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OXIMETER SENSOR WITH FUNCTIONAL
LINER

This application claims the benefit of provisional appli-
cation No. 60/153,346 filed Sep. 10, 1999.

BACKGROUND OF THE INVENTION

The present invention relates generally to a sensor for
transillumination of a blood-perfused portion of flesh to
measure light extinction during transillumination, or trans-
missive pulse oximetry. More particularly, the present inven-
tion relates to a disposable oximeter sensor having a
mechanical means for pretest of the disposable oximeter
sensor and a mechanical means for improved positioning of
the sensor.

Disposable oximeter sensors have been developed and
used in the clinical setting for several years. During patient
treatment, an oximeter sensor is used to monitor the oxygen
saturation level in blood perfused tissue. Typically, oximeter
sensors comprise a light source, such as a light emitting
diode, a photo-sensor located such that a portion of the light
emitted from the light source is received by the photo-
sensor, and a means for securement to the patient. An
example of an oximeter sensor has been disclosed in U.S.
Pat. No. 4,830,014 granted to Goodman et al. As disclosed
therein, a non-invasive, electrooptical sensor probe includes
a flexible, initially substantially planar, web-like, support
structure having a light source and a photo-sensor mounted
in the web. An adhesive layer is further provided for
removably adhesively securing the device to a portion of a
patient’skin. While this type of sensor has been used in
clinical settings, difficulty in positioning the sensor has been
observed in practice. With an initially planar configuration
and no assisting structural positioning elements, it is difficult
to achieve proper alignment of the light source with the
photo-sensor. Further, the optical elements present within
the sensor protrude somewhat into the plane of the tape in
contact with the patient’skin. Over a period of time, a dent
in the skin surface may cause skin discomfort or even
pressure necrosis in sensitive skin, such as that of a neonate.

Another sensor is disclosed in U.S. Pat. No. 5,217,012
granted to Young et al. The device disclosed in this patent
includes a U-shaped support structure having spaced,
opposed upper and lower inner surfaces. The U-shaped
structure is designed to aid in pre-alignment of the device
during patient use. A light source and a photosensor are
mounted in the U-shaped support structure. The sensor
includes means, such as adhesive, for removably securing
the sensor to the skin. In practice, devices similar to that
disclosed in the above-mentioned patent have proved to be
predisposed to accidental closure of the U-shaped support
structure upon itself, adhesive to adhesive, during applica-
tion. This creates difficulty for the clinician, and nullifies the
positioning feature of the U-shaped support structure taught
by the Young patent.

It should be further noted that, in general, the production
of disposable oximeter sensors is, by economic necessity,
not of the same grade as more expensive reusable devices,
such as finger clip-type sensors. This is due to the high-
volume production means used-in the manufacture of dis-
posable devices, such as the lower sampling and verification
programs employed in product testing, as compared to
reusable devices. However, the benefits of a disposable
device, including size, application benefits, and advantages
for infection control, cause the disposable product to be
preferred by many health care professionals. Furthermore,
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despite medical quality system improvements to reduce the
number of sensor failures that reach the patient care
environment, the predominant type of sensor failure is “out
of the box” failure of newly applied sensors. This type of
failure is especially problematic as it may cause a gap in
patient care and loss of valuable time while the performance
deficiency is investigated or a replacement sensor is located
and applied. This situation may be further complicated in
treating patients having compromised circulation, where
readings are more difficult to obtain.

SUMMARY OF THE INVENTION

In view of the above-noted concerns, and also to present
a sensor for transillumination of a blood-perfused portion of
flesh that is easily positioned, minimally invasive to the
patient, and able to be pretested, the present invention
teaches a novel oximeter sensor. The present invention
contemplates an initially L-shaped sensor having position-
ing elements and a removable liner. The sensor may be
disposable, or for single patient use, and is designed to be
affixed to any blood-perfused tissue, preferably a fingertip.

