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Description

[0001] The invention relates to an irrigation/aspiration
system for irrigating and aspirating a surgical site.
[0002] Irrigation/aspiration systems are known and are
used during small incision surgery, in particular during
ophthalmic surgery. The irrigation/aspiration system is
arranged for directing fluid towards and from the eye dur-
ing the surgery. The system is used for irrigation and
aspiration of the eye and to maintain a controlled intraoc-
ular pressure in the eye during the surgery.
[0003] The irrigation/aspiration system typically com-
prises a pump for pumping the fluid to and/or from the
surgical site. The pumps are usually arranged at the as-
piration side of the system, but can also be arranged in
the irrigation side of the system. In the prior art, typically,
two pump systems are known, i.e. either a pressure con-
trolled pump or a flow controlled pump. Both pump sys-
tems have advantages and drawbacks.
[0004] A pressure controlled system typically compris-
es a vacuum pump or a venturi pump. An advantage of
the pressure controlled pump is that the pressure, i.e.
the underpressure or vacuum, in the system is well
known. Also, the quick response time of the pressure
controlled pump is highly appreciated. A drawback of the
pressure controlled pump is that flow information is not
available. Flow is a result of the vacuum applied and the
resistance in the flow path, and a precise flow is difficult
to control.
[0005] A flow controlled system typically comprises a
peristaltic pump. An advantage of the flow controlled sys-
tem is the relatively stable flow rate. Another advantage
is the stable flow, independent of the viscosity of the me-
dium. During eye surgery the eye may be filled with a
combination of air and liquid. The fluids may be of differ-
ent viscosity. When using the vacuum pump of the pres-
sure controlled system, the resulting flow will be different
in air or water. A drawback of the existing flow controlled
systems is the relatively slow response time and/or the
fluctuations in the flow due to the peristaltic movement
of the pump.
[0006] Therefore, typically either a pressure controlled
pump or a flow controlled pump is used to operate in
either a pressure controlled mode or a flow controlled
mode. It is also known to provide a combined system that
has both pumps, a flow controlled pump and a pressure
controlled pump, as for example described in EP 1 900
347. A drawback of such a system however is, that two
separate pumps are required, resulting in a relatively vo-
luminous apparatus. Further, switching between the
pressure controlled mode and the flow controlled mode
can be relatively complex and takes time.
[0007] It is noted that patent publication US
2004/0059284 discloses a pumping system for use in
medical applications, comprising an infusion pump and
an aspiration pump. It is further noted that patent publi-
cation US 2007/0112297 discloses a portable peritoneal
dialysis apparatus including a disposable cassette with

diaphragm covered pumping chambers.
[0008] There is a need for an irrigation/aspiration sys-
tem that obviates at least one of the above mentioned
drawbacks. For example, there is a need for an irriga-
tion/aspiration system that allows operating in the flow
controlled mode or the pressure controlled mode while
maintaining the advantages of either control mode.
[0009] Thereto, the invention provides for an irriga-
tion/aspiration system according to claim 1. Also, the in-
vention provides a pump unit according to claim 10.
[0010] By providing a membrane pump comprising a
main pump chamber and an auxiliary pump chamber that
is arranged between the main pump chamber and the
surgical site, the pulsating movement of the main pump
plunger element in the main pump chamber can be com-
pensated by the movement of an auxiliary plunger ele-
ment in the auxiliary pump chamber such that an approx-
imately smooth flow to/from the surgical site can be ob-
tained.
[0011] By moving a main pump plunger element in the
main pump chamber up and down, a pulsation fluid flow
is obtained. The flow can be known and is dependent on
the velocity of the plunger element. The main pump
chamber then functions as a flow controlled pump alike
a peristaltic pump, generating a pulsation fluid flow. By
adding the auxiliary pump chamber to the main pump
chamber of which an auxiliary pump plunger element can
compensate the movement of the main pump plunger
element, an approximately nearly smooth flow can be
obtained, which is an improvement with respect to the
known flow controlled pumps. By providing the auxiliary
pump chamber the membrane pump can be operated in
a flow controlled mode and generating a nearly smooth
flow, as opposed to the pulsating flow of the conventional
peristaltic pumps. Since the flow rate is known, because
the flow rate depends on the velocity of the plunger ele-
ments, the membrane pump can be operated as a flow
controlled pump. Further, by providing a system accord-
ing to the invention, the flow can be stable and independ-
ent of the viscosity of the fluid.
[0012] In the context of the invention, an approximately
smooth flow is understood to be a nearly smooth flow, i.
e. a flow with a nearly even flow rate. An approximately
or nearly smooth flow is understood to have no or limited
flow rate variations, as opposed to a pulsating flow of
prior art flow controlled pumps, such as peristaltic pumps.
Advantageously, the flow obtained by a pump system
according to the invention is free of waves or pulses, as
opposed to the flow of a conventional peristaltic pump
which is inherently a wave flow or pulsating flow.
[0013] In addition, by providing a membrane pump with
a main pump chamber and an auxiliary pump chamber,
the flow of the membrane pump can be relatively quickly
adapted by adapting the movement of the plunger ele-
ments. The response time of the membrane pump ac-
cording to the invention can therefore be relatively short
compared to the response time of conventional flow con-
trolled pumps, such as a peristaltic pump.
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[0014] Advantageously, a control unit is provided to
control the operation of the membrane pump, in particular
to control the movement of the plunger elements and/or
the valves. It is possible to provide for a mechanical con-
trol system, for example by providing the plunger ele-
ments and/or valve elements on a camshaft the velocity
of which can be varied to provide for a higher or lower
flow. Also, the cams on the camshaft can be made ve-
locity-dependent.
[0015] Alternatively, each plunger element and/or
valve element may be operated individually by, for ex-
ample, a direct drive motor. By providing a control unit
that controls the direct drive motors, the plunger and/or
valve elements can be operated individually in velocity
and position such that the flow can be optimally and rel-
atively accurately controlled.
[0016] By providing a pressure sensor that is adapted
to establish the pressure in the system, the pressure can
be known. When the pressure value is known, the pres-
sure can be used as a control parameter and it may be-
come possible to operate the system as a pressure con-
trolled system.
[0017] When the pressure is known, and the flow in
the system is known as well, the system can be controlled
on the pressure and/or on the flow, so it can be operated
as a pressure controlled system or as a flow controlled
system having the advantages of an approximately
smooth flow and of a relatively quick response time.
[0018] In a pressure controlled mode, the pressure val-
ue can be used as an input to the control unit that may
adapt the control of the plunger and/or valve elements
depending on the desired pressure value.
[0019] During a surgical procedure, the surgeon may
like to use the system in a first step in a pressure con-
trolled mode and in a second step in a flow controlled
mode. For example, in the first step eye fluid may be
removed relatively fast from the eye using maximum flow
and pressure control. In the second step, the flow may
be limited and control of the flow becomes important, for
example when approaching the retina. When using the
system according to the invention, a relatively simple
switch between the flow controlled mode and the pres-
sure controlled mode is possible, complex switching
mechanisms between two separate pumps can be obvi-
ated. In addition, when using the pump according to the
invention, the flow and the pressure in the system may
be known, allowing relatively accurate operating and con-
trolling of the pump. Furthermore, by using a membrane
pump according to the invention, a relatively quick re-
sponse time can be obtained.
[0020] It is understood that a pump system comprising
a main pump chamber with a main pump plunger element
with at least two valves for opening and/or closing of the
main pump chamber, further comprising an auxiliary
pump chamber with an auxiliary pump plunger element
that is at one side in fluid connection with the main pump
chamber, wherein the auxiliary pump plunger element is
arranged to compensate movement of the main pump

