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MEDICAL SENSOR FOR USE WITH 
HEADBAND 

BACKGROUND 

[0001] The present disclosure relates generally to medical 
devices and, more particularly, to medical sensors used for 
sensing physiological parameters of a patient. 

[0002] This section is intended to introduce the reader to 
various aspects of art that may be related to various aspects of 
the present disclosure, 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 disclosure. 
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 ?eld 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. 
These 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 medi 
cine. 

[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 ?oW 
characteristics, such as the blood-oxygen saturation of hemo 
globin in arterial blood, the volume of individual blood pul 
sations supplying the tissue, and/or the rate of blood pulsa 
tions corresponding to each heartbeat of a patient. 

[0005] Pulse oximeters typically utiliZe a non-invasive sen 
sor 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 speci? 
cally, 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] Pulse oximetry readings may involve placement of a 
sensor on a patient’s tissue, such as via an adhesive sensor, a 
clip-style sensor, or a sensor that may be ?tted into or against 
a Wearable garment, such as a hat or a headband. With regard 
to the latter, if the hat or headband is not closely ?tted to the 
patient’s tissue, ambient light may interfere With the sensor’ s 
light detection. Therefore, it may be desirable to ensure a tight 
?t of the headband to provide a suitable amount of pressure 
betWeen the sensor and against the patient’s tissue. HoWever, 
such a tight ?t may also be uncomfortable for the patient as 
the sensor is pressed into the patient’s tissue. This can also 
result in an undesired amount of local exsanguination of the 
tissue around the sensor. Exsanguinated tissue, Which is 
devoid of blood, may shunt the sensor light through the tissue, 
resulting in reduced measurement accuracy. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The patent or application ?le contains at least one 
draWing executed in color. Copies of this patent or patent 
application publication With color draWings Will be provided 
by the O?ice upon request and payment of the necessary fee. 
[0008] Advantages of the disclosed techniques may 
become apparent upon reading the folloWing detailed 
description and upon reference to the draWings in Which: 
[0009] FIG. 1 a perspective vieW of an embodiment of a 
patient monitoring system con?gured to monitor one or more 
physiological parameters of a patient, and including an 
embodiment of a forehead oximetry sensor, in accordance 
With an aspect of the present disclosure; 
[0010] FIG. 2 is a block diagram of the components of the 
forehead pulse oximetry sensor and the pulse oximetry moni 
tor of FIG. 1, in accordance With an aspect of the present 
disclosure; 
[0011] FIG. 3 is a front vieW of an embodiment of the 
forehead pulse oximetry sensor of FIGS. 1 and 2 being 
applied to a patient, in accordance With an aspect of the 
present disclosure; 
[0012] FIG. 4 is a front vieW of an embodiment of the 
forehead pulse oximetry sensor of FIG. 3 being held against a 
patient’s forehead using a headband, in accordance With an 
aspect of the present disclosure; 
[0013] FIG. 5 is a cross-sectional vieW of the indentation in 
the patient’s forehead tissue made by the pulse oximetry 
sensor of FIG. 3 after the application of the headband of FIG. 
4, in accordance With an aspect of the present disclosure; 
[0014] FIG. 6 is a top vieW of an embodiment of the fore 
head oximetry sensor of FIGS. 1 and 2, the sensor having a 
stepped edge, in accordance With an aspect of the present 
disclosure; 
[0015] FIG. 7 is an expanded side vieW of an embodiment 
of the forehead oximetry sensor of FIG. 6, illustrating a top 
layer and a bottom layer as being offset from one another by 
a length to create the stepped edge, in accordance With an 
aspect of the present disclosure; 
[0016] FIG. 8 is a top vieW of an embodiment of the fore 
head oximetry sensor of FIGS. 1 and 2, the sensor having a 
rounded and stepped edge, in accordance With an aspect of the 
present disclosure; 
[0017] FIG. 9 is an expanded side vieW of an embodiment 
of the forehead oximetry sensor of FIG. 8, illustrating a 
rounded top layer and a rounded bottom layer as being offset 
from one another by a length to create the stepped edge, in 
accordance With an aspect of the present disclosure; 
[0018] FIG. 10 is a top vieW of an embodiment of the sensor 
of FIGS. 6 or 8 being held against a patient’s forehead using 
a headband, the sensor having a stepped edge so as to reduce 
localiZed pressure against the patient’s forehead tissue, in 
accordance With an aspect of the present disclosure; 
[0019] FIG. 11 is a perspective exploded vieW of an 
embodiment of the sensor of FIGS. 1 and 2 and illustrating 
components of the sensor that are con?gured to reduce the 
pressure of the sensor against a patient’s tissue, in accordance 
With an aspect of the present disclosure; 
[0020] FIG. 12 is a perspective exploded vieW of an 
embodiment of the sensor of FIGS. 1 and 2 and illustrating 
components of the sensor that are con?gured to reduce the 
pressure of the sensor against a patient’s tissue, in accordance 
With an aspect of the present disclosure 
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[0021] FIG. 13 is a perspective vieW of the sensor of FIG. 
12 in its assembled form, in accordance With an aspect of the 
present disclosure; 
[0022] FIG. 14 is a side vieW of an embodiment of the 
sensor of FIGS. 11 or 12 in its assembled form and having 
lenses that are substantially ?ush With a padding of the sensor, 
