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(57) Abstract: A medical device obtains an oscillometric measurement associated with a patient's non-invasive blood pressure
reading. The device determines a stability measure for at least one pair of pulses included in the oscillometric measurement, com-
pares the stability measure to a threshold, and excludes the pair of pulses from an evaluation of heart beat variation when the sta-
bility measure fails to meet the threshold.
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DETECTION OF NOISE DURING HEART BEAT VARIATION EVALUATION

RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Patent Application Serial No. 61/355,919 filed
on June 17,2010 and U.S. Patent Application Serial No. 61/418,186 filed on November 30,

2010, the entireties of which are hereby incorporated by reference.

BACKGROUND
[0002] A sphygmomanometer can be used to measure a patient’s blood pressure in a non-
invasive manner. In a typical example, a cuff is placed around the patient’s arm and inflated. The
cuff is deflated, and the blood starts to flow within the arm again. By monitoring the pressures at
which the blood starts to flow (i.e., the maximum output pressure or systolic reading) and the
pressure upon relaxation (i.e., the diastolic reading), an estimate of the patient’s blood pressure
readings can be obtained. Throughout the deflation of the cuff, arterial pressure changes cause
pulsations or oscillations in the cuff pressure which have a correlation to the changing blood

pressure in the underlying artery during a heart cycle.

SUMMARY
[0003] Embodiments of the present disclosure are directed to systems and methods for detecting
noise during heart beat variation evaluation.
[0004] In one aspect, a medical device includes: a central processing unit (CPU) that is
configured to control operation of the device; and a set of one or more computer readable data
storage media storing software instructions that, when executed by the CPU, cause the device to:
obtain an oscillometric measurement associated with a patient’s non-invasive blood pressure
reading; determine a stability measure for at least one pair of pulses included in the oscillometric
measurement; compare the stability measure to a threshold; and exclude the pair of pulses from
an evaluation of heart beat variation when the stability measure fails to meet the threshold.
[0005] In another aspect, a method for estimating noise associated with an evaluation of heart
beat variation includes: obtaining an oscillometric measurement associated with a patient’s non-

invasive blood pressure reading; determining a stability measure for at least one pair of pulses
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included in the oscillometric measurement; comparing the stability measure to a threshold; and
determining when the stability measure fails to meet the threshold.

[0006] In yet another aspect, a method for estimating noise associated with an evaluation of
heart beat height variation includes: obtaining an oscillometric measurement associated with a
patient’s non-invasive blood pressure reading; selecting at least one pair of pulses included in the
oscillometric measurement; calculating an average of a peak pressure of each pulse in the pair of
pulses; calculating a difference in a starting pressure at a start of each pulse in the pair of pulses;
comparing the average to the difference to define a stability ratio; comparing the stability ratio to
a threshold; and determining when the stability ratio fails to meet the threshold; excluding the
pair of pulses when the stability ratio exceeds the threshold; and alerting a user when the pair of

pulses is excluded from the evaluation of heart beat height variation.

DESCRIPTION OF THE DRAWINGS
[0007] The present disclosure can be better understood with reference to the description below.
Within the drawings, like reference numbers are used to indicate like parts throughout the
various views. Differences between like parts may cause those like parts to be each indicated by
different reference numbers. Unlike parts are indicated by different reference numbers.
[0008] Figure 1 shows an example oscillometric signal associated with an individual’s blood
pressure.
[0009] Figure 2 shows a single pulse from the oscillometric signal of Figure 1.
[0010] Figure 3 shows an example physiological monitor device.
[0011] Figure 4 shows example physical components of the device of Figure 2.
[0012] Figure 5 shows two example pulses from an oscillometric signal.
[0013] Figure 6 shows another example oscillometric signal.
[0014] Figure 7 shows another example oscillometric signal.
[0015] Figure 8 shows another example oscillometric signal.
[0016] Figure 9 shows an example method for detecting noise during heart beat variation

