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SYSTEMS AND METHODS FOR ASSESSING MEASUREMENTS IN
PHYSIOLOGICAL MONITORING DEVICES

Summary
The present disclosure relates to systems and methods for analyzing

physiological signals and, more particularly, the present disclosure relates to
systems and methods for deriving and analyzing skewness metrics from
physiological signals.

The shape of a physiological signal may bear on both measurement quality
and patient status. For example, pulses in a high quality photoplethysmograph
(PPG) signal in an oximetry system are often characterized by a sharp downstroke
at the beginning of a pulse wave, followed by an upstroke of shorter duration. The
time derivative of such a PPG signal is an undulating waveform with both positive
and negative parts, The negative parts, corresponding to the sharp downstroke,
may reach relatively high values as compared to the magnitude of the positive parts
corresponding to the more gradual upstroke. The characteristics of pulses within a
PPG signal may be used, for example, in blood pressure measurements, and
therefore, the quality of the measurement may depend on the shape of the PPG
signal pulses, By using a metric to quantify the shape of a PPG derivative signal,
or any physiological signal, measurement quality can be monitored and used to
improve the operation of patient monitoring devices.

One such metric is the skewness of the signal, which generally refers to the
asymmetry of a signal around its mean or average value. Such a metric captures,
for example, the initial high-magnitude negative portion and subsequent low-
magnitude positive portion of a pulse of the PPG time derivative signal. Other
skewness metrics that capture this shape may include the ratio of the positive area
or peak of the PPG time derivative signal to the negative area or peak of the PPG
time derivative signal, ot the ratio of the duration of the upstroke to the duration of
the downstroke of the PPG signal.

A skewness measure of a signal may be used to identify short- or long-term
changes in the morphology of the signal. For example, the skewness of a PPG
time derivative sighal may be compared to that measured at a calibration point or a
previously recorded characteristic skewness (for example the mean or median

skewness during a prior fime period). A transient, or short-term, change in
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skewness may indicate a region of noise in the signal where the measurements

should be ignored or treated appropriately in a filtering operation (e.g., given a

lower weighting in an average). A long-term change in skewness may indicate a

change in signal morphology, which in turn may indicate a change in, for example,
5  patient posture or blood vessel compliance.

Additionally, a skewness measure may be advantageously employed in
continuous, non-invasive blood pressure (CNIBP) monitoring systems that
estimate blood pressure based at least in part on a differential pulse transit time
(DPTT) determination. The DPTT, which measures the difference in arrival times

10 of a cardiac pulse between two body sites, may be used through a known
relationship of the change in DPTT with blood pressure to determine the
instantaneous blood pressure of a patient subsequent to a calibration measure from
a calibration device. Measuring DPTT may be based at least in part on the use of
two sensors, cach placed at one of the two body sites. Comparing skewness

15 measures between the signals received at each of the two sensors may, for
example, reveal when noise is adversely affecting one channel, or when, for
example, a patient has undergone a change in condition which manifests in
different signal shape changes at the two channels.

Deriving and analyzing shape metrics, including skewness metrics, from

20  physiological signals in the manner described herein allows determinations of
measurement quality, physiological changes, and monitoring system operating
conditions to be made. Such determinations may be used for any number of
functions, including indicating to a patient or care provider that the measurement
quality is low or unacceptable, alerting a patient or care provider to a change in

25  patient status, triggering or delaying a recalibration of a monitoring device,
adjusting the operating parameters of a monitoring system, any other suitable

function, or any combination thereof,

Brief Description of the Diawings

30 The above and other features of the present disclosure, its nature and
various advantages will be more apparent upon consideration of the following
detailed description, taken in conjunction with the accompanying drawings in

which:
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FIGS. 1A-1B depict an illustrative photoplethysmograph (PPG) signal and
its time derivative signal, respectively, in accordance with an embodiment;

FIG. 2 shows an illustrative paticnt monitoring system in accordance with
an embodiment;

FIG, 3 is a block diagram of an illustrative patient monitoring system
coupled to a patient in accordance with an embodiment;

FIG. 4 is a block diagram of an illustrative signal processing system in
accordance with an embodiment;

FIG. 5 is a flow diagram of illustrative steps involved in patient monitoring
utilizing a measurement quality assessment in accordance with an embodiment;
and

FIGS. 6-7 are flow diagrams of illustrative steps involved in recalibration
initiation processes, each in accordance with an embodiment.

Detailed Description

Electronic patient monitors play a critical role in medical diagnosis and
treatment, both inside and outside the clinical setting. Such monitors are often able
to detect changes in a patient's physiological function that may indicate a
dangerous condition before noticeable symptoms occur. In particular, monitors
that analyze a patient’s physiological signals can often perform calculations that
uncover dangerous conditions that are difficuit for a human clinician to detect from
displayed signals alone.

There are many factors that determine the efficacy of a patient monitoring
system. One of these factors is the quality of the physiological measurement or
measurements at the monitoring device from the patient. A high quality
measurement is one that communicates useful information about the underlying
physiological process of interest. The quality of the measurement resulting from a
received electronic signal can be degraded by, for example, electromagnetic
coupling from other electronic instruments, movement of the patient, and
environmental factors that interfere with the connection between the patient and
the monitoring device.

Another factor that contributes to the efficacy of a patient monitoring
system is the accuracy of the relationship between the electronic signal received at
a monitoring device and the physiological process itself. This relationship is often

referred to as the "calibration” and may be stored within the monitoring device. In
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an embodiment, the patient monitoring system is a CNIBP system that provides
blood pressure readings based at least in part on measurements of a differential
pulse transit time (DPTT), which is the difference in the arrival times of a cardiac
pulse at two or more body sites. Such monitoring systems may include two or
5  more sensors, each located at one of the two or more body sites, respectively.

However, this stored relationship may not always be accurate, decreasing the
usefulness of the monitoring system. Monitoring devices are often recalibrated by
comparison with a calibration device that serves as a known reference. For
example, calibrating a CNIBP system may include making two DPTT

10 measurements and comparing the change in DPTT against calibration measures
from a calibration device using a known relationship between the change in DPTT
and blood pressure. Recalibrations may be performed according to a fixed
schedule. In one suitable approach, a monitoring device may be recalibrated when
the monitored physiological process undergoes a change (e.g., when a patient

15  changes position).

While the present disclosure is predominantly described in the context of a
CNIBP monitoring system, it will be understood that the present disclosure may be
applied to any other suitable physiological monitoring systems, such as pulse
oximetry systems, ECG systems, any other suitable system, or any combination

20 thereof.

