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Medical instrument with a shutter for sealing a test strip port
Description

Field of the invention
The invention relates to medical instruments and methods of operating medical
instruments, in particular to the cleaning and disinfection of test strip ports of

analyzers

Background and related art

In hospitals and other clinical settings, healthcare providers may use medical
instruments such as test strip readers or analyte monitoring devices to perform
diagnostic tests on muitiple patients. Current infection control protocols require that
the healthcare provider clean the medical instrument between each use or between
each patient. This can mean that a particular medical instrument may cleaned
thousands of times within the course of a year. It is even possible that a medical

instrument may be cleaned tens of thousands of times within its service life.

A typical cleaning and disinfection protocol may require a number of steps. For

example the healthcare provider may first clean the medical instrument to remove
visible contaminates from its exterior surface. Next the medical instrument may be
disinfected using a disinfecting liquid or a textile impregnated with the disinfecting

liquid. After this the medical instrument is allowed to dry.

A challenge in cleaning such medical instruments is that fluids used for the cleaning
and/or disinfecting steps can destroy electronic components or delicate instruments
used for performing the diagnostic tests if such fluids enter into the interior volume
of the medical instrument, e.g. via the test element port. Ports used to insert
biological samples or test elements or test strips not only need to be sealed against
these fluids, but they also need to be able to be reliably sealed for tens of thousands

of cycles.

United States patent application US 2012/0150448 A1 discloses a hand held

analyte measurement system with a test strip port.
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United States patent US 8,158,081 B2 discloses an analyte monitoring device with a
cover for covering an opening in the analyte meter. The cover is on the exterior of

the analyte meter.

The document. ACCU-CHEK Inform || BLOOD GLUCOSE MONITORING SYSTEM
Operator’'s Manual, version 3.0. (Roche Diagnostics GmbH, Mannheim, Germany,
March 2013; . available online at http://www.accu-
chekinformii.com/pdf/05234646002_ ACI2_OpsMan.pdf ) describes a cleaning

method for a handheld blocd glucose monitoring system on page 124 to 131.

European Patent application publication EP 2741076 A1 pertains to a biological
sample measurement device, which is intended to be easier to use. To achieve this
object, the present invention comprises a main body case having a sensor insertion
opening info which a sensor for measuring biological samples is inserted, a
connection terminal provided within the main body case behind the sensor insertion
opening, and a shutter that is provided within the main body case between the
sensor insertion opening and the connection terminal and that opens and closes the

sensor insertion opening.

PCT patent application publication WO 2010/024971 A1 discloses a device for
preventing electrical shock from a device with electrical interfaces. A shutter or other
barrier associated with the device that physically prevents access or contact to one

of the electrical interfaces while another electrical interface is in use.

United States Patent application publication US 2010/0249567 (hereafter “the ‘567
application”) discloses a portable blood sugar measuring device comprising a tape
unit for winding a test tape forward in sections, a detection unit for detecting
measured values on the sections of tape to which body fluid has been applied, and
a housing to hold the tape unit and detection unit. The tape unit and/or the detection
unit can be deflected relative to the housing from an operating position against a
flexible restoring element when subjected to a shock load. Also disclosed is a novel
cover having open and closed positions. The cover is positioned at an opening of
the housing through which the receiving site of the tape unit protrudes. The cover

thus protects the receiving site from external effects when the cover is in the closed
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position. Similarly, the receiving site is accessible to apply body fluid thereto when

the cover is in the open position.

Summary
The invention provides for a method of operating a medical instrument and a
medical instrument in the independent claims. Embodiments are given in the

dependent claims.

As will be appreciated by one skilled in the art, aspects of the present invention may
be embodied as an apparatus, method or computer program product. Accordingly,
aspects of the present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including firmware, resident
software, micro-code, etc.) or an embodiment combining software and hardware
aspects that may all generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, aspects of the present invention may take the form of a
computer program product embodied in one or more computer readable medium(s)

having computer executable code embodied thereon.

Any combination of one or more computer readable medium(s) may be utilized. The
computer readable medium may be a computer readable signal medium or a
computer readable storage medium. A ‘computer-readable storage medium’ as
used herein encompasses any tangible storage medium which may store
instructions which are executable by a processor of a computing device. The
computer-readable storage medium may be referred to as a computer-readabie
non-transitory storage medium. The computer-readable storage medium may also
be referred to as a tangible computer readable medium. In some embodiments, a
computer-readable storage medium may also be able to store data which is able to
be accessed by the processor of the computing device. Examples of computer-
readable storage media include, but are not limited to: a floppy disk, a magnetic
hard disk drive, a solid state hard disk, flash memory, a USB thumb drive, Random
Access Memory (RAM), Read Only Memory (ROM), an optical disk, a magneto-
optical disk, and the register file of the processor. Examples of optical disks include
Compact Disks (CD) and Digital Versatile Disks (DVD), for example CD-ROM, CD-
RW, CD-R, DVD-ROM, DVD-RW, or DVD-R disks. The term computer readable-
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storage medium also refers to various types of recording media capable of being
accessed by the computer device via a network or communication link. For example
a data may be retrieved over a modem, over the internet, or over a local area
network. Computer executable code embodied on a computer readable medium
may be transmitted using any appropriate medium, including but not limited to
wireless, wire line, optical fiber cable, RF, etc., or any suitable combination of the

foregoing.

A computer readable signal medium may include a propagated data signal with
computer executable code embodied therein, for example, in baseband or as part of
a carrier wave. Such a propagated signal may take any of a variety of forms,
including, but not limited fo, electro-magnetic, optical, or any suitable combination
thereof. A computer readable signal medium may be any computer readable
medium that is not a computer readable storage medium and that can
communicate, propagate, or transport a program for use by or in connection with an

instruction execution system, apparatus, or device.

‘Computer memory’ or ‘memory’ is an example of a computer-readable storage
medium. Computer memory is any memory which is directly accessible to a
processor. ‘Computer storage’ or ‘storage’ is a further example of a computer-
readable storage medium. Computer storage is any non-volatile computer-readable
storage medium. In some embodiments computer storage may also be computer

mMemory or vice versa.

A ‘processor’ as used herein encompasses an elecironic component which is able
to execute a program or machine executable instruction or computer executable
code. References to the computing device comprising “a processor” should be
interpreted as possibly containing more than one processor or processing core. The
processor may for instance be a multi-core processor. A processor may also refer to
a collection of processors within a single computer system or distributed amongst
multiple computer systems. The term computing device should aiso be interpreted
to possibly refer to a collection or network of computing devices each comprising a

processor or processors. The computer executable code may be executed by
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multiple processors that may be within the same computing device or which may

even be distributed across multiple computing devices.

Computer executable code may comprise machine executable instructions or a
program which causes a processor to perform an aspect of the present invention.
Computer executable code for carrying out operations for aspects of the present
invention may be written in any combination of one or more programming
languages, including an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural programming languages,
such as the "C" programming language or similar programming languages and
compiled into machine executable instructions. In some instances the computer
executable code may be in the form of a high level language or in a pre-compiled
form and be used in conjunction with an interpreter which generates the machine

executable instructions on the fly.

The computer executable code may execute entirely on the user's computer, partly
on the user's computer, as a stand-alone software package, partly on the user's
computer and partly on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be connected to the user's
computer through any type of network, including a local area network (LAN) or a
wide area network (WAN), or the connection may be made to an external computer

(for example, through the Internet using an Internet Service Provider).

Aspecis of the present invention are described with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems) and computer
program products according fo embodiments of the invention. It will be understood
that each block or a portion of the blocks of the flowchart, illustrations, and/or block
diagrams, can be implemented by computer program instructions in form of
computer executable code when applicable. It is further under stood that, when not
mutually exclusivé, combinations of blocks in different flowcharts, illustrations,
and/or block diagrams may be combined. These computer program instructions may
be provided to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a machine,

such that the instructions, which execute via the processor of the computer or other
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programmable data processing apparatus, create means for implementing the

functions/acts specified in the flowchart and/or block diagram block or blocks.

