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(57) ABSTRACT

A method for detecting cuff slippage in a blood pressure
monitoring device includes starting a cuff inflation on the
blood pressure monitoring device. A plurality of pressure
samples is obtained when the cuff is inflating. A level of
background noise is determined during the cuff inflation. The
level of background noise is determined from the plurality of
pressure samples. When the background noise is determined,
a determination is made from the plurality of blood pressure
readings whether a pressure pattern indicating cuff slippage is
obtained.
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Condition 1:

Slope >0
AND
P(n-3) > P(n-2) + 1.5 * noise
AND
P(n) > P(n-1) + 1.5 * noise

FIG. 5A

Condition 2:

Slope >0
AND
P(n-4) > P(n-3) + 1.5 * noise
AND
P(n) > P(n-1) + 1.5 * noise

AND

P(n-2) < P(n-3)
AND

P(n-2) < P(n-1)

FIG. 5B

Condition 3:

Slope >0
AND
P(n-2) > P(n-1) + 2.25 * noise
AND
P(n-1) > P(n) + 2.25 * noise

FIG. 5C
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CUFF INTEGRITY DETECTION DURING
INFLATION OF AN AUTOMATED BLOOD
PRESSURE DEVICE

CROSS REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a divisional application of, and
claims the priority and benefit to, pending U S. patent appli-
cation Ser. No. 13/052,279, filed Mar. 21, 2011, the entirety of
which is hereby incorporated by reference.

BACKGROUND

[0002] Automated blood pressure machines provide an
easy and convenient means for medical professionals to
monitor the blood pressure of their patients. The ease of use of
these machines also makes them common in the home, where
people can monitor their own blood pressure free of the stress
of a medical setting.

[0003] One of the key elements of an automated blood
pressure machine is the blood pressure cuff. The cuff must be
secure around the patient’s arm and provide minimal slippage
during cuff inflation. Blood pressure cuffs commonly include
a material such as Velcro to enable ease of fastening and
removal ofthe cuff and to provide secure fastening of the cuff.
[0004] Blood pressure cuffs, particularly those used for
automated blood pressure machines in physicians’ offices,
are typically used for a large number of cycles and for many
years. Velcro tends to wear out and, when it does wear out, the
cuff tends to slip during inflation, sometimes causing inaccu-
rate blood pressure readings or causing errors that prevent the
blood pressure machine from determining a patient’s blood
pressure. However, it is not always clear to the physician or
patient that inaccurate or incomplete blood pressure readings
are caused by cuff slippage.

SUMMARY

[0005] Embodiments of the disclosure are directed to sys-
tems and methods for detecting cuff slippage in a blood
pressure monitoring device. In one aspect, a cuff inflation is
started on the blood pressure monitoring device. The cuff
inflation includes a blood pressure cuff. A plurality of pres-
sure samples is obtained when the cuff'is inflating. A deter-
mination is made whether a slope corresponding to the plu-
rality of pressure samples is a positive number. When it is
determined that the slope is a positive number, a level of
background noise during the cuff inflation is determined. The
level of background noise is determined from the plurality of
pressure samples. When the background noise is determined,
a determination is made from the plurality of pressure
samples whether a pressure pattern indicating cuff slippage is
obtained.

[0006] The details of one or more techniques are set forth in
the accompanying drawings and the description below. Other
features, objects, and advantages of these techniques will be
apparent from the description, drawings, and claims.

DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows an example system that includes an
automatic blood pressure machine.

[0008] FIG. 2 shows an example pattern of pressure
samples that signifies a first cuff slippage condition.

[0009] FIG. 3 shows an example pattern of pressure
samples that signifies a second cuff slippage condition.
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[0010] FIG. 4 shows an example pattern of pressure
samples that signifies a third cuff slippage condition.

[0011] FIGS. 5A, 5B and 5C show example mathematical
formulas used to evaluate the slippage conditions of FIGS. 2,
3 and 4.

[0012] FIG. 6 shows an example pattern of pressure
samples that illustrates an example background noise calcu-
lation for a cuff inflation.

[0013] FIG. 7 shows an example of pressure deviations
from an average used in a background noise calculation.
[0014] FIGS. 8, 9 and 10 show a flowchart of a method for
determining cuff slippage during a blood pressure measure-
ment on an automated blood pressure machine.

[0015] FIG. 11 shows a flow chart of a method for deter-
mining a first cuff slippage condition.

[0016] FIG. 12 shows a flow chart of a method for deter-
mining a second cuff slippage condition.

[0017] FIG. 13 shows a flow chart of a method for deter-
mining a third cuff slippage condition.

[0018] FIG. 14 shows example components of the auto-
matic blood pressure machine of FIG. 1.

DETAILED DESCRIPTION

[0019] The present disclosure is directed to systems and
methods for determining when cuff slippage occurs during a
blood pressure measurement on an automated blood pressure
machine. When a cuff slippage condition occurs, the blood
pressure machine takes an appropriate action, such activating
an alert or terminating the blood pressure measurement. [fthe
slippage condition is not severe, the blood pressure machine
may ignore the slippage condition and continue with the
blood pressure measurement.