The sensor includes a flexible support structure having
outer and inner surfaces, at least one positioning element, a
light source, a photo-sensor, a conformal adhesive tape
laminate mounted on the support structure, a leveling pad,
and a removable liner. The inner surface of the flexible
support structure preferably includes a biologically accept-
able adhesive for adjacent retention of the adhesive tape
laminate and adhesion to the skin surface while the sensor is
in use.

The present invention contemplates an adhesive tape
laminate, which is adhesively mounted on the adhesive
coated, inner surface of the support structure. The confor-
mational adhesive tape laminate is preferably comprised of
an adhesive coated, longitudinally folded, adhesive tape.
The tape laminate preferably includes an outer, light trans-
missive layer. The longitudinally folded tape laminate is
defined by two oppositely disposed outer surfaces and two,
facing inner surfaces, with a fold pocket area located
between the two facing, inner surfaces. A light source and a
photo-sensor are mounted in the fold pocket area in a
spaced-apart configuration so that they may be positioned
generally opposite each other upon mounting of the sensor
to an appendage, such as a finger. One of the outer surfaces
of the tape laminate is preferably provided with at least one
window area. The window area is created when a portion of
an inner surface is removed, leaving only the outer, light
transmissive layer. At least one of the optical elements
extends inwardly of the window area, thereby permitting
light to pass therethrough.

The sensor according to the present invention is further
provided with at least one positioning element. The posi-
tioning element is provided to cause the sensor to maintain
a generally L-shape prior to use. The positioning element is
preferably located in the fold pocket area of the tape
laminate, at a location approximately midpoint of the lami-
nate longitudinal length, but preferably somewhat closer to
the photo-sensor. This arrangement ensures that the sensor is
defined by two unequal leg portions when the sensor is in its
initial L shape. However it is to be understood that the
positioning element may be located at any point along the
tape laminate length that will allow a generally L-shape to
be imparted to the attached support structure and tape
laminate. The positioning element is relatively stiff to impart
an initially generally [-shape to the sensor and its cooper-
ating elements, and permits the clinician to accurately posi-



US 6,622,034 B1

3

tion and apply the sensor to patient tissue up to the bend of
the L, thereby locating the sensor elements in proper oppo-
sition once the device is secured in operating position. This
feature overcomes the difficulties encountered with the
U-shaped sensors presently in use, such as premature adher-
ing prior to proper positioning.

The sensor of the present invention is further provided
with a leveling means positioned in the fold pocket area in
the marginal area surrounding at least a major portion of the
optical sensor element. The leveling means is preferably a
thin, deformable material such as a PVC foam tape approxi-
mately the thickness of the optical elements. The leveling
means allows the sensor to conformably match the contours
of the skin and helps alleviate protrusion of the optical
sensor elements into the skin of the patient. This feature is
of particular importance in conditions of long term moni-
toring in which the sensor is to be used for several days, or
in which the sensor is to be applied to fragile skin, in the case
of neonates. Furthermore, the leveling means provides an
additional purpose in improving the seal between the skin
and the optical sensor element. As a result, incident stray
light that may impinge on the optical sensor element is
reduced. This feature improves the sensor’performance with
respect to patient motion in which stray light may produce
an extraneous signal.

The present invention further contemplates an oximeter
sensor having an adhesively attached liner. The liner is
initially attached to the inner adhesive surface of the flexible
support structure, but may be easily peeled away from the
support structure to allow the sensor to be mounted to a
patient appendage. The liner includes two end portions,
which may be adapted to conjoin, forming a tear drop shape.
When the liner presents the tear drop configuration, the light
source and the photo-sensor are presented in opposition to
one another allowing the clinician to test the performance of
the sensor prior to removal of the liner and attachment of the
sensor to the patient. Alternatively, this arrangement, in
configuration with the functional liner, may be used to test
the performance of the sensor at the manufacturing site, as
a quality assurance prior to shipping. The liner is preferably
substantially transparent to the wavelengths of light used by
the sensor for interrogation of patient tissue. These features
permit sensor verification and system performance evalua-
tion prior to use, thus increasing the likelihood of successful
patient monitoring.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the oximeter sensor of the
present invention showing the sensor in its initial L-shaped
configuration prior to being applied on a patient appendage.

