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(57) Abstract: According to the invention, a fluid exchange catheter is provided, which catheter has a proximal end and a distal end,
and comprises an obligatory lumen having a proximal end and a distal end, the distal end of the obligatory lumen having a closed
shape, wherein a lumen wall of the obligatory lumen forms a distal wall portion at the distal end of the obligatory lumen, the distal

o wall portion comprising at least one lumen opening in the lumen wall. Furthermore, the catheter comprises at least one additional lu -
men having a proximal end and a distal end, the distal end being arranged inside the obligatory lumen remote from the distal end of
the obligatory lumen such that fluid exiting the at least one additional lumen flows inside the distal end of the obligatory lumen.

o Here, the distal wall portion exhibits expansibility in at least an area surrounding the at least one lumen opening in order to provide
an unblocking function for removing blockage of the catheter, any lumen can be adapted for fluid infusion and/or fluid aspiration,

o and an unblocking of the catheter is effected by altering the width of the at least one lumen opening by changing the infusion and/or
aspiration fluid pressure of the catheter, the infusion and/or aspiration fluid pressure being different from an outer pressure acting on
the outside of the distal wall portion of the obligatory lumen.



FLUID EXCHANGE CATHETER AND PROCESS FOR UNBLOCKING A FLUID

EXCHANGE CATHETER

The proposed invention provides a fluid exchange catheter, for example for drug delivery into a

body, i.e. human or animal tissue. Particularly, the proposed invention provides a fluid exchange

catheter being able to prevent or remove blockage of the catheter, which can occur due to

different causes, such as clogging by a blood clot, pus or the like. Further, the proposed invention

provides a process for unblocking such a fluid exchange catheter. The primary field of

application of the proposed invention involves tissue aberrations in deep tissue pathology or bone

structure, but can be used in any other suitable surgical field.

For example, one particular field of application of the proposed fluid exchange catheter is

the treatment of cerebral vasospasm. Since angiographic cerebral vasospasm is seen in 30-

70% of patients with aneurysmal Subarachnoid Hemorrhage (SAH), more than one third of

the patients with SAH develop clinically significant vasospasm as a leading morbidity and

mortality factor for these patients. It is widely accepted that degradation products of blood

are the causative factor of vasospasm. Since it could be determined that the amount of

subarachnoid blood is correlated to the risk of vasospasm, reducing the subarachnoid clot

burden at the time of surgery reduces the risk of vasospasm. It is also well known that

clearing of blood from the cisterns during surgery helps reducing the incidence and

severity of vasospasm. Here, however, it is highly difficult and invasive to clear all the

blood sufficiently, since clearing the subarachnoid blood from cisterns following aneurysm

rupture remains a technical challenge. Traditionally, neurosurgeons adopt a broad variety

of irrigation methods and drains intra and post operative period. The respective risks are

increasing intracranial pressure (ICP), inadequate clearance and infection. In particular, for

the treatment of vasospasm, many theories have been proposed and various treatment

regimens have been applied. So far, however, there is no existing method to clear the blood

from subarachnoid spaces satisfactorily and with only low risk for the patient.

Traditionally, the tip of the catheter that is inserted in biological material, i.e. the patient's body, is

called the distal tip or distal end of the catheter and the tip that stays outside of the biological

material is called the proximal tip or proximal end of the catheter. Most of existing catheters



provide a single lumen, through which lumen the user can alternatively infuse or aspirate

liquids, such as solutions, blood, or the like. For example, in a clinical setting, the common

intravenous catheter either aspirates blood samples, usually immediately after its insertion into

the vein, or infuses solutions of drugs and/or nutrients usually for many hours or days

following its insertion. With these catheters, it is possible to infuse or aspirate large quantities of

liquids.

In the last years, it has been found that a concurrent fluid exchange can be desirable both for

monitoring and therapeutic reasons. However, there are few catheters with multiple lumina,

on the market at the present day, which can concurrently infuse and aspirate liquids sufficiently.

For example, the microdialysis catheter after its introduction to a human or animal tissue is

continuously perfused with liquid solutions from a pump connected to its proximal tip. The

microdialysis catheter consists of a two lumen shaft where the distal tip is covered by means of a

semipermeable membrane. Usually, the shaft is made of two concentric tubes, where the central

tube is the efferent, and the peripheral tube is the afferent, part of the catheter. At the distal tip

(i.e. inside the tissue), small solutes can cross the membrane by passive diffusion, hence

fractions of the perfused liquid are infused to the tissue through the membrane, and extracellular

fluid is aspirated through the same membrane and the efferent lumen. Microdialysis catheters

and catheters similar to them, though, were particularly designed for tissue monitoring, and the

above described concurrent infusion and aspiration takes place at a few microliter/minute rate

flow range, using very small membrane pores for passive diffusion, and only for of small enough

solutes.

For therapeutic applications, however, much greater liquid exchange rate and membranes or

cages with big pores are required, so that it is possible to evacuate low viscosity liquids like

blood clots, drug build-ups, pus and the like, that can block all existing catheters. Blockage

constitutes a common problem of all kinds of existing catheters for biological fluids and occurs

due to corking of biological material into their lumen's tip or its covering. For example, endotherapy

catheter systems claim to possess the desired liquid exchange rate and blockage free operation

through a moving part. As described in, for example, PCT/GR2004/000045

(PANOTOPOULOS CHRISTOS; 8 September 2003), endotherapy catheters consist of two

concentrical lumen tubes, one infusing part and one aspirating part, connected properly to

infusion and aspiration devices at their proximal tip, and having a filter, membrane, grid or mesh

cage covering their distal tip, which catheters contain a hydrodynamically moving device for

concurrent infusion and aspiration. The infusing tube is appropriately connected to a moving

device that irrigates the surrounding of the catheter space, while simultaneously propels with its

movement the aspiration through the outer tube.



As further state of the art, US 4 694 832 A, US 4 755 175 A, EP 0 251 512 Al, EP 1 937 329

Bl, US 2007/0208276 Al, US 2005/0124969 A l and WO 2010/090671 A2 are considered to

be most relevant, as follows:

US 4 694 832 A describes a dialysis probe, primarily intended for insertion in biological

tissues, for example brain tissue, the probe comprising a dialysis membrane and ducts for

flow of the perfusion fluid over the membrane. Here, the dialysis membrane in such a

probe can be surrounded by a mounting which supports and partially reveals the

membrane, and which is more rigid than the membrane.

US 4 755 175 A shows a catheter intended for insertion into a canal or canal- like organ, for

example into the urethra leading to the urinal bladder of a human being, for the purpose of

emptying the contents of the urinal bladder of that person into the catheter. The catheter

described in this document comprises a preferably flexible, tubular catheter body

incorporating a urine inlet and provided with an insertion section together with means for

holding the catheter within the urethra. The catheter body also includes a discharge section

spaced from the insertion section and intended, for example, for connection to a urine

collecting vessel. Here, the interior of the tubular insertion section is arranged to support a

sieve or filter element, and means for creating turbulence in the incoming flow to the

catheter body, so as to prevent blocking of the inlet opening.

Further, EP 0 251 512 A l discloses an apparatus for removing obstructions from organs and

bodily cavities. The apparatus, which can be connected to a catheter infusion port and a catheter

aspiration port, can constantly vary in infusion and aspiration rates to maintain a preset pressure

range. By this, the apparatus operates for dislodging and removing obstructions in bodily cavities

or organs by both delivering and removing fluid thereto and is operable by continuous or

intermittent perfusion of fluid over the preset pressure range. Therewith, the apparatus effects

dissolution and removal of the obstructions.

