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SYSTEMS AND METHODS FOR TIMING
MEASUREMENTS IN A NON-INVASIVE
BLOOD PRESSURE MEASUREMENT
SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to a medical device
used to improve the accuracy and timing of non-invasive
blood pressure measurements.

BACKGROUND OF THE INVENTION

[0002] The consistent and continuous monitoring of health
care vital signals such as blood pressure aids health care
providers in diagnosing, monitoring and treating a patient.
Many variants of automated methods for determining blood
pressure measurements are known in the field. For example,
International Publication No. WO 2013/122608 A1, U.S. Pat.
No. 6,171,255B1, and U.S. Pat. No. 6,224,559B1 all discuss
devices for noninvasive blood pressure measurements. These
and all other referenced patents and applications are incorpo-
rated herein by reference in their entirety.

[0003] One form of a non-invasive blood pressure (NIBP)
measuring method is an oscillometric method. In the oscillo-
metric method changes in the sphygmomanometer cuff pres-
sure corresponding to arterial flow resulting from the inflation
or deflation of the cuff are measured using an electrical trans-
ducer. Inthe oscillometric method an inflatable cuffis inflated
to a pressure above the estimated systolic pressure of a
patient. The pressure in the cuff is then reduced slowly and
steadily to below an estimated diastolic pressure. The oscil-
lations detected by the transducer are monitored throughout
the inflation and deflation processes. Mathematical algo-
rithms are applied to the raw data to compute a systolic
pressure, diastolic pressure and a mean arterial pressure. The
process of determining these pressures automatically by
inflating and deflating a sphygmomanometer cuff can be con-
ducted by a blood pressure monitoring system. The time it
takes to obtain a blood pressure measurement using an oscil-
lometric method may vary from a few seconds to many min-
utes due to the uncertainty introduced by the NIBP cuff infla-
tion and cuff deflation processes. For example, in a patient
with a smaller upper arm circumference a NIBP cuff may not
be properly aligned and slip during a measurement requiring
multiple trials before an accurate measurement can be
obtained. Additionally, the time needed for an accurate mea-
surement may be impacted by the patient’s movement or
physiology. Typically, the time needed to acquire an accurate
blood pressure measurement in an automated system, such as
those referenced to above, may vary from 30 seconds to up to
3 minutes.

[0004] In the healthcare setting it is important for a clini-
cian to be able to obtain a patient’s blood pressure readings at
pre-designated intervals. While the current technology allows
clinicians to configure a non-invasive blood pressure (NIBP)
time interval in a machine, this setting only guarantees when
a blood pressure measurement will start. There is no guaran-
tee that the device will be able to deliver the results according
to the desired interval. As mentioned previously, it may take
up to three minutes to obtain an accurate blood pressure
measurement. For example, in the prior art, if a clinician
specifies a 15 minute interval for blood pressure measure-
ments, in actuality, a clinician may receive readings at: 12:01:
00, 12:16:00, 12:32:05, 12:49:02, and so forth. However, a
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medical provider may actually have intended to have results
for readings at more natural times such as: 12:00:00, 12:15:
00, 12:30:00, 12:45:00, and 13:00:00. The ability to have
readings at natural times may increase the ease of identifying
and understanding trends in patient data, aid in the diagnosis
and treatment of the patient and provide additional benefits in
terms of hospital record keeping and billing procedures.
[0005] Therefore, it is desirable to have methods and sys-
tems for obtaining results from a non-invasive blood pressure
measurement system at a patient-specific time interval indi-
cated by a clinical professional.

SUMMARY OF THE INVENTION

[0006] The invention provides patient-specific methods
and systems for obtaining results from a non-invasive blood
pressure measurement system at times indicated by a clinical
professional.