Changes in the shape of a physiological signal waveform may
communicate information about both measurement quality and the need for
recalibration. For example, changes in the shape of a waveform may suggest the
introduction of a new noise source into the monitoring environment, indicating

25  decreased measurement quality. Such a change may also suggest that recalibration
be delayed until an improvement in measurement quality is detected. Changes in
the shape of a waveform may also result when, for example, a patient is given a
drug which alters their physiological state, requiring a recalibration of the
monitoring device. Accordingly, there is a need for monitoring devices that

30  employ computationally-efficient metrics for determining changes in shape of
signal waveforms and that use this information to perform monitoring operations.
The methods and systems described herein address these needs by determining
skewness values of physiological signals and using these skewness values to

initiate the recalibration of the device. Additionally, the techniques described
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herein provide methods and systems that adjust monitoring and recalibration
parameters based at least in part on shape-based measurement quality metrics.

The methods and systems of the present disclosure will be illustrated with
reference to the monitoring of a photoplethysmograph (PPG) signal; however, it
will be understood that the disclosure is not limited to monitoring PPG signals and
is usefully applied within a number of patient monitoring settings. FIGS. 1A-1B
depict an iltustrative photoplethysmograph (PPG) signal 102 and its time
derivative signal 108, respectively. Such signals may arise from, for example, an
oximetry system. An oximetry system may include a light sensor that is placed at
a site on a patient, typically a fingertip, toe, forehead or earlobe, ot in the case of a
neonate, across a foot. The oximeter may pass light using a light source through
blood perfused tissue and photoelectrically sense the absorption of light in the
tissue. The oximeter may measure the intensity of light that is received at the light
sensor as a function of time, A signal representing light intensity versus time or a
mathematical manipulation of this signal (e.g., a scaled version thereof, a log taken
thereof, a scaled version of a log taken thereof, etc.) may be referred to as the PPG
signal, In addition, the term "PPG signal," as used herein, may also refer to an
absorption signal (i.e., representing the amount of light absorbed by the tissue) or
any suitable mathematical manipulation thereof. The time derivative of the PPG
signal may also be of interest, and the term "PPG time derivative signal” will be
used herein. In an embodiment, the PPG signal and/or the PPG time derivative
signal may be used to calculate the amount of the blood constituent (e.g.,
oxyhemoglobin) being measured as well as the pulse rate and when each individual
pulse oceurs.

A high quality PPG signal may be characterized by a sharp initial
downstroke, corresponding to the beginning of a single pulse wave (e.g., the
portion of PPG signal 102 between point 106 and point 110 in the plot 100 of
FIG. 1A). Typical PPG signals from a healthy patient may go up and down once
per pulse, or may have a small dicrotic notch (e.g., notch 104) on the upstroke, on
the downstroke, in the middle, or adjacent to the pulse. The initial downstroke
may drop quickly to a trough, then may rise to a maximum value on an upstroke
that extends over a longer period of time (e.g., the portion of PPG signal 102
between point 110 and point 112). Consequently, the time derivative of such a

waveform may include an initial portion with a highly negative initial amplitude,
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corresponding to the steep downstroke (e.g, in plot 106 of FIG. 1B, the portion of
PPG time derivative signal 108 between point 116 and point 122, with highly
negative initial peak 114), followed by a second portion with a positive amplitude
of lower amplitude, corresponding to the gradual upstroke (e.g., the portion of PPG
time derivative signal 108 between point 122 and point 118). Such signals are
often well-characterized by a skewness metric. Skewness metrics generally
measure the asymmetty of a signal around a mean or average value. Skewness
metrics may be advantageously applied to PPG signals and PPG time derivative
signals to characterize the degree of asymmetry and hence the shape of such
signals,

FIG. 2 shows an illustrative patient monitoring system 10. System 10 may
include a sensor unit 12 and a monitor 14, In an embodiment, sensor unit 12 is part
of a continuous, non-invasive blood pressure (CNIBP) monitoring system and
includes sensors 16 and 18 positioned at two different locations on a subject’s
body. In some embodiments, the signal obtained from the single sensor or probe
may take the form of a PPG signal obtained, for example, from a CNIBP
monitoring system or pulse oximeter. Sensors 16 and 18 may each defect any
signal that carries information about a patient's physiological state, such as an
electrocardiograph signal, arterial line measurements, or the pulsatile force exerted
on the walls of an artery using, for example, oscillometric methods with a
piezoelectric transducer. According to another embodiment, system 10 may
include a plurality of sensors forming a sensor array in leu of either or both of
sensors 16 and 18. Although only two sensors 16 and 18 are illustrated in the
sensor unit 12 of FIG, 3, it is understood that any number of sensors measuring any
number of physiological signals may be used to assess patient status in accordance
with the techniques described herein,

In an embodiment, sensors 16 and 18 are combined within a single sensor
capable of detecting a single signal. In an embodiment, this sensor may be a pulse
oximeter. In this embodiment, sensor unit 12 may include a light sensor that is
placed at a site on a patient, typically a fingertip, toe, forehead or earlobe, or in the
case of a neonate, across a foot. The oximeter may pass light using a light source
through blood perfused tissue and photoelectrically sense the absorption of light in
the tissue. For example, the oximeter may measure the intensity of light that is

received at the light sensor as a function of time. The light intensity or the amount
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of light absorbed may then be used to calculate physiological measurements,
including blood pressure (BP). Techniques for obtaining BP measurements from
oximetry data are described in more detail in co-pending, commonly assigned U.S.
Patent Application No. 12/242.867, filed September 30, 2008, entitled "SYSTEMS
AND METHODS FOR NON-INVASIVE CONTINUOUS BLOOD PRESSURE
DETERMINATION" and co-pending, commonly assigned U.S. Patent Application
No. 12/242,738, filed September 30, 2008, entitled "LASER SELF-MIXING
SENSORS FOR BIOLOGICAT SENSING," which are both hereby incorporated
by reference herein in their entireties,

In an embodiment, sensor unit 12 may include a laser Doppler sensor.
Techniques for obtaining information about blood pressure from self-mixed laser
Doppler sensors are described in more detail in co-pending, commonly assigned
U.S. Patent Application No.12/242,738, filed September 30, 2008, entitled
"LLASER SELF-MIXING SENSORS FOR BIOLOGICAL SENSING," which is
incorporated by reference herein in its entirety.

It will be understood that the present disclosure is applicable to any suitable
signals that communicate information about an underlying physiological process.
It will be understood that the signals may be digital or analog. Moreover, it will be
understood that the present disclosure has wide applicability to signals including,
but not limited to other biosignals (e.g., electrocardiogram, electroencephalogram,
electrogastrogram, phonocardiogram, electromyogram, pathological sounds,
ultrasound, or any other suitable biosignal), or any combination thereof. For
example, the technigues of the present disclosure could be applied to monitoring
pathological sounds or arterial (or venous) pressure fluctuations.