Moreover, in EP 1 937 329 Bl, a fluid exchange catheter is described, comprising an inner

lumen connected to an infusion mechanism, and an outer lumen connected to an aspiration

mechanism, wherein both mechanisms can create programmable pressure changes in the lumens,

and wherein the distal end of the inner lumen is disposed within the interior of the outer lumen

such that a fluid exiting the inner lumen flows into the interior of the outer lumen.

As further state of the art, US 2007/0208276 A l describes a guided catheter with a particular

catheter tip which has the ability to fixate the guide wire during positioning of the catheter,

wherein, in certain embodiments, a balloon catheter is disclosed, which balloon catheter



comprises an outer shaft, an inner shaft, a balloon, and a distal catheter tip, which tip has a

section made of electroactive polymer. Here, two different states of the catheter are shown

and described, wherein, when activating the EAP, the inner circumference of the tip decreases

and fixates the guide wire, and when not activated, the tip is in an open state and the guide

wire can freely move.

Furthermore, from one embodiment of further prior art document US 2005/0124969 Al, a

catheter with a rounded tip can be gathered, wherein the distal end of the catheter comprises a

hole for a guide wire to pass through, as well as further holes for aspiration. Here, the catheter,

without the provision of an additional inner lumen, can also comprise a distal end which is

expandable to the form of a funnel in order to create desired improved flow pattern during

aspiration.

Finally, WO 2010/090671 A2 shows, inter alia, a distal end tip of a urine sampling catheter,

wherein the distal end tip comprises an opening for a guide wire, several slits defining flaps,

and a balloon on the outside of the catheter tip, wherein the flaps are closed shut when not

activated by the balloon, and wherein only inflating the balloon causes the distal tip to open

up the flaps around the opening.

Moreover, besides a concurrent fluid exchange for therapeutic reasons as described above, a

concurrent fluid exchange in a catheter can also be desirable for monitoring reasons. In

particular, it would be very helpful for any kind of medical procedure to be able to analyze

aspirated fluid or tissue directly at the operation site and control the local infusion of drugs

as a direct therapy based on the results of such an analysis without the risk of blood

clogging or the like of the catheter. Such a possibility would not only be desirable at the

moment of operation but also afterwards in case any harmful aftereffects of the medical

procedure occur.

However, all of the above described further state of the art catheter variations do either not

show catheter valves which are only open or closed when activated or are not able to

prevent or remove a blockage of the catheter, at least not in a sufficient manner, especially

in the case of a dimensionally small environment such as deep tissue pathology or bone

structure. Therefore, the need for a new kind of catheter exists, in particular for a fluid

exchange catheter which is able to generally provide a steady fluid exchange function

without the risk of prolonged blockage of the catheter.

In order to achieve a solution for the above mentioned demand, the inventor of the present

invention has developed a fluid exchange catheter which provides a stable fluid exchange



performance without the risk of prolonged blockage of the catheter. In particular, the inventor

developed a fluid exchange catheter having a proximal end and a distal end, the catheter

comprising an obligatory lumen having a proximal end and a distal end, the distal end of

the obligatory lumen having a closed shape, wherein a lumen wall of the obligatory lumen

forms a distal wall portion at the distal end of the obligatory lumen, the distal wall portion

comprising at least one lumen opening in the lumen wall, Furthermore, the catheter

comprises at least one additional lumen having a proximal end and a distal end, the distal

end being arranged inside the obligatory lumen remote from the distal end of the obligatory

lumen, wherein the distal wall portion exhibits expansibility in at least an area surrounding

the at least one lumen opening in order to provide an unblocking function for removing

blockage of the catheter. In one embodiment, any lumen can be adapted for fluid infusion

and/or fluid aspiration, and an unblocking of the catheter is effected by altering the width

of the at least one lumen opening by changing the infusion and/or aspiration fluid pressure

of the catheter, the infusion and/or aspiration fluid pressure being different from an outer

pressure acting on the outside of the distal wall portion of the obligatory lumen. Thereby, a

stable fluid flow through the catheter can be achieved. Moreover, with the particular

arrangement of the distal ends of the obligatory lumen and the at least one additional

lumen, the distal end of the at least one additional lumen can be spaced apart from the

distal end of the obligatory lumen towards the proximal end of the obligatory lumen by a

certain distance, preferably by 20mm, more preferably by less than 10mm. Thereby, it is

possible to achieve an interior lumen area inside the obligatory lumen between the distal

end of the at least one additional lumen and the distal end of the obligatory lumen, which

interior lumen space or interior lumen area can be used for, for example, drug dilution,

fluid exchange, or the like.

Preferably, the expansibility of the distal wall portion is different than the expansibility of

the at least one additional lumen, preferably the expansibility of the distal wall portion is

greater than the expansibility of the at least one additional lumen. This can be achieved by

providing the distal wall portion of the obligatory lumen in at least an area surrounding the

at least one lumen opening with a certain expansibility, wherein particular elasticity

characteristics of the distal wall portion at least in an area near the opening are required,

which elasticity characteristics preferably originate from a particular choice of material of

the distal wall portion of the outer lumen or areas thereof, such as polyurethane elastomers

or silicone elastomers. Here, the distal wall portion is integrally formed with the obligatory

lumen.

Further preferably, the at least one lumen opening comprises a particular shape, such as a



slit shape, a cross shape, a star shape, a nozzle shape, an oval shape or the like. Also, the at

least one opening can be formed in line with a combination of these shapes. In case of

several openings, the different openings can have different shapes as described before,

wherein, for example, several of the different openings can have a slit shape, such as a

serpentine shape, and the other openings can have a star shape, depending on the demand.

By means of such shapes, the distal wall portion can show a certain flexibility by structural

design; for example, in the case of a cross shaped opening, the four flaps of the opening

can be deflected when being obstructed by a clot or the like, thereby loosening the clot for

removal. In doing so, the shape of the at least one lumen opening contributes to the

expansibility of the distal wall portion.

Further, as alternative configurations of the fluid exchange catheter of the invention, the at

least one additional lumen can be provided concentrically inside the obligatory lumen in

order to provide a central infusion/aspiration location inside the distal wall portion, or the

at least one additional lumen and the obligatory lumen are parallel tubes, adjacent or

adjoining, at least at their distal ends, preferably produced by coextrusion or any other

suitable production way for achieving such a lumen structure.

In general, with the fluid exchange catheter as described above, any mentioned lumen can

be adapted for fluid infusion and/or fluid aspiration. For example, with a combination of

obligatory lumen and at least one additional lumen, the obligatory lumen can be used either

for fluid infusion and fluid aspiration or alternatively for both, and the at least one

additional lumen can also be used either for fluid infusion and fluid aspiration or

alternately for both, depending on the respective demands. Thereby, it is possible to deliver

several different drugs to the same location in a body simultaneously or subsequently,

which drugs would usually not be compatible with each other and could, thus, not be

delivered in a sufficiently fast manner by one and the same lumen. Thus, a more complex

treatment of, for example, vasospasm can be carried out immediately, while blood clots

clogging the at least one opening can still be prevented or removed.

An unblocking of the catheter can also be effected by generally altering the width of the at

least one lumen opening by changing the infusion and/or aspiration fluid pressure of the

catheter, wherein the infusion and/or aspiration fluid pressure is different from an outer

pressure acting on the outside of the distal wall portion of the obligatory lumen. Preferably,

the width of the at least one lumen opening is enlarged when providing an infusion fluid

pressure inside the distal end of the obligatory lumen higher than an outer pressure acting

on the outside of the distal wall portion of the obligatory lumen, or the width of the at least

one lumen opening is reduced , compared to a state of the at least one opening during



infusion, when providing an aspiration fluid pressure inside the distal end of the obligatory

lumen lower than an outer pressure acting on the outside of the distal wall portion of the

obligatory lumen. Here, the width of the at least one opening reaches its maximum width

during infusion. In general, an unblocking of the at least one opening can be achieved by

enlarging or reducing the width of the at least one opening, for example by alternation o f

infusion and/or aspiration pressures or by mechanical operation. Such an alternation of the

width of the at least one opening can preferably be achieved by providing at least the distal

wall portion in at least an area surrounding the at least one lumen opening with a certain

expansibility. For example, the catheter can be made of thermoplastic elastomers, such as

polyurethane, and the tip can be made of silicone in order to provide the tip with more

elasticity. Here, the distal wall portion is integrally formed with the obligatory lumen.

