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DEVICE FOR THERAPEUTIC PLASMA EXCHANGE 

 

DESCRIPTION 

 

The present invention relates to the field of medical devices, and relates in particular to a device for 5 

therapeutic plasma exchange that allows the administration of a therapeutic drug simultaneously with the 

execution of the plasma exchange procedure and independently of the administration of a replacement 

fluid. 

 

Therapeutic plasma exchange (TPE) forms part of a larger group of techniques called plasmapheresis. In 10 

plasmapheresis, blood is withdrawn from the human body and is processed in such a way that the 

plasma is separated from the main formed elements of the blood (erythrocytes, leukocytes, platelets, 

among others). At present, plasmapheresis is used for a variety of reasons, including transfusion, 

donation of plasma for subsequent fractionation and obtaining blood derivatives, or the treatment of 

diseases, which are treated by removing factors specific to the disease from the blood plasma. 15 

 

TPE is a particular type of plasmapheresis indicated as treatment in many diseases, in which the plasma 

that has been separated from the rest of the formed elements is discarded with the aim of removing the 

harmful substances from the patient's blood. The formed elements that have been separated are usually 

mixed with a liquid, known as replacement fluid, and returned to the patient. The commonest 20 

replacement fluids include isotonic saline solutions, colloidal solutions of albumin, or fresh plasma, 

among others. To avoid hypotension or peripheral oedema, it is preferable to supply a replacement fluid 

based on a colloidal solution of albumin or fresh plasma capable of maintaining the oncotic pressure. In 

most cases albumin at 4-5% in isotonic saline solution is the preferred option as replacement fluid, 

because in contrast to fresh plasma, it is not specific to a particular blood group and presents less risk of 25 

allergic reactions. 

 

One of the main risks arising from the use of the TPE technique is due to the decrease in the 

concentration of most of the plasma proteins, such as clotting factors, transport proteins, proteins of the 

complement system, as well as antibodies, and in particular immunoglobulins G. For this reason, it is 30 

often necessary to administer therapeutic drugs after completing the plasma exchange procedure, with 

the aim, among others, of rebalancing the normal levels of the plasma proteins in the patient. Said 

administration is usually by the intravenous, intramuscular or subcutaneous route, among others. 

 

There is a need for TPE devices that allow one or more therapeutic drugs to be administered 35 

simultaneously with execution of the plasma exchange procedure, in such a way that makes it possible, 

among other things, to maintain the patient's levels of plasma proteins during the time that the plasma 

exchange procedure takes, without having to wait for it to end to be rebalanced. 

 

The TPE devices known in the prior art only allow a therapeutic drug to be administered if it is dissolved 40 

in the replacement fluid. This involves various problems and their consequent risks to the patient's health, 

among them the risk of manipulation of the replacement fluid or the impossibility of controlling the flow 

rate of the therapeutic drug independently of the flow rate of the replacement fluid, among others. 
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Devices for plasmapheresis or plasma exchange are known in the prior art. For example, US patent 

US5679245A discloses an apparatus for extracorporeal treatment of blood that comprises a filtration unit, 

a primary circuit and a secondary circuit. Said patent also discloses an anticoagulant fluid line and a 

replacement fluid line, which converge on the primary circuit. 5 

 

Another drawback of the TPE devices known in the prior art is their large size and difficult portability, 

meaning that the patient has to go to the medical centre to receive treatment. There is therefore a need 

for TPE devices that overcome the drawbacks of the devices of the prior art. 

 10 

The inventors of the present invention have developed a TPE device that overcomes the aforementioned 

problems, and is surprising for several reasons. Among them, we may mention: the possibility of 

administering a therapeutic drug simultaneously with the plasma exchange procedure and independently 

of the administration of a replacement fluid, as well as improved portability. 

 15 

In the present document, the term extracorporeal circuit refers to the combination of the various 

independent lines of the TPE device. 

 

In the present document, the term line or independent line refers to the combination of structural 

elements selected from: liquid conveying means, liquid propelling means, liquid flow controlling means, 20 

liquid storage means, among others, which jointly perform a particular function in the TPE device. The 

term line does not refer to a minimum combination of structural elements, for example, in some cases a 

line may be made up of conveying means and storage means, while in other cases a line may be made 

up of conveying means, storage means, propelling means, among others. Moreover, several lines may 

share one or more structural elements. Examples of lines are: 25 

 

- Blood supply line or supply line: refers to the combination of structural elements that allows the patient's 

blood to be conveyed from the zone of withdrawal to the inlet of the separating unit. 