[0020] Blood pressure is typically measured by two num-
bers—a systolic blood pressure and a diastolic blood pres-
sure. The systolic blood pressure corresponds to a blood
pressure when the heart is contracting, corresponding to the
maximum arterial pressure during contraction of the left ven-
tricle of the heart. The diastolic blood pressure corresponds to
ablood pressure when the heart is relaxing, corresponding to
the minimum arterial pressure during relaxation. During each
heartbeat, blood pressure varies between a maximum (sys-
tolic) value and a minimum (diastolic) value. A person’s
blood pressure is commonly expressed in terms of the systolic
blood pressure over the diastolic blood pressure, in units of
millimeters (mm) of Mercury (Hg), for example 120/80
mmHg.

[0021] A blood pressure measurement comprises an infla-
tion cycle in which the cuff'is inflated, followed by a deflation
cycle during in which the cuff'is deflated. Typically, the blood
pressure machine inflates the cuff to an appropriate pressure
above the systolic pressure. The blood pressure machine then
starts a deflation cycle during which systolic pressure and the
diastolic pressure are measured.

[0022] Cuff slippage, when it occurs, typically occurs dur-
ing the inflation cycle when the cuff is expanding. Because
the cuff must be securely fastened to the arm of a patient in
order to obtain an accurate blood pressure reading, any slip-
page condition may result in an inaccurate reading, or if the
slippage condition is severe, the slippage condition may pre-
vent the blood pressure machine from completing a blood
pressure measurement.

[0023] Ablood pressure cuffis typically made from a fabric
that than be wrapped around the arm of a patient. The cuff
typically includes a fastening material, such as Velcro, that



US 2015/0073284 Al

can be used to secure the cuff to the patient and also permit the
patient to easily remove the cuff. Velcro is a fastener that
typically consists of two strips of fabric—one strip having a
plurality of tiny hooks and the other having a plurality of tiny
loops. When the strip having the plurality of tiny hooks is
placed against the strip with the plurality of tiny loops, the
hooks grab onto the loops and fastening occurs. One of the
strips can be pulled away from the other to separate the strips.
In this disclosure, the terms fastening material and Velcro are
used interchangeably.

[0024] Velcro may be made from a variety of fabrics, such
as cotton, Nylon and polyester. Velcro may also be made from
plastic or other materials. However, when Velcro ages, it is
common for the hooks and loops to wear out so that the
fastening action of the Velcro may tend to weaken. When used
on a blood pressure cuff, this weakening may cause cuff
slippage, particularly during the inflation cycle.

[0025] When a cuff slippage condition is detected, an
appropriate form of action may be taken. The form of the
action is dependent on the severity of the slippage condition.
If the slippage condition is such that a blood pressure for the
patient cannot be calculated, the automated blood pressure
machine terminates the blood pressure measuring operation.
Typically the blood pressure measuring operation is termi-
nated by deflating the cuff. In addition, an alert may be pro-
vided for the patient or physician, indicating that the blood
pressure measuring operation has been terminated. The alert
may take one of several forms, such as an audible alert and a
display message on the automatic blood pressure machine.
When the slippage condition is not severe enough to interfere
with the blood pressure measurement, the automated blood
pressure machine may ignore the slippage condition and con-
tinue the cuff inflation.

[0026] FIG. 1 shows an example system 100 from which a
blood pressure reading can be made. The example system 100
includes an example patient 102 and an example automated
blood pressure machine 108. An example blood pressure cuff
104 is fastened around the left arm of the patient. The blood
pressure cuff 104 includes an example fastening material 106,
typically Velcro.

[0027] The example automated blood pressure machine
108 includes a display 110, controls 112, a blood pressure
processing module 114 and a cuff integrity detection module
116. The example display 110 displays a read out of the blood
pressure during cuff inflation and deflation. At the completion
of the blood pressure measurement, the blood pressure is
displayed, typically as the systolic pressure over the diastolic
pressure. In addition, other physiological data may be dis-
played, for example the patient’s heart rate. The example
controls 112 may include an on/off button, a start button or
other similar controls.

[0028] A tube (not shown in FIG. 1) connects the blood
pressure cuff 104 to the automatic blood pressure processing
machine 108. During cuffinflation, the tube supplies air to the
blood pressure cuff 104, causing the blood pressure cuff 104
to inflate, tightening around the arm of the patient. As the
blood pressure cuff 104 tightens around the arm of the patient,
the blood flow through the patient’s artery is affected.
[0029] Theexample blood pressure processing module 114
uses information received from the blood pressure cuff 104 to
calculate the blood pressure of the patient. When blood flows
through the radial artery under the blood pressure cuff, pres-
sure pulses are created. The blood pressure processing mod-
ule 114 receives pressure pulse information from the blood
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pressure cuff 104. The blood pressure processing module 114
uses the pressure pulse information in conjunction with an
algorithm to calculate the systolic and the diastolic blood
pressure of the patient.