in accordance With an aspect of the present disclosure; 
[0023] FIG. 15 is a side vieW of an embodiment of the 
sensor of FIGS. 11 or 12 in its assembled form and having 
lenses that protrude beyond a padding of the sensor, in accor 
dance With an aspect of the present disclosure; 
[0024] FIG. 16 is a cross-sectional vieW taken Within line 
16-16 of FIG. 14 and illustrating an embodiment of the sensor 
of FIGS. 11 or 12 in its assembled form and having lenses that 
are positioned underneath a padding of the sensor, in accor 
dance With an aspect of the present disclosure; 
[0025] FIG. 17 is a side vieW of an embodiment of the 
sensor of FIGS. 11 or 12 in its assembled form and having 
tapered padding layers, in accordance With an aspect of the 
present disclosure; 
[0026] FIG. 18 is a cross-sectional vieW of the sensor cable 
taken Within line 18-18 of FIG. 4, the sensor cable having a 
?at side of the facing the patient’s tissue, in accordance With 
an aspect of the present disclosure; 
[0027] FIG. 19 is a cross-sectional vieW of an embodiment 
of the sensor of FIGS. 11 or 12 and illustrated as having an 
adhesive layer of the sensor substantially ?ush With a padding 
layer of the sensor, in accordance With an aspect of the present 
disclosure; 
[0028] FIG. 20 is a cross-sectional vieW of an embodiment 
of the sensor of FIGS. 11 or 12 and illustrated as having 
compressible lenses that protrude beyond a padding layer of 
the sensor, in accordance With an aspect of the present dis 
closure; 
[0029] FIG. 21 is a cross-sectional vieW of an embodiment 
of the sensor of FIG. 21 and illustrated as having the lenses 
compressed, in accordance With an aspect of the present 
disclosure; 
[0030] FIG. 22 is an illustration of an embodiment of a 
pressure pro?le created by an embodiment of the sensor of 
FIGS. 1 and 3, in accordance With an aspect of the present 
disclosure; and 
[0031] FIG. 23 is an illustration of an embodiment of the 
pressure pro?le created by an embodiment of the sensor of 
FIGS. 1, 3, 11, and 12, in accordance With an aspect of the 
present disclosure; 
[0032] FIG. 24 is a cross-sectional vieW of an embodiment 
of the sensor of FIGS. 1, 3, 11, and 12, illustrating the emitter 
and the detector as being positioned closer to a patient-facing 
surface of the sensor, in accordance With an aspect of the 
present disclosure; 
[0033] FIG. 25 is a cross-sectional vieW of an embodiment 
of the sensor FIGS. 1, 3, 11, and 12, and illustrating the 
emitter and the detector as having different distances from the 
patient, in accordance With an aspect of the present disclo 
sure; 
[0034] FIG. 26 is a cross-sectional vieW of an embodiment 
of the sensor of FIGS. 1, 3, 11, and 12, illustrating the lenses 
of the emitter and the detector as having a re?ective material 
disposed Within or on their respective inner Walls, in accor 
dance With an aspect of the present disclosure; 
[0035] FIGS. 27 is a top vieW of an embodiment of the 
sensor of FIGS. 1, 3, 11, and 12, and illustrating an outermost 
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padding layer as having oversiZed openings for the emitter 
and detector lenses, in accordance With an aspect of the 
present disclosure; 
[0036] FIG. 28 is a cross-sectional vieW of an embodiment 
of the sensor of FIG. 13 taken Within line 28-28 and illustrat 
ing one example of the respective positioning of the emitter, 
detector, the semi-rigid optical mount, and the one-piece 
island and ?rst padding layer of FIG. 12, in accordance With 
an aspect of the present disclosure; and 
[0037] FIG. 29 is a side vieW of an embodiment of a lens 
adapted to be ?tted over the emitter or the detector of the 
sensor of FIGS. 1, 3, 11, and 12, the lens having a ?ange 
con?gured to facilitate retention of the lens Within the sensor, 
in accordance With an aspect of the present disclosure. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0038] One or more speci?c embodiments of the present 
techniques 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 speci?cation. It 
should be appreciated that in the development of any such 
actual implementation, as in any engineering or design 
project, numerous implementation- speci?c decisions must be 
made to achieve the developers’ speci?c goals, such as com 
pliance With system-related and business-related constraints, 
Which may vary from one implementation to another. More 
over, it should be appreciated that such a development effort 
might be complex and time consuming, but Would neverthe 
less be a routine undertaking of design, fabrication, and 
manufacture for those of ordinary skill having the bene?t of 
this disclosure. 
[0039] As discussed above, it may be desirable to press a 
medical sensor tightly against a patient to increase measure 
ment accuracy and precision. Unfortunately, the pressure cre 
ated When the medical sensor is pressed against the patient’s 
tissue can be uncomfortable for the patient. For example, 
lenses, edges, or similar protrusions of the medical sensor 
may create localiZed high pressure regions on the patient’s 
tissue. These high pressure regions can lead to discomfort for 
the patient, can leave marks on the patient, and, in certain 
situations, can lead to tissue damage. Accordingly, the dis 
closed embodiments include medical sensors that are gener 
ally con?gured to enable the medical sensors, such as those 
used in conjunction With a headband or other Wearable gar 
ment, to be snugly ?t against the patient to maintain sensor 
performance While simultaneously maintaining patient com 
fort. 
[0040] It should be noted that While the embodiments of the 
present disclosure are discussed in the context of a medical 
sensor for use With a headband, that sensors intended to be 