plunger element to provide for an approximately even
fluid flow at a side of the auxiliary pump chamber opposite
the main pump chamber can be considered as an inven-
tion on its own, however not forming part of the invention
as claimed. By providing an auxiliary pump chamber with
an auxiliary pump plunger element, the pulsating move-
ment of the main pump chamber can be compensated
such that an approximately even flow can be obtained
as compared to the pulsating flow of the main pump
chamber. The auxiliary pump plunger element moves in
antiphase with respect to the main pump plunger element
as to obtain the compensating movement and the ap-
proximately even flow.
[0021] In another aspect of the invention, the mem-
brane pump comprises plunger elements that are ar-
ranged to provide an underpressure between a mem-
brane body and a plunger element. By providing an un-
derpressure, also called vacuum pressure, between the
membrane body and the plunger element, the membrane
body is sucked against the plunger element. When mov-
ing the plunger element, the membrane body is moved
as well and the pump chamber can thus become larger
or smaller.
[0022] It is understood that the aspect of a plunger el-
ement providing an underpressure between the plunger
element and the membrane body such that the mem-
brane body is sucked against the plunger element, can
be considered as an invention on its own, however not
forming part of the invention as claimed. Contrary to a
prior art membrane pump in which the membrane is
moved by the pushing action of a plunger against the
membrane, the membrane is now moved by the plunger
element due to suction contact between the plunger el-
ement and the membrane. According to this aspect of
the invention, the membrane body is sucked against the
plunger element and is thus, during operation, in perma-
nent contact with the plunger element. Movement of the
plunger element causes movement of the membrane
body. This allows a more accurate control of the move-
ment of the membrane body and thus of the volume of
the pump chamber.
[0023] To provide an underpressure or vacuum be-
tween the plunger element and the membrane body, the
plunger element may be provided with a hollow bore or
channel that that ends in an underside of the plunger
element facing the membrane body. By providing an un-
derpressure through the bore or channel, the membrane
body is sucked against the underside of the plunger el-
ement. The underpressure between the plunger element
and the membrane body is relatively high, for example
the absolute pressure may be between approximately 15
- 75 mmHg, preferably approximately between 20 - 60
mmHg. Such a relatively low pressure is also referred to
as a vacuum pressure. Advantageously, the irrigation/as-
piration system comprises a cartridge in which the irriga-
tion flow path and the aspiration flow path are arranged
and a pump unit for cooperation with the cartridge. By
providing a cartridge and a pump unit, a modular system
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can be obtained. The cartridge can be provided as a one-
way or throw-away article, while the pump unit may be
of a more permanent nature, for example arranged in a
surgical operating machine. By providing a cartridge, the
cartridge can be made relatively easily sterile, such that
the flow paths in the cartridge can be sterile as well.
[0024] Advantageously, the flow paths in the cartridge
are rigid in which the membrane bodies are arranged.
Contrary to the rigid flow paths, the membrane bodies
are flexible. This is also contrary to a prior art peristaltic
pump or prior art cassette for a peristaltic pump that usu-
ally requires at least part of the flow path to be flexible
that is in engagement with the peristaltic pump.
[0025] According to an aspect of the invention, a sur-
gical cartridge is defined such as in claim 7.
[0026] By providing the flow paths in the cartridge, the
flow paths are determined and the cartridge is relatively
fast ready to use. Only the irrigation line and the aspira-
tion line need to be connected to the irrigation connection
and the aspiration connection to obtain a connection to
and from the surgical site. The inner plate and the outer
plate may be of relatively hard plastic parts that may be
welded together to form closed channels, the fluid flow
path, and chambers. At some positions, a wall part of the
channels and/or chambers is made of an elastic material
forming a membrane.
[0027] In addition, by providing an inner plate in which
the membrane bodies are arranged, the cooperation with
the pump unit can be relatively easily be established. By
coupling the cartridge to the pump unit, the plunger and/or
valve elements of the pump unit are facing their respec-
tive membrane bodies. This allows for easy manipulating
of the cartridge to the pump unit. Furthermore, the thus
obtained irrigation/aspiration is less sensitive to fabrica-
tion tolerances of the cartridge.
[0028] In an advantageous embodiment, the cartridge
is provided with a sealing edge for sealingly coupling to
the pump unit. The sealing edge encloses the inner plate
and by coupling the cartridge to the pump unit, the sealing
edge seals of the chamber between the inner plate and
the pump unit. By sealingly coupling the cartridge to the
pump unit, the chamber between the inner plate and the
pump unit can be put at an underpressure to suck the
cartridge against the pump unit. This is also known as
’vacuum clamping’ the cartridge to the pump unit. Pref-
erably, the underpressure in the chamber between the
inner plate and the pump unit is maintained during the
use of the cartridge on the pump unit to provide for a firm
coupling of the cartridge to the pump unit. Due to the
vacuum clamping, a firm contact between the hard inner
plate of the cartridge and the pump unit may be estab-
lished which may increase actuation accuracy.
[0029] Typically, the cartridge may in addition be pro-
vided with coupling elements, such as click fingers, or
hooks, or pins or ratchets, etc. to initially couple with the
pump unit as well to provide for additional safety. During
use, the cartridge will first be coupled to the pump unit
by means of the coupling elements. Then, the cartridge

