemplary embodiment, such
information may be sent to the cuff control module 20 by the
sensor 18 as one or more of the output signals described
above. The cuff control module 20 and/or the one or more
processors 28 may be configured to determine a hemody-
namic parameter of the patient 14 based on, for example, an
output signal of the sensor 18 and/or the information indica-
tive of occlusion efficiency.

[0022] In some embodiments, cuft control module 20 can
calculate a target pressure. This calculation may be based on
an output signal from sensor 18, as described above. Cuff
control module 20 may also control inflation of cuff 12,
inflation of cuff 12 to the target pressure, or generally main-
taining inflation of cuff 12 at about the target pressure. For
example, the cuff control module 20 could calculate a target
pressure during inflation of cuff 12. Such a calculation could
take less than about 15 seconds. Cuff control module 20 could
then generally maintain cuff 12 at about the target pressure for
adefined time period, such as, for example, less than about 10
seconds. In other embodiments, the target pressure could be
generally maintained for a defined number of cardiac cycles,
such as, for example, six, eight, or ten cycles. Such cardiac
cycle data may be available upon reaching the target pressure.

[0023] Inanexemplary embodiment, the cuff control mod-
ule 20 and/or the one or more processors 28 thereof may
include a signal analysis module 30 configured to analyze one
or more signals received from the sensor 18 and/or other
inputs. For example, the signal analysis module 30 can
include one or more filters configured to filter a signal asso-
ciated with sensor 18 or cuff control module 20. Such filters
can include band-pass, high-pass, or low-pass filters. In such
exemplary embodiments, the signal analysis module 30 may
assist in determining the hemodynamic parameter of the
patient 14.

[0024] As shown in FIG. 1, the system 10 can further
include a communication module 24 configured to provide
communication to patient 14 or one or more operators. For
example, communication module 24 could include a display
configured to display one or more hemodynamic parameters.
In other embodiments, communication module 24 could
include a wireless or other known transmitter configured to
transmit data to a remote location. Comniunication module
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24 may further include audio output to communicate with
patient 14 and/or an operator of system 10.

[0025] In addition to the components outlined above, sys-
tem 10 may include various other components as required,
such as, for example, a memory, a power source, and a user
input device. One or more components described herein may
be combined or may be separate and operate with wireless or
wired communication links. Moreover, the various compo-
nents of system 10 could be integrated into a single process-
ing unit or may operate as separate processors 28. For
example, the cuff control module 20, processor 28. sensor 18,
communication module 24, and/or signal analysis module 30
described herein may be disposed within a single housing,
and such a housing may be configured for handheld use. In
operation, one or more processors 28 can be configured to
operate in conjunction with one or more software programs to
provide the functionality of system 10.

[0026] Asshowninthe exemplary flow chart 100 illustrated
in FIG. 2, methods of monitoring the patient 14 and/or deter-
mining a hemodynamic parameter of the patient 14 may
include determining one or more parameters associated with
the artery 22 as well as an occlusion efficiency of the cuff 12
being used. Such method may comprise oscillometric meth-
ods, auscultation methods, and/or any other patient monitor-
ing methods. For example, such methods may include deter-
mining a parameter of the patient (Step: 102). Such a
parameter may include, for example, at least one of a systolic
pressure, a diastolic pressure, and a mean arterial pressure
associated with the artery 22 while the artery 22 is at least
partially occluded by the cuff 12. Such methods may also
include determining an occlusion efficiency of the cuff (Step:
104), and such an occlusion efficiency may be particular to
the cuff 12 being used. For instance, such an occlusion effi-
ciency may be based on at least one of the size, type, and
model of the cuff 12. Such methods may further include
determining a hemodynamic parameter of the patient 14
based on the parameter and the occlusion efficiency (Step:
106). It is understood that the various method steps described
herein, and illustrated in exemplary FIG. 2, may be performed
in any desirable order. The various aspects of such exemplary
methods will be described in greater detail below.

[0027] Inexemplary methods of using the monitoring sys-
tem 10, the occlusion efficiency associated with the cuff 12
may be determined in any number of ways. For example, the
occlusion efficiency may be determined through clinical test-
ing in which a number of blood pressure measurements or
other like measurements are taken using the cuff 12 and the
sensor 18. These measurements may then be compared to
corresponding measurements taken using a reference cuff of
the same type, size, design, model, and/or style, but known to
have a near perfect occlusion efficiency. The occlusion effi-
ciency of such areference cuff may have a negligible effect on
the blood pressure measurements taken with the reference
cuff. In such an exemplary embodiment, the occlusion effi-
ciency of the cuff 12 may be based on a difference between a
pressure applied by the reference cuff when the reference cuff
is inflated to a target or reference pressure, and a pressure
applied by the cuff 12 to, for example, an at least partially
occluded artery 22, when the cuff 12 is inflated to the same
target or reference pressure. Such a difference may result in a
measurement offset that is particular to the cuff 12. This offset
may be recorded and/or otherwise permanently associated
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with the cuff 12, and this unique offset may be used as a
correction factor by the system 10 when the cuff 12 is used for
future measurements.