[0007] In an exemplary embodiment, the invention com-
prises a non-invasive blood pressure measurement system
comprising a pump unit, signal acquisition circuit, user intet-
face, clock, memory and microprocessor. The pump unit
acquires a cuff pressure signal using an inflatable cuff and the
signal acquisition circuit generates an oscillometric signal
from the cuff pressure signal. The user interface allows a user
to enter a patient-specific time interval. A memory stores the
cuff pressure signal, the oscillometric signal, the patient-
specific time interval, a buffer containing measurement dura-
tions and deviations, and an expected measurement duration.
The microprocessor is operatively coupled to the pump unit,
signal acquisition circuit, the user interface, the clock, and the
memory. The microprocessor comprises at least one algo-
rithm which uses cuff pressure signal and oscillometric signal
to compute at least one blood pressure measurement. The
microprocessor also comprises at least one algorithm which
uses at least the clock, the buffer and the expected measure-
ment duration to provide a result from at least one blood
pressure measurement according to the patient-specific time
interval. The at least one blood pressure measurement com-
prises at least one of a systolic pressure measurement, a
diastolic pressure measurement and a mean arterial pressure
measurement.

[0008] In another exemplary embodiment the invention
comprises amethod for calculating an expected measurement
duration in an oscillometric blood pressure monitoring sys-
tem comprising obtaining a first time from a clock, calculat-
ing at least one blood pressure measurement, obtaining a
second time from a clock, calculating a measurement dura-
tion, obtaining from a memory the expected measurement
duration, updating a memory, calculating a range of accept-
able values, calculating a new expected measurement dura-
tion, and replacing the expected measurement duration stored
in the memory with the new expected measurement duration.
[0009] In another exemplary embodiment, the invention
comprises a method for obtaining measurements at patient-
specific times in an oscillometric blood pressure monitoring
system. The method further comprising receiving from a user
a patient-specific time interval for obtaining measurements,
obtaining an expected measurement time from a memory, and
calculating a pre-start time, and sending a signal to start a
non-invasive blood pressure (NIBP) measurement at said pre-
start time.

[0010] In yet another exemplary embodiment, the inven-
tion comprises a patient monitoring system further compris-
ing a patient monitor and a non-invasive blood pressure mea-
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surement system. The non-invasive blood pressure
measurement system may comprise a pump unit, a signal
acquisition circuit, and a microprocessor.

BRIEF DESCRIPTION OF THE DRAWING

[0011] FIG. 1 is a block diagram of the components of the
invention.
[0012] FIG. 2 is a flowchart of a non-invasive blood pres-

sure (NIBP) pre-start algorithm control flow.

[0013] FIG. 3 is a flowchart of a method for calculating an
expected measurement duration in an oscillometric blood
pressure monitoring system.

[0014] FIG. 4 is a flowchart of a method for obtaining
measurements at patient-specific times in an oscillometric
blood pressure monitoring system.

[0015] FIG. 5isa diagram depicting an embodiment of the
systems and methods described herein.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Itis an objective of the present invention to deliver
non-invasive blood pressure measurements as closely as pos-
sible to times corresponding to an interval indicated by a
clinical professional. As mentioned previously, a medical
professional may require the results from an automated non-
invasive blood pressure monitoring system at pre-determined
intervals. These intervals may have clinical or administrative
significance. While the prior art allows for obtaining auto-
mated blood pressure measurements, it does not guarantee
that the measurements will be available for the clinician’s use
at the time intervals. The disclosed invention can be used as
part of a hospital, nursing home, doctors office, home, or any
combination thereof. For example, the invention’s settings
can be preconfigured by a physician at a medical care center
and then the patient may be allowed to partake in normal daily
activities before being removed from the blood pressure
monitoring system.

