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(57) Abrégée/Abstract:
The present invention relates to a dialysis machine for the purification of blood, a manifold for the dialysis machine as well as to a
process for the regeneration of the dialysis bath. It is an object of the present invention to provide a dialysis machine, a manifold for
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(57) Abrege(suite)/Abstract(continued):

the dialysis machine as well a process which facllitates the administration of medical preparations during a dialysis procedure. In
order to solve the object, a dialysis machine according to the present invention comprises tubes (1, 5, 8) connected with a dialyzer
(6), means for delivering pharmaceuticals into the tubes and a pump (11) for the transport of blood through the tubes and the
dialyzer. The dialysis machine comprises means for administration (4) of at least one pharmaceutical by a suction effect of the
pump or by a pressure effect of the pump or by an excess pressure of a gas or a liquid.
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(534) Title: DIALYSIS MACHINE, A MANIFOLD FOR THE DIALYSIS MACHINE AND PROCESS

(57) Abstract: The present mvention relates to a dialysis machine for

FiG. 1

the purification of blood, a manitfold for the dialysis machine as well
as to a process for the regeneration of the dialysis bath. It 1s an object
of the present mvention to provide a dialysis machine, a manifold for
the dialysis machine as well a process which facilitates the adminis-
tration of medical preparations during a dialysis procedure. In order
to solve the object, a dialysis machine according to the present inven-
tion comprises tubes (1, 5, 8) connected with a dialyzer (6), means for
delivering pharmaceuticals into the tubes and a pump (11) for the
transport of blood through the tubes and the dialyzer. The dialysis
machine comprises means for administration (4) of at least one phar-
maceutical by a suction effect of the pump or by a pressure effect of
the pump or by an excess pressure of a gas or a liquid.
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DIALYSIS MACHINE, A MANIFOLD FOR THE DIALYSIS MACHINE AND PROCESS

The present invention relates to a dialysis machine for the purification of
blood, a manifold for the dialysis machine as well as to a process for the

regeneration of the dialysis bath.

Dialysis works on the principles of the diffusion of solutes and ultrafiltration of
fluid across a semi-permeable membrane. Blood flows by one side of O
semi-permeable membrane, and a dialysate or fluid flows by the opposite
side. Smaller solutes and fluid pass through the membrane. The blood flows
N one direction and the dialySOTe flows in the opposite. The counter-current
flow of the blood and dialysate maximizes the concentration gradient of
solutes between the blood and dialysate, which helps to remove more ured
and creagtinine from the blood. The concémrcﬂons of solutes (for example
potassium, phosphorus, and urea) are undesirably high in the blood, but low
or absent in the dialysis solution and constant replacement of the dialysate
ensures that the concentration of undesired solufes is kept low on this side of
the membrane. The dialysis solution has levels of minerals like potassium
and calcium that are similar to their natural concentration in healthy biood.
For another solute, bicarbonate, dialysis solution level is set at a slightly
higher level than in normal blood, to encourage diffusion of bicarbonate
info the blood, to act as a pH buffer o neutralise the metabolic acidosis
that is often present in these patients. The levels of the components of
dialysate are typically prescribed by a nephrologist according 1o the needs

of the individual patient.

A dialysis machine is known from US 2006/0173395, US 4213859 A and
US4137168A.

Document US 2006/0173395 Al discloses a combined arterial and venous
blood tubing set for transport of blood between a patient and a blood
orocessing unit. The set comprises an arterial set component

comprising arterial tubing having an arterial patient connector

at one end and an arfterial unit connector at the other. A
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venous setf component has venous tubing with a venous patient connector

at one end and a venous unit connector at the other end. The arterial ana

venous patient connectors, and the arterial and venous unit connectors, are

respectively, substantially, and releasably directly connected to each ofher,
5 As a result of this, the arterial, and venous set components cooperate 10

form a loop.

