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Skin patch for diaghosis comprising an evaporation layer

Field of the invention

This invention relates to a medical device for attachment to the skin, the device compris-
ing at least one hollow microneedle for measuring an analyte, for example glucose, in a

fluid, for example interstitial fluid.

Background

Diabetes patients need to measure the glucose concentration in the blood, sometimes
several times per day. Today, this is usually done by the patient piercing his or her own
skin to produce a drop of blood, that is than analysed, every time the blood glucose is
measured. The drop of blood is collected by a glucose measuring stick that is inserted into
a portable glucose measurement device. This is somewhat cumbersome as the patient
needs to carry the device and test sticks and has to remember to carry out the test, and
also has to puncture his or her own skin every time blood glucose is measured. This has
the effects that some patients are reluctant to measure their blood glucose as often as the

should. This can be very dangerous for the patient.

Abbot FreeStyle Libre provides one solution to this problem as it provides a skin patch
with a needle that is inserted into the skin, which provides continuous blood glucose
measurement. However, this product causes some discomfort. The FreeStyle Libre patch

analyses blood glucose and can transfer measurement wirelessly to a portable device.

Besides blood glucose, there are many different analytes that would benefit from continu-
ous measurement, for example hormones or other signalling molecules, toxins, indicators

of infection, etc.
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W090333898 discloses a device for sampling a fluid from a user where the fluid is col-
lected in a closed chamber, with a limited space, making the device unsuitable for collect-

ing large amounts of fluid.

Ventrelli et al, Adv Helthcare Mater. 2015, DOI: 10.1002/adhm.201500450 describes vari-
ous arrays of microneedles where analysis takes place inside the microneedle. This has the
disadvantage that the analysis electrode must be miniaturized which makes it difficult to

manufacture.

Summary of invention

In a first aspect of the invention there is provided a medical device comprising a skin at-
tachment surface and an evaporation layer, and at least one hollow microneedle extend-
ing from the skin attachment surface, the device further comprising a flow channel, an
analysis unit for analysing a body fluid, and an evaporation layer, where the flow channel
is arranged to transport fluid from the microneedle to the analysis unit and from the anal-
ysis unit to the evaporation layer, such that the flow channel can release fluid into the

evaporation layer.

One advantage with his device is that the evaporation layer can handle large amounts of
fluid and thus be used over a long time. Furthermore, the analysis unit does not have to

be miniaturized to an extreme extent.

The device may comprise a pump unit that transports fluid from the microneedle to the
evaporation layer. The pump assists in creating a flow from the microneedle to the evapo-

ration layer.

The device preferably comprises a main body, where the analysis unit is comprised in the
main body. This has the advantage of using the space in the main body for the analysis

unit rather than having a part of the analysis unit in the hollow microneedle.
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The evaporation rate from the evaporation layer is the same or higher than the flow rate

in the flow channel.

The medical device may comprise at least one heat-generating electronic unit were the
evaporation layer is arranged in contact with the at least one heat-generating electronic
unit. This has the advantage of increasing evaporation from the evaporation layer. The de-
vice may comprise a heat conducting element that is arranged between the attachment
surface and the evaporation layer. This has the advantage of conducting heat from the
body of the user, increasing evaporation from the evaporation layer. The heat conducting
element may be arranged between the evaporation layer and a heat generating electronic

unit.

The heat-generating electronic unit or the heat conducting element may be provided with

at least one surface area increasing element, such as at least one fin.

The evaporation layer has antimicrobial activity for preventing proliferation of for example
bacteria. The fluid handling of the evaporation layer may be mainly based on absorption

and retention of the fluid where evaporation plays a less significant part.

In selected embodiments, the evaporation layer can be removed from the medical device
and be replaced with another evaporation layer. In one embodiment the device comprises
a skin attachment layer which can be removed from the device and replaced with another
skin attachment layer. This enables reuse- of expensive parts of the device. Thus, the

evaporation layer and/or skin attachment layer may be replaceable.