[0017] InFIG.1an embodiment of the system is provided.
The disclosed system is a blood pressure monitoring system
100 comprising a pump unit 102, signal acquisition circuit
104, user interface 105, clock 106, memory 107 and micro-
processor 108. The system may optionally include, for
example, a communications module 109 and a power umt
103. The pump unit 102 is coupled via one or more air ducts
and electrical connections 110 to a blood pressure cuff 101
and acquires a cuff pressure signal. The signal acquisition
circuit 104 may perform signal processing techniques com-
monly known in the field in connection with a pressure trans-
ducer to compute an oscillometric signal from the cuff pres-
sure signal. The pump unit 102 may comprise a pressure
transducer, air pressure source, deflate valve(s), inflate valve
(s), an exhaust and one or more air ducts. The pump unit is
configured to be able to inflate and deflate a blood pressure
cuff 101 in response to a command received from the micro-
processor 108. The pump unit may also detect and transmit
information regarding the cuff pressure to the signal acquisi-
tion unit 104 and the microprocessor 108. The pressure trans-
ducer in the pump unit 102 is used to sense pressure within the
cuff 101. Signals received by the pressure transducer may be
processed by the microprocessor 108 to produce blood pres-
sure data. The microprocessor 108 may also transmit signals
to inflate and deflate the blood pressure cuff 101 according to
settings received by a user interface 105.
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[0018] Thesystem microprocessor 108 unit may utilize one
or more algorithms stored in the system memory 107 to
determine blood pressure measurements from the oscillom-
etric signal. These algorithms may require as input the cuff
pressure signal and/or the oscillometric signal. Blood pres-
sure measurements derived from the oscillometric signal may
include a systolic pressure, diastolic pressure and a mean
arterial pressure.

[0019] Blood pressure measurements may be displayed on
a user interface 105. The user interface 105 may include, for
example, a monitor, a display, a keyboard, a mouse, a touch-
screen, an interactive graphical user interface (GUI), keys,
buttons, and the like. The user interface may, for example,
also include stationary buttons the functions of which may
vary according to what is displayed on a screen. Settings may
be input into the user interface by, for example, a health care
provider, a patient, or a technician. One such setting input by
a user to the non-invasive blood pressure measurement sys-
tem is a patient-specific time interval. As discussed previ-
ously, a clinician may, for example, prefer to receive blood
pressure readings from a patient in natural intervals of fifteen
minutes. The patient-specific time interval may be input in
any time units including, without limit, minutes, seconds,
hours or Julian time units. The microprocessor 108 may con-
vert the patient-specific time interval into units compatible
with those used by the system clock. The patient-specific
desired time interval indicates the intervals at which the user
requires consecutive blood pressure measurement results.
The patient-specific time interval may be set according to the
clinical needs of the patient or the administrative needs of the
patient care facility. While a patient-specific time interval is
discussed herein, in an alternative embodiment the user may
enter a patient-specific time set comprised of discrete times at
which the user may require NIBP measurements. Such a time
set may be comprised of a set of times with unevenly spaced
intervals. For example, a clinician studying the effects of a
chemical compound may request NIBP measurements be
taken every three minutes for the first fifteen minutes after
exposure, then at the twentieth minute of exposure, the
twenty-seventh minute of exposure, thirtieth minute of expo-
sure and so forth. In such an example a clinician may wish to
enter a time set of [12:00:00; 12:03:00; 12:06:00; 12:09:00,
12:12:005 12:15:00; 12:20:00; 12:27:00, 12:30:00]. In an
exemplary embodiment, the system may contain a display
presenting the patient-specific time interval alongside patient
data and information. The display may be integrated with the
user interface and be interactive or touch-sensitive. The dis-
play may include a graphical user interface configured to
receive and display the patient-specific time interval. A dis-
play may also be incorporated into a monitor.

[0020] Inanembodimentofthe system, the microprocessor
108 monitors the pressure in the cuff 101 by monitoring the
pressure reading from a transducer contained within the
pump unit 102. In order to calculate an oscillometric blood
pressure measurement, the microprocessor 108 sends a signal
to the pump 102 for the cuff 101 to be inflated to a target
pressure, where the target pressure is a pressure estimated to
be above the systolic blood pressure of the patient. The micro-
processor monitors the pressure recorded by the transducer
within the pump unit and the microprocessor sends a signal to
the pump unit to begin the deflation of the cuff once the
pressure transducer indicates that the target pressure is
reached. The deflation of the cuffis slow and gradual such that
one or more blood pressure measurements may be attained.
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The inflation of the cuff may be accompanied by the opening
of one or more inflate valve(s) and the closing of one or more
deflate valve(s). The deflation of the cuff may be accompa-
nied by the opening of one or more deflate valve(s) and
closing of one or more inflate valve(s). The signals to open
and close the deflate and inflate valves may be sent by the
microprocessor 108.

