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(57) ABSTRACT 

Amicrodialysis probe With a probe body, a probe needle for 
introduction into a tissue, an inlet line and an outlet line for 
a perfusion solution and a dialyis membrane, Wherein at 
least one holloW channel forms the outlet line and extends at 
least partly spirally about the probe needle on an external 
surface of the probe needle. The inlet for the perfusion 
solution may also be in the form of spiral about the external 
surface of the probe needle. 
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MICRODIALYSIS PROBE WITH A SPIRAL LINE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of International 
Application No. PCT/EP2003/010534, ?led on Sep. 22, 
2003, Which claims priority to German Application No. 102 
46 207.0, ?led Oct. 4, 2002, the contents of both of Which 
are incorporated in their entirety herein by reference. 

BACKGROUND 

[0002] The present invention relates to microdialysis 
probes, in particular a microdialysis probe for measuring the 
concentration of a dissolved substance in a tissue. 

[0003] Microdialysis probes generally comprise a probe 
body and an injection needle as probe needle for introduc 
tion into, for example, a human or animal tissue, the probe 
needle being completely surrounded by the tissue. The probe 
needle comprises an inlet line (or conduit) and an outlet line 
for a perfusion solution. Moreover, in one area of the line for 
the perfusion solution, a dialysis membrane is arranged to be 
in contact With the tissue environment. BetWeen the tissue 
environment and the perfusion solution, the concentration of 
permeable substances dissolved in the tissue is equalized 
along the membrane surface. 

[0004] Conventional microdialysis probes typically have, 
for example, a coaxial structure. TWo holloW cylinders are 
arranged one inside the other, the inner holloW cylinder 
serving as an inlet line for the perfusion solution Which, at 
a transition area in a distal end portion of the probe needle, 
passes into the area betWeen the inner cylinder and the outer 
cylinder and is conveyed back Within this annular channel. 
The dialysis membrane can, for example, be arranged in a 
front area Where the perfusion solution turns back or, alter 
natively, it can form part of the outer holloW cylinder. 
Microdialysis probes of this type have the disadvantage that 
the perfusion solution comes into contact With the tissue 
environment only across a small membrane surface and, at 
most, across the length of the probe needle, and that a 
membrane holloW ?ber acting as outer cylinder is exposed 
to the pressure of the tissue, and the outlet line can therefore 
become blocked. Moreover, in the case of a short probe 
needle, there is often not enough time left to obtain a 
complete concentration equalization. By contrast, a long 
probe needle is unpleasant for the user. With a straight return 
of the perfusion solution, the How velocity is too high to 
permit all of the desired concentration equalization. 

[0005] DE 199 37 099 A1 discloses microdialysis probes 
in Which the inlet line and outlet line for a perfusion solution 
are arranged next to one another. For this purpose, tWo 
mutually adjacent tubes, for example, are provided Which 
have a How transfer area for the perfusion solution. It is also 
possible to arrange, inside a microdialysis membrane in the 
form of a holloW ?ber, a support structure Which divides the 
holloW ?ber into different holloW channels, again With the 
possibility of a How transfer betWeen the channels being 
provided. Here too, the inlet line and outlet line have a 
straight course, With the result that concentration equaliza 
tion is, in some cases, not optimal. 

SUMMARY 

[0006] Objects of the present invention include providing 
a microdialysis probe Which is comfortable for the user, is 
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easy to produce, has a perfusion solution ?oW pro?le opti 
mized for concentration equalization, and has an improved 
arrangement of the dialysis surface. 

[0007] In one embodiment, the present invention com 
prises a microdialysis probe With a probe body and a probe 
needle for introduction into a tissue, said probe needle 
having a needle tip, an inlet line (or conduit) for a perfusion 
solution, an outlet line (or conduit) for the perfusion solu 
tion, and a dialysis membrane, Wherein at least the outlet line 
comprises a holloW channel Which extends at least partly in 
a spiral or helical formation along the outside or exterior of 
the probe needle. In some embodiments, the spiral part of the 
holloW channel extends from near the needle tip to near the 
probe body. In some embodiments, the dialysis membrance 
comprises a portion of a surface of the holloW channel and, 
in some embodiments, the dialysis membrance extends 
substatially the entire length of the holloW channel and 
comprises an outWardly facing surface of the holloW chan 
nel. 

