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SYSTEMAND METHOD FOR
DETECTION OF VENOUS PULSATION

1. Technical Field

[0001] The present invention relates to pulse oximetry and, more particularly, to

processing signals from a sensor.

2 . Background Art

[0002] This section is intended to introduce the reader to various aspects of art that may

be related to various aspects of the present invention, which are described and/or claimed

below. This discussion is believed to be helpful in providing the reader with background

information to facilitate a better understanding of the various aspects of the present

invention. Accordingly, it should be understood that these statements are to be read in this

light, and not as admissions of prior art.

[0003] In the field of medicine, doctors often desire to monitor certain physiological

characteristics of their patients. Accordingly, a wide variety of devices have been

developed for monitoring many such physiological characteristics. Such devices provide

doctors and other healthcare personnel with the information they need to provide the best

possible healthcare for their patients. As a result, such monitoring devices have become an

indispensable part of modern medicine.

[0004] One technique for monitoring certain physiological characteristics of a patient is

commonly referred to as pulse oximetry, and the devices built based upon pulse oximetry

techniques are commonly referred to as pulse oximeters. Pulse oximetry may be used to

measure various blood flow characteristics, such as the blood oxygen saturation of



hemoglobin in arterial blood, the volume of individual blood pulsations supplying the

tissue, and/or the rate of blood pulsations corresponding to each heartbeat of a patient. In

fact, the "pulse" in pulse oximetry refers to the time-varying amount of arterial blood in

the tissue during each cardiac cycle.

[0005] Pulse oximeters typically utilize a non-invasive sensor that transmits light

through a patient's tissue and that photoelectrically detects the absorption and/or scattering

of the transmitted light in such tissue. One or more of the above physiological

characteristics may then be calculated based upon the amount of light absorbed or

scattered. More specifically, the light passed through the tissue is typically selected to be

of one or more wavelengths that may be absorbed or scattered by the blood in an amount

correlative to the amount of the blood constituent present in the blood. The amount of

light absorbed and/or scattered may then be used to estimate the amount of blood

constituent in the tissue using various algorithms.

[0006] Sensors exist that are designed to be applied to foreheads, digits, or various

other locations on a patient's body. A phenomenon called "venous pulsation" may

typically occur at sensor sites where the vasculature lacks venous valves, such as the head,

but venous pulsation may also occur at less typical sites as well. Venous pulsation refers

to a pulse generated from the return flow of venous blood to the heart. Because the

hemoglobin in venous blood has already delivered oxygen to tissue, sensor readings based

on venous pulsation may result in artificially low calculations of blood oxygen saturation

(denoted as SpO2 when calculated from a pulsatile measurement). In addition, due to

prominent harmonics in a venous pressure wave, pulse rate calculations based on incorrect

sensor readings may be double or triple the patient's actual pulse rate. Unlike motion



artifacts that may be intermittent, occurring only when a patient moves, venous pulsation

can continue uninterrupted for hours. Thus, whereas inaccurate readings due to patient

movement or other intermittent noise may disappear relatively quickly, inaccurate reading

due to venous pulsation may last for a long time.

[0007] In some circumstances, venous pulsation may also occur at the extremities,

such as fingers and feet. For example, when a patient is in an odd position, such as when a

patient's extremities are placed lower than his heart for an extended period of time, venous

pulsation may develop. In addition, patients with respiratory problems or patients

undergoing surgery may exhibit venous pulsation even in the extremities. For example,

during surgery, a patient may experience venous pulsation at a digit due to partial

occlusions from a blood pressure cuff.

DISCLOSURE OF INVENTION

[0008] Certain aspects commensurate in scope with the originally claimed invention

are set forth below. It should be understood that these aspects are presented merely to

provide the reader with a brief summary of certain forms the invention might take and that

these aspects are not intended to limit the scope of the invention. Indeed, the invention

may encompass a variety of aspects that may not be set forth below.

[0009] There is provided a method for detecting venous pulsation, including receiving

one or more signals from a sensor, the signals corresponding to absorption of light in a

patient's tissue; determining a characteristic of the sensor; performing a venous pulsation

detection algorithm on the one or more signals, wherein the venous pulsation detection

algorithm is performed at a sensitivity level based on the characteristic of the sensor; and



determining whether venous pulsation is present based on the performance of the venous

pulsation detection algorithm.