[0021] The signals sent by the microprocessor may be in
response to executing algorithms stored in a memory compo-
nent 107 of the device. The memory component 107 of the
device may include the cuff pressure signal, the oscillometric
signal, the patient-specific time interval, a buffer and an
expected measurement duration. Information stored in the
device’s memory component may be organized into a buffer.
The buffer may further comprise one or more measurement
sets, wherein each measurement set comprises a measure-
ment duration and a measurement deviation received and
calculated from a NIBP measurement. The measurement
duration is indicative of the time needed to obtain the NIBP
measurement. The measurement deviation is indicative of the
variation between the obtained measurement duration and
those previously measured. For example, the measurement
deviation may correspond to the standard deviation of the
corresponding measurement duration from the expected mea-
surement duration. Alternatively, the measurement deviation
may be the absolute difference between a measured duration
and the stored expected measurement duration. A measure-
ment duration and measurement deviation may be considered
corresponding if they belong to the same measurement set.
The expected measurement duration stored in the memory
107 is calculated by at least one algorithm. The expected
measurement duration may correspond, for example, to an
average measurement duration, in which case, the algorithm
calculates an arithmetic mean of one or more measurement
durations stored in the system memory. In another embodi-
ment the expected measurement duration may correspond to
aweighted average, in which case, recent measurement dura-
tions may be given more weight than older measurement
durations. In yet another embodiment, the expected measure-
ment duration may correspond to a moving average in which
only a subset of the last measurements are used in calculating
an arithmetic mean. In another embodiment, the expected
measurement duration may correspond to a combination of a
moving average and a weighted average. In such an embodi-
ment for example, the last three measurement durations may
be given a weight, and the preceding three are given a second
weight in calculating an expected measurement duration. In
yet another embodiment, an algorithm may calculate the
expected measurement duration such that it corresponds to a
median value of the measurement durations stored in the
memory. In an exemplary embodiment, algorithms used in
the function of the device may be contained as software stored
in a non-rewriteable machine-readable medium while infor-
mation and data which may be edited can be contained in
rewriteable machine-readable medium. These machine-read-
able medium may include, for example, magnetic discs, opti-
cal discs, memory, portable flash drives, flash storage, and the
like.

[0022] The non-invasive blood pressure (NIBP) measure-
ment system may also include a clock 106. The clock 106
provides accurate timing information to the microprocessor
108 and related components. In an exemplary embodiment of
the system, the clock measures and provides time in Julian
units. In an embodiment of the system, all times input by the
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user may be converted to units matching the internal clock.
The internal clock of the device allows for accuracy in detet-
mining the elapsed measurement duration. For example, in a
hospital setting two wall clocks in separate rooms may not
display the same exact time. If a patient is transported from
one room to another during the process of automated blood
pressure monitoring, a clinician may inaccurately measure
the time elapsed and measurement duration. In contrast, the
internal clock of the blood pressure monitoring system pro-
vides a reliable and consistent measure of time.

[0023] The blood pressure monitoring system may also
include a power unit 103. The power unit may comprise, for
example, a battery and a power coupler. The power coupler
may be configured, for example, to receive power from a
docking station to which this blood pressure monitoring sys-
tem may attach to. The power coupler may also be configured,
for example, to receive power directly from a AC wall unit.
The battery in the power unit 103 may be non-rechargeable or
a rechargeable unit which is recharged from the power cou-
pler. Examples of rechargeable units include a NiCad battery,
a LiPo battery, a NiMH battery or the like.