In a second aspect of the invention there is provided an evaporation layer for attaching to

a medical device with a removable evaporation layer.

In a third aspect of the invention there is provided a skin attachment layer for attaching to

a medical device with a removable skin attachment layer.
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Brief description of drawings

The accompanying drawings form a part of the specification and schematically illustrate
preferred embodiments of the invention, and serve to illustrate the principles of the inven-

tion.

Fig. 1 is a schematic side view of a medical device attached to the skin of a user.
Fig. 2 is a schematic side view of an array of hollow microneedles.

Fig. 3 is a schematic diagram of various electronic units in a medical device.

Fig. 4 is a schematic side view of a medical device.

Fig. 5 is a schematic side view of a medical device.

Fig. 6 is a schematic perspective view of a medical device.

Fig. 7 is a schematic side view of the medical device of Fig. 6

Fig. 8 is a schematic side view of a medical device comprising an elastomer.

Figs. 9 to 14 are schematic side views of a medical device.

Detailed description

With reference to Fig. 1, the medical device 1 is intended for attachment to the skin 2 and
to analyse a body fluid. The body fluid may be for example blood or interstitial fluid,
where interstitial fluid is preferred. Suitable locations for attaching the device may include

the arm, for example the outside of the upper arm.

The medical device 1 preferably has the shape of a patch or a flat housing. The device has
at least one flat surface that is an attachment surface 3 for attaching the device to the skin
2 of a user. The at least one microneedle 4 protrudes from the attachment surface 3. The
device 1 is intended to be attached to the skin 2 so that the at least one needle 4 is in-

serted into the body of a user.

The body fluid is extracted from the body with the use of at least one hollow microneedle

4. Preferably there is an array 5 comprising a plurality of microneedles 4. When there is an
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array 5 the microneedles 4 are preferably are arranged approximate in the same direction.
The direction of the microneedle 4 may be approximately 90° to the skin attachment sur-
face 3, or may be slightly slanted in relation to the skin attachment surface 3. With refer-
ence to Fig. 2, which shows an array 5 of a plurality of microneedles 4, the at least one mi-
croneedle 4 is hollow and has at least one opening 24 close to the tip 25 for receiving body
fluid. The length of the microneedle 4 is preferably as short as possible in order to mini-
mize discomfort (for example pain) of the user but should still be long enough to sample
the body fluid of interest in a reliable manner. Longer microneedles 4 may be required for
the sampling of blood, and sampling of interstitial fluid may therefore be preferred. The
length of the microneedles may be from 50 um to 3000 um, preferably 100 um to 2000
um, more preferably 200 um to 1500 um. The internal diameter of the hollow micronee-
dle may be for example in the range of 15 um to 300 um. The microneedles 4 are prefera-
bly made of metal, silicon, or a polymer material, or a ceramic. Useful materials include
platinum, titanium, iron, gold, nickel, copper, gold, or alloys of these metals. Stainless
steel is also a useful material. US9033898 and references therein, and Ventrelli et al, Adv
Helthcare Mater. 2015, DOI: 10.1002/adhm.201500450 provides information about suita-

ble microneedles, arrays and their production.

The number of microneedles 4 on the array 5 may be any suitable number. For example,
1, 2, 3 or more, such as 10 or more, such as 100 or more, for example up to 500 micronee-

dles 4.

Because of the elasticity of the skin 2 an applicator may have to be used to insert the at
least microneedle 4 or the plurality of microneedles 4 into the skin. An attachment speed
of 1 m/sto 20 m/s may be useful. The applicator may be able to generate an acceleration

of from 4 m/s? to 100 000 m/s?.

Returning to Fig. 1, The microneedle or microneedles is connected to a flow channel 6
such that fluid collected in the microneedle 4 can flow into the flow channel 6. A plurally
of microneedles 5 or all microneedles 4 of the device 1 may be connected to the same

flow channel 6 with a system of branches 7.
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Bodily fluid flows from the body of the user into the opening 24 of the at least one mi-
croneedle 4 and from the microneedle into the flow channel 6. The fluid then passes by or
through the analysis unit 8 where at least a part of the fluid is analysed. The flow channel
6 continues on the other side of analysis unit 8. The fluid then flows out into the evapora-
tion layer 9 where the water component of the fluid evaporates or is absorbed by the

evaporation layer 9.