[0010] There is further provided a method for preventing display of inaccurate

measurements in the presence of venous pulsation, including receiving one or more signals

from a sensor, the one or more signals corresponding to absorption of light in a patient's

tissue; calculating one or more physiological parameters of the patient based on the one or

more signals; determining if venous pulsation is present based on the one or more signals;

and suspending or terminating a display of the one or more of the patient's physiological

parameters based on detection of venous pulsation.

[0011] There is further provided a method for detecting venous pulsation, including

receiving a signal from a sensor indicating sensor type; enabling or disabling detection of

venous pulsation based on the sensor type; and calculating one or more physiological

parameters based on one or more received signals corresponding to absorption of light in a

patient's tissue.

[0012] There is further provided a method for detecting venous pulsation, including

receiving one or more signals from a sensor, the one or more signals corresponding to

absorption of light in a patient's tissue; calculating one or more physiological parameters

of the patient based on the one or more signals; displaying the patient's physiological

parameters; enabling detection of venous pulsation with variable sensitivity based on a

location of the sensor; and suspending or terminating the display of the one or more of the

patient's physiological parameters when venous pulsation is detected.



[0013] There is further provided a system for detecting venous pulsation, including

means for receiving one or more signals from a sensor, the signals corresponding to

absorption of light in a patient's tissue; means for determining a characteristic of the

sensor; means for performing a venous pulsation detection algorithm on the one or more

signals, wherein the venous pulsation detection algorithm is performed at a sensitivity

level based on the characteristic of the sensor; and means for determining whether venous

pulsation is present based on the performance of the venous pulsation detection algorithm.

[0014] There is further provided a system for preventing display of inaccurate

measurements in the presence of venous pulsation, including means for receiving one or

more signals from a sensor, the one or more signals corresponding to absorption of light in

a patient's tissue; means for calculating one or more physiological parameters of the

patient based on the one or more signals; means for determining if venous pulsation is

present based on the one or more signals; and means for suspending or terminating a

display of the one or more of the patient's physiological parameters based on detection of

venous pulsation.

[0015] There is further provided a system for detecting venous pulsation, including

means for receiving one or more signals from a sensor, the one or more signals

corresponding to absorption of light in a patient's tissue; means for calculating one or

more physiological parameters of the patient based on the one or more signals; means for

displaying the patient's physiological parameters; means for enabling detection of venous

pulsation with variable sensitivity based on a location of the sensor; and means for

suspending or terminating the display of the one or more of the patient's physiological

parameters when venous pulsation is detected.



[0016] There is further provided a system for detecting venous pulsation, including

means for receiving a signal from a sensor indicating sensor type; means for enabling or

disabling detection of venous pulsation based on the sensor type; and means for

calculating one or more physiological parameters based on one or more received signals

corresponding to absorption of light in a patient's tissue.

BRIEF DESCRIPTION OF DRAWINGS

[0017] Advantages of the invention may become apparent upon reading the following

detailed description and upon reference to the drawings in which:

[0018] FIG. 1 is a perspective view of a pulse oximeter coupled to a multi-parameter

patient monitor and a sensor in accordance with an exemplary embodiment of the present

invention;

[0019] FIG. 2 is a block diagram of the pulse oximeter and sensor coupled to a patient

in accordance with an exemplary embodiment of the present invention;

[0020] FIG. 3 is a flow chart of a process related to preventing the display of

inaccurate measurements in the presence of venous pulsation in accordance with an

exemplary embodiment of the present invention;

[0021] FIG. 4 is a graph of the distribution of SpO2 in patients as calculated by an

oximeter in accordance with an exemplary embodiment of the present invention;

[0022] FIG. 5 is a flow chart of a process related to enabling venous pulsation

detection when certain types of sensors are used in accordance with an exemplary

embodiment of the present invention;



[0023] FIG. 6 illustrates a digit sensor in accordance with an exemplary embodiment

of the present invention;

[0024] FIG. 7 illustrates a forehead sensor in accordance with an exemplary

embodiment of the present invention; and

[0025] FIG. 8 is a flow chart of a process related to selecting a sensitivity level for a

venous pulsation detection algorithm in accordance with an exemplary embodiment of the

present invention.