An apparatus for the infusion of m@dicqm@ms and drugs, in particular
heparin, into the partial vacuum region of an extracorporeal blood circuit is

10 described in US 5,015,226 which replaces a heparin pump and which
comprises a supply container in the form of a syringe, a shutoff member,
which may be a clamp, disposed in the feed conduif, a means for
measuring the reduced pressure or partial vacuum in the extracorporeal
circuit and a control means. Said control means is connected to the

15  pressure measuring means and the shutoff member and constructed for
petiodic opening and closing of the shutoff member in dependence upon
the measured partial vacuum and the desired amount of medicament. The

apparatus may be used in the extracorporeal blood circuit of a dialysis

apparatus.

20
A fluid manifold which includes a housing having a first inlet and an outlet
and a plurality of inlets intermediate the first inlet and the outlet Is Known
from US 5431185, Document EP 0 443 324 Al discloses a system for
oreparation of a fluid infended for medical use.

25

A dialysis machine is a machine that filters a patfient's blood 1o remove
excess water and waste products when the kidneys are damaged,
dysfunctional, or missing. Blood is drawn through a specially created vein in
the forearm, which is called an arterio-venous (AV) fistula. From the AV

30 fistula, blood is taken to the dialysis machine through flexible tube. The
dialysis machine itself can be thought of as an artificial kidney. Inside, It
consists of more flexible tube that carries the removed blood to the dialyzer,

a bundle of hollow fibers that forms a semipermeable membrane for filtering
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out impurities. In the dialyzer, blood is diffused with a saline solution called
dialysate, and the dialysate is in turn diffused with blood. Once the filtration
process is complete, the cleansed blood is returned to the corresponding

vein of the patient. Most patients using dialysis due to kidney impairment or
failure use a dialysis machine at a special dialysis clinic. Most sessions take

about four hours, and typically patients visit the clinic three times per week,

In order to prevent clolting in the course of a dialysis procedure, it is
necessary to deliver continuously a pharmaceutical like Heparin into one of
the tubes and thus info the blood circulation. Towards the end of a dialysis
procedure, it is necessary or at least helpful o administer medicaments like
iron sucrose for excimple Venofer®, erythropoietin (EPO) and the active form
of vitamin D in addition to heparin. Af the end of a dialysis session, it is
helpful fo deliver a medicament in order to wash the outiet of the fistula. At
least some of the medicaments cannot be administered within a short
period. Instead of Tth, it is necessary to input such a medicament stepwise
or continuously into a tube of the dialysis machine during a period of

several minutes like ten minutes.

For the delivery of pharmaceuticals during d dialysis procedure, the fube of
a dialysis machine comprises one or more injection sites as known from US
6,090,066, An injection site may be an elastic, needle-pierceable
membrane and / or a female luer lock connector for connecting an
administration device like a syringe or an adapter for a vial with the injection

site.

A staff member of a clinic has to take care of several patients at the same
fime. At the beginning, a staff member has to connect every patient 10 a
dialysis machine. After a few hours at the end of these procedures, the staff
member has to input the medicaments to the corresponding fubes of the
dialysis machines. Due to the time pressure, it is difficult to administer all

medicaments to all patients every day without making any mistake.



10

15

20

25

30

33

CA 02752999 2016-09-28

It Is therefore an object of the present invention to provide a dialysis machine, a
manifold for the dialysis machine as well as a process which facilitates the

administration of medical preparations during a dialysis procedure.

In order to solve the object of the invention, a dialysis machine comprises tubes
connected with a dialyzer, means for delivering pharmaceuticais into the tubes and
a blood pump for the transport of biood through the tubes and the dialyzer.
Additionally, the dialysis machine comprises means for delivering at least one

pharmaceutical by a suction effect of the pump or by a pressure effect of the pump

or by an excess pressure of a gas or a liquid.