FIG. 2 is an exploded view of the sensor illustrated in
FIG. 1 and showing the components thereof.

FIG. 3 is a cross sectional view of the sensor shown in
FIG. 1 and taken along line 3—3 thereof.

FIG. 4 is a perspective view of the novel sensor and
showing pre-testing prior to removal of the transparent liner.

FIGS. 5-7, inclusive, are sequential views illustrating
application of the sensor of the present invention to the
finger of a patient.

FIG. 8 is a perspective view of another embodiment of the
novel oximeter sensor having particular neonatal applica-
tion.

DETAILED DESCRIPTION

Although the disclosure hereof is detailed and exact to
enable those skilled in the art to practice the invention, the
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4

physical embodiments herein disclosed merely exemplify
the invention which may be embodied in other specific
structure. While the preferred embodiment has been
described, the details may be changed without departing
from the invention, which is defined by the claims.

The present invention is directed to an improved sensor
for transillumination of a blood-perfused portion of flesh
having mechanical positioning and pretest means that is
adapted to be applied to the skin of a patient (see FIGS. 5-7)
needing blood oxygen level monitoring. The improvement
resides principally in the initially, substantially L-shape of
the sensor, as provided by positioning elements, the leveling
means and the means for pretesting the optical elements.

With reference to FIGS. 1 and 2, the present invention,
seen as an L-shaped oximeter sensor, is generally indicated
by reference numeral 10. As seen in FIG. 2, the sensor 10
includes a flexible support structure 12, having inner and
outer surfaces, 13a, 13b, respectively, a conformal adhesive
tape laminate 14, and a removable liner 18, having opposed
inner and outer surfaces, 19a, 19b, respectively. It is pres-
ently believed that the flexible support structure 12 be
fabricated from a suitably flexible material, with medical
22.5 mil PVC foam tape, currently the preferred material. It
is to be understood that any suitably flexible material may be
used such as elastic woven fabric on a 5.5 mil latex free
rubber based adhesive, as supplied by Scapa Tapes, or a
combination of 3.6 mil clear plastic polyethylene medical
tape and 6.6 mil transparent, perforated EVA medical tape,
both supplied by 3M, by way of example. As may be further
seen in FIG. 2, the sensor 10 additionally includes a leveling
pad 20 including a notch 21 at one end, a light source 22, a
photo-sensor 24 residing in the notch 21 of the leveling pad
20, and at least one positioning element 26. The adhesive
tape laminate 14 is preferably a longitudinally folded struc-
ture and includes opposed top and bottom outer surfaces,
seen as 15a and 15b, respectively. The adhesive tape lami-
nate 14 further includes two facing, inner surfaces 174, 17b,
and a fold pocket area 16 located between the facing inner
surfaces 17a, 17b. The light source 22, such as a light
emitting diode (LED), and photodiode detector 24 are
located between the facing inner surfaces 17, 17b of the
conformal adhesive tape laminate 14 and in the fold pocket
area 16 such that the light source 22 and the detector 24 are
substantially opposed when the sensor 10 is in use. Lead
wires 23 connect the light source 22 and the photo-detector
24 to a cable 25. A connector 29, attached to the other end
of the cable 235, is configured to interface with a conven-
tional oximeter box (not shown). The tape laminate 14
preferably includes an outer, light transmissive layer or
coating 28, and at least one window area, 30. The window
area 30 is an area of reduced thickness wherein a portion of
an inner surface 17, 17b is removed, leaving only the outer,
light transmissive coating 28. At least one of the optical
elements, 22 or 24 extends inwardly of the window arca 30
whereby light may pass through the window area 30. It is
presently believed that the tape laminate be preferably
formed from two adhered layers wherein one layer is formed
from a medical 1.1 mil pearlized polypropylene tape, such as
may be obtained from Scapa Tapes. The second layer is
preferably formed from a medical 3.0/4.9 mil polyethylene
film/double adhesive, as manufactured by 3M, by way of
example.

