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(57) Abstract: The medical optical sensor (10)
comprises at least one light emitter (20) for emit-
ting light (21) directed to a part of the skin (50)
of a patient and at least one photo- detector (30)
for detecting light (31) reflected from the skin
(50). A housing (40) for carrying the at least one
light emitter (20) and the at least one photo-de-
tector (30) is provided, where the housing (40)
has a contact area with the skin (50). The at least
one light emitter (20) is positioned within the
housing (40) such that emitted light (21) im-
pinges on the skin (50) in a central part of the
contact area. The at least one photo-detector (30)
is positioned in a peripheral part of the housing
(40) such that light reflected (31) from the skin
(50) to the outer part of the contact area is de-
tectable by the at least one photo-detector (30).
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Medical optical sensor

FIELD OF THE INVENTION

The invention relates to the field of medical sensors, and in particular to the
field of medical optical sensors and systems that make use of one or more of these sensors.
The invention further relates to methods for measuring the blood oxygenation level by using

these sensors.

BACKGROUND OF THE INVENTION

Optical sensors are widely used to determine physiological parameters of
patients in medical care. The non-invasive measurement of the oxygen saturation in arterial
blood, also called pulse oximetry, is an application of optical medical sensors of particular
importance. In pulse oximeters the oxygen saturation in arterial blood (Sp0O.), sometimes also
referred to as blood oxygenation level, is determined by measuring the absorption of light
caused by oxy- (HbO,) and deoxyhemoglobin (HHb). Usually, the absorption is measured at
two different wavelengths where the extinction coefficients of HbO, and HHb differ
significantly, for example at wavelengths of 660 nanometers (nm) and 940 nm. In addition to
measuring the oxygenation level of blood, pulse oximeters also provide a pulse signal for
determining a heart rate of a patient.

The light emitter and photo-detector that are used as the light source and the
light detector in a pulse oximeter can either be placed opposite of each other for measuring
the transmission of light through the skin tissue, or adjacent to each other, measuring the
diffuse reflection of light from the skin tissue. Suitable measurement locations are for
example finger tips, toes, carlobes and the forehead.

With an increasing integration level of signal processing electronics and the
recent advances in wireless transmission technology, wearable pulse oximeters are available
that allow measurements to be taken while a patient is free to move around. An example of a
wearable pulse oximeter is disclosed in the document US 2009/0240125 Al. The document
describes a pulse oximeter that uses an optical sensor of the transmission type. An integrated
circuit including signal processing elements required to convert the detected light signals into

a pulse oximetry measurement is integrated into a carriage housing of the optical sensor.
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In optical measurements on the skin, motion artifacts are a serious point of
concern. Movements of a patient could lead to a movement of the sensor with respect to the
skin, which, in turn, leads to a change in the optical coupling between the sensor and the skin.
Sensor movements can also lead to pressure variations between the sensor and the skin,
which could cause perfusion variations in the skin underneath the sensor, resulting in signal
artifacts. Furthermore, the signal quality is inherently position sensitive for physiological
reasons, for example due to the small size of blood vessels.

It would therefore be advantageous to provide for medical optical sensors and

medical optical sensor systems that are less sensitive to motion artifacts.

SUMMARY OF THE INVENTION

The present application contemplates a medical optical sensor, a medical
optical sensor unit, a medical optical sensor system, and a method of measuring the blood
oxygenation level with a medial optical sensor address the abovementioned objects.

According to the invention, a medical optical sensor comprises at least one
light emitter for emitting light directed to a part of the skin of a patient and at least one photo-
detector for detecting light reflected from the skin. A housing for carrying the at least one
light emitter and the at least one photo-detector is provided, where the housing has a contact
area with the skin. The at least one light emitter is positioned within the housing such that
emitted light impinges on the skin in a central part of the contact area. The at least one photo-
detector is positioned in a peripheral part of the housing such that light reflected from the
skin to the outer part of the contact area is detectable by the at least one photo-detector. This
way, a compact and lightweight sensor can be built.

In a preferred embodiment, the housing comprises an outer ring and an inner
ring. Both rings are concentric to each other. The outer ring has a rim that defines the outer
perimeter of the contact area with the skin. The inner ring has a rim that defines the perimeter
of the central part of the contact area with the skin. The housing further comprises a base
plate for supporting the rings at a side of the rings opposite of the respective rims and
wherein the at least one photo-detector is mounted between the outer ring and the inner ring.
This way, the light emitter and the photo-detector are arranged concentric to each other in a
compact way that allows obtaining a high signal quality.

Further according to the invention, a medical optical sensor unit comprises a

plurality of sensors as described above, which are arranged in form of a matrix and are
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connected to each other by web members, such that the sensors and the web members form a
web-like structure with openings.

Further according to the invention, a medical optical sensor system comprises
at least one sensor as described above or at least one sensor unit as described above. The
medical optical sensor system furthermore comprises a control unit for operating the sensor
or the sensor unit. Flexible electrical connectors are present for connecting the sensor or the
sensor unit with the control unit.

Further according to the invention, a method of measuring the blood oxygen
level with a medical optical sensor comprises the following steps. Light is emitted by at least
one light emitter and directed to a part of a patient's skin. The light is then reflected by the
patient's skin and received by at least one photo-detector. Electrical signals from the at least
one photo-detector are processed in order to determine an oximetry value.

The basic idea behind all mentioned aspects of the invention is that
mechanical forces acting on the sensor which lead to pressure variations between the sensor
and the skin or even to a dislocation of the sensor with respect to the skin are minimized. One
type of force acting on the sensor is inertial force. Inertial forces result from an acceleration
of the inert mass of the sensor. Acceleration of the sensor is unavoidable if a patient moves.
For a given acceleration, the force acting on the sensor is proportional to the mass of the
sensor. The small and compact design of the medical optical sensor according to the
invention allows building a lightweight sensor that accordingly only experiences small
acceleration forces and is well suited for wearable systems. Furthermore, the separation of
the electronic control unit and the sensor in the medical optical sensor system according to
the invention also minimizes the weight of the sensor and thus the acceleration forces that act
on the sensor. A coupling of a plurality of sensors to form a sensor unit according to the
invention opens the possibility to have a lightweight sensor arrangement with a low position
sensitivity, i.e. the performance of the sensor arrangement is less influenced by the position
of the sensor on the patient.

Another type of force acting on the sensor arises from the electrical
connections use for operating the sensor. The mechanical decoupling of the sensor from the
electronic control unit due to the flexible electrical connection furthermore minimizes the
forces acting on the sensor.

Advantageous embodiments are provided in the respective dependent claims.

Still further advantages and benefits of the present invention will become apparent from and
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