[0008] In one embodiment, the present invention com 
prises a microdialysis probe With a probe body, a probe 
needle for introduction into a tissue, an inlet line and an 
outlet line for a perfusion solution and a dialysis membrane, 
Wherein a channel forms the outlet line and extends at least 
partly in a spiral about at least a portion of the probe needle 
on an external surface of the probe needle. In some embodi 
ments, the inlet line also may be in the form of a channel that 
exntends at least partly in a spriral about at least a portion of 
the external surface of the probe needle. 

[0009] Accordingly, in one embodiment the present inven 
tion provides a microdialysis probe With a probe body and 
a probe needle for introduction into a tissue, comprising an 
inlet line and an outlet line for a perfusion solution, and a 
dialysis membrane, Wherein at least the outlet line for the 
perfusion solution is formed by a channel Which runs at least 
partly in a spiral formation or helical formation about the 
probe needle on an outer circumference of the probe needle. 
The spiral part of the channel preferably extends from a 
distal end portion of the probe needle, With the needle tip, to 
the probe body from Which the probe needle emerges or by 
Wich the probe needle is carried. Substantially the entire 
channel for the outlet line is preferably provided With a 
dialysis membrane on its surface facing out or aWay from the 
probe needle. In this Way, concentration equalization can 
take place along the entire length of the spiraling channel. 
Compared to the prior art devices and their straight lines, the 
spiral shape of the channel greatly increases the overall 
length of the outlet line for the perfusion solution, although 
the length of the needle remains unchanged. In this Way, the 
dWell time of the perfusion solution inside the tissue is 
considerably lengthened, and its contact surface With the 
tissue environment is greatly increased. 

[0010] In a microdialysis probe according to the present 
invention, a channel for the inlet line of the perfusion 
solution can run inside the probe needle, that is to say, 
through the spiral channel of the outlet line and as far as the 
tip of the probe needle. To form a probe needle of this kind, 
a cylindrical plastic element With a central bore can be 
provided, for example, said element having a bore Which 
leads to the outer circumference surface and Which opens 
into the spiral outlet line running around the plastic body. 

[0011] In a preferred embodiment of the present invention, 
alongside a spiral holloW channel for the outlet line, another 
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spiral hollow channel is provided for the inlet line for the 
perfusion solution. The tWo holloW channels of the inlet line 
and the outlet line run into one another in a reverse turn area 
at a distal end portion of the probe needle. In this case, a 
dialysis membrane is preferably provided both on the sur 
face of the spiral inlet line facing out from the probe needle 
and also that of the spiral outlet line. In principle, it is 
possible to provide the dialysis membrane only in some 
areas of the probe needle. HoWever, it is advantageous for 
the dialysis membrane to be arranged along the entire length 
of the holloW channels. 

[0012] The dialysis membrane can, for example, be a 
holloW ?ber Which at the same time forms the holloW 
channel for the outlet line, and possibly also the inlet line. 
The use of a membrane holloW ?ber has the advantage that, 
inside the tissue, no transitions betWeen the material of the 
membrane and the material of the needle are required. In 
some embodiments, both the inlet line and the outlet line are 
preferably formed by a single membrane holloW ?ber Which 
makes a reverse turn in a distal end portion of the probe tip. 

[0013] To form the probe needle, an elongate support body 
or a frame can be used on Which the membrane ?ber is 
arranged in the manner according to the invention. The inlet 
line in the form of the holloW ?ber can be routed through the 
support body or frame and can emerge from the support 
body at the distal end portion of the support body and run 
back in a spiral formation around the support body to the 
probe housing. In some embodiments, it is preferable, hoW 
ever, for the inlet line also to run in a spiral formation around 
the outside of the probe needle or support body to the distal 
end portion of the needle. At the end portion, the holloW 
?ber membrane reverses and runs in a spiral formation, in 
the spaces betWeen the inlet channel, back to the probe 
housing and thus forms the outlet line of the perfusion 
liquid. For this purpose, the probe needle is preferably 
formed by a cylindrical support body Which, on its outer 
circumferential surface, has at least one recess Which is open 
to the outside in the form of a depression and Which runs in 
a spiral formation around at least part of the support body, 
but preferably along the entire length of said support body. 
In the case of a support body designed in this Way, a 
membrane holloW ?ber can be embedded in the depression. 
For this purpose, the depressions are preferably as deep as 
the external diameter of the membrane holloW ?ber. In this 
Way, the membrane holloW ?ber is ?ush or even With the 
surface of the support body and is not exposed to a pressure 
exerted by the tissue. It is also possible, hoWever, for the 
depression or depressions to be made less deep so that part 
of the membrane holloW ?ber protrudes above the circum 
ference surface of the support body, as a result of Which the 
dialysis surface can be increased in siZe. 