evaluation.
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DETAILED DESCRIPTION
[0017] Embodiments of the present disclosure are directed to systems and methods for detecting
noise during heart beat variation evaluation.
[0018] It is possible to perform an assessment of heart beat variation using the oscillometric
signal from a blood pressure cuff. Heart beat variation can be evaluated by analyzing the
oscillometric pulses and comparing their time regularity and height regularity. The oscillometric
signal contains information related to the amount of blood pressure and flow in the peripheral
arteries. This indication can be important, as the resulting blood flow from heart activity is the
most critical aspect of the cardiac cycle.
[0019] Heart beat variation in the oscillometric signal can be evaluated by combining the pulse
timing interval and the relative pulse heights of subsequent or groups of pulses. In this aspect,
evaluating the oscillometric waveform can provide information that is more directly related to
cardiac output than other information, such as information from an electrocardiogram.
[0020] When taking the oscillometric measurements, ideally the pressure in the cuff is stable.
When an arterial pulse does occur, the pulse adds to the baseline pressure in the cuff. The
pressure returns to the baseline pressure when the impact of the pulse has dissipated. This cycle
continues for each pulse.
[0021] When artifact noise is introduced into the system, it can be difficult to distinguish
between the changes in pressure caused by the underlying artery and those caused by the noise.
Tracking the stability and consistency of this baseline pressure allows the detection of artifact
noise and pulse altering changes in the cuff pressure that are not due to cardiogenic pulsations in
the artery. Noise can also alter the morphology and amplitude of a given pulse.
[0022] In examples described herein, the oscillometric blood pressure signal is analyzed to allow
differentiation between heart beat variation that is real and signal disturbances that are due to
artifact noise, such as arm movement, muscle flexing or other cuff disturbances. It can be
desirable to identify measurements impacted by artifact noise so that false indications of heart
beat variation are minimized.
[0023] Figure 1 illustrates an oscillometric signal 100 as measured by a blood pressure device.
The oscillometric signal 100 shows the measured pressures associated with the movement of
blood through the patient’s body, typically an arm. Specifically, three pulses 110 are the

variations in cuff pressure caused by changes in pressure within the underlying artery.
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[0024] The oscillometric signal 100 in the cuff is made up of a static component S (the baseline
pressure pumped into the cuff) and a dynamic component D (induced into the cuff by blood
moving through the underlying artery). These two components are summed together to result in
an amplitude of the oscillometric signal 100.

[0025] For example, the oscillometric signal 100 shown in Figure 1 includes the three pulses
110, each with an approximate peak of 82 mm Hg (i.e., 80 mm Hg baseline pressure (BLP) plus
2 mm Hg pulse pressure (height D) attributable to the movement of blood through the patient’s
arteries).

[0026] Figure 2 illustrates one of the pulses 110 in more detail.

[0027] In this example, the peak height D is used to determine the blood pressure value and is
compared from pulse to pulse as an indication of pulse height regularity. Since the pulse 110 has
a rising slope, there is a natural time delay T between a starting point X of the pulse 110 and a
peak point Y of the pulse 110.

[0028] In an ideal measurement, a stabile static BLP is provided in the cuff during time T so that
the only significant contributing factor to the pulse height D is the dynamic element of the
pressure waveform caused by the blood flowing in the artery.

[0029] One or more algorithms are used to detect the starting point X at which the pulse 110
starts and the peak point Y where the pulse 110 reaches a peak. Examples of such algorithms to
identify point X include detection of the rising inflection point at X where the increase in slope
(first derivative) is at a local maximum value indicating a rapid departure from the static
pressure. Examples of such algorithms to identify point Y include detection of the point at which
the rising slope becomes a falling slope in a given period of time after X. This reversal of slope
indicates a peak point which is identified as point Y for this pulse.

[0030] The pulse height D can be determined by subtracting the pressure at the starting point X
from the pressure at the peak point Y. This calculation assumes that the static BLP is stable. In
example embodiments, this pulse height D can be compared between consecutive pulses 110 to
evaluate pulse height variability. Pulse height variability indicates relative variability in the
cardiac cycle from one heart beat to the next.

[0031] Figure 3 illustrates an example physiological monitor device 200. The device 200
generally assists a caregiver in gathering data associated with a patient, such as vital signs, etc.

For example, in embodiments described herein, the physiological monitor device 200 is
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configured to capture the oscillometric signal 100. In some examples, the physiological monitor
device 200 is also configured to interpret the patient’s blood pressure reading and to identify
potential heart irregularities, such as heart beat height variation.