[0024] An exemplary embodiment of the system may also
include a communications module 109. A communications
module 109 may contain electro-mechanical parts used by the
microprocessor 108 to transmit patient data and information,
blood pressure measurements and settings to a remote data-
base. For example, the system may be configured to transmit
hourly blood pressure readings to the patient’s electronic
medical file for review by a physician. The communications
module 109 may allow for wired and wireless communica-
tion. In awired configuration, for example, the blood pressure
monitoring system may be connected via Ethernet to a hos-
pital network. In a wireless configuration the blood pressure
monitoring system may broadcast using wireless technolo-
gies which may include at least one of Wireless Local Area
Network (WLAN), Wireless Patient Area Network (WPAN)
or Wireless Wide Area Network (WWAN). In an exemplary
embodiment the communications module 109 may be con-
figured to automatically transmit information acquired by the
blood pressure monitoring system wirelessly while the moni-
toring system is mobile.

[0025] The blood pressure monitoring system may be sta-
tionary and associated with a specific hospital bed. The blood
pressure monitoring system may also be ambulatory and
move with the patient throughout the hospital transmitting the
acquired patient data and information. The blood pressure
monitoring system may also be integrated into a patient moni-
toring device. In such a scenario, the patient monitoring
device includes a non-invasive blood pressure measurement
device and is capable of receiving a patient-specific time
interval, obtaining an expected measurement duration, calcu-
lating a pre-start time and sending a signal to start a non-
invasive blood pressure measurement at said pre-start time.
The patient monitoring device may be portable and able to
dock to a docking station from which it receives power and/or
patient and system data and information. The patient moni-
toring device may also be stationary. In such configurations,
the patient monitoring device may transmit patient data and
information to a central monitoring station, which may moni-
tor patient data and information from a number of patients.
The patient monitoring device may contain a processor
capable of executing an algorithm to calculate an expected
measurement duration and an algorithm to obtain measure-
ments at patient-specific times. The patient monitoring device
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may, for example, also contain a display, capable of display-
ing patient data and information including the NIBP measure-
ments results received from a blood pressure measurement
device and the patient-specific time interval. The patient
monitoring device may be attached to one or more medical
devices each capable of receiving one or more signals from
the patient corresponding to the physiological state of the
patient. For example, a patient monitoring device may be
connected to an electrocardiogram and a non-invasive blood
pressure measurement device and be configured to receive
blood pressure measurements according to a time interval
input by a nurse into a touch-screen monitor.

[0026] Inanembodiment,a patient monitoring system may
comprise a patient monitor and a non-invasive blood pressure
measurement system. The patient monitor may be capable of
receiving and displaying physiological parameters from a
patient. The non-invasive blood pressure measurement sys-
tem may be comprised of a pump unit capable of acquiring a
cuff pressure signal using an inflatable cuff, a signal acquisi-
tion circuit capable of generating an oscillometric signal from
the cuff pressure signal, and a microprocessor which is opera-
tively coupled to the pump unit and the signal acquisition
circuit. As will be discussed further below, the microproces-
sor may be capable of computing a blood pressure measure-
ment from the oscillometric signal at a patient-specific time
interval based on an expected measurement duration. These
calculations and computations may be performed by the
microprocessor by executing algorithms stored on a memory
component.

[0027] FIG. 2 is a flowchart demonstrating the interactions
between methods used to calculate an expected measurement
duration and a pre-start time in a system for timing NIBP
measurements. In an exemplary embodiment of the system,
the system first assesses if the patient is a new patient 205, if
so, the algorithm flushes the data or deletes entries in the
buffer stored in the memory 202. The contents of the buffer
may also be cleared in response to a power cycle. The method
then receives information regarding the patient-specific time
interval 201. The method implements an algorithm which
calculates an expected measurement duration which in this
example, corresponds to an arithmetic average measurement
duration 203. Successive measurement durations are taken
204 and the method updates the expected measurement dura-
tion 206. If the patient is not a new patient (and the system has
information regarding the patient’s previous measurements
already stored in the memory), the algorithm starts by taking
successive measurement durations 204.

