SYSTEM FOR ANALYZING A PATIENT USING A TRANSCUTANEOUS SENSOR

DESCRIPTION

The invention relates to a system for analyzing a patient using a transcutaneous sensor

according to the preamble of claim 1.

For many medical applications it is necessary to insert a sensor into a patient, in
particular in order to obtain readings from the patient, for example glucose levels or lactose

levels.

US 2004/0133164 Al discloses a system for analyzing a patient using a transcutaneous
sensor, which comprises a base unit, an injector and a detection unit. The base unit is stuck to the
patient’s skin. Subsequently, the injector can be fitted on the base unit in order to
transcutaneously inject a sensor. Subsequently, the injector is removed from the base unit and the
detection unit arranged on the base unit, such that, by the sensor, glucose levels of the patient can

be determined by the detection unit.

After being transcutaneously injected, the sensor is bent and clamped in place between a

baseplate and a cover in order to be fixed.

However, more freedom in terms of the geometry and material characteristics of the

sensor is desirable. Furthermore, the patient may experience discomfort when the sensor is bent.

The present invention is based on the object of providing a system for analyzing a patient
using a transcutaneous sensor, said system allowing the sensor to be held securely with the
detection unit arranged while having low requirements in terms of geometry and material
characteristics of the sensor. Furthermore, discomfort upon arranging the detection unit is

intended to be avoided.



This object is achieved by a system for analyzing a patient with a transcutaneous sensor
according to claim 1. Advantageous configurations of the system according to the invention can

be found in the dependent claims.

The system according to the invention for analyzing a patient using a transcutaneous
sensor has a base unit for attaching to the patient, an injector, releasably connectable to the base
unit, for the transcutaneous insertion of the sensor into the patient, and a detection unit,

releasably connectable to the base unit, for generating measurement data via the sensor.

The system according to the invention can thus be basically handled as known, in that the
base unit is arranged on the patient, in particular stuck to the patient’s skin. In the process, the
injector can already be arranged on the base unit while the base unit is being attached to the
patient. Equally, the base unit can first of all be attached to the patient and subsequently the
injector is arranged on the base unit. By use of the injector, the sensor is injected into the patient,
particularly preferably transcutaneously injected. Subsequently, the injector is removed from the
base unit and the detection unit is arranged on the base unit in order to obtain measurement data,

in particular in order to determine glucose or lactose levels of the patient.

What is essential is that the base unit has a holding device which is configured to
cooperate with the injector and detection unit such that, in a detection configuration with the
detection unit arranged on the base unit, a contact pressure is applied to the sensor by the holding
device for frictional fixing, and in an injection position with the injector arranged on the base
unit, a lower contact pressure than in the detection configuration is applied to the sensor by the

holding device.

The base unit thus has a holding device. The latter, as a constituent part of the base unit,
is arranged together with the latter on the patient and is thus located on the patient even in the
injection configuration. In the injection configuration, however, a lower contact pressure than in
the detection configuration, particularly preferably no contact pressure, is applied to the sensor

by the holding device.



Therefore, as a result of the contact pressure being applied to the sensor in the detection
configuration, the present invention thus allows the sensor to be fixed, thereby allowing secure
transmission of measurement data between the sensor and detection unit and furthermore saving
the patient discomfort, since, as a result of the fixing, the sensor does not move or at least moves
to a reduced extent relative to the base unit and even during use it is not necessary for the user to

arrange a separate holding element and/or to work on, in particular bend, the sensor.

The holding device has preferably at least one lever element which is arranged and
configured such that the lever element is movable in the direction of the sensor by the detection
unit being attached. As a result, higher contact pressure on the sensor is obtained in the detection

configuration than in the injection configuration in a structurally uncomplicated manner.

Preferably, the holding device has an elastic restoring element which cooperates with the
lever element and is configured to generate a restoring force, away from the sensor, on the lever
element. As a result, a basic position of the lever element, in which the lever element does not
exert or exerts only a low contact pressure on the sensor, is formed in a structurally simple
manner. The detection unit and lever element are configured so as to cooperate in such a way
that, when the detection unit is arranged on the base unit, the lever element is moved in the
direction of the sensor, such that the restoring force of the elastic restoring element is overcome

and a contact pressure on the sensor is generated.

