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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates to a device for obtaining
interstitial fluid from the body of a patient for use in a
diagnostic test. More particularly, this invention relates
to a device for obtaining interstitial fluid from the body
of a patient at a rapid rate of collection.

2. Discussion of the Art

[0002] Interstitial fluid is the substantially clear, sub-
stantially colorless fluid found in the human body that
occupies the space between the cells of the human
body. Several methods have been used to obtain inter-
stitial fluid from the body of a patient for diagnostic tests.
Diagnostic tests that can be run with samples of inter-
stitial fluid include, but are not limited to, glucose, cre-
atinine, BUN, uric acid, magnesium, chloride, potassi-
um, lactate, sodium, oxygen, carbon dioxide, triglycer-
ide, and cholesterol.
[0003] It is much more difficult to obtain a sample of
interstitial fluid from the body of a patient than it is to
obtain a sample of blood from the body of a patient.
Blood is pumped under pressure through blood vessels
by the heart. Consequently, a cut in a blood vessel will
naturally lead to blood flowing out of the cut because the
blood is flowing under pressure. Interstitial fluid, which
is not pumped through vessels in the body, is under a
slight negative pressure. Moreover, the amount of inter-
stitial fluid that can be obtained from a patent is small
because this fluid only occupies the space between the
cells of the human body. Currently available methods
for obtaining large amounts of interstitial fluid are unsat-
isfactory, because these methods are accompanied by
undesirable side effects.
[0004] Several methods have been employed to ob-
tain access to interstitial fluid for glucose monitoring.
These methods include, but are not limited to, microdi-
alysis, heat poration, open flow microperfusion, ultrafil-
tration, subcutaneous implantation of a sensor, needle
extraction, reverse iontophoresis, suction effusion, and
ultrasound.
[0005] Microdialysis involves placing microdialysis
tubes in the body, introducing a fluid into the tubes, al-
lowing the fluid to traverse the length of tubing in the
body, and withdrawing the fluid to a location outside the
body. As the fluid passes through the microdialysis tub-
ing in the body, glucose from the body is exchanged with
the fluid inside the tubing, resulting in a change in glu-
cose concentration primarily in the fluid inside the tub-
ing. The change in the concentration of glucose in the
tubing can be measured with a sensor that is external
to the body.
[0006] There are several drawbacks in the use of

