
EP 0 592 596 B1 Description The invention relates to a cover slip holder as
described in the premable of claim 1, for simulation of in vivo blood flow
conditions in occluded blood vessels. The invention also relates to the
accompanying 5  parallel-plate perfusion chamber including the cover slip
holder. One preferred embodiment of the perfusion chamber is when it is
connected to a mixing device for mixing in vitro added solutions to the
blood flow before reaching the parallel-plate perfusion chamber. The cover
slip holder according to the present invention is inserted in a
parallel-plate perfusion chamber, so that the bottom of the knob creates
the roof/floor of a measure chamber and in the bottom of 10  the knob a
varying number of glass slides or cover slips, made of plastic or glass or
any other material, are attached in specially made grooves. These cover
slips can/cannot be covered with a biological/synthetic material, and the
surface levels of the cover slips vary in relation to each other and to the
roof/floor of the measure chamber, to produce a varying unilateral
constriction of the cross-sectional area of the flow slit. Bilateral
constriction of the flow cross-sectional area can, in a special embodiment,
be obtained by elevating is  an area of the bottom of the measure chamber,
facing the cover slips of the cover slip holder. Minimum 20 mm upstream of
the blood flow inlet of the parallel-plate perfusion chamber, preferably a
mixing device functioning according to the venturi-principle, can be
installed in the flow channel. A device in which blood is exposed to
materials facilitating thrombogenesis under conditions simulating blood
flow in human blood vessels is beneficial both for research and industry in
the medical field. By 20  puncturing a human vein, inserting a venous
catheter which is connected, by plastic tubes, with a parallel- plate
perfusion chamber, and a pump, located downstream to the parallel-plate
perfusion chamber, is it possible to maintain ex vivo (i.e.
anti-coagulation is not used) blood flow through a perfusion chamber. In
this connection, an annular perfusion chamber has previously been
constructed, in which flowing blood was brought in close contact with human
subendothelium, digested with a-chymotrypsin which produced a 25 surface
which was rich in collagenous fibrils (Baumgartner, H. R., Microvasc. Res.
5: 167, 1973). Collagenous fibrils are shown to be active in promoting
aggregation of platelets in flowing blood (Baumgart- ner, H. R., Thromb.
Haemost. 37: 1, 1977). More recently, perfusion chambers with rectangular
cross- section of the blood flow slit have been constructed, in which a
commercially available glass slide or plastic cover slip is attached in a
specially made groove, located 90[err] on the flow direction. This glass
slide or 30  plastic cover slip, which surface is on the same level as that
of the roof of the chamber, was covered by biological material (endothelial
cells, connective tissue from endothelial cells and collagen) to promote
thrombogenesis (Sakariassen, K. S., Aarts, P. A. M. M., de Groot, P. G.,
Houdijk, W. P. M., Sixma, J. J. J. Lab. Clin. Med. 102: 522, 1983). This
perfusion chamber has a flow channel, in which the cross-section is changed
from circular in the supply tubing to rectangular in the measure chamber
and back to circular, 35  usually accompanied by changed cross-sectional
area. Such changes can lead to labile flow conditions or flow separation in
the measure chamber. The perfusion chamber was therefore modified such that
the transition from circular to rectangular dimensions of the flow channel
was smooth. It was calculated that the reduction of the pressure gradient
in this system, owing to the lesser kinetic energy, was less than 5% of the
acting viscous force. This indicates laminar flow condition in the
perfusion chamber (Sakariassen, K. S., 40  Joss, R., Muggli, R., Kuhn, H.,
Tschopp, T. B., Sage, H., Baumgartner, H. R., Arteriosclerosis, 10:
276-284, 1 990). The mentioned modified perfusion chamber makes possible an
ex vivo test system for simulation of in vivo blood flow conditions by
utilizing non-anticoagulated blood. Activation of platelets and coagulation
proximal to the perfusion chamber  is minimal and within normal range. The
perfusion chamber has a well 45  defined thrombogenic surface which
triggers thrombus formation. Accordingly, the system is very well suited
for testing effects of medicaments and compositions facilitating/inhibiting
thrombogenetic processes. However, the mentioned perfusion chamber offers
no possibility of testing the mentioned compositions under blood flow
conditions simulating partly occluded blood vessels, which in vivo occur in
atheromatosis and atheroschlerotic blood vessels and which is an important
cause for thrombogenesis. Similarly, adding 50  solutions to a blood flow
tube before the perfusion chamber will very often give incomplete mixing
due to the laminar flow conditions. However, simulation of blood flow
conditions in partly occluded blood vessels can be obtained in the present
invention, by profilating the bottom of the cover slip holder with at least
two different levels, such that local variation in the cross-sectional area
in the measure chamber occurs. Cover slips, with the surfaces coated -with
biological/synthetic material, can be attached to the bottom of the cover
55  slip holder, which produces the constriction of the flow channel, and
in addition immediate proximal and 



distal to the constriction. Hence, it will be possible to examine thrombus
formation proximal, on and distal to the constriction on cover slips
without coated surfaces, surface  coated with biological materials
activating coagulation (procoagulant surfaces), or coated with biological
material not activating coagulation (non- 3    EP 0 592 596 B1 procoagulant
surfaces), or covered with native polymeric chemical compositions, in
addition to the action of medicaments. Normal in vivo blood circulation is
characterized by laminar blood flow conditions. Thrombotic pro- cesses are
frequently encountered at areas of consticted vessels. Such conditions
disturb the laminar blood 5  flow. The flow channel in the present
perfusion chamber has a smooth and gradual transition from circular to
rectangular dimensions of the flow slit, the purpose of which is to
maintain laminar blood flow conditions all the way to the central measure
chamber. This is important, since disturbed blood flow may activate
platelets and coagulation factors proximal to the central measure chamber.