MODES FOR CARRYING OUT THE INVENTION

[0026] One or more specific embodiments of the present invention will be described

below. In an effort to provide a concise description of these embodiments, not all features

of an actual implementation are described in the specification. It should be appreciated

that in the development of any such actual implementation, as in any engineering or design

project, numerous implementation-specific decisions must be made to achieve the

developers' specific goals, such as compliance with system-related and business-related

constraints, which may vary from one implementation to another. Moreover, it should be

appreciated that such a development effort might be complex and time consuming, but

would nevertheless be a routine undertaking of design, fabrication, and manufacture for

those of ordinary skill having the benefit of this disclosure.

[0027] Embodiments of the present invention are directed to preventing the display of

possibly inaccurate physiological parameters in the presence of venous pulsation, detecting

the presence of venous pulsation by enabling or disabling venous pulsation detection based

on the type of sensor used, and/or adjusting the sensitivity of a detection algorithm based



on a sensor characteristic (e.g., actual location or intended location of the sensor). The

actual or intended location of the sensor may be determined by user input, a location

detection algorithm, and/or a signal from the sensor. Based on the sensor location, a pulse

oximeter may adjust the sensitivity of its venous pulsation detection algorithm. For

example, a more sensitive venous pulsation detection algorithm may be used when the

sensor is in a location where venous pulsation is likely to occur, such as the forehead.

When the sensor is located where venous pulsation is less likely to occur, for example, on

a digit, a less sensitive venous pulsation algorithm may be utilized, or detection of venous

pulsation may be disabled. In addition, when venous pulsation is detected, display of some

or all of the patient's physiological parameters may be suspended or terminated.

[0028] Accordingly, sensors may be provided with identification information, such as

the sensor name, or a bit which indicates where the sensor is designed to be placed. This

information can be read by the pulse oximeter, and the sensitivity of algorithms for

detecting venous pulsation may be adjusted as a result. In addition, the appropriate

algorithms and/or calibration coefficients for calculating physiological parameters may be

selected based on the identification information. When venous pulsation is detected using

such algorithms and/or coefficients, the pulse oximeter may cease the display of SpO2

and/or pulse rate to avoid conveying inaccurate data.

[0029] FIG. 1 is a perspective view of a pulse oximetry system 10 in accordance with

an exemplary embodiment of the present invention. The system 10 may include a sensor

12 and a pulse oximetry monitor 14. The sensor 12 may include an emitter 16 for emitting

light at certain wavelengths into a patient's tissue and a detector 18 for detecting the light

after it is reflected and/or absorbed by the patient's tissue. The monitor 14 may be



configured to calculate physiological parameters and to display the physiological

parameters and/or other information about the system on a display 20. Further, the

monitor 14 may be configured to suspend or terminate display of some or all of the

physiological parameters when venous pulsation is detected, as described below. The

sensor 12 may be communicatively coupled to the monitor 14 via a cable 22 or other

suitable device, such as, for example, a wireless transmission device (not shown).

[0030] The pulse oximetry system 10 may also include a multi-parameter patient

monitor 24. The multi-parameter patient monitor 24 may be included in the system 10 to

provide a central display for information from the monitor 14 and from other medical

monitoring devices or systems (not shown). For example, the multi-parameter patient

monitor 24 may display a patient's SpO2 and pulse rate information from the monitor 14

and blood pressure from a blood pressure monitor (not shown). In addition to the monitor

14, or alternatively, the multi-parameter patient monitor 24 may be configured to calculate

physiological parameters. The monitor 14 may be communicatively coupled to the multi¬

parameter patient monitor 24 via a cable 26 or 28 coupled to a sensor input port or a digital

communications port, respectively.