microdialysis equipment for measuring the concentra-
tion of glucose. Microdialysis tubes have walls. The
walls of the microdialysis tubes are formed from a ma-
terial called dialysis membrane. This membrane allows
molecules below a certain size to pass but restricts the
movement of larger molecules. The amount of glucose
that is exchanged may be small, leading to small chang-
es in the concentration of glucose in the fluid inside the
microdialysis tubing. These small changes in the con-
centration of glucose can be difficult to detect accurate-
ly. Moreover, the amount of time required for the fluid to
circulate through the microdialysis tubes can be great.
Accordingly, the concentration of glucose being meas-
ured by a sensor that is external to the body can lag
behind the actual concentration of glucose inside the
body by several minutes. Reducing the length of the tub-
ing and increasing the rate of the pumping of the fluid
can decrease the duration of this lag, but such actions
also decrease the amount of glucose being transferred
to the tubing. In addition, obtaining accurate measure-
ments of the concentration of glucose from solutions
having a low concentration of glucose is difficult. Fur-
thermore, the microdialysis tubing can break off during
use or upon withdrawal from the body, thereby present-
ing a hazard to the user. Finally, the exchange of glucose
across the membrane of the tubing can vary over time,
resulting in erroneous determinations of the concentra-
tion of glucose.
[0007] Heat generated by a light from a laser that acts
upon a dye or heat generated by a heated wire can be
usedto form openings in the outermost layer of the skin,
the stratum corneum. The formation of openings in the
skin by means of heat is described in WO 97/07734. In-
terstitial fluid can be extracted from the openings in the
skin by means of a vacuum or by application of pressure
around the periphery of the openings. The use of a laser
to form openings in the skin is expensive, because the
laser must not only be powerful enough to cause the
formation of the openings in the skin, but must also be
properly focused to create small openings in the skin. A
plurality of openings must be formed in the skin order to
obtain a sufficient quantity of interstitial fluid. If one laser
is used, the mechanism housing the laser will be com-
plex and costly, on account of the necessity of additional
components for moving the laser to a plurality of loca-
tions on the stratum corneum. Alternatively, a plurality
of lasers could be incorporated into an instrument to
form a plurality of openings in the stratum corneum. This
approach would be costly because of the additional cost
of extra lasers. Because of the limitations of the laser
and because of unsightly discoloration caused by the
formation of openings in the skin, the number of open-
ings per each interstitial fluid extraction operation is typ-
ically limited to three to six. The amount of interstitial
fluid extracted will be limited to the amount that can be
drawn through these openings. A greater number of
openings could provide an increased rate of collection
of interstitial fluid, but a greater number of openings
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would be impractical. The openings would have to be
distributed over a wide area of skin, thereby making the
harvesting of the interstitial fluid difficult.
[0008] Open flow microperfusion is similar to microdi-
alysis. A fluid flows through a tube placed in the body,
and the fluid is exchanged between the body and the
tube. The concentration of glucose in the fluid exiting
the body is proportional to the concentration of glucose
in the body. Typically, if the concentration of glucose in
the fluid inside the tube is initially zero, by the time the
fluid leaves the body, the concentration of glucose in the
exiting fluid will be onethird that of the concentration of
glucose in the body. The difference between open flow
microperfusion and microdialysis resides in the type of
tube used. Microdialysis tubes have very small pores
that are designed to allow only small molecules to dif-
fuse through the walls of the tube. Pore sizes in micro-
dialysis tubing are typically on the order of 1 to 10 nm.
Open flow microperfusion systems have pores typically
on the order of 200 micrometers. In the case of open
flow microperfusion, the pores should not restrict the
movement of any molecules in the interstitial space. Nei-
ther the microdialysis method nor the open flow micro-
perfusion method extracts a pure sample of interstitial
fluid; accordingly, these methods require a calibration
factor.
[0009] Ultrafiltration involves placing microdialysis
tubing inside the body and extracting interstitial fluid
from the body through the tubing by means of vacuum.
A steady stream of fluid cannot be obtained because the
application of vacuum leads to the formation of bubbles
in the fluid. A lower level of vacuum would reduce bubble
formation but would increase the amount of time re-
quired to remove the sample of interstitial fluid from the
body and transfer it to a glucose detector. The pores of
the microdialysis tubing become clogged over time,
thereby leading to lower flow rates or the need to in-
crease levels of vacuum. The interstitial fluid that is ob-
tained does have concentrations of glucose similar to
that found in blood, making the determination of the con-
centration of glucose more accurate than that of micro-
dialysis. However, the length of tubing that must be in-
serted under the skin is typically on the order of centim-
eters in length. A typical patient cannot easily insert this
length of tubing. Furthermore, the greater the length of
the tubing, the more likely that it will break off during use
or upon withdrawal from the body.
[0010] A sensor implanted beneath the skin can be
used to monitor the concentration of glucose continu-
ously. This type of sensor does not require removal of
fluid from the body to measure the concentration of glu-
cose. The sensor is difficult to calibrate because it is lo-
cated inside the body. The only way to confirm the ac-
curacy of the sensor is to measure blood glucose level
by fingerstick methods. Furthermore, the sensor is sub-
ject to the motion of the body as well as to attacks by
the body's immune system. The overall accuracy of
these devices is usually poor.

[0011] A hollow needle can be placed in the dermis
layer of the skin and used to extract interstitial fluid by
means of vacuum or by means of pressure applied to
the skin around the periphery of the needle. The amount
of interstitial fluid withdrawn is usually very small, typi-
cally on the order of one microliter or less. Interstitial
fluid can enter the needle only through the open end. If
the needle is used for extended periods of time, it may
cause irritation to the user. The level of vacuum required
to obtain a steady flow of interstitial fluid may be high
and bubble formation may be seen, similar to that seen
in the case of ultrafiltration. If a low level of vacuum is
used, the flow of interstitial fluid may be slow and the
significant lag time may cause the concentration of glu-
cose measured to differ significantly from the actual con-
centration of glucose.
[0012] Passing a small current through the skin has
been used to drive drugs having low molecular weight
through the skin. This process is known as iontophore-
sis. The passage of current can also cause ionic mate-
rial from within the skin to be extracted from the body in
a process called reverse iontophoresis. As the ionic ma-
terials move outside the body, they drag water with them
as well as any non-ionic material dissolved in the water.
By means of this technique, glucose can be removed
from the body through the skin. However, the process
is slow and the concentration of glucose extracted is low.
[0013] Suction effusion first employs adhesive tape to
remove the outer layer of the skin. The tape must be
applied to the skin several times, typically 20 to 100, until
the outer layer of skin is removed. Once the outer layer
of skh is removed, a vacuum is applied to suck interstitial
fluid out through the area where the outer layer of skin
was removed. Removing the outer layer of the skin is
very time consuming, and the amount of interstitial fluid
that can be sucked out by meansof the vacuum is very
small.
[0014] Ultrasound has been claimed to cause the skin
to become more porous. After the skin is exposed to ul-
trasonic energy, interstitial fluid containing glucose may
be extracted from the more porous skin by means of a
vacuum. It has also been suggested that ultrasound can
aid in the transport of fluid across the skin. The concen-
tration of glucose in the extracted fluid can then be
measured by means of a glucose detector. Experimen-
tal evidence does not show conclusively that ultrasound
causes the skin to become more porous. The tech-
niques described in the prior art either obtain very little
interstitial fluid from the body or require extreme condi-
tions, e.g., the application of very high vacuum levels,
to extract the interstitial fluid. The techniques of the prior
art also suffer from the shortcoming of extracting fluids
containing low concentrations of glucose, which con-
centrations are difficult to measure accurately.
[0015] In view of the foregoing, it would be desirable
to develop a technique for obtaining interstitial fluid from
the body of a patient at a rapid rate of collection. It is
desired that the technique provide a large amount of in-
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terstitial fluid, that the technique not be harmful to the
patient, that the technique be of low cost, and that the
technique provide a sample that produces accurate re-
sults.