 

- Line for infusion of formed elements or formed elements line: refers to the combination of structural 30 

elements that allows the formed elements to be conveyed from the outlet of the separating unit to the 

infusion zone. 

 

- Line for infusion of replacement fluid or replacement fluid line: refers to the combination of structural 

elements that allows the replacement fluid to be conveyed from the replacement fluid container to the 35 

infusion zone. 

 

- Blood plasma line or plasma line: refers to the combination of structural elements that allows the blood 

plasma to be conveyed from the plasma outlet of the separating unit to the blood plasma container. 

 40 

- Anticoagulant line: refers to the combination of structural elements that allows the anticoagulant fluid to 

be conveyed from the anticoagulant fluid container to the supply line. 
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- Line for infusion of therapeutic drug or line for therapeutic drug: refers to the combination of structural 

elements that allows the therapeutic drug to be conveyed from the therapeutic drug container to the 

infusion zone. 

 

In the present document, the terms liquid conveying means or conveying means relate to elements such 5 

as tubes, lines, pipes, among others, that allow liquid to be conveyed between two points through their 

internal channel. 

 

The terms liquid propelling means or propelling means refer to any element capable of transferring 

energy to a liquid to achieve movement thereof through the conveying means. In the present invention, 10 

said propelling means are preferably pumps and more preferably peristaltic pumps. 

 

The terms liquid flow controlling means or flow controlling means refer to any element capable of 

preventing/allowing or regulating the passage of liquid through the conveying means. In the present 

invention, said flow controlling means are preferably valves and/or peristaltic pumps. 15 

 

It will be obvious to a person skilled in the art that one and the same element may sometimes perform the 

functions of propelling means and flow controlling means, for example a peristaltic pump may perform 

both functions. It will also be obvious to a person skilled in the art that the propelling means and the flow 

controlling means may be controlled electronically by a centralized control unit. 20 

 

The terms liquid storage means, storage means or container are used synonymously in the present 

invention to refer to any element that allows liquid to be contained within it and to be connected to a 

conveying means. Said storage means are preferably: bottles, vials, plastic bags, among others, or 

combinations thereof. It will be obvious to a person skilled in the art that the storage means may have an 25 

outlet and/or an inlet, depending on the function that they perform in the extracorporeal circuit. It will also 

be obvious to a person skilled in the art that the inlet and/or outlet of said storage means may be 

controlled by flow controlling means. 

 

The term therapeutic drug refers to any therapeutic liquid known by a person skilled in the art. Preferably, 30 

said therapeutic drug comprises human plasma proteins selected from the group comprising albumin 

(5-25%), -1-antitrypsin, von Willebrand factor, clotting factors such as factor VII, factor VIII and factor IX, 

immunoglobulins, plasminogen, plasmin, antithrombin III, fibrinogen, fibrin, thrombin or combinations 

thereof. 

 35 

The term blood relates to whole blood, i.e. blood that contains all the formed elements of the blood such 

as erythrocytes, leukocytes, platelets, etc., in addition to plasma. 

 

The term blood plasma or plasma refers to the acellular liquid part of the blood. 

 40 

The term separating unit refers to any device capable of separating the blood into its corresponding 

cellular and acellular fractions. In the present document, said fractions are also called formed elements 

and plasma, respectively. 
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Thus, the present invention discloses a TPE device that comprises an extracorporeal circuit that 

comprises a blood supply line, a separating unit, a line for infusion of formed elements, a line for infusion 

of replacement fluid, a blood plasma line, an anticoagulant line in addition to at least one independent 

line for therapeutic drugs. 5 

 

Said independent line for therapeutic drugs comprises at least one therapeutic drug container, conveying 

means, propelling means and flow controlling means of said therapeutic drug. Preferably, said propelling 

means of said independent line for therapeutic drugs are at least one peristaltic pump, more preferably 

said peristaltic pump is a reversible peristaltic pump. 10 

 

In another aspect of the present invention, the inventors have simplified a TPE device that comprises at 

least one line for therapeutic drugs, with which it is possible to obtain a portable TPE device that 

comprises at least one line for therapeutic drugs. Said simplification of the device has been achieved by 

the sharing of structural elements (conveying means, propelling means, flow controlling means, among 15 

others) by several of the lines known in the prior art (replacement fluid line, formed elements line, supply 

line, among others) in addition to the at least one line for therapeutic drugs. 