It is within the scope of the invention that the holding device has at least one stop element
which is arranged such that, when the lever element is moved in the direction of the sensor, the
sensor is located between the lever element and stop element, such that a contact pressure is
applied to the sensor between the stop element and lever element. In particular, it is
advantageous for the stop element to be arranged, starting from the lever element, on the

opposite side of the sensor from the lever element.

In an advantageous development, the holding device has several lever elements. As a
result, a higher and/or more uniform contact pressure on the sensor can be achieved. Preferably,

each of the lever elements has an elastic restoring element. In this case, a common elastic



restoring element can apply a restoring force, away from the sensor, for each lever element.

Preferably, each lever element is assigned a separate elastic restoring element.

The plurality of lever elements are arranged preferably in a manner surrounding the
sensor. As a result, a contact pressure can be applied between the lever elements in a structurally

simple manner, without stop elements being necessary.

Preferably, the injector is configured to insert the sensor into the patient, in particular
transcutaneously, in an injection direction along an injection axis. The injection axis is preferably
perpendicular to a main plane of the base unit, which main plane is parallel to the patient’s skin

at the site of the injection.

Preferably, the lever elements are arranged in a common plane, particularly preferably in

a common plane perpendicular to the injection axis.

The lever elements are arranged preferably in a circle which encloses the sensor. In
particular, the sensor is located preferably at the center of this circle. Preferably, the lever
elements are arranged in a uniformly distributed manner on the circumference of the circle, i.e. in
each case two adjacent lever elements enclose preferably an identical angle with the center of the

circle.

Therefore, the lever elements are arranged in a manner surrounding the sensor preferably
in a ring, particularly preferably in a uniformly distributed manner. The detection unit has
preferably a pressing surface which is arranged such that, when the detection unit is arranged on
the base unit, a contact pressure is applied to the holding element, in particular in the direction of

the sensor.

As a result, in a structurally simple manner, when the detection unit is arranged on the
base unit, a contact pressure is applied to the holding element by the injector via the pressing

surface and thus the holding element is moved in the direction of the sensor.



In an advantageous embodiment, the holding device exhibits an elastic material. The
elastic material is configured to be passed through by the sensor. The elastic material can be
formed without an opening for the sensor in the delivery state and in this case is passed through

by the injector during the injection operation.

However, it is advantageous for the elastic material to have a passage opening for the
sensor, said opening being configured to bear against the sensor in a frictionally engaged manner,

in particular for an interference fit.

The elastic material allows additional fixing of the sensor. Furthermore, a contact
pressure can be obtained in a structurally simple manner by exertion of pressure on the elastic

material.

In particular, it is advantageous for at least one, in particular several lever elements to be

arranged on or in the elastic material.

For stable, releasable arrangement on the base unit, the base unit and detection unit

and/or base unit and injector are configured to be releasably connected by a bayonet coupling.

The holding device is preferably configured to cooperate with the injector such that, in an
injection position, the sensor is arrangeable so as to pass through the holding device. As a result,
an arrangement which allows the exertion of a contact pressure on the sensor when the detection

unit is arranged on the base unit is produced in a structurally uncomplicated manner.

The injector is preferably configured so as to cooperate with the base unit such that, after
completion of the injection operation, the sensor has been transcutaneously injected and is thus
located partially in the tissue of the patient and partially outside the latter. When the detection
unit is subsequently arranged on the base unit, the part located outside the tissue of the patient is

fixed by the holding device of the base unit by way of the increased contact pressure.



Preferably, in the detection configuration with the sensor in the injection position (after
completion of the injection operation), the detection unit is configured to bear against the sensor

with a coupling element of the detection unit.

It is within the scope of the invention that the sensor is an electric sensor and has
electrical terminals. Accordingly, the coupling element of the detection unit can have electrical
contacts, which are configured such that, when the detection unit is arranged on the base unit, the

electrical contacts are conductively connected to corresponding electrical contacts of the sensor.

The system according to the invention is suitable in particular for the use of an optical
sensor. Such sensors have typically at a proximal end a region of which the optical property
changes depending on the substances to be detected in the tissue of the patient. This proximal
region is located in the tissue of the patient in the injection position of the sensor. In a distal
region, which is located outside the tissue of the patient in the injection position of the sensor,
information can be transmitted optically. In particular, it is advantageous for the sensor to be
configured to couple radiation, in particular light, in and out in a distal region, in particular at the
distal end. The coupling element is, in this preferred embodiment, configured to couple radiation
in and out at the distal end of the sensor, in particular to couple light in and out. The coupling
element is thus preferably in the form of an optical coupling element. The basic principles of

such optical measurement are described in WO2016128334A1 and WO2006092317A1.