In the central measure chamber, which is created when the cover slip holder
is inserted in the well in the perfusion chamber, the roof and/or 10
bottom is profilated, to constrict the flow cross-sectional area, which
disturbes the laminar blood flow. Thus, a situation of an in vivo stenosis
is simulated. In addition the cover slips proximal, on and distal to the
constriction can be coated, or not coated, with a material which activates,
or does not activate, coagulation, thus simulating in vivo vessel wall
lesions. In order to examine the effect of for example experimental
anti-thrombotics on the thrombogenesis, 15  which are added to the blood
stream proximally to the perfusion chamber, preferably a mixing device is
installed. This device secures homogenous mixing of the material added to
the blood flow before it enters the perfusion chamber. To ensure that the
flow of blood is laminar at the entrance of the perfusion chamber, the
mixing device should be installed at a distance of at least 20 mm upstream
to the perfusion chamber. The mixing device comprises a T-tube, in which
the cross tube provides the main blood flow channel, and 20  the addition
of materials is performed through the side tube. The diameter of the flow
channel is then constricted gradually and then suddenly expanded. This
shape of the flow channel creates turbulent flow conditions which
facilitate mixing of solutions added to the blood stream through the side
tube, upstream to the constriction, and secures homogenous mixing of the
added material in the blood. The parallel-plate perfusion chamber with the
cover slip holder and possibly in connection with the 25  mixing device are
according to the invention characterized by the features as indicated in
the claims. Ex vivo-testing also means that normal venous and arterial flow
conditions can be simulated. It is demonstrated that the wall shear rate
close to the wall or to the cover slip in the perfusion chamber is
important for the deposition of platelets and for activation of coagulation
(Sakariassen, K. S., Joss, R., Muggli, R., Kuhn, H., Tschopp, T. B., Sage,
H., Baumgartner, H. R., Arteriosclerosis 10: 276-284, 1990, 30
Sakariassen, K. S., Weiss, H., Baumgartner, H. R., Thromb. Haemostas,
65:596-600, 1991. The wall shear rate in flow channels with rectangular
flow cross-section can be expressed by formula I 6Q in which represents the
wall shear rate (sec1) 40    Q      represents the blood flow in ml/s, a
represents the width (cm) of the rectangular flow channel, and b
represents the height (cm) of the rectangular flow channel. By varying
these dimensions of the flow channel, venous and arterial shear rates
respectively, can be simulated in the perfusion chamber. 45     Development
of a stenosis in vivo can have an eccentric progress when it is developed
from atheromatic conditions in the vessel wall. Simulation of such
conditions can be obtained according to the present invention by an
eccentric constriction of the flow channel by profilating, the bottom of
the cover slip holder in the direction of the blood flow. The figures show
a preferred embodiment of the cover slip holder according to the invention,
with three 50  cover slips and the location of the cover slip holder in the
perfusion chamber. Fig. 1 shows the perfusion chamber 1 with a flow inlet
connector 2 of standard type for connection to an arm vein via an infusion
kit. A corresponding flow outlet connector 3 for connecting the perfusion
chamber 



to a pump device. The flow channel 4 connects the inlet connector with the
outlet connector and passes through a bored, elliptic well 5, in which the
cover slip holder 6 according to the invention is inserted. 55     Fig. 2
shows the cover slip holder 6 according to the invention in a section 90
(or perpendicular) to the flow direction (along the line I-I in Fig. 1), in
which the bottom creates the roof of the measure chamber 7 when the cover
slip holder is inserted in the perfusion chamber, and an O-ring 10 for
sealing purposes. Insertion of the cover slip holder 6 in the perfusion
chamber 1 (dotted draft) is shown. 4    EP 0592696 B1 Fig. 2A shows a
detail of a special embodiment of the invention, in which bilateral
constriction of the flow channel is obtained by elevating the bottom of the
measure chamber 20, facing the cover slips on the bottom of the cover slip
holder. Fig. 3 shows the cover slip holder 6 according to the invention in
a section along the flow channel 5  (along the line II-II in Fig. 2) with
grooves 11, 12, 13-1 adapted to commercially available plastic cover slips.