In accordance with an aspect of the invention, there is provided a dialysis machine
comprising tubes connected with a dialyzer; means for delivering pharmaceduticals into the
tubes; and a pump for the transport of biood through the tubes and the dialyzer,
characterized in that the dialysis machine comprises means for administration of at least
one pharmaceutical by a pressure effect of the pump; wherein the means for administration
comprises. a main line on an outlet side of the pump; a bypass line for providing flow from
the main line through a container containing a pharmaceutical, the container connectable
with the bypass line; a first section of the bypass line for connecting the main line with the

container;, and a second section of the bypass line for connecting the container with the
main line.

In accordance with another aspect, there is provided a manifoid for the dialysis machine

defined above, wherein the manifold comprises. a mainline; a bypass line for providing a
flow from the mainiine through a container connectable with the bypass line, including: a first
section of the bypass line for connecting the main line with the container, and a second

section of the bypass line for connecting the container with the main line.

In accordance with another aspect, there is provided a manifold for a dialysis machine as
defined above, wherein one end of the main line is provided with a dialyzer connector and

the other end of the main line is provided with a female adapter for the dialyzer connector.

In accordance with another aspect, there is provided use of the dialysis machine as defined

above for dialysis.
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Since the delivery of at least one pharmaceutical takes place due to a flow
generated by the pump or by an excess pressure within a container, the dehvery

takes place automatically. Additionally, no further pump or motor Iis necessary in

order to administer the pharmaceutical automatically and thus in an easy manner.

In an embodiment of the invention, a cross section of an inlet path into a tube for
the at least one pharmaceutical is small so that it will take at ieast five minutes,
preferably at ieast ten minutes in order to administer the total volume of the at least
one pharmaceutical, A manifold of the dialysis machine may comprise the inlet for
the pharmaceutical, Typical pharmaceuticals are an iron preparation like Venofer®,
EPO, the activé form of vitamin D, a medicament for washing a fistula and/ or a
medicament like Heparin in order to prevent clotting. This embodiment is especially
useful for a pharmaceutical like Venofer® of the Swiss company Vifor
(International) AG when it is not allowed to administer the total volume of the at
least one pharmaceutical in a quick manner within a short period, for example
within one minute. In this embodiment of the invention, it is not necessary to
administer a pharmaceutical like Venofer® stepwise by hand or by a motor driven

piston and the like, In this embodiment, it is also possible to
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cdminister a pharmaceutical like Heparin continuously without the need of @
motor driven piston. In this case, an inlet pass into a tube may comprise
such a small cross section that the delivery of the total Heparin volume

requires a few hours.

In order to control the flow rate of the at least one pharmaceutical, the Inlet
for the pharmaceutical into a tube may comprise a flexible tube. It is then
nossible to squeeze the flexible tube in order to reduce the cross section of

the flow path.

For example at the end of a dialysis procedure, a staff member has only 10
start or to activate the delivery of the at least one pharmaceutical. It is for
example possible to connect all containers or syringes containing the above
mentioned pharmaceuticals with the dialysis machine at the same fime,
oreferably at the beginning of a dialysis procedure. The activation of the
delivery of one pharmaceutical may take place by opening of o

corresponding vaive.

't is no longer necessary to administer the pharmaceutical by hand, by an
additional motor or an additional pump. If all containers or syringes '
containing the pharmaceuticals are connected with the dialysis machine af
the beginning of the procedure, a staff member can control this situation
during the whole dialysis procedure. This helps not to forget G
phormoceuﬂccj! or not to apply a pharmaceutical twice. For these reasons,
the present invention safes costs and facilitates the administration of at

least one pharmaceutical,

f all containers or syringes containing pharmaceuticals for carrying out @
dialysis are connected with the dialysis machine at the beginning of the
orocedure, it is possible to control the activation of the delivery
automatically by a control device. This embodiment facilitates addifionally

the handling of a dialysis machine,
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In an embodiment of the invention, the dialysis machine comprises at least
one membrane valve in order to control the delivery of a pharmaceutical. A
membrane valve is very hygienic and leakproof. It is easy to open or 10