is already well positioned and centred in front of the pump
unit. Secondly, an underpressure will be provided be-
tween the cartridge and the pump unit to sealingly suck
the cartridge to the pump unit. Therefore, also in case of
a power breakdown, when the vacuum falls away, the
cartridge remains coupled to the pump unit by means of
the coupling elements.
[0030] According to another aspect of the invention,
the pump unit comprises plunger elements and valve el-
ements for cooperation with membrane bodies to provide
for a membrane pump, wherein the plunger elements
comprise a main plunger element and an auxiliary plung-
er element for cooperation with a main membrane body
and an auxiliary membrane body respectively.
[0031] According to another aspect of the invention,
the pressure sensor can be provided as sensor external
to the cartridge cooperating with a membrane on the car-
tridge.
[0032] In a cartridge, fluid paths are arranged and in a
wall of such a fluid path, a membrane can be provided.
The membrane typically is relatively thin and flexible, one
side of the membrane is at the inner side of the fluid flow
path and an other side of the membrane is at the outer
side of the fluid flow path. Preferably, the membrane is
arranged in a side wall of the flow path. Thus, the side
of the membrane inside the fluid flow path, i.e. the inner
side of the membrane, is in contact with the fluid. The
other side of the membrane outside the fluid flow path,
i.e. the outer side of the membrane is not in contact with
the fluid. According to this aspect of the invention, a pres-
sure sensor is now provided that cooperates with the
outer side of the membrane. The pressure sensor then
measures the pressure of the fluid on the membrane.
Therefore, the pressure sensor itself external to the car-
tridge and is not in contact with the fluid. The membrane
is very compliant compared to the pressure sensor and
has therefore no significant influence on the pressure
measurement inside the cartridge.
[0033] This is contrary to the prior art pressure meas-
urements. According to the prior art, the cartridge itself
is provided with a pressure sensor that is arranged par-
tially inside the fluid flow path of the cartridge. Thus, the
pressure sensor is in contact with fluid, which requires
complex and expensive sealing. Also, the cartridge is a
throw-away disposable article, such that, when disposing
the cartridge, the pressure sensor is thrown away as well.
This results in a relatively expensive cartridge.
[0034] By providing the pressure sensor outside the
cartridge, e.g. in the pump unit or on the operating ma-
chine, the pressure sensor can cooperate with a mem-
brane in the fluid flow path of the cartridge. This may
result in a more cost effective manufacturing of the car-
tridge, since it can be provided without the pressure sen-
sor. Also, since the pressure sensor on the cartridge is
now absent, the cartridge can become thinner, thereby
reducing packaging, storage and transport costs. Fur-
thermore, the pressure sensor itself may be of a more
cost effective type, since the pressure sensor is not in
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contact with fluid.
[0035] Advantageously, the pressure sensor is a load
cell sensor measuring the displacement of the membrane
and translating this displacement into a force or pressure
load.
[0036] This aspect of the pressure sensor can be con-
sidered as an invention on its own, however not forming
part of the invention as claimed.
[0037] The invention further relates to a surgical oper-
ating machine comprising a pump unit.
[0038] The invention also relates to a method for op-
erating an irrigation/aspiration system, wherein the aux-
iliary pump chamber is operated in antiphase with respect
to the main pump chamber to provide for an approximate-
ly smooth flow.
[0039] By moving the main plunger element up and
down, fluid is pumped through the flow path in a pulsating
way. When the main pump chamber is filled, an inlet valve
closes and an outlet valve of the main pump chamber
opens to allow the fluid to flow away due to the down-
wards movement of the main pump plunger element. In
the mean time the auxiliary pump plunger takes over the
flow task by moving upwards. After emptying the main
pump chamber, the outlet valve closes and the inlet valve
opens again, and the main pump plunger element moves
up to allow filling the main pump chamber. When the
main pump plunger element moves upwards, the auxil-
iary pump plunger element moves downward. The aux-
iliary pump plunger element and the main pump plunger
element therefore operate in antiphase to compensate
for the fluctuations of the main pump plunger element,
such that an approximately smooth flow is obtained, such
that there is an approximately smooth flow to and/or from
the surgical site.
[0040] Further advantageous embodiments are repre-
sented in the subclaims.
[0041] The invention will further be elucidated on the
basis of exemplary embodiments which are represented
in the drawings. The exemplary embodiments are given
by way of non-limitative illustration of the invention.
[0042] In the drawings:

Fig. 1 shows a schematic representation in four steps
of the operation of the membrane pump according
to the invention;
Fig. 2 shows a schematic perspective exploded view
of an irrigation/aspiration system according to the
invention;
Fig. 3 shows a schematic perspective rear view of
part of the pump unit and of the cartridge according
to the invention;
Fig. 4 shows a schematic exploded view of a car-
tridge according to the invention;
Fig. 5 shows a schematic front view of a cartridge
according to the invention;
Fig. 6 shows a schematic front view of a cartridge
according to the invention showing the fluid flow from
infusion bag to collection bag; and

Fig. 7a and Fig. 7b show in a schematic perspective
cross-sectional view the construction of a valve, in
open and closed condition respectively, according
to an aspect of the invention.

[0043] It is noted that the figures are only schematic
representations of embodiments of the invention that are
given by way of non-limiting example. In the figures, the
same or corresponding parts are designated with the
same reference numerals.
[0044] Fig. 1 shows a schematic representation of a
pump 1 according to the invention. The pump 1 is here
arranged in an aspiration flow path A of an irrigation/as-
piration system. In the aspiration flow path A, the fluid
comes from the eye E and goes to a collection bag C. It
is evident that the pump 1 can also be arranged in an
irrigation flow path.
[0045] Pump 1 comprises a main pump chamber 2 with
a main pump plunger element 3. The main pump cham-
ber 2 can be opened and closed by a first valve 4 and a
second valve 5. Upstream of the main pump chamber 2,
an auxiliary pump chamber 6 is arranged with an auxiliary
pump plunger element 7. In this embodiment, the main
and auxiliary pump plunger elements 3, 7 and the first
and second valves 4, 5 are operated by cams 8 on a
camshaft 9.
[0046] The operation of the pump 1 will now be eluci-
dated using four figures Fig. 1a - Fig. 1d each depicting
one step. It may be clear that the movement of the plunger
elements 3, 7 and of the valves 4, 5 is approximately
continuous and more or less steps may be visualized.
[0047] In a first step, shown in Fig. 1a, the main pump
plunger element 3 moves upwardly, thereby pumping flu-
id out of the eye E towards the auxiliary pump chamber
6 and main pump chamber 2 while the valve 4 is open.
The second valve 5 is closed. Simultaneously, the aux-
iliary pump plunger element 7 moves downwardly and
so decreasing the amount of volume. However, the aux-
iliary pump plunger element 7 moves slower than main
pump plunger element 3 resulting in a smooth flow out
of the eye. At the end of this step, the main pump chamber
2 is now maximally filled with fluid, while the auxiliary
pump chamber 6 is almost empty.
[0048] In step 2, as shown in Fig. 1b, the first valve 4
is closed, and the second valve 5 is opened. The auxiliary
pump plunger 7 is moving upwards, generating an aspi-
ration flow towards the auxiliary pump chamber 6.
[0049] In step 3, as shown in Fig 1c, by moving the
main pump plunger element 3 downwardly, fluid is
pumped out of the main pump chamber 2 towards the
collection bag C. This releasing of the fluid into the aspi-
ration flow path A towards the collection bag C is done
in a pulsating movement. This is however not a problem,
since this released fluid goes to the collection bag C. In
the mean time, the auxiliary pump plunger 7 is moving
upwards, generating an aspiration flow towards the aux-
iliary pump chamber 6. At the end of this step, the main
pump chamber 2 is empty.
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[0050] In step 4, as shown in Fig. 1d, the second valve
5 is closed, and the first valve 4 is opened. The auxiliary
pump plunger 7 is moving upwards, generating an aspi-
ration flow towards the auxiliary pump chamber 6.
[0051] Due to the provision of auxiliary pump chamber
6 with auxiliary pump plunger 7, the pulsating flow of the
main pump chamber 2 can be compensated, such that
fluid is aspirated out of the eye E in a nearly even volume.
The auxiliary pump plunger element 7 in fact compen-
sates the movement of the main pump plunger element
3 and thus an almost smooth fluid flow aspirated out of
the eye E can be obtained. The compensating movement
of the auxiliary pump plunger element 7 is obtained by
moving the auxiliary pump plunger element 7 in an-
tiphase with respect to the main pump plunger element 3.
[0052] By varying the velocity of the camshaft 9, the
fluid flow F can be varied as well. Also, the cams 8 can
be made velocity-dependent.
[0053] Alternatively to the cams 8 and the camshaft 9,
the plunger elements 3, 7 and the valves 4, 5 can be
controlled individually and independently from each oth-
er, for example when using direct drive motors. Then,
each plunger element 3, 7 and each valve 4, 5 is control-
led by its own direct drive motor.
[0054] The pump 1 according to the invention therefore
not only provides for a quick response time, but also pro-
vides for an approximately even fluid flow F out of the
eye E. By varying the velocity of the camshaft 9, the ve-
locity of the plunger elements 3, 7 and valves 4, 5 is
adjusted instantaneously, providing for a quick response
time. Also when using direct drive motors, varying the
rpm of a direct drive motor instantaneously influences
the movement of the respective plunger and/or valve
body. Further, by providing the auxiliary pump chamber
6 with the auxiliary pump plunger element 7, the fluid flow
F can become approximately even, i.e. substantially with-
out pulsations, as compared to the fluid flow of e.g. a
peristaltic pump.
[0055] Fig. 2 shows a schematic perspective view of a
pump system 10 according to the invention. In particular,
Fig. 2 shows an embodiment of an irrigation/aspiration
system 10 for use in surgical applications, such as for
small incision surgery in for example the eye. The irriga-
tion/aspiration system 10 is then arranged for irrigating
and aspirating a surgical site.
[0056] The pump system 10 comprises in this embod-
iment two main parts, a pump unit 11 and a cartridge 12.
The pump unit 11 and the cartridge 12 are shown at a
distance from each other, but are in operation coupled
to each other. Typically, the pump unit 11 forms part of
a larger entity such as a surgical operating machine. Such
a machine is usually provided in an operating room.
[0057] The pump system 10 comprises a membrane
pump 1. The membranes of the membrane pump 1 are
provided in the cartridge 12 and the plunger elements
are provided on the pump unit 11. In coupled state, they
work together to form the pump 1. The pump 1 functions
as explained in relation to Fig. 1a - Fig. 1d.