These computer program instructions may also be stored in a computer readable
medium that can direct a computer, other programmable data processing apparatus,
or other devices to function in a particular manner, such that the instructions stored
in the computer readable medium produce an article of manufacture including
instructions which implement the function/act specified in the flowchart and/or block

diagram block or blocks.

The computer program instructions may also be loaded onto a computer, other
programmable data processing apparatus, or other devices to cause a series of
operational steps to be performed on the computer, other programmable apparatus
or other devices to produce a computer implemented process such that the
instructions which execute on the computer or other programmable apparatus
provide processes for implementing the functions/acts specified in the flowchart

and/or block diagram block or blocks.

The invention provides for a methed of operating the medical instrument and a
medical instrument in the independent claims. Embodiments are given in the

dependent claims.

In one aspect the invention provides for a method of operating a medical instrument.
The medical instrument is an analyzer for performing a measurement on a biological
sample using a test strip. The analyzer could for example be a handheld analyzer or

a table top analyzer.

A biological sample as used herein encompasses also any chemical product

derived, copied, replicated, or reproduced from a sample taken from an organism.

A test strip as used herein encompasses a ribbon-shaped substrate for receiving a
liguid biological sample. A test strip is a disposable element containing chemicals
that react with the analyte to be determined in the biological sample and is used for

a single measurement. The determination of the analyte can be performed using
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different technologies, e.g. optical or electrochemical methods, and therefore the
test strip comprises specific measurement structures to perform these

measurements, e.g. optical test fields or electrode structures.

The medical instrument comprises a housing with an exterior surface. The housing
comprises an interior surface surrounding an interior volume. In other words an

analytical unit is inside of the housing of the medical instrument.

The medical instrument further comprises an analytical unit for analyzing the test
strip. The analytical unit is within the interior volume. The analytical unit comprises a
test strip mount configured for receiving the test strip {o perform the measurement.
The medical instrument further comprises a test strip port between the exterior
surface and the interior surface. The test strip port is configured for receiving the
test strip. The test strip port is aligned with the test strip mount along an insertion
direction. The medical instrument further comprises a shutter for sealing the test
port. The shutter is configured for being in an open position and a closed position.
The shutter is within the interior volume. The shutter is configured for sealing the
test port when in the closed position. The shutter comprises a test strip opening.
The test strip opening is aligned with the test strip port and the test strip mount when

the shutter is in the open position.

The shutter has a first sealing surface. The test strip port has a second sealing
surface. The first sealing surface and the second sealing surface are configured to
mate in the closed position. The shutter comprises a mechanism for moving the
shutter between the open position and the closed position. Moving the shutter
between the closed position and the open position comprises a rotation of the
shutter parallel to the insertion direction. In other words the shutter is operable for

being rotated between the closed and the open position.

The medical instrument further comprises an actuator for actuating the mechanism
to move the shutter between the open position and the closed position. The actuator
for instance may be a motor or other device which may be controlied by a processor

for controlling the medical instrument for opening and closing the shutter. In other
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embodiments there may be a mechanism which is actuated by hand. For example a

lever or other device might be used for actuating the mechanism.

The method comprises the step of controlling the actuator to actuate the mechanism
to move the shutter into the open position. The method starts by the shutter being in
the open position. Next a biological sample is placed onto a test strip. The next step
in the method is to insert the test strip into the test strip port such that the test strip
passes through the test strip support and into the test strip mount. The steps of
placing the sample onto the test strip and inserting the test strip into the test strip
port can also be performed in reverse order, in particular if the test strip comprises
sample transport structures (e.g. a capillary channel} which can transport the
biological sample from a sample application port of the test strip which is located
outside of the medical instrument if the test strip is inserted into the test strip port to
the measurement structures of the test strip which are located inside of the medical
instrument if the test strip is inserted into the test strip port. The test strip is now in a
position where the measurement of the biological sample can be performed by the
analytical unit. The method further comprises analyzing the test strip with the

analytical unit to perform the measurement.

Next the method comprises removing the test strip from the medical instrument. The
next step in the method is to control the actuator to actuate the mechanism to move
the shutter into the closed position. The test strip port is now sealed by mating the
first sealing surface and the second sealing surface. The method further comprises
cleaning the exterior surface of the medical instrument. Cleaning may include

cleaning and/or disinfecting.

This embodiment may have the benefit of providing for a medical instrument which
can be more readily cleaned. This for instance may be beneficial for test strip
analyzers that are used in a clinical situation in a doctor’s office or a hospital. In
such situations the medical instrument should be cleaned after every use to ensure
proper hygiene and reduce the chances that an infection is spread. Having the

shutter within the interior volume makes it easier to clean the medical instrument.
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in clinical use, healthcare professionals are typically required to follow a cleaning
protocol when using a medical instrument more than once. An typical cleaning
protocol usually requires the health care professional to clean the outer surface of
the medical instrument to ensure that there is no organic material or other
containments visible. After this step the medical professional will usually clean the
surface with a liquid disinfectant to further clean the surface and kill or deactivate
any microorganism such as bacteria or viruses. The liquid disinfectant could for
example be provided in the form of a wipe or towel that is infused or saturated with
the liquid disinfectant. After this cleaning, the health care professional allows the
surface to dry and/or wipes it clean. Medical instruments used in clinics or hospitals
may be used repeatedly during the day and are cleaned according to such a
protocol after each use. This may result the medical instrument being cleaned
thousands of times during the lifetime of its usage. The method and medical
instrument may provide for a medical instrument that may be more easily cleaned

and/or able to better survive repeated cleanings and/or sterilizations.

In the '567 application, there are fwo shutters 48 which are hali-shell shaped and
which rotate about the pivot 50. In par. [0039] it is disclosed that the shutters are
able to screen the receiving site 44 from contamination. However, in Fig. 3of D3 it is
clear that the shutters are circular. It is not disclosed if these shutters are sealed or
not where the shutfers 48 contacis the housing 10. it is likely that the shutters would
not be able to form a reliable seal with the housing to prevent fluid from entering the

device of D3 during the performance of repeated cleaning protocols.

In the ‘567 application, the shutters 48 close the opening 42 with two half-shell flaps.
If the shutters of the device of the '567 application are closed, such as is illustrated
in Fig. 5, the outer surface of the shutters 48 will be exposed when the device is
cleaned. The point where the two shutters touch to close off the opening 42 is not

within an interior volume of the device.

In contrast, in the present embodiment the shutter is within the interior volume. This
may have the benefit of reducing the area of the shutter exposed during cleaning of

the medical instrument.
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In the ‘667 application there are two shutters 48 that are rotated into position. In
contrast in the present embodiment there is only one shutter. The present

embodiment may have the advantage that there are fewer moving parts.

In the ‘567 application the two shutters 48 are rotated perpendicular to the direction
in which the receiving head 40 extends through the opening 10. The mechanism of
the ‘667 application would be unsuitable for a test strip. The mechanism in the ‘567
application is for closing off a large receiving head and is not suitable for closing an

opening for a test strip.

In another embodiment, the second sealing surface is within the interior volume.

In another embodiment, the second sealing surface is on the on the interior surface.

In another embodiment, in the open position the first sealing surface is within the

interior volume.

In another embodiment, the first sealing surface and the second sealing surface
form the seal within the interior volume when the shutter is in the closed position.

This may have the advantage of minimizing the surface area of the

tn another embodiment, the test strip port is an opening in the housing.

In another embodiment, the test strip port contacts the interior surface and the

exterior surface.

In another embodiment, the test strip opening is a hole within the shutter. Having the
test strip opening as a hole within the shutter may have the advantage that the test
strip opening is kept clean when the shutter is closed and when the medical
instrument is cleaned cleaning agent would not be able to come into contact with the

test strip opening.