[0032] In the example shown, the physiological monitor device 200 includes multiple health care
equipment (HCE) modules 210. Each of the HCE modules 210 is configured to measure one or
more physiological parameters of the patient. Example modules include a temperature
measurement module, an SpO2 module, and a non-invasive blood pressure (NIBP) module.
[0033] The NIBP module connects to one or more peripheral NIBP components, such as an
inflatable cuff that attaches to an appendage of a patient, such as an upper arm of the patient. The
inflatable cuff is designed to measure the systolic and diastolic blood pressure of the patient, the
mean arterial pressure (MAP) of the patient, and the pulse rate of blood flowing within the
patient.

[0034] A front side of the physiological monitor device 200 includes a display screen 218. The
display screen 218 is used to display physiological measure data obtained from the patient. For
example, the patient’s blood pressure and pulse rate can be displayed on the display screen 218.
In another example, the oscillometric signal 100 can be displayed. In addition, data associated
with the irregularities detected using the NIBP data can be displayed on the display screen 218.
For example, the physiological monitor device 200 can display a warning if a heart beat height
variation is detected in the oscillometric signal 100. In addition, the physiological monitor device
200 can display an error message if noise has impacted the detection of the oscillometric signal
100.

[0035] Figure 4 illustrates example physical components of the physiological monitor device
200. As illustrated, the physiological monitor device 200 include at least one processor or central
processing unit (“CPU”) 308, a system memory 312, and a system bus 310 that couples the
system memory 312 to the CPU 308. The system memory 312 includes a random access memory
(“RAM”) 318 and a read-only memory (“ROM”) 320. A basic input/output system containing
the basic routines that help to transfer information between elements within the physiological
monitor device 200, such as during startup, is stored in the ROM 320. The physiological monitor
device 200 further includes a mass storage device 314. The mass storage device 314 stores

software instructions and data.
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[0036] The mass storage device 314 is connected to the CPU 308 through a mass storage
controller (not shown) connected to the system bus 310. The mass storage device 314 and its
associated computer-readable data storage media provide non-volatile, non-transitory storage for
the physiological monitor device 200. Although the description of computer-readable data
storage media contained herein refers to a mass storage device, such as a hard disk or CD-ROM
drive, it should be appreciated by those skilled in the art that computer-readable data storage
media can be any available non-transitory, physical device or article of manufacture from which
the physiological monitor device 200 can read data and/or instructions.

[0037] Computer-readable data storage media include volatile and non-volatile, removable and
non-removable media implemented in any method or technology for storage of information such
as computer-readable software instructions, data structures, program modules or other data.
Example types of computer-readable data storage media include, but are not limited to, RAM,
ROM, EPROM, EEPROM, flash memory or other solid state memory technology, CD-ROMs,
digital versatile discs (“DVDs”), other optical storage media, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other medium which can be used
to store the desired information and which can be accessed by the physiological monitor device
200.

[0038] The physiological monitor device 200 also includes an input/output controller 322 for
receiving and processing input from a number of other devices, including a keyboard, a mouse, a
touch user interface display screen, or another type of input device. Similarly, the input/output
controller 322 may provide output to a touch user interface display screen, a printer, or other type
of output device.

[0039] As mentioned above, the mass storage device 314 and the RAM 318 of the physiological
monitor device 200 can store software instructions and data. The software instructions include an
operating system 332 suitable for controlling the operation of the physiological monitor device
200. The mass storage device 314 and/or the RAM 318 also store software instructions, that
when executed by the CPU 308, cause the physiological monitor device 200 to provide the
functionality of the physiological monitor device 200 discussed in this document. For example,
the mass storage device 314 and/or the RAM 318 can store software instructions that, when
executed by the CPU 308, cause the physiological monitor device to display information to the

caregiver.
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[0040] In examples described herein, the physiological monitor device 200 can be used to obtain
an oscillometric signal associated with an NIBP cycle.