In an embodiment, sensor unit 12 may be connected to and draw its power
from monitor 14 as shown. In another embodiment, sensor unit 12 may be
wirelessly connected to monitor 14 and include its own battery or similar power
supply (not shown). In an embodiment, sensor unit 12 may be communicatively
coupled to monitor 14 via a cable 24. However, in other embodiments, a wircless
transmission device (not shown) or the like may be used instead of or in addition to
cable 24. In an embodiment, system 10 may include a second sensor unit 13,
which may take the form of any of the embodiments described herein with

reference to sensor unit 12. For example, sensor unit 13 may include two sensors
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15 and 19. Sensor unit 13 may be the same type of sensor unit as sensor unit 12, or
sensor unit 13 may be of a different sensor unit type than sensor unit 12.
Monitor 14 may be configured to calculate physiological parameters (e.g.,

heart rate and blood pressure) based at least in part on data received from sensor

5 unit 12. In an alternative embodiment, the calculations may be performed on the
monitoring device itself and the result of the calculations may be passed to monitor
14, Furthet, monitor 14 may include a display 20 configured to display the
physiological parameters or other information about the system. Inthe
embodiment shown, monitor 14 may also include a speaker 22 to provide an

10 audible sound that may be used in various other embodiments to be discussed
further below, such as for example, sounding an audible alarm in the event that a
patient's physiological parameters are not within a predefined normal range.
Monitor 14 may also include a measurement quality indicator, such as a graphic or
text in display 20 or a tone or message via speaker 22.

15 In the illustrated embodiment, system 10 may also include a multi-
parameter patient monitor 26. The monitor 26 may include a cathode ray tube
display, a flat panel display (as shown) such as a liquid crystal display (LCD) or a
plasma display, or may be any other type of monitor now known or later
developed. Multi-parameter patient monitor 26 may be configured to calculate

20  physiological parameters and to provide a display 28 for information from monitor
14 and from other medical monitoring devices or systems (not shown). For
example, multi-parameter patient monitor 26 may be configured to display an
estimate of a patient's blood pressure from monitor 14, blood oxygen saturation
generated by monitor 14 (referred to as an "SpO," measurement), and pulse rate

25  information from monitor 14, Monitor 26 may include a speaker 30, and may
include a measurement quality indicator as discussed above with reference to
monitor 14,

Monitor 14 may be communicatively coupled to multi-parameter patient
monitor 26 via a cable 32 or 34 that is coupled to a sensor input port or a digital

30 communications port, respectively and/or may communicate wirelessly (not
shown). In addition, monitor 14 and/or multi-parameter patient monitor 26 may be
coupled to a network to enable the sharing of information with servers or other
workstations (not shown). Monitor 14 may be powered by a battery (not shown) or

by a conventional power source such as a wall outlet.
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Calibration device 80, which may be powered by monitor 14 via a cable 82,
a battery, or by a conventional power source such as a wall outlet, may include any
suitable physiological signal calibration device. Calibration device 80 may be
communicatively coupled to monitor 14 via cable 82, and/or may communicate
wirelessly (not shown). For example, calibration device 80 may take the form of
any invasive or non-invasive physiological monitoring or measuring system used
to generate reference physiological measurements for use in calibrating a
monitoring device. For example, calibration device 80 may take the form of a
blood pressure monitoring system, and may inctude, for example, an aneroid or
mercury sphygmomanometer and occluding cuff, a pressure sensor inserted
directly into a suitable artery of a patient, an oscillometric device or any other
device or mechanism used to sense, measure, determine, or derive a reference
blood pressure measurement. In some embodiments, calibration device 80 may
include a manual input device (not shown) used by an operator to manually input
reference physiological measurements obtained from some other source (e.g., an
external invasive or non-invasive physiological measurement system).

Calibration device 80 may also access reference measurements stored in
memory (e.g., RAM, ROM, or a storage device). As described in more detail
below, the reference blood pressure measurements generated or accessed by
calibration device 80 may be updated in real-time, resulting in a continuous source
of reference blood pressure measurements for use in continuous or periodic
calibration. Alternatively, reference blood pressure measurements generated or
accessed by calibration device 80 may be updated periodically, and calibration
may be performed on the same periodic cycle. In the depicted embodiments,
calibration device 80 is connected to monitor 14 via cable 82. In other
embodiments, calibration device 80 may be a stand-alone device that may be in
wireless communication with monitor 14, Reference blood pressure measurements
may then be wirelessly transmitted to monitor 14 for use in calibration. In still
other embodiments, calibration device 80 is completely integrated within monitor
14, For example, in some embodiments, calibration device 80 may access
reference measurements from a relational database stored within calibration device
80, monitor 14, or multi-parametet patient monitor 26. As described in additional
detail below, calibration device 80 may be responsive to an electronic recalibration

signal, which may initiate the calibration of monitor 14 or may communicate
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recalibration information to calibration device 80 (e.g., a recalibration schedule).
Calibration may be performed at any suitable time (e.g., once initially after
monitoring begins) or on any suitable schedule (e.g., a periodic or event-driven
schedule). In an embodiment, calibration may be initiated or delayed based at least
in part on a measurement quality assessment or a recalibration initiation
assessment of an electronic signal representing a physiological process.

FIG. 3 is a block diagram of a patient monitoring system 200, such as
system 10 of FIG. 2, which may be coupled to a patient 40 in accordance with an
embodiment. Certain illustrative components of sensor unit 12 and monitor 14 are
illustrated in FIG. 3. .

Sensor unit 12 may include encoder 42. In an embodiment, encoder 42
may confain information about sensor unit 12, such as what type of sensors it
includes (e.g., whether the sensor is a pressure transducer or a pulse oximeter).
This information may be used by monitor 14 to select appropriate algorithms,
lookup tables and/or calibration coefficients stored in monitor 14 for calculating
the patient's physiological parameters.

Encoder 42 may contain information specific to patient 40, such as, for
example, the patient's age, weight, and diagnosis. This information about a
patient's characteristics may allow monitor 14 to determine, for example, patient-
specific threshold ranges in which the patient's physiological parameter
measurements should fall and to enable or disable additional physiological
parameter algorithms, This information may also be used to select and provide
coefficients for equations from which BP and other measurements may be
determined based at least in part on the signal or signals received at sensor unit 12.
For example, some pulse oximetry sensors rely on equations to relate an area under
a pulse of a photoplethysmograph (PPG) signal to determine BP. These equations
may contain coefficients that depend upon a patient's physiological characteristics
as stored in encoder 42. In some embodiments, encoder 42 may include a memory
or a coded resistor which stores one or more of the following types of information
for communication to monitor 14: the types of sensors included in sensor unit 12;
the wavelength or wavelengths of light used by an oximetry sensor when included
in sensor unit 12; a signal threshold for each sensor in the sensor array; any other
suitable information; or any combination thereof. Encoder 42 may also include

information about the recalibration requirements of the sensors included in sensor
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unit 12, including any one of a nominal frequency of recalibration and preferred
recalibration conditions.