Fig. 3A-3C show three examples of the sinusoidal wall of the elevation of
the cover slip holder creating the constriction of the flow cross-sectignal
area in the measuring chamber. Fig. 4 shows the cover slip holder 6
according to the invention seen from above, with three cover slips 14, 15,
16-1 placed in the grooves 11, 12, 13-1 in the bottom of the cover slip
holder. 10     Fig. 5 shows a mixing device 21 for homogenous mixing of
solutions added to the blood flow. Fig. 6 shows thrombus volume ([err]), as
a function of perfusion time, in a measure chamber without elevation into
the flow channel of the bottom of the cover slip holder (without stenosis)
and in a measure chamber according to the invention with profilated bottom
of the cover slip holder (with stenosis). The volumes of the thrombi are
given as mean values  S.E.M. and n = 5-7. is     Fig. 7 shows the
percentage distribution of radioactivity in four parallel, equal sub-flows
of the main flow (10 ml/min) of citrated blood after injecting or pumping
(0,1-1 ml/min) a solution, containing [err] in physiological saline,
through the side tube 23 in the mixing device (panel A). The sampled, equal
sub-flows are connected downstream of the  mixing device. Panel B shows a
similar test without using the mixing device according to the invention.
The results are expressed as mean values  S.D., [err] = 6 (with the 20
mixing device), [err] = 3 (without the mixing device). The cover slip
holder 6 according to the invention is inserted in well 5 into the
perfusion chamber 1 at a distance from the perfusion chamber inlet which is
necessary to establish laminar blood flow conditions proximal to cover slip
14, positioned upstream to the constriction of the flow channel. This
distance is at least 50 mm, preferably 70 mm. The parallel-plate perfusion
chamber is constructed from a solid plastic 25  material (for example
polymethyl acrylate) and comprises two plates, placed adjacent to each
other and secured by screws, as shown in Fig. 1. The elliptic well 5 is
made as a hole in the upper plate. In the lower plate a groove is
constructed, which, when the plates are placed adjacent to each other,
creates the flow channel 4. The measure chamber 7 is defined as that part
of the flow channel which is limited by the walls of the elliptic well 5.
At the place of the elevation of the bottom of the cover slip holder 6,
creating the 30  constriction of the flow channel, the bottom of the cover
slip holder 6 is formed as a cross-located (compared to the flow
direction), curved elevation which is fitted to a correspondingly curved
depression, cut into the lower plate of the parallel-plate perfusion
chamber. The dimensions of the flow channel (a, b) are selected by using
formula 1, in accordance with the shear rates and flow conditions which are
necessary to obtain the wanted simulated conditions. 35     The cover slip
holder 6 is produced of the same material as the parallel-plate perfusion
chamber and consists of a body, for examples formed as a cylinder with an
elliptic cross-section 9 corresponding to the well 5 in the perfusion
chamber (Fig. 2). In the upper part of the cylinder a handle 8 can be made
by increasing the cross-section of the body, with the same form as the
elliptic cylinder 9, located such that the height of the cylinder 9 is
equal to the thickness of the upper plate in the parallel-plate perfusion
chamber. 40  An 0-ring 10 of suitable dimension is located around the
cylinder 9 in order to prevent possible leakage of blood from the measure
chamber. Partly eccentric occlusion of a blood vessel is simulated by
profilating the bottom of the cover slip holder 6 in the flow direction.
Cover slip grooves 11, 12, 13-1 are produced in the bottom of the cover
slip holder, 90[err] on the flow direction.   The debth of these grooves
11, 12, 13-1 equals the thickness of the cover 



45  slips and the distance between the grooves is 0,5 mm. The cover slips
are attached in the grooves with a suitable attachment means. The cover
slip grooves can also be permanently filled with a mass of any kind of
material with the same thickness as the cover slips, in which case thrombus
formation is initiated on a base which cannot be removed from the cover
slip holder for examination. The proximal cover slip 14 in the roof of the
measure chamber is on a level with the roof of the flow channel 4 in the
perfusion chamber 1. 50  The fundament of the groove 12 of the second cover
slip 15 downstream is elevated, with straight or curved (for instance
sinusoid) walls 17, 18, 19, in relation to the roof of the flow channel 4,
in such a way that the cross-sectional area of the measure chamber is
constricted in relation to the cross-sectional area of the flow channel.