The insertion, in particular transcutaneous insertion, of the sensor takes place preferably
by a hollow needle. In this case, the use of a closed hollow needle with a lumen or a slotted
hollow needle which has a slot at least in the proximal region of the hollow needle, which passes

into the patient, is within the scope of the invention.

The injector is preferably configured such that, during the injection operation, the hollow
needle with the sensor passes transcutaneously into the tissue of the patent and subsequently only
the hollow needle, but not the sensor, is withdrawn from the tissue of the patient again.

Preferably, in this case, the sensor is held by a holding element of the injector, in order to prevent



the sensor from being withdrawn, in particular as described in DE102018101275.6 or
DE102018101283.7.

Therefore, in the injection configuration, the holding device is preferably configured to
be passed through by a hollow needle of the injector. In particular, in the advantageous
embodiment when an elastic material is provided, the elastic material is configured to be passed

through by the hollow needle.

Further preferred features and embodiments are explained in the following text on the

basis of an exemplary embodiment and figures, in which:

Figure 1 shows a base unit of the exemplary embodiment in a plan view from above;

Figure 2 shows the base unit in a plan view from below;

Figure 3 shows an injector and a detection unit of the exemplary embodiment, which are

each arranged on a base unit, in a perspective illustration;

Figure 4 shows a sectional illustration of the injector arranged on the base unit before

injection on the section line A-A in Figure 1;
Figure 5 shows a detail of figure 4 following insertion of a hollow needle of the injector
into a tissue of the patient along a section line approximately perpendicular to A-A in Figure 1;

and

Figure 6 shows a sectional illustration of the detection unit arranged on the base unit on

the section line A-A in Figure 1.

In the figures, identical reference signs denote identical or functionally identical elements.



The figures illustrate an exemplary embodiment of a system according to the invention
for analyzing a patient using a transcutaneous sensor. As can be seen in particular in Figure 3,
the system comprises a base unit 1 for attaching to the patient, an injector 2, releasably
connectable to the base unit, for the transcutaneous insertion of a sensor 5 into the patient, and a
detection unit 3, releasably connectable to the base unit 1, as a detection element for generating
measurement data by the sensor 5. In Figure 3, for reasons of greater clarity, the base unit 1 has
been illustrated twice, once with the injector 2 arranged and once with the detection unit 3

arranged.

During use, the base unit 1 is stuck to the patient’s skin with the underside illustrated in
plan view in Figure 2. In the present exemplary embodiment, this takes place with the injector 2
already arranged on the base unit 1. It is equally possible for the base unit to be arranged on the

patient first and subsequently for the injector to be connected to the base unit.

The base unit 1 has a holding device 4 which is configured to cooperate with the injector
2 and detection unit 3, such that, in a detection configuration with the detection unit arranged on
the base unit, a contact pressure is applied to the sensor 5 by the holding device for frictional
fixing, and in an injection configuration with the injector arranged on the base unit, a lower
contact pressure than in the detection configuration is applied to the sensor 5 by the holding

device 4. This is explained in more detail in the following text with reference to the figures.

As is apparent from Figure 1, the holding device 4 is arranged in the center of several
concentrically arranged annular elements. The outer annular elements serve to form a bayonet
coupling when the injector 2 or the detection unit 3 is arranged on the base unit 1. Located
centrally in this concentric arrangement is the holding device 4. The latter has, in the present
exemplary embodiment, three lever elements 6, which are partially embedded in an elastic

compound 7.

As is apparent from Figure 1 in the plan view from above, the elastic compound 7
surrounds a central cylindrical cutout which, in the plan view from above according to Figure 1,

is perpendicular to the plane of the drawing. During the injection operation, this cylindrical



cutout is passed through by a hollow needle 8 of the injector together with the sensor 5 and after
the injection operation, the transcutaneously injected sensor 5 passes through the elastic
compound 7 at the location of the cylindrical cutouts. On a circle, the center of which
corresponds to the cylindrical cutout, the three lever elements 6 are arranged in a uniformly
distributed manner, that is to say that in each case two adjacent lever elements 6 each enclose the

same angle, in the present case 120°, with the center of the circle (of the cylindrical cutout).