[0030] The example cuff integrity detection module 116
determines when a cuff slippage condition occurs. Cuff slip-
page may be detected when various patterns of blood pressure
readings occur during a cuff inflation. For example, normally
during a cuff inflation the blood pressure readings tend to
increase until a maximum value is reached. However, during
a slippage condition, decreases in blood pressure usually
occur. Certain combinations of decreases in blood pressure
during a cuff inflation signify a cuff slippage condition, as
explained in more detail herein.

[0031] FIG. 2 shows an example pattern 200 of pressure
samples during a cuff inflation that signifies one type of cuff
slippage condition. The example pattern 200 signifies a slip-
page condition characterized by a 4-point “V”. The horizontal
axis of pattern 200 shows numbers corresponding to pressure
samples. The vertical axis of pattern 200 shows numbers
corresponding to measured pressure in units of 100 mm of
Hg. For example, a value of 5600 represents a pressure
sample of 56 mmHg.

[0032] As shown in FIG. 2, the 4-point “V” corresponds to
four specific pressure samples in which the pressure drops
and then rises. These four points form a 4-point “V” shape in
the example pattern 200. As discussed herein, a specific math-
ematical formula is evaluated to determine when the slippage
condition characterized by the 4-point “V” shape occurs.
[0033] FIG. 3 shows an example pattern 300 of pressure
samples during a cuff inflation that signifies a second type of
cuff slippage condition. The example pattern 300 signifies a
slippage condition characterized by a S-point “V”. The hori-
zontal axis of pattern 300 shows numbers corresponding to
pressure samples. The vertical axis of pattern 300 shows
numbers corresponding to measured pressure in units of 100
mm of Hg. As shown in FIG. 3, the pressure readings shown
on the vertical axis have a range from 7450 to 7800, corre-
sponding to a pressure range of 74.5 mmHg to 78 mmHg.
This range is an arbitrary range that is different from the range
of 54 mmHg to 58 mmHg shown in FIG. 2. In actual practice,
slippage condition 1 and slippage condition 2 can occur at any
pressure range that occurs above a minimum level of pres-
sure. The minimum level of pressure is typically 40 mmHg.
[0034] As shown in FIG. 3, the 5-point “V” corresponds to
five specific pressure samples in which the pressure drops and
then rises. These five points form a 5-point “V” shape in the
example pattern 300. As discussed herein, a specific math-
ematical formula is evaluated to determine when the slippage
condition characterized by the 5-point “V” shape occurs.
[0035] FIG. 4 shows an example pattern 400 of pressure
samples during a cuff inflation that signifies a third type of
cuff slippage condition. The example pattern 400 signifies a
slippage condition characterized by a sharp drop of pressure
that occurs for two successive pressure samples. The sharp
drop represents a pressure that is more than 2.25 multiplied by
the background noise.

[0036] The pressure range shown in FIG. 4, corresponding
to 95 mmHg to 99 mmHg is arbitrary. Similar to condition 1
and condition 2, slippage condition 3 can occur during any
pressure range above a minimum pressure, typically 40
mmHg. As discussed herein, a specific mathematical formula
is evaluated to determine when the slippage condition char-
acterized by pattern 400 occurs.
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[0037] FIGS. 5A-5C show mathematical formulas used to
evaluate slippage conditions 1-3. As shown in FIG. 5A, slip-
page condition 1 occurs when each of three conditions occur.
First, a slope of pressure samples during a cuff inflation must
be greater than 0. A description of how the slope is determined
is provided later herein. Second, a pressure three samples
previous to the current sample (designated as P(n-3), where
P(n) is a pressure at the current sample) must be greater than
the sum of a pressure two samples previous to the current
sample and the product of 1.5 multiplied by a noise level. This
condition is designated as P(n-3)>P(n-2)+1.5xnoise. The
noise level is a number corresponding to a background noise
during the cuff inflation, as explained further herein. Third, a
pressure at the current sample must be greater than the sum of
a pressure one sample previous to the current sample and the
product of 1.5 multiplied by the background noise. This con-
dition is designated as P(n)>P(n-1)+1.5xnoise. When all
three of these conditions are met and when all samples used
are greater than a minimum sample, typically 40 mmHg, a
cuffslippage condition 1, indicated by the 4-point “V”*in FIG.
2, has occurred.

[0038] As shown in FIG. 5B, slippage condition 2 occurs
when each of five conditions occur. First, a slope of pressure
samples during a cuff inflation must be greater than zero.
Second, a pressure four samples previous to the current
sample must be greater than the sum of a pressure reading
three samples previous to the current sample and the product
of 1.5 multiplied by the background noise. This condition is
designated as P(n-4)>P(n-3)+1.5xnoise. Third, a pressure at
the current sample must be greater than the sum of a pressure
one sample previous to the current sample and the product of
1.5 multiplied by the background noise. This condition is
designated as P(n)>P(n-1)+1.5xnoise. Fourth, a pressure two
samples previous to the current sample must be less than a
pressure three samples previous to the current sample. This
condition is designated as P(n-2)<P(n-3). Fifth, a pressure
two samples previous to the current sample must be less than
a pressure one sample previous to the current sample. This
condition is designated as P(n-2)<P(n-1). When all five of
these conditions are met and when all samples used are
greater than a minimum sample, typically 40 mmHg, a cuff
slippage condition 2, indicated by the 5-point “V” in FIG. 3,
has occurred.