[0041] In one example shown in Figure 5, the oscillometric signal includes one or more pulses
510, 520 associated with the beating of the patient’s heart. As illustrated, a problem can occur
with the oscillometric measurement when the static BLP is not stable due to artifact noise that is
introduced when the signal is measured. For example, the pulse 510 exhibits a stable BLP,
similar to the pulses 110 shown in Figures 1 and 2. However, the pulse 520 illustrates a baseline
pressure BLP2 that is rising at a significant rate during the course of the measurement during to
artifact noise.

[0042] The absolute values for the pulse heights for the pulses 510, 520 are approximately the
same. However, as a result of the BLP shift, a measured pulse height D1 for the pulse 510 is
significantly smaller than a pulse height D2 measured for the pulse 520. An algorithm that
evaluates the pulses 510, 520 and assumes a stable BLP could incorrectly determine that there
was significant pulse height variability because of the measured height differences between D1
and D2.

[0043] As described further below, example embodiments disclosed herein are used to
categorize the amount of BLP change by comparing the pressure values of the pulse minima at
points (e.g., the starting points X) and determining if the BLP is stable enough to confidently
compare pulse heights of a series of pulses.

[0044] For example, referring now to Figure 6, an example oscillometric signal 600 including
three pulses 610, 620, 630 is shown.

[0045] The three pulses 610, 620, 630 are measured with an unstable BLP. Pulse heights D4, D5,
and D6 are very different in measured amplitude even though the actual pulse height is
consistent. The height measurements are incorrect due to the changing BLP.

[0046] In this situation, an algorithm monitoring pulse height regularity that assumes a static
BLP would incorrectly identify the amount of irregularity as high. However, the pulse minima
pressures at start points X4, X5, X6 can be analyzed to indicate instability in the BLP. Such an
analysis can be used to indicate that the irregularity indication is impacted by an unstable BLP,
thereby minimizing a potential for a false alarm for pulse height irregularity.

[0047] In an example embodiment, an algorithm compares the pressure differences in pulse

minima to an average pulse height measurement of consecutive pulses. This ratio is compared to
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a threshold to determine if the pulse pair can be confidently used for pulse height variation
evaluation. This ratio is referred to as the static baseline stability ratio (SBSR).

[0048] For example, referring now to Figure 7, the BLP for the starting points X1 and X2 of two
consecutive pulses 710, 720 of a pair 700 are analyzed. The SBSR1 for the pair 700 is calculated

using Equation 1 as follows.

D1 + D2 3.30 + 3.35
3 3 3.325

X1 —x2|  [99.0—993] 03

SBSR1 = =11.08

Since the difference between the BLP’s at starting points X1 and X2 for the pair 700 is small, the
resulting SBSR1 of 11.08 is large.

[0049] Referring now to Figure 8, the BLP for the starting points X3 and X4 of two consecutive
pulses 760, 770 of a pair 750 are analyzed. The SBSR2 for the pair 750 is calculated as follows.

D1 + D2 3.90 + 2.40

SBSR2 = — 2 = 2 _3D 83
X1 -—X2|  [99.0-105.0] 6.0

Since the difference between the BLP’s at starting points X3 and X4 for the pair 750 is large, the
resulting SBSR2 of 0.53 is small.

[0050] In example embodiments, the calculated SBSR is compared to an SBSR threshold or
limit to determine if the pulse pair is valid to use for pulse height irregularity determination. The
SBSR limit can be a fixed ratio or a variable ratio that is dependent on the largest size pulse in
the cycle or a user setting.

[0051] In one non-limiting example in which the SBSR limit is fixed, the SBSR is set to 5.0.
This ratio limit caps the allowable baseline instability to less than 20% of the pulse height being
measured. In such an example, the pair 700 would pass (since SBSR1 > 5.0) and the pair 750
would fail (since SBSR2 < 5.0). In such a scenario, the pair 700 could be used to evaluate pulse
height irregularity, while the pair 750 could not. An alert to the caregiver of the device 200 can
be provided when the pair 750 is measured (e.g., “An unacceptable amount of noise was detected

in the recently-measured sample. Please redo this test.”).
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[0052] In another example, the SBSR limit is set as a variable limit. A variable limit may be
desirable in some situations to reduce the occurrence of very small pulses being rejected too
often. The use of a variable limit can be more sensitive to static pressure instability as the pulses
get smaller. Examples of instances in which smaller pulses can be encountered are in small
children or geriatric patients with calcified arteries.

[0053] In such scenarios, it may be advantageous to reduce the SBSR limit when the maximum
pulse size across all cuff pressures is small. One non-limiting example of such a variable or
dynamic ratio limit would allow the SBSR limit to decrease below 5.0 when the maximum pulse
observed in the cycle is less than 1.0 mm Hg. An example SBSR variable limit calculation is

show below in Equation 2.

SBSR Variable Limit = Maximum Pulse (mm Hg) X 5

In this example, the SBSR Variable Limit is set at five times the maximum pulse height for the
pulses included in the pair of pulses. Other equations to calculate the variable limit can be used.
[0054] In some examples, multiple pairs of pulses are measured at a given BLP. For example, as
shown in Figure 6, pair 1 (pulses 610, 620) and pair 2 (pulses 620, 630) are captured in the
oscillometric signal 600. Both pairs 1 and 2 are available for heart beat variation evaluation. In
this situation, adjacent pulse pairs 1 and 2 are each evaluated as discussed above, and the SBSR
values are used to pick the best candidates for analysis. In an alternative example, the SBSR
values of the pairs can be combined by averaging to determine if the entire group (e.g., including
both pairs 1 and 2) is valid to use for heart beat variation evaluation.

[0055] In addition to multiple pairs of pulses measured at the same BLP, multiple pairs can be
measured at different BLP values. In such a scenario, each pair can be analyzed to determine
whether or not the pair should be included in the heart beat variation evaluation.

[0056] In other examples, more than two pulses can be evaluated to determine whether or not
noise is present. For example, in another application, a trio of pulses is examined to determine
whether or not sufficient noise is present to exclude the trio from the heart beat variation
evaluation. Other configurations are possible.

[0057] Referring now to Figure 9, an example method 800 is shown for detecting noise during

heart beat variation evaluation.
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[0058] Initially, at operation 810, the oscillometric measurements are received. For example, in
one embodiment, the measurements are received at a device that is connected to a patient. In
another example, the measurements can be received at a central server for processing.

[0059] Next, at operation 820, the SBSR for one or more pairs of pulses included in the
oscillometric measurements are calculated. For example, the SBSR can be calculated using
example Equation 1 above. Other methods for calculation can also be used.

[0060] Control is then passed to operation 830, at which the calculated SBSR for the one or
more pairs of pulses is compared to a limit. This limit can be static or dynamically determined
(see, e.g., Equation 2), as described above.

[0061] Next, at operation 840, a determination is made regarding whether or not the SBSR
satisfies the limit. If so, control is passed to operation 850, and the pair is used in conjunction
with the evaluation of heart beat variation.

[0062] If not, control is instead passed from operation 840 to operation 860, at which the pair is
excluded from the evaluation.

[0063] Finally, at operation 870, the user can be alerted to the exclusion. For example, the
interface for the device can display a message indicating that one or more pairs of pulses were
excluded due to noise introduced during the measurements. In another example, the alert is
displayed only if a sufficient number of pulses are excluded such that the evaluation of heart beat
variation cannot be performed. In yet another example, the evaluation is performed using the
available pulses, and an alert is provided with the results of the evaluation indicating that the
results could have been impacted by noise. In such an example, the device can suggest that the
user perform the measurements again.

[0064] Various embodiments disclosed herein can be implemented (1) as a sequence of
computer implemented acts or program modules running on a computing system and/or (2) as
interconnected machine logic circuits or circuit modules within the computing system. The
implementation is a matter of choice dependent on the performance requirements of the
computing system. Accordingly, logical operations including related algorithms can be referred
to variously as operations, structural devices, acts or modules. It will be recognized by one
skilled in the art that these operations, structural devices, acts and modules may be implemented
in software, firmware, special purpose digital logic, and any combination thereof without

deviating from the spirit and scope of the present disclosure.
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[0065] Although the disclosure has been described in connection with various embodiments,
those of ordinary skill in the art will understand that many modifications may be made thereto.

Accordingly, it is not intended that the scope of the disclosure in any way be limited by the

above description.
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What 1s claimed is:

1. A medical device comprising:
a central processing unit (CPU) that is configured to control operation of the device; and
a set of one or more computer readable data storage media storing software instructions
that, when executed by the CPU, cause the device to:
obtain an oscillometric measurement associated with a patient’s non-invasive
blood pressure reading;
determine a stability measure for at least one pair of pulses included in the
oscillometric measurement;
compare the stability measure to a threshold; and
exclude the pair of pulses from an evaluation of heart beat variation when the

stability measure fails to meet the threshold.

2. The device of claim 1, wherein the CPU further causes the device to alert a user when the

pair of pulses is excluded from the evaluation of heart beat variation.

3. The device of claim 2, wherein the device further includes a display, and the alert is

shown on the display.

4. The device of claim 1, wherein the stability measure is a static baseline stability ratio.
5. The device of claim 4, wherein the CPU further causes the device to calculate the static
baseline stability ratio by comparing an average of a peak pressure of each pulse in the pair of

pulses to a difference in a starting pressure at a start of each pulse in the pair of pulses.

6. The device of claim 5, wherein the pair of pulses is excluded when the static baseline

stability ratio is lower than the threshold.

7. The device of claim 1, further comprising a plurality of pulses, and wherein the CPU

further causes the device to:

12 -
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determine a stability measure for each pair of pulses in the plurality of pulses;
determine an average stability measure by averaging the stability measure for each pair of
pulses in the plurality of pulses; and

compare the average stability measure to a threshold.

. The device of claim 1, wherein the threshold is a static threshold.
9. The device of claim 1, wherein the threshold is a dynamic threshold.
10. The device of claim 9, wherein the CPU further causes the device to calculate the

dynamic threshold as a multiple of a maximum pulse height of the pair of pulses.

11. A method for estimating noise associated with an evaluation of heart beat variation, the
method comprising:

obtaining an oscillometric measurement associated with a patient’s non-invasive blood
pressure reading;

determining a stability measure for at least one pair of pulses included in the
oscillometric measurement;

comparing the stability measure to a threshold; and

determining when the stability measure fails to meet the threshold.

12. The method of claim 11, further comprising alerting a user when the stability measure

fails to meet the threshold.

13.  The method of claim 11, further comprising calculating the stability measure by:
calculating an average of a peak pressure of each pulse in the pair of pulses;
calculating a difference in a starting pressure at a start of each pulse in the pair of pulses;
and

comparing the average to the difference to define a ratio.

- 13-
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14.  The method of claim 13, further comprising excluding the pair of pulses when the ratio is

less than the threshold.

15.  The method of claim 11, further comprising calculating a dynamic threshold to use as the

threshold.

16. The method of claim 11, further comprising excluding the pair of pulses from the

evaluation of heart beat variation when the stability measure fails to meet the threshold.

17. The method of claim 11, further comprising:

obtaining a first oscillometric measurement at a first baseline pressure;

obtaining a second oscillometric measurement at a second baseline pressure;

determining a first stability measure for a first pair of pulses in the first oscillometric
measurement;

determining a second stability measure for a second pair of pulses in the second
oscillometric measurement;

comparing the first and second stability measures to the threshold; and

determining when the first and second stability measures fail to meet the threshold.

18.  The method of claim 11, further comprising displaying a message to a user when the

stability measure fails to meet the threshold.

19. A method for estimating noise associated with an evaluation of heart beat height
variation, the method comprising:
obtaining an oscillometric measurement associated with a patient’s non-invasive blood
pressure reading;
selecting at least one pair of pulses included in the oscillometric measurement;
calculating an average of a peak pressure of each pulse in the pair of pulses;
calculating a difference in a starting pressure at a start of each pulse in the pair of pulses;
comparing the average to the difference to define a stability ratio;

comparing the stability ratio to a threshold;
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determining when the stability ratio fails to meet the threshold;
excluding the pair of pulses when the stability ratio exceeds the threshold; and
alerting a user when the pair of pulses is excluded from the evaluation of heart beat

height variation.

20.  The method of claim 19, further comprising calculating a dynamic threshold to use as the

threshold.
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