In the catheter, any obstruction of the at least one opening constitutes a constrained fluid

flow through the at least one opening. Due to the expansibility of the area around the at

least one opening, a so called balloon effect can be achieved in the area of the at least one

opening due to increased infusion pressure or reduced aspiration pressure inside the

obligatory lumen, which effect results in an expansion or shrinkage of the distal wall

portion or at least in the area of the at least one opening. Thereby, any blockage of the at

least one opening is loosened by the movement of its shape and, thus, can be flushed away

or, if desired, aspirated by the obligatory lumen itself or the additional lumen. Also, with

such a structure, it is possible to infuse required drugs or drug solutions, simultaneously or

subsequently, to a particular location inside a body or to a target tissue, while any other

substance at the same location, such as coagulated blood, toxic substances, or the like, can

be evacuated, also simultaneously or subsequently, as desired.

In a further development of the catheter, the catheter can comprise at least two additional

lumens, preferably wherein each lumen infuses at least one drug different from the at least

one drug infused by another additional lumen. Here, the doctor could perform

simultaneous administration of drugs that are not compatible with each other and actually

need different infusion lumina, like, for example, a fluorouracil solution (cytotoxic

chemotherapeutic drug) and a Morphine sulfate solution (analgesic). Similar effective drug

combinations can be selected from a wide variety of analgesic, antibiotic, ant i

inflammatory, cancer chemotherapy drugs, etc., as well as any drug eligible for direct

administration to any pathology beneath the skin. In doing so, several different drugs can

be delivered to the same location in a body simultaneously or subsequently, which drugs

would usually not be compatible with each other and could, thus, not be delivered by one

and the same lumen. Thus, a more complex treatment of, for example, vasospasm can be



carried out immediately, while blood clots and the like can still be aspirated at the same

time, for example by the obligatory lumen.

As a further feature for achieving the unblocking function of the catheter, a mechanical

device can be provided, preferably inside the catheter, which mechanical device is

connected to or integrally formed with at least a distal end of the obligatory lumen and/or

the at least one additional lumen, the catheter thereby being adapted to transmit deflection

force to the respective lumen(s) for generating a movement of at least the distal end of the

same. With such a mechanism for distal end deflection movement, a fluid flow of any

lumen can be altered, if desired. Also, the mechanical deflection movement itself can

achieve a flexible deformation of the distal lumen end to be actuated, thereby loosening

any blockage occurring at an opening of the respective lumen. Here, the mechanical device

can be a guide wire or any device being able to transmit the necessary force to deflect the

distal end of a lumen of a fluid exchange catheter.

In general, it is preferable with the fluid exchange catheter of the invention that any lumen

is usable to remove substances, such as blood, pus, pathological tissue or toxic substances

by aspiration. Preferably, the fluid exchange catheter comprises at least two lumens,

wherein at least one of the lumens is adapted to remove these substances from the body.

Thereby, simultaneous aspiration of hazardous material and infusion of required drugs can

be achieved without the problem of clogging either the lumen used for infusion of the

drugs or the lumen used for aspiration, by hazardous material, such as a blood clot. As

further development, the fluid exchange catheter can be structured such that any one of the

obligatory lumen and/or the at least one additional lumen is adapted to transmit fluid or

guide minimally invasive medical equipment, such as a biopsy stylet or the like, or to guide

several other, smaller lumens to the treatment site, also in alternation with fluid exchange.

Thereby, the catheter of the invention can not only provide an alternating function of aspiration

and infusion, but also an alternating function as fluid guiding means and equipment guiding

means, i.e. a multifunctional catheter.

In order to be able to improve usage of the above described catheter, it can be

advantageous to provide the catheter tip with an air sensor at the catheter's infusion part in

order to use it to stop the infusion process for safety reasons, or in case of replacement of

infusion liquid when consumed. Furthermore, it might be advantageous to further provide

the catheter with an air sensor at the catheter's aspiration part in order to be able to stop

aspiration for safety reasons in case no liquid aspires. Also, as a further advantageous feature,

the catheter might be provided with a spectral sensor at the catheter's aspiration part, which

sensor can be used to monitor the progress of a respective treatment including the catheter.



Here, as an example for monitoring characteristics, dark red might indicate an old

haemorrhage, light red might indicate an on-going haemorrhage, and no colour might

indicate a complete evacuation of the haemorrhage.

The fluid exchange catheter according to the invention can also be used within a fluid

exchange catheter system, for example in the form of an endoscopic system, wherein the

proximal end of one lumen of the catheter is connected to at least one infusion device, such

as a fluid container or a peristaltic pump or the like, for infusion of fluid into the body

through the lumen, and the proximal end of another lumen is connected to at least one

aspiration device, such as a fluid container or a peristaltic pump or valve or the like, for

aspiration of fluid from the body through the obligatory lumen or the additional lumen(s), or vice

versa. Thereby, different functions of the respective lumens can be achieved and controlled,

such as, for example, infusion, aspiration, or alternating patterns of infusion and aspiration.

Here, it is possible to provide several different kinds of infusion and/or aspiration devices

or mechanisms, for example in order to achieve different infusion and/or aspiration flow

speeds inside the catheter system, which can be necessary, for example, when infusing

different drugs and/or carrying out simultaneous microdialysis processes with one and the

same catheter system. Moreover, the infusion device and the aspiration device can be

configured to create programmable changes of pressure in the lumens. Thereby, it is

possible to carry out a process for unblocking a fluid exchange catheter, the fluid exchange

catheter having a configuration as described above, and the process comprising the step of

controlling infusion and/or aspiration through the obligatory lumen for creating a non

linear motion of the fluid flowing through the at least one opening. Here again, a non

linear motion denotes a fluid flow which is not linear, such as a swirling or vortexing flow,

with which a blockage of the catheter, for example by a clot, can be loosened by the

swirling flow impacting on the opening blocking clot and rocking the same. The catheter

as used in the above described process can further comprise the step of controlling infusion

and/or aspiration through the additional lumen for creating a non- linear motion of the fluid

flowing through the at least one additional lumen, and into the distal end of the obligatory

lumen. Here, any controlling step preferably includes adapting pressure rates of infusion

and/or aspiration, and/or duration of infusion and/or aspiration times until unblocking of

the catheter. As control in an unblocked catheter, pausing by switching off both infusion

and aspiration during a cycle on infusion and aspiration will make the infusion input and

aspiration output pressures at the proximal end of the catheter equalize to become equal to

the ICP (or local tissue pressure). Also, in an unblocked catheter, switching off aspiration

during one part of a cycle of infusion and aspiration will make the aspiration output

pressure at the proximal end of the catheter stabilized to become equal to the ICP (or local



tissue pressure), which in turn will increase slowly as the infusion progresses, and, in

reverse, switching of infusion during aspiration will stabilize the pressure at the proximal

end of the catheter to become equal to the ICP (or local tissue pressure), which in turn will

decrease slowly as the aspiration progresses. As control, it is also possible to adjust the

volume (flow x time) infused in a cycle of infusion and aspiration to keep the ICP (or local

tissue pressure) constant. As an example of a treatment cycle, a pump used as infusion

device infuses 1ml of liquid during 2 sec, with the aspiration closed (i.e. the pressure in the

patient will increase) to step-up the tip pressure for unblocking, followed by 1 sec. of pause

with the infusion turned off, wherein the aspiration is still closed. Then, the aspiration is turned

on (infusion remains turned off) for 13 sec. to aspire hemorrhage & excess liquid, and to

decrease the ICP (or local tissue pressure), followed by 4 sec. of pause with the aspiration

turned off (infusion remains turned off) so that the intra-catheter pressure equilibrates with the