[0028] In other exemplary embodiments, the occlusion
efficiency of the cuff 12 may be determined through a series
of bench tests using the cuff 12 and a pressure testing appa-
ratus. Such an apparatus may include, for example, a structure
shaped like a limb of a patient 14 and equipped with one or
more sensors configured to detect the pressure applied to the
limb-shaped structure. In such exemplary embodiments, the
cuff 12 may be disposed about the structure, and may be
inflated to a target or reference pressure. The sensors associ-
ated with the limb-shaped structure may determine the actual
pressure applied by the cuff 12, and this actual pressure may
be compared to the reference pressure. A difference between
these two pressures may result in a measurement offset that is
particular to the cuff 12. As described above, this offset may
be recorded and/or otherwise permanently associated with
the cuff 12, and this unique offset may be used as a correction
factor by the system 10 when the cuff 12 is used for future
measurements. Such offsets may be one way of quantifying
the occlusion efficiency used in determining a hemodynamic
parameter of the patient 14. In other exemplary embodiments,
these or other performance metrics associated with the cuff 12
may be used to quantify the occlusion efficiency. For
example, percentages, functions, and/or other like metrics
may also be used to quantify the occlusion efficiency offsets
described herein.

[0029] In exemplary embodiments, the unique occlusion
efficiency of the cuff 12 may be used to modify and/or oth-
erwise correct a hemodynamic parameter determination
made using the system 10. In such embodiments, the occlu-
sion efficiency may be combined with any of the parameters
described above to affect such a determination. It is under-
stood that such a combination may be performed through the
use of one or more equations, algorithms, control functions,
and/or other means. In such exemplary embodiments, the cuff
12 may be inflated to an occlusion pressure, and inflating the
cuff 12 to the occlusion pressure may at least partially occlude
an artery 22 of the patient 14. The sensor 18 may then deter-
mine one or more parameters associated with the at least
partially occluded artery 22. An output signal indicative of the
one or more parameters may then be sent by the sensor 18 to
the cuff control module 20 for use in determining the hemo-
dynamic parameter. The cuff control module 20 may also
receive information indicative of the occlusion efficiency of
the cuff 12. Such information may be received from the
sensor 18 in the form of an additional output signal. Alterna-
tively, such information may be received from a user entering
such information into the cuff control module 20 via one or
more operator input devices. In still another exemplary
embodiment, the unique occlusion efficiency of the cuff 12
may be stored within a memory of the cuff control module 20.
Such a stored occlusion efficiency may be retrieved from
memory by the cuff control module 20 in response to receiv-
ing, for example, information including and/or based on an
identification parameter particular to the cuff 12. Such a
stored occlusion efficiency may also be retrieved from the
memory based on information including the type, size,
design, model, and/or style of the cuff 12 being used. In
further exemplary embodiments, the cuff control module 20
may prohibit use of the system 10 if the occlusion efficiency
of the cuff 12 cannot be retrieved, is not entered properly,
and/or is otherwise unknown. For example, the cuff control



US 2016/0120483 Al

module 20 may prohibit a hemodynamic parameter determi-
nation or operation, such as by disabling the cuff controller
16, the sensor 18, and/or the cuff 12, in response to a failure to
enter the occlusion efficiency or an incorrect occlusion effi-
ciency entry.

[0030] Once the occlusion efficiency has been retrieved or
properly entered by the user, one or more algorithms may
utilize the occlusion efficiency particular to the cuff 12 in
determining a blood pressure or other hemodynamic param-
eter of the patient 14. In additional exemplary embodiments,
oneormore algorithms may utilize the occlusion efficiency in
combination with one or more empirically derived variables
in determining the hemodynamic parameter. In such exem-
plary embodiments, the variable may be, for example, a scal-
ing factor derived based on test data and/or other information
associated with the cuff 12 or based on predefined ranges of
other parameters such as, for example, systolic and diastolic
estimates or the time to inflate the cuff 12. Such a variable
may, for example, be derived based on the occlusion effi-
ciency of the cuff 12. In such exemplary embodiments, the
variable may scale and/or otherwise affect the hemodynamic
parameter determination based on the occlusion efficiency of
the cuff 12. For example, when using a first cuff known to be
less efficient than a like second cuff, the system 10 may
calculate the hemodynamic parameter using the occlusion
efficiency in combination with a relatively large variable.
Such a relatively large variable may result in a correspond-
ingly large adjustment in the determined hemodynamic
parameter.