Flow through the device 1 may be at least partially achieved by evaporation or absorption
of fluid by evaporation layer 9 or caused by a pump 10, or combinations thereof. Flow may
also be caused by capillary action and/or wicking action of the evaporation layer 9 and/or
evaporation, without the aid of a pump 10. Capillary action is best achieved with a rela-

tively thin flow channel.

The flow channel 6 is preferably a microfluidic channel. The diameter of the flow channel 6
is typically less than 1 mm, more preferably less than 500 microns and in some embodi-

ments less than 50 microns, and in some embodiments less than 1 micron.

The flow rate of the device 1 may selected so that a reliable analyte measurement is ob-
tained, while keeping the device 1 and microneedle 4 as small as possible. Flow rates
through the device 1 of between 1 nl/hour to 300 ul/hour may be used, where 100 nl to
30 ul/ hour is preferred. It may be necessary to use a pump 10 to obtain the higher flow
rates. Flow may be more or less constant or may vary over time. For example, flow may be
increased at certain time points or may cease or almost cease at other time points. Flow in
the flow channel 6 may be controlled with the use of pump 10, and valves. Valves and

pump 10 are controlled by processor 11.

The optional pump 10 may be any type of mechanism that creates suction or pressure. In
a preferred embodiment the pump is powered by electricity. The pump 10 may for exam-
ple be a piezoelectric or an electromechanical device. The pump 10 may alternative be a

pre-packaged vacuum chamber, or another device that creates a vacuum, for example
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with the help of memory foam, or chamber that changes its shape over time, thereby cre-
ating suction or pressure. The pump 10may be located between the microneedle and the

analysis unit 6 or between the analysis unit 6 and the evaporation layer 9.

The analysis unit 8 is able to detect at least one property of the bodily fluid. The property
may be the absence or presence or concentration of an analyte. Any useful analyte may
be analysed by analysis unit 8, for example glucose, pH, electrolytes, liver enzyme values,
biomarkers, c-reactive protein, immunoglobulin, pharmaceuticals or their breakdown
products, hormones or other signalling molecules, peptide or peptide fragments, toxins,
metabolic products, substances from pathogens such as bacterial or viral toxins or pro-
teins, lipids such as cholesterol. The biomarker may be an endogenous protein or a patho-

gen protein, for example a virus, bacterial or parasite protein.

Any useful chemistry or method can be used to analyse the analyte. For example, electric
potential, spectroscopy, fluorescence, immunoassays, light scattering, surface plasmon
resonance, binding of a specific reagent such as an antibody, or an enzyme activity, or

combinations thereof may be used.

Glucose is a preferred analyte. Thus, the device 1 is, in a preferred embodiment, adapted
to analyse the level of glucose in the interstitial fluid or in the blood of a user. Methods of
detecting the level of glucose are well known. Continuous measurement of glucose levels
are suitable measured using conventional glucose oxidase chemistry using electrodes.
Typically, three electrodes are used, a working electrode, a counter electrode and a refer-
ence electrode. Typically, the enzyme glucose oxidase is used for catalysing the generation
of H,0; at the working electrode. Glucose oxidase can for example be captured in a layer
on the electrode. A surplus of O; is needed for this reaction to occur at the working elec-
trode, and a mediator compound may be used for generating free electrons from H,0;, in
order to decrease the need for O,. Useful mediators include ferrocene derivatives, ferricy-
anide, conducting organic salts (particularly tetrathiafulvalene-tetracyanoquinodime-
thane, TTF-TCNQ), phenothiazine and phenoxazine compounds, or quinone compounds.