[0039] As shown in FIG. 5C, slippage condition 3 occurs
when each of three conditions occur. First, a slope of blood
pressure readings during a cuff inflation must be greater than
0. Second, a blood pressure reading two samples previous to
the current sample must be greater than the sum of a blood
pressure reading one sample previous to the current sample
and the product of 2.25 multiplied by the background noise.
This condition is designated as P(n-2)>P(n-1)+2.25xnoise.
Third, a blood pressure reading one sample previous to the
current sample must be greater than the sum of a blood pres-
sure reading at the current sample and the product of 2.25
multiplied by the background noise. This condition is desig-
nated as P(n-1)>P(n)+2.25xnoise. When all three of these
conditions occur and all samples used are greater than a
minimum sample, typically 40 mmHg, a cuff slippage con-
dition 3 has occurred. Cuff slippage condition 3 indicates that
a blood pressure drop of greater than the product of 2.25
multiplied by the background noise has occurred for two
consecutive pressure samples during the current cuff infla-
tion.
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[0040] FIG. 6 shows an example pattern of pressure
samples 600 that illustrate an example background noise
calculation for a cuff inflation. In this example, the back-
ground noise is derived from seven pressure samples during a
cuff inflation. In other examples, more or less than seven
samples may be used. Each of the samples occurs above a
minimum level of pressure, typically 40 mmHg and each
sample occurs when a slope of the pressure readings for the
samples is greater than zero.

[0041] The first step in the background noise calculation is
to determine a slope of a line 602 corresponding to the seven
samples. In examples, the slope is equal to the highest pres-
sure in the seven samples minus the lowest pressure in the
seven samples divided by seven (the number of samples).
This method of slope calculation is used throughout this
disclosure. In other embodiments, other methods for calcu-
lating the slope may be used. For example, a method using
least squares fit may be used.

[0042] Because the slope is positive, the highest pressure
sample for the seven samples typically occurs for the last
sample and the lowest pressure for the seven samples typi-
cally occurs for the first sample. In examples, because of
variations along a positive slope, the highest and lowest pres-
sures may occur for samples other than the last sample and the
first sample.

[0043] Once the slope is calculated, a determination is
made as to a maximum deviation above and below the slope
for the seven samples of pressure. As shown in FIG. 6, pres-
sure samples for the samples, designated by an “x”, are not all
on the slope line. The background noise level is designated to
be the difference between the maximum deviation above the
slope and the maximum deviation below the slope. FIG. 7 is
an example of seven samples showing deviations in pressure
from an example slope line. The example shown in FIG. 7
does not correspond exactly to the pressure samples of FIG. 6,
and is provided for illustration purposes only. As shown in
FIG. 7, example samples 2 and 4 have maximum deviations of
5 below the slope line (represented by 0 on the vertical axis).
Bxample sample 5 has a maximum deviation of 1 above the
slope line. Therefore, for these seven samples, the back-
ground noise is equal to the difference in these maximum
deviations or 6 (equal to 1 minus -5). For this example, a
number of 6 is used for the noise in the equations used to
calculate cuff slippage (as shown in FIGS. SA-5C).

[0044] The background noise comes primarily from the
operation of a pump used during the cuff inflation. In actual
use, there may be slight differences in pump operation for
each pump cycle that may cause pressure samples to be above
or below the slope. Without reference to the background noise
in the equations shown in FIGS. 5A, 5B and 5C, cuff slippage
may be mistaken for background noise.

[0045] In examples, the background noise is calculated
continually during the cuff inflation. As the cuff is inflated,
pressure samples are obtained at a configured sampling rate,
for example at a rate of 128 samples per second. When a
plurality of pressure samples are obtained, the background
noise is calculated and a determination is made as to whether
a slippage condition has occurred. The number of samples in
the plurality of samples comprises the number of samples
used to calculate the background noise plus four additional
samples. For the case where seven samples are used to cal-
culate the background noise, the plurality of samples com-
prises a total of 11 samples.
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[0046] After the background noise is calculated, a determi-
nation is made from the plurality of samples as to whether a
slippage condition occurs. For example, if the plurality of
samples comprises 11 samples, the background noise calcu-
lation is based on the first seven of these 11 samples. The first
seven samples are the earliest of the 11 samples. The deter-
mination of a slippage condition is also based on a subset of
these 11 samples, starting from the last sample, the last
sample being P(n), one sample from the last being P(n-1),
two samples from the last being P(n-2), etc. The last sample
is the most recent of the 11 samples.