ICP (or local tissue pressure). This provides for a cycle time of 20s for 1ml infused liquid or a

flow of 180 ml/h when running the cycle repeatedly. Moreover, as an example of another

treatment cycle using a drug having a half-life period of 4 minutes, the cycle could include

an infusion time of 2 se , a pause of 4 minutes, followed by an aspiration time of 1 minute

and, finally, a pause of 58 seconds, so that the entire cycle involves a time span of 6

minutes. This provides for a cycle time of 6 minutes for 1ml infused liquid or a flow of 10 ml/h

when running the cycle repeatedly. Further, as an example of a standby cycle, i.e. a cycle

during which the catheter is kept unblocked without significantly treating the patient, a

pump used as infusion device infuses 1ml of liquid during 2 sec. with the aspiration closed

(i.e. the pressure in the patient will increase) to unblock the potentially clogged tip,

followed by 4 sec. of pause with the infusion turned off (aspiration still closed). Then, the

aspiration is turned on (infusion remains turned off) for 13 sec. to let out liquid and decrease the

ICP (or local tissue pressure), followed by 221 sec. of pause with the aspiration turned off

(infusion remains turned off) to equilibrate with the pressure outside of the catheter. This

provides for a cycle time of 240s for 1ml infused liquid or a minimalist flow of 15 ml/h when

running the cycle repeatedly.

In order to be able to carry out such a process, the catheter system as described above

preferably comprises a mechanism adapted to activate the infusion device for a, infusion

time period and at an infusion pressure higher than an outer pressure acting on the outside

of the distal end of the obligatory lumen, wherein fluid exits the additional lumen through

the opening in the distal end and enters the distal wall portion of the obligatory lumen.

Here, the aspiration device is disabled during the infusion time period. In doing so, in

particular by stopping or disabling aspiration, a sufficient distribution of infused liquid into

the pathology can be achieved. Preferably, the controlling mechanism is adapted to activate



the aspiration device for an aspiration time period and at an aspiration pressure lower than an

outer pressure acting on the outside of the distal end of the obligatory lumen, wherein the

controlling mechanism is adapted to disable the aspiration device during the infusion time

period and the delay time period and to disable the infusion device during the aspiration time

period and the delay time period. Thereby, a particular pattern of infusion and aspiration can

be generated, achieving a smooth infusion process and a smooth aspiration process. Even

more preferably, the infusion pressure is greater than the aspiration pressure, or the infusion time

period is less than the aspiration time period, in order to support the respective executed

infusion/aspiration-cycle.

Moreover, it is preferable for the catheter system that the controlling mechanism further

comprises blockage means for blocking the at least one additional lumen and/or blockage means

for blocking the obligatory lumen. For example, the blockage means for blocking the additional

lumen can block the same for a first time interval followed by a second time interval of free flow

of the fluid through the additional lumen. Also, the blockage means for blocking the obligatory

lumen can block the same for a first time interval, optionally followed by a second time interval

of free flow of the fluid through the obligatory lumen. Alternatively, the controlling mechanism

can be adapted to infuse liquid through the additional lumen with a first pressure for a first time

interval followed by a second time interval of stop, wherein the obligatory lumen is blocked

during the first and second time intervals, and aspirate fluid through the obligatory lumen with

a second pressure being lower than the first pressure during a third time interval, optionally

followed by a fourth time interval during which all lumens are blocked, wherein the additional

lumen is blocked during the third and fourth time interval. With such a structure and such a

blocking of the respective lumens, any desired pattern of infusion and/or aspiration

processes can be executed, depending on the demand. Here, it is also possible to connect

the infusion device with the obligatory lumen and the aspiration device with the additional

lumen.

The described catheter system can be adapted to be a self-regulating system by means of

analyzing the aspirated fluid, e.g. in view of pH value, local pressure, concentration of

ingredients, or the like, and carrying out the activation of the infusion device based on the

results of the analysis. Thereby, a self-regulating system can be achieved, which system

can provide support for a patient without the need of a doctor or within such small time

periods in which a doctor would simply not be in the position to act on required changes of

treatment or the like. Here, since the catheter system according to the invention has such a

self-regulating function, it is possible for a patient to be treated without the need of a

doctor or the like at all time. Thus, the inventive catheter system can be kept partly inside



the body even after an operation procedure, for example in the time after operation when

the patient is kept on the Intensive Care Unit (ICU). The use of such a system during the

patient's stay on the ICU can significantly reduce the time of the patient on the ICU,

according to recent studies carried out by the inventor by -30%.

In order to be able to achieve a multi-fimctional self-regulating endoscopic system, the same can

comprise further components additionally to the fluid exchange catheter, such as one or

several of the following components:

a) an optical fiber for observation and/or video recording;

b) an additional outer lumen for guiding a biopsy stylet, a microforceps, or the like, for

biopsy or local tissue manipulation;

c) one or several electrodes for monopolar or bipolar coagulation;

d) a microdialysis catheter for biochemical and pharmacokinetic monitoring;

e) a sensor at the tip of the catheter, e.g. a pressure sensor, a temperature sensor, a pH

value sensor, a sensor for a specific molecule or chemical compound, or the like;

f a local irradiation probe.

With such a system, drugs can be infused while a microdialysis process can be carried out.

Further, instead of merely evacuating substances, it is also possible to gather tissue or fluid

samples while administering drugs to the body or the target tissue.

As a particular example of such a system for the treatment of, for example, a solid malignant

tumor, the endoscopic system of one example of the system is introduced into the inside of

a pancreatic tumor under radiological inspection, wherein a catheter of this example

consists of the following:

• a large lumen comprising a stylet or the like, for the introduction of the catheter probe

into the pancreatic tumor under radiological inspection through a small incision of the

abdomen's skin of the patient;

• an optical fiber, usable for direct inspection of the introduction of the catheter probe

into the tumor and video-recording of the procedure in case radiological inspection is

not desirable or enough for patients' safety;

• an infusion lumen for ringer's lactate solution inside an aspiration lumen also

containing the above optical fiber, usable for washing the optical fiber's tip and clear

the surgeon's view;



• a biopsy stylet or the like, usable for biopsies of the tumor after introduction i.e. after

stylet's withdrawal;

• microsurgical instruments for local tissue manipulations apart from biopsy (like

microforceps for tissue dissection, usable through the central lumen of the catheter

probe;

• electrodes provided around the catheter probe, usable for bipolar coagulation of a

bleeding during introduction of the catheter probe, during surgical manipulations or

during withdrawal of it out of the patient's body, or usable for changing the

physiological environment of the treatment site;

· a combination of three infusion lumina to be introduced into the large lumen after

withdrawal of the biopsy stylet, usable for simultaneous administration of a cytotoxic

chemotherapeutic drugs solution, an analgesic solution and an isotonic physiological

solution for local drug concentration, temperature and pressure control. The above

drug and physiological fluid infusions will be administrated for a period of several

days and will be adjusted according to biochemical and physicochemical local

parameters in order to enhance the drug's potential;

• a microdialysis catheter usable for local biochemical and pharmacokinetic monitoring;

• sensors at the tip of the catheter connected appropriately, usable for monitoring of

local physicochemical parameters (like temperature, pH-value, etc.). Such

information, combined with the biochemical information provided by the

microdialysis catheter, assist the doctor to optimize and individualize the

chemotherapy treatment to be administered, according to the reaction of the malignant

tissue to be treated. From time to time new biopsy samples of tissue can be extracted

and analyzed, if needed. For this reason we can take the combination of three infusion

lumina temporarily out in order to perform biopsy-sampling with appropriate stylets,

microforceps or the like;

• a local irradiation probe, for example consisting at least in part of Iridium, usable

through the central lumen for local irradiation of the tumor after chemotherapy and

before withdrawal of the catheter probe out of the body;

After withdrawal of the catheter-probe, the patient will be examined radiologically in order

to determine shrinkage of the tumor and organize operation or follow up treatment.