Further, the sensor 10 of the present invention is prefer-
ably releasably mounted on the removable liner 18. The liner
18 may be generally rectangularly shaped, and including an
inner and an outer surface, 19a, 195, respectively. The outer
surface 196 adjoins the inner, adhesive surface 13a of the
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support structure 12. The outer surface 196 of the liner 18 is
preferably coated with a non-stick agent, such as silicone, to
allow facile removal from the support structure 12 at the
time of use. It is presently believed preferable to form the
removable liner 18 from 70 micron siliconized polypropy-
lene film although it is to be understood that any other
suitable material may be used, such as polyethylene. The
removable liner 18 is further provided with a first end 32 and
a second end 34. The ends, 32, 34 may be provided with
means for temporary attachment to one another, such as the
tongue 35 and slot 37 configuration shown in FIGS. 1, 2, and
4, seen particularly in FIG. 4. Prior to use and removal from
the sensor support structure 12, the ends 32, 34 of the liner
18 may be connected to provide a pretesting tear drop area
36. The pretest tear drop 36 allows the light source 22 and
photo sensor 24 to be positioned generally opposite each
other. This allows for a quick pretest of the sensor 10 prior
to mounting on a patient’appendage. As seen in FIG. 4, the
pretest is accomplished by inserting an appendage (seen as
a clinician’finger 38), temporarily, inside the tear drop 36
formed by the liner 18 so that it is positioned between the
photo-sensor 24 and the light source 22. It is presently
believed preferable that the removable liner 18 be substan-
tially transparent to the interrogation wavelengths of the
light source 22, which are preferably in the range of between
600 and 1000 nanometers. As mentioned earlier, the remov-
able liner 18 is preferably composed of a plastic such as
polypropylene, which will permit initial adhesion of the
inner, adhesive surface 134 of the support structure 12 while
permitting subsequent removal of the support structure 12 at
time of use.

The sensor 10 of the present invention is further provided
with internal leveling means, seen as leveling pad 20 in these
views. The leveling pad 20 is preferably a thin, deformable
material, such as PVC foam tape of a thickness approxi-
mately equal to the optical elements 22, 24. Currently, it is
believed that a thickness of about 22.5 mil is preferable, but
it is to be understood that any thickness approximating the
thickness of the optical elements may be used. The leveling
pad 20 is positioned in the fold pocket area 16 of the tape
laminate 14, and is notched at 21 to substantially surround
the photo-sensor 24. The leveling pad 20 causes the area
surrounding the photo-sensor to be brought to the level of
the protruding photo-sensor 24, thus allowing the sensor 10
to conformably match the contours of the appendage (such
as the finger 38 seen in FIGS. 5-7). This feature reduces the
protrusion of the photo-sensor 24 into the skin of the patient,
and additionally improves the sealing of the skin to the photo
sensor, 24 thereby reducing incident stray light that may
produce extraneous signal.