SUMMARY OF THE INVENTION

[0016] A device for obtaining a sample of interstitial
fluid from a patient for use in monitoring the level of
blood glucose in the patient is described. The device
comprises a hollow tube having a wall, wherein the wall
of the tube contains a multiplicity of pores.
[0017] The shape of the tube preferably corresponds
to the shape of the device used to form the opening in
the skin into which the tube is inserted. For example, if
the device for forming the opening in the skin is cylindri-
cal, such as, for example, a needle, the tube is prefera-
bly cylindrical in shape. The preferred shape of the tube
is cylindrical. The shape of the tube determines the
shapes of the openings at each end of the tube.
[0018] The tube should be of sufficient length so that
a sufficient number of pores can be formed in the wall
of the tube so the flow rate of the interstitial fluid would
be equal to or greater than the flow rate required for us-
ing a commercially feasible assay. The tube should not
be so long that an excessively long needle would be re-
quired to insert it, because the use of such a long needle
would be painful to the patient.
[0019] The tube should be of sufficient diameter that
the flow rate of interstitial fluid will be adequate for a
commercially feasible assay. The diameter should not
be so great that insertion of the needle required to form
the opening in the skin for the tube will cause excessive
pain to the patient. The smallest practical needle or lan-
cet for forming an opening in the skin of a patient is 31
gauge. The outer diameter of a needle of 31 gauge is
about 0.25 mm. Therefore, the inside diameter of the
tube is preferably at least about 0.25 mm. The inside
diameter of the tube is limited by the size of the largest
needle or lancet that could comfortably be used to form
the opening in the skin to insert the tube. A needle of 18
gauge (about 1.25 mm in diameter) is probably the larg-
est needle that would be inserted into a patient. The in-
side diameter of the tube preferably does not exceed
1.25 mm.
[0020] The thickness of the wall of the tube should be
sufficient to ensure mechanical stability. Typically, a wall
thickness of from about 0.2 mm to about 0.5 mm is pre-
ferred. The outside diameter of the tube preferably does
not exceed 2.25 mm. The outside diameter of the tube
is preferably at least about 0.65 mm.
[0021] The size of the pores in the wall of the tube
preferably exceeds the diameter of a red blood cell so
that the pores will not be clogged by red blood cells. The
maximum pore size is preferably less than the inside di-
ameter of the tube in order to maintain the mechanical
integrity of the tube. The number of pores will be based
on the desired porosity of the tube and the size of the

pores.
[0022] The invention provides an assembly for insert-
ing the device into the skin of a patient. A method for
employing the device of this invention for obtaining ob-
tain interstitial fluid from the body of a patient is also de-
scribed.
[0023] The assembly of this invention can obtain in-
terstitial fluid from the body of a patient at a rapid rate
of collection. Moreover, the assembly can provide a
large amount of interstitial fluid. In addition, the assem-
bly and method for its use are not harmful to the patient.
The device is inexpensive. Most importantly, the device
helps to provide a sample that produces accurate re-
sults.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1A is a schematic side view in elevation of a
cross-section of the tube of the present invention.
In this view, the needle holder and the analyte de-
tector are not present.