The level difference between the proximal (14) and middle (15) cover slip
can vary in such a way that the cross-sectional area of the measure chamber
at this place can be occluded up to 95% of the cross- 55  sectional area of
the flow channel 4. The grooves for the distal cover slips 16-1 to 16-4
(only 16-1 is shown in Fig. 3) can for instance be levelled with the
proximal cover slip groove 11 or the level can be changed in relation to
the first cover slip groove 11. The size of the cover slip holder 6 is
adjusted according to the desired number of cover slips, which at least is
1 and is preferably between 1 and 6. 5    EP0592596B1 Partial concentric
occlusion of a blood vessel is simulated by elevation of the bottom 20 of
the measure chamber 7 in the perfusion chamber 1 into the measure chamber
7, in such a way that the cross-sectional area of the flow channel is
constricted bilaterally, both from the roof and bottom of the measure
chamber. The surface of the cover slips can be uncoated or coated with
biological material, or chemical 5  compositions which it is desirable to
test. Biological materials, which may be mentioned, are living cells,
previously stimulated or non-stimulated. Non-procoagulant material may
comprise collagenous fibrils, non- stimulated cultures of human endothelial
cells and extracellular connective tissue deposited from the mentioned
endothelial cells or components thereof. Procoagulant material may comprise
human endothelial cells treated with, for instance endotoxine or cytokines,
and connective tissue deposited by the treated 10  endothelial cells or
components thereof. In addition the biological material may comprise
compounds produced by recombinant DNA technology. Synthetic chemical
compositions which modify, or do not modify, thrombotic processes will also
represent possible coats or films on the exposed surfaces of the cover
slips. Thus all coats of biological material, recombinant material and
synthetic compounds (medica- ments), with our without effect on thrombotic
processes are regarded to be within the idea and scope of the 15
invention. The procedures for coating the cover slips are known from the
literature. A typical perfusion experiment lasts for instance 5 min and
requires 50 ml blood (10 ml/min) from the blood donor. The blood perfusion
is directly followed by a 20 s perfusion (10 ml/min) with a physiological
buffer solution which washes out the blood from the perfusion chamber, and
then followed by a 40 s perfusion (10 ml/min) with a solution which fixes
the thrombotic dseposits on the reactive surface in the 20  perfusion
chamber. The reactive surface with the fixed thrombotic material is
subsequently removed from the perfusion chamber and embedded in plastic
(Epon). 1 [err] thin sections are produced from the cast material, stained
and morphologically evaluated by the use of light-microscopy and a image
analyzing system. The size of the thrombus on the reactive surface is
expressed as volume of the thrombus per surface unit. 25     When the
perfusion chamber 1 with the cover slip holder 6 is used for examining the
effect of substances added to the blood in vitro, the mixing device 21 is
used, installed into the flow channel between the vein and the perfusion
chamber 1. The mixing device 21 comprises a modified T-tube, as shown in
Fig. 5, in which the side tube 23, equipped with a standard connector 27,
allows pumping or injection of optional solutions into the blood flowing
through the main tube 22, which is equipped with 30  standard connectors 27
in both ends. The inner diameter of the main tube or blood flow tube 22 and
side tube 23 can preferably be 2,0 mm, or be adapted to the existing
experimental conditions. At a suitable distance downstream of the side tube
23, for example 12 mm, the blood flow tube is gradually constricted over a
suitable distance 24, for example 12 mm, to a point 25 with for example
inner diameter of 0,5 mm, thereafter the tube is expanded over a
considerably shorter distance 26, for examples 5 mm, to a diameter 35
considerably larger than the diameter of the blood flow tube 22, for
example 4,0 mm. By adding a solution through the side tube 23 the blood
flow will remain laminar until the smallest diameter of the tube 25 and 



the mixing of the added solutions will be inadequate, whereafter the sudden
increase of the diameter over the short stretch of tube 26 creates
turbulent flow conditions, providing homogenous mixing of the solutions
added to the blood flow. 40    In a preferred embodiment, in contrast to
the mentioned gradual expansion over a considerably shorter distance 26,
describing a curved pattern (Fig. 5) this expansion is immediate and the
tube reaches its new diameter in a pattern perpendicular to the flow
direction, giving optimal mixing flow conditions. In order to secure that
laminar flow conditions are reinstated before the blood flows into the
perfusion chamber 1, the mixing device 21 is located at least 20 mm
upstream of the inlet connector 2 in the 45  perfusion chamber 1. The
following examples illustrate the present invention. EXAMPLE I 50
Non-anticoagulated human blood was drawn directly from an anticubital vein
over three cover slips. Purified human collagen, was coated on cover slip
15 and endothelial cells on cover slips 14 and 16-1 on the cover slip
holder 6 in the measure chamber 7. The anticubital vein was punctured by a
"butterfly" infusion needle and the blood was drawn through the blood flow
channel 4 to the measure chamber 7 by a pump, placed distally to the
perfusion chamber. The blood flow was 10 ml/min and the perfusion lasted 55
from 1 to 15 min. The thrombi on the cover slip with collagen at the
constriction of the flow channel in the measure chamber partly occluded the
blood flow through the chamber after 3 min, when the occlusion initially
constricted the blood flow channel with >80%. Occlusion of the blood flow
channel <60% produced smaller thrombi. All the occluded chambers produced
significant thrombogenesis within 1 min. 6    EP 0 592 596 B1 The perfusion
chamber was perfused for 20 s with a physiological buffer solution
immediately after the blood perfusion, followed by a perfusion for 40 sec
with a glutaraldehyde solution to fix the thrombus. All perfusions were
performed with continous flow through the chamber, by means of T-tubes,
without stopping the pump. 5 EXAMPLE 2 This example relates to a comparison
of thrombogenesis in a measure chamber without profiled bottom of the cover
slip holder with that of a measure chamber according to the invention, in
which the bottom of l0  the cover slip holder is elevated to simulate
arterial stenosis with shear rates equal to 2600 [err]. Non-anticoagulated
blood from an anticubital vein was pumped through the perfusion chamber