[0031] In still further exemplary embodiments, informa-
tionreceived by the cuff control module 20 from the sensor 18
and/or from the operator may be indicative of the occlusion
efficiency of the cuff 12 as well as one or more additional
parameters. For example, the information received by the cuff
control module 20 may be based on the occlusion efficiency
and at least one of the empirically derived variable, a cumu-
lative time associated with inflating the cuff 12 to a reference
volume, a volume of the cuff 12 at the occlusion pressure, a
surface area of contact between the cuff 12 at the occlusion
pressure and the patient 14, and a value indicative of the size
of the cuff 12. For example, a unique numeric value may be
associated with each cuff 12 depending on the shape, volume,
dimensions, and/or other characteristics thereof,

[0032] In further exemplary embodiments, the information
received by the cuff control module 20 may be based on the
occlusion efficiency, an empirically derived variable, and at
least one of a numeric value indicative of the tone, muscular-
ity, fat content, and/or other characteristics of an arm of the
patient 14, a strength of a pulse or other oscillation signal
sensed by the sensor 18 during occlusion of the artery 22, an
ambient temperature of the environment in which the cuff 12
is used, a humidity of the environment in which the cuff 12 is
used, a cumulative use and/or cycle count of the cuff 12, a
metric and/or other numeric value associated with an arterial
stiffness of the patient 14, an age of the patient 14, a deflated
surface area of a bladder associated with the cuff 12, and an
age of the cuff 12. In such exemplary embodiments, the
occlusion efficiency specific and/or particular to the respec-
tive cuff 12 being used may be combined with any of the
parameters described above to affect a hemodynamic param-
eter determination. Such parameters may also generally be
referred to as, for example, “first parameters,” “arterial
parameters,” “cuff parameters,” and/or “patient parameters.”
As described above, such a combination may be performed
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through the use of one or more equations, algorithms, control
functions, and/or other means utilizing these parameters as
inputs. In such exemplary embodiments, the empirically
derived variable may be used as a scaling factor to increase
the accuracy of the hemodynamic parameter determination.
[0033] It is understood that by using the occlusion effi-
ciency of the cuff 12, as well as the other information, param-
eters, and/or variables discussed above, in determining a
hemodynamic parameter of a patient 14, the accuracy of such
determinations may be improved. For example, the methods
described herein may reduce the error associated with such
hemodynamic parameter determinations such that applicable
medical device regulations may be satisfied. As known sys-
tems are not configured to utilize an occlusion efficiency that
is unique to the cuff in determining a hemodynamic param-
eter of a patient, the systems and methods described herein
are more accurate and more reliable than existing systems.
[0034] 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.
For example, in additional exemplary embodiments, the sys-
tem 10 may comprise any known automated or manual aus-
cultation system. In such exemplary embodiments, the sys-
tem 10 may further include one or more microphones or other
like sound sensors configured to sense and/or otherwise
detect auscultation signals associated with the artery 22.
Accordingly, the methods described herein may be employed
by either an oscillometric system or an auscultation system. It
is 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.

1-24. (canceled)

25. A system for monitoring a patient, comprising:

an inflatable cuff configured to at least partially occlude an

artery of the patient; and

an information feature connected to the cuff and providing

information indicative of an occlusion efficiency par-
ticular to the cuff, wherein the information feature is
configured to provide the information to a device oper-
able to determine a hemodynamic parameter of the
patient using the occlusion efficiency as an input value.

26. The system of claim 25, wherein the hemodynamic
parameter comprises at least one of a heart rate, a blood
pressure, or an arterial stiffness of the patient.

27. The system of claim 25, wherein the occlusion effi-
ciency associated with the information feature is determined
based on a difference between a pressure applied by a refer-
ence cuff when the reference cuff is inflated to a reference
pressure, and a pressure applied by the cuff when the cuff is
inflated to the reference pressure.

28. The system of claim 25, wherein the occlusion effi-
ciency associated with the information feature is determined
based on a difference between a target pressure, and an actual
pressure applied by the cuff to a structure when the cuff is
disposed about the structure and inflated to the target pres-
sure, wherein the actual pressure is determined by at least one
pressure sensor.