It is apparent from the plan view from below according to Figure 2 that, in the region of
the cylindrical cutout, the base unit 1 has a circular opening such that the hollow needle 8 and
sensor 5 (which are illustrated for example in Figure 5) can pass through the base unit 1 at this
opening. In this exemplary embodiment, the injection thus takes place along an injection axis,
which is perpendicular to the plane of the drawing in Figures 1 and 2, and takes place at the
location of the cylindrical cutout in the elastic compound 7, or at the location of the sensor 5

illustrated in Figure 2.

Figure 4 illustrates a section through the injector 2 arranged on the base unit 1. The
section plane is perpendicular to the illustrations according to Figure 1 and Figure 2 and has been
chosen such that the injection axis and the sensor lie in the section plane. In Figure 1, the section

plane is indicated by A-A.

The injector 2 has a base element 2a and elements that are arranged in a displaceable
manner on the base element, namely a sliding element 2b, hollow-needle top part 2¢ and holding
element 2d. During the injection operation, the sliding element 2b is depressed by the user. This
movement is transmitted to the hollow needle 8 via the hollow-needle top part 2c, the hollow
needle 8 being arranged on the hollow-needle top part 2c. The hollow needle 8 is in the form of a
slotted hollow needle and has, in a proximal region, a continuous slot. Arranged beneath the
hollow-needle top part 2c is the holding element 2d. The latter has a cam, which engages through
the slot into the hollow needle. The sensor 5 is arranged in the hollow needle in the slotted region
beneath the cam of the holding element 2d. The sliding movement triggered by the user is
transmitted also to the holding element 2d via the sliding element 2b and the hollow-needle top

part 2c, such that a relative movement between the sensor 5 and hollow needle 8 is avoided
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during the injection operation, since the sensor 5 is upwardly in abutment with the cam of the

holding element 2b.

Thus, by way of the above-mentioned sliding movement, in particular the hollow needle
8 and sensor 5 are displaced along the injection axis and pass through the elastic compound 7 in

the region of the cylindrical opening and thus also through the holding device 4.

As is apparent from Figure 5, the injector 2 has, in its lower region B1, a conical face,
which is thus apparent as an inclined face in the sectional illustration according to figure 5. What
is essential is that, in this region B1, there is no contact or at least no force transmission between
the inclined face and the lever element 6. Thus, with the injector 2 arranged on the base element

1, no contact pressure is applied to the lever elements 6.

Figure 5 illustrates the state after transcutaneous insertion of the hollow needle 8 and
sensor 5. Subsequently, a countermovement takes place manually by the sliding element being
withdrawn by the user or by a preloaded injection spring being released, at least the hollow-
needle top part 2¢ being displaced upward along the injection axis during said countermovement.
In the depressed state, the holding element 2d latches with the base element 2a of the injector 2
by way of latching elements 2e, however, such that the holding element 2d is not displaced
upward. This ensures that when the hollow needle 8 is withdrawn, the senor 5 is not withdrawn,
since the cam of the holding element 2d, said cam being arranged above the sensor 5 and

engaging in the slot of the hollow needle 8, prevents the sensor from being withdrawn upward.

The injector is configured preferably as described in DE102018101275.6 or DE10 2018
101 283.7.

Following completion of the injection operation, the hollow needle 8 is thus located
within the injector 2 again, but the sensor 5 passes through the holding device 4 and in particular
the elastic compound 7 and has been injected transcutaneously into the tissue of the patient. In

this state, no contact pressure is applied to the sensor 5 by the lever elements 6. The cylindrical
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opening in the elastic compound 7 has a slightly smaller diameter than the sensor 5, and so there

is a slight interference fit of the sensor 5 in the elastic compound 7.