Alternatively, glucose hydrogenase may also be used as the enzyme. Ventrelli et al, Adv
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Helthcare Mater. 2015, DOI: 10.1002/adhm.201500450 provides information about useful

glucose sensors.

Analysis of the glucose levels of a user, in particular a diabetic patient, by analysing inter-
stitial fluid, is a preferred embodiment. Glucose concentrations of the interstitial fluid

closely reflects that of the glucose concentration in blood, but with a slight time lag.

Other types of analytes that can be measured with electrodes includes glutamate, etha-
nol, choline, cortisol or lactate. For example, electrodes of the type sold by Pinnacle Tech-

nology, Kansas, USA, may be used.

With reference to Fig. 3 The device 1 preferably comprises a processor 11 for collecting
signals from the analysis unit 8 and a memory 12 for storing measurement values and
software, and a wireless communication unit 13. The wireless communication unit 13 is
preferably able to transfer information to a second device 36, for example a smartphone
or other type of device. Preferably sample data can be transferred. Transfer may occur au-
tomatically when the second device 36 is within range of the medical device 1. The wire-

less communication may be near field communication (NFC).

The device 1 preferably comprises a communications interface 14 for allowing communi-
cation between the various electronic components. There may be power source such as a
battery and wiring for powering one or more of analysis unit 8, pump 10, processor 11,
memory 12, wireless communication unit 13 and communications interface 14 and a sen-
sor 23 for example a flow sensor or a pressure sensor. The battery may be charged with
the use of an induction coil, or a port. As an alternative to a battery the device may have
self-powered biofuel cell (BFC). Analysis unit 8, pump 10, processor 11, memory 12, wire-
less communication unit 13, communications interface 14, battery and sensor 23 are all
referred to as “electronic units” 29 herein. The device 1 may comprise other electronic
units such as, but not limited to, sensors, alarms, light emitting units, charging coils, valves
etc. These are also referred to as “electronic units” 29. The device may have at least one

electronic unit 29, in particularly an electronic unit 29 that generates some heat as a by-
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product if its operation. For example, a wireless communications unit 13 generates at
least some heat during transmission, and processor 11 generates at least some heat when

it is working.

Processor 11 and software stored in memory 12 control or receive data from the various
electronic units 29 of device 1. Processor 11 and software may control flow of fluid trough
device by controlling pump 10 or a valve. Sampling may be done at any suitable interval
and may be controlled by processor 11. Analyte measurements may be carried out on at
least every predetermined timer interval with may be for example at least every 24 hours,
more preferably at least every 12 hours, every 6 hours, every 3 hours, every 2 hours, every
60 minutes, every 30 minutes, every 15 minutes, every 10 minutes, every 5 minutes, every
minute, every 10 seconds or at least every second. Pump 10 and valves may operate in
conjunction with the sample frequency. The data may be stored in memory 12 together

with a related timepoint such as time and date.

Transfer of data to a user be done automatically with a predetermined schedule, which
may be once per day, or at the convenience of the user. The processor 11 may control the
sampling and transfer of data with the use of wireless communication unit 13 to the sec-
ond device 36. For example, the device 1 and the second device 36 may carry out a hand-
shake before transfer of data to the second device 36. The second device 36 may be able
to display the data on a display and to transfer it to a cloud solution for storage, analysis

and future reference.

The processor 11 and software may be configured to carry out one or more of the follow-
ing: monitoring the flow rate trough device 1, controlling flow, the pump 10 and/or valves,
monitoring the correct function of the device 1, cause an alarm in case of malfunction or
need of replacement, check of battery status, alarm in case of low flow, starting and stop-
ping the device, resetting the device, wireless communication with second device 36, data
analysis, data storage and transfer, data encryption, storage of an ID of device 1 and of

second device 36.
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Preferably the device 1 can be used for several days or weeks, such as at least 3 days,
more preferably at least 5 days, more preferably at least 10 days and most preferably at
least 20 days. Thus, the device 1 is able to withdraw bodily fluid and analyse it for such a

period of time.