[0031] FIG. 2 is a block diagram of the exemplary pulse oximetry system 10 of FIG. 1

coupled to a patient 30 in accordance with present embodiments. Specifically, certain

components of the sensor 12 and the monitor 14 are illustrated in FIG. 2 . The sensor 12

includes the emitter 16, the detector 18, and an encoder 32. It should be noted that the

emitter 16 is configured to emit at least two wavelengths of light, e.g., RED and IR, into a

patient's tissue 30. Hence, the emitter 16 may include a RED LED 34 and an IR LED 36

for emitting light into the patient's tissue 30 at the wavelengths used to calculate the



patient's physiological parameters. In certain embodiments, the RED wavelength may be

between about 600 nm and about 700 nm, and the IR wavelength may be between about

800 nm and about 1000 nm. Alternative light sources may be used in other embodiments

of the present invention. For example, a single wide-spectrum light source may be used,

and the detector 18 may be configured to detect light only at certain wavelengths. In

another example, the detector 18 may detect a wide spectrum of wavelengths of light, and

the monitor 14 may process only those wavelengths which are of interest. It should be

understood that, as used herein, the term "light" may refer to one or more of ultrasound,

radio, microwave, millimeter wave, infrared, visible, ultraviolet, gamma ray or X-ray

electromagnetic radiation, and may also include any wavelength within the radio,

microwave, infrared, visible, ultraviolet, or X-ray spectra, and that any suitable wavelength

of light may be appropriate for use with the present techniques.

[0032] In one embodiment, the detector 18 may be configured to detect the intensity of

light at the RED and IR wavelengths. In operation, light enters the detector 18 after

passing through the patient's tissue 30. The detector 18 converts the intensity of the

received light into an electrical signal. The light intensity is directly related to the

absorbance and/or reflectance of light in the tissue 30. That is, when more light at a

certain wavelength is absorbed or reflected, less light of that wavelength is received from

the tissue by the detector 18. After converting the received light to an electrical signal, the

detector 18 sends the signal to the monitor 14, where physiological parameters may be

calculated based on the absorption of the RED and IR wavelengths in the patient's tissue

30. The calculation of SpO2 from measured RED and IR absorption values is described,

for example, in U.S. Pat. No. 5,853,364, issued December 29, 1998, entitled "METHOD



AND APPARATUS FOR ESTIMATING PHYSIOLOGICAL PARAMETERS USING

MODEL-BASED ADAPTIVE FILTERING" by Clark R. Baker, Jr. and Thomas J .

Yorkey, which is herein incorporated by reference in its entirety for all purposes.

[0033] The encoder 32 may contain information about the sensor 12, such as what type

of sensor it is (e.g., whether the sensor is intended for placement on a forehead or digit)

and the wavelengths of light emitted by the emitter 16. This information may allow the

monitor 14 to select appropriate algorithms and/or calibration coefficients for calculating

the patient's physiological parameters. For example, the information may indicate whether

venous pulsation detection should be enabled, or provide a level of sensitivity that should

be utilized in a venous pulsation detection algorithm. The encoder 32 may, for instance,

be a coded resistor which stores values corresponding to the type of the sensor 12 and to

the wavelengths of light emitted by the emitter 16. These coded values may be

communicated to the monitor 14, which utilizes a look-up table to determine which

algorithms and/or calibration coefficients correspond to the coded values. In another

embodiment, the encoder 32 may be a memory on which the type of the sensor 12, the

wavelengths of light emitted by the emitter 16, the proper calibration coefficients, and/or

the algorithms to be used for calculating physiological parameters may be stored for

communication to the monitor 14.

[0034] As set forth above, in accordance with present embodiments, information

received from the sensor 12 (e.g., sensor characteristics) may indicate whether venous

pulsation detection should be enabled or disabled, or what level of sensitivity should be

utilized in a venous pulsation detection algorithm. For example, if the information

received from the sensor 12 indicates that it is located on a patient's forehead, the monitor



14 may enable venous pulsation detection and/or increase a sensitivity level of a venous

pulsation detection algorithm because venous pulsation is likely to occur at that location.

In another example, if the information received from the sensor 12 indicates that it is

located on a patient's digit, the monitor 14 may disable venous pulsation detection or

reduce the sensitivity of a venous pulsation detection algorithm because venous pulsation

is not likely to occur at that location. The sensitivity level of a venous pulsation detection

algorithm may be adjusted by utilizing different equations, calibration coefficients, and/or

criteria when measuring venous pulsation. For example, increasing sensitivity may be

achieved by reducing a time threshold for which venous pulsations must be observed

before being addressed.