used With similar garments, such as hats, visors, booties, 
socks, Wristbands, armbands, chest bands, and the like, are 
also presently contemplated. Thus, the embodiments dis 
closed herein may be implemented on any such medical sen 
sors for use alone or in combination With Wearable garments 
that may bene?t from the techniques disclosed herein. 
[0041] Embodiments of the present disclosure include 
medical sensors, such as pulse oximetry sensors, having fea 
tures con?gured to reduce the occurrence of localiZed high 
pressure regions on the patient’ s tissue, resulting in enhanced 
patient comfort. By increasing the patient comfort associated 
With these medical sensors, their use in conjunction With 
headbands or similar Wearable garments may be such that the 
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garment can be applied at a tension resulting in a suitable 
amount of pres sure for collecting accurate patient physiologi 
cal data. The suitable pressure may result in increased accu 
racy in the measurements performed by the medical sensor. 

[0042] One manner by Which patient comfort may be 
enhanced is to mitigate the localiZed pressure caused by the 
edges of the medical sensor against the patient’s tissue. For 
example, the edges may be stepped and/or rounded. Embodi 
ments such as these are discussed beloW With respect to FIGS. 
6-10. Other approaches, Which may be used in combination 
With or in lieu of the embodiments discussed With respect to 
FIGS. 6-10, may include providing an extra padding material 
betWeen protruding features of the sensor, such as betWeen 
the optical lenses of a spectrophotometric sensor. These 
approaches, Which may also be used alone or in any combi 
nation, are discussed in detail With respect to FIGS. 11-16. 
Other embodiments, Which may be used With any of the 
embodiments discussed With respect to FIGS. 6-16 in any 
combination, include providing a sensor having a tapered 
pro?le, a sensor having a ?at cable pro?le, a sensor having a 
?at pro?le at least on its patient-facing side, and a sensor 
having compressible optical lenses. These embodiments are 
discussed With respect to FIGS. 17-23. 

[0043] In addition to, or in lieu of, ensuring a comfortable 
?t using the approaches described With respect to FIGS. 6-23, 
for spectrophotometric sensors, it may be desirable to 
increase the e?iciency of light transmission through the opti 
cal lenses of the sensor. Increasing the e?iciency of light 
transmission may enable the sensor to be used at a loWer 
pressure than Would otherWise be suitable for obtaining accu 
rate measurements. Accordingly, the present embodiments 
also provide approaches for enhancing light transmission 
from and to the sensor by moving the emitter and/or detector 
closer to the patient-facing side of the medical sensor, by 
enhancing the internal re?ectivity of the optical lenses dis 
posed over the emitter and/ or the detector, by enhancing the 
surface re?ectivity of the kayak holding the emitter and/ or the 
detector, or by providing enlarged openings in the emitter 
and/or detector Wells, or any combination thereof. Such 
embodiments are discussed With respect to FIGS. 24-27. As 
noted above, any of the techniques or approaches described 
herein may be used in any combination. 

[0044] With this in mind, FIG. 1 depicts an embodiment of 
a patient monitoring system 10 that may be used in conjunc 
tion With a sensor 12, such as a forehead pulse oximetry 
sensor, bene?ting from the approaches disclosed herein. By 
Way of example, the sensor 12 may represent an MAX 
FASTTM, NEOMAXTM, or other pulse oximetry sensor avail 
able from Nellcor Puritan Bennett, LLC. Although the 
depicted embodiments relate to sensors for use on a patient’s 
forehead and/or temple, it should be understood that, in cer 
tain embodiments, the features of the sensor 12 as provided 
herein may be incorporated into sensors for use on other 
tissue locations, such as the ?nger, the toes, the heel, the ear, 
or any other appropriate measurement site. In addition, 
although the embodiment of the patient monitoring system 1 0 
illustrated in FIG. 1 relates to photoplethysmography or pulse 
oximetry, the system 10 may be con?gured to obtain a variety 
of medical measurements With a suitable medical sensor. For 
example, the system 10 may additionally or alternatively be 
con?gured to perform regional oximetry, determine patient 
electroencephalography (e. g., a bispectral index), or any 
other physiological parameter. 
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[0045] The system 10 includes the sensor 12, Which is 
communicatively coupled to a patient monitor 14. The sensor 
12 may include one or more emitters 16 and one or more 