close a membrane valve automatically,

A membrane valve comprises a housing having a membrane sireiched
thereacross. The membrane is deflectable towards a flow opening which has
an intermediate separating ridge or seat, When the membrane is deflectea
against the separating ridge respectively the seat, flow communication
through the flow opening is interrupted. This deflection can be effected
either upon application of a pressure medium to the other side of the
membrane, or manually, by moving a bolt against the other side of The
membrane. Movement of the bolt is obtained, for example, by a motor
driven spindle threaded into the housing or more preferably by magnertic
forces, Preferably, the spindle or the bolt are made of transparent materiat
so that the position of the membrane can be visually inspected by checking
the position of the bolt within the spindle. The fluid in the housing cannoft
contact movable parts of the valve. For this reason, the valve is very
hygienic. Additionally, the membrane allows to control the flow rate through
the valve, since movement of the membrane in the direction of the seat or
separating ridge reduces the cross section of the flow path. Thus, This
embodiment of The invention allows to control, especially to increase the

delivery period of a pharmaceutical.

In an embodiment of the invention, the dialysis machine or a manifold of
the dialysis machine comprises one or more housings for several membrane
valves but only one membrane covering the several housings. This
embodiment allows a space-saving and costs-saving construction of severdl
membrane valves in order to control the administration of several liquid

oharmaceuticals.

In an embodiment of the invention, the atf least one pharmaceutical IS
administered by a suction effect of the blood pump, since the container of

the at least one pharmaceutical is connected with a tube on the inlet side
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of the blood pump and the container is collapsible. In this case, the
container shall not contain an additional gas and not comprise a turther

opening during the administration of the pharmaceutical. The plood pump

generates a suction force within the tube on the inlet site. Due 10 This
suction force, the liguid content of the collapsible container will flow into
the tube for example after opening of a corresponding valve, since there |s
no further fluid connection between the container and the environment in
the course of the administration, the administration will stop automatically. A
gas cannot arrive at the tube, since the pharmaceutical container only

contains the liguid pharmaoceutical.

If the container is not flexible respectively collapsible, it may be sufficient
that the container contains the liguid pharmaceutical as well as a defined
gas volume. Further, the container shall not comprise a further opening ai
least during the adminisfration of the pharmaceutical. In this case, the liquid
oharmaceutical must border to the outlet of the container before activaiing
the administration of the liguid pharmaceutfical. In order 10 achieve this
result, the outlet of the container is preferably at the boftom, when the
container is connected with the tube. In the course of the administration, @
depression will occur within the container and will stop the administration in
due time. If the container contains sufficient liguid pharmaceutical, a gas
like air will not arrive at the fube since the administration of the
oharmaceutical stops when the depression force within the container

corresponds with said suction force.

Such a container may be provided by connecting a first container
containing the pharmaceutical with a second container confaining the gas.
The first pharmaceutical container is connected with the fube on the inlet
side of the pump. This embodiment allows the use of a convenfiondl
oharmaceutical container containing the desired pharmaceutical like

syringe or a vial.
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If the conventional container is a syringe, the needle of the syringe shall be
connected with the tube on the inlet side of the pump for example with o
corresponding injection site. A second container containing the gas shall be
connected with the opposite side of the syringe. In order to provide the
connection between Thé second gas contfainer and the syringe, the second
container may comprise an outlet in the form of a needle peneirating the

piston of the syringe.

A conventional container may be an ampoule or a vial with a pierceabile
rubber stopper as known from WO 2007/082325, There is a well-known
conventional adapter for such an ampoule or such a vial comprising a
needlie with an inlet path and an outlet path. The second container
containing the gas shall be connected with the inlet path of the needle. The
outlet path of the needie shall be connected with the tube on the inlet side
of the pump. The needle of the adapter penetrates the rubber stopper in

order 1o provide said connections.