[0028] Disclosed is a method for calculating an expected
measurement duration 206 executed by the microprocessor
108. A flowchart of an algorithm for obtaining an expected
measurement duration in an oscillometric blood pressure
monitoring system is provided in FIG. 3. The algorithm
executed by the microprocessor 108 would first obtain a first
time in step 301 from the system clock 106. Then the algo-
rithm would calculate at least one blood pressure measure-
ment in step 302. The algorithm may comprise computer-
readable instructions stored by a memory 107 and executed
by the microprocessor 108. The instructions to calculate a
blood pressure measurement may include instructions for the
microprocessor 108 to signal the pump unit 102 to adjust the
air flow. As explained above, a NIBP measurement using the
oscillometric method may include, for example, at least one
of a systolic pressure, diastolic pressure and a mean arterial
pressure. Ina third step 303, the method obtains a second time
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from the system clock. In an embodiment of the method the
times provided by the system clock are in Julian units. The
algorithm then computes the measurement duration in step
304 which is indicative of the time necessary for the NIBP
system to obtain at least one blood pressure measurement.
This measurement duration is calculated based on the differ-
ence between the first and second times received from the
system clock. The method then obtains from the memory the
stored expected measurement duration in step 305.

[0029] Themethod then updates the memory with the mea-
surement duration and a deviation in step 306. In an exem-
plary embodiment, the measurement duration and deviation
may be organized in a buffer in the memory. The deviation
value input into the buffer is indicative of the variation of the
currently obtained measurement duration from past measure-
ment durations. In one embodiment, for example, the devia-
tion is equivalent to the absolute difference between the cur-
rently obtained measurement duration and an expected
measurement duration stored in the memory. In another
embodiment, for example, the deviation may be equivalent to
the standard deviation of the current obtained measurement
duration with respect to a an expected measurement duration
stored in the memory.

[0030] After updating the buffer with information from the
current measurement, the method calculates from the buffera
range of acceptable values in step 307. This range of accept-
able values corresponds to a range which will determine
whether a measurement duration be included in a calculation
for the new expected measurement duration in step 308. The
range of acceptable values corrects for instances in which
multiple trials may be necessary before being able to obtain
an accurate blood pressure measurement. For example, in the
case of a child who interrupts the blood pressure measure-
ment a number of times, a machine or clinician may have
attempted three trials prior to being able to attain a blood
pressure measurement. In this example, the measurement
duration may be extremely large, for example, 5 minutes.
This value is not indicative of the expected measurement
duration. The example measurement duration of 5 minutes is
an outlier, and calculating a buffer with a range of acceptable
values, prevents the outlier from impacting the calculation of
an expected measurement duration. The expected measure-
ment duration is updated in the memory in step 309 and used
to determine the pre-start time.

[0031] In an embodiment of the system, the range of
acceptable values calculated in step 307 may be set at two
standard deviations above and below the previously calcu-
lated expected measurement duration. In such an exemplary
embodiment, the standard deviation values may be calculated
from the entire set of measurement durations available in the
buffer. The expected measurement duration may be calcu-
lated solely based on the measurement durations contained
within the range of acceptable values, as discussed below. In
an embodiment of the system, the range of acceptable values
may be set to be tolerant of a high spread of measurement
durations for initial measurements and the range may be
adjusted to be less tolerant as the patient has multiple blood
pressure measurements.

[0032] Inanembodiment of the system, the buffer stored in
the memory may be of limited size or hold a buffer capacity.
For example, the buffer may be limited to the last ten or
twenty measurement sets and their corresponding measure-
ment durations and deviations. In such an embodiment, if the
algorithm being executed by the microprocessor determines
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that the addition of anew measurement set to the buffer would
exceed the buffer capacity, in other words if the current buffer
size exceeds a buffer size limit or buffer capacity, the oldest
measurement set from the buffer may be deleted prior to the
new measurement set being added to the buffer.

[0033] After calculating a range of acceptable values from
the values stored in the buffer, the method calculates a new
expected measurement duration in step 308. In an embodi-
ment of the method, the new expected measurement duration
is the arithmetic mean of measurement durations for all mea-
surement sets with measurement durations which fall within
the previously determined range of acceptable values. The
memory is updated to contain the new expected measurement
duration. In an embodiment of the system, the new expected
measurement duration is also used to update the deviation
parameter included in the measurement sets stored in the
buffer memory in step 309.