detectors 18. The emitters 16 and detectors 18 of the sensor 12 
may be coupled to the monitor 14 via a cable 20. The cable 20 
is con?gured to interface With the patient monitor 14 through 
a connector 22, Which is adapted to couple to a sensor port of 
the patient monitor 14. The cable 20 may include a plurality 
of conductors, such as a ?rst set for the emitter 16 and a 
second set for the detector 18, Which are con?gured to carry 
signals (e. g., electrical signals, optical signals) betWeen the 
patient monitor 14 and the sensor 12. The conductors may be 
surrounded by an insulting material, such that the cable 20 is 
a rounded cable. In other embodiments, the cable 20 may be 
a ribbon cable or a ?exible circuit cable having a relatively ?at 
pro?le, as discussed in detail beloW. 

[0046] The patient monitor 14 includes a monitor display 
24 con?gured to display information relating to one or more 
physiological parameters of the patient, information about 
the system 10, and/or alarm indications. The monitor 14 may 
include various input components 26, such as knobs, 
sWitches, keys and keypads, buttons, etc., to provide for 
operation and con?guration of the monitor 14. The monitor 
14 also includes a processor that may be used to execute code 
such as code for performing diagnostics on the system 10, for 
measuring and analyZing patient physiological parameters, 
and so forth. 

[0047] The monitor 14 may be any suitable monitor, such as 
a pulse oximetry monitor available from Nellcor Puritan Ben 
nett LLC. Furthermore, to upgrade conventional operation 
provided by the monitor 14 to provide additional functions, 
the monitor 14 may be coupled to a multi-parameter patient 
monitor 28 via a cable 30 connected to a sensor input port or 
via a cable 32 connected to a digital communication port. In 
addition to the monitor 14, or alternatively, the multi-param 
eter patient monitor 28 may be con?gured to calculate physi 
ological parameters and to provide a central display 34 for the 
visualiZation of information from the monitor 14 and from 
other medical monitoring devices or systems. The multi 
parameter monitor 28 includes a processor that may be con 
?gured to execute code. The multi-parameter monitor 28 may 
also include various input components 36, such as knobs, 
sWitches, keys and keypads, buttons, etc., to provide for 
operation and con?guration of the a multi-parameter monitor 
28. In addition, the monitor 14 and/or the multi-parameter 
monitor 28 may be connected to a netWork to enable the 
sharing of information, such as patient physiological data 
captured by the sensor 12, With servers or other Workstations. 

[0048] The sensor 12 may include a sensor body 38 housing 
the optical components (e.g., the emitter 16 for emitting light 
at certain Wavelengths into a tissue of a patient and the detec 
tor 18 for detecting the light after it is re?ected and/or 
absorbed by the blood arid/or tissue of the patient) of the 
sensor 12. As discussed in detail beloW, the sensor body 38 
may be formed from any suitable material, including rigid or 
conformable materials, such as foam or other padding mate 
rials (e.g., a sponge or gel), ?ber, fabric, paper, rubber or 
elastomeric compositions (including acrylic elastomers, 
polyimide, silicones, silicone rubber, celluloid, PMDS elas 
tomer, polyurethane, polypropylene, polyethylene, acrylics, 
nitrile, PVC ?lms, acetates, and latex). 
[0049] The sensor body 38 may house a number of compo 
nents, each providing certain functionality. For example, in 
certain embodiments, the sensor 12 may be a Wireless sensor. 
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In such embodiments, the sensor 12 may include a Wireless 
module for establishing a Wireless communication With the 
patient monitor 14 and/or the multi-parameter patient moni 
tor 28 using any suitable Wireless standard. By Way of 
example, the Wireless module may be capable of communi 
cating using one or more of the ZigBee standard, Wire 
lessHART standard, Bluetooth standard, IEEE 802.1lx stan 
dards, or MiWi standard. 

[0050] Turning to FIG. 2, a block diagram of the system 10 
is illustrated in accordance With an embodiment. The emitter 
16 and the detector 18 of the sensor 12 may be arranged in a 
re?ectance or transmission-type con?guration With respect to 
one another. HoWever, in embodiments in Which the sensor 12 
is con?gured for use on a patient’s forehead, the emitter 16 
and detector 18 may be in a re?ectance con?guration. The 
emitter 16 may include a light emitting diode, superlumines 
cent light emitting diode, a laser diode or a vertical cavity 
surface emitting laser (VCSEL). The emitter 16 and detector 
18 may also include optical ?ber sensing elements. The emit 
ter 16 may include a broadband or “White light” source, in 
Which case the detector 18 could include any of a variety of 
elements for selecting speci?c Wavelengths, such as re?ective 
or refractive elements or interferometers. These kinds of 
emitters and/or detectors Would typically be coupled to the 
sensor 12 via ?ber optics. Alternatively, light detected from 
the tissue may be at a different Wavelength from the light 
emitted into the tissue. Accordingly, in certain embodiments, 
the sensor 12 may be adapted to sense ?uorescence, phospho 
rescence, Raman scattering, Rayleigh scattering and multi 
photon events or photoacoustic effects (e.g., With an ultra 
sound receiver). In certain embodiments, the sensor 12 may 
be con?gured to perform traditional pulse oximetry measure 
ments, regional pulse oximetry measurements, or the like. In 
embodiments Where the sensor 12 is con?gured to perform 
regional pulse oximetry measurements, the sensor may 
include tWo or more emitters, such as tWo or more LEDs (e. g., 

four or more). 