Another example is the introduction of the system's catheter into an intracranial or body septic

collection, i.e. an abscess. An open operation can be substituted by a small cranioanatresis or

skin puncture, respectively,just for the catheter's introduction. The pathological fluid collection,



usually high pressurized and full of pus, will be gradually evacuated and the frequent antibiotic

solution irrigation will achieve therapeutic drug concentration for days, which is especially

needed for tissue with poor antibiotic drug access, like brain abscesses or osteomyelitic bones.

The present invention also relates to the following further aspects and embodiments:

According to one further aspect, the invention relates to a method of treating a patient

comprising the step of administering to a patient in need thereof at least one drug by a

catheter of the invention.

An even further aspect herein is a drug or drug combination for use in a method for

treatment of the human or animal body by surgery or therapy, characterized in that a

catheter of the invention is used in said method. Preferably, in the latter aspects, the drug

or drug combination is administered to a patient by a catheter of the invention. Preferably,

a drug combination comprises at least two drugs. A related aspect herein is a drug or drug

combination for use in a diagnostic method practiced on the human or animal body,

characterized in that a catheter of the invention is used in said method. In a particular

embodiment, a diagnostic agent is administered to a patient by a catheter of the invention.

Generally herein, said drug(s) is/are not particularly limited. Drugs suitable for catheter

administration are generally known to the skilled person, such as all eligible drugs for local

infusion under the skin. In exemplary embodiments herein, the (at least one) drug is/are

selected from the group consisting of antibiotics, anti-inflammatory drugs (e.g.

corticosteroids or immune selective anti-inflammatory drugs), analgesics (e.g. non

steroidal anti-inflammatory drugs or opioids), chemotherapeutic drugs (e.g. alkylating

agents, antimetabolites, anthracyclines, etc.), and hormones (e.g. insulin).

In particular embodiments, the catheter of the invention is used in the treatment of pain.

Accordingly, in particular embodiments, the (at least one) drug is selected from analgesics.

Analgesics as used herein may include narcotics.

In another embodiment, the catheter of the invention is used in the treatment of cancer.

Non-limiting examples for cancer include a pancreatic tumor, a liver tumor and a brain

tumor, such as craniopharyngioma. Accordingly, in particular embodiments, the (at least

one) drug is selected from chemotherapeutic drugs, such as from cytostatic and cytotoxic

chemotherapy drugs. Non- limiting example for such drugs include fluorouracil,

methodrexate and a craniopharyngioma (intracavitary) chemotherapy drug.



In particular embodiments, the catheter of the invention is used for the removal of

substances, such as undesired substances, from the body. Preferred examples of such

substances are selected from the group consisting of blood, coagulated blood, blood clot(s)

(thrombus/thrombi), pus, toxic substance(s), superfluous drug(s), and/or pathological

tissue(s). Other examples of such substances include tissue, such as tissue sample(s).

In a preferred embodiment, the catheter of the invention is used in the treatment of cerebral

vasospasm. In particular embodiments, the catheter of the invention is used in the

treatment of aneurysmal subarachnoid hemorrhage (SAH). The latter embodiments may

involve the clearing of subarachnoid blood and/or administration of at least one drug. A

preferred non-limiting example for such drug is papaverine.

In one embodiment, the catheter of the invention is used as a self-regulating system, such

as a self-regulating system not requiring the presence of a doctor and/or medical personnel,

or a self-regulating system exceeding human capabilities as regards e.g. (rapid) treatment

changes. In particular embodiments, the catheter of the invention is used in an ICU.

In particular embodiments, the catheter of the invention is used for monitoring a site within

a patient's body. Said monitoring may e.g. include observation and/or video-recording.

In some embodiments herein, a method of treatment referred to herein comprises

administration of at least one drug and/or a fluid by a catheter of the invention. In preferred

embodiments said fluid is a physiological solution. That is, physiological solutions (which

are generally not limited, and are well-known to the skilled person), such as ringer' lactate

solution, may be administered (and optionally aspirated) by a catheter of the invention. In

further preferred embodiments said fluid is a nutrient solution.

An even further aspect herein is a kit of parts comprising at least one catheter of the

invention and at least one drug, preferably at least two drugs.

In general exemplary embodiments herein, "at least one drug" refers to one drug. In

exemplary embodiments herein "at least one drug" refers to "at least two drugs". In

exemplary embodiments herein, the terms "at least one drug" and "at least two drugs" refer

to two, three, four, five, or six drugs, preferably two three or four drugs, preferably three

drugs, preferably two drugs. In certain embodiments, the drugs used herein, such as the "at

least two drugs", are incompatible. Incompatible drugs are not particularly limited - and

are readily known to the skilled person, e.g. from standard handbooks on injectable drugs.



In certain embodiments, incompatible drugs are not compatible for y-site injection and/or

for injection in a single syringe. In exemplary embodiments herein, the "at least two drugs"

are administered simultaneously. In exemplary embodiments herein, the "at least two

drugs" are administered sequentially.

In certain embodiments herein, the at least one drug or at least two drugs may be a drug

combination of any of the drugs described herein.

Generally herein, any combinations of the particular uses described are also envisaged.

The invention will now be described in more detail with reference to preferred

embodiments of a fluid exchange catheter according to the invention and a process for

using the same, and also to the accompanying drawings, in which

FIG. 1 illustrates a fluid exchange catheter system comprising a fluid exchange catheter

according to a preferred embodiment of the invention;

FIGS. 2a to 2e show different alternatives of a lumen arrangement of the fluid exchange

catheter of Fig. 1 in a cross section along line A-A in Fig. 1;

FIG. 3a shows an enlarged illustration of the preferred embodiment of the fluid exchange

catheter of the invention, and FIG. 3b shows an alternative to the catheter as shown in Fig.

3a; and

FIG. 4a shows another preferred embodiment of the fluid exchange catheter of the

invention, and Figs. 4b and 4c show alternatives to the embodiment shown in Fig. 4a;

The catheter system as shown in Fig. 1 comprises a fluid exchange catheter according to a preferred

embodiment of the invention, which consists of two lumen or lumen tubes 1 and 2, namely an

obligatory lumen or outer lumen 1 and an additional lumen or inner lumen 2, wherein the additional

lumen 2 is provided inside the obligatory lumen 1in a concentrical manner. The additional lumen 2 is

connected to an infusion device 3 such as a pump or a fluid container or the like, at its proximal tip

or proximal end 21, and the obligatory lumen 1 is connected to an aspiration device 4 at its

proximal tip or proximal end 11. Here, at the distal end or distal tip 22 of the additional lumen 2

and/or the distal end or distal tip 12 of the obligatory lumen 1, a covering in the form of a filter,

nozzle, membrane, grid or mesh cage can be provided, or no covering over the distal ends 12, 22 can

be provided at all. In this embodiment, the integrally formed distal end 12 of the obligatory lumen

1, more specifically a distal wall portion 13 of the obligatory lumen 1marked by a separating line

14 is made of a different material (such as polyurethane elastomers or silicone elastomers) than

the rest of the obligatory lumen 1, the material preferably exhibiting expansibility by having



resilience characteristics in order to provide a ballooning effect when an opening 15 of the

obligatory lumen 1 is clogged, for example by a blood clot or the like. Here, the distal end 1 of

the obligatory lumen 1 is a generally closed end, i.e. shows a closed shape, for example in the

form of a dome or the like, which comprises multiple lumen openings 1 in the lumen wall of the

distal wall portion 13, thereby providing a fluid exchange surface of the catheter.