[0047]  After the background noise is calculated and after a
determination of whether a slippage condition occurs, a new
pressure sample is obtained. For the example of seven
samples being used for the background noise calculation plus
four additional samples, this new pressure sample and the
previous 10 pressure samples form a new plurality of 11
pressure samples that are used to recalculate the background
noise and determine whether a slippage condition has
occurred. After the background noise is recalculated from the
first seven of this new plurality of samples, another determi-
nation of whether a slippage condition has occurred is made
using this new plurality of 11 pressure samples. In a similar
manner, for each succeeding pressure sample obtained during
the cuff inflation, a new plurality of 11 pressure samples are
used to recalculate the background noise and to determine
whether a slippage condition has occurred.

[0048] FIGS. 8, 9 and 10 show a flowchart illustrating an
example method 800 for determining cuff slippage during a
cuff inflation for a blood pressure measurement on an auto-
mated blood pressure machine. At operation 802 a pressure
sample is taken. The pressure reading is one of many samples
taken during the cuffinflation. An example sample rate is 128
pressure samples per second. In other examples more of fewer
samples may be taken per second.

[0049] At operation 804, a determination is made was to
whether the pressure for the current sample is higher than a
minimum value, typically 40 mmHg. A minimum value is
chosen because patients typically do not have blood pressures
below the minimum value, so all samples below this value are
ignored. When it is determined at operation 804 that the
current pressure is below the minimum value, control returns
to operation 802 and another pressure sample is taken.
[0050] When it is determined at operation 804 that the
current blood pressure sample is above the minimum value, at
operation 806, aplurality of pressure samples is obtained. The
plurality of pressure samples includes a sample size of pres-
sure samples needed to determine a background noise level.
In examples, a sample size of seven is used. In other
examples, more or fewer samples may be used. The plurality
of pressure samples also includes four additional pressure
samples used to determine whether a slippage condition has
occurred. For the case where a sample size of seven is used to
determine the background noise level, the plurality of pres-
sure samples equals 11 samples.

[0051] At operation 808, a background noise level is deter-
mined from the plurality of pressure samples. The back-
ground noise level is determined by calculating the slope of a
line representing a slope for a subset of pressure samples in
the plurality of pressure samples. In examples, the subset of
pressure samples corresponds to the first seven pressure
samples in the plurality of pressure samples. The slope is
calculated by subtracting the lowest pressure in the subset
from the highest pressure in the subset and dividing by the
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number of samples in the subset, in this case seven. Once the
slope is determined, a maximum deviation of pressure above
and below the slope is determined. The background noise
represents the difference between the maximum deviation
above the line and the maximum deviation below the line.
[0052] At operation 810, a determination is made as to
whether a first cuff slippage condition has occurred. In
examples, the first slippage condition corresponds to a
4-point “V” shape of blood pressure readings during the cuff
inflation.

[0053] At operation 812, when a determination is made that
the first cuff slippage condition has occurred, at operation
814, a designation is made that the blood pressure cuff has
slipped. Control then passes to operation 830 where a slip
counter is incremented. The slip counter is initially set at zero
(not shown in FIG. 8). When the slip counter has a count of
greater than 10, indicating that more than 10 slippages have
been detected during the cuff inflation, a determination is
made as to how to handle the slippage condition, as discussed
later herein. The value of 10 is an arbitrary value. In other
embodiments, a different value may be used.

[0054] At operation 812, when a determination is made that
the first cuff slippage condition has not occurred, at operation
816, a determination is made as to whether a second cuff
slippage condition has occurred. In examples, the second
slippage condition corresponds to a 5-point “V” shape of
pressure samples during the cuff inflation.

[0055] At operation 818, when a determination is made that
the second cuff slippage condition has occurred, at operation
820, a designation is made that the blood pressure cuff has
slipped. Control then passes to operation 830 where a slip
counter is incremented. When the slip counter has a count of
greater than 10, indicating that more than 10 slippages have
been detected during the cuff inflation, a determination is
made as to how to handle the slippage condition, as discussed
later herein.

[0056] At operation 818, when a determination is made that
the second cuff slippage condition has not occurred, at opera-
tion 824, a determination is made as to whether a third cuff
slippage condition has occurred. In examples, the third slip-
page condition corresponds to two successive pressure drops
greater than a pressure threshold during the cuffinflation. The
pressure threshold for the third slippage condition is 2.25
multiplied by the background noise.

[0057] At operation 826, when it is determined that the
third slippage condition has occurred, at operation 828, at
operation 830 a slip counter is incremented. Control then
advances to operation 832 where a determination is made as
to whether cuff inflation has completed.

[0058] At operation 826, when is determined that the third
slippage condition has not occurred, at operation 832 at deter-
mination is made as to whether the cuff inflation has com-
pleted.

[0059] When it is determined at operation 832 that the cuff
inflation has not completed, control returns to operation 806
where a new plurality of pressure samples is obtained. For this
new plurality of pressure samples, a background noise calcu-
lation is performed at operation 808 and then the pressure
samples are evaluated to determine whether any of the first,
second or third slippage conditions are detected.

[0060] When it is determined at operation 832 that cuff
inflation has completed, at operation 834 a determination is
made as to whether more than 10 slippage conditions have
been detected during the cuff inflation. The slippage condi-
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tions may be any combination of the first slippage condition,
the second slippage condition and the third slippage condi-
tion.