[0058] In Fig. 2 the pump plunger elements 3, 7 are
visible. Here, the pump plunger elements 3, 7 are ar-
ranged to provide an underpressure between a mem-
brane body and the pump plunger element 3, 7. Thereto,
the pump plunger element 3, 7 is provided with a small
bore 13, 14 approximately in the centre of the pump
plunger element 3, 7. Through this bore 13, 14 an under-
pressure is created between the membrane body and
the pump plunger element such that the membrane body
is sucked against the pump plunger element. Thus, by
moving the pump plunger element, the membrane body
is moved as well, thereby the volume of a pump chamber
can be varied.
[0059] Fig. 3 shows a perspective rear view of the sur-
gical cartridge 12 at a distance of part of the pump unit
11. The surgical cartridge 12 comprises an inner plate
15 and an outer plate 16. The outer plate 16 is arranged
approximately parallel to the inner plate 15 such that be-
tween the inner plate 15 and the outer plate 16 flow paths
I, A can be arranged. The flow paths I, A are better visible
in Fig. 5 and Fig. 6. The outer plate 16 is preferably made
from relatively rigid plastic material, as well as the inner
plate 15. Advantageously, they are welded together.
[0060] Further, the inner plate 15 is provided with rel-
atively flexible elements forming membrane bodies. An
auxiliary membrane body 17 and a main membrane body
18 are provided that cooperate with auxiliary pump plung-
er element 7 and main pump plunger element 3 respec-
tively. First and second valves 4, 5 comprise a first valve
element 19 and a first valve body 20 and a second valve
element 21 and a second valve body 22 respectively.
The valve bodies 20, 22 are membrane bodies and are
flexible as compared to the rigid inner plate 15. An em-
bodiment of the valve construction is shown in Fig. 6.
[0061] The pump system 10 further comprises at least
one pressure sensor 23. Here, the pressure sensor 23
comprises a pressure element 24 and a membrane pres-
sure body 25. The membrane pressure body 25 is in fluid
contact with the fluid flow path I, A and the pressure el-
ement 24 then measures the force and/or displacement
of the membrane pressure body 25 as to establish the
pressure in the fluid flow path I, A. Advantageously, the
membrane pressure body 25 is arranged in the fluid flow
path I, A. The membrane pressure body 25 has an inner
side which is in contact with the fluid flowing through the
flow path I, A and has an outer side facing away from the
fluid flow path I, A at the outside of the fluid flow path I,
A. The outer side of the membrane pressure body 25 is
in contact with the pressure element 24. The pressure
element 24 therefore does not form part of the cartridge
12, but can be arranged in for example the pump unit 11,
as in this example.
[0062] Of course, in relation to other cartridges the
pressure element 24 can be arranged elsewhere on the
operating machine for cooperation with the pressure
membrane body 25. The cartridge 12 can thus be more
lightweight and/or more cost effective and/or more thin
when the pressure sensor can be omitted. Also, since
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the cartridge 12 is a disposable article, a relative expen-
sive pressure sensor does not have to be thrown away
together with the cartridge 12, but can remain on the
pump unit for use with a subsequent cartridge 12. This
is contrary to the prior art wherein the pressure sensor
forms part of the disposable cartridge.
[0063] According to an aspect of the invention, the
pressure element 24 is a load cell element that can meas-
ure the displacement of the pressure body membrane 25
and translate the measured displacement into a force
value.
[0064] The surgical cartridge 12 further comprises cou-
pling elements 26 that are arranged for cooperation with
coupling elements, not shown here, on the pump unit 11.
The cartridge 12 typically is a one-way or throw-away
product, while the pump unit 11 remains. The cartridge
12 can then be coupled before use to the pump unit 11
and after the surgical use, the cartridge 12 can be re-
moved from the pump unit 11 and be thrown away. Also,
by providing the cartridge 12 as a throw-away article, the
cartridge 12 can easily be sterilised.
[0065] The cartridge 12 is in this embodiment also pro-
vided with a sealing edge 27 for sealingly couple to the
pump unit 11. When connecting the cartridge 12 to the
pump unit 11 via the coupling elements 26, a space is
created between the inner plate 15 and the pump unit 11
which the sealing edge 27 sealingly closes off. This space
can then be provided with an underpressure such that
the cartridge 12 is being sucked towards the pump unit
11. This underpressure in fact provides for a firm, and
additional to the coupling elements 26, connection of the
cartridge 12 to the pump unit 11. The cartridge 12 is firstly
coupled to the pump unit 11 via the coupling elements
26 to provide for initial coupling and/or centring of the
cartridge 12 with respect to the pump unit 11. Then, sec-
ondly, the space between the inner plate 15 and pump
unit 11 is set to an underpressure that may be in range
of approximately 15 - 75 mmHG absolute pressure to
firmly fixate the cartridge 12 to the pump unit 11 during
the operation. This firm fixation may allow more accurate
actuation of the plunger elements 3, 7 and/or the valve
elements.
[0066] Fig. 4 shows a schematic perspective exploded
view of the cartridge 12 according to the invention. The
inner plate 15 and the outer plate 16 are usually made
from relatively hard plastic material and can be welded
together. It can be seen that the outer plate 16 is provided
with ribs forming the flow paths I, A once the outer plate
16 is engaged with the inner plate 15. In the inner plate
15, cut-aways 42 are provided in which flexible mem-
branes fit. The membranes, here pressure membrane
bodies 25, valve membrane bodies 22, 20, 37A, 38A and
40A, membrane bodies 17, 18, are usually made from a
flexible, elastic material, e.g. an elastic thermoplastic ma-
terial. The membranes face at one side, the inner side,
the flow path and form in this embodiment part of the wall
of the flow path, and face at another side, the outer side,
away from the flow path. The membranes are with their