with the cover slip holder according to the invention, with a flow rate of
10 ml/min, as described in Example 1. The elevation of the bottom in the
cover slip holder occluded 50% of the cross-sectional area of the flow
channel and created an unilateral stenosis. A cover slip on the
constriction was coated with purified human is  collagen. The shear rate at
the surface of this cover slip was 2600 [err]. This equals a shear rate
which can be observed in a coronary artery of average size with a 50%
occluding stenosis. The measure chamber without a cover slip holder with
elevated bottom was dimensioned so as to create shear rates of 2600 [err]
in the measure chamber. As shown in Fig. 6 the volume of the thrombus,
measured with an image analysis technique, was 20  already after 3 min's
perfusion significantly larger in the occluded measure chamber according to
the invention and doubled after 5 min, compared to the thrombus volume in
the measure chamber without occlusion. This demonstrates the impact of an
initial occlusion in the measure chamber in order to simulate the
development of thrombogenesis in in vivo vessel systems with stenosis. 25
EXAMPLE 3 Testing the efficiency of the mixing device The test equipment
comprised the mixing device 21 (Fig. 5) connected to a 20 mm tubing of the
same 30  dimension, which was connected to four equally long, parallel
tubes with equal flow cross-sectional areas (1/4 of the flow
cross-sectional area of the main flow). This assembly caused a blood flow
through the mixing device to separate into four equivalent flows. Citrated
blood was pumped through the mixing device (10 ml/min) as described in
Example 1, while a solution of physiological saline containing [err] was
continuously added (0,1-1 mlmin) through the side tube 23. The four
sub-flows were collected and the 



35  radioactivity measured. In order to examine the mixing efficiency
without the mixing device, this was replaced by a T-tube without
constriction and the following expansion, but with the same dimensions and
length as the mixing device. Fig. 7 shows no significant difference in the
percentage radioactivity (% of the injected radioactivity in 40  the side
tube) in the four sub-flows, in the test in which the mixing device 21 was
used (A). When a solution of physiological saline, containing [err], was
injected in the main flow, and this flow was not led through the mixing
device, considerable differences in percent radioactivity collected from
the four sub-flows appeared (B). This demonstrates that the mixing device
produces a homogenous mixing of the radioactivity in the blood stream. This
did not happen in the absence of the mixing device. 45 Claims 1. Cover slip
holder (6) for insertion in a perfusion chamber (1) which consists of two
plastic plates, with a through-running flow channel (4) having a smooth,
gradual transition from circular cross-section to 50     rectangular
cross-section, wherein the cover slip holder comprises a body, with an
0-ring (10) for sealing purposes, which is adapted to a hole of equal
cross-section in the perfusion chamber (1), characterized in that the
bottom of the cover slip holder has cross-running grooves (11, 12, 13-1)
90[err] on the flow direction for attaching removable cover slips (14, 15,
16-1), the debth of the grooves is equal to the thickness of the cover
slips, and the mentioned bottom of the cover slip holder is profiled 55
in the flow direction in such way that when the cover slip holder is placed
in the perfusion chamber (1), the surface of the first cover slip (14) is
level with the roof of the flow channel (4), the surface of the second
cover slip (15) is elevated in comparison to the surface of the first cover
slip (14), the side walls of the mentioned elevation are straight or of
varying embodiment, so that the cross-sectional area of the 7    The
perfusion chamber was perfused for 20 s with a physiological buffer
solution immediately after the blood perfusion, followed by a perfusion for
40 sec with a glutaraldehyde solution to fix the thrombus. All perfusions
were performed with continous flow through the chamber, by means of
T-tubes, without stopping the pump. 5 EXAMPLE 2 This example relates to a
comparison of thrombogenesis in a measure chamber without profiled bottom
of the cover slip holder with that of a measure chamber according to the
invention, in which the bottom of 10  the cover slip holder is elevated to
simulate arterial stenosis with shear rates equal to 2600 [err].
Non-anticoagulated blood from an anticubital vein was pumped through the
perfusion chamber with the cover slip holder according to the invention,
with a flow rate of 10 ml/min, as described in Example 1. The elevation of
the bottom in the cover slip holder occluded 50% of the cross-sectional
area of the flow channel and created an unilateral stenosis. A cover slip
on the constriction was coated with purified human 15  collagen. The shear
rate at the surface of this cover slip was 2600 [err]. This equals a shear
rate which can be observed in a coronary artery of average size with a 50%
occluding stenosis. The measure chamber without a cover slip holder with
elevated bottom was dimensioned so as to create shear rates of 2600 [err]
in the measure chamber. As shown in Fig. 6 the volume of the thrombus,
measured with an image analysis technique, was 20  already after 3 min's
perfusion significantly larger in the occluded measure chamber according to
the invention and doubled after 5 min, compared to the thrombus volume in
the measure chamber without occlusion. This demonstrates the impact of an
initial occlusion in the measure chamber in order to simulate the
development of thrombogenesis in in vivo vessel systems with stenosis. 25
EXAMPLE 3 Testing the efficiency of the mixing device The test equipment
comprised the mixing device 21 (Fig. 5) connected to a 20 mm tubing of the
same 30  dimension, which was connected to four equally long, parallel
tubes with equal flow cross-sectional areas (1/4 of the flow
cross-sectional area of the main flow). This assembly caused a blood flow
through the mixing device to separate into four equivalent flows. Citrated
blood was pumped through the mixing device 



(10 ml/min) as described in Example 1, while a solution of physiological
saline containing [err] was continuously added (0,1-1 ml/min) through the
side tube 23. The four sub-flows were collected and the 35  radioactivity
measured. In order to examine the mixing efficiency without the mixing
device, this was replaced by a T-tube without constriction and the
following expansion, but with the same dimensions and length as the mixing
device. Fig. 7 shows no significant difference in the percentage
radioactivity (% of the injected radioactivity in 40  the side tube) in the
four sub-flows, in the test in which the mixing device 21 was used (A).