[0061] When it is determined at operation 834 that more
than 10 slippage conditions have occurred during the cuff
inflation, at operation 836 a determination is made as to how
to handle slipping. In examples, the way in which slipping is
handled is determined by whether a blood pressure reading is
able to be calculated from the pressure samples obtained
during the cuff inflation.

[0062] In examples, when the pressure samples are such
that it is possible to calculate a blood pressure reading (com-
prising the calculation of a systolic blood pressure and a
diastolic blood pressure), the blood pressure reading is dis-
played on the automated blood pressure machine. In addition,
an operator is alerted that cuff slipping occurred during the
cuff inflation. The alert may be an audible alert, a visual alert
or a combination of both. However, in examples when the
pressure samples are such that a blood pressure reading can-
not be calculated, an error code is displayed on the automated
blood pressure machine but a blood pressure reading is not
provided.

[0063] FIG. 11 shows a flow chart of a method 810 for
determining whether the first slippage condition exists. In
examples, the first slippage condition corresponds to a
4-point “V” shape of pressure samples during the cuff infla-
tion.

[0064] At operation 1102, aslope of a line corresponding to
the plurality of pressure samples from operation 806 is deter-
mined. The slope is calculated by determining a highest pres-
sure sample and a lowest pressure sample from the first seven
samples in the plurality of pressure samples, subtracting the
lowest pressure sample from the highest pressure sample and
dividing by the sample size, in this example dividing by
seven.

[0065] At operation 1104, a determination is made as to
whether the slope is greater than zero. When a determination
is made that the slope is not greater than zero, the process to
determine whether the first slippage condition occurs termi-
nates.

[0066] At operation 1104, when a determination is made
that the slope is greater than zero, at operation 1106, a deter-
mination is made whether a pressure three samples from the
current sample is greater than the sum of a pressure two
samples from the current sample and the product of 1.5 mul-
tiplied by the background noise and a determination is made
whether a pressure at the current sample is greater than the
sum of a pressure one sample from the current sample and the
product of 1.5 multiplied by the background noise.

[0067] At operation 1106, when each of the above determi-
nations is true, at operation 1108 a designation is made that
the first slippage condition exists. At operation 1106, when at
least one of the above determinations is false, at operation
1110 a designation is made that the first slippage condition
does not exist.

[0068] FIG. 12 shows a flow chart of a method 816 for
determining whether the second slippage condition exists. In
examples, the second slippage condition corresponds to a
S-point “V” shape of blood pressure readings during the cuff
inflation.

[0069] At operation 1202, aslope ofa line corresponding to
the plurality of pressure samples from operation 806 is deter-
mined. The slope is calculated by determining a highest pres-
sure sample and a lowest pressure sample from the first seven
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samples in the plurality of pressure samples, subtracting the
lowest pressure sample from the highest pressure sample and
dividing by the sample size, in this example dividing by
seven.

[0070] At operation 1204, a determination is made as to
whether the slope is greater than zero. When a determination
is made that the slope is not greater than zero, the process to
determine whether the second slippage condition occurs ter-
minates.

[0071] At operation 1204, when a determination is made
that the slope is greater than zero, at operation 1206, a deter-
mination is made whether a blood pressure reading four
samples from the current sample is greater than the sum of a
pressure sample three samples from the current sample and
the product of 1.5 multiplied by the background noise, a
determination is made whether a pressure sample at the cur-
rent sample is greater than the sum of a pressure one sample
from the current sample and the product of 1.5 multiplied by
the background noise, a determination is made whether a
pressure two samples from the current sample is less than a
pressure three samples from the current sample and a deter-
mination is made whether a pressure two samples from the
current sample is less than a pressure one sample from the
current sample.

[0072] At operation 1206, when each of the above determi-
nations is true, at operation 1208 a designation is made that
the second slippage condition exists. At operation 1206, when
at least one of the above determinations is false, at operation
1210 a designation is made that the second slippage condition
does not exist.

[0073] FIG. 13 shows a flow chart of a method 824 for
determining whether the third slippage condition exists. In
examples, the third slippage condition corresponds to a pres-
sure drop of greater than 2.25 multiplied by the background
noise for two successive pressure samples during a cuff infla-
tion.

[0074] At operation 1302, aslope ofa line corresponding to
the plurality of pressure samples from operation 806 is deter-
mined. The slope is calculated by determining a highest pres-
sure sample and a lowest pressure saniple from the first seven
samples in the plurality of pressure samples, subtracting the
lowest pressure sample from the highest pressure sample and
dividing by the sample size, in this example dividing by
seven.

[0075] At operation 1304, a determination is made as to
whether the slope is greater than zero. When a determination
is made that the slope is not greater than zero, the process to
determine whether the third slippage condition occurs termi-
nates.