inner side in fluid contact with the fluid flowing through
the flow path and are with their outer side in contact with
the plunger element or valve element operating them.
[0067] The sealing edge 27 allows to vacuum couple
the cartridge 12 to the pump unit 11. Further, the outer
plate 16 is provided with a handle bar 41 for manually
manoeuvring the cartridge 12.
[0068] In addition, the connections, 29, 31, 33, for the
flow lines are provided at the outer plate 16. Further, con-
nections 34 are provided to hang a collection bag C onto.
[0069] A person wanting to use the cartridge 12 will
grab it at the handle bar 41 and will first couple it with the
coupling elements 26 to the pump unit 11. Then the un-
derpressure can be provided to vacuum couple the car-
tridge 12 to the pump unit 11. The coupling elements thus
provide for additional safety, because in case of power
shutdown, the underpressure dissolves and thus the vac-
uum coupling is undone. However, due to the coupling
elements 26, the cartridge 12 remains coupled to the
pump unit 11, so a safe situation remains.
[0070] Fig. 5 and Fig. 6 show a schematic front view
of the cartridge 12 according to the invention, wherein in
Fig. 5 also the flow path is indicated.
[0071] From an infusion bag D an infusion line 28 goes
to the cartridge 12. The infusion line 28 is connected to
the cartridge at the infusion line connection 29. Then, the
fluid flows through the irrigation path I in the cartridge 12
towards the eye E. Between the irrigation flow path I and
the eye E, the irrigation line 30 is provided. The irrigation
line 30 is connected to the cartridge at the irrigation con-
nection 31. From the eye E to the cartridge 12, there is
an aspiration line 32 to aspirate the fluid from the eye E.
The aspiration line 32 is connected to the cartridge at the
aspiration connection 33. In this embodiment, the aspi-
ration connection 33 is provided twice. Then the fluid
flows into the aspiration flow path A in the cartridge 12
towards the collection bag C. The collection bag C is
connected to the cartridge at least at the collection bag
connection 34. The fluid may then flow directly into the
collection bag or a collection bag line may be connected
between the cartridge 12 which ends into the collection
bag. Following the fluid flow from the infusion connection
29 in the irrigation flow path I, the fluid passes an infusion
valve 35 for opening/closing the fluid flow coming from
the infusion bag D.
[0072] Then the fluid passes a pressure sensor 36 to
determine the pressure in the irrigation flow path I. Prior
to entering the irrigation line 30 via the irrigation connec-
tion 31, there is an irrigation valve 37 provided to
open/close the irrigation line. Fluid aspirated from the
eye E passes the aspiration valve 38 before flowing to-
wards the pump 1. The pump 1 comprises, as set out in
relation to Fig. 2, an auxiliary pump chamber 6, a first
valve 4, a main pump chamber 2 and a second valve 5.
Further, a pressure sensor 23 is provided to determine
the pressure in the auxiliary pump chamber 6 and a pres-
sure sensor 39 is provided to determine the pressure in
the main pump chamber 2.
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[0073] Between the irrigation flow path I and the aspi-
ration flow path A, a backflush flow path B with a backflush
valve 40. The backflush valve 40 can be opened when
the surgeon may require additional fluid from the infusion
bag D at the surgical site. This fluid can then enter the
eye via the backflush flow path B and the aspiration line
32. The irrigation valve 37 is in that case closed and the
pump 1 is then stopped to allow the backflush fluid to-
wards the eye.
[0074] An advantage of the system 10 according to the
invention, and in particular of the embodiment shown in
Fig. 6, is that there will be fluid pressure onto the eye,
also in case of a power shutdown. In case of a power
shutdown, the pump is not functioning anymore and the
valves will go to their open condition towards which they
are pretensioned. At least the infusion valve 35 will re-
main in the open position. Since the infusion bag D is
positioned higher than the eye E, fluid will flow from the
infusion bag D towards the eye E along the open valves
35, 37. The pressure on the eye E will thus be somewhat
higher than ambient pressure, i.e. ambient pressure and
the pressure of the fluid column between the eye E and
the infusion bag D. By keeping pressure onto the eye E,
also in case of a power shutdown, there is, during oper-
ation, a safe situation.
[0075] Advantageously, a control unit is provided in the
pump unit 11 to control the operation of the pump 1. Usu-
ally, the surgeon will prior or during the surgical operation
give settings to the surgical machine, for example of the
flow and/or underpressure required. These settings are
then inputted to the control unit which then controls the
pump to obtain the required settings. Since pressure sen-
sors are available, not only the flow in the system 10 is
known, but also the pressure such that the system 10
can operate both as a flow controlled system as well as
a pressure controlled system. The system 10 can thus
easily be operated as a flow controlled system or as a
pressure controlled system, since switching between
both operating modes is a mere setting in the control unit.
In addition the system 10 has relative short response
times.
[0076] For example, by providing the pressure sensor
39 in addition to the pressure sensor 23, the pressure
values of both sensors 39, 23 can be compared by the
control unit. The control unit may then operate the valve
4 between the pump chambers 6, 2 only when the pres-
sure in both pump chambers 6, 2 is equal, such that only
controlled flow between both chambers 6, 2 is provided
to obtain a flow as smooth as possible out of the eye E.
[0077] Figs. 7A and 7B show schematically the con-
struction of a valve V according to the invention. Fig. 7A
shows the valve V in open condition and Fig. 7B shows
the valve V in closed condition. The construction of the
valve V can be considered as another aspect of the in-
vention, however not forming part of the invention as
claimed. Valves 4, 5, 35, 37 or 38 can be constructed
according to the valve construction shown in Fig. 7. Valve
V comprises a valve body VB and a valve element VE.