[0051] As noted above, the sensor 12 may be con?gured to 
perform traditional pulse oximetry measurements. The emit 
ter 16 may be capable of emitting at least tWo Wavelengths of 
light, e. g., red and infrared (IR) light, into the tissue of a 
patient 40, Where the red Wavelength may be betWeen about 
600 nanometers (nm) and about 700 nm, and the IR Wave 
length may be betWeen about 800 nm and about 1000 nm. The 
emitter 16 may include a single emitting device, for example, 
With tWo LEDs 42 and 44, or the emitter 16 may include a 
plurality of emitting devices With, for example, multiple 
LED’s at various locations. In some embodiments, the LEDs 
42, 44 of the emitter 16 may emit three or more different 
Wavelengths of light. Such Wavelengths may include a red 
Wavelength of betWeen approximately 620-700 nm (e.g., 660 
nm), a far red Wavelength of betWeen approximately 690-770 
nm (e.g., 730 nm), and an infrared Wavelength of betWeen 
approximately 855-940 nm (e.g., 900 nm). Other Wave 
lengths may include, for example, Wavelengths of betWeen 
approximately 500-600 nm and/or 1000-1100 nm. Regard 
less of the number of emitting devices, light from the emitter 
16 may be used to measure, for example, oxygen saturation, 
Water fractions, hematocrit, or other physiologic parameters 
of the patient 40. 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, infra 
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red, visible, ultraviolet, or X-ray spectra, and that any suitable 
Wavelength of light may be appropriate for use With the 
present disclosure. 
[0052] In any suitable con?guration of the sensor 12, the 
detector 18 may be an array of detector elements that may be 
capable of detecting light at various intensities and Wave 
lengths. In one embodiment, light enters the detector 18 after 
passing through the tissue of the patient 40. In another 
embodiment, light emitted from the emitter 16 may be 
re?ected by elements in the patent’ s tissue to enter the detec 
tor 18. The detector 18 may convert the received light at a 
given intensity, Which may be directly related to the absor 
bance and/or re?ectance of light in the tissue of the patient, 
into an electrical signal. That is, When more light at a certain 
Wavelength is absorbed, less light of that Wavelength is typi 
cally received from the tissue by the detector 18, and When 
more light at a certain Wavelength is re?ected, more light of 
that Wavelength is typically received from the tissue by the 
detector 18 . After converting the received light to an electrical 
signal, the detector 18 may send the signal to the monitor 14, 
Where physiological characteristics may be calculated based 
at least in part on the absorption and/or re?ection of light by 
the tissue of the patient. 
[0053] In certain embodiments, the sensor 12 may also 
include an encoder 46 that may provide signals indicative of 
the Wavelength of one or more light sources of the emitter 16, 
Which may alloW for selection of appropriate calibration coef 
?cients for calculating a physical parameter such as blood 
oxygen saturation. The encoder 46 may, for instance, be a 
coded resistor, EPROM or other coding devices (such as a 
capacitor, inductor, PROM, RFID, parallel resident currents, 
barcode, or a colorimetric indicator) that may provide a signal 
to a microprocessor 48 of the monitor 14. The signals may be 
related to the characteristics of the sensor 12 to enable the 
microprocessor 48 to determine the appropriate calibration 
characteristics of the sensor 12. Further, the encoder 46 may 
include encryption coding that prevents a disposable part of 
the sensor 12 from being recognized by a microprocessor 48 
unable to decode the encryption. For example, a detector/ 
decoder 50 may translate information from the encoder 46 
before it can be properly handled by the processor 48. In some 
embodiments, the encoder 46 and/ or the detector/ decoder 50 
may not be present. 