FIG. 1B is a schematic side view in elevation of a
cross-section of the tube of the present invention.
In this view, the needle holder is present.

FIG. 1C is a schematic side view in elevation of a
cross-section of the tube of the present invention.
In this view, the needle holder is absent, and a glu-
cose detector is present.

FIG. 2 is a graph that compares rate of removal of
interstitial fluid by means of this invention with rate
of removal of interstitial fluid by means of a device
of the prior art.

DETAILED DESCRIPTION

[0025] As used herein, the term "diameter" means the
length of the longest straight line segment passing
through the center of a figure, e. g., a circle or an ellipse,
and terminating at the periphery. The term "multiplicity"
means a large number.
[0026] Referring to FIGS. 1A and 1B, the device 10 of
this invention comprises a hollow tube 12 comprising a
wall 14 surrounding a cavity 16, a first end 18, which has
an opening 19, and a second end 20, which has an
opening 21. A multiplicity of pores 22 is formed through
the wall 14 of the tube 12. The second end 20 of the
tube 12 is attached to a patch 24. The patch 24 has a
layer 26 of adhesive on one major surface thereof for
attaching the patch 24 to the surface of the skin of a
patient. The shape of the tube 12 is not critical, but the
tube is preferably cylindrical in shape. In the case of a
cylindrical tube, the diameter of the tube 12 is typical of
those tubes used for the administration of insulin to a
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patient by means of an insulin pump. A needle 28 is used
to aid in the insertion of the second end 20 of the tube
12 below the surface of the skin of a patient. The needle
28, which is held by a needle holder 30, can be placed
in the hollow cavity 16 of the tube 12 by inserting the tip
32 of the needle into the opening 19 in the first end 18
of the tube 12. The diameter of the needle 28, which is
cylindrical in shape, is typical of those needles used for
administration of insulin to a patient by means of an in-
sulin pump. The tip 32 of the needle 28 should project
slightly beyond the opening 21 in the second end 20 of
the tube 12 in order to facilitate insertion of the tube 12
into the skin of a patient.
[0027] The openings 19, 21 at the ends 18, 20 of the
tube 12 are defined by the shape of the tube 12. A cy-
lindrical tube preferably has openings having the shape
of a cirde or an ellipse.
[0028] The needle 28 can also be in the shape of a
blade. The tube 12 would then preferably have the
shape of a parallelepiped to fit closely around the out-
side of the blade-shaped needle. If the needle 28 has
some other shape, cavity 16 of the tube 12 would pref-
erably have a shape such that the interior surface of the
wall 14 of the tube 12 would fit closely around the sur-
face(s) of the needle 28.
[0029] The length of the tube 12 is preferably less than
that of a tube typically used for the administration of in-
sulin. A very long tube.is not preferred because it would
require a long needle to insert it. The use of a long nee-
dle would result in excessive pain to the user. Further-
more, a long tube does little to increase the rate of ex-
traction of interstitial fluid from the skin. A very short tube
would not allow an adequate number of pores to be
placed in the wall of the tube, with the result that the
increase in rate of extraction of interstitial fluid from the
skin would be minimal.
[0030] The tube 12 should be of sufficient length to
provide access to a large volume of interstitial fluid.
When the length of the tube 12 is sufficient, a sufficient
amount of interstitial fluid can be removed from the body
at a sufficient rate to provide a sample of fluid that will
yield a reading of the blood glucose level, for the patient
in a timely manner. As stated previously, the tube 12
should not be too long in order to prevent discomfort to
the patient. In addition, the tube 12 should not be too
long in order to prevent the interstitial fluid that enters
the opening 21 at the second end 20 of the tube 12 from
lagging behind the interstitial fluid that enters the pores
22 of the tube 12 by several minutes. If the lag time were
too long, the interstitial fluid reaching the glucose detec-
tor would not provide a reasonably accurate reading of
the blood glucose level. A glucose detector suitable for
use with the device of this invention is typically in the
form of a sensor, of the type described in WO 94/13203.
While this invention has been described with respect to
monitoring the blood glucose level of a patient by means
of a glucose detector, the device, assembly and method
of this invention can be used to measure the concentra-