 

In one embodiment, the line for therapeutic drugs of the device of the present invention shares structural 

elements with one or more of the other lines of the device. Preferably, said shared structural elements 20 

are the conveying means, the propelling means and the flow controlling means. In a preferred 

embodiment, said shared propelling means are at least one reversible peristaltic pump. In another 

preferred embodiment said shared flow controlling means are a radial distributor. 

 

The term radial distributor refers to a type of distributor such as that disclosed in Spanish Patent ES 25 

2255772 B1 (Grifols Lucas, V.). Said distributor has several lines that communicate with a common 

central point of the distributor and that may be put in communication with one another by the operation of 

the flow controlling means integrated in said radial distributor. Said operation may be controlled 

automatically by a centralized control unit. 

 30 

The device of the present invention has a zone of withdrawal of the patient's blood and a zone of infusion 

to the patient, said zones are also called simply withdrawal zone and infusion zone. In some 

embodiments of the present invention, the withdrawal zone and the infusion zone are not coinciding 

zones of the device, while in other embodiments the withdrawal zone and the infusion zone are 

coinciding zones of the device. 35 

 

In one embodiment of the present invention, the separating unit is a filter. In a preferred embodiment said 

filter is a hollow-fibre filter. 

 

In one embodiment of the present invention, the line for infusion of formed elements, the line for infusion 40 

of replacement fluid and the line for therapeutic drugs comprise a bubble detector suitable for sending a 

signal capable of stopping the action of the propelling means when there is an air bubble in the 

conveying means of any of said lines. 



5 
 

 

 

In one embodiment of the present invention, the TPE device comprises means for measuring the 

pressure in the lines. 

 

In one embodiment of the present invention, the TPE device comprises conveying means that allow 5 

communication between the replacement fluid line and the anticoagulant fluid line. 

 

In one embodiment of the present invention the replacement fluid is an aqueous NaCl solution with a 

concentration of 0.8 to 1% w/v. 

 10 

The present invention is described in detail below in relation to the following figures, which do not limit the 

scope of the present invention, in which: 

 

Fig. 1 is a diagram of a first embodiment of the TPE device of the present invention. 

 15 

Fig. 2 is a diagram of a second embodiment of the TPE device of the present invention. 

 

Fig. 3 is a front view of a third embodiment of the TPE device of the present invention. 

 

In a first embodiment, as can be seen in Fig. 1, the TPE device contains a supply line made up of the 20 

tube -1- and the pump -2-. Said supply line extends from the withdrawal zone -3- to the inlet -4- of the 

separating unit -5- and transports whole blood from zone -3- to the inlet -4- of said separating unit. The 

anticoagulant line is made up of the tube -6-, the pump -7- and the bag -8- of anticoagulant, said 

anticoagulant line extends from the bag -8- to the supply line and transports anticoagulant fluid from said 

bag -8- to the supply line, where it is mixed with whole blood before the blood enters the separating unit 25 

-5-, where the patient's blood is separated into blood plasma and formed elements. The plasma line is 

made up of the tube -9- and the bag -10-, said plasma line extends from the outlet -11- of the separating 

unit to the bag -10- of blood plasma and transports said plasma from the outlet -11- to the bag -10-, 

where it is stored. The line for infusion of formed elements is made up of the tube -12-, the bag -13- of 

formed elements, the tube -14- and the pump -15-, said formed elements line extends from the outlet -16- 30 

of the separating unit to the infusion zone -17- and transports the formed elements separated by the unit 

-5- from the outlet -16- to the bag -13-, where they are stored in an initial step of the plasma exchange 

process, and then transports the formed elements stored in the bag -13- from said bag -13- to zone -17-. 