[0014] It is also possible for a dialysis membrane, in some 
embodiments in the form of a holloW ?ber, to be tucked over 
or overlie a cylindrical support body With a spiral recess for 
the inlet and outlet lines, this dialysis membrane having an 
internal diameter approximately the same as the external 
diameter of the support body. At least those areas of the 
support body having the recess should be covered by the 
holloW ?ber membrane. The holloW ?ber membrane can, for 
example, be secured on the circumference surfaces of the 
support body Which lie betWeen the depressions. For this 
purpose, it is possible to use a suitabale adhesive agent or 
other suitable method of attachment. The space betWeen the 
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tucked-over holloW ?ber and the recess then forms the 
holloW channel at least for the inlet line for the perfusion 
solution, but preferably also for the outlet line for the 
perfusion solution. If the membrane holloW ?ber is closed 
off in an area of the tip, that is to say, if it forms a kind of 
membrane sock, then, in this embodiment too, there are no 
transitions betWeen the material of the membrane and the 
material of the probe needle inside the tissue. 

[0015] In a further embodiment of a microdialysis probe 
according to the present invention the probe comprises a 
support body, Which may be generally cylindrical, With a 
spiral recess or depressions, and a dialysis membrane in the 
form of a membrane layer or a membrane sheet is Wound 
about the outer circumference of the support body. The 
abutting edges of the membrane layer are sealed tight, and 
the membrane layer is secured in the areas betWeen the 
recess on the circumference surface of the support body. In 
this Way, the holloW channels for the outlet line and inlet line 
of the perfusion solution are again obtained betWeen the 
membrane layer and the recess (or recesses). In the last tWo 
embodiments described, the dialysis surface corresponds to 
the Width of one recess times the length of the spiral 
depression. The perfusion solution can make contact With 
the tissue environment along the entire length of the probe 
needle inside the tissue. 

[0016] When applying the dialysis membrane, it must be 
generally noted that it sWells in a moist environment and its 
surface thus increases in siZe. This must be taken into 
account particularly if the membrane is secured across 
relatively large surface areas or if its diameter has to be 
adapted to the diameter of the support body. 

[0017] In one embodiment in Which both the inlet line and 
the outlet line run in a spiral formation about the probe 
needle, this forms a kind of double helix. The pitch of the 
spiral may be be adapted to a desired ?oW velocity or to a 
desired dWell time of the perfusion solution in the tissue. A 
support body Which forms the probe needle can, for 
example, be made of various plastics such as liquid-crys 
talline polymers, polybutylene terephthalate PET, or also of 
PE or PET. Such materials can be Worked by injection 
molding, for example. During the actual production of a 
cylindrical blank for the support body, depressions for the 
inlet and outlet lines can be formed in the blank, or they can 
be provided in the blank at a later stage by means of ?nishing 
Work such as milling, cutting or etching. The area forming 
the distal end portion of such a cylindrical support body or 
frame is generally cut obliquely in order to form a tip for 
introduction into a tissue. The distal end portion of the 
support body is preferably beveled in such a Way that the 
user experiences minimal pain and the tissue environment is 
minimally changed, such as is described, for example, in the 
patent application entitled “Injection needle tip” oWned by 
the oWner of the present application and bearing the same 
application date. 
[0018] The probe needle of the microdialysis probe can be 
designed to pierce the skin. HoWever, it is also possible to 
use an insertion aid for the probe needle. This is especially 
advantageous When Wide areas of the membrane are 
arranged unprotected on the surface of the support body. 

[0019] According to the present invention, it is in principle 
also possible to provide several spiraling inlet lines and/or 
outlet lines alongside or adjacent to one another on the outer 
circumference of the probe needle. 



US 2005/0277820 A1 

[0020] With a microdialysis probe having a design accord 
ing to the invention, the path along Which the perfusion 
solution is in contact With the tissue environment is length 
ened, Without having to make the probe needle longer. 
Conversely, it is possible to produce the same length of line, 
but on a shorter probe needle. This makes a microdialysis 
probe more comfortable for the user. Since, compared to an 
outlet line taking up the entire diameter of the probe needle, 
the lines according to the invention have a relatively small 
diameter, the ratio of surface to volume is improved, With the 
result that more perfusion liquid can come into contact With 
an outside surface of the dialysis membrane and, conse 
quently, With the tissue environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The invention is explained in more detail on the 
basis of illustrative embodiments, Which are to be under 
stood as non-limiting, and With reference to the accompa 
nying draWings, in Which: 

[0022] FIG. 1 shoWs a perspective vieW of one embodi 
ment of a probe needle according to the present invention 
With a spiral inlet and outlet line, and 

[0023] FIG. 2 shoWs a perspective vieW of a second 
embodiment of the present invention With a spiral outlet line 
and a rectilinear inlet line. 