tion of analytes other than glucose. The tube 12 must
not be so short that the wall 14 of the tube 12 has an
insufficient number of pores to bring about in an in-
crease in the rate of flow of interstitial fluid from the pa-
tient to the detector. The length of the tube 12 preferably
ranges from about 2 mm to about 10 mm, more prefer-
ably from about 5 mm to about 10 mm.
[0031] If the needle 28 used to form the opening in the
skin into which the tube 12 is inserted is cylindrical in
shape, the cavity 16 of the tube 12 should be of sufficient
diameter to accommodate the needle 28. The smallest
practical needle or lancet is 31 gauge. The outer diam-
eter of a needle of 31 gauge is about 0.25 mm. There-
fore, the inside diameter of the tube 12 is preferably at
least about 0.25 mm. The inside diameter of the tube is
limited by the size of the largest needle that could be
used to insert the tube 12 into the patient comfortably.
A needle of 18 gauge (about 1.25 mm in diameter) is
probably the largest needle that a patient would insert.
The inside diameter of the tube 12 would preferably not
exceed about 1.25 mm. If the needle 28 is of a shape
other than cylindrical, the dimensions of the cavity 16 of
the tube 12 should be of sufficient magnitude to accom-
modate the needle 28.
[0032] The minimum thickness of the wall 14 of the
tube 12 is preferably about 0.1 mm. This minimum thick-
ness would result in a minimum outside diameter of the
tube 12 of about 0.45 mm. Thicker walls are preferable
because they would result in a tube 12 having greater
mechanical stability. The thickness of the wall 14 pref-
erably ranges from about 0.1 mm to about 0.5 mm. The
maximum thickness of the wall 12 would result in a max-
imum outside diameter of the tube 12 of about 2.25 mm.
[0033] The tube 12 can be made of any material suit-
able for use in the human body. Preferred materials are
polymers. A preferred polymeric material for making the
tube 12 is polytetrafluoroethylene (PTFE), because of
biocompatibility and ease of insertion. The needle 28 is
preferably made of steel.
[0034] The pores 22 should be sufficiently large that
they do not easily become clogged. It is preferred that
the pores 22 have a diameter greater than about five (5)
micrometers so that any red blood cells released during
insertion of the tube 12 can pass through the pores 22
in the wall 14 of the tube 12. The upper limit of pore
diameter depends on the diameter of the tube 12 and
the materials of construction of the tube 12. A typical
tube suitable for insulin delivery has a diameter of 0.635
mm and a circumference of 2.0 mm. The diameters of
the pores 22 should preferably be smaller than one-
fourth the circumference of the tube 12 so that the tube
12 will display sufficient physical integrity for the pur-
pose of this invention. A tube that is 0.635 mm in diam-
eter should have pores having a diameter of less than
about 0.5 mm. The percentage of the surface of the tube
12 containing pores 22 can vary. The largest inside di-
ameter of the tube is expected to be 1.25 mm so the
maximum pore diameter preferably does not exceed 1
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mm. As stated previously, the lower limit of pore diam-
eter is preferably not less than 5 micrometers. If the per-
centage of the surface of the tube 12 containing pores
22 is too low, the benefit of having pores will not be re-
alized. If the percentage of the surface of the tube 12
containing pores 22 is too high, the physical integrity of
the tube will be compromised.
[0035] The porosity of the walls 14 of the tube 12 pref-
erably varies between 1% and 10% in order to maintain
the structural integrity of the tube 12. The pore count
would then vary from about 10 to about 10,000 pores
per mm of tube length.
[0036] The tubes 12 themselves can be prepared by
means of an extrusion process. Extrusion processes are
known to those having skill in the art and are described,
for example, in Encyclopedia of Polymer Science and
Engineering, Volume 6, John Wiley & Sons, Inc. (1986),
pp. 571-631.
[0037] The pores 20 in the wall 14 of the tube 12 can
be formed by laser drilling, radiation etching, molding,
or any other technique suitable for forming openings in
the walls of polymeric material.
[0038] The tube 12 must be easily removable in one
piece from the body after being implanted for several
days. Remnants of the tube 12 cannot be allowed to re-
main inside the body for the reason that such remnants
could bring about infection of the patient.