The line for infusion of replacement fluid is made up of the tube -18-, the pump -19-, the bag -20- of 

replacement fluid, the tube that extends from the junction point -21- to zone -17- and the pump -15-, said 35 

replacement fluid line extends from the bag -20- to zone -17- and transports replacement fluid from said 

bag -20- to zone -17-. Finally, the line for therapeutic drugs is made up of the tube -22-, the pump -23-, 

the tubes -25-, -26- and -27- that converge at the junction point -24- with the tube -22-, the valves -29-, 

-30- and -31- that regulate the passage of the therapeutic drugs from the vials -32-, -33- and -34- and the 

tube that extends from the junction point -28- to zone -17-, therefore the line for therapeutic drugs 40 

extends from the vials -32-, -33- and -34- to zone -17-. Said line for therapeutic drugs transports the 

therapeutic drugs from said vials -32-, -33- and -34- to the infusion zone -17-. 
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In a second embodiment, as can be seen in Fig. 2, the TPE device contains a withdrawal zone coincident 

with an infusion zone, said zone -3- is called withdrawal/infusion zone. The TPE device additionally 

contains a supply line made up of the tube -1- and the pump -2-, said supply line extends from zone -3- 

to the inlet -4- of the separating unit -5- and transports whole blood from zone -3- to the separating unit 

-5-. The anticoagulant line is made up of the tube -6-, the pump -7- and the bag -8- of anticoagulant, said 5 

anticoagulant line extends from the bag -8- to the junction point -36- and transports anticoagulant fluid 

from the bag -8- to the supply line, where it is mixed with the whole blood before said blood enters the 

separating unit, where the blood is separated into blood plasma and formed elements. The plasma line is 

made up of the tube -9- and the bag -10- of plasma, said plasma line extends from the outlet -11- of the 

separating unit to the bag -10- and transports the blood plasma separated by the separating unit from the 10 

outlet -11- to the bag -10-, where it is stored. The line for infusion of formed elements is made up of the 

tube -12-, the bag -13- of formed elements, the tube -14-, the tube that extends from the junction point 

-35- to zone -3- and the pump -2-, therefore said formed elements line extends from the outlet -16- of the 

separating unit to zone -3- and transports the formed elements separated by the separating unit from the 

outlet -16- to zone -3-. The line for infusion of replacement fluid is made up of the tube -18-, the pump 15 

-19-, the bag -20- of replacement fluid, the tube that extends from the junction point -21- to zone -3- and 

the pump -2-, therefore said replacement fluid line extends from the bag -20- to zone -3- and transports 

replacement fluid from said bag -20- to zone -3-. Finally, the line for therapeutic drugs is made up of the 

tube -22-, the pump -23-, the tubes -25-, -26- and -27- that converge at the junction point -24- with the 

tube -22-, the valves -29-, -30- and -31- that regulate the passage of the therapeutic drugs from the vials 20 

-32-, -33- and -34-, the tube that extends from the junction point -28- to zone -3- and the pump -2-, 

therefore the line for therapeutic drugs extends from the vials -32-, -33- and -34- to zone -3-, transporting 

the therapeutic drugs from said vials to the infusion zone -3-. 

 

In a third embodiment, as can be seen in Fig. 3, the TPE device contains a withdrawal zone coincident 25 

with an infusion zone and may be called withdrawal/infusion zone -3- or venous access means. The 

device of the embodiment also contains a blood supply line that is made up of the means -3-, the Y-

connector -36-, the tube -41-, the Y-connector -37-, the tube -42-, the pump -2-, the radial distributor -47- 

and the tube -43-, therefore said supply line extends from zone -3- to the inlet -4- of the separating unit 

-5- and transports whole blood from zone -3- to the separating unit -5-. The anticoagulant line is made up 30 

of a bag -8- of anticoagulant, a tube -45-, a Y-connector -38-, a tube -46-, a pump -7- and a Y-connector 

-36-, therefore said line extends from the bag -8- to the Y-connector -36-, transporting anticoagulant fluid 

from said bag -8- to the supply line, where it is mixed with the whole blood before said blood enters the 

separating unit -5-, where the blood is separated into blood plasma and formed elements. The plasma 

line is made up of the tube -9- and the bag -10- of plasma, said plasma line extends from the outlet -11- 35 

of the separating unit to the bag -10- and transports the blood plasma from the outlet -11- to the bag -10-, 

where it is stored. The line for infusion of formed elements is made up of the tube -12-, the bag -13- of 

formed elements, the tube -14-, the radial distributor -47-, the pump -2-, the tube -42-, the bubble 

detector -39-, the Y-connector -37-, the tube -41-, the Y-connector -36- and the means -3-, therefore the 

formed elements line extends from the outlet -16- of the separating unit to zone -3- and transports the 40 

separated formed elements from the outlet -16- to zone -3-. The line for infusion of replacement fluid is 

made up of the bag -20- of replacement fluid, the tube -18-, the distributor -47-, the tube -42-, the pump 