In another embodiment, the test strip opening is a test strip support.
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In another aspect the invention provides for a medical instrument. The medical
instrument is an analyzer for performing a measurement on a biological sample
using a test strip. The medical instrument comprises a housing with an exterior
surface. The housing comprises an interior surface surrounding the interior volume.
The medical instrument further comprises an analytical unit for analyzing the test
strip. The analytical unit is within the interior volume. The analytical unit comprises a
test strip mount configured for receiving the test strip to perform the measurement.
The medical instrument further comprises a test strip port between the exterior

surface and the interior surface.

The test strip port is configured for receiving the test strip. The test strip port is
aligned with the test strip mount along an insertion direction. The medical instrument
further comprises a shutter for sealing the test port. The shutter is configured for
being in an open position and a closed position. The shutter is within the interior
volume. The shutter is configured for sealing the test port when in the closed
position. The shutter comprises a test strip opening. The test strip opening is aligned
with the test strip port and the test strip mount when the shutter is in the open

position. The shutier has a first sealing surface.

The test strip port has a second sealing surface. The first sealing surface and the
second sealing surface are configured to mate in the closed position. By mating,
that means that the first sealing surface and the second sealing surface seal the test
strip port. The shutter comprises a mechanism for moving the shutter between the
open position and the closed position. Moving the shutter between the closed
position and the open position comprises a rotation of the shutter parallel to the
insertion direction. The medical instrument further comprises an actuator for
actuating the mechanism to move the shutter between the open position and the

closed position.

In some examples the test strip opening may be a hole or opening in the shutter. In
other examples the test strip opening may be a region that is cut away from the
shutter. So in some examples the test strip opening is a hole in the shutter. In other

examples the test strip opening may be formed by an edge of the shutter.
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In another embodiment the medical instrument is battery powered. The actuator for
instance may be powered by the battery. The analytical unit may also be powered

by the battery.

In another embodiment the battery is a rechargeable battery.

In another embodiment the interior volume is hermetically sealed from the exterior
surface when the shutter is in the closed position. This may have the benefit that
when the shutter is in the closed position the medical instrument may be more

readily cleaned.

tn another embodiment, the interior volume is watertight when the shutter is in the
closed position. It is understood that herein the term watertight herein may in some

cases apply to either water only, to some liquids, or to liquids in general.

In ancther embodiment, the interior volume is watertight from the exterior surface

when the shutter is in the closed position.

In another embodiment, when the shutter is in the closed position the shutter and
test port fit together so tightly that liquid is unable to enter the interior volume

through the test port.

It is understood herein that the term “sealed” as used herein means that when the
shutter is in the closed position the shutter prevents the transport of gas and/or

liquid through the test port.

In another embodiment the first and second sealing surfaces may have different
properties. IFor example one could have a flexible surface such as a gasket and one
could be a rigid or hard surface. In another example both surfaces may be similar,

both may for example have a flexible or gasket-like surface.

In another embodiment the actuator is a manually operated lever, wheel, or crank.
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In another embodiment the actuator may be a motor, stepper motor or other

actuator, e.g. a stroke magnet.

In another embodiment the actuator comprises a motor. The medical instrument
further comprises a memory for storing machine-executable instructions. The
medical instrument further comprises a processor for controlling the medical
instrument. Execution of the machine-executable instructions further causes the
processor to control the motor to actuate the mechanism to move the shutter in the
open position. Execution of the machine-executable instructions further cause the
processor to analyze the test strip with the analytical unit to perform the
measurement when the test strip is inserted into the test strip mount and the

biclogical sample is placed on the test strip.

Execution of the machine-executable instructions further cause the processor to
controf the motor to actuate the mechanism to move the shutter in the closed
position when the test strip is removed from the test strip mount and the test strip
port. In some examples the medical instrument may automatically detect when the
test strip is removed and controls the motor automatically. In other examples there
may be a button or other user interface which the operator of the medical instrument

uses to inform the processor that the test strip has been removed.

[n another embodiment the shutter mechanism comprises a shutter shaft fixed to the
shutter. The shutter shaft is configured for rotating about the rotational axis. The
rotational axis is parallel to the insertion direction. The shutter is configured to rotate
about the rotational axis in order to move between the open position and the closed

position.

In another embodiment, the shutter mechanism comprises a shutter shaft that is
configured for rotating about a rotational axis. Moving the shutter between the
closed position and the open position comprises a rotation of the shutter about the
rotational axis of the shutter shaft. The rotational axis is parallei to the insertion
direction. The shutter is configured to rotate about the shutter shaft in order to move

between the open position and the closed position.
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In another embodiment the shutter shaft has a fixed position along the rotational
axis. In this embodiment the actuator rotates the shutter shaft into position and the
shutter shaft does not experience any linear translation along the rotational axis.
This embodiment may have the benefit that it is a simple mechanism with a minimal

number of moving parts.

In another embodiment the shutter shaft is configured both for rotational and
translational motion along the rotational axis. The shutter further comprises an
actuator shaft configured for rotational motion along a driving axis. The actuator
shaft is rotationally connected to the actuator. The driving axis is parailel to the
rotational axis. The shutter mechanism is configured such that the rotational motion
of the driving axis causes rotational motion of the actuator shaft about the rotational
axis. The shutter mechanism is further configured such that the rotational motion of
the driving axis causes translational motion of the actuator shaft along the rotational

axis.

This embodiment may have the benefit that the combined rotational and linear
motion of the shutter enables for a shutter that may be opened and sealed a larger
number of times. The shutter mechanism may be implemented in a variety of
different ways. For example the shutter shaft and the actuator shaft may be
connected by a gear mechanism. For example the shutter shaft and the actuator
shaft could be connected by screw threads or other linear gear system that both
rotates and moves the shutter shaft. In other examples a system of cams could be

used to control the rotation and linear motion of the shutter shaft.

In the ‘567 application, as was described previously, the opening 42 is closed by two
shell like shutters 48. It is not disclosed how or if they are sealed, but if they were it
would be necessary to seal where the surfaces of the housing 10 contact the
shutters 48. This would be a sliding contact that would wear any seal quickly and
lead to failure. Additicnally, the housing 10 and the shutters 48 would need to be
manufactured to tight dimensional tolerances in order for the shutters to even seal.
In contrast, the above mentioned embodiment may have the advantage that the seal
will last a larger number of times and can seal the test strip port when manufactured

1o lower dimensional tolerances.
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In another embodiment the driving axis is coaxial with the rotational axis. The
shutter mechanism comprises a bearing sleeve for receiving the actuator shaft and
the shutter shaft. The shutter mechanism comprises a guiding pin connected to the
shutter shaft. The bearing sleeve is connected to the housing. That is say the
bearing sleeve is rigidly or permanently connected to the housing. The bearing
sleeve comprises a guideway for the guiding pin to control the rate of translational
motion of the shutter shaft relative to the rotational motion of the shutter shaft. The
guideway and the pin function essentially as a cam. As the actuator shaft is rotated
this may cause the shutter shaft to rofate also and the pin is then forced to move in
the guideway. The pin then controls the linear position of the shutter shaft as the
shutter is rotated. This may be used to quickly rotate the shutter into position and

then to force the shutter closed or open.

In another embodiment the actuator is a rotational motor.

In another embodiment the shutter shaft is configured for translational mation along
the rotational axis. The shutter shaft further comprises an actuator shaft configured
for translational motion along a driving axis. The actuator shaft is configured for
translationally driving the shutter shaft along the rotational axis. The driving axis is
parallel to the rotational axis. The shutter mechanism is configured such that the
translational motion of the driving axis causes rotational motion of the actuator shaft
about the rotational axis. The shutter mechanism is further configured such that
translational motion of the driving axis causes translational motion of the actuator
shaft along the rotational axis. In this embodiment the actuator shaft pushes the
shutter shaft along the rotational axis. The mechanism is configured such that this
translational motion causes not just the translational motion of the shutter shaft but
also rotational motion. This mechanism could be implemented in a variety of ways.
For example a spring or other elastic element could be used to return the shutter
shaft to an original position for example in the open position or in the closed
position. A keyway or cam or guideway could be used to control the rate of

translational motion relative to the rotational motion.
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In another embodiment the shutter mechanism further comprises an elastic element

for returning or forcing the shutter into the open position or into the closed position.