The infusion and aspiration devices 3, 4 periodically and/or continuously change liquid pressure

gradients in the catheter system in order to create non-linear currents of fluid F that exits into the

distal wall portion 13 of the obligatory lumen 1, i.e. inside the distal end 12 of the obligatory

lumen 1, and wash the catheter's tips 12, 22 clean and keep the fluid exchange between the

catheter and the tissue unobstructed, without the need of any moving parts. Nevertheless, the

system as shown in Fig. 1 assures a flow rate that meets the needs for infusion and aspiration of the

underlying pathology or the needs for monitoring and therapeutic or research protocol. The

pressure differences in the system are created by any pattern of positive pressures of the infusion

device 3, such as a pump or fluid container, and the accordingly synchronized pattern of negative

pressures of the aspiration device 4, such as a pump or fluid container. Here the expression

"pressures" always refer to the pressure at the catheter's tip surrounding tissue. The described

system allows a fully and safely controllable infusion-aspiration rate and unobstructed fluid

exchange. Alternatively, the obligatory lumen 1 can be connected to the aspiration device 4, and the

additional lumen 2 can be connected to the infusion device 3 .

Lots of patterns of pressure changes in the course of a process according to the invention

can be applied depending on the underlying pathology or the research protocol. Here, such

a process can consist of alternating steps of an infusion period of several seconds or even

minutes with a particular infusion pressure, followed by an aspiration period of several

seconds or even minutes with a particular aspiration pressure. In order to achieve such a

pattern, it is desirable to provide blocking means, which are in the position to block a

connection between the infusion device 3 and the additional lumen 2, or the connection

between the aspiration device 4 and the obligatory lumen 1. For example, a blocking means

can block the additional lumen 2 for a first time interval followed by a second time interval of

free flow of the fluid through the additional lumen 2, or another blocking means can block the

obligatory lumen 1 for a first time interval followed by a second time interval of free flow of the

fluid through the obligatory lumen 1. Thereby, it is possible to achieve a pattern in which liquid is

infused through the additional lumen 2 with a first pressure for a first time interval followed by a

second time interval of stop, wherein the obligatory lumen 1 is blocked during the first and

second time intervals, and in which fluid is aspirated through the obligatory lumen 1 with a

second pressure being lower than the first pressure during a third time interval, wherein the



additional lumen 2 is blocked during the third time interval, and optionally a fourth time

interval during which all lumens 1 and 2 are blocked.

As one particular example, in one of the many possible system's versions regarding construction

and operational mode, a peristaltic pump as infusion device 3 is programmed to infuse the liquid

with a +200 mmHg pressure for 5 sec followed by 10 sec of stop, while the aspirating lumen tube

1 is blocked, and a peristaltic pump as aspiration device 4 is programmed to aspirate with a -100

mmHg pressure during the next 15 sec, while the infusing lumen tube 2 is blocked, in a 30

sec cycle of operation. Both these (infusion and aspiration) pressures at the ends of the

system can be monitored to be kept synchronized within a predetermined range and phase

difference and can be protected by alarms and automatic stops, such as the blocking means,

whenever there is any system's dysfunction detection, by flow and/or pressure detector

devices, which can be provided together with the blocking means, placed appropriately in

the system for safety against over-infusion, over-aspiration etc..

Alternatively the infusion and aspiration devices 3, 4 of the system can be fluid containers,

simply using the hydrostatic pressure forces created by their position relative to the

catheter's tips 12, 22, as moving forces for the infused fluid to enter and the aspirated fluid

to leave the tissue at the catheter's insertion site. For this version, it is possible to include

one or several automatic button(s) as blocking means, programmed to compress the

aspirating and/or infusing tube 1, 2 for 5 sec, followed by 5 sec of free flow of the

aspirated (and infused) fluid or programmed for any other pattern of time intervals for free

and blocked flow. Any mode of synchronized changes of pressure at any point is

transferred directly to the infusing and aspirating tips of the catheter through the liquid

column of infused or aspirated fluids. The catheter system as shown in Fig. 1 also

comprises a bifurcation part of any configuration, in order to split the two opposite flows in

two different lumens 1, 2.

Fluid, which can vary from distilled water to nutrient solutions including drugs, or also

solid matter, for example drugs in any variety, supplied through the infusion device 3 to

the additional lumen 2, reaches the distal end 12 of the obligatory lumen 1 where substance

exchange occurs between the infused fluid and substances contained in the surrounding

tissue's extracellular fluid. Then, the fluid mixture can be returned to an aspiration device

or collection tank 4. Arrows F represent fluid streams or flows.

Alternatively to the above mentioned structure, it is possible to merely use one single

obligatory lumen 1 comprising an opening, for example an oval slit opening, at its

proximal end 11 and its distal end 12, respectively, wherein the proximal end 11 of the

obligatory lumen 1 is alternately connected to the infusion device 3, the aspiration device 4



and/or a stop mechanism in between. Such an embodiment could be implemented by a

device adapted for a pendulum movement, including two separate tubes corresponding to

an aspiration pump or fluid container and an infusion pump or fluid container or connected

thereto, respectively, wherein the pendulum device is constructed to connect the obligatory

lumen 1 with one of the two tubes by a pendulum or oscillation movement. Here, due to

the controlled movement of the pendulum and, thus, the controlled connection between the

obligatory lumen 1 and one of the two tubes (or the stop in between), the single lumen

catheter acts as infusion means or aspiration means depending on the respective connected

opening of the pendulum, while any infusion or aspiration is stopped in between opening.

Fig. 2a shows a top view of a cross section along the line A-A in Fig. 1, in which it can be

seen that the additional lumen 2 is concentrically arranged inside the obligatory lumen 1.

Figs. 2b to 2e show alternative cross sections along the line A-A in Fig. 1 of alternative

configurations of the catheter according to the preferred embodiment of the invention. In

Fig. 2b, the obligatory lumen 1 is separated in half into two similar lumen spaces, leading

to two obligatory lumens 1, 1, wherein the additional lumen 2 is arranged concentrically to

both obligatory lumens 1, 1. In doing so, as an example, it becomes possible to infuse fluid

through one of the obligatory lumens 1, 1, aspirate fluid through the other one, and use the

additional lumen 2 for other purposes, such as guiding minimally invasive equipment. In

Fig. 2c, the additional lumen 2 is separated into four equal additional lumen spaces, the

entirety of which is arranged concentrically inside the single obligatory lumen 1. In doing

so, as an example, several different incompatible drugs can be infused by the different

additional lumen spaces, while the obligatory lumen 1 can be used for aspiration purposes.

Fig. 2d shows an arrangement in which the inner additional lumen 2 is arranged

concentrically inside the other, wherein both additional lumens 2, 2 are arranged

concentrically inside the obligatory lumen 1. Finally, in Fig. 2e, there are two adjacent

additional lumens 2, 2 arranged inside the obligatory lumen 1. These alternatives shown in

Figs. 2a to 2e are only exemplary and can be altered or combined with each other.