DETAILED DESCRIPTION 

[0024] In FIG. 1, a cylindrical support body 1 or frame is 
shoWn Which forms a probe needle for a microdialysis 
probe. In a starting area of the support body inserted into a 
probe body, a recess or depression 3 begins Which initially 
runs in the longitudinal direction of the support body 1, on 
the outer surface thereof. In a middle area 4 of the support 
body, the depression 3 merges into a spiral course. The spiral 
course extends to just before a distal end portion 2 of the 
support body 1 and forms, to that point, the depression for 
an inlet line for a perfusion solution. Before the distal end 
portion 2, the depression 3 makes a reverse turn 5 and 
extends from there in a spiral formation betWeen the ?rst 
spiral course for the inlet line and back to the starting area 
of the support body 1, thereby forming the depression for the 
outlet line for the perfusion liquid. In this Way, tWo inter 
laced spiral courses are obtained, that is to say, in a kind of 
double helix con?guration. 

[0025] A membrane holloW ?ber, for example, can then be 
introduced into the course of the recess or depression 3, the 
membrane holloW ?ber folloWing the course of the depres 
sion, from a starting area of the support body 1 along the 
depression 3 through the area 4 and via the reverse turn or 
de?ection 5 to the distal end portion 2 of the support body 
1 and then back through the spiral area 4 to the starting area 
of the support body 1. It is also possible, as has been 
described above, for a membrane holloW ?ber With an 
internal diameter corresponding approximately to the exter 
nal diameter of the support body 1 to be tucked over the 
support body 1 and secured in the intermediate spaces of the 
surface betWeen the depressions 3, in Which case the inlet 
and outlet lines are formed by the depression closed off by 
the membrane. Finally, it is likeWise possible, as has been 
described above, for a membrane layer or a membrane sheet 
to be Wound around the support body 1 and connected at a 
seam. The support body 1 With the dialysis membrane 
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applied to it then forms the totality of the probe needle and 
is inserted into a probe body from Which the perfusion 
solution is conveyed into/WithdraWn from the inlet/outlet 
line. 

[0026] FIG. 2 shoWs a further embodiment of a microdi 
alysis probe according to the invention With a cylindrical 
support body 1 Which likeWise has a spiral recess or depres 
sion 3 on its outer surface. This depression is provided for 
the outlet line of the perfusion solution. As the inlet line of 
the perfusion solution, a rectilinear holloW channel 6 is 
provided in a middle area of the support body 1 along the 
longitudinal axis of the support body, Which holloW channel 
6 extends from a starting area of the support body 1 to just 
before the distal end portion 2 of the support body. Just 
before the end portion 2, the holloW channel 6 is de?ected 
in the direction of the outer circumference surface of the 
support body 1 so that it emerges from the outer circumfer 
ence surface and forms the reverse turn 5. The outlet opening 
of the rectilinear holloW channel opens out into the spiral 
depression 3. In this Way, a continuous holloW channel can, 
on the one hand, form the inlet line running from a starting 
area of the support body to its distal end portion 2 and, on 
the other hand, can form the outer spiraling outlet line back 
to the starting area of the support body 1. 

[0027] In the illustrative embodiment shoWn in FIG. 2, a 
membrane holloW ?ber 7 closed at the tip 1 and in the form 
of a membrane sock is arranged or Wrapped over the support 
body 1. The membrane holloW ?ber has an internal diameter 
slightly greater than the external diameter of the support 
body 1. The membrane holloW ?ber 7 is secured in the 
intermediate areas 8 betWeen the spiral course of the depres 
sion on the support body 1, as a result of Which a holloW 
channel for the outlet line of the perfusion solution is formed 
betWeen the membrane holloW ?ber and the support body. In 
the example shoWn, the support body 1 is substantially 
completely enclosed or enveloped by the dialysis mem 
brane. When such a probe needle is inserted, there are no 
transition points betWeen the material of the membrane and 
the material of the support body Within the tissue. 

[0028] The probe needle made up of the support body 1 
and membrane holloW ?ber 7 is attached to a probe body 9 
from Which the inlet line is supplied With perfusion solution 
and into Which the perfusion solution is returned via the 
outlet line after the concentration equalization. 