The valve element VE operates the valve body VB. Ac-
cording to the invention, the valve body VB is a mem-
brane body which is flexible and pretensioned towards
the open condition. In the open condition, the valve body
VB is concave. In a flow channel FC, such as the flow
path A of the system 10, a baffle plate BA is provided.
Typically, the baffle plate BA is approximately as high as
the height of the flow channel FC. Due to the concave
valve body VB, there is a distance between an upper side
of the baffle plate BA and the valve body VB such that
the flow channel FC is open in the open condition of the
valve V and fluid can pass along the baffle plate BA. In
the closed condition of the valve V, as shown in Fig. 6b,
the valve element VE operates the valve body VB and
presses the valve body VB against the baffle plate BA to
close the flow channel FC. By moving the valve element
VE, for example, a plunger element, upwards and down-
wards the valve body VB can be operated. The valve
body VB can thus be pressed against the baffle plate BA
to close the flow channel FC or be released from the
baffle plate BA to open the flow channel FC. Advanta-
geously, the valve element VE is provided in the system
10 according to the invention and/or is being operated
by the control unit of the system 10.
[0078] According to a further aspect of the invention,
the connections 29, 31 and 33 are all three different con-
nections. Preferably, the connections 29, 31, 33 have
different colours, and more preferably, are of different
construction. The connections are arranged such that
the infusion flow line 28 can only connect to the infusion
connection 29 and does not fit to the other connections
31, 33. Also, the irrigation flow line 30 can only connect
with the irrigation connection 31 and not with the other
connections 29, 33. Also, the aspiration flow line 32 can
only connect with the aspiration connection 33 and not
with the other connections 29, 31. This allows minimizing
of mistakes and a more safe and reliable operation of the
system 10. By providing each of the connections 29, 31,
33 of a different size and/or construction and/or of a dif-
ferent colour, that corresponds with the construction
and/or colour of the connection of the flow line mistakes
in connecting the flow lines to the connection points may
be minimized and preferably avoided. This may result in
a more failure free operation of the system 10 and/or of
the surgical operating machine. The valve construction
may be considered as an invention on its own as well,
however not forming part of the invention as claimed.
[0079] Many variants will be apparent to the person
skilled in the art. All variants are understood to be com-
prised within the scope of the invention defined in the
following claims.

Claims

1. Irrigation/aspiration system (10) for irrigating and as-
pirating a surgical site comprising an irrigation flow
path (I) for directing fluid towards the surgical site
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via an irrigation connection (31), and an aspiration
flow path (A) for directing fluid away from the surgical
site via an aspiration connection (33), wherein in the
irrigation flow path (I) and/or the aspiration flow path
(A) a membrane pump (1) is arranged for pumping
fluid through the irrigation flow path (I) and/or the
aspiration flow path (A), wherein the membrane
pump (1) comprises a main pump chamber (2), at
least two valves (4, 5) for opening and/or closing the
main pump chamber (2), characterized in that the
membrane pump further comprises an auxiliary
pump chamber (6) arranged between the irrigation
connection (31) and/or aspiration connection (33)
and the main pump chamber (2) for compensating
movement of a main pump plunger element (3) in
the main pump chamber (2) to provide for an approx-
imately even fluid flow to and/or from the surgical site,
wherein the auxiliary pump chamber (6) is arranged
with an auxiliary pump plunger element (7).

2. Irrigation/aspiration system according to claim 1, fur-
ther comprising a control unit adapted to control the
operation of the membrane pump.

3. Irrigation/aspiration system according to any of the
preceding claims, further comprising a pressure sen-
sor adapted to establish the pressure in the system.

4. Irrigation/aspiration system according to any one of
the preceding claims, wherein the membrane pump
comprises plunger elements that are arranged to
provide an underpressure between a membrane
body and a plunger element.

5. Irrigation/aspiration system according to any one of
the preceding claims, comprising a cartridge in which
the irrigation flow path and the aspiration flow path
are arranged and a pump unit for cooperation with
the cartridge.

6. Irrigation/aspiration system according to claim 5,
wherein the cartridge is provided with a sealing edge
for sealingly coupling to the pump unit, and wherein
the cartridge is sealingly couplable to the pump unit
by means of an underpressure.

7. Surgical cartridge (12) comprising an inner plate (15)
and an outer plate (16) arranged approximately par-
allel to the inner plate, wherein between the inner
plate (15) and the outer plate (16) flow paths (I, A)
are arranged forming an irrigation flow path (I) for
directing fluid towards the surgical site via an irriga-
tion connection (31) and an aspiration flow path (A)
for directing fluid away from the surgical site via an
aspiration connection (33), wherein the inner plate
(15) comprises membrane bodies (17, 18) adapted
for cooperation with plunger elements (3, 7) and/or
valve elements (19, 21) of a membrane pump unit

(11), wherein the membrane bodies (17, 18) com-
prise a main membrane body (18), at least two valve
membrane bodies (20, 22) and an auxiliary mem-
brane body (17) adapted to cooperate with a main
membrane plunger element (3), valve elements (19,
21) and an auxiliary membrane plunger element (7)
of the pump unit (11) respectively,
wherein the main membrane body (18) operates in
a main pump chamber (2) of the membrane pump
unit (11) and wherein the auxiliary membrane body
(17) operates in an auxiliary pump chamber (6) of
the membrane pump unit (11), characterised in that
the auxiliary pump chamber (6) is arranged between
the irrigation connection (31) and/or aspiration con-
nection (33) and the main pump chamber (2).

8. Surgical cartridge according to claim 7, further com-
prising membrane bodies for cooperation with pres-
sure sensor elements of the pump unit.

9. Surgical cartridge according to claim 7 or 8, wherein
the inner plate is provided with a sealing edge for
sealingly coupling to the pump unit.

10. Pump unit (11) comprising plunger elements (3, 7)
and valve elements (19, 21) for cooperation with
membrane bodies (17, 18) to provide for a mem-
brane pump (1), wherein the plunger elements (3, 7)
comprise a main plunger element (3) and an auxiliary
plunger element (7) for cooperation with a main
membrane body (18) and an auxiliary membrane
body (17) respectively,
wherein the main membrane body (18) and the main
plunger element (3) operate in a main pump chamber
(2) of the pump unit (11), and wherein the auxiliary
membrane body (17) and auxiliary plunger element
(7) operate in an auxiliary pump chamber (6) of the
pump unit (11), characterised in that the auxiliary
pump chamber (6) is arranged between the irrigation
connection (31) and/or aspiration connection (33)
and the main pump chamber (2).

11. Pump unit according to claim 10, wherein the plunger
elements are arranged to provide an underpressure
between the membrane bodies.