OPERATION

[0039] The operation of the invention is shown in
FIGS. 1A, 1B, and 1C. The needle 28, which is held by
the needle holder 30, is inserted inb the cavity 16 of the
tube 12 of the device 10 via the opening 19 in the first
end 18. The needle 28 and the tube 12 surrounding the
needle 28 are inserted into the skin. The patch 24 is firm-
ly attached to the surface of the skin by means of the
adhesive of layer 26. The needle 28 is then removed
from the cavity 16 of the tube 12 by means of removing
the needle holder 30. A detector holder 40 is attached
in the position where the needle holder 30 had been for-
merly attached. Alignment guides 42 aid in the proper
alignment of the detector holder 40. The detector holder
40 is attached to a source of vacuum by means of a tu-
bular connector 44.
Alternatively, the source of vacuum could be miniatur-
ized so that it would become part of the detector holder
40. The application of vacuum causes interstitial fluid to
be drawn out of the body and into contact with a detector
46 (e. g., a glucose detector), which contains reagents
that react with the analyte (e. g., glucose) in the intersti-
tial fluid. The interstitial fluid is collected in a waste
chamber 48 after the detector 46 has received a suffi-
cient amount of interstitial fluid to carry out an assay. A
connecting tube 50 connects the glucose detector 46
with the waste chamber 48. The interstitial fluid flows
into the tube 12 through the pores 20 in the wall 14 of
the tube 12 and through the opening 21 in the end 20 of

the tube 12.
[0040] The presence of pores 22 in the wall 14 of the
tube 12 brings about a large increase in the amount of
interstitial fluid that can be withdrawn at a given level of
vacuum. A comparison of the amount of fluid that can
be extracted as a function of level of vacuum applied is
shown in FIG. 2. The model is based on published data
relating to skin permeability and viscosity of interstitial
fluid. FIG. 2 shows that there is a nearly 10-fold increase
in the rate of extraction of interstitial fluid by using the
tube 12 of this invention as compared with a tube of the
prior art. The tube of the prior art has no pores in the
wall thereof.
[0041] The increased rates of extraction of interstitial
fluid would result in lower lag time between glucose con-
centration values obtained from whole blood samples
and glucose concentration values obtained from sam-
ples of interstitial fluid. The increased rate of extraction
of interstitial fluid would also enable the use of glucose
detectors that require a greater volume of interstitial fluid
for determining glucose concentration. Such detectors
are easier to develop and manufacture than are detec-
tors that must utilize a very small volume of interstitial
fluid. The level of vacuum could be decreased when the
tube of this invention is used, thereby allowing the use
of smaller vacuum pumps. The use of smaller vacuum
pumps could enable the size of a glucose monitoring
device to be reduced to the size of a wrist watch.
[0042] Heat poration, reverse iontophoresis, and ul-
trasound all require complex and expensive instrumen-
tation to increase porosity of the skin. Heat poration, ul-
trafiltration, suction effusion fluid, and ultrasonic energy
require a strong vacuum to extract fluid from the skin.
[0043] Microdialysis, open flow microperfusion, re-
verse iontophoresis, and ultrasound all measure fluid
samples that have been diluted. Such diluted samples
present two challenges for making accurate measure-
ments of glucose concentration. First, the low concen-
tration of glucose present in the extracted sample is
more difficult to measure because noise will tend to
overwhelm the glucose signal. Second, the amount of
glucose extracted will vary over time, with the result that
accuracy of measurement will decrease or the frequen-
cy of calibration will have to be increased in order to
compensate for variations in volume of glucose extract-
ed.
[0044] Microdialysis, heat poration, open flow micro-
perfusion, ultrafiltration, reverse iontophoresis, suction
effusion, and ultrasonic energy require a significant
amount of time to withdraw a sample of interstitial fluid.
Accordingly, these methods result in a lag time (delay)
between the actual blood glucose level and the blood
glucose level obtained by means of analysis of intersti-
tial fluid. Heat poration, ultrafiltration, needle extraction,
and suction effusion all remove very small amounts of
interstitial fluid. They all require glucose detectors that
are very small, which are not commercially available.
[0045] Subcutaneous implanted sensors cannot be
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calibrated once they are placed in the body. A pseudo
calibration can be performed with a fingerstick glucose
measurement, but an accurate calibration cannot be
performed, because an accurate calibration would re-
quire that the glucose detector be placed in a calibration
solution. This type of calibration cannot be carried out
because the glucose detector is inside the body.
[0046] Various modifications and alterationsof this in-
vention will become apparent to those skilled in the art
without departing from the scope of this invention, and
it should be understood that this invention is not to be
unduly limited to the illustrative embodiments set forth
herein.

Claims

1. An assembly for obtaining fluid from an opening
formed in the skin of a patient comprising:

(a) a device suitable for use in withdrawing fluid
from an opening formed in the skin of a patient,
said device comprising a hollow tube (12) com-
prising a wall (14) surrounding a cavity (16),
said hollow tube having a first end and (18) a
second end (20), said wall running from said
first end (19) to said second end (20), said wall
having a multiplicity of pores (22) formed there-
in;
(b) an elongated element capable of forming
said opening in said skin;

characterized in that said elongated element is ca-
pable of being inserted in said first end (18) of said
hollow tube (12) and projecting beyond said second
end (20) of said tube (12).