Evaporation layer

Returning to Fig. 1, the flow channel 6 disgorges fluid into the evaporation layer through
opening 37. The flow channel 6 may branch into two or more branches 22 (shown in Figs.
9 and 10) that empties into the evaporation layer 9. Therefore, there may be more than
one opening 37. The branches 22 spreads the fluid into the various parts of the evapora-
tion layer 9. The evaporation layer 9 is suitable to receive the fluid from the flow channel

6. The fluid is preferable water-based such as interstitial fluid or blood.

The evaporation layer is able to absorb and/or allow fluid to evaporate. The evaporation
layer suitable has a high fluid handling capacity. As used herein “fluid handling capacity”
means the combined ability to take up moisture and to evaporate it to the environment.
The fluid handling capacity of the evaporation layer may be at least about 1 g/m?/24 h,
more preferably at least 10 g/m?/24h, more preferably at least 500g/m?/24h, more prefer-
ably at least 1000 g/m?/24h more preferably 2500 g/m?2/24 hours or at least about 3500
g/m?/24 hours.

The fluid handling capacity of the evaporation layer 9 may be mainly based on absorption
and retention of the fluid where evaporation plays a less significant part (in which case it

may be referred to as an “absorption and evaporation layer”), or may be based mainly on
evaporation where most of the fluid is evaporated. Thus, the evaporation layer 9 may as-
sist in the evaporation of the fluid. An advantage with a absorption and evaporation layer
may be that the absorbent material may be encapsulated, enabling the user to use in the
water, for example while swimming. An embodiment with an elastomer layer 27 may be

particularly useful for this, see Fig. 8.
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The fluid handling capacity of the device 1 may be such that the fluid is handled by device
1 at least as fast as the flow rate in the device, such that all the fluid that reaches the
evaporation layer 9 is absorbed by evaporation layer or first absorbed and the evaporated

from evaporation layer 9.

Moisture vapor transmission rate (MVTR) is a measure of the passage of water vapor
through a substance. In one embodiment the evaporation layer 9 has a high MVTR. The
MVTR of the device 1 may be such that the fluid evaporates with the same rate, or faster,
than the flow rate of fluid in the device, such that all the fluid that reaches the evapora-
tion layer 9 evaporates over time. The evaporation layer 9 may have a MVTR of at least
300 g/m?/24 hours, more preferably at least 500 g/m?/24 hours, more preferably at least
1000 g/m?/24hours, and most preferably at least 1200 g/m?/24 hours. A high MVTR is use-
ful because it prevents antimicrobial growth and prevents formation of moisture, thereby

providing more comfort to the user.

Methods for determining fluid handling and MVTR are described in W02013071007.

The evaporation layer 9 may be at least partially exposed to the surrounding air, which fa-

cilitates evaporation.

The evaporation layer 9 may comprise a material with a large surface area, such as a fluff

layer, a foam layer, a porous layer or a sponge-like layer.

The evaporation layer 9 may comprise a cellulose fiber, such as cellulose fluff (fluff pulp).
Examples of useful materials include BASF Luquafleece ®, Texsus Absorflex® and similar
products. Examples of absorbent materials are also provided in W09620667 and

W02001156489.

The evaporation layer 9 may comprise or consist of a hydrogel-forming absorbent poly-
mer. Super absorbent polymers include crosslinked acrylate polymers, crosslinked prod-

ucts of vinyl alcohol-acrylate copolymer, crosslinked products of polyvinyl alcohols grafted
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with maleic anhydride and carboxymethylcellulose. BASF superabsorbent polymers, in-

cluding the Medi Gel® and Artic Gel® brands of polyacrylate are useful.

The evaporation layer 9 may comprise a cellulose fiber in combination with a hydrogel-

forming absorbent polymer.

The device may have a thin breathable outer layer 39 (Figs. 6-7) outside the evaporation

layer 9 for protecting against water splash and mechanical wear, preferably a non-vowen
material or a film material. The material may be water-vapor permeable. The outer layer
39 may for example have small holes or pores for increasing breathability the outer layer
39 may for example comprise or consist of polyurethane, elastomeric polyester or polyvi-

nyl chloride.

