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[5 7] ABSTRACT

A sensor for measuring the oxygen availability of blood
flow within the skull is described. In a first embodiment

the sensor comprises a photodetector and a pair of light
emitting diodes surface mounted near the end of a
length of flexible printed wiring. The sensor is sealed by
a coating of rubber or polymeric material which has an
optical window over the photodetector and light emit-
ting diodes. The sensor is inserted through a burr hole
drilled in the skull and slides between the skull and the

dura of the drain. The light emitting diodes are pulsed
to illuminate blood flow in the brain beneath the dura

with light, and light reflected by the blood is received
by the photodetector and converted to electrical sig-
nals. The signals are processed by a pulse oximeter to
provide an indication of blood availability. In a second
embodiment the photodetector and light emitting di-
odes are mounted at the end of a core of compressible
foam extending from the end of a hollow bone screw.
As the bone screw is screwed into a burr hole in the

skull the photodetector and light emitting diodes will
contact the dura and the foam will compress to maintain
optical contact between the electrical components and
the dura. Light from the diodes is reflected by blood in
the dura and brain, received by the photodetector, and
the resultant electrical siganls are processed by the
pulse oximeter.

12 Claims, 3 Drawing Sheets
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EPIDURAL OXYGEN SENSOR

This invention relates to sensors for determining the

oxygen availability of tissues within the skull and, in
particular, to such sensor which are placed epidurally
through the skull to measure oxygen availability.

During neurological and neurologically related surgi-
cal procedures it is oftentimes desirable to continuously
monitor the oxygenation of blood which is supplied to
the brain. Frequently access is gained to the brain
through a borehole in the skull, and a sensor which
optically measures oxygenation can then be inserted
through such a borehole. An optical sensor should then
exhibit numerous design and performance criteria in
order to operate satisfactorily in this environment. The
sensor must be capable of insertion through the bore-
hole so as to contact tissue where oxygen availability is
to be measured The sensor must be soft so that it does

not damage neurological tissue, yet be sufficiently rigid
in certain dimensions so that it can be maneuvered from
outside the skull. It also must be sized to fit inside the
borehole and in the location where measurements are to

be taken. Furthermore, the sensor must be designed so
as to eliminate detection of ambient light which will
interfere with detection of the desired optical signals
The sensor must also prevent the detection of directly
transmitted light from the light source of the sensor.

In accordance with the principles of the present in-
vention, an optical sensor is provided for epidural mea-
surement of blood oxygenation In a first embodiment
the sensor comprises a pair of light emitting diodes
(LED’s) which emit light at two predetermined wave-
lengths. The sensor also includes a photodetector for
receiving light emitted by the LED’s which has been
reflected from adjacent blood perfused tissue. The
LED’s and the photodetector are mounted on flexible
printed wiring which transmits signals to the LED’s
and from the photodiode. The components are encapsu-
lated in a soft polymer which is biocompatible. The
resultant sensor is thus capable of operation in an epidu-
ral environment, and is further capable of being maneu-
vered into the desired position for epidural measure—
ments.

In a second embodiment the LED’s and photodetec-
tor are located in a hollow bone screw, with the compo-

nents opposing the tissue from which measurements are
to be taken. The components are backed by a resilient
member such as a spring or soft polymeric foam which
will compress under gentle pressure within the bone
screw to cause the components to contact the dura and

maintain optical contact with the dura as it moves with
the patient’s respiration.

In the drawings:
FIG. 1 illustrates a cross-sectional view of the use of

an epidural oxygenation sensor constructed in accor-
dance with the present invention;

FIG. 2 is a side cross-sectional view of an epidural

oxygenation sensor constructed in accordance with the
principles of the present invention;

FIG. 20 is a perspective view of an epidural oxygena-
tion sensor constructed in accordance with the princi-

ples of the present invention;
FIGS. 30-36 are cross-sectional views of different

embodiments of epidural oxygenation sensors of the
present invention;
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FIGS. 4a-4c, 50—5c and 6a—6c are plan views of dif-
ferent placements of LED’s and photodiodes of epidu-
ral oxygenation sensors of the present invention;

FIG. 7 is an electrical schematic of the components of

the epidural oxygenation sensor of FIG. 2; and
FIGS. 80—80 are cross-sectional, top, and bottom

views of an epidural oxygenation sensor mounted in a
hollow bone screw.

Referring first to FIG. 1, a skull is shown in which a
burr hole 12 has been drilled. Underlying the skull is the
dura 16 which encases the brain, and beneath the dura is

the cerebrum 14. An epidural oxygenation sensor 20 is
inserted through the burr hole 12 for measurement of
the oxygenation of blood flowing in the brain. The
sensor 20 is inserted through the burr hole and slides
between the skull 10 and the dura 16, where it is
shielded from ambient light entering the burr hole. At
the distal end of the sensor 20 is a photodetector 24 and
LED’s 22 which face the dura through optical windows
in the sensor. The photodetector and LED’s are
mounted on flexible printed wiring which is connected
to a sensor cable 26. The sensor cable is connected to a

pulse oximeter (not shown), which provides drive
pulses for the LED’s, receives electrical signals from
the photodetector, and processes the received electrical
signals to produce an indication of the oxygen availabil-
ity of blood in the brain. The sensor is operated in a
reflective mode, whereby light of different wavelengths
emitted by the LED’s is reflected by the blood in the
brain and the reflected light is received by the photode-
tector.

As shown in FIG. 2, the sensor 20 comprises a photo—
detector 24 and an adjacent pair of LED’s 220 and 22b
which are surface mounted to leads of flexible printed

wiring 28 such as 0.001 inch Kapton TM based printed
wiring. The use of surface mounted components and the
printed wiring provide a thin sensor which minimizes
cerebral compression. Separating the LED’s and the
photodetector is a light barrier 25 which prevents the
direct transmission of light from the LED’s to the pho-
todetector. The light barrier may be provided by an
opaque epoxy material, but in a preferred embodiment
the light barrier is formed of a thin sheet of copper foil.
The copper foil not only effectively blocks light from
the LED’s, but is also connected to a grounded lead of
the flexible printed wiring. The copper foil thus shields
the photodetector from radio frequency interference
such as that emanated during pulsing of the LED’s.

The foregoing components are encapsulated by a soft
coating 30 of silicone rubber or polyurethane material.
The soft coating smoothly rounds the corners and edges
of the sensor which prevents injury to the dura by the
sensor. The coating also seals the components from
moisture and other environmental factors. The coating

30 is optically transmissive to light at the wavelengths
of the LED’s where it overlies the lower surfaces of the

phOtodetector and the LED’s from which light is trans-
mitted and received by these components.

FIG. 2a is a perspective view of the sensor 20 of FIG.
2, referenced to x, y, and z axes. As mentioned above,
the coating 30 provides the sensor with a 'smooth,
gently rounded profile such as the rounded distal end
27. The sensor is relatively stiff along the portion of the
printed wiring where the components are mounted to
maintain their relative alignment. In the x dimension the
sensor is fairly stiff so that it may be inserted and guided
beneath the skull and in contact with the dura. In the z

dimension the sensor is stiff to provide maneuverability
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