In an embodiment, signals from sensor unit 12 and encoder 42 may be
transmitted to monitor 14, In the embodiment shown, monitor 14 may include a
general-purpose microprocessor 48 connected to an internal bus 50.
Microprocessor 48 may be adapted to execute software, which may include an
operating system and one or more applications, as part of performing the functions
described herein. Also connected to bus 50 may be a read-only memory (ROM)
52, a random access memoty (RAM) 54, user inputs 56, display 20, and speaker
22.

RAM 54 and ROM 52 are illustrated by way of example, and not
limitation. Any suitable computer-readable media may be used in the system for
data storage. Computer-readable media are capable of storing information that can
be interpreted by microprocessor 48. This information may be data or may take
the form of computer-cxecutable instructions, such as software applications, that
cause the microprocessor to perform certain functions and/or computer-
implemented methods. Depending on the embodiment, such computer-readable
media may include computer storage media and communication media. Computer
storage media may include volatile and non-volatile, 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 storage media may include, but is not limited to,
RAM, ROM, EPROM, EEPROM, flash memory or other solid state memory
technology, CD-ROM, DVD, or other optical storage, 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 components of the system.

In the embodiment shown, a time processing unit (TPU) 58 may provide
timing control signals to a stimulus drive 17, which may control when a stimulus is
used to apply a signal to the patient, the response to which communicates
information about the patient's physiological processes. For example, stimulus
drive 17 may be an light emitter in an oximetry configuration. Techniques for
obtaining physiological measurements by inducing perturbations in a patient via a

stimulus drive are described in more detail in co-pending, commonly assigned U.S.
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Patent Application No, 12/248,738, filed October 9, 2008, entitled "SYSTEMS
AND METHODS USING INDUCED PERTURBATION TO DETERMINE
PHYSIOLOGICAL PARAMETERS," which is incorporated by reference herein
in its entirety. TPU 58 may also control the gating-in of signals from sensor unit
12 through an amplifier 62 and a switching circuit 64. The received signal or
signals from sensor unit 12 may be passed through an amplifier 66, a low pass
filter 68, and an analog-to-digital converter 70. The digital data may then be stored
in a queued serial module (QSM) 72 (or buffer) for later downloading to RAM 54
as QSM 72 fills up. In one embodiment, there may be multiple separate parallel
paths having amplifier 66, filter 68, and A/D converter 70 for multiple sensors
included in sensor unit 12.

In an embodiment, microprocessor 48 may determine the patient's
physiological parameters, such as BP, using various algorithms and/or look-up
tables based at least in part on the value of the received signals and/or data from
sensor unit 12, For example, when sensor unit 12 includes an oximetry sensor,
microprocessor 48 may generate an equation that represents empirical data
associated with one or more patients that includes various BP measurements
associated with different areas under a pulse of a PPG signal. Signals
corresponding to information about patient 40 may be transmitted from encoder 42
to a decoder 74. These signals may include, for example, encoded information
relating to patient characteristics. Decoder 74 may translate these signals to enable
the microprocessor to determine the thresholds based at least in part on algorithms
or look-up tables stored in ROM 52. User inputs 56 may be used to enter
information about the patient, such as age, weight, height, diagnosis, medications,
treatments, and so forth, In an embodiment, display 20 may exhibit a list of values
which may generally apply to the patient, such as, for example, age ranges or
medication families, which the user may select using user inputs 56.

Patient monitoring system 10 may also include calibration device 80.
Although shown external to monitor 14 in the example of FIG. 2, calibration
device 80 may additionally or alternatively be internal to monitor 14, Calibration
device 80 may be connected to internal bus 50 of monitor 14. As described above,
reference measurements from calibration device 80 may be accessed by

microprocessor 48 for use in calibrating the sensor measurements and determining
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physiological signals from the sensor signal and empirical data of one or more
patients.

As discussed above, the signal from the patient can be degraded by noise,
among other sources. One source of noise is electromagnetic coupling from other
electronic instruments. Movement of the patient also introduces noise and affects
the signal. For example, the contact between the sensor and the skin can be
temporarily disrupted when movement causes either to move away from the skin.
Another source of noise is ambient light that reaches the light detector in an
oximetry system.

Noise (.., from patient movement) can degrade a sensor signal relied
upon by a care provider, without the care provider's awareness. This is especially
true if the monitoring of the patient is remote, the motion is too small to be
observed, or the cate provider is watching the instrument or other patts of the
patient, and not the sensor site. Processing sensor signals may involve operations
that reduce the amount of noise present in the signals or otherwise identify noise
components in order to prevent them from affecting measurements of
physiological parameters derived from the sensor signals.

FIG. 4 is an illustrative processing system 300 in accordance with an
embodiment, In an embodiment, input signal generator 310 generates an input
signal 316. As illustrated, input signal generator 310 includes pre-processor 320
coupled to sensing device 318. It will be understood that input signal generator
310 may include any suitable signal source, signal generating data, signal
generating equipment, or any combination thereof to produce signal 316, Signal
316 may be a single signal, or may be multiple signals transmitted over a single
pathway or multiple pathways.

Pre-processor 320 may apply one or more signal processing techniques to
the signal generated by sensing device 318. For example, pre-processor 320 may
apply a pre-determined transformation to the signal provided by the sensing device
318 to produce an input signal 316 that can be appropriately interpreted by
processor 312, Pre-processor 320 may also perform any of the following
operations to the signal provided by the sensing device 318: reshaping the signal
for transmission; multiplexing the signal; modulating the signal onto carrier

signals; compressing the signal; encoding the signal; and filtering the signal.
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In the embodiment of FIG. 4, signal 316 is be coupled to processor 312.
Processor 312 may be any suitable software, firmware, and/or hardware, and/or
combinations thereof for processing signal 316. For example, processor 312 may
include one or more hardware processors (e.g., integrated circuits), one or more
software modules, computer-readable media such as memory, firmwate, or any
combination thereof. Processor 312 may, for example, be a computer or may be
one or more chips (i.e., integrated circuits). Processor 312 may, for example, be
configured of analog electronic components, Processor 312 may perform some or
all of the calculations associated with the recalibration initiation and measurement
quality monitoring methods of the present disclosure. For example, processor 312
may compute a skewness value of a received signal and compare this skewness
value to a threshold. Processor 312 may also generate a suitable recalibration
signal, a suitable measurement quality signal, or both, and transmit these signals to
calibration device 80 and display 20, respectively. Processor 312 may also
perform any suitable signal processing to filter signal 316, such as any suitable
band-pass filtering, adaptive filtering, closed-loop filtering, and/or any other
suitable filtering, and/or any combination thereof, Processor 312 may also receive
input signals from additional sources (not shown). For example, processor 312
may receive an input signal containing information about treatments provided to
the patient, These additional input signals may be used by processor 312 in any of
the calculations or operations it performs in accordance with the patient monitoring
system 300.