With reference to Fig. 4 the device 1 may preferably comprise an adhesive skin attach-
ment layer 15 that comprises the attachment surface 3. The adhesive attachment layer 15
comprises an adhesive compound or composition that makes the device 1 adhere to the
skin 2, even if applied to a vertical body surface, and during movement. The adhesive of
the adhesive attachment layer 15 may be an acrylate, includ-

ing methacrylates and epoxy diacrylates. The adhesive may be a pressure sensitive adhe-
sive. Henkel Duro-Tak® is a useful adhesive. The adhesive attachment layer 15 may also
comprise an elastomeric compound. The adhesive attachment layer may also be a sepa-

rate housing (see below) if is detachable from the rest of device 1.

The adhesive attachment layer 15 may have a release liner 16 on the skin-contacting side.
The release liner 16 is removed just prior to application of the device 1 to the skin 2 of the

user.

With reference to Figs. 5 to 13, The medical device 1 may have suitable shape. The medi-
cal device preferably has a main body 26 comprising the attachment surface 3, where the
at least one microneedle 4 protrudes from main body 26. The main body comprises the

attachment surface, the major parts of flow channel 6, analysis unit 8, attachment layer 15
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and any electronic units 29. The main body 26 may also comprise the base of the mi-
croneedle 4, such that the microneedle protrudes from a base integrated in the main body

26.

Preferably the main body 26 has rounded shape such as puck-shaped, or shaped as a
patch. The patch may be a soft patch. Preferably the analysis unit 8 is comprised in the
main body 26 of the medical device 1 For example, inside the housing 18 or embedded in
the elastomer 27 as described below. Thus, preferably, no part of the analysis unit 8, for

example electrodes are inside hollow microneedle 4.

The other components, such as the analysis unit 8 and any other components, such as
other electronic components, may be arranged in a central part 21 (Figs. 5, 7, 9 and 13) of
the main body 26 of device 1, located between the evaporation layer 9 and the adhesive

attachment layer 15.

The device 1 may, as seen in Figs. 5, 6, 7, have an outer housing 18 with the evaporation
layer placed on top of the outer housing 18 or in an upper compartment of the housing
18. The housing 18 may be made of a stiff polymer material such as for example ABS, PET,
PETG or polycarbonate. The evaporation layer 9 sits on top of the housing 18 or in an

opening in the housing 18 and may be held in place with flanges 19 (Fig 7).

The device 1 may comprise an elastomeric (rubber-like) material. The main body 26 of de-
vice may then be a soft patch. For example, the flow channel 6 and the base of the array
of microneedles 5 and at least one electronic unit 29, or all electronic units 29, may be
contained in an elastomeric layer 27. With reference to Fig. 8, the elastomeric layer 27
may contain or surround the evaporation layer 9, in particular an evaporation layer 9 that
absorbs a large amount of fluid such, as a hydrogel forming polymer. The flow channel 6,
and electronic units and parts of the array 5 may be contained in a inner housing 28 that is

embedded in the elastomeric layer 27 and the evaporation layer 9.
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The elastomeric layer 27 may be breathable in order to let water vapor through. For ex-
ample, the elastomeric layer 27 may have pores. However, fluid handling may be almost
completely based on absorption in evaporation layer 9 inside elastomeric layer 27. The
elastomer layer may then have a low MVTR (low breathability), in order to protect layer 9

from moisture from the outside.

Examples of elastomers may include, but are not limited to, natural rubbers, polyisoprene,
styrene butadiene rubber, chloroprene rubber, polybutadiene, nitrile rubber, butyl rub-
ber, ethylene propylene rubber, ethylene propylene diene monomer, chlorosulfonated

polyethylene, polysulfide rubber, polyurethane (PU), EVA film, co-polyester, and silicones.