2. The assembly of claim 1, wherein said wall of said
tube (12) comprises a polymeric material.

3. The assembly of claim 1, wherein said tube (12) has
a length ranging from about 2 mm to about 10 mm.

4. The assembly of claim 1, wherein said tube (12) has
a length ranging from about 5 to about 10 mm.

5. The assembly of claim 1, wherein said tube (12) is
cylindrical in shape.

6. The assembly of claim 5, wherein said tube (12) has
an inside diameter ranging from about 0.25 to about
1.25 mm.

7. The assembly of claim 5, wherein said tube (12) has
an outside diameter ranging from about 0.45 mm to
about 2.25 mm.

8. The assembly of claim 5, wherein the maximum

pore size is less than the inside diameter of the tube.

9. The assembly of claim 1, wherein said tube (12) is
in the shape of a parallelepiped.

10. The assembly of claim 1, wherein said wall (14) of
said tube (12) has a porosity of from about 1% to
about 10%.

11. The assembly of claim 1, wherein the number of-
pores per mm of tube length ranges from about 10
to about 10,000.

12. The assembly of claim 1, wherein said pores have
a diameter ranging from about 0.005 mm to about
1 mm.

13. The assembly of claim 1, further including a patch
(24) bearing a layer (26) of adhesive on one major
surface thereof for adhering said assembly to said
skin.

14. The assembly of claim 1, further including a holder
(30) for said elongated element.

15. The assembly of claim 1, further including guides
(42) suitable for aligning a detector holder.

16. The assembly of claim 1, wherein said hollow tube
(12) has a shape such that the interior surface of
the wall (14) of the tube (12) is adapted to fit around
the outside surface of the elongated element (28).

Patentansprüche

1. Eine Vorrichtung zum Erhalten von Flüssigkeit aus
einer Öffnung, die in der Haut eines Patienten ge-
bildet wurde, die folgendes umfasst:

(a) eine Vorrichtung, die geeignet ist zur Ver-
wendung beim Entnehmen von Flüssigkeit aus
einer Öffnung, die in der Haut eines Patienten
gebildet wurde, wobei die Vorrichtung ein hoh-
les Rohr (12) umfasst, das eine Wand (14) um-
fasst, die einen Hohlraum (16) umgibt, wobei
das hohle Rohr ein erstes Ende (18) und ein
zweites Ende (20) hat, wobei sich die Wand von
dem ersten Ende (19) zu dem zweiten Ende
(20) erstreckt, wobei die Wand eine Vielzahl
von darin gebildeten Poren (22) hat;

(b) ein verlängertes Element, das in der Lage
ist, die Öffnung in der Haut zu bilden;

dadurch gekennzeichnet, dass das verlän-
gerte Element in der Lage ist, in das erste Ende (18)
des hohlen Rohrs (12) eingeführt zu werden und
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über das zweite Ende (20) des Rohres (12) hinaus-
zuragen.

2. Die Vorrichtung von Anspruch 1, worin die Wand
des Rohrs (12) ein polymeres Material umfasst.

3. Die Vorrichtung von Anspruch 1, worin das Rohr
(12) eine Länge im Bereich von ungefähr 2 mm bis
ungefähr 10 mm hat.

4. Die Vorrichtung von Anspruch 1, worin das Rohr
(12) eine Länge im Bereich von ungefähr 5 bis un-
gefähr 10 mm hat.

5. Die Vorrichtung von Anspruch 1, worin das Rohr
(12) zylindrisch in der Form ist.

6. Die Vorrichtung von Anspruch 5, worin das Rohr
(12) einen inneren Durchmesser im Bereich von un-
gefähr 0,25 bis ungefähr 1,25 mm hat.

7. Die Vorrichtung von Anspruch 5, worin das Rohr
(12) einen äußeren Durchmesser im Bereich von
ungefähr 0,45 mm bis ungefähr 2,25 mm hat.

8. Die Vorrichtung von Anspruch 5, worin die maxima-
le Porengröße geringer ist als der innere Durch-
messer des Rohrs.

9. Die Vorrichtung von Anspruch 1, worin das Rohr
(12) in der Form eines Parallel-Epipeds ist.

10. Die Vorrichtung von Anspruch 1, worin die Wand
(14) des Rohrs (12) eine Porosität von ungefähr 1%
bis ungefähr 10% hat.