[0054] Signals from the detector 18 and/or the encoder 46 
may be transmitted to the monitor 14 via, for example, the 
cable 20 and the connector 22 of FIG. 1. The microprocessor 
described above 48 may be coupled to an internal bus 52, 
Which is also coupled to a ROM memory 54, a RAM memory 
56, the user inputs 26, and the display 24. A time processing 
unit (TPU) 58 may provide timing and control signals to light 
drive circuitry 60, Which controls the timing of the emitter 16 
(e.g., its activation timing), and if multiple light sources are 
used, the multiplexed timing for the different light sources. 
TPU 58 may also control the gating-in of signals from detec 
tor 18 through a sWitching circuit 62. These signals are 
sampled at the proper time, depending at least in part upon 
Which of multiple light sources are activated, if multiple light 
sources are used. The received signal from the detector 18 
may be passed through an ampli?er 64, through the sWitch 62 
and an additional ampli?er 66, a loW pass ?lter 68, and an 
analog-to-digital converter 70 for amplifying, ?ltering, and 
digitiZing the electrical signals the from the sensor 12. The 
digital data may then be stored in a queued serial module 
(QSM) 72, for later doWnloading to the RAM 56 as the QSM 
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72 ?lls up. In an embodiment, there may be multiple parallel 
paths for separate ampli?ers, ?lters, and A/D converters for 
multiple light Wavelengths or spectra received. 
[0055] In an embodiment, based at least in part upon the 
received signals corresponding to the light received by detec 
tor 18, the processor 48 may calculate the oxygen saturation 
using various algorithms. These algorithms may use coef? 
cients, Which may be empirically determined. For example, 
algorithms relating to the distance betWeen an emitter 16 and 
various detector elements in a detector 18 may be stored in a 
ROM 54 and accessed and operated according to processor 48 
instructions. 
[0056] As noted, the sensor 12 may be a pulse oximetry 
sensor con?gured to be placed on a patient’s forehead 80, as 
illustrated in FIG. 3. The sensor 12 may be placed on the 
patient’s forehead 80 in a desired location, such as above an 
eye 82. HoWever, it should be noted that the sensor 12 may be 
placed in any region on the patient’s body, such as another 
cerebral location or a somatic location, or a combination. For 
example, the sensor 12 may be placed on the patient’s stom 
ach, chest, back, or similar location. In FIG. 3, the body 38 of 
the sensor 12 is placed above the eye 82. For example, the 
body 38 of the sensor 12 may include an adhesive or other 
gripping surface con?gured to secure the sensor 12 to the 
patient’s skin. 
[0057] Once the sensor 12 is positioned on the patient 40, a 
headband 90 may be placed around the patient’ s head to press 
the sensor 12 against the patient’s forehead 80, as shoWn in 
FIG. 4. The headband 90 may have a tension setting such that 
When the headband 90 is suitably applied, a desired level of 
pressure is created betWeen the sensor 12 and the patient’s 
forehead 80. In some embodiments, the desired tension may 
be such that variations in measurements performed by the 
emitter 16 and the detector 18 due to venous pulsations are 
reduced, and the con?guration of the sensor 12 may be such 
that exsanguination of the tissue of the forehead 80 located 
betWeen the emitter 16 and the detector 18, Which may cause 
light shunting, is prevented. 
[0058] The headband 90, as noted above, exerts a normal 
force against the sensor 12 to press the sensor 12 against the 
patient’s forehead 80, as illustrated in FIG. 5. Speci?cally, 
FIG. 5 is a cross-sectional vieW of a pro?le 100 of the sensor 
12 being pressed against the patient’ s forehead 80. In FIG. 5, 
the sensor 12, as a result of the tension of the headband 90, 
causes portions of a tissue 102 to become compressed toWard 
the patient’s skull 104. As the sensor 12 is pressed into the 
tissue 102, a detector lens region 106, corresponding to a 
position of the detector 18, and an emitter lens region 108, 
corresponding to a position of the emitter 18, press into the 
tissue 102 by a length, Ll. At certain headband tensions, this 
may cause local reduction in blood volume, or possibly 
exsanguination in a ?rst tissue region 110 and a second tissue 
region 112, Which correspond to the area of the tissue 102 
beloW the detector lens region 106 and the emitter lens region 
108, respectively. A middle tissue region 114 remains perfuse 
betWeen the exsanguinated ?rst and second tissue regions 
110, 112, and is the tissue that receives the light emitted from 
the emitter 16. The emitted light travels through the middle 
tissue region 114, and to the detector 18. In essence, a rela 
tively higher pres sure is provided in the ?rst and second tissue 
regions 110, 112 by the sensor 12, While a relatively loWer 
pressure is provided in the middle tissue region 114. 
[0059] Such a con?guration may be desirable to limit mea 
surement inaccuracies caused by venous pulsations and 
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patient movement. HoWever, as L 1 increases, the level of 
patient discomfort and, in some situations, the possibility of 
damage done to the tissue 102 may increase as Well. Accord 
ingly, certain of the present embodiments are directed toWard 
reducing L 1 While simultaneously limiting measurement 
inaccuracies caused by venous pulsations and patient move 
ment. For example, as discussed in detail beloW With respect 
to FIGS. 11-27, the sensor 12 may include an island padding 
layer (FIG. 11) disposed at least betWeen the emitter region 
106 and the detector region 108, Which enables the sensor 12 
to mold Well to the tissue 102 While providing loWer pressure 
in the middle tissue region 114 and relatively higher pressure 
in the ?rst and second tissue regions 110, 112. 
[0060] Portions other than the detector and emitter regions 
106, 108 of the sensor 12 may cause discomfort for the patient 
40 as the sensor 12 is pressed against the patient’s tissue (i.e., 
the forehead 80). For example, in embodiments Where the 
sensor 12 is a pulse oximetry sensor, the sensor 12 may be 
placed on the patient’s forehead 80 (or other region) for 
extended periods of time. Over time, the edges of the sensor 
12 may press into the patient’s tissue, Which may cause dis 
comfort and marking. Accordingly, certain of the disclosed 
embodiments are directed toWard mitigating such discomfort 
by providing stepped edges of the sensor 12, Which may 
enable the sensor 12 to readily conform to the patient’s tissue 
as pressure is applied (e.g., by the headband 90). 
[0061] Various embodiments in Which the sensor 12 has 
such a stepped con?guration are illustrated With respect to 
FIGS. 6-8. Speci?cally, in FIG. 6, the sensor 12 includes a 
?rst padding layer 120 and a second padding layer 122. By 
Way of example, the ?rst padding layer 120 and the second 
padding layer 122 may be fabricated from the same or differ 
ent padding materials, such as foam, gel, ?ber, and the like. 
By Way of example, the ?rst and second padding layers 120, 
122 may be foam layers formed from a common polyvinyl 
chloride (PVC) foam, a polyester foam, or a polyurethane 
foam material, such as a PORONTM urethane foam commer 
cially available from the Rogers Corporation of Connecticut. 
[0062] The ?rst padding layer 120 includes a ?rst outer 
edge extent 124 that is greater than a second outer edge extent 
126 of the second padding layer 122. That is, generally, the 
?rst padding layer 120 is greater in siZe than the second 
padding layer 122. In the illustrated embodiment, the ?rst 
padding layer 120 and the second padding layer 122 are 
similarly shaped, and the ?rst padding layer 120 extends 
beyond the second padding layer 122 evenly on all sides by a 
length L2. HoWever, it should be noted that the ?rst padding 
layer 120 may extend beyond the second padding layer 122 
by varying lengths, and, in certain embodiments, may be even 
With the second padding layer 122 in certain regions of the 
sensor 12. For example, in some embodiments, the ?rst pad 
ding layer 120 may extend beyond the second padding layer 
122 in areas of the sensor 12 that contact the patient 40 While 
being even With the second padding layer 122 in areas that do 
not contact the patient 40 or areas that experience minimal 
pressure When applied to the patient 40. 
[0063] In use, such as When the sensor 12 is placed on the 
patient 40, the ?rst padding layer 120 is con?gured to be 
closer to the patient’s tissue than the second padding layer 
122. Indeed, in certain embodiments, the ?rst padding layer 
120 may be secured to an adhesive layer, or may include an 
adhesive layer, that is con?gured to secure the sensor 12 to the 
patient 40. As illustrated in FIG. 7, Which is a partial side vieW 
of the sensor 12 of FIG. 6 along line 7-7, the ?rst padding 
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layer 120 includes a deformable region 130. The deformable 
region 130 is generally de?ned by the length L2 separating the 
outer extents of the ?rst and second padding layers 120, 122, 
and is con?gured to deform in a ?rst direction 132 generally 
aWay from the patient 40 as the sensor 12 is applied to the 
patient 40. This deformation of the ?rst padding layer 120 
may result in a reduction in the localiZed pressure or tissue 
shear regions typically caused by the edges of a sensor placed 
against a patient. In other Words, the edge 124 of the ?rst 
padding layer 120 may deform aWay from the patient 40 to 
prevent the edge 124 from pressing into the patient’s tissue. 