Processor 312 may be coupled to one or more memory devices (not shown)
or incorporate one or more memory devices such as any suvitable volatile memory
device (e.g., RAM, registers, etc.), non-volatile memory device (e.g., ROM,
EPROM, magnetic storage device, optical storage device, flash memory, etc.), or
both, Tn an embodiment, processor 312 may store physiological measurements or
previously received data from signal 316 in a memory device for later retrieval. In
an embodiment, processor 312 may store calculated values, such as skewness
values, in a memory device for later retrieval.

Processor 312 may determine the locations of pulses within the signal 316,
For example, processor 312 may identify within the PPG signal of FIG. 1A, local
minimum point 103, local maximum point 106, local minimum point 110, and

Tocal maximum point 112 in the PPG signal. Processor 312 may pair points to
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define segments. Processor 312 may pair each local minimum point with a
following, adjacent maximum point. For example, processor 312 430 may pair
points 103 and 106 to identify one segment and points 110 and 112 to identify a
second segment. The location and slope of a segment may be measured to

5  determine what portion of the pulse the segment corresponds to, for example an
upstroke (e.g., a positive slope) or downsiroke (e.g., a negative slope) portion of
the pulse, The pulse is defined as a combination of at least one upstroke and one
downstroke. For example, the segment identified by points 103 and 106 and the
segment identified by points 106 and 110 may define a pulse.

10 Processor 312 may also identify additional characteristic points within the
signal 316, According to an embodiment, PPG signal 102 may include a dicrotic
notch 104 or other notches (not shown) in different sections of the pulse. For
example, a notch may occur, at the beginning of a pulse (referred to as an ankle
notch), in the middle of a pulse (referred to as a dicrotic notch), or near the top of a

15  pulse (referred to as a shoulder notch). Pulse detection techniques performed by
processor 312 are described in more detail in co-pending, commonly assigned U.S.
Patent Application No.12,202,948, filed September 30, 2008, entitled "SYSTEMS
AND METHODS FOR DETECTING PULSES," which is incorporated by
reference herein in its entirety.

20 In an embodiment, processor 312 derives and analyzes a shape metric from
signal 316 to detect changes in the shape of the waveform. In an embodiment,
processor 312 may identify individual pulses using any of the techniques described
herein, then derive and analyze the shape metric from each individual pulse. The
shape metric may be a skewness metric. A skewness metric generally measures

25  the asymmetry of a signal around its mean or average value. Such embodiments
are discussed in additional detail below with reference to FIGS. 5-7.

Processor 312 may be coupled to a calibration device 80 that may generate
or receive as input reference measurements for use in calibrating calculations. This
coupling may occur through recalibration signal 319 and recalibration output 314,

30  and may occur through additional signal pathways not shown. In an embodiment,
recalibration output 314 is connected to or in communication with calibration
device 80 and is capable of transmitting a command to calibration device 80 to a

recalibration procedure. Recalibration output 314 may simply pass recalibration
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signal 319 to calibration device 80, or may transform the information in
recalibration signal 319 into a form suitable for calibration device 80,
Processor 312 may be coupled to measurement quality output 324, between
which measurement quality signal 322 may be communicated. Measurement
5  quality output 324 may be any suitable output device such as, for example, one or
more medical devices (e.g., a medical monitor that displays various physiological
parameters, a medical alarm, or any other suitable medical device that either
displays physiological parameters or uses the output of processor 312 as an input),
one ot more display devices (e.g., monitor, PDA, mobile phone, any other suitable
10 display device, or any combination thereof), one or more audio devices, one or
more memory devices (e.g., hard disk drive, flash memory, RAM, optical disk, any
other suitable memory device, or any combination thereof), one or more printing
devices, any other suitable output device, or any combination thereof. In an
embodiment, measurement quality signal 322 may include any one or more of a
15  measurement quality value representative of current measurements, past
measurements, identification of a noise source, a low measurement quality alert,
and a current physiological measurement. In some embodiments, measurement
quality signal 322 may be stored in a memory device or recorded in another
physical form for future, further analysis.
20 In an embodiment, measurement quality signal 322 may be transmitted to
recalibration output 314. Recalibration output 314 may then transmit a command
to calibration device 80 based at least in pait on measurement guality signal 322,
In an embodiment, recalibration signal 319 may be is generated by the processor
312 based at least in part on a measurement quality value, the measurement quality
25  signal 322, or both.
It will be understood that system 300 may be incorporated into system 10
(FIGS. 2 and 3) in which, for example, input signal generator 310 may be
implemented as parts of sensor 12 and monitor 14 and processor 312 may be
implemented as part of monitor 14. In some embodiments, portions of system 300
30 may be configured fo be portable. For example, all or a part of system 300 may be
embedded in a small, compact object carried with or attached to the patient (e.g., a
watch, other piece of jewelry, or cellular telephone). In such embodiments, a

wireless transceiver (not shown) may also be included in system 300 to enable
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wireless communication with other components of system 10. As such, system 10
may be part of a fully portable and continuous patient monitoring solution.

FIG. 5 is a flow diagram of illustrative steps involved in patient monitoring
utilizing a measurement quality assessment in accordance with an embodiment.
Process 500 may be performed by processor 312, or may be performed by any
suitable processing device communicatively coupled to monitor 14. At step 502, a
first electronic signal is received. This first electronic signal may be representative
of a physiological process, and may be generated by sensor unit 12, which may
itself include any of the number of physiological sensors described herein. The
received first signal may be signal 316, which may be generated by a pre-processor
320 coupled between processor 312 and sensing device 318, The received first
signal may include multiple signals, for example, in the form of a multi-
dimensional vector signal or a frequency- or time-multiplexed signal.
Additionally, the first electronic signal received in step 502 may be a derived
signal generated internally to processor 312, Accordingly, the first received signal
may be a transformation of a signal 316, or may be a transformation of multiple
such signals. For example, the first electronic signal may be a ratio of two signals.
The first received signal may be based at least in part on past values of a signal,
such as signal 316, which may be retrieved by processor 312 from a memory such
as a buffer memory or RAM 54.

Once a first electronic signal is received at step 502, a first measurement
quality value of the received first signal may be calculated based at least in part on
a shape metric at step 504. In an embodiment, a shape metric may be applied to a
single pulse or multiple pulses. In an embodiment, a shape metric may be applied
to a pottion of the first electronic signal within a time window. Generally, "time
window" may be used to refer to either an interval of time, a number of pulses, or a
combination of the two. The time window over which the shape metric is applied
may include past values of the first electronic signal. The shape metric may be any
quantification of the shape or change in shape of the first electronic signal or a
transformation of the first electronic signal. In an embodiment, the shape metric is
applied to the first electronic signal over a first time window and a second time
window, then the values of the shape metric over cach window are combined (e.g.,
by taking a difference, an absolute difference, or a ratio). Examples of such shape

metrics include:
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1. The peak amplitude of a previous pulse.