In another embodiment the shutter mechanism further comprises a spring
configured for returning or forcing the shutter into the open position or info the

closed position.

In these embodiments the spring or elastic element could be configured to apply a
translational force which returns the shutter to either the open or the closed position.
When the actuator is no longer applying force, the spring or elastic element then

moves the shutter back to its original position.

In an alternative, the spring or elastic element could be configured o apply a
rotational force which is less than the rotational force applied by the actuator. The
actuator could be configured such that it applies a force that overcomes the spring
or elastic element and then moves the shutter into either the open or closed
position. When the actuator is no longer applying force, the spring or elastic element

then moves the shutter back to its original position.

In these embodiments the spring or elastic element could be strong enough so that,
for example, the actuator is moved into the open position or into the closed position
when the actuator is not in use. This may have several advantages. When the

actuator is for example not powered the shutter could be forced open or closed.

The use of a spring or elastic element may also provide for more effective sealing
when the spring or elastic element forces or returns the shutter into the closed
position. if the first and/or second sealing surface are elastic their shape may
permanently deform during the lifetime of the medical instrument. This may result in
needing to close the shutter more to maintain an effective seal. Using a spring or
elastic element may be beneficial because the spring or elastic element would force
the shutter to seal. An alternative would be to adjust the position that the shufter is
actuated to over a period of time. However this may be more complicated and/or

require the attention of a service technician than using a spring or elastic element.
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In another embodiment the driving axis is coaxial with the rotational axis. The
shutter mechanism comprises a bearing sleeve for receiving the actuator shaft and
the shutter shaft. The shutter mechanism comprises a guiding pin connected to the
shutter shaft. The bearing sleeve is connected to the housing. The bearing sleeve
comprises a guideway for guiding the pin to control the rate of rotational maotion of

the shutter shaft relative to translational motion of the shutter shaft.

In another embodiment the shutter mechanism comprises a spring or elastic

element which restores the shutter to the open position or to the closed position.

In another embodiment the actuator is a linear actuator or a linear motor.

In another embodiment the medical instrument further comprises a user interface for
receiving user input that indicates that the medical instrument has been cleaned.
Execution of the machine-executable instructions further cause the processor to
control the motor to actuate the mechanism to move the shutter in the open position

after receiving the user input.

In another embodiment the medical instrument further comprises a detector for
detecting if a test strip is inserted through the test strip porf. Execution of the
machine-executable instructions further causes the processor to controf the motor to
place the shutter in the closed position after the detector indicates that the test strip
is not longer inserted through the test strip port. For example once a test strip is
inserted into the test strip port whenever one is removed the shutter automatically
closes. In some examples the detector for detecting if the test strip is inserted could
be an optical detector. In other examples the detector may be a mechanical switch

actuated if a test strip is inserted through the test strip port.

In another embodiment the first sealing surface is planar. The second sealing

surface is also planar.

In another embodiment the first sealing surface is convex. The second sealing

surface is concave.
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In another embodiment the first sealing surface or the second sealing surface is

formed by an elastic gasket.

In another embodiment the analytical unit is an optical test strip analyzer.

fn another embodiment the analytical unit is an electrochemical test strip analyzer.

In another embodiment the analytical unit is a combination of an optical test strip
analyzer and an electrochemical test strip analyzer.

It is understood that one or more of the aforementioned embodiments of the
invention may be combined as long as the combined embodiments are not mutually

exclusive.

Brief description of the drawings
In the following embodiments of the invention are explained in greater detail, by way
of example only, making reference to the drawings in which:
Fig. 1 shows a perspective view of a shutter;
Fig. 2 shows an alternative perspective view of the shutter of Fig. 1;
Fig. 3 illustrates an example of a portion of a medical instrument in a
perspective view,
Fig. 4 shows the illustration of figure 3 from a side view;
Fig. 5 shows a further perspective view of the portion of a medical instrument
of Fig. 3;
Fig. 6 shows the illustration of figure 5 from a side view;
Fig. 7 illustrates a further examptle of a portion of a medical instrument in a
perspective view,
Fig. 8 shows the illustration figure 7 from a side view;
Fig. 9 shows a further perspective view of the portion of a medical instrument
of Fig. 7;
Fig. 10 shows the illustration of figure 8 from a side view;
Fig. 11 shows a further perspective view of the portion of a medical instrument
of Fig. 7;
Fig. 12 shows the illustration of figure 11 from a side view,

Fig. 12A shows an alternative to the example shown in Fig. 12;
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Fig. 13 illustrates a further example of a portion of a medical instrument;
Fig. 14 illustrates a further example of a portion of a medical instrument;
Fig. 15 illustrates an example of a medical instrument;

Fig. 16 illustrates a further example of a medical instrument; and

Fig. 17 shows a flow chart which illustrates an example of a method of

operating the medical instrument of Fig. 15 or Fig. 16.

Detailed Description
Like numbered elements in these figures are either equivalent elements or perform
the same function. Elements which have been discussed previously will not

necessatrily be discussed in later figures if the function is equivalent.

To measure the concentration of analytes in a body fluid, e.g. a glucose
concentration from a small droplet of blood, disposable electrochemical capillary
sensor test strips in combination with a meter to determine the concentration are
used. For receiving the sensor strip there is a hole in the shell of the meter,

commonly referred to as "strip-port” or a “test strip port.”

In current medical instruments the strip-port is always open and there is no
possibility to close it. United States Patent US 8,158,081 B2 describes a solution to

close the strip-port.

Because the strip-port of current medical instruments is always open, the inner part
of the meter is not prevented from contamination from outside. Fluids, dust and
anything else can come through the hole of the strip-port to the interior of the meter.

This can cause a technical fault, up to uselessness of the meter.

in the professional use case it is e.g. required, that the complete meter get cleaned
and disinfected after every test or every patient. Therefore also the strip-port has to
be cleaned and disinfected. It is likely that a small amount of cleaning or disinfection
agents came through the hole of the strip-port into the interior of the meter. Some of

these agents are very aggressive and the risk that the meter gets damaged is high.



10

15

20

25

30

WO 2017/017275 PCT/EP2016/068241
20

Examples may have the feature of closing the strip-port every time it is not used.
This means, that the strip-port only is open when a strip is inserted in the meter.
When the measurement is ready and the strip is removed, the strip-port directly gets
closed. The fastener or shutter is designed in the shape that the interior of the meter
is prevented of contamination. Even when the strip-port get cleaned and disinfected,
e.g. by whipping above the surface of the strip-port (e.g. with Clorox-wipes), there is
no risk of contamination and the meter is prevented from technical faults and

damages.

It is beneficial to make sure that the meter can be cleaned and disinfected very well.
Therefore the surface of the meter and specially the area of the strip-port have to be
as smooth as possible. To ensure that, the complete mechanical system is an inner

part of the meter and on the surface of the meter there are no notches or chamfers.

The fastener (shutter mechanism) has a planar part (a shutter) and one cylindrical
part (a shutter shaft) orthogonally to the planar area on the back side. The
cylindrical part may be assembled in a bearing sleeve (or connector), in the way that
it can rotate. The front side of the planar part may be a first sealing surface with a
gasket (or elastic gasket). In the planar area (shutter) of the fastener there may be a
hole as an opening for the sensor strip (test strip opening). The housing of the meter

coniains also a hole for the strip.

When the strip-port is closed, the hole of the planar area of the fastener is located
inside of the meter (interior volume) and the gasket has contact with the housing.
The housing, gasket, and planar part form a seal. Therefore, the inner part is

protected from contamination.

To open the strip-port, the fastener rotates around its cylindrical part in theway that
the hole is located in front of the opening of the housing. Now it is possible to insert

the strip.