[0034] FIG. 4 demonstrates a method for obtaining mea-
surements at patient-specific times in an oscillometric blood
pressure monitoring system. The method first receives from a
user a patient-specific time interval for obtaining measure-
ment results in step 401. As disclosed previously, patient-
specific time intervals may be received via a user interface
105. The value of the patient-specific time interval is stored in
the memory 107 of the device. The algorithm being executed
by the microprocessor 108 then obtains an expected measure-
ment duration in step 402 from the memory 107.

[0035] The method then calculates a pre-start time in step
403. The pre-start time may correspond to the difference
between a time indicated by the patient-specific time interval
and the expected measurement duration. For example, if a
physician indicates a patient-specific time interval of ten min-
utes from 12 pm a time indicated by the patient-specific time
interval is 12:10:00. If the stored expected measurement
duration 1s 00:01:05, the pre-start time is calculated to be, for
example, 12:08:55. In an alternative embodiment in which
the user has entered a discrete time set, the processor may
compute the patient-specific interval for each value in the
discrete time set and then calculate the pre-start time. Alter-
natively, for example, the pre-start time may be computed by
the processor directly, by subtracting the expected measure-
ment duration from the time indicated by the entered discrete
time set. Lastly, the microprocessor 108 sends a signal to the
pump unit 102 to start a non-invasive blood pressure mea-
surement (NIBP) at the calculated pre-start time in step 404.
[0036] The calculated pre-start time encompasses the
patient-specific adjustment for physiological, equipment-
based, and other considerations which comprise the expected
duration of a non-invasive blood pressure measurement. This
proprietary calculation, available in the patient monitoring
device’s memory may then be passed to other network sys-
tems as a patient-specific parameter when monitoring of the
patient is transferred to another bedside monitor via the net-
work or in the case of physical transfer.

[0037] An exemplary embodiment of the above described
non-invasive blood pressure measurement system capable of
obtaining measurements at patient-specific times according
to an expected measurement duration is illustrated in FIG. 5.
As shown in FIG. 5, a non-invasive blood pressure measure-
ment is obtained from a patient 501 and stored inan organized
buffer 502 within the memory of the system. The shown
buffer 502 has a buffer size of 10 and stores the measurement
duration and deviation. In this embodiment, the expected
measurement duration corresponds to the average duration.
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Additionally, the deviation value is, for example, an absolute
difference from the average duration. In this exemplary
embodiment, the acceptable range of values is set to two
standard deviations. Additionally the deviation is set to be
computed from all the measurements stored within the buffer.
The average duration and standard deviation are computed
accordingly 503. Additionally, the values stored in the buffer
502 are updated accordingly. In this example, the average
duration (which corresponds to the expected measurement
duration) is passed to a NIBP module 504.

[0038] Every blood pressure measurement obtained by the
system leads to an update of the buffer and may correspond to
changes in the expected measurement duration. In doing so
the system is able to provide blood pressure results at times
close 1o the patient specific time interval despite changes to a
trend in a the patient’s blood pressure measurement duration.
The disclosed system is also able to prevent unnecessary
changes in the pre-start time by having a method for calcu-
lating an expected measurement duration which controls for
outliers. Various aspects of the subject matter described
herein may be realized in electromechanical components
such as integrated circuitry, specialized circuitry, computer
hardware, firmware, software and/or a combination thereof.
Implementations of the disclosed system may include com-
puter programs which are executable or implementable on at
least one programmable processor (special or general pur-
pose). The processor may be coupled to one or more memory
components, interfaces for receiving and transmitting data
and instructions, an input device and an output device.

[0039] The software components may include machine
readable instructions for a programmable processor and be
implemented in high-level procedural language, and/or
object oriented programming language, and/or assembly/ma-
chine language.

[0040] Although exemplary embodiments of the present
invention have been described above, it is not limited thereto.
The appended claims should be construed broadly to include
other variants and embodiments of the invention which may
be made by those skilled in the art without departing from the
scope and range of equivalents of the invention. This disclo-
sure is intended to cover any adaptations or variations of the
embodiments discussed herein.