[0064] As an alternative, or in addition to, providing 
stepped edges to mitigate patient discomfort, the present dis 
closure also provides embodiments in Which the sensor 12 
includes rounded or ?lleted edges. FIG. 8 depicts an embodi 
ment of the sensor 12 in Which the ?rst and second padding 
layers 120, 122 have respective rounded edges 140, 142. As in 
FIGS. 6 and 7, the ?rst padding layer 120 extends beyond the 
second padding layer 122 by the length L2 to create a stepped 
edge con?guration for the sensor 12. Therefore, as shoWn in 
FIG. 9, Which is a partial side vieW ofthe sensor 12 ofFlG. 8 
along line 9-9, the ?rst padding layer 120 includes the 
deformable region 130, Which is capable of deforming aWay 
from the patient 40 to prevent localiZed pressure region for 
mation. It should be noted that While the embodiment of the 
sensor 12 illustrated in FIGS. 8 and 9 includes the rounded 
edges 140, 142 for both the ?rst and second padding layers 
120, 122, in other embodiments, only the ?rst padding layer 
120 may have a rounded edge. Therefore, in certain embodi 
ments, the ?rst padding layer 120 may have the rounded edge 
140 in addition to, or in lieu of, rounded edges for any one or 
a combination of other layers of the sensor 12. As de?ned 
herein, a rounded edge is intended to denote a general curva 
ture of a surface connecting tWo faces of a layer. Thus, the 
rounded edges 140, 142 for the ?rst and second padding 
layers 120, 122, respectively, are de?ned by a curved surface 
connecting a patient-facing surface of each layer With an 
outWard-facing surface of the respective layer. 