Figs. 1 and 2 show two different perspective views of the same shutter 100. The
shutter can be seen as having a first sealing surface 102 that is formed by a gasket
104. There is a hole in the shutter 100 labeled 106 that is the test strip opening 106.



10

15

20

25

30

WO 2017/017275 PCT/EP2016/068241
21

In this example the test strip opening is a hole through the shutter 100. However,
the test strip opening 106 could also be formed by an edge of the shutter 100. That
is to say the entire material in the vicinity of the test strip opening 106 could be
removed instead. The shutter 100 is shown as being attached to a shutter shaft 108.
The shuiter shaft 108 has a rotational axis 110. The shutter mechanism shown in
the following drawings illustrates how the shutter shaft 108 rotates about the axis

110 and causes the shutter 100 to move between the open and the closed position.

Fig. 3 shows a perspective view of a portion of the medical instrument 300. Fig. 4
shows the side view of the same view that is shown in Fig. 3. The portion of the
medical instrument 300 has a housing 302 that has an exterior surface 304 and an
interior surface 306. The housing 302 surrounds an interior volume 308 that is
bounded by the interior surface 306. Between the exterior surface 304 and the
interior surface 306 there is a test strip port 312. A test strip 310 can be shown as
being inserted along insertion direction 328 through the test strip port 312. In Figs. 3
and 4 the shutter 100 is shown in the open position. The shutter shaft 108 is shown
as being connected to an actuator shaft 330 via a coupling 332. in the examples
shown in Figs. 3 and 4 the distance of the shutter shaft along the rotational axis 110

is fixed.

Figs. 5 and 6 show the same portion of the medical instrument 300 that was shown
in Figs. 3 and 4. In Figs. 5 and 6 the shutter 100 is shown in the closed position. In
the example shown in Figs. 5 and 6 the actuator shaft 330 has been rotated. This
caused the coupling 332 and the shutter shaft 108 to also rotate about the rotational
axis 110. The test strip opening 106 has been rotated away from the test strip port
312 and instead the gasket 104 has been rotated into place such that the first
sealing surface 102 comes in contact with the second sealing surface 320. The
interior volume 308 is now sealed from the exterior surface 304. The medical
instrument can for example now be cleaned with a liquid cleaning solvent or

solution.

Another solution is that the movement of the cylindrical part is not only a rotational
movement. The movement is divided into two sequences: A rotating and a linear

sequence. The two sequences are realized with a link motion system or a linkage.
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In the cylindrical part of the fastener is a hole for a pin. In the bearing sleeve there is

guideway for the pin of the fastener.

The link motion is designed in the way, that there is a gap between gasket and
housing in the opened position of the strip-port. When the strip-port is closed, the
fastener (shutter) at first rotates (or primarily rotates with a smaller linear movement)
and then makes the linear movement (or primarily a linear movement with a smaller
rotational movement) with the linear movement the gap between housing and
gasket get closed and the sealing is tight. By opening the strip-port the opposite

occurs, at first the linear movement occurs and then the fastener rotates.

The advantage of this situation may be that there no friction (or at least reduced

friction), because of the rotation, between the gasket and housing anymore.

Figs. 7, 8, 9, 10, 11 and 12 illustrate a further example of a portion of a medical
instrument 700. Figs. 7 and 8 show the shutter 100 in the open position. Fig. 7 is a
perspective view and Fig. 8 is a side view of the perspective shown in Fig. 7. Fig. 9
shows the shutter 100 in an intermediate position between being open and closed.
Fig. 9 is a perspective view and Fig. 10 is a side view of the perspective shown in
Fig. 9. Figs. 11 and 12 show the shutter 100 in the closed position. Fig. 11 shows a

perspective view. Fig. 12 shows the side view of the perspective shown in Fig. 11.

In Figs. 7 and 8 the test strip opening 106 is shown as being aligned with the test
strip port 312 such that a test strip can be inserted along the insertion direction 328.
The mechanism in Figs. 7-12 is similar to that shown in Figs. 1-4 except the
coupling 332 has been replaced with a bearing sleeve 702. The bearing sleeve 702
is rigidly connected to the housing 302. During the actuation of the mechanism the
bearing sleeve 702 does not move. There is a guiding pin 704 which is connected
rigidly to the shutter shaft 108. The bearing sleeve 702 has a guideway 706 which
receives the guiding pin 704. The actuater shaft 330 is connected to the shutter
shaft 108 so that when the actuator shaft 330 make a translational movement along

the rotational axis 110 the shutter shaft 108 rotates. The guideway 706 defines the
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rotational position of the shutter shaft 108 relative to the translational position of the
shutter shaft 108.

For example, a rod or other driveshaft could be connected to a hole or cross-section
in both the shutter shaft 108 and the actuator shaft 330 such that the shutter shaft
108 turns with the actuator shaft 330 but is free to move along the rotational axis
110. The combination of the guiding pin 704 and the guideway 706 controls the
position of the shutter 100 along the rotational axis 110 as a function of the
translational position of the shutter 110. This may be useful because the motion of
the shutter as it is rotated into place along the rotational axis 110 can be controlled.
For example in the examplie shown in Figs. 1-4 the gasket 104 is always in contact
with the interior surface 306. In the example shown in Figs. 7-12 the gasket in the
open position 104 does not contact the interior surface 306. This for example may

result in reduced wear and tear on the gasket 104.

In Figs. 9 and 10 it can be seen that the actuator shaft 330 has been moved along
the rotational axis. This has also caused the shutter shaft 108 to rotate. The test
strip opening 106 has been rotated away from the test strip port 312. The gasket
104 is now in position for sealing the test strip port 312. However, at this point it can
be seen that the first sealing surface 102 is not yet in contact with the second
sealing surface 320. The guideway 706 can be seen as sloping sharply towards the
direction of the rotational axis 110. This shows that as the actuator shaft 330 is
further moved forward the motion of the shutter 100 will be predominantly in a
direction of the axis 110 causing the first 102 and second 320 sealing surfaces to

contact thereby sealing the test strip port 312.

Figs. 11 and 12 show the shutter after it has been moved into the closed position. {t
can be seen that the first 102 and second 320 sealing surfaces are now in contact

and that the test strip port 312 is now sealed.

Fig. 12A shows an alternative design for the guideway (706) of Fig. 12. In the
example of 12A a rotational movement is used instead of a translational motion to
actuate the shutter. A rotation of the shutter shaft 330 causes a translational

movement (combined with a short rotation) of the shutter. In such an example the
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guideway may have a first section 1200 and a second section 1202 whereby the
second section 1202 is closer to the first sealing surface 102 of the shutter than the
first section 1200. Both the first 1200 and second section 1202, the guideway 706 is
offset from the rotationa! axis 110. The guideway defines a path 1204 that the
guiding pin 704 follows. When the path is projected onto the rotational axis 110, the
angle of a small segment of the path 1204 relative to the rotational axis 110 is larger
in the first section 1200 than in the second section 1202. This causes a more
rotational movement if the pin is moved in the first section 1200 of the guideway and
a more translational movement if the pin is move in the second section 1202 of the

guideway.

In another example, the angle of the path 1204 relative to the rotational axis 110 in
the first section 1200 is between 15° and 75°. In another examples the angle of the
path 1204 relative to the rotational axis 110 in the first section 1200 is between 30°
and 60°. In another examples the angle of the path 1204 relative to the rotational
axis 110 in the first section 1200 is about 45°.

In another examples the angle of the path 1204 relative to the rotational axis 110 in
the second section 1202 is between 0,1° and 30°. In another example the angle of
the path 1204 relative to the rotational axis 110 in the second section 1202 is
between 0,1° and 15°. In another example the angle of the path 1204 relative to the

rotational axis 110 in the second section 1202 is between 0,1° and 5°.