When a solution of physiological saline, containing [err], was injected in
the main flow, and this flow was not led through the mixing device,
considerable differences in percent radioactivity collected from the four
sub-flows appeared (B). This demonstrates that the mixing device produces a
homogenous mixing of the radioactivity in the blood stream. This did not
happen in the absence of the mixing device. 45 Claims 1. Cover slip holder
(6) for insertion in a perfusion chamber (1) which consists of two plastic
plates, with a through-running flow channel (4) having a smooth, gradual
transition from circular cross-section to so     rectangular cross-section,
wherein the cover slip holder comprises a body, with an O-ring (10) for
sealing purposes, which is adapted to a hole of equal cross-section in the
perfusion chamber (1), characterized in that the bottom of the cover slip
holder has cross-running grooves (11, 12, 13-1) 90 on the flow direction
for attaching removable cover slips (14, 15, 16-1), the debth of the
grooves is equal to the thickness of the cover slips, and the mentioned
bottom of the cover slip holder is profiled 55     in the flow direction in
such way that when the cover slip holder is placed in the perfusion chamber
(1), the surface of the first cover slip (14) is level with the roof of the
flow channel (4), the surface of the second cover slip (15) is elevated in
comparison to the surface of the first cover slip (14), the side walls of
the mentioned elevation are straight or of varying embodiment, so that the
cross-sectional area of the 7    EP 0 592 596 B1 measure chamber (7) is
constricted unilaterally, or constricted bilaterally with an elevation (20)
in the bottom of the measure chamber (7), facing the elevation of the
bottom of the cover slip holder, and that the cover slips following after
the second cover slip (15) on the bottom of the cover slip holder, in a
number which is limited by the shape of the cover slip holder, is level
with the surface of the first cover 5      slip (14) and/or elevated in
comparison to this surface, with mutually independent variation, and that
the surface of one or more cover slips are coated with biological material,
recombinant material and/or synthetic chemical compounds, or are uncoated.
2. Cover slip holder according to claim 1, 10     characterized in that it
consists of a cylinder (9) with elliptic cross-section. 3  Cover slip
holder according to claims 1-2, characterized in that the surface of the
second cover slip is elevated compared to the surface of the first cover
slip, occluding the cross-sectional area of the measure chamber
unilaterally from more than 15     0% to 95% of the cross-sectional area of
the flow channel. 4. Cover slip holder according to claims 1-3,
characterized in that the elevation on the bottom, creating the
constriction of the cross-sectional area of the measure chamber, has
sinusoidal walls (17, 18, 19) 90[err] on the flow direction. 20 5. Cover
slip holder according to claims 1-4, characterized in that the number of
cover slips is at least one, upwardly limited by the shape of the cover
slip holder, preferably 1 to 6. 25  6. Cover slip holder according to one
of the preceding claims, characterized in that at least one of the surfaces
of the cover slips is coated with a biological, recombinant and/or
synthetic chemical material which influences or does not influence
thrombogenesis. 7. Cover slip holder according to claim 1, 30
characterized in that it is produced of hard plastic, preferably
transparent plastic. 



8. Cover slip holder according to claims 1-7, characterized in that the
cover slips are replaced by a permanent, non-removable material, with the
same thickness as the mentioned cover slips. 35 9. Perfusion chamber (1)
for use with the cover slip holder (6) according to claim 1, characterized
in that a part of the bottom of the measure chamber (7), facing the
elevation of the bottom of the cover slip holder in relation to the measure
chamber roof, is elevated into the measure chamber to such a degree that
the cross-sectional area of the measure chamber is constricted bilaterally
more than 0% and less 40     than 95% of the cross-sectional area of the
flow channel (4). 10. Perfusion chamber (1) according to claim 9,
characterized in that the bottom of the measure chamber (7) is level with
the bottom of the flow channel (4) and the cross-sectional area of the
measure chamber is constricted unilaterally more than 45     0% and less
than 95% of the cross-sectional area of the flow channel (4). 11. Perfusion
chamber according to claims 9 and 10, including a cover slip holder
according to claim 1, optionally used with a mixing device comprising a
side tube (23) equipped main tube (22), in which the diameter gradually
diminishes to a considerably smaller value followed by an immediate
increase to a 50     diameter considerably larger than the main tube