-2-, the detector -39-, the Y-connector -37-, the tube -41-, the Y-connector -36- and the means -3-, 
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therefore the replacement fluid line extends from the bag -20- to zone -3-, transporting replacement fluid 

from said bag -20- to zone -3-. The line for therapeutic drugs is made up of the vial -32- of therapeutic 

drug, the tube -22-, the distributor -47-, the tube -42-, the pump -2-, the detector -39-, the Y-connector 

-37-, the tube -41-, the Y-connector -36- and the means -3-, therefore said line for therapeutic drugs 

extends from the vial -32- to zone -3-, transporting the therapeutic drug from the vial -32- to zone -3-. 5 

Moreover, the TPE device of Fig. 3 also contains means for measuring pressures of the lines, said 

means are made up of the tubes -40-, -41- and a unit for measuring pressures, which is not shown in the 

figure. Finally, the device of Fig. 3 contains the tube -44- that allows the anticoagulant line to be 

connected to the replacement fluid line. As mentioned above, the distributor -47- forms part of the prior 

art, said distributor comprises a plurality of valves that allow communication of a plurality of tubes (for 10 

example the tubes -14-, -18-, -22-, -42-, or -43-), so that by controlling said valves it is possible to allow 

the passage of a particular liquid and prevent the passage of other liquids through said distributor. 
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CLAIMS 

 

1. Device for therapeutic plasma exchange that comprises an extracorporeal circuit that comprises a 

blood supply line, a separating unit, a line for infusion of formed elements, a line for infusion of 

replacement fluid, a blood plasma line and an anticoagulant line, characterized in that it further comprises 5 

at least one independent line for therapeutic drugs. 

 

2. Device according to claim 1, characterized in that said independent line for therapeutic drugs 

comprises storage means, conveying means, propelling means and means for controlling the flow of said 

therapeutic drug. 10 

 

3. Device according to claim 2, characterized in that said propelling means of said line for therapeutic 

drugs are at least one peristaltic pump. 

 

4. Device according to claim 3, characterized in that said peristaltic pump is a reversible peristaltic pump. 15 

 

5. Device according to any one of the preceding claims, characterized in that said line for therapeutic 

drugs shares structural elements with one or more of the other lines of the device. 

 

6. Device according to claim 5, characterized in that said shared structural elements are the conveying 20 

means, the propelling means and the flow controlling means. 

 

7. Device according to claim 6, characterized in that the shared propelling means are at least one 

reversible peristaltic pump. 

 25 

8. Device according to claim 6, characterized in that the shared flow controlling means are incorporated 

in a radial distributor. 

 

9. Device according to any one of the preceding claims, characterized in that it has a blood withdrawal 

zone and a zone of infusion to the patient, which coincide. 30 

 

10. Device according to any one of the preceding claims, characterized in that the therapeutic drug 

comprises human plasma proteins selected from the group comprising albumin (5-25%), -1-antitrypsin, 

von Willebrand factor, clotting factors such as factor VII, factor VIII and factor IX, immunoglobulins, 

plasminogen, plasmin, antithrombin III, fibrinogen, fibrin, thrombin or combinations thereof. 35 

 

11. Device according to any one of the preceding claims, characterized in that the separating unit is a 

filter. 

 

12. Device according to claim 11, characterized in that said filter is a hollow-fibre filter. 40 

 
13. Device according to any one of the preceding claims, characterized in that the line for infusion of 

formed elements, the line for infusion of replacement fluid or the line for therapeutic drugs comprises a 

bubble detector. 
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14. Device according to any one of the preceding claims, characterized in that it comprises means for 

measuring pressures in the lines of the device. 

 
15. Device according to any one of the preceding claims, characterized in that it comprises conveying 5 

means that allow the replacement fluid line to communicate with the anticoagulant line. 

 
16. Device according to any one of the preceding claims, characterized in that the replacement fluid is an 

aqueous NaCl solution with a concentration of 0.8 to 1.0% w/v. 

10 