As seen in FIGS. 2 and 3, the sensor 10 of the present
invention is further provided with at least one positioning
element, 26. The positioning element 26 is provided to cause
the sensor 10 to maintain a generally L shape prior to use.
The positioning element 26 is relatively stiff compared to the
other layered elements 12, 14, and 18, and is preferably
formed from polyester sheet stock of approximately 10 mil
thickness. The positioning element is preferably scored
slightly at 27 to provide the bend utilized to position the
sensor 10 in a generally L shape. The positioning element 26
is preferably located in the fold pocket area 16 of the tape
laminate 14 at a location approximately midpoint of the tape
14 longitudinal length, and preferably somewhat closer to
the photo-sensor 24, thereby creating a sensor 10 having two
leg portions 40a, 405 of unequal length. This configuration
allows the clinician to position an appendage, such as a
finger 38, up against the positioning element 26 (see FIG. 4).
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During application, the clinician bends the longer leg 400,
over the finger or other patient appendage 39, thereby easily
and correctly positioning the optical elements 22, 24. Proper
application of the sensor 10 to a patient appendage, such as
a finger 39, is seen in the views of FIGS. 5-7.

An alternate embodiment sensor 10 may be seen in FIG.
8. The embodiment 10z seen in FIG. 8 illustrates one
configuration in which the elements of the present invention
may be modified to present a sensor for use with neonates.
As seen, the configuration of the support structure 12a is
adapted to fit the foot (not scen) of a neconate, while
presenting the sensor 10a in an initially L shape.

The foregoing is considered as illustrative only of the
principles of the invention. Furthermore, since numerous
modifications and changes will readily occur to those skilled
in the art, it is not desired to limit the invention to the exact
construction and operation shown and described. While the
preferred embodiment has been described, the details may
be changed without departing from the invention, which is
defined by the claims.

What is claimed is:

1. A non-invasive, electrooptical sensor probe for remov-
able adhesive attachment to the skin of a patient for use in
measuring light extinction during transillumination of the
blood-perfused tissue beneath the skin, comprising:

a flexible, initially L-shaped web-like support structure
containing substantially parallel, oppositely facing
outer and inner surfaces, said inner surface including an
adhesive coating;

a laminate tape structure containing a pair of
longitudinally-spaced windows and being adhesively
secured to said inner surface of said support structure;

a light source extending inwardly of one of said pair of
windows being positioned to emit light;

a photo-sensor extending inwardly of the other of said
pair of windows and being positioned to receive light
emitted from said light source; and

at least one positioning element being fabricated of a
relatively stiff material sufficient to initially maintain a
generally L shape to said supporting structure and to
said adhering tape structure.

2. The non-invasive, electrooptical sensor probe of claim

1 wherein said L-shaped support structure includes inte-
grally formed legs of unequal length.

3. The non-invasive, electrooptical sensor probe of claim

1 wherein said probe further includes a removable liner
covering said outer surface of said support structure.

4. The non-invasive, electrooptical sensor probe of claim

1 further including a leveling pad structure including a
notched end for receiving and surrounding said inwardly
extending photo-sensor.

5. The non-invasive, electrooptical sensor probe of claim

1 wherein said laminate tape structure includes a first tape
layer and a second tape layer and defining a pocket ther-
ebetween.

6. The non-invasive, electrooptical sensor probe of claim

5 wherein said positioning element is adhesively located in
said pocket between said first and second tape layers.

7. The non-invasive, electrooptical sensor probe of claim

5 further including a leveling pad structure is adhesively
located in said pocket between said first and second layers
and arranged to minimize stray light received by said
photo-senor.

8. The non-invasive, electrooptical sensor probe of claim

5 wherein said light source and said photo-sensor are each
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adhesively located in said pocket between said first and said

second tape layers.

9. A method of pre-testing a non-invasive, electrooptical

sensor probe comprising the steps of:

providing a probe having a flexible, initially L-shaped,
web-like, support structure containing substantially
parallel, oppositely facing outer and inner surfaces, said
inner surface including an adhesive coating, said probe
further including a light source and a photo-sensor
positioned to receive light emitted from said light
source, and a removable liner covering said support

10

8

structure and extending beyond said support structure
to provide ends for temporary attachment to one
another;

drawing said ends from said initial L shape towards one
another;

temporarily attaching said ends together to form a tear
drop loop therebetween; and

temporarily inserting a blood-perfused portion of flesh for
pre-testing measurement of light extinction.
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