2. The period of a previous pulse.

3. The path length of a previous pulse, defined as the sum of the absolute values of
the differences between subsequent samples taken over the duration of the pulse,

4, For signals that include two or more components (e.g., associated with each of
the red and infrared frequency ranges in an PPG monitoring system), a ratio of a
characteristic of each of the components (e.g., an amplitude or period).

5. The ratio of a duration of the downstroke and a duration of the upstroke from
one or more signals and/or one or more pulses.

Shape metrics may also include normalized and generalized versions of
metrics described herein, and may be applied to one or more pulses or fime
windows and combined via any suitable transformation. For example, the first
measurement quality value may be based at Jeast in part on a change of shape
between two instances or windows of the received first signal. The shape metric
may be a skewness metric, as discussed in additional detail below.

In an embodiment, the patient monitoring system is a CNIBP system that
provides blood pressure readings based at least in part on measurements of a
differential pulse transit time (DPTT). Such monitoring systems may include two
or more sensors and the skewness of the signals transmitted by of the two sensors
may be compared and tracked over time to detect the need for recalibration, for
example, by comparing skewness ratios calculated at times T1 and T2, as
described above with reference to process 500, For example, if noise is introduced
into the signal transmitted by only the first sensor, or if the first sensor
malfunctions or is dislodged, the shape of the waveform transmitted by the first
sensor will be different from time T1 to time T2 and this difference will be
reflected in different first and second ratios.

At step 506, the first measurement quality value is subject to a threshold
test. Generally, a threshold test on a value may test any of a number of threshold
conditions, including whether the value exceeds a single threshold, whether the
value is below a single threshold, or whether the value falls within a specified
range or ranges. The threshold test may be fixed, and retrieved by processor 312
from ROM 52 or RAM 54, The threshold test may be dynamic and depend, for
example, on past values of the received first signal, the first measurement quality

value, or both, In an embodiment, the threshold test may compare the
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measurement quality value to the value of a shape metric applied to a past time
window of the first electronic signal. In an embodiment, the threshold test may
depend on values of the shape mefric applied to multiple time windows, For
example, a single threshold may be the average of the shape metric applied to a
5 fixed number of past time windows, or may be this average minus a multiple of

standard deviations of the shape metric values, When the measurement quality
value exceeds this single threshold, the threshold test is passed. The threshold test
may also depend on secondary signal quality indicators, such as an electromagnetic
noise measuring device ot a signal arising from sensor device 318 indicating a

10 malfunction or undesirable operating condition. In the DPTT measurement
example described above, the absolute difference between the first and second
ratios may be compared against a threshold to determine whether a significant
change in measurement quality has occurred.

If it is determined at step 506 that the first measurement quality value

15 passes the threshold test, the process 500 may proceed to step 508 and monitoring
operations may be performed according to a nominal set of parameters. This
nominal parameter set may correspond to a "normal" operating state of the patient
monitoring system. Such a set of parameters may include displaying a
measurement calculated from the first electronic signal on at least one of display

20 20 and display 28, storing the calculated measurement (e.g., in RAM 54), using the
calculated measurement in other calculations performed by the system, or any
combination thereof. Such calculations may include a patient condition estimation
routine or a patient status prediction routine.

If it is determined at step 506 that the first measurement quality value does

25  not pass the threshold test, the process 500 may proceed to step 510 and the system
may perform monitoring operations according to an alternate set of parameters.
This alternate parameter set may correspond to a "low measurement quality”
operating state of the patient monitoring system. Such a state may indicate
reduced confidence in the ability of the first electronic signal to communicate

30  information about a physiological process. The corresponding parameter set may
include displaying a "low quality" warning signal via display 20 or display 28, or
an audible warning via speaker 22 or speaker 30. The parameter set may also
include suppressing the display of a measurement calculated from the first

electronic signal, suppressing the storing of the calculated measurement,
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suppressing the use of the calculated measurement in other calculations performed
by the system, or any combination thereof,
In an embodiment, steps 506, 508 and 510 need not be performed. Instead,
the patient monitoring system may use the first measurement quality signal to
5  adjust monitoring operations that may be based at least in part on the first
electronic signal. For example, multi-parameter monitor 26 may provide a
measurement estimate of a physiological process on display 28. This measurement
estimate may be calculated by processor 312 as a running average of
measurements made based at least in part on the received first signal over a time
10 window. The first measurement quality value calculated in step 504 may be used
to determine the length of this time window, with lower quality values suggesting
wider time windows and vice versa. Alternately, the length of the time window
may be fixed, but each measurement within the window may be weighted within
the running average by its associated measurement quality value. In such an
15 embodiment, a low quality measurement may have relatively less influence on the
measurement estimate displayed by multi-parameter monitor 26 than under a
"nominal" parameter set.
FIG. 6 is a flow diagram of an illustrative recalibration initiation process
600 in accordance with an embodiment. Process 600 may be performed by
20 processor 312, or may be performed by any suitable processing device
communicatively coupled to monitor 14. At step 602, a first electronic signal is
received. Embodiments of step 602 may include, for example, any of the
embodiments described above with reference to step 502 of process 500.
Once a first electronic signal is received at step 602, a first skewness value
25  may be calculated based at least in part on the received first signal at step 604. In
an embodiment, the first skewness value includes deriving and analyzing a
skewness metric from a time window of the received first signal, the time
derivative of the received first signal, or any transformation of the received first
signal. In an embodiment, a skewness value of a signal may be calculated as any
30 of the following illustrative skewness metrics:

1. A sample skewness in accordance with

20-



WO 2011/008383 PCT/US2010/038108

10

15

20

is the sample mean of the n samples.
2. A usual skewness estimator in accordance with

Ja(n-1) x,

n—2 Ki‘”‘

where «; is symmetric, unbiased estimator of the j th cumulant,

3. A Pearson mode skewness in accordance with

— ~

X —X

ad

where X is the mode of the samples and

o= —i(x,. —f)z .
L=

4, A Pearson's second skewness coefficient in accordance with

¥—-X

o
where X is the median of the samples.

5. A Bowley skewness in accordance with

(Qs _Qz)_(Qz —Ql)
Q3 _Q1

where (), is the 7th interquartile range.

In an embodiment, a skewness value of a signal may be based at least in
part on any of a number of multivariate skewness metrics, including, for example,
metrics based at least in part on joint moments of an underlying multivariate
signal, projections of the underlying multivariate signal onto a line, volumes of
simplices within the multivariate space, or any combination thereof.

In addition to the skewness metrics described above, embodiments

described herein may include any signal metric that measures the asymmetry of a
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signal around its mean or average value. In an embodiment, the skewness metric
may be based at least in part on any one or more of the following:

1. The ratio of the area under the positive portion of a pulse of the received first
signal to the area under the negative portion of the same pulse.

2. The ratio of the positive peak of a pulse of the time derivative of the received
first signal to the negative peak of the same pulse,

3. The ratio of the duration of the upsiroke of a pulse of the received first signal to
the duration of the downstroke of the same pulse.