Fig. 13 shows a further example of a portion of a medical instrument 1300. In this
example the actuator is a linear actuator 1302 or a litt magnet. This causes the
actuator shaft 330 to exert a force and pull the shutter shaft 108 towards the linear
actuator 1302. As the shutter shaft 108 is pulled a bearing sleeve 702 and a guiding
pin, which is not shown in this Fig., cause the shutter 100 also to rotate and move
into the open position. When the linear actuator 1302 ceases to exert a force on the
actuator shaft 330 and the shutter shaft 108 then a spring 1306 or other elastic
element force the shutter shaft 108 towards the interior surface 306 and the bearing
sleeve 702 causes the shutter 100 to rotate and move back into the closed position.

The example shown in Fig. 13 will automatically close when a force is no longer
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exerted by the linear actuator 1302. Fig. 13 shows an analytical unit 1304 which a

test strip can be inserted into.

Fig. 14 shows a further example of a portion of a medical instrument 1400. The
example shown in Fig. 14 is similar to that shown in Fig. 13 except in this example
the actuator is a rotational actuator 1402 or a rotational motor. For example it could
be stepper motor. The tip of the actuator shaft 330 in this example is threaded and
mates with a threaded portion 1404 of the shutter shaft 108. As the actuator shait
330 rotates the threads exert force on the shutter shaft 108 and the bearing sleeve
702 also causes the shutter 100 to rotate closed or open depending on whether the

motor 1402 is going in one direction or the other.

Fig. 15 shows an example of a medical instrument 1500 that incorporates the
portion of the medical instrument 300 shown in Figs. 1-14. The medical instrument
has a housing 302 which has an exterior surface 304 and an interior surface 306.
The interior surface 306 surrounds an interior volume 308. There is a test strip port
312 that is shown as being sealed by a shutter mechanism. The medical instrument
could be altered to use the shutter mechanism according to any one of the
mechanisms shown in Figs. 1-14. Shown is a motor 1402 which has an actuator is
used to drive shutter shaft 108. The motor 1402 can be used to automatically open
or close the shutter 100. In this Fig. the shutter is shown as being closed and the
test strip port 312 is sealed. When the test strip port 312 is open a test strip can be
inserted into an analytical unit 1508. Inside the analytical unit 1508 there is a test
strip mount 1510 which is configured for receive the test strip fo perform a

measurement.

Adjacent to the analytical unit 1508 and the shutter 100 is a strip detector 1520. The
strip detector 1520 is a sensor (e.g. mechanical, optical, capacitive) which is used to
detect the presence of a test strip within the medical instrument 1500. The medical
instrument 1500 is further shown as containing a processor 1515. The processor
1515 is connected to the motor 1402, the analytical unit 1508, the optional strip
detector 1520 and also a touch screen display 1514. The processor 1515 is further
connected to a memory 1511. The processor 1515 is configured so that it can send

and receive instructions for these components and control the operation and
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function of the medical instrument 1500. The memory 1511 is shown as containing a
set of instructions 1512. Execution of the instructions 1512 enables the processor
1515 to control and operate the medical instrument 1500. The memory 1511 is
further shown as containing at least one measurement 1513 that was acquired

using the analytical unit 1508.

The touch screen 1514 is configured for displaying data and information as well as
receiving input from an operator or user of the medical instrument 1500. For
example when the medical instrument 1500 has its test strip port sealed as is shown
in Fig. 15; it may display a message 1516 which asks if the cleaning protocol has
been finished. The message could for example be “Finished with cleaning
protocols?” There is a graphical user interface control element 1518 or button which
the operator can use to inform the processor 1515 that a cleaning protocol has been
finished. The control element 2518 could example have the text “Yes” displayed on
it. For example when the cleaning protocol is finished, the processor 1515 may
control the motor 1402 such that the shutter 100 is opened and it is then possible to
insert a test strip into the analytical unit and mount it properly within the test strip

mount 1510 so that a further measurement 1513 can be performed.

Fig. 16 shows a further example of a medical instrument 1600. The medical
instrument 1600 is similar to the medical instrument 1500 shown in Fig. 15. In this
example there is a gearbox 1602 which is used to connect the shutter shaft 108 and
the actuator shaft 1330. The stepper motor 1402 in this example is located off axis
so that it has a separate driving axis 1604 that is parallel but is not coaxial with the
rotational axis 110. The gearbox 1602 could be constructed in different ways. In one
example it could simply rotate the shutter 100 as was shown in Fig. 15. In other
examples the gearbox 1602 could also incorporate a translational motion so that the

shutter 100 first moves into position and then closes.

Fig. 17 shows a flowchart which shows one method of operating the medical
instrument 1500 of Fig. 15 or the medical instrument 1600 of Fig. 16. First in step
1700 the actuator motor 1402 is controlled to move the shutter 100 into the open

position. In Figs. 15 and 16 the actuator 1402 is shown as being a motor 1402. |n
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other examples the actuator for instance may be controlled or moved manually.

Next in step 1702 a biclogical sample is placed onto a test sfrip.

Next in step 1704 a test strip is inserted into the test strip port 312 such that the test
strip passes through the test strip support and into the test strip mount 1510. Next in
step 1706 the test strip is analyzed with the analytical unit 1508 to perform the
measurement 1513. Next in step 1708 the test strip is removed from the medical
instrument 1500, 1600. Next in step 1710 the actuator 1402 is controlled to actuate

the mechanism 1501 to move the shutter 100 into the closed position.

Finally in step 1712 the exterior surface 304 of the medical instrument 1500, 1600 is
cleaned. The protocol for cleaning and disinfection the medical instrument 1500,
1600 may be performed with chemicals which easily damage the electronics and
other components of the medical instrument 1500, 1600. For example in a clinical
setting the medical instrument 1500, 1600 will likely be cleaned after every use or at
least between use between different patients. The cleaning protocol may involve
several steps. For example the protocol may begin with the medical instrument
being wiped down to remove any obvious fluids or contaminants on the surface.
Then, one or more steps where the medical instrument 1500, 1600 may be cleaned
and/or disinfected with one or more chemical solutions may be performed. Finally,
the medical instrument 1500, 1600 may be dried. Once the cleaning and disinfection
protocol has been finished then the operator or user may elect to open the shutter

100 in preparation for inserting another test strip.
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lListofreference numerals

PCT/EP2016/068241

shutter

first sealing surface

gasket

test strip opening

shutter shaft

rotational axis

portion of medical instrument
housing

exterior surface

interior surface

interior volume

test strip

test strip port

second sealing surface
insertion direction

actuator shaft

coupling

portion of medical instrument
bearing sleeve

guiding pin

guideway

first section

second section

path

portion of medical instrument
linear actuator or lift magnet
analytical unit

spring or elastic element
portion of medical instrument
rotational actuator

threaded portion
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1500
1502
1504
1506
1508
1510
1511
1512
1513
1514
1515
1516
1518
1520
1600
1602
1604
1700

1702

1704

1706

1708
1710

1712
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medical instrument
mechanism portion
motor
actuator
analytical unit
{est strip mount
memory
instructions
measurement
touch screen
processor
message “finished with cleaning protocols?”
gréphicai user interface control element
strip detector
medical instrument
gearbox
driving axis
control the actuator to actuate the mechanism to move
the shutter in the open position
place the biological sample on the test strip
insert a test strip into the test strip port such that the test
strip passes through the test strip support and into the
test strip mount
analyze the test strip with the analytical unit to perform
the measurement
remove the test strip from the medical instrument
control the actuator to actuate the mechanism to move
the shutter in the closed position; and

clean the exterior surface of the medical instrument.
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A method of operating a medical instrument (300, 700, 1300, 1400, 1500,

1600), wherein the medical instrument is an analyzer for performing a measurement

(1513) on a biological sample using a test strip (310), wherein the medical

instrument comprises:

1

a housing (302) with an exterior surface (304), wherein the housing comprises an
interior surface (306) surrounding a interior volume (308);

an analytical unit (1304) for analyzing the test strip, wherein the analytical unit is
within the interior volume, wherein the analytical unit comprises a test strip mount
(1510) configured for receiving the test strip to perform the measurement;

a test strip port (312) between the exterior surface and the interior surface,
wherein the test strip port is configured for receiving the test strip, wherein the
test strip port is aligned with the test strip mount along an insertion direction
(328);

a shutter (100) for sealing the test port, wherein the shutter is configured for being
in a open position and a closed position, wherein the shutter is within the interior
volume, wherein the shutter is configured for sealing the test port when in the
closed position, wherein the shutter comprises a test sirip opening (106}, wherein
the test strip opening is aligned with the test strip port and the test strip mount
when the shutter is in the open position, wherein the shutter has a first sealing
surface (102), wherein the test strip port has a second sealing surface (320),
wherein the first sealing surface and the second sealing surface are configured to
mate in the closed position, wherein the shufter comprises a mechanism for
moving the shutter between the open position and the closed position, wherein
moving the shutter between the closed position and the open position comprises
a rotation of the shutter parallel to the insertion direction, wherein the shutter
mechanism comprises a shutter shaft (108) fixed to the shutter, wherein the
shutter shaft is configured for rotating about a rotational axis (110}, wherein the
rotational axis is parallel to the insertion direction, wherein the shutter is
configured to rotate about the rotational axis to move between the open position

and the closed position; and
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an actuator {1302, 1402) for actuating the mechanism to move the shutter

between the open position and the closed position;

wherein the method comprises the steps of:

2.

controlling (1700) the actuator to actuate the mechanism to move the shutter in
the open position;

placing (1702) the biological sample on the test strip;

inserting (1704) the test strip into the test strip port such that the test strip passes
through the test strip opening and into the test strip mount;

analyzing (1706) the test strip with the analytical unit to perform the
measurement;

removing (1708) the test strip from the medical instrument;

controlling {1710) the actuator to actuate the mechanism to move the shutter in
the closed position; and

cleaning (1712) the exterior surface of the medical instrument.

A medical instrument (300, 700, 1300, 1400, 1500, 1600), wherein the

medical instrument is an analyzer for performing a measurement (1513) on a

biological sample using a test strip (310), wherein the medical instrument

comprises:

a housing (302) with an exterior surface (304), wherein the housing comprises an
interior surface (306) surrounding a interior volume (308);

an analytical unit (1508) for analyzing the test strip, wherein the analytical unit is
within the interior volume, wherein the analytical unit comprises a test strip mount
(1510) configured for receiving the test sirip to perform the measurement;

a test strip port (312) between the exterior surface and the interior surface,
wherein the test strip port is configured for receiving the test strip, wherein the
test strip port is aligned with the test strip mount along an insertion direction
(328);

a shutter (100) for sealing the test port, wherein the shutter is configured for being
in a open position and a closed position, wherein the shutter is within the interior
volume, wherein the shutter is configured for sealing the test port when in the
closed position, wherein the shutter comprises a test strip opening (106), wherein
the test strip opening is aligned with the test strip port and the test strip mount

when the shutter is in the open position, wherein the shutter has a first sealing
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surface (118), wherein the test strip port has a second sealing surface (120),
wherein the first sealing surface and the second sealing surface are configured to
mate in the closed position, wherein the shutter comprises a mechanism for
moving the shutter between the open position and the closed position, wherein
moving the shutter between the closed position and the open position comprises
a rotation of the shutter parallel to the insertion direction, wherein the shutter
mechanism comprises a shutter shaft (108} fixed to the shutter, wherein the
shutter shaft is configured for rotating about a rotational axis (110}, wherein the
rotational axis is parallel to the insertion direction, wherein the shutter is
configured to rotate about the rotational axis to move between the open position
and the closed position; and |

- an actuator (2506) for actuating the mechanism to move the shutter between the

open position and the closed position.

3. The medical instrument of claim 2, wherein the shutter shaft has a fixed

position along the rotational axis.

4, The medical instrument of claim 2, the shutter shaft is configured for
translational motion along the rotational axis, wherein the shutter further comprises
an actuator shaft (330) configured for rotational motion along a driving axis (110,
1604), wherein the actuator shaft is rotationally connected to the actuator, wherein
the driving axis is parallel to the rotational axis, wherein the shutter mechanism is
configured such that rotational motion of the driving axis causes rotational motion of
the actuator shaft about the rotational axis, wherein the shutter mechanism is further
configured such that rotational motion of the driving axis causes transiational motion

of the actuator shaft along the rotational axis.

5. The medical instrument of claim 4, wherein the driving axis is coaxial with the
rotational axis, wherein the shutter mechanism comprises a bearing sleeve (702) for
receiving the actuator shaft and the shutter shaft, wherein the shutter mechanism
comprises a guiding pin (704) connected to the shutter shaft, wherein the bearing
steeve is connected to the housing, wherein the bearing sleeve comprises a
guideway (706) for guiding the pin to control the rate of translational motion of the

shutter shaft relative to the rotational motion of the shutter shaft.
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8. The medical instrument of claim 3 or 4, wherein the shutter mechanism
further comprises an elastic element for returning the shutter into the open position

or into the closed position.

7. The medical instrument of any cne of claims 2 through 6, wherein the

actuator is a rotational motor (1402).

8. The medical instrument of claim 2, wherein the shutter shaft is configured for
translational motion along the rotational axis, wherein the shutter further comprises
an actuator shaft (330) configured for translational motion along a driving axis (110),
wherein the actuator shaft is configured for translationally driving the shutter shat
along the rotational axis, wherein the driving axis is parallel to the rotational axis,
wherein the shutter mechanism is configured such that franslational motion of the
driving axis causes rotational motion of the actuator shaft about the rotational axis,
wherein the shutter mechanism is further configured such that translational motion
of the driving axis causes rotational motion of the actuator shaft along the rotational

axis.

9. The medical instrument of claim 8, wherein the driving axis is coaxial with the
rotational axis, wherein the shutter mechanism comprises a bearing sleeve (702) for
receiving the actuator shaft and the shutter shaft, wherein the shutter mechanism
comprises a guiding pin (704} connected to the shutter shaft, wherein the bearing
sleeve is connected to the housing, wherein the bearing sleeve comprises a
guideway (7086) for guiding the pin to control the rate of rotational motion of the

shutter shaft relative to franslational motion of the shutter shaft.

10.  The medical instrument of any one of claims 2, 8, and 9, wherein the actuator

is a linear actuator (1302).

11.  The medical instrument of any one of claims 2 through 10, wherein the first

sealing surface is formed from a gasket (104).
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12.  The medical instrument of any one of claims 2 through 11, wherein the
analytical unit is any one of the following: an optical test strip analyzer, an

electrochemical test strip analyzer, and combinations thereof.

13.  The medical instrument of any cne of claims 2 through 12, wherein the
actuator comprises a motor (1302, 1402), wherein the medical instrument further
comprises a memory (1511) for storing machine executable instructions (1512),
wherein the medical instrument further comprises a processor (1515) for controlling
the medical instrument, wherein execution of the machine executable instructions
causes the processor to:

- control (1700) the motor to actuate the mechanism to move the shutter in the
open position;

- analyze (1706) the test strip with the analytical unit to perform the measurement
when the test strip is inserted into the test strip mount and the biological sample
is placed on the test strip; and

- control (1710} the motor to actuate the mechanism to move the shutter in the
closed position when the test strip is removed from the test strip mount and the

test port

14.  The medical instrument of claim 13, wherein the medical instrument further
comprises a user interface (1514) for receiving user input that indicates that the
medical instrument has been cleaned, wherein execution of the machine executable
instructions further cause the processor to control the motor to actuate the

mechanism to move the shutter in the open position after receiving the user input.

15.  The medical instrument of any one of claims 2 through 14, wherein the

second sealing surface is within the interior volume.

16.  The medical instrument of any one of claims 2 through 15, wherein the

second sealing surface is on the on the interior surface.

17.  The medical instrument of any one of claims 2 through 16, wherein in the

open position the first sealing surface is within the interior volume.
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18.  The medical instrument of any one of claims 2 through 17, wherein the first
sealing surface and the second sealing surface form the seal within the interior

volume when the shutter is in the closed position.

19.  The medical instrument of any one of claims 2 through 18, wherein the test

strip port is an opening in the housing.

20.  The medical instrument of claim 19, wherein the test strip port contacts the

interior surface and the exterior surface.



WO 2017/017275 PCT/EP2016/068241

1/ 11

108 \

108 \

100

106

SUBSTITUTE SHEET (RULE 26)



WO 2017/017275

Fig. 3

300

2/ 11

PCT/EP2016/068241

> 302
332 330 110
108 )
328 312 106 \i} """" ]
= <7 308
N ]
310 104 \§3%
\ ﬂﬁwwo ~
Fig. 4
g 304
300
223 ™ 320 108 332 330
\_ 31 ? / / ( 110
— N I
N e
310 /| \32(1)06 _ | 308
//;j' e
10d 100 30

SUBSTITUTE SHEET (RULE 26)



WO 2017/017275 PCT/EP2016/068241

3/ 11
Fig. 5
300
\ \X:SM-
> 302
106
| [ 108 332 330 /110
328 312— i} ''''''' ]
N . 102 —
\ 306
Fig. 6
304
300
N €§f106 108 ﬁ3z 330
328 1320 110
312~ |} / ( /
A 102 P L
104—"| [INC
/ 320 _ | 308
] 1306
U302

SUBSTITUTE SHEET (RULE 26)



WO 2017/017275 PCT/EP2016/068241

4 /11

Fig. 7

700

108 706 702 330 110

-
328 312 -

704
N 106 308

| +—100 306

. —

\

102 104
Fig. 8
304
700\

108 706 702 330

328 320\ \ A / ( 110

N se—JN . % -/
10— #7 Moe (| 308
g 704
102— (}Q 1306

/
104 100

SUBSTITUTE SHEET (RULE 26)



WO 2017/017275 PCT/EP2016/068241

5711
Fig. 9
700\
<
> 302
/106 702 330 /110
328 312 — '
N . 706
102— | 108 704 308
%\im
\ 104 100 ~
Fig. 10
304
700 o~
™ gsf 108 702 330
328 320\ |5 \ / ( 110
N i -/
102—THi! %
20" E 70/4 7\06 "
104 100
1306

SUBSTITUTE SHEET (RULE 26)



WO 2017/017275 PCT/EP2016/068241

6/11
Fig. 11
700\
S
> 302
/106 702 330 /110
328 312
S/— —706
102— IN{| L. 08 704 _ 308

110
N s S

Fig. 12
f:o 304
N\ 106 \-302
328 320\ N / ( 110
\ 3N2—~1h /
BANN [T
102— T - =
20" .\\\ 104 754 ;%6 -1
100
306

SUBSTITUTE SHEET (RULE 26)



WO 2017/017275 PCT/EP2016/068241

7111
Fig. 12A
700
™ 304
/ _—302
106
S 108 /702 330
20\ 1L
328 21(2) \4; 4 B / 11\0
Lk
Py QI -
102176 S
320/% \100 A~
704 706 1204
104

SUBSTITUTE SHEET (RULE 26)



WO 2017/017275 PCT/EP2016/068241
8/ 11
304
Fig. 13
J 306
1300
N\ 1;04 308
328
N o e i
104—" 1
108 — '§ I R e 5
—~—  / <
1306 702 108 330 1302
304
Fig. 14
d 306
1400
\ 1204 308
k
e | e e -
104—"F
100 |M 110
108 —H- sy j
/ <
702 108 1404 330 1402

SUBSTITUTE SHEET (RULE 26)



¢0¢

N

PCT/EP2016/068241

9/ 11

— \l\
€161 90¢
—— 15} 0ZSL 00}
X
e ML
; 10l
G151 0151 ~ //
9161 _
y oo | [l ake 8z¢
8051 N .
.................... LIl “~o11
7 / \

( | \

WO 2017/017275

) ~ ) )
PiS) yO¢ 80€ Z0v) / N

00¢ 0061

Gl b1

SUBSTITUTE SHEET (RULE 26)



PCT/EP2016/068241

WO 2017/017275

10/ 11

¢0¢

(
— \I\
€161 90¢
—— 116} 0251 00}
AL
areT i
= 0
G151 0151 ~ /
916} 4/
\ o | Sae e
8061 N I
o1 LI Mo
7 / 7 ¢ I M
\ , ﬁ 7 ] 7
) ~ ) ) \ A \
471" 14119 80¢ covl 0¢

€ 209} 109} N

0091

9l "bBi4

SUBSTITUTE SHEET (RULE 26)



WO 2017/017275 PCT/EP2016/068241

11711
Fig. 17

-——1700

——1702

——1704

——1706

——1708

——1710

——1712

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/068241

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B5/145 GOIN33/487
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B GOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A EP 2 741 076 Al (PANASONIC HEALTHCARE CO 1-20
LTD [JP]) 11 June 2014 (2014-06-11)
paragraphs [0001], [0008] - [0013],
[0017], [0018], [0022] - [0025], [0037]
- [0042]

A WO 20107024971 Al (ABBOTT DIABETES CARE 1-20
INC [US]; BERNSTEIN DANIEL M [US];
JENNEWINE CURT) 4 March 2010 (2010-03-04)
page 1, lines 7-11

page 5, lines 19-27

page 7, line 1 - page 8, line 18

page 11, Tine 31 - page 12, line 8

A US 2010/249567 Al (HARTTIG HERBERT [DE] ET 1-20
AL) 30 September 2010 (2010-09-30)
paragraphs [0015] - [0021], [0037] -
[0039]; figures 3-5

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y* document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
12 October 2016 24/10/2016
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, . }
éx%ﬂ1#&34&ﬁh6 Pohjamo, Terhi

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/068241
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2007/010087 A2 (IHQ INNOVATION 1-20

HEADQUARTERS 0Y [FI]; PLANMAN JUKKA [FI];
PLANMAN TUOMA)

25 January 2007 (2007-01-25)

page 10, line 20 - page 11, line 2;
figures la,lb

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/068241
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2741076 Al 11-06-2014  CN 103620395 A 05-03-2014
EP 2741076 Al 11-06-2014
JP 5855103 B2 09-02-2016
JP W02013018315 Al 05-03-2015
US 2014123735 Al 08-05-2014
WO 2013018315 Al 07-02-2013

WO 2010024971 Al 04-03-2010 US 2010053851 Al 04-03-2010
US 2010255517 Al 07-10-2010
US 2010255564 Al 07-10-2010
US 2010255565 Al 07-10-2010
US 2010255566 Al 07-10-2010
US 2010255696 Al 07-10-2010
US 2011133698 Al 09-06-2011
US 2011244699 Al 06-10-2011
WO 2010024971 Al 04-03-2010

US 2010249567 Al 30-09-2010 CA 2542468 Al 21-04-2005
DE 10348283 Al 12-05-2005
EP 1675505 A2 05-07-2006
EP 2481348 Al 01-08-2012
JP 2007508079 A 05-04-2007
US 2006233663 Al 19-10-2006
US 2010249567 Al 30-09-2010
WO 2005034740 A2 21-04-2005

WO 2007010087 A2 25-01-2007 AT 491392 T 15-01-2011
AU 2006271633 Al 25-01-2007
BR PI0613601 A2 18-01-2011
CA 2615729 Al 25-01-2007
CN 101227859 A 23-07-2008
EP 1903942 A2 02-04-2008
ES 2358049 T3 05-05-2011
FI 20050768 A 20-01-2007
JP 5173804 B2 03-04-2013
JP 2009501584 A 22-01-2009
KR 20080032191 A 14-04-2008
US 2008200782 Al 21-08-2008
US 2012065544 Al 15-03-2012
WO 2007010087 A2 25-01-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - wo-search-report
	Page 50 - wo-search-report
	Page 51 - wo-search-report