12. Pump unit according to claim 10 or 11, further com-
prising pressure sensor elements for cooperation
with pressure membrane bodies.

13. Pump unit according to any one of the claims 10-12,
wherein the pump unit is adapted to cooperate with
the surgical cartridge according to any one of the
claims 7-9.

14. Surgical operating machine comprising a pump unit
according to any one of the claims 10-13.
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Patentansprüche

1. Spül- und Absaugungssystem (10) zum Spülen und
Absaugen eines chirurgischen Orts, umfassend ei-
nen Spülströmungsweg (I), um Flüssigkeit über eine
Spülverbindung (31) zu dem chirurgischen Ort hin
zu richten, und einen Absaugströmungsweg (A), um
Flüssigkeit über eine Absaugverbindung (33) weg
von dem chirurgischen Ort zu richten, wobei in dem
Spülströmungsweg (I) und/oder dem Absaugströ-
mungsweg (A) eine Membranpumpe (1) angeordnet
ist, um Flüssigkeit durch den Spülströmungsweg (I)
und/oder den Absaugströmungsweg (A) zu pumpen,
wobei die Membranpumpe (1) eine Hauptpumpen-
kammer (2), mindestens zwei Ventile (4, 5) zum Öff-
nen und/oder Schließen der Hauptpumpenkammer
(2) umfasst, dadurch gekennzeichnet, dass die
Membranpumpe ferner eine Hilfspumpenkammer
(6) umfasst, angeordnet zwischen der Spülverbin-
dung (31) und/oder der Absaugverbindung (33) und
der Hauptpumpenkammer (2) zum Ausgleichen der
Bewegung eines Hauptpumpenkolbenelements (3)
in der Hauptpumpenkammer (2), um einen ungefähr
gleichmäßigen Flüssigkeitsstrom zu und/oder von
dem chirurgischen Ort bereitzustellen,
wobei die Hilfspumpenkammer (6) mit einem Hilfs-
pumpenkolbenelement (7) angeordnet ist.

2. Spül- und Absaugungssystem nach Anspruch 1, fer-
ner umfassend eine Steuereinheit, geeignet zum
Steuern des Betriebs der Membranpumpe.

3. Spül- und Absaugungssystem nach einem der vor-
hergehenden Ansprüche, ferner umfassend einen
Drucksensor, geeignet zum Herstellen des Drucks
in dem System.

4. Spül- und Absaugungssystem nach einem der vor-
hergehenden Ansprüche, wobei die Membranpum-
pe Kolbenelemente umfasst, die angeordnet sind,
um einen Unterdruck zwischen einem Membrankör-
per und einem Kolbenelement bereitzustellen.

5. Spül- und Absaugungssystem nach einem der vor-
hergehenden Ansprüche, umfassend eine Kartu-
sche, in der der Spülströmungsweg und der Absaug-
strömungsweg angeordnet sind, und eine Pumpen-
einheit zum Zusammenarbeiten mit der Kartusche.

6. Spül- und Absaugungssystem nach Anspruch 5, wo-
bei die Kartusche mit einer Dichtungskante zur ab-
dichtenden Kopplung an die Pumpeneinheit verse-
hen ist und wobei die Kartusche mittels eines Unter-
drucks abdichtend an die Pumpeneinheit gekoppelt
werden kann.

7. Chirurgische Kartusche (12), umfassend eine Innen-
platte (15) und eine ungefähr parallel zu der Innen-

platte angeordnete Außenplatte (16), wobei zwi-
schen der Innenplatte (15) und der Außenplatte (16)
Strömungswege (I, A) angeordnet sind, die einen
Spülströmungsweg (I), um Flüssigkeit über eine
Spülverbindung (31) zu dem chirurgischen Ort hin
richten, und einen Absaugströmungsweg (A), um
Flüssigkeit über eine Absaugverbindung (33) von
dem chirurgischen Ort weg zu richten, bilden, wobei
die Innenplatte (15) Membrankörper (17, 18) um-
fasst, geeignet zum Zusammenarbeiten mit Kolben-
elementen (3, 7) und/oder Ventilelementen (19, 21)
einer Membranpumpeneinheit (11), wobei die Mem-
brankörper (17, 18) einen Hauptmembrankörper
(18), mindestens zwei Ventilmembrankörper (20,
22) und einen Hilfsmembrankörper (17) umfassen,
geeignet zum Zusammenarbeiten mit jeweils einem
Hauptmembrankolbenelement (3), Ventilelementen
(19, 21) und einem Hilfsmembrankolbenelement (7)
der Pumpeneinheit (11),
wobei der Hauptmembrankörper (18) in einer Haupt-
pumpenkammer (2) der Membranpumpeneinheit
(11) arbeitet und wobei der Hilfsmembrankörper (17)
in einer Hilfspumpenkammer (6) der Membranpum-
peneinheit (11) arbeitet, dadurch gekennzeichnet,
dass die Hilfspumpenkammer (6) zwischen der
Spülverbindung (31) und/oder Absaugverbindung
(33) und der Hauptpumpenkammer (2) angeordnet
ist.

8. Chirurgische Kartusche nach Anspruch 7, ferner um-
fassend Membrankörper zum Zusammenarbeiten
mit Drucksensorelementen der Pumpeneinheit.

9. Chirurgische Kartusche nach Anspruch 7 oder 8, wo-
bei die Innenplatte mit einer Dichtungskante zum ab-
dichtenden Koppeln an die Pumpeneinheit versehen
ist.

10. Pumpeneinheit (11), umfassend Kolbenelemente
(3, 7) und Ventilelemente (19, 21) zum Zusammen-
arbeiten mit Membrankörpern (17, 18) zum Versor-
gen einer Membranpumpe (1), wobei die Kolbene-
lemente (3, 7) ein Hauptkolbenelement (3) und ein
Hilfskolbenelement (7) zum Zusammenarbeiten mit
einem Hauptmembrankörper (18) bzw. einem Hilfs-
membrankörper (17) umfassen,
wobei der Hauptmembrankörper (18) und das
Hauptkolbenelement (3) in einer Hauptpumpenkam-
mer (2) der Pumpeneinheit (11) arbeiten und wobei
der Hilfsmembrankörper (17) und das Hilfskolbene-
lement (7) in einer Hilfspumpenkammer (6) der Pum-
peneinheit (11) arbeiten,
dadurch gekennzeichnet, dass die Hilfspumpen-
kammer (6) zwischen der Spülverbindung (31)
und/oder der Absaugverbindung (33) und der Haupt-
pumpenkammer (2) angeordnet ist.

11. Pumpeneinheit nach Anspruch 10, wobei die Kol-
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benelemente angeordnet sind, um einen Unterdruck
zwischen den Membrankörpern bereitzustellen.

12. Pumpeneinheit nach Anspruch 10 oder 11, ferner
umfassend Drucksensorelemente zum Zusammen-
arbeiten mit Druckmembrankörpern.