In some embodiments, a skewness value of a signal may be based at least in
part on a constant multiple of any skewness metric. It will be understood that the
foregoing are merely examples of techniques for calculating a skewness value in
accordance with the methods and systems described herein.

In an embodiment, the patient monitoring system may be a CNIBP system
that provides blood pressure readings based at least in part on measurements of a
differential pulse transit time (DPTT) detected via two or more sensors. The
skewness of the signals transmitted by the two or more sensors may be compared
and tracked over time, for example, by comparing the ratio of skewness values at
times T1 and T2 as described above with reference to processor 500. Changes in
patient medical status (e.g., when a patient undergoes a seizure or arrest) may
result in different changes in the shapes of the waveforms transmitted by the two or
more sensors. Such changes may be detected as a change between the first and
second ratio, and such a change may be quantified by a first skewness value for
determining whether a recalibration is necessary.

At step 606, an electronic recalibration signal may be generated based at
least in part on a compatison of the first skewness value and a reference skewness
value. This comparison may include a threshold test, for example, as described
above with reference to step 506 of process 500. In an embodiment, the reference
skewness value is based at least in part on past values of the electronic
recalibration signal, associated skewness values or any combination thereof. For
example, an electronic recalibration signal may be generated based at least in part
on whether the first skewness value falls outside a range centered at a reference
skewness value. The reference skewness value may be the average of the
skewness metric applied to a fixed number of past time windows and the range

may include a band of values centered on the average (e.g., a multiple of standard

22



WO 2011/008383 PCT/US2010/038108

deviations), In the DPTT measurement example described above, the absolute
difference between the first and second ratios may be compared against a single
threshold to determine whether the change exceeds this threshold, which may
signal a need to initiate a recalibration. In an embodiment, the electronic
5  recalibration signal may be further based at least in part on a measurement quality

signal (e.g., as described above with reference to process 500). For example, low
quality measurements may indicate that a patient is moving or that a sensor has
malfunctioned, in which case a recalibration should be delayed until a higher
quality measurement can be obtained. Such an embodiment may advantageously

10 reduce time and resources devoted to wasteful recalibrations in periods of low
signal quality.

At step 608, arecalibration of the measurement device may be initiated
based at least in part on the comparison of step 606. Initiating a recalibration may
include transmitting an electronic recalibration signal to a calibration device 80

15  thatincludes a command to commence a recalibration process. In an embodiment,
initiating a recalibration may include transmitting an electronic recalibration signal
to a calibration device 80 that schedules a future recalibration process. In an
embodiment, initiating a recalibration includes sending an electronic recalibration
signal that includes a frequency at which calibration device 80 should perform

20  upcoming calibrations. Such an embodiment may be advantageous when a patient
is undergoing rapid changes in condition, as reflected in changes in the skewness
values of the received first signal, and more frequent recalibrations are desired than
when a patient is in a stable state. Additional details regarding various illustrative
embodiments of the steps of process 600 are described below with reference to

25  process 700.

FIG. 7 is a flow diagram of an illustrative recalibration initiation process in
accordance with an embodiment. For ease of presentation, process 700 will be
described as performed by processor 312; however, it will be understood that
process 700 may be performed by any suitable processing device communicatively

30 coupled to monitor 14.

At step 702, processor 312 may determine whether to initiate retrieval of an
electronic signal. Retrieval may be initiated according to a fixed monitoring
schedule, or may be performed in response to a request indicated by a patient or

care provider via user inputs 56, or both. At step 704, the electronic signal over a
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time window may be extracted. As described above with reference to processes
500 and 600, past values of the electronic signal may be extracted, and the width
and delay of such a time window may vary. The electronic signal may be received
at processor 312 in real-time (e.g, as signal 316), or may be extracted from a buffer
such as QSM 74 or from RAM 54.

At step 706, processor 312 may calculate a first skewness value from the
extracted signal over a skewness window. The skewness window may be a sub-
window of the time window of step 704, and may represent a subset of the
extracted signal data. The skewness value may be calculated in accordance with
any of the embodiments described herein, At step 708, processor 312 may store
the calculated first skewness value in one or more storage devices such as RAM
54. Processor 312 may store any of the calculated values described herein at a
remote storage device, enabling other remote processing devices to access and
analyze the stored calculated values.

At step 710, processor 312 may refrieve a recalibration reference value
from a storage device (e.g., RAM 54), This recalibration reference value may be,
for example, any of the reference values described above with reference to process
600, and may itself be a value previously calculated and stored by processor 312.
At step 712, processor 312 may compute a measurement quality value of the signal
extracted in step 704 over a quality window. The quality window may be a sub-
window of the time window of step 704, and may represent a subset of the
extracted signal data. In an embodiment, the quality window may be different
from the skewness window. For example, a quality window may include the most
recently received single pulse of a PPG signal, while the skewness window may
include a sequence of several past pulses. For instance, a quality window may
encompass from two to 10 pulses, and the quality threshold at step 714 may be
derived at least in part from the standard deviation, or other measure of variability,
of the skewness metrics for those pulses. In a further embodiment, the length of a
quality window may be linked to the quality of the signal which it contains. For
example, if the current signal quality is deemed to have low quality, then a onger
twenty pulse window may be employed, while a signal having high quality may
employ a window of shorter duration (e.g., one that is five pulses in duration).

Once the measurement quality value has been computed at step 712,

processor 312 may compare the measurement quality value to a quality threshold
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at step 714, If the measurement quality value is below the threshold, processor 312
may set a signal quality flag to one at step 716 (i.e., as an indicator of low signal
quality). Step 714 may include setting a signal quality variable equal to one in a
memory (e.g., RAM 54). In an embodiment, the signal quality flag may be a
"logic high" signal that may be passed directly to measurement quality output 324.
Alternately, if processor 312 determines at step 714 that the measurement quality
value is above the threshold, a signal quality flag may be set to zero at step 718.

After a signal quality flag has been set, processor 312 may proceed to step
720 and may store the measurement quality value, then may proceed to step 722
and may retrieve a quality reference value from a memory {(e.g., RAM 54, or a
remote storage). The stored measurement quality value may be used in later
executions of process 700, or for additional calculations performed by processor
712 as described above. At step 724, processor 312 may computes a recalibration
threshold value, which may be based at least in part on the measurement quality
value and the quality reference value. For example, when the measurement quality
value is lower than a baseline value, the recalibration threshold may be higher than
a baseline value.

At step 726, processor 312 may compute a recalibration value based at least
in part on the first skewness value calculated at step 708 and the recalibration
reference value retrieved at step 710. Such a recalibration value may be computed
in a manner similar to the electronic recalibration signal described above with
reference to process 600. In an embodiment, step 726 may include computing an
absolute difference between the first skewness value and the recalibration
reference value, computing a relative and/or normalized difference, or a
combination thereof.