[0035] Signals from the detector 18 and the encoder 32 may be transmitted to the

monitor 14. The monitor 14 generally includes a microprocessor 38 connected to an

internal bus 40. Also connected to the bus are a read-only memory (ROM) 42, a random

access memory (RAM) 44, user inputs 46, and the display 20. A time processing unit

(TPU) 48 provides timing control signals to a light drive circuitry 50 which controls when

the emitter 16 is illuminated and the multiplexed timing for the RED LED 34 and the IR

LED 36. The TPU 48 also controls the gating-in of signals from detector 18 through an

amplifier 52 and a switching circuit 54. These signals are sampled at the proper time,

depending upon which light source is illuminated. The received signal from the detector

18 may be passed through an amplifier 56, a low pass filter 58, and an analog-to-digital

converter 60. The digital data may then be stored in a queued serial module (QSM) 62 for

later downloading to the RAM 44 as the QSM 62 fills up. In one embodiment, there may



be multiple separate parallel paths having the amplifier 56, the filter 58, and the A/D

converter 60 for multiple light wavelengths or spectra received.

[0036] The microprocessor 38 may determine whether venous pulsation is present and

calculate SpO using various algorithms based on the value of the received signals

corresponding to the light received by the detector 18. These algorithms use calibration

coefficients and thresholds which may be empirically determined, corresponding to, for

example, the likelihood of venous pulsation at a sensor site and the wavelengths of light

used. Furthermore, as set forth above, the sensitivity to detecting venous pulsation may be

affected by the algorithm, the calibration coefficients, and/or the criteria (e.g., thresholds)

utilized.

[0037] Signals corresponding to information about the sensor 12 may be transmitted

from the encoder 32 to a decoder 64. These signals may, for example, include information

about the type of the sensor 12 used, such as whether the sensor 12 is a forehead or digit

sensor. In addition, the signals may correspond to the wavelengths of light emitted by the

emitter 16, and/or other sensor characteristics. The decoder 64 translates these signals and

determines the algorithms and/or calibration coefficients to use for calculating

physiological parameters, as described below. These algorithms and calibration

coefficients may be stored in ROM 42. In addition, the encoder 32 may contain the

algorithms and/or calibration coefficients for use with the sensor 12. The user inputs 46

may also be used to enter information about the sensor, such as the sensor location and/or

the wavelengths of light emitted by emitter 16.



[0038] After the proper calculation information has been selected, the microprocessor

38 determines whether venous pulsation is present and calculates the patient's

physiological parameters. Exemplary algorithms for detecting venous pulsation are

described in U.S. Pat. App. Ser. No. 10/796,584, filed March 8, 2004, entitled "METHOD

AND APPARATUS FOR OPTICAL DETECTION OF MIXED VENOUS AND

ARTERIAL BLOOD PULSATION IN TISSUE" by Clark R. Baker, Jr.; U.S. Pat. App.

Ser. No. 11/528,295, filed September 27, 2006, entitled "METHOD AND APPARATUS

FOR DETECTION OF VENOUS PULSATION" by Clark R. Baker, Jr.; and U.S. Pat.

App. Ser. No. 11/716,132, filed March 9, 2007, entitled "SYSTEM AND METHOD FOR

VENOUS PULSATION DETECTION USING NEAR INFRARED WAVELENGTHS"

by Clark R. Baker, Jr., all of which are herein incorporated by reference in their entirety for

all purposes. The calculated physiological parameters may then be displayed on the

display 20. If venous pulsation is detected, a notification of venous pulsation may be

displayed on the display 20 and/or an audible alarm may sound. Additionally, display of at

least one of the physiological parameters may be suspended or terminated since it is

deemed to be inaccurate.

Cease Display of Physiological Parameters

[0039] In addition to notifying a caregiver of the presence of venous pulsation when

detected, a monitor 14 may cease display of one or more calculated physiological

parameters since the calculations may be inaccurate. FIG. 3 illustrates a general process

100 for ceasing display of physiological parameters. In one embodiment, signals

corresponding to detected RED and IR light 102 may be received from the sensor 12.