In Fig. 3a, the tip of the fluid exchange catheter according to the preferred embodiment of

the invention is shown in detail. As mentioned before, the distal wall portion 13 of the

obligatory lumen 1 is formed in a generally closed way, in the shape of a beacon or a dome

or the like. Here, it can be seen that the openings 15 provided in the distal wall portion 13

of the obligatory lumen 1 have a generally circular shape. As generally described above,

providing a pressure inside the distal wall portion 13 different from the outside of the distal

wall portion 13 will result in a ballooning effect of the distal wall portion 13, wherein any

blocking of one or several of the openings 15 will be loosened and, thus, can be removed.



Fig. 3b shows an alternative distal end of the catheter, in which the openings are either

shaped as serpentine slits 16 or in a cross shape 17, both shapes resulting in a structural

expansibility of the distal wall portion 13.

Fig. 4a shows another preferred embodiment of the fluid exchange catheter according to

the invention. In this embodiment, a guide wire 5 is provided inside the obligatory lumen 1

and outside of the additional lumen 2, and is connected at a connection tip 1 with or

within the distal wall portion 13 of the obligatory lumen 1. With such a mechanical device

as the guide wire 5, it is possible by simply exerting a pulling force onto the guide wire 5

to pull the distal wall portion 13 and, thereby, to transmit a deflection force to the distal

end 12 of the obligatory lumen 1 for generating a deflection of the part of the distal wall

portion 13 connected with the connection tip 1 in order to deflect at least the distal end

portion of the obligatory lumen 1. In doing so, a fluid flow streaming through the distal end

of the obligatory lumen 1 can be altered, if desired. Also, the mechanical deflection

movement itself can achieve a flexible deformation of the distal lumen end to be actuated,

thereby loosening any blockage occurring at an opening 15 of the respective lumen to be

deflected. As an alternative to the solution shown in Fig. 4a, Fig. 4b shows a fluid

exchange catheter according to the invention, wherein the obligatory lumen 1 is divided

into three separate lumen, i.e. a triple co-extruded lumen configuration, wherein the guide

wire 5 is provided inside one of the three separate lumens. Here again, the guide-wire is

connected at its connection tip 1 with the distal wall portion 13 of the obligatory lumen 1.

The structure of the obligatory lumen can also be as illustrated in Fig. 2c instead of the

three-divided solution as illustrated in Fig. 4b. Further, Fig. 4c shows an alternative to the

solution shown in Figs. 4a and 4b, wherein the obligatory lumen 1 is partly divided into

three separate lumens, i.e. a triple co-extruded lumen configuration for the most part. Here,

the division into three lumen ends before the distal end 12 of the obligatory lumen 1, such

that a non-occupied or empty distal wall portion 13 is provided, wherein the guide wire 5 is

provided inside one of the three separate lumens and is connected at its connection tip 51

with the hollow distal wall portion 13 of the obligatory lumen 1. In this alternative

solution, the opening 15 as described above in view of 4a is generally closed, but the distal

wall portion 13 comprises several smaller circular openings 15, similar to the openings as

known from Fig. 3a as described above. The structure of the obligatory lumen 1 can also

be as illustrated in Fig. 2c instead of the three-divided solution as illustrated in Fig. 4b. The

technical effects of this preferred embodiment as shown in Figs. 4a, 4b and 4c are similar.

Here, it is to be noted that, instead of the connection site between the distal wall portion 13

and the guide wire 5 as shown in the above described Figs. 4a to 4c, the connection tip 51

of the guide wire 5 can also be guided in the middle of the catheter and can be connected



with a middle part of the obligatory lumen 1, for example at the connecting point of the

three separate lumens as shown in Figs. 4b and 4c), or alternatively at any other part of the

distal wall portion 13 suitable for deflection.

The construction material of the catheter as described above is in conformity to the norms

and regulations existing for clinical and laboratory catheters, including biocompatibility

issues etc..

For the sake of completeness, the subject matter of the patent application establishing

priority (EP 12 00 5814.4 - 165 1) is repeated in briefly summarized form below:

1. A fluid exchange catheter having a proximal end and a distal end, the catheter

comprising:

an obligatory lumen having a proximal end and a distal end, the distal end of the

obligatory lumen having a closed shape, wherein a lumen wall of the obligatory lumen

forms a distal wall portion at the distal end of the obligatory lumen, the distal wall portion

comprising at least one lumen opening in the lumen wall, and

at least one additional lumen having a proximal end and a distal end, the distal end being

arranged inside the obligatory lumen remote from the distal end of the obligatory lumen,

wherein the distal wall portion exhibits expansibility in at least an area surrounding the at

least one lumen opening in order to provide an unblocking function for removing blockage

of the catheter.

2. A fluid exchange catheter according to item 1 above, wherein the expansibility of

the distal wall portion is different than the expansibility of the at least one additional

lumen, preferably greater than the expansibility of the at least one additional lumen.

3. A fluid exchange catheter according to item 1 or 2 above, wherein the at least one

lumen opening comprises a particular shape, such as a slit shape, a cross shape, a star

shape, a nozzle shape, an oval shape or the like.

4. A fluid exchange catheter according to item 3 above, wherein the shape of the at

least one lumen opening contributes to the expansibility of the distal wall portion.

5. A fluid exchange catheter according to any one of the preceding items above,

wherein the at least one additional lumen is provided concentrically inside the obligatory

lumen.



6. A fluid exchange catheter according to any one of the preceding items above,

wherein the at least one additional lumen is provided parallel to the obligatory lumen by

coextrusion.

7. A fluid exchange catheter according to any one of the preceding items above,

wherein any lumen can be adapted for fluid infusion and/or fluid aspiration.

8. A fluid exchange catheter according to item 7 above, wherein an unblocking of the

catheter is effected by altering the width of the at least one lumen opening by changing the

infusion and/or aspiration fluid pressure of the catheter, the infusion and/or aspiration fluid

pressure being different from an outer pressure acting on the outside of the distal wall

portion of the obligatory lumen.

9. A fluid exchange catheter according to item 8 above, wherein

the width of the at least one lumen opening is enlarged when providing an infusion fluid

pressure inside the distal end of the obligatory lumen higher than an outer pressure acting

on the outside of the distal wall portion of the obligatory lumen, or

the width of the at least one lumen opening is reduced when providing an aspiration

fluid pressure inside the distal end of the obligatory lumen lower than an outer pressure

acting on the outside of the distal wall portion of the obligatory lumen.

10. A fluid exchange catheter according to any one of the preceding items above,

wherein a mechanical device for unblocking of the catheter is provided inside the catheter,

the mechanical device being connected to at least a distal end of any lumen, the catheter

thereby being adapted to transmit deflection force to the same for generating a movement

of at least a distal end portion of said lumen, preferably wherein the mechanical device is a

guide wire or the like.

11. A fluid exchange catheter according to any one of the preceding items above,

wherein at least one of the lumen infuses at least one drug, specifically wherein one lumen

infuses at least one drug different from at least one drug infused by another lumen.

12. A fluid exchange catheter according to any one of the preceding items above,

wherein the obligatory lumen and/or the at least one additional lumen is usable to remove

substances, such as blood, pus, pathological tissue or toxic substances.



13. A fluid exchange catheter according to any one of the preceding items above,

wherein the obligatory lumen and/or the at least one additional lumen is adapted to

transmit fluid or guide minimally invasive medical equipment.

14. Process for unblocking a fluid exchange catheter according to any one of the

preceding items above, the process comprising the step of controlling infusion and/or

aspiration through the obligatory lumen for creating a non- linear motion of the fluid

flowing through the at least one opening.

15. Process according to item 14 above, wherein the process further comprises the step

of controlling infusion and/or aspiration through the additional lumen for creating a non

linear motion of the fluid flowing through the additional lumen.