In such a way, there is a first conventional container, namely a syringe or @
vial containing a liquid pharmaceutical connected with the tube on the inlef
side of the pump. Additionally, there is a second container comprising the
gas and a connection between the first and the second container. ine
relationship between the liquid volume and the gas volume is adjusted in
such manner that the administration of the pharmaceutical stops
automatically in due fime that means that the desired volume of the
oharmaceutical will flow into the tube but not the gas. The adminisiration of
the pharmaceutical stops when the depression force within the seconad

container equals or corresponds with said suction force.

N an embodiment of the invention, the connection between said first and

said second container comprises a reduction valve in order to control the
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administration and/ or the corresponding flow rate. Additionally or
alternatively, the connection between the outlet of the pharmaceutical
con‘roih@f and the inlet into a tube of the dialysis machine may comprises o
reduction valve in order to confrol the administration and/ or the

corresponding flow rate.

A conventional adapter for a conventional ampoule (vial) with a pierceable
rubber stopper typically comprises a female luer lock. On the other side, a
dialysis machine also comprises an injection sites with a female luer lock
typically. For this reason, the dialysis machine may comprise at least one

connecting piece making a connection between two female luer lock.

In a further embodiment of the invention, an injection site comprises a male
luer lock in order fo avoid said connecting piece. Alternatively, the adapter
for the vial comprises a male luer lock in order to avoid said connection

piece.

If the conventional container is O syr‘mge, it is necessary 1o avoid @
movement of the piston of the syringe during piercing with a needle 10

connect fo the gas container. For this reason a piercing needle may

comprise o thread. It is then possible to turn the needle downward info the

piston thereby avoiding any displacement of the piston. As an alternative,
the needle may comprise a back-action pliers, A piston of a conventional
syringe containing a pharmaceutical comprises a clearance. The back-
action pliers may grip the inside wall of the clearance in order 1o fix The
piston. It is then possible to penetrate the piston by the needle without

moving the piston,
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In an embodiment of the invention, means for delivering the at least one
oharmaceutical by a pressure effect of the pump comprise a main line and
a bypass line for the main line. The main line may replace a section of G
tube on the outlet side of the pump or may be a section of said tube. One
end of a first section of the bypass line is connected with the main line and
the other end of the first section of the bypass line is connected with an inlet
intfo a pharmaceutical container, preferably with an inlet on the top of the
container. The second section of the bypass line is a fluid connection
between an outlet of the pharmaceutical container, preferably at the
bottom of the container and the main line. Said fluid connection
respectively second section is discharged downsiream into the main line so
that blood will flow into the first section of the bypass, afterwards through
the container and afterwards through said further fluid connection back into
the main line. Due to the bypass line, the pharmaceutical will flow from the
container into the main line on the pressure side. Preferably, the container
contains only the pharmaceutical but not a gas. In this case, a gas will Not
flow into the main line. Since all dialysis lines contain a bubble frap
respectively air trap before the blood is entering the patient again, gas from

the containers that accidentally enters the blood stream will be captured.

As a rule, the cross sections of the first and/ or second secftion of the bypass
ine determine the flow rate of the pharmaceutical into the main line. If the
bypass line comprises a valve, the cross section of the valve may determine
or influence the flow rate of the pharmaceutical additionally. The relevant
cross sections which determine the flow rate of the pharmaceuticals are
oreferably designed in such a manner that the administration of the
corresponding pharmaceuticals takes place within a desired period. FOr
example, if Venofer® is the pharmaceutical, the relevant cross sections are
so designed that the administration will last for at least five minutes,

oreferably for ten to twenty or up to thirty minutes.