Subsequently, the injector 2 is released from the base unit 1 and the detection unit 3 is
arranged on the base unit 1 likewise by a bayonet coupling. As is apparent from Figure 6, the
detection unit 3 likewise has a conically formed region, which is apparent as an inclined face in
the sectional illustration according to Figure 6, in particular in the region B2. In contrast to the
conical region of the injector 2, the conical region of the detection unit 3 is formed in a tighter
manner, however, such that when the detection unit 3 is arranged on the base unit 1, a contact
pressure is applied to the lever elements 6. It is apparent from Figure 6 that the lever element 6
has been displaced in the direction of the sensor 5, due to the abutment against the inclined face
of the detection unit 3 in the region B2. Although the lever element 6 does not bear directly on
the sensor 5 in this exemplary embodiment, a considerable contact pressure is transmitted to the
sensor 5 via the elastic compound 7. The small region of elastic compound 7 between the sensor
5 and lever element 6 additionally allows pressure equalization and prevents the sensor 5 from
being damaged by the contact pressure on account of the hard consistency of the lever element 6.
It is equally possible, in an alternative exemplary embodiment, for the lever elements to bear

directly on the sensor 5.

As is apparent in particular from Figure 6, the lever element 6 has a fastening region 6a.
The latter is connected in a fixed location to the base unit 1. Formed between the fastening
region 6a and that region of the lever element 6 that faces the sensor 5 is an elastic region, which
thus acts as an elastic restoring element 6b. This restoring element 6b is configured such that,
without external pressure, the lever element 6 is in the basic position according to Figures 4 and
5 and thus does not exert any contact pressure on the sensor 5. When the detection unit 3 is
arranged, by contrast, the restoring force of the elastic restoring element 6b is overcome, in order

for the contact pressure to applied to the sensor 5 by the three lever elements 6.
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CLAIMS

1. System for analyzing a patient using a transcutaneous sensor, having a base unit (1) for
attaching to the patient, an injector (2), releasably connectable to the base unit (1), for the
transcutaneous insertion of the sensor into the patient, and a detection unit (3), releasably connectable
to the base unit (1), for generating measurement data by the sensor, characterized in that the base unit
(1) has a holding device (4) which is configured to cooperate with the injector (2) and the detection unit
(3) such that, in a detection configuration with the detection unit (3) arranged on the base unit (1), a
contact pressure is applied to the sensor (5) by the holding device (4) for frictional fixing, and in an
injection configuration with the injector (2) arranged on the base unit (1), a lower contact pressure than
in the detection configuration is applied to the sensor (5) by the holding device (4), wherein the holding
device (4) has at least one lever element (6) which is arranged and configured such that the lever
element (6) is movable in a direction of the sensor by the detection unit (3) being attached and wherein
the sensor (5) is supported by an elastic compound that surrounds a portion of the sensor (5), and the
at least one lever element (6) is configured to be displaced against the elastic compound (7) by a portion
of the detection unit for the frictional fixing of the sensor (5) such that the lever element (6) does not

bear directly on the sensor (5).

2. The system according to claim 1, characterized in that the holding device (4) has an elastic
restoring element (6b) which cooperates with the lever element (6) and is configured to generate a

restoring force, away from the sensor (5), on the lever element (6).

3. The system according to claim 1 or claim 2, characterized in that the holding device (4) has

several lever elements which are arranged in a manner surrounding the sensor (5).

4, The system according to claim 3, characterized in that the lever elements are arranged in a

manner surrounding the sensor (5) in a ring, preferably in a uniformly distributed manner.

5. The system according to any one of the preceding claims, characterized in that the detection
unit (3) has a pressing surface which is arranged such that, when the detection unit (3) is arranged on
the base unit (1), a contact pressure is applied to a holding element (2d), in particular in the direction of

the sensor.

6. The system according to any one of the preceding claims, characterized in that the holding

device (4) exhibits an elastic material which is configured to be passed through by the sensor (5).



13

7. The system according to claim 6, characterized in that the elastic material has a passage
opening for the sensor (5), said opening being configured to bear against the sensor (5) in a frictionally

engaged manner, in particular for an interference fit.

8. The system according to any one of the preceding claims, characterized in that the base unit
(1) and detection unit (3) and/or base unit (1) and injector (2) are configured to be releasably connected

by a bayonet coupling.

9. The system according to any one of the preceding claims, characterized in that, in an injection

position, the sensor (5) is arrangeable so as to pass through the holding device (4).

10. The system according to claim 9, characterized 14 in that, in the detection configuration with
the sensor (5) in the injection position, the detection unit (3) is configured to bear against the sensor (5)

with a coupling element of the detection unit (3).

11. The system according to claim 10, characterized in that the coupling element is in the form of
an optical coupling element.

12. The system according to any one of the preceding claims, characterized in that, in the injection
configuration, the holding device (4) is configured to be passed through by a hollow needle (8) of the

injector.