[0065] As noted above, portions of the sensor 12 having a 
stepped edge con?guration may conform to the patient’s tis 
sue While in use. For example, in FIG. 10, the sensor 12 is 
depicted as secured (e.g., adhesively or non-adhesively) to the 
patient 40, and a normal force, F1, is being applied to the 
sensor 12 by the headband 90. As illustrated, the deformation 
region 130 of the ?rst padding layer 120 curls back toWard the 
second padding layer 122 due, at least in part, to the applica 
tion of the normal force Fl by the headband 90 and the 
resistance of the patient’s tissue to the normal force F1. The 
patient 40 may experience enhanced comfort as a result of 
such a con?guration, as the edge of the sensor 12 (i.e., the 
rounded edge 140 of the ?rst padding layer 120) may not 
press into the patient’s forehead 80 by an appreciable extent. 

[0066] The disclosed approaches for reducing localiZed 
pressure against the patient’s forehead 80, such as the use of 
stepped and/ or rounded edges (i.e., edges having a curvature), 
may be used together or separately, or in any combination 
With other techniques presently disclosed for increasing 
patient comfort. For example, stepped and/or rounded edges 
may be used in combination With any of the embodiments 
depicted in FIGS. 11-18 and 20-22, Which each illustrate an 
embodiment of the sensor 12 having an island padding layer 
150. As noted above With respect to FIG. 5, the island padding 
layer 150 may enable the sensor 12 to apply adequate pressure 

Jun. 20, 2013 

so as to accurately measure a physiological parameter While 
maintaining the pressure at a comfortable level for the patient 
40. 

[0067] One such embodiment of the sensor 12 is depicted in 
FIG. 11, Which is an exploded perspective vieW of the sensor 
12. Speci?cally, the illustrated embodiment of the sensor 12 
includes the island padding layer 150 in addition to the ?rst 
and second padding layers 120, 122. Generally, the padding 
layers 120, 122, 150 are con?gured to provide support for the 
sensing components (e.g., the emitter 16 and the detector 18) 
of the sensor 12 and/or to provide padding for patient com 
fort. As illustrated, the second padding layer 122 is con?g 
ured to act as an outermost layer disposed on a ?rst side 152 
of the sensor 12 generally aWay from the patient 40. Essen 
tially, the secondpadding layer 122 is con?gured to face aWay 
from the patient 40 and, in embodiments Where the sensor 12 
is used in conjunction With the headband 90, is con?gured to 
be placed in abutment With the headband 90. Conversely, the 
island padding layer 150 is disposed toWard a second side 154 
of the sensor 12 and is con?gured to be placed in direct 
contact With the patient 40. The embodiment of the second 
padding layer 122 depicted in FIG. 11 also includes a cable 
Wrap region 153, Which is con?gured to Wrap around the 
cable 20 to maintain the position of the cable 20 Within the 
sensor 12. HoWever, in certain embodiments, it may be desir 
able to not include the cable Wrap region 153 to reduce the 
bulkiness of the sensor 12 in the region Where the cable 20 
interfaces With the sensor 12. 

[0068] As illustrated, an outer section 156 of the ?rst pad 
ding layer 120 couples to a patient-contacting adhesive layer 
158 for securing the sensor 12 to the patient, While an inner 
section 160 of the ?rst padding layer 120 couples (e.g., 
directly via a coated adhesive or indirectly by a supported 
transfer tape) to the island padding layer 150. Thus, the 
patient-contacting adhesive layer 158 may include a central 
opening 162 corresponding to the position of the island pad 
ding layer 150 to enable the island padding layer 150 to attach 
to the ?rst padding layer 120. It should be noted that in 
embodiments Where the sensor 12 is a stacked adhesive medi 
cal sensor, multiple patient-contacting adhesive layers may 
be provided. Accordingly, a tab 161 may be provided on each 
patient-contacting adhesive layer 158 for easy removal, such 
as When the sensor 12 is removed from the patient 40 for 
re-positioning. 
[0069] Further, While the illustrated embodiment depicts 
the sensor 12 as including the patient-contacting adhesive 
layer 158, in other embodiments, the sensor 12 may not 
include the patient-contacting adhesive layer 158. For 
example, the tension of the headband 90 may provide a suf 
?cient securing force such that the sensor 12 remains secured 
to the patient’s forehead 80 Without the use of an adhesive. 
Additionally, in certain of these embodiments Where the 
headband 90 is used, a gripping material With a relatively high 
coe?icient of friction may be disposed on a patient-facing 
surface 164 of the ?rst padding layer 120 to reduce movement 
of the sensor 12 While the patient 40 is monitored. 

[0070] In addition to the padding layers discussed above, 
the sensor 12 of FIG. 11 also includes a semi-rigid optical 
mount 166 disposed betWeen the ?rst and second padding 
layers 120, 122 for surrounding and holding the emitter 16 
and the detector 18. The semi-rigid optical mount 166 is 
con?gured to hold the emitter 16 and the detector 18 in a ?xed 
manner While alloWing a certain minimal amount of ?exing 
and tWisting to occur. The semi-rigid optical mount 166 also 
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