diameter. PatentansprUche 1. Deckpl~ttchentrAger (6) zum Einsetzen in eine
aus zwei Kunststoffplatten bestehende Perfusionskam- 55     mer (1) mit
einem durchgehenden Strbmungskanal (4), der einen glatten, allmihlichen
Obergang von einem kreisfbrmigen Querschnift in einen rechteckigen
Querschnitt aufweist, wobei der Deckplittchen- trager einen Korpus mit
einem O-Ring (10) zu Abdichtungszwocken umfalt, der einer Bohrung gleichen
Querschnitts in der Perfusionskammer (1) angepaBt ist, dadurch
gekennzeichnet, daB der Boden des 8    EP 0 692 596 BI
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querverlaufende Rillen (11, 12, 13-1) zur Anbringung abnehmbarer
Deckplattchen (14, 15, 16-1) aufweist, die Tiefe der Rillen gleich der
Starke der Deckplrttchen ist und der erwahnte Boden des
Deckplattchentr~gers in der FlieBrichtung in der Weise profiliert ist, daB
sich bei Anbringen des DeckpIttchentragers in der Perfusionskammer (1) die
5      Oberflache des ersten Deckplattchens (14) auf gleicher H6he mit der
Decke des Str6mungskanals (4) befindet, die Oberflache des zweiten
Deckplattchens (15) im Vergleich zur Oberflache des ersten Deckplattchens
(14) erh6ht ist, die Seitenwande der erwahnten Erhohung gerade oder in
unterschiedli- cher AusfaIhrung vorgesehen sind, so daB die
Querschnittsflache der Melkammer (7) einseitig einge- schnlrt ist, oder mit
einer Erhohung (20) im Boden der Me~kammer (7), der Erhohung des Bodens des
10     Deckplattchentragers zugewandt, zweiseitig eingeschnhrt ist, und daB
die auf das zweite Deckpilttchen (15) folgenden Deckplattchen am Boden des
Deckplattchentragers in einer durch die Form des Deckplattchentragers
begrenzten Anzahl h6hengleich mit der Oberflache des ersten Deckplattchens
(14) sind und/oder im Vergleich zu dieser Oberflache - in gegenseitig
unabh~ngiger Variation - erh6ht sind, und daB die Oberflache eines oder
mehrerer Deckplattchen mit biologischem Material, recombin- 15     antem
Material und/oder synthetisch-chemischen Verbindungen beschichtet ist oder
unbeschichtet ist. 2. Deckplattchentrager nach Anspruch 1, dadurch
gekennzeichnet, daB er aus einem Zylinder (9) mit elliptischem Querschnitt
besteht. 20  &  Deckplattchentrager nach den AnsprUchen 1 bis 2, dadurch
gekennzeichnet, daB die Oberflache des zweiten Deckplattchens im Vergleich
mit der Oberflache des ersten Deckplattchens erhoht ist, um den
Querschnittsbereich der Mefkammer von mehr-als 0% bis 95% des
Querschnittsbereichs des Str6- mungskanals einseitig zu verschlieBen. 25
4. Deckplattchentr~ger nach den AnsprUchen 1 bis 3, dadurch gekennzeichnet,
daB die Erh6hung am Boden, die die EinschnUrung des Querschnittsbereichs
der MeSkammer bewirkt, 90- zur Str6mungs- richtung sinusf6rmige Wande (17,
18, 19) aufweist. 5. Deckplattchentrager nach den AnsprUchen 1 bis 4,
dadurch gekennzeichnet, daB die Anzahl der 30     Deckplattchen mindestens
eins und - nach oben durch die Form des Deckplattchentragers begrenzt -
vorzugsweise eins bis sechs ist. 



6. Deckplattchentrager nach einem der vorhergehenden AnsprUche, dadurch
gekennzeichnet, daB minde- stens eine der Oberflachen der
Deckplattchentrager mit einem biologischen, recombinanten und/oder 35
synthetischen chemischen Material beschichtet ist, das die
Thromboseentstehung beeinfluBt oder nicht beeinfluBt. 7.
Deckplattchentrager nach Anspruch 1, dadurch gekennzeichnet, daB er aus
Hartplastik, vorzugsweise transparenter Plastik, hergestellt ist. 40 8
DeckplAttchentr~ger nach den AnsprUchen 1 bis 7, dadurch gekennzeichnet,
daB die Deckpl~ttchen gegen ein bleibendes, nicht entfernbares Material mit
der gleichen Starke wie die erwahnten DeckpIatt- chen ausgewechselt werden.
4s  9. Perfusionskammer (1) zur Anwendung mit dem Deckplattchentrager (6)
nach Anspruch 1, dadurch gekennzeichnet, daB ein Teil des Bodens der
Me~kammer (7), der der Erh6hung des Bodens des Deckplattchentragers in
Relation zu der MeBkammerdecke gegen0berliegt, in die MeSkammer in einem
solchen Grad erh6ht ist, daB der Querschnittsbereich der Me~kammer
zweiseitig um mehr als 0% und weniger als 95% des Querschnittsbereichs des
Stromungskanals (4) eingeschnUrt ist. 50 10. Perfusionskammer (1) nach
Anspruch 9, dadurch gekennzeichnet, daB der Boden der MeBkammer h6hengleich
mit dem Boden des Str6mungskanals (4) ist und der Querschnittsbereich der
MeBkammer einseitig um mehr als 0% und weniger als 95% des
Querschnittsbereichs des Stromungskanals (4) eingeschnlrt ist. 55 11.
Perfusionskammer nach Anspruch 9 und 10, die einen Deckplattchentrager nach
Anspruch 1 ein- schlieBt und wahlweise mit einer Mischvorrichtung
angewendet wird, die ein mit einem Seitenrohr (23) versehenes Hauptrohr
(22) umfa~t, dessen Durchmesser sich allmahlich auf einen wesentlich
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Wert verjingt, gefolgt von einer plotzlichen Vergrolerung auf einen
Durchmeser, der erheblich grdBfer als der Durchmesser des Hauptrohres ist.