Based on the signals 102, the process 100 determines if venous pulsation is present (Block

104). If venous pulsation is not present, physiological parameters may be calculated and

displayed, for example, on the display 20 (Block 106).

[0040] However, if venous pulsation is present, display of some or all of the patient's

physiological parameters may be suspended or terminated (Block 108). That is, the

monitor 14 may cease display of pulse rate and/or SpO2. This may prevent the caregiver

from receiving erroneous readings due to the interference of venous pulsation with the

physiological parameter calculations. In one embodiment, cessation may be a suspension,

and display of the physiological data may be reinitiated when venous pulsation is no longer

detected. In another embodiment, cessation may be a termination, and a caregiver may be

required to reset the monitor 14 before physiological data can be displayed again. In

addition, the monitor 14 may be configured to cease display of physiological parameters

only when venous pulsation has been detected for at least a certain period of time. The

period of time may be any desired threshold, such as, for example, 20 seconds, 40 seconds,

or 60 seconds, and may be a preset value or a user-input value. The monitor 14 may also

be configured to notify the caregiver of the presence of venous pulsation by emitting an

auditory alert and/or displaying a visual alert, such as on the display 20 (Block 110).

Accordingly, if venous pulsation is detected, for example, for at least 20 seconds, display

of SpO may be terminated, and a visual alert on the display 20 may notify the caregiver

that venous pulsation has been detected. In another example, if venous pulsation is

detected for at least 40 seconds, display of both pulse rate and SpO2 may be suspended

until venous pulsation is no longer detected, and an audible alert may notify the caregiver

that venous pulsation has been detected.



[0041] Embodiments of the present invention were implemented along with existing

techniques in data from surgical trials to demonstrate relative benefits. Forty-three patients

were monitored during surgeries in which venous pulsation was likely to occur. FIG. 4

illustrates a graph 120 of calculated SpO2 values for the patients. Pulse oximetry sensors

were placed on the patients' foreheads. During surgery, the patients were continuously

monitored by an anesthesiologist, mechanically ventilated, and typically received high

concentrations of inspired oxygen. Under these circumstances, SpO2 values that are not in

the high 90s are likely due to venous pulsation. A dashed line 122 shows the distribution

of reported SpO values where SpO was calculated in the same manner regardless of

whether venous pulsation was detected. A solid line 124 shows the distribution of

reported SpO2 values where SpO2 updates were immediately suspended upon detection of

venous pulsation, and SpO2 display was interrupted when venous pulsation had been

detected for at least 40 seconds. The lines 122 and 124 are histograms plotted on a

logarithmic scale 126. A line with circles 128, corresponding to an axis 130, shows an

odds ratio of displaying each possible SpO2 value with and without an enhancement for

venous pulsation detection. That is, line 128 illustrates the ratio of the odds of each SpO2

value being calculated with venous pulsation disabled versus with venous pulsation

enabled. It is apparent from the graph 120 that suspension of SpO2 calculation and

subsequent interruption of SpO2 display during periods of venous pulsation achieved a

threefold reduction in the incidence of reported SpO values below 85%, which low values

are presumably due to venous pulsation. In other words, embodiments of the present

invention substantially reduce the number of reported SpO2 values that were inaccurate

due to venous pulsations.



Enable Venous Pulsation Detection Based on Sensor Type

[0042] In another embodiment, illustrated as a general process 140 in FIG. 5, venous

pulsation detection may be enabled based on a signal from the sensor 12 indicating what

type of sensor it is. For example, the sensor 12 may be placed on a patient's extremity or

forehead. FIG. 6 illustrates a digit sensor 12A abutting the tissue 30 of a patient's finger.

The emitter 16 may emit two or more wavelengths of light into the tissue 30. This light is

then scattered and reflected back to the detector 18. Signals representative of the detected

light are then transmitted to the monitor 14. In addition, the encoder 32 may transmit a

signal to the monitor 14 indicating that the sensor 12A is designed for placement on a

digit. In a different sensor design, a forehead sensor 12B is illustrated abutting the

tissue 30 of a patient's forehead in FIG. 7 . In this embodiment, the encoder 32 may

transmit a signal to the monitor 14 indicating that the sensor 12B is designed for placement

on the forehead.