[0029] In principle, it is also possible to choose, for the 
probe tip, a support body Which has no depressions for 
forming the lines or for receiving a membrane holloW ?ber. 
AholloW ?ber membrane can be Wound in a spiral formation 
around a smooth cylindrical support body of this kind and 
can be secured at certain intervals to the support body by 
means of a suitable adhesive agent or other suitable attach 
ment method. When a probe needle of this kind is located in 
the tissue, the pressure of the perfusion solution Within the 
lines must be great enough to Withstand the external pressure 
exerted by the tissue and thus ensure that the line is not 
closed. 

[0030] To con?gure a dialysis membrane in the spiral 
fashion described here, it is possible, for example, to employ 
a method as described in the patent application entitled 
“Microdialysis probe and method for the production 
thereof,” the disclosure of Which is incorporated herein by 
reference, and Which is oWned by the oWners of the present 
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application and bears the same application date. In said 
method, the dialysis membrane ?rst lies on a shaping means 
and is brought into a predetermined shape by bending or 
forming the shaping means. An adhesive agent, such as 
adhesive cement or glue, is then applied at least partially to 
a bending point of the dialysis membrane, so that the 
membrane is maintained in the predetermined shape. After 
the adhesive agent has been applied, the shaping means is 
removed from the dialysis membrane. The shaping means 
can be a ?lament Which is pulled through the holloW ?ber 
membrane. The shape is de?ned by the spiral course of the 
microdialysis membrane according to the present invention. 

[0031] The invention has been described by Way of illus 
tration on the basis of exemplary embodiments; the embodi 
ments shoWn and described are not intended to limit the 
scope of the invention, and modi?cations and re?nements 
are to be considered as belonging to the invention. 

1. A microdialysis probe With a probe body and a probe 
needle for introduction into a tissue, said probe comprising 
an inlet line and an outlet line for a perfusion solution, and 
a dialysis membrane, at least the outlet line comprising a 
channel Which extends at least partly in a spiral along the 
probe needle. 

2. The microdialysis probe according to claim 1, Wherein 
the sprial part of the outlet line extends about the probe 
needle adjacent to the outer circumference of the probe 
needle. 

3. A microdialysis probe With a probe body carrying a 
probe needle, the probe comprising an inlet line and an 
outlet line for a perfusion solution and a dialysis membrane, 
at least a portion of the outlet line being shaped in a spiral. 

4. The microdialysis probe according to claim 3, Wherein 
the dialysis memebrance is associated With the outlet line. 

5. The microdialysis probe according to claim 4, Wherein 
the dialysis membrance is associated With the spiral portion 
of the outlet line. 

6. The microdialysis probe as claimed in claim 1, Wherein 
the inlet line comprises a channel extending inside the probe 
needle and through the spiral portion of the channel forming 
the outlet line. 
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7. The microdialysis probe as claimed in claim 2, Wherein 
the inlet line comprises a channel extending in a spiral 
adjacent to the outer circumference of the probe needle and 
generally alongside the channel for the outlet line. 

8. The microdialysis probe as claimed in claim 7, Wherein 
the dialysis membrane is provided at at least a portion of the 
surface of the spiral portion of the channels comprising the 
inlet line and outlet lines. 

9. The microdialysis probe as claimed in claim 1, Wherein 
the dialysis membrane is a holloW ?ber Which forms at least 
the channel for the outlet line. 

10. The microdialysis probe as claimed in claim 1, further 
comprising a tip, Wherein the channel for at least the outlet 
line is formed by a single dialysis membrane in the form of 
a holloW ?ber Which makes a reverse turn near the tip. 

11. The microdialysis probe as claimed in claim 1, 
Wherein the probe needle is formed by a cylindrical support 
body Which, on an outer circumferential surface, has at least 
one recess open to the outside and extending in a spiral 
around at least part of the support body. 

12. The microdialysis probe as claimed in claim 11, 
Wherein the dialysis membrane is associated With a holloW 
?ber over the support body, at least in the area of the recess. 

13. The microdialysis probe as claimed in claim 11, 
Wherein the dialysis membrane comprises a membrane layer 
over the at least one recess. 

14. The microdialysis probe as claimed in claim 11, 
Wherein the dialysis membrane overlays the outer circum 
ference of the support body, at least in the area of the recess. 

15. The microdialysis probe as claimed in claim 1, 
Wherein the dialysis membrane substantially Wraps the 
probe needle. 

17. The microdialysis probe as claimed in claim 11, 
Wherein the dialysis membrane substantially Wraps the sup 
port body. 