[0076] At operation 1304, when a determination is made
that the slope is greater than zero, at operation 1306, a deter-
mination is made whether a pressure two samples from the
current sample is greater than the sum of a pressure one
sample from the current sample and the product of 2.25
multiplied by the background noise level and a determination
is made whether a pressure one sample from the current
sample is greater than the sum of a blood pressure reading
from the current sample and the product of 2.25 multiplied by
the background noise.

[0077] At operation 1306, when each of the above determi-
nations is true, at operation 1308 a designation is made that
the second slippage condition exists. At operation 1306, when
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at least one of the above determinations is false, at operation
1310 a designation is made that the second slippage condition
does not exist.

[0078] With reference to FIG. 14, example components of
an automatic blood pressure machine 108 are shown. The
automatic blood pressure machine 108 can include input/
output devices, a central processing unit (“CPU”), a data
storage device, and a network device.

[0079] In a basic configuration, the automatic blood pres-
sure machine 108 typically includes at least one processing
unit 1402 and system memory 1404. Depending on the exact
configuration and type of computing device, the system
memory 1404 may be volatile (such as RAM), non-volatile
(such as ROM, flash memory, etc.) or some combination of
the two. System memory 1404 typically includes an operating
system 1406 suitable for controlling the operation of an auto-
matic blood pressure machine. The system memory 1404
may also include one or more software applications 1408 and
may include program data.

[0080] The automatic blood pressure machine 108 may
have additional features or functionality. For example, the
automatic blood pressure machine 108 may also include com-
puter readable media. Computer readable media can include
both computer readable storage media and communication
media.

[0081] Computer readable storage media is physical media,
such as data storage devices (removable and/or non-remov-
able) including magnetic disks, optical disks, or tape. Such
additional storage is illustrated in FIG. 14 by removable stor-
age 1410 and non-removable storage 1412. Computer read-
able storage media may include volatile and nonvolatile,
removable and non-removable media implemented in any
method or technology for storage of information, such as
computer readable instructions, data structures, program
modules, or other data. Computer readable storage media can
include, but is not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, digital ver-
satile disks (DVD) or other optical storage, magnetic cas-
settes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or any other medium which can be used
to store the desired information and which can be accessed by
automatic blood pressure machine 108. Any such computer
readable storage media may be part of the automatic blood
pressure machine 108.

[0082] The automatic blood pressure machine 108 may
also contain communication connections 1418 that allow the
device to communicate with other computing devices 1420,
such as over a network in a distributed computing environ-
ment, for example, an intranet or the Internet. Communica-
tion connections 1418 are one example of communication
media. Communication media may typically be embodied by
computer readable instructions, data structures, program
modules, or other data in a modulated data signal, such as a
carrier wave or other transport mechanism, and includes any
information delivery media. The term “modulated data sig-
nal” means a signal that has one or more of its characteristics
set or changed in such a manner as to encode information in
the signal. By way of example, and not limitation, communi-
cation media includes wired media such as a wired network or
direct-wired connection, and wireless media such as acoustic,
RF, infrared and other wireless media.

[0083] The various embodiments described above are pro-
vided by way of illustration only and should not be construed
to limiting. Various modifications and changes that may be
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made to the embodiments described above without departing
from the true spirit and scope of the disclosure.

What is claimed is:

1. A method for determining cuff slippage in a blood pres-
sure monitoring device, the method comprising:

on the blood pressure monitoring device, starting a cuff
inflation including inflating a blood pressure cuff;

obtaining a plurality of pressure samples when the cuff is
inflating;

determining whether a slope corresponding to the plurality
of pressure samples is a positive number;

when it is determined that the slope is a positive number,
determining a level of background noise during the cuff
inflation, the level of background noise being deter-
mined from the plurality of pressure samples; and

when the background noise is determined,

determining from the plurality of pressure samples
whether a pressure pattern indicating cuff slippage is
obtained.

2. The method of claim 1, wherein determining from the
plurality of pressure samples whether a pressure sample pat-
tern indicating slippage is obtained comprises determining
whether the plurality of pressure samples includes a 4-point
“V” pattern.

3. The method of claim 1, wherein determining from the
plurality of pressure samples whether a pressure sample pat-
tern indicating cuff slippage 1s obtained comprises:

determining whether the plurality of pressure samples
includes a 5-point “V” pattern.

4. The method of claim 1, wherein determining from the
plurality of pressure samples whether a pressure pattern indi-
cating slippage is obtained comprises

determining whether a pressure drop of greater than 2.25
multiplied by the level of background noise occurs for
two successive pressure samples.