[0043] Returning to FIG. 5, based on a sensor type 142 (e.g., forehead or digit),

detection of venous pulsation may be enabled or disabled, as described in the process 140.

The sensor type 142 may be transmitted from the sensor 12 to the monitor 14. The sensor

12 may transmit this information via the encoder 32. Based on the sensor type 142, the

process 140 determines whether the sensor 12 is located at a site where venous pulsation is

likely to occur (Block 144).

[0044] If the sensor 12 is designed for use on a site where venous pulsation is not

likely to occur, such as a digit, venous pulsation detection may be disabled (Block 146).



However, if the sensor 12 is designed for use on a site where venous pulsation is likely to

occur, such as the forehead, venous pulsation detection may be enabled (Block 148).

[0045] If detection of venous pulsation is enabled, a determination is made as to

whether venous pulsation is present (Block 150). If venous pulsation is not detected, or if

detection of venous pulsation is not enabled, one or more physiological parameters may be

calculated and displayed, for example, on the display 20 (Block 152). If venous pulsation

is present, display of some or all of the patient's physiological parameters may be ceased

and/or the caregiver may be notified of the presence of venous pulsation, for example, via

an auditory or visual alarm (Block 154).

Select Sensitivity of Venous Pulsation Detection Based on Sensor Type or Location

[0046] A general process 170 for enabling varying levels of venous pulsation detection

sensitivity is illustrated in FIG. 8. The sensor type of location 172 may be provided or

determined. For example, sensor information may be transmitted from a memory on the

sensor 12 and may include data relating to the type of sensor being utilized (e.g., digit or

forehead). The sensor location may also be determined by user input or by a process such

as that described in U.S. Pat. App. Serial No. 11/716,437, filed March 9, 2007, entitled

"DETECTION OF OXIMETRY SENSOR SITES BASED ON WAVEFORM

CHARACTERISTICS" by Clark R. Baker, Jr., which is herein incorporated by reference

in its entirety for all purposes.

[0047] Based on the sensor type or location 172, a sensitivity level for a venous

pulsation detection algorithm may be selected (Block 174). The sensitivity of the venous

pulsation detection algorithm may be adjusted, for example, by using a variable threshold



for a venous pulsation detection metric, or requiring an indication of venous pulsation for a

variable time period (e.g., 20-40 seconds) before determining that venous pulsation is

present. For example, if the sensor type or location 172 indicates that the sensor is located

or is designed to be placed at a site where venous pulsation is likely to be present, such as

the forehead, algorithms, calibration coefficients, and/or criteria may be used which are

designed to detect even small signs of venous pulsation or to give more weight to data

indicative of venous pulsation. However, if the sensor type or location 172 indicates that

the sensor is located or is designed to be placed at a site where venous pulsation is not

likely to be present, such as a digit, a less sensitive venous pulsation detection algorithm

may be utilized. Selecting the sensitivity of the venous pulsation algorithm may include

selecting one detection algorithm utilizing different calibration coefficients and/or criteria.

For example, the less sensitive venous pulsation detection algorithm may require that

venous pulsation be indicated for a longer period of time before it is determined that

venous pulsation is present. In one embodiment, selecting the sensitivity may include

selecting different algorithms.

[0048] The process 170 then determines if venous pulsation is present (Block 176). If

venous pulsation is not detected, one or more physiological parameters may be calculated

and displayed, for example, on the display 20 (Block 178). If venous pulsation is present,

display of some or all of the patient's physiological parameters may be ceased and/or the

caregiver may be notified of the presence of venous pulsation, for example, via an auditory

or visual alarm (Block 180).

[0049] While the invention may be susceptible to various modifications and alternative

forms, specific embodiments have been shown by way of example in the drawings and



have been described in detail herein. However, it should be understood that the invention

is not intended to be limited to the particular forms disclosed. Indeed, the present

techniques may not only be applied to measurements of blood oxygen saturation, but these

techniques may also be utilized for the measurement and/or analysis of other blood

constituents. For example, using the same, different, or additional wavelengths, the

present techniques may be utilized in conjunction with the measurement and/or analysis of

carboxyhemoglobin, met-hemoglobin, total hemoglobin, intravascular dyes, and/or water

content. Likewise, the technique may be employed using other techniques for measuring

pulse shape, different sequences of filtering, different constants, and so forth. The

invention is to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the invention as defined by the following appended claims.