Enhancement of evaporation

Evaporation of fluid from the evaporation layer 9 may be enhanced by body heat from the
user. Body head may be conducted or radiated from the user through the attachment
layer 15 into the evaporation layer 9. Evaporation of fluid from the evaporation layer 9
may also be enhanced by heat from at least one electronic unit 29. At least one electronic
unit 29 may be arranged so that it at least partially is arranged in contact with the evapo-

ration layer 9 (Fig. 9).

The device 1 may comprise a heat conducting element 17. The heat conducting element
17 may be for example a heat conducting layer, for example a metal film or foil as shown
in Fig. 10. The heat conducting element 17 may be arranged between the adhesive attach-
ment layer 15 and the evaporation layer 9. The heat conducting element 17 may be ar-
ranged as shown in Fig. 10, above an electronic unit 29 but below the evaporation layer 9,
thereby transferring heat from the electronic unit 29 to the evaporation layer 9 and
thereby enhancing evaporation. The heat conducting element 17 may be approximately
parallel to the skin attachment surface 3. However, the heat conducting element 17 may

also be arranged as vertical metal studs or metal membranes or metal sheets that conduct
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heat from the body of the user to the evaporation layer (Fig. 11). The heat conducting ele-
ment 17 aids in conducting and distributing heat from the body of the user and from any

electronic units 29 of the device 1.

The heat conducting element 17 or an electronic unit 29 may comprise heat conducting
fins 20 or similar arrangement (surface area increasing element) that increases the surface
area for conducting heat to the evaporation layer 9. The fins 20 are preferably made of
material with a high thermal conductivity, such as a metal. A part of the surface-area in-
creasing arrangement, such as fins 20, may be embedded in the evaporation layer 9. The
electronic unit 29 may have metal fins 20 attached to its outer surface, where the metal
fins 20 are in close proximity or embedded in the evaporation layer 9 (Fig 9). For example,
the processor 11, the analysis unit 8 or the wireless transmitter 13 may be placed in close
proximity to the evaporation layer 9 and have fins 20 that are embedded in the evapora-
tion layer 9. As an alternative to fins 20, metal threads, metal wire or metal mesh, or simi-
lar may be used. As a further example, the heat conducting element 17 may be a corru-

gated metal foil, of which one side is embedded in the evaporation layer 9 (Fig. 12).

Figs. 9 and 10 also shows communications interface 14 of device 1.

Antimicrobial agent

The device in particular the evaporation layer 9 may comprise an antimicrobial agent, in
particular an antibacterial, antifungal or antiviral agent. Other parts that may comprise an
antimicrobial agent are the at least one microneedle and the inner surface of the flow

channel, and analysis unit 6.

In one or more embodiments, the antibiotic agent is selected from the classes consisting
of beta-lactam antibiotics, aminoglycosides, ansa-type antibiotics, anthraquinones, antibi-
otic azoles, antibiotic glycopeptides, macrolides, antibiotic nucleosides, antibiotic pep-

tides, antibiotic polyenes, alcohols, antibiotic polyethers, quinolones, antibiotic steroids,
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sulfonamides, tetracycline, dicarboxylic acids, antibiotic metals, oxidizing agents, sub-
stances that release free radicals and/or active oxygen, cationic antimicrobial agents, qua-
ternary ammonium compounds, biguanides, triguanides, bisbiguanides and analogs and

polymers thereof and naturally occurring antibiotic compounds.

Examples of particulary useful antimicrobial agents may be parachlorometaxylenol; chlor-
hexidine and its salts such as chlorhexidine acetate and chlorhexidine gluconate; iodine;
iodophors; poly-N-vinylpyrrolidone-iodophors; silver oxide, and silver and its salts, fucidic
acid, sodium fucidate, retapamulin, mupirocin, oxytetracycline, polymyxin B, kanamycin,

bacitracin, bacitracin zinc, neomycin, or lactic acid, citric acid, or acetic acid.

Examples of anti-fungal agents which may be used in the present invention and which are
known for their topical use are amorolfine, clotrimazole, miconazole, ketoconazole, ciclo-

pirox, or terbinafine.