CLAIMS

1. A fluid exchange catheter having a proximal end and a distal end, the catheter

comprising:

an obligatory lumen having a proximal end and a distal end, the distal end of the

obligatory lumen having a closed shape, wherein a lumen wall of the obligatory lumen

forms a distal wall portion at the distal end of the obligatory lumen, the distal wall

portion comprising at least one lumen opening in the lumen wall, and

at least one additional lumen having a proximal end and a distal end, the distal end

being arranged inside the obligatory lumen remote from the distal end of the obligatory

lumen, wherein

the distal wall portion exhibits expansibility in at least an area surrounding the at

least one lumen opening in order to provide an unblocking function for removing

blockage of the catheter,

any lumen can be adapted for fluid infusion and/or fluid aspiration, and

an unblocking of the catheter is effected by altering the width of the at least one

lumen opening by changing the infusion and/or aspiration fluid pressure of the catheter,

the infusion and/or aspiration fluid pressure being different from an outer pressure

acting on the outside of the distal wall portion of the obligatory lumen.

2. A fluid exchange catheter according to claim 1, wherein the expansibility of the

distal wall portion is different than the expansibility of the at least one additional lumen,

preferably greater than the expansibility of the at least one additional lumen.

3. A fluid exchange catheter according to claim 1 or 2, wherein the at least one lumen

opening comprises a particular shape, such as a slit shape, a cross shape, a star shape, a

nozzle shape, an oval shape or the like.

4. A fluid exchange catheter according to claim 3, wherein the shape of the at least

one lumen opening contributes to the expansibility of the distal wall portion.

5. A fluid exchange catheter according to any one of the preceding claims, wherein

the at least one additional lumen is provided concentrically inside the obligatory lumen.



6. A fluid exchange catheter according to any one of the preceding claims, wherein

the at least one additional lumen is provided parallel to the obligatory lumen by

coextrusion.

7. A fluid exchange catheter according to claim 1, wherein the width of the at least

one lumen opening is enlarged when providing an infusion fluid pressure inside the

distal end of the obligatory lumen higher than an outer pressure acting on the outside of

the distal wall portion of the obligatory lumen, or

the width of the at least one lumen opening is reduced when providing an aspiration

fluid pressure inside the distal end of the obligatory lumen lower than an outer pressure

acting on the outside of the distal wall portion of the obligatory lumen.

8. A fluid exchange catheter according to any one of the preceding claims, wherein a

mechanical device for unblocking of the catheter is provided inside the catheter, the

mechanical device being connected to at least a distal end of any lumen, the catheter

thereby being adapted to transmit deflection force to the same for generating a

movement of at least a distal end portion of said lumen, preferably wherein the

mechanical device is a guide wire or the like.

9. A fluid exchange catheter according to any one of the preceding claims, wherein at

least one of the lumen infuses at least one drug, specifically wherein one lumen infuses

at least one drug different from at least one drug infused by another lumen.

10. A fluid exchange catheter according to any one of the preceding claims, wherein

the obligatory lumen and/or the at least one additional lumen is usable to remove

substances, such as blood, pus, pathological tissue or toxic substances.

11. A fluid exchange catheter according to any one of the preceding claims, wherein

the obligatory lumen and/or the at least one additional lumen is adapted to transmit fluid

or guide minimally invasive medical equipment.

12. Process for unblocking a fluid exchange catheter according to any one of the

preceding claims, the process comprising the step of controlling fluid flow through the

obligatory lumen for creating a non-linear motion of the fluid flowing through the at

least one opening.

13. Process according to claim 12, wherein the process further comprises the step of



controlling fluid flow through the additional lumen for creating a non-linear motion of

the fluid flowing through the additional lumen.











INTERNATIONAL SEARCH REPORT

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

□ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.: 13
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

□ Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2 . I IAs all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
' ' only those claims for which fees were paid, specifically claims Nos. :

4 . I I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos. :

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
' ' payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
' ' fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees.

Form PCT/ISA/21 0 (continuation of first sheet (2)) (April 2005)



A . CLASSIFICATION O F SUBJECT MATTER
INV. A61M25/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61M

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2007/208276 Al (KORNKVEN VOLK ANGELA 1, 5 ,6, 11
[US] ET AL) 6 September 2007 (2007-09-06)
paragraph [0097] - paragraph [0102] ;
f i gures 18, 19

0 2007/026182 Al (ESTELLE ENTPR LTD [CY] ; 1-6,9-11
PAN0T0P0UL0S CHRIST0S [GR] )
8 March 2007 (2007-03-08)
page 3 , l i ne 14 - l i ne 35 ; f i gure 2

US 2005/124969 Al ( FITZGERALD PETER J [US] 1-6,9-11
ET AL) 9 June 2005 (2005-06-09)
paragraph [0113] - paragraph [0115] ;
f i gures 4,5

-I

X| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

26 August 2013 04/09/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Kousouretas , Ioanni s



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2010/090671 A2 (HOLLISTER INC [US] ; 1-6,9-11
HANNON DAVID [ I E] ; CREAVEN MARTIN P [ I E] ;
O' BRI EN) 12 August 2010 (2010-08-12)
paragraph [0042] ; f i gures

US 6 015 423 A (ANDRESE CRAIG A [US] ) 1 ,8,9
18 January 2000 (2000-01-18)
abstract; f i gures



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2007208276 Al 06-09-2007 CA 2645076 Al 13-09-2007
EP 1996271 Al 03-12-2008

P 2009528883 A 13-08-2009
US 2007208276 Al 06-09-2007

O 2007102939 Al 13-09-2007

W0 2007026182 Al 08-03-2007 AT 529144 T 15 -11 -2011
AU 2006286340 Al 08 -03 -2007
CA 2621557 Al 08 -03 -2007
CN 101252958 A 27 -08 -2008
DK 1937329 T3 06 -02 -2012
EP 1937329 Al 02 -07 -2008
ES 2375976 T3 07 -03 -2012
GR 20050100452 A 25 -04 -2007
HR P20120050 Tl 29 -02 -2012

P 4875086 B2 15 -02 -2012
P 2009506817 A 19 -02 -2009

PT 1937329 E 25 -01 -2012
RS 52242 B 31-10 -2012
US 2008200877 Al 21-08 -2008
US 2013158470 Al 2 -06 -2013
WO 2007026182 Al 08 -03 -2007

US 2005124969 Al 09 -06 -2005 US 2005124969 Al 09 -06- -2005
US 2008091166 Al 17 -04- -2008
WO 2006042219 A2 2 -04- -2006

WO 2010090671 A2 12 -08 -2010 NONE

US 6015423 A 18 -01 -2000 NONE



International Application No. PCT/ EP2013/ 065283

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Conti nuati on of Box I I .

Cl aims Nos . : 12 , 13

Rul e 39 . 1( ) PCT Method of unbl ocki ng a catheter wi thi n the human body

The appl i cant ' s attenti on i s drawn t o the fact that c l aims rel ati ng t o
i nventi ons i n respect of whi ch no i nternati onal search report has been
establ i shed need not be the subject of an i nternati onal prel imi nary
exami nati on (Rul e 66. 1(e) PCT) . The appl i cant i s advi sed that the EPO

pol i cy when acti ng as an Internati onal Prel imi nary Exami ni ng Authori t y i s
normal l y not t o carry out a prel imi nary exami nati on on matter whi ch has
not been searched. Thi s i s the case i rrespecti ve of whether or not the
cl aims are amended fol l owi ng recei pt of the search report or duri ng any
Chapter I I procedure. I f the appl i cati on proceeds i nto the regi onal phase
before the EPO, the appl i cant i s remi nded that a search may be carri ed
out duri ng exami nati on before the EPO (see EPO Gui del i nes C-IV, 7.2) ,
shoul d the probl ems whi ch l ed t o the Arti c l e 17 (2) decl arati on be
overcome.


	abstract
	description
	claims
	drawings
	wo-search-report