11. Die Vorrichtung von Anspruch 1, worin die Anzahl
von Poren pro Millimeter Rohrlänge im Bereich von
ungefähr 10 bis ungefähr 10.000 liegt.

12. Die Vorrichtung von Anspruch 1, worin die Poren
einen Durchmesser im Bereich von ungefähr 0,005
mm bis ungefähr 1 mm haben.

13. Die Vorrichtung von Anspruch 1, die weiterhin ein
Pflaster (24) einschließt, das eine Schicht (26) von
Klebstoff auf einer Haupt-Oberfläche davon trägt,
um die Vorrichtung an die Haut anzuheften.

14. Die Vorrichtung von Anspruch 1, die weiterhin einen
Halter (30) für das verlängerte Element einschließt.

15. Die Vorrichtung von Anspruch 1, die weiterhin Füh-
rungen (42) einschließt, die geeignet sind, einen
Detektor-Halter auszurichten.

16. Die Vorrichtung von Anspruch 1, worin das hohle
Rohr (12) eine derartige Form hat, dass die innere

Oberfläche der Wand (14) des Rohrs (12) ange-
passt ist, um um die äußere Oberfläche des verlän-
gerten Elements (28) herum zu passen.

Revendications

1. Assemblage pour obtenir un fluide à partir d'une
ouverture formée dans la peau d'un patient
comprenant :

(a) un dispositif utilisable pour soutirer un fluide
à partir d'une ouverture formée dans la peau
d'un patient, ledit dispositif comprenant un tube
creux (12) comprenant une paroi (14) entourant
une cavité (16), ledit tube creux ayant une pre-
mière extrémité (18) et une seconde extrémité
(20), ladite paroi s'étendant de ladite première
extrémité (19) à ladite seconde extrémité (20),
ladite paroi ayant une multiplicité de pores (22)
formés dans celle-ci ;
(b) un élément allongé capable de former ladite
ouverture dans ladite peau ;

caractérisé en ce que ledit élément allongé
est capable d'être inséré dans ladite première ex-
trémité (18) dudit tube creux (12) et de faire saillie
au-delà de ladite seconde extrémité (20) dudit tube
(12).

2. Assemblage selon la revendication 1, dans lequel
ladite paroi dudit tube (12) comprend un matériau
polymère.

3. Assemblage selon la revendication 1, dans lequel
ledit tube (12) a une longueur située dans la plage
allant d'environ 2 mm à environ 10 mm.

4. Assemblage selon la revendication 1, dans lequel
ledit tube (12) a une longueur située dans la plage
allant d'environ 5 à environ 10 mm.

5. Assemblage selon la revendication 1, dans lequel
ledit tube (12) a une forme cylindrique.

6. Assemblage selon la revendication 5, dans lequel
ledit tube (12) a un diamètre intérieur situé dans la
plage allant d'environ 0,25 à environ 1,25 mm.

7. Assemblage selon la revendication 5, dans lequel
ledit tube (12) a un diamètre extérieur situé dans la
plage allant d'environ 0,45 mm à environ 2,25 mm.

8. Assemblage selon la revendication 5, dans lequel
la taille de pore maximale est inférieure au diamètre
intérieur du tube.

9. Assemblage selon la revendication 1, dans lequel
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ledit tube (12) a la forme d'un parallélépipède.

10. Assemblage selon la revendication 1, dans lequel
ladite paroi (14) dudit tube (12) a une porosité d'en-
viron 1 % à environ 10 %.

11. Assemblage selon la revendication 1, dans lequel
le nombre de pores par mm de longueur de tube est
situé dans la plage allant d'environ 10 à environ 10
000.

12. Assemblage selon la revendication 1, dans lequel
lesdits pores ont un diamètre situé dans la plage
allant d'environ 0,005 mm à environ 1 mm.

13. Assemblage selon la revendication 1, comprenant
en outre un timbre (24) portant une couche (26)
d'adhésif sur une surface majeure de celui-ci pour
faire adhérer ledit assemblage à ladite peau.

14. Assemblage selon la revendication 1, comprenant
en outre un support (30) pour ledit élément allongé.

15. Assemblage selon la revendication 1, comprenant
en outre des guides (42) adaptés pour l'alignement
d'un support de détecteur.

16. Assemblage selon la revendication 1, dans lequel
ledit tube creux (12) a une forme telle que la surface
intérieure de la paroi (14) du tube (12) soit adaptée
pour s'ajuster autour de la surface extérieure de
l'élément allongé (28).
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