At step 728, the recalibration value computed at step 726 may be subject to
a recalibration threshold test to determine whether a recalibration procedure may
be initiated. Ilustrative examples of threshold tests are described in detail above.
For example, step 728 may include determining whether the first skewness value
falls in a range centered on the recalibration reference value. If the threshold test
at step 728 is failed, processor 312 may not initiate a recalibration and may return
to step 702 and may wait for an appropriate time to initiate signal retrieval.

If the threshold test at step 730 is passed, processor 312 may then compare

the value of a recalibration timer to a timer threshold. The recalibration timer may
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be reset at the beginning of each recalibration procedure, and may count the time
or clock cycles elapsed since the last recalibration. In an embodiment, a timer
threshold may be fixed to represent a minimum delay between recalibrations in
order to prevent the patient monitoring system from undergoing too many
unnecessary recalibrations. If the recalibration timer has not exceeded the timer
threshold at step 730, not enough time has passed since the last recalibration and
processor 312 may record this event by incrementing a recalibration error counter
at step 732.

Processor 312 may proceed from step 732 to step 734 and may compare the
value of the recalibration error counter to a recalibration etror threshold. In an
embodiment, the recalibration error threshold may represent the maximum
allowable number of "incomplete" recalibration attempts (e.g., the number of times
processor 312 passes through steps 730 and 732) before an error mode may be
entered. If the recalibration error counter exceeds the recalibration error threshold
at step 734, the patient monitoring device may enter a recalibration error mode at
step 736, This error mode may include any one of requiring a manual intervention
by a user; requiring a electronic or remote restart of the device; requiring servicing
by the device manufacturer; requiring an alternative recalibration procedure;
performing a diagnostic of the monitoring operations; or any combination thereof,

Returning to step 730, if the recalibration timer exceeds the timer threshold,
then sufficient time may have passed since the last recalibration to perform another
recalibration, Processor 312 may then proceed to step 738 and may seta
recalibration flag to one and may set an error counter to zero. Setting the
recalibration flag to one may provide a signal to calibration device 80 to
commence a recalibration of the device. Processor 312 may start the recalibration
timer at step 740 (once the recalibration is initiated), then may proceed to step 742
and may wait until the recalibration is complete. Processor 312 may wait for a
fixed period of time corresponding to a known recalibration interval, may receive a
"recalibration complete” signal from calibration device 80, or a combination
thereof.

Once the recalibration is complete, processor 312 may set the recalibration
flag to zero at step 734 then may return to step 702 and may wait to initiate signal

retrieval, In practice, one of more of the steps shown in processes 500, 600 and
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700 may be combined with other steps, performed in any suitable order, petformed
in parallel (e.g., simultaneously or substantially simultancously), or removed.

The foregoing is merely illustrative of the principles of this disclosure and
various modifications can be made by those skilled in the art without departing
from the scope and spirit of the disclosure. The above described embodiments are
presented for purposes of illustration and not of limitation. The present disclosure
also can take many forms other than those explicitly described herein.
Accordingly, it is emphasized that the disclosure is not limited to the explicitly
disclosed methods, systems and apparatuses, but is intended to include variations

to and modifications thereof which are within the spitit of the following claims.
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‘What is Claimed is:

1. A method for initiating a recalibration of a physioclogical measurement,
comprising:
5 receiving a first electronic signal representative of a physiological process
at a measurement device;
calculating a skewness value based at least in part on the received first
signal;
generating an clectronic recalibration signal based at least in part on a
10 comparison of the first skewness value and at least one reference skewness value;

and

initiating a recalibration of the measurement device based at least in part on

the comparison,

15 2. The method of claim 1, wherein the received first signal is a

photoplethysmograph signal.

3. The method of claim 1, wherein the measurement device is a part of a
continuous, non-invasive blood pressure monitoring system.

20
4. The method of claim 1, wherein calculating a skewness value comprises
calculating at least one of a skewness of a time derivative of the received first

signal and a ratio of characteristics of the received first signal.

25 5, The method of claim 1, wherein the at least one reference skewness value is

based at least in part on at least one past portion of the received first signal.

6. The method of claim 1, wherein the received first signal is based at least in part

on a compatison of an electronic sighal generated by a sensor located at a first site
30  onapatient's body and an electronic signal generated by a sensor located at a

second site on a patient's body.

7. The method of claim 1, further comprising:

I8
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generating an electronic measurement quality signal based at least in part

on a comparison of the skewness value and at least one reference skewness value.

8. The method of claim 7, wherein initiating a recalibration of the measurement

device is further based at least in part on the clectronic measurement quality signal.

9 The method of claim 7, further comprising determining a physiological
measurement based at least in part on the received first signal and the measurement

guality signal.

10. A system for initiating a recalibration of a physiological measurement
comprising:

at least one memory device, capable of storing at least one reference
skewness value;

a calibration device, capable of initiating a recalibration of the system in
response to a recalibration signal;

a processor, communicably coupled to the at least one memory device and
the calibration device and capable of receiving a first input signal, the processor

configured to:

calculate a skewness value based at least in part on the received first
signal,

retrieve the at least one reference skewness value from the at least
one memory device;

generate a recalibration signal based at least in part on a compatrison
of the skewness value and the at least one reference skewness value; and

transmit the recalibration signal to the calibration device.

11. The system of claim 10, wherein the received first signal is a

photoplethysmograph signal.

12. The system of claim 10, wherein the processor is a part of a continuous, non-

invasive blood pressure monitoring system.

29.
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13, The system of claim 10, wherein calculating a skewness value comprises
calculating at least one of a skewness of a time derivative of the received first

signal and a ratio of characteristics of the received first signal.

14, The system of claim 10, wherein the at least one reference skewness value is

based at least in part on at least one past portion of the received first signal.

15. The system of claim 10, wherein the received first signal is based at least in
part on a comparison of a signal generated by a sensor located at a first site on a
patient's body and a signal generated by a sensor located at a second site on a

patient's body.

16. The system of ¢laim 10, wherein the processor is further configured to:
generate a measurement quality signal based at least in part on a

compatison of the skewness value and at least one reference skewness value.

17. The system of claim 16, wherein generating a recalibration signal is further

based at least in part on the measurement quality signal.

18. The system of claim 16, wherein the processor is further configured to:
generate a physiological measurement based at least in part on the received

first signal and the measurement quality signal.

19. Computer-readable medium for use in initiating a recalibration of a
physiological measurement, the computer-readable medium having computer
program instructions recorded thereon for:

receiving a first electronic signal representative of a physiological process;

calculating a skewness value based at least in part on the received first
signal;

generating an electronic recalibration signal based at least in part on a
comparison of the first skewness value and at least one reference skewness vatue;
and

initiating a recalibration of a measurement device based at least in part on

the comparison.

-30-
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20. The computer-readable medium of claim 19, wherein the first electronic signal

is a photoplethysmograph signal,
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