RevendIcations 5 1. Porte-lamelles (6) pour l'insertion dans une chambre
d'irrigation (1) qui content deux plaques en matibre plastique, un canal
d'ecoulement la traversant (4) ayant une transition uniforme, progressive
d'une section transversale circulaire a une section transversale
rectangulaire, dans loquel le porte- lamelles comprend un corps, avoc un
joint torique (10) aux fins d'etancheite, qui est adapt4 A un trou to
de section transversale egale dans la chambre d'irrigation (1), caracterise
en ce que le fond du porte- lamelles a des rainures transversales (11, 12,
13-1) a 90  sur la direction du flux pour attacher des lamelles amovibles
(14, 15, 16-1), la profondour des rainures est 4gale & l'epaisseur des
lamelles, et le fond mentionne du porte-lamelles est profile dans la
direction du flux de maniere que, lorsque le porte- lamelles est plac6 dans
la chambre d'irrigation (1), la surface de la premibre lamelle (14) soit de
niveau i5     avec la voOte du canal d'dcoulement (4), la surface de la
deuxieme lamelle (15) soit eIevee par rapport a la surface de la premibre
lamelle (14), les parois laterales de l'6levation mentionnee soient droites
ou d'une configuration variable, de sorte que l'aire de section
transversale de la chambre de mesure (7) soit resserree unilateralement, ou
resserree bilat6ralement avec une Ol~vation (20) du fond de la chambre de
mesure (7), faisant face a l'6elvation du fond du porte-lamelles, et quo
les lamelles faisant '   20     suite & la deuxibme lamelle (15) sur le
fond du porte-lamelles, dans un nombre qui est limit4 par la forme du
porte-lamelles, soient de niveau avec la surface de la premibre lamelle
(14) et/ou elevees par rapport & cette surface, avoc une variation
mutuellement independante, et que la surface d'une ou plusieurs lamelles
soit revtue avec une matibre biologique, une matibre recombinante et/ou des
compos6s chimiques synth6tiques, ou ne soit pas rev~tue. 25 2.
Porte-lamelles sWlon la revendication 1, caracterise en ce qu'il est
constitue d'un cylindrs (9) ayant une section transversale elliptique. 



3. Porte-lamelles selon les revendications 1 et 2, caract6rise on ce quo la
surface de la deuxibme lamelle so     est olevee par rapport & la surface
la premibre lamelle, occluant I'aire de section transversale de la chambre
de mesure unilateralement de plus de 0 % A 95 % de l'aire de section
transversale du canal d'ecoulement. 4. Porte-lamellos selon les
revendications 1 a 3, caractdrise en co que I'l16vation sur le fond, creant
la 35     constriction de I'aire de section transversale de la chambre de
mesure, a des parois sinusoTdales (17, 18, 19) k 90' sur la direction du
flux. 5. Porte-lamelles selon les revendications 1 a 4, caract6ries  en co
que le nombre de lamelles est d'au ->         moins un, la forme du
porte-lamelles limitant le nombre sup6rieur, de prdference de 1 A 6. 40 6.
Porte-lamelles selon l'une quelconque des revendications precedentes,
caract6rise en co qu'au moins l'une des surfaces des larnelles est revOtue
avec une matibre biologique, recombinants et/ou chimique synth6tique qui
influence ou n'influence pas la thrombogenbse. 45  7. Porte-lamelles selon
la revendication 1, caract6rise en ce qu'il est constitu4 de matibre
plastique dure, de preference une matibre plastique transparente. 8.
Porte-lamelles selon los revendications 1 A 7, caractdrisd en ce que les
lamelles sont remplacees par une matibre permanents non amovible ayant la
m8me epaisseur quo les lamelles mentionnees. 50 9. Chambre d'irrigation (1)
pour l'utilisation avoc le porte-lamelles (6) selon la revendication 1,
caract~ris6e en ce qu'une partie du fond de la chambre de mesure (7),
faisant face & I'616vation du fond du porte- lamelles par rapport au sommet
de la chambre de mesure, est eleveo dans la chambre de mesure A un degr6
tel quo l'aire de section transversale de la chambre de mesure soit
resserreo bilateralement 55     de plus de 0 % A moins de 95 % de I'aire de
section transversale du canal d'ecoulement (4). 10. Chambre de perfusion
(1) selon la revendication 9, caract6risee on co que le fond de la chambre
de mesure (7) est de niveau avec le fond du canal d'dcoulement (4) et
l'aire de section transversale de la 10    EP 0 592 596 BI
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resserr6e unilateralement de plus de 0 % et de moins de 95 % de l'aire de
section transversale du canal d'4coulement (4). 11. Chambre de perfusion
selon les revendications 9 et 10, incluant un porte-lamelles selon la
revendica- 5      tion 1, 6ventuellement utilisde avec un dispositif de
m~lange comprenant un tube principal (22) 6quip6 d'un tube secondaire (23),
dans loquol la diambtre diminue progressivement A une valeur consid~rable-
ment plus petite puis augmente subitement a un diambtre consid~rablement
plus grand quo le diambtre du tube principal. 10 15 20 25 30 35 40 45 50 55