1. A non-invasive blood pressure measurement system
comptrising:
a pump unit capable of acquiring a cuff pressure signal
using an inflatable cuff;

a signal acquisition circuit capable of generating an oscil-
lometric signal from the cuff pressure signal,

amicroprocessor operatively coupled to the pump unit and
the signal acquisition circuit;

wherein the microprocessor computes a blood pressure
measurement from the oscillometric signal at a patient-
specific time interval based on an expected measurement
duration.

2. The system of claim 1, further comprising a memory
capable of storing the cuff pressure signal, the oscillometric
signal, the patient-specific time interval, a buffer and the
expected measurement duration, wherein the memory is
operatively coupled to the microprocessor.

3. The system of claim 2, further comprising the micropro-
cessor calculating the expected measurement duration based
on information from the memory.
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4. The system of claim 1, further comprising a clock
capable of measuring and providing time, wherein the clock
is operatively coupled to the microprocessor.

5. The system of claim 1, wherein the cuff pressure signal
and the oscillometric signal are obtained using a non-invasive
blood pressure (NIBP) measurement method.

6. The system of claim 1, further comprising a user inter-
face capable of receiving the patient-specific time interval,
wherein the patient-specific time interval comprises a time
difference between consecutive blood pressure measure-
ments.

7. The system of claim 1, further comprising the micropro-
cessor capable of converting the patient-specific time interval
into a unit of time corresponding to that used by the clock.

8. The system of claim 1, further comprising a communi-
cation module capable of receiving and transmitting wireless
signals and wired signals.

9. The system of claim 1, further comprising a communi-
cation module capable of transmitting information stored in
the memory to a remote database and a monitoring station.

10. The system of claim 1, wherein the system is a station-
ary blood pressure monitoring system.

11. The system of claim 1, wherein the system is an ambu-
latory blood pressure monitoring system.

12. The system of claim 1, wherein a blood pressure mea-
surement comprises at least one of a systolic pressure, a
diastolic pressure and a mean arterial blood pressure.

13. The system of claim 1, further comprising a power unit
capable of providing power to the system using at least one of
a battery and a connection to a wall AC unit.

14. The system of claim 1, wherein the pump unit com-
prises at least one of a pressure transducer, an air pressure
source, a one or more air ducts, at least one deflate valve, at
least one inflate valve and an exhaust.

15. A patient monitoring system comprising:

a patient monitor capable of receiving and displaying

physiological parameters; and
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a non-invasive blood pressure measurement system com-

prising:

a pump unit capable of acquiring a cuff pressure signal
using an inflatable cuff;

a signal acquisition circuit capable of generating an
oscillometric signal from the cuff pressure signal,

a microprocessor operatively coupled to the pump unit
and the signal acquisition circuit;

wherein the microprocessor computes a blood pressure
measurement from the oscillometric signal at a
patient-specific time interval based on an expected
measurement duration.

16. The system of claim 15, wherein the non-invasive blood
pressure measurement system further comprises a memory
operatively coupled to the microprocessor and capable of
storing the cuff pressure signal, the oscillometric signal, the
patient-specific time interval, a buffer and the expected mea-
surement duration.

17. The system of claim 16, further comprising the micro-
processor calculating the expected measurement duration
based on information from the memory.

18. The system of claim 15, further comprising a commu-
nication module capable of transmitting information stored in
the memory to a remote database and a monitoring station.

19. A method for obtaining measurements at patient-spe-
cific times in an oscillometric blood pressure monitoring
system, comprising:

receiving from a user a patient-specific time interval for

obtaining measurement results;

obtaining an expected measurement duration;

calculating a pre-start time;

sending a signal to start a non-invasive blood pressure

(NIBP) measurement at said pre-start time.

20. The method of claim 19, wherein a pre-start time cor-
responds to the difference of a time designated by the patient-
specific time interval and the expected measurement dura-
tion.
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