13. Pumpeneinheit nach einem der Ansprüche 10-12,
wobei die Pumpeneinheit geeignet ist, um mit der
chirurgischen Kartusche nach einem der Ansprüche
7-9 zusammenzuarbeiten.

14. Chirurgische Maschine, umfassend eine Pumpen-
einheit nach einem der Ansprüche 10-13.

Revendications

1. Système d’irrigation/aspiration (10) pour irriguer et
aspirer un site chirurgical comprenant une trajectoire
d’écoulement d’irrigation (I) pour diriger le fluide vers
le site chirurgical, via un raccordement d’irrigation
(31) et une trajectoire d’écoulement d’aspiration (A)
pour éloigner le fluide du site chirurgical, via un rac-
cordement d’aspiration (33), dans lequel, dans la tra-
jectoire d’écoulement d’irrigation (I) et/ou la trajec-
toire d’écoulement d’aspiration (A), une pompe à
membrane (1) est agencée pour pomper le fluide à
travers la trajectoire d’écoulement d’irrigation (I)
et/ou la trajectoire d’écoulement d’aspiration (A),
dans lequel la pompe à membrane (1) comprend
une chambre de pompe principale (2), au moins
deux valves (4, 5) pour ouvrir et/ou fermer la cham-
bre de pompe principale (2),
caractérisé en ce que la pompe à membrane com-
prend en outre une chambre de pompe auxiliaire (6)
agencée entre le raccordement d’irrigation (31) et/ou
le raccordement d’aspiration (33) et la chambre de
pompe principale (2) pour compenser le mouvement
d’un élément de piston plongeur de pompe principale
(3) dans la chambre de pompe principale (2) afin de
fournir un écoulement de fluide approximativement
régulier à et/ou du site chirurgical,
dans lequel la chambre de pompe auxiliaire (6) est
agencée avec un élément de piston plongeur de
pompe auxiliaire (7).

2. Système d’irrigation/aspiration selon la revendica-
tion 1, comprenant en outre une unité de commande
adaptée pour commander le fonctionnement de la
pompe à membrane.

3. Système d’irrigation/aspiration selon l’une quelcon-
que des revendications précédentes, comprenant
en outre un capteur de pression adapté pour établir
la pression dans le système.

4. Système d’irrigation/aspiration selon l’une quelcon-

que des revendications précédentes, dans lequel la
pompe à membrane comprend des éléments de pis-
ton plongeur qui sont agencés pour fournir une sous-
pression entre un corps de membrane et un élément
de piston plongeur.

5. Système d’irrigation/aspiration selon l’une quelcon-
que des revendications précédentes, comprenant
une cartouche dans laquelle la trajectoire d’écoule-
ment d’irrigation et la trajectoire d’écoulement d’as-
piration sont agencées et une unité de pompe pour
coopérer avec la cartouche.

6. Système d’irrigation/aspiration selon la revendica-
tion 5, dans lequel la cartouche est prévue avec un
bord d’étanchéité pour se coupler de manière étan-
che à l’unité de pompe, et dans lequel la cartouche
peut être couplée de manière étanche à l’unité de
pompe au moyen d’une sous-pression.

7. Cartouche chirurgicale (12) comprenant une plaque
interne (15) et une plaque externe (16) agencée ap-
proximativement parallèlement à la plaque interne,
dans laquelle, entre la plaque interne (15) et la pla-
que externe (16), on agence des trajectoires d’écou-
lement (I, A) formant une trajectoire d’écoulement
d’irrigation (I) pour diriger le fluide vers le site chirur-
gical via un raccordement d’irrigation (31) et une tra-
jectoire d’écoulement d’aspiration (A) pour éloigner
le fluide du site chirurgical via un raccordement d’as-
piration (33), dans laquelle la plaque interne (15)
comprend des corps de membrane (17, 18) adaptés
pour coopérer avec les éléments de piston plongeur
(3, 7) et/ou des éléments de valve (19, 21) d’une
unité de pompe à membrane (11), dans laquelle les
corps de membrane (17, 18) comprennent un corps
de membrane principal (18), au moins deux corps
de membrane de valve (20, 22) et un corps de mem-
brane auxiliaire (17) adaptés pour coopérer avec un
élément de piston plongeur de membrane principal
(3), des éléments de valve (19, 21) et un élément de
piston plongeur de membrane auxiliaire (7) de l’unité
de pompe (11) respectivement,
dans laquelle le corps de membrane principal (18)
fonctionne dans une chambre de pompe principale
(2) de l’unité de pompe de membrane (11) et dans
lequel le corps de membrane auxiliaire (17) fonction-
ne dans une chambre de pompe auxiliaire (6) de
l’unité de pompe de membrane (11), caractérisée
en ce que la chambre de pompe auxiliaire (6) est
agencée entre le raccordement d’irrigation (31) et/ou
le raccordement d’aspiration (33) et la chambre de
pompe principale (2).

8. Cartouche chirurgicale selon la revendication 7,
comprenant en outre des corps de membrane pour
coopérer avec des éléments de capteur de pression
de l’unité de pompe.
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9. Cartouche chirurgicale selon la revendication 7 ou
8, dans laquelle la plaque interne est prévue avec
un bord d’étanchéité pour se coupler de manière
étanche à l’unité de pompe.

10. Unité de pompe (11) comprenant des éléments de
piston plongeur (3, 7) et des éléments de valve (19,
21) pour coopérer avec des corps de membrane (17,
18) pour fournir une pompe à membrane (1), dans
laquelle les éléments de piston plongeur (3, 7) com-
prennent un élément de piston plongeur principal (3)
et un élément de piston plongeur auxiliaire (7) pour
coopérer avec un corps de membrane principal (18)
et un corps de membrane auxiliaire (17), respecti-
vement,
dans laquelle le corps de membrane principal (18)
et l’élément de piston plongeur principal (3) fonction-
nent dans une chambre de pompe principale (2) de
l’unité de pompe (11), et dans laquelle le corps de
membrane auxiliaire (17) et l’élément de piston plon-
geur auxiliaire (7) fonctionnent dans une chambre
de pompe auxiliaire (6) de l’unité de pompe (11),
caractérisée en ce que la chambre de pompe auxi-
liaire (6) est agencée entre le raccordement d’irriga-
tion (31) et/ou le raccordement d’aspiration (33) et
la chambre de pompe principale (2).

11. Unité de pompe selon la revendication 10, dans la-
quelle les éléments de piston plongeur sont agencés
pour fournir une sous-pression entre les corps de
membrane.

12. Unité de pompe selon la revendication 10 ou 11,
comprenant en outre des éléments de capteur de
pression pour coopérer avec les corps de membrane
de pression.

13. Unité de pompe selon l’une quelconque des reven-
dications 10 à 12, dans laquelle l’unité de pompe est
adaptée pour coopérer avec la cartouche chirurgi-
cale selon l’une quelconque des revendications 7 à
9.

14. Machine de commande chirurgicale comprenant
une unité de pompe selon l’une quelconque des re-
vendications 10 à 13.
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