The container may be a conventional container like a syringe or a vial with d

rubber stopper for the above mentioned reasons.
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In an embodiment of the invention, a manifold comprises said mainline and
said bypass line. In an embodiment of the invention, one end of the main
line is provided with a dialyzer connector for connecting this end with G
female locking adapter respectively female connector of a dialyzer. The
other end of the main line is provided with such a female locking adapter
for the dialyzer connector. A dialyzer connector is a standardized male
locking adapter for connecting a fube of a dialysis machine with the
female locking adapter respectively connector of a dialyzer. Since the main
ine comprises such a standardized connector system for use in a dialyzer, It
is possible to connect the manifold with every known dialysis machine
comprising the standardized locking system. It is not necessary to redesign

the known dialysis machines.

In an embodiment of the invention, the manifold comprises at least two
bypass lines wherein every bypass line comprises means for connecting the
two sections of a bypass line with an inlet and outlet of a pharmaceutical
container as described above. In this case, it is possible 10 insert several
oharmaceutical containers into the manifold at the same fime which
facilitates the handling for the above mentioned reasons. The first sections
of the bypass lines comprise preferably a common inlet line connected with
the main line in order to save space and costs, 1T is possible but Nnoft
advisable that there is a common outlet line of the second sections of the
bypass lines. If there is a common ouiline line, it is possible that a first
oharmaceutical comes into a direct contact with a second pharmaceutical
which may cause an undesired chemical reaction. For this reason, if is Of
Odvah’rqge that there is no common outlef line in order 1o exclude an

undesired effect.

In an embodiment of the invention, the bypass line or the bypass lines
comprise at least one valve for activating the administration of @

pharmaceutical. The valve or the valves are preferably membrane valve(s).

Due to the valve(s), it is possible to control the administration of the

charmaceutficals by hand or automatically by a confrol device. kvery
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housing of a valve may be an injection molding part so that the production
costs are low. The production costs for the corresponding membrane are
also low. For this reason, at least the housing(s) and the membrane or
membranes may be disposable parts. Since the bolt or bolis of the
membrane valve(s) do not come into contact with the blood, it is possible 10
reuse the bolt(s) in order to safe costs. For this reason, the manifold
comprises in an embodiment of the invention only the housing or the
housings of membrane valve(s) which are covered by one or more
membranes but not the bolt(s) of the valve(s). In this case, the boli(s) may
be a part or parts of a further device comprising means for controlling ana
moving the bolts in order to close and/ or to open the corresponding valves.
For example, the further device comprises magnetic means for moving the
bolt(s) or the membrane in a manner as known from US 3942759, The further
device may comptrise a pre-stressed spring for closing a membrane valve

and a coll for opening the valve,

The manifold can be composed of or comprise one or two injection molding
parts which are made of plastic. In this case, the production costs are [ow,
For this reason, the manifold may be a disposable part which is of

advantage for hygienic reasons.

In an embodiment of the invention, the lines of the manifold are Trdnsporem‘
in order to check the blood flow through the main line and the bypass

line(s).

1T is not necessary to connect the manifold directly with the dialyzer. It Is
also possible to connect both ends of the main line with appropriate ends of
the tubes. However, it is then necessary to modify the common design of
tubes for a dialyzer machine. In this case, it is not of great advantage thai
the main line of the manifold is provided with a dialyzer connector and the
corresponding locking adapter. Since a modification of the tubes is
necessary, the use of other locking means respectively connector systems is

possible without any problems.
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f o manifold is connected with a tube on the inlet side of the pump, the
manifold may comprise one or more containers filled with a gas ana means
for connecting each gas container with an inlet of a pharmaceutical
container. A means for connecting each gas container with an inlet of G
oharmaceutical container may be an adapter for a vial or a needle for
penetrating the piston of a syringe. Further, the manifold may comprise
means in order to connect an outlet of the container containing the

oharmaceutical with an injection site of the tube.

In an embodiment of the invention the manifold installed on the inlet side of
the pump comprises at least one gas container with a tunable volume. A
container comprising a tunable volume is known for example from US-2008-
0200886 Al. The gas container may comprise a movable piston in order 10
adjust a desired volume in dependence of the