29. The system of claim 25, wherein the information fea-
ture comprises one of an RFID tag, a barcode, MICR printing,
a conductive strip, a resistive strip, or a magnetic strip.

30. The system of claim 25, wherein the information fea-
ture is disposed on an outer surface of the cuff and is exposed
when the cuff is disposed around a limb of the patient.
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31. The system of claim 25, wherein the information fea-
ture is embedded within the cuff.

32. The system of claim 25, wherein the information fea-
ture further provides an identification parameter particular to
the cuff, the identification parameter being indicative of at
least one of a type, size, design, model, style, part number,
model number, or serial number of the cuff.

33. One or more computer-readable storage media storing
instructions that, when executed, cause one or more proces-
sors to perform a method of monitoring a patient, the method
comprising:

receiving information indicative of an occlusion efficiency

particular to a respective inflatable cuff;

receiving a signal indicative of a parameter associated with

an artery of the patient, wherein the parameter is deter-
mined while the artery is at least partially occluded by
the cuff; and

determining a hemodynamic parameter of the patient

based on the signal and the occlusion efficiency, wherein
the occlusion efficiency is used as an input value in
determining the hemodynamic parameter.

34. The one or more computer-readable storage media of
claim 33, wherein the method further comprises causing the
cuff to be inflated to an occlusion pressure, and causing the
cuff to be at least partially deflated.

35. The one or more computer-readable storage media of
claim 33, wherein the information is provided by an informa-
tion feature connected to the cuff, and the information feature
comprises one of an RFID tag, a barcode, MICR printing, a
conductive strip, a resistive strip, or a magnetic strip.

36. The one or more computer-readable storage media of
claim 33, wherein the method further comprises:

receiving information indicative of an identification

parameter particular to the cuff, the identification
parameter being indicative of at least one of a type, size,
design, model, style, part number, model number, or
serial number of the cuff, wherein

receiving information indicative of the occlusion efficiency

comprises retrieving the occlusion efficiency from the
one or more computer-readable storage media at least
partially based on the identification parameter.

37. The one or more computer-readable storage media of
claim 33, wherein the instructions cause the one or more
processors to prohibit a hemodynamic parameter determina-
tion at least partly in response to receiving an incorrect occlu-
sion efficiency.

38. The one or more computer-readable storage media of
claim 33, wherein the method further comprises:

receiving additional information indicative of at least one

of an empirically derived variable, a cumulative time
associated with inflating the cuff to a reference volume,
a volume of the cuff while the artery is at least partially
occluded by the cuff, a surface area of contact between
the cuff and the patient while the artery is at least par-
tially occluded by the cuff, or a value indicative ofa size
of the cuff, and
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determining the hemodynamic parameter based at least
partly on the occlusion efficiency and the additional
information.

39. The one or more computer-readable storage media of
claim 33, wherein the information indicative of the occlusion
efficiency comprises information entered by a user via an
input device in communication with the one or more proces-
SOrS.

40. The one or more computer-readable storage media of
claim 33, wherein the method further comprises providing the
hemodynamic parameter via a communication module in
communication with the one or more processors.

41. A method of manufacturing a systern for monitoring a
patient, the method comprising:

providing an inflatable cuff configured to at least partially

occlude an artery of the patient; and
connecting an information feature to the cuff, the informa-
tion feature providing information indicative of an
occlusion efficiency particular to the cuff,
wherein the information feature is configured to provide
the information to a device operable to determine a
hemodynamic parameter of the patient using the
occlusion efficiency as an input value.
42. The method of claim 41, further comprising determin-
ing the occlusion efficiency by:
inflating a reference cuff to a reference pressure while the
reference cuff is disposed about a test structure,

measuring a first pressure, applied by the reference cuff to
the test structure, when the reference cuff is inflated to
the reference pressure,

inflating the cuff to the reference pressure while the cuff is

disposed about the test structure,

measuring a second pressure, applied by the cuff to the test

structure, when the cuff is inflated to the reference pres-
sure, and

calculating a difference between the first and second pres-

sures.

43. The method of claim 41, wherein connecting the infor-
mation feature to the cuff comprises disposing the informa-
tion feature on an outer surface of the cuff such that the
information feature is exposed when the cuff is disposed
around a limb of the patient.

44. The method of claim 41, further comprising providing
a control module configured to:

receive the information indicative of the occlusion effi-

ciency,
receive a signal indicative of a parameter associated with
theartery, wherein the parameter is determined when the
artery is at least partially occluded by the cuff, and

determine the hemodynamic parameter of the patient based
on the signal and using the occlusion efficiency as an
input value.
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