CLAIMS

1. A method for detecting venous pulsation, comprising:

receiving one or more signals from a sensor, the signals corresponding to

absorption of light in a patient's tissue;

determining a characteristic of the sensor;

performing a venous pulsation detection algorithm on the one or more signals,

wherein the venous pulsation detection algorithm is performed at a

sensitivity level based on the characteristic of the sensor; and

determining whether venous pulsation is present based on the performance of the

venous pulsation detection algorithm.

2 . The method of claim 1, wherein determining the characteristic comprises

determining an intended location of the sensor from an encoder in the sensor.

3 . The method of claim 1, wherein determining the characteristic comprises

determining a location of the sensor from a user input.

4 . The method of claim 1, wherein determining the characteristic comprises

determining a likely location of the sensor from a sensor location detection

algorithm.



5. The method of claim 1, wherein determining the characteristic comprises

determining whether the sensor is located or intended to be located on a digit or

forehead.

6. The method of claim 1, wherein the sensitivity level of the venous pulsation

detection algorithm is greater when the sensor is located at a site where venous

pulsation is likely to occur than when the sensor is located at a site where venous

pulsation is not likely to occur.

7 . The method of claim 1, comprising calculating one or more physiological

parameters based on the one or more signals corresponding to absorption of light in

the patient's tissue.

8. A method for preventing display of inaccurate measurements in the presence of

venous pulsation, comprising:

receiving one or more signals from a sensor, the one or more signals corresponding

to absorption of light in a patient's tissue;

calculating one or more physiological parameters of the patient based on the one or

more signals;

determining if venous pulsation is present based on the one or more signals; and

suspending or terminating a display of the one or more of the patient's

physiological parameters based on detection of venous pulsation.



9. The method of 8, wherein suspending the display of the one or more of the

patient's physiological parameters comprises ceasing the display until venous

pulsation is undetected for a period of time.

10. The method of claim 8, wherein terminating the display of the one or more of the

patient's physiological parameters comprises ceasing the display until a reset is

activated.

11. The method of claim 8, comprising suspending or terminating the display of the

one or more of the patient's physiological parameters when venous pulsation is

detected for at least a time equal to a time threshold.

12. The method of claim 8, wherein the one or more physiological parameters

comprise blood oxygen saturation, pulse rate, or a combination thereof.

13. The method of claim 8, comprising providing a notification of the presence of

venous pulsation.

14. A method for detecting venous pulsation, comprising:

receiving a signal from a sensor indicating sensor type;

enabling or disabling detection of venous pulsation based on the sensor type; and

calculating one or more physiological parameters based on one or more received

signals corresponding to absorption of light in a patient's tissue.



15. The method of claim 14, wherein detection of venous pulsation is enabled when

the location of the sensor is at a site where venous pulsation is likely to occur and

is disabled when the location of the sensor is at a site where venous pulsation is not

likely to occur.

16. The method of claim 14, comprising ceasing a display of values of the one or more

physiological parameters when a criterion relating to detected venous pulsation is

met.

17. A method for detecting venous pulsation, comprising:

receiving one or more signals from a sensor, the one or more signals corresponding

to absorption of light in a patient's tissue;

calculating one or more physiological parameters of the patient based on the one or

more signals;

displaying the patient's physiological parameters;

enabling detection of venous pulsation with variable sensitivity based on a location

of the sensor; and

suspending or terminating the display of the one or more of the patient's

physiological parameters when venous pulsation is detected.

18. The method of claim 17, wherein the one or more physiological parameters

comprise blood oxygen saturation, pulse rate, or a combination thereof.



19. The method of claim 17, comprising suspending or terminating the display of the

one or more of the patient's physiological parameters when venous pulsation is

detected for at least a time threshold.

20. The method of claim 17, wherein the detection of venous pulsation is more

sensitive when the sensor is located at a site where venous pulsation is likely to

occur than when the sensor is located at a site where venous pulsation is not likely

to occur.
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