The antimicrobial agent is preferably a solid at room temperature, preferably a solid at a
temperature at a temperature up to a 35°C in order to maximize evaporation of the body

fluid from the evaporation layer.

Parts of the device 1 such as the at least one microneedle 4 or inner surface of flow chan-
nel 6 or the evaporation layer 9 may also comprise a surface treatment or coating that in-
hibits microbial growth. An example of such a coating or surface treatment is arrange-
ments that inhibits attachment of bacteria, or an agent that destroys the cell membrane

of microbes such as a surfactant or a membrane piercing protein, or the use of silver ions.

Replaceable parts

In certain embodiments, with reference to Fig. 13 at least one of the evaporation layer 9
and the adhesive attachment layer 15 (including microneedle 4) of the medical device 1
can be replaced. Thus, the evaporation layer 9 may have a lower surface 30 that is remov-

ably attached to the upper surface 31 of the rest of the device 1, or the upper surface 32
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of the attachment layer 15 comprising attachment surface 3 is removably attached to the

lower surface 33 of the rest of the medical device 1.

In a preferred embodiment the evaporation layer 9 and the attachment surface 3 can be
replaced while central part 21 comprising at least one electronic unit 29, in particular the
analysis unit 8, is reusable. It is preferred that reusable central part 21, comprises other
electronic units 29, which may be expensive and thus can be reused, such as pump 10,

processor 11, memory 12, wireless communications unit 13.

In one embodiment the battery is provided in one of the replacement parts 9 or 15. | this
way the battery is changed when changing the evaporation layer 9 or the attachment

layer 15.

The evaporation layer 9 or the attachment layer 15 can thus be reversibly attached to the
rest of device 1, for example central part 21, with for example an adhesive. The adhesive
is preferably of a kind that allows attachment and detachment without breaking the cen-
tral parts 21. Attachment an also be achieved with for example micro Velcro or similar

means.

Central part 21 may have any suitable design. For example, central 21 may comprise outer

housing 18 or an outer elastomeric layer 27.

The detachable attachment layer of Fig. 13 may have a separate housing or may have a

body of an elastomeric material.

Preferably the replaceable attachment layer 15 comprises the microneedle 4. The mi-
croneedle 4 or lower part of the flow channel 6a may become connected to the rest of the
flow channel 6b by means of connectors 24a and 24b. Preferably the connection between
connectors 24a and 24b is leak proof, for example with the aid of a gasket or a press fit, or
both. Connectors 24a and 24b may have quick lock, for or example the connectors 24a,

24b may snap together.
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Preferably the flow channel 6 ends on the upper surface 31 of the central part 21 such
that the flow channels 6 spills out into the evaporation layer 9 when the evaporation layer

is attached to the middle part.

Asymmetric device

As seen in Fig. 14, the device 1 may have an upper end 34 and a lower end 35 and the flow
channel 6 empties into the evaporation layer 9 closer to the upper end 34 than the lower
end 35. When the device 1 is placed on the skin 2 which is a vertical or almost vertical sur-
face, such as the side of the upper arm (at least when the user is not lying down), this ar-
rangement will improve the distribution of liquid in the evaporation layer 9, as gravity will
tend to make the fluid flow downwards from opening of flow channel 6 into the evapora-

tion layer 9. The flow channel may have branch 22, providing a plurality of openings 37.

There is further provided a method of sampling a body fluid comprising the steps of at-
taching device 1 to the skin of a user, sampling body fluid from the user, and allowing at
least a part of the fluid to be absorbed by the evaporation layer 9, and optionally allowing

at least a part of the absorbed fluid to evaporate from the evaporation layer 9.

The skilled person understands that the various embodiments of the invention may be com-
bined whenever possible. While the invention has been described with reference to specific
exemplary embodiments, the description is in general only intended to illustrate the in-
ventive concept and should not be taken as limiting the scope of the invention. The inven-

tion is generally defined by the claims.
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