5. The method of claim 1, wherein determining from the
plurality of pressure samples whether a pressure pattern indi-
cating slippage is obtained comprises:

obtaining the last pressure sample in the plurality of pres-
sure samples;

obtaining the first from last pressure sample in the plurality
of pressure samples;

obtaining the second from last pressure sample in the plu-
rality of pressure samples;

determining whether the second from last pressure sample
is greater than the sum of the first from last pressure
sample and the product of 2.25 multiplied by the level of
background noise;

determining whether the first from last pressure sample is
greater than the sum of the last pressure sample and the
product of 2.25 multiplied by the level of background
noise; and

when it is determined that the second from last pressure
sample is greater than the sum of the first from last
pressure sample and the product of 2.25 multiplied by
the level of background noise and when it is determined
that the first from last pressure sample is greater than the
sum of the last pressure sample and the product of 2.25
multiplied by the level of background noise, making a
determination that a cuff slippage condition exists.
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6. An electronic computing system comprising;

a processing unit; and

a data storage system, the data storage system storing

instructions that, when executed by the processing unit,

cause the electronic computing system to:

start a cuff inflation, the cuff inflation comprising inflat-
ing the blood pressure cuff and obtaining a plurality of
pressure samples when the cuff is inflating;

determine whether a slope corresponding to the plurality
of pressure samples is a positive number;

when it is determined that the slope is a positive number,
determine a level of background noise during the cuff
inflation, the level of background noise being deter-
mined from the plurality of pressure samples; and

when the background noise is determined,

determine from the plurality of pressure samples
whether a pressure pattern indicating cuff slippage is
obtained.

7. The electronic computing system of claim 6, wherein
determining from the plurality of pressure samples whether a
pressure pattern indicating slippage is obtained comprises:

obtaining the last pressure sample in the plurality of pres-

sure samples;

obtaining the first from last pressure sample in the plurality

of pressure samples;

obtaining the second from last pressure sample in the plu-

rality of pressure samples;

determining whether the second from the last pressure

sample is greater than the sum of the first from the last
pressure sample and the product of 2.25 multiplied by
the level of background noise;

determining whether the first from the last pressure sample

is greater than the sum of the last pressure sample and the
product of 2.25 multiplied by the level of background
noise; and

when it is determined that the second from the last pressure

sample is greater than the sum of the first from the last
pressure sample and the product of 2.25 multiplied by
the level of background noise and when it is determined
that the first from the last pressure sample is greater than
the sum of the last pressure sample and the product of
2.25 multiplied by the level of background noise, mak-
ing a determination that a cuff slippage condition exists.

8. A computer-readable data storage medium comprising
instructions that, when executed by a processing unit of a
computing device, cause the computing device to:

start a cuff inflation, the cuff inflation comprising inflating

the blood pressure cuff and obtaining a plurality of pres-
sure samples when the cuff is inflating;

determine whether aslope corresponding to the plurality of

pressure samples is a positive number, the determination

of whether the slope corresponds to a positive number

comprising:

obtaining a subset of the plurality of pressure samples;

obtaining a first pressure sample from the subset of the
plurality of pressure samples, the first pressure
sample being a lowest pressure in the subset of the
plurality of pressure samples;

obtaining a second pressure sample from subset of the
plurality of pressure samples, the second pressure
sample being a highest pressure in the subset of the
plurality of pressure samples;

calculating the slope, the calculation of the slope com-
prising:
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subtracting the first pressure sample from the second
pressure sample; and
dividing a result of the subtraction of the first pressure
sample from the second pressure sample by the
number of pressure samples in the subset of the
plurality of pressure samples; and
when the slope is greater than zero, making a determi-
nation that the slope is a positive number;
when it is determined that the slope is a positive number,
determine a level of background noise during the cuff
inflation, the level of background noise being deter-
mined from the plurality of pressure samples, the deter-
mination of the level of background noise during the cuff
inflation comprising;
determining a maximum pressure sample above the cal-
culated slope;
determining a maximum pressure sample below the cal-
culated slope; and
subtracting the maximum pressure sample below the
calculated slope from the maximum pressure sample
above the calculated slope, the result of the subtrac-
tion being designated as the level of background
noise; and
when the background noise is determined, determine from
the plurality of pressure samples whether a pressure
pattern indicating cuff slippage is obtained, the pressure
pattern indicating cuff slippage being a 4-point “V”
pattern, the determination of whether the pressure pat-
tern indicating slippage is obtained comprising:
obtaining the last pressure sample in the plurality of
pressure patterns;
obtaining the first from last pressure sample in the plu-
rality of pressure samples;
obtaining the second from last pressure sample in the
plurality of pressure samples;
obtaining the third from last pressure sample in the plu-
rality of pressure samples;
determining whether the third from the last pressure
sample is greater than the sum of the second from the
last pressure sample and the product of 1.5 multiplied
by the level of background noise;
determining whether the last pressure sample is greater
than the sum of the first from the last pressure sample
and the product of 1.5 multiplied by the level of back-
ground noise; and
when it is determined that the third from the last pressure
sample is greater than the sum of the second from the
last pressure sample and the product of 1.5 multiplied
by the level of background noise and when it is deter-
mined that the last pressure sample is greater than the
sum of the first from last pressure sample and the
product of 1.5 multiplied by the level of background
noise, make a determination that a cuff slippage con-
dition exists.
9. The computer-readable storage medium of claim 19,
further comprising:
make a determination that more than 10 cuff slippage con-
ditions have occurred; and
when it is determined that more than 10 cuff slippage
conditions have occurred, take a form of action, wherein
take a form of action comprises initiating a cuff deflation
cycle and setting an alert for a user to alert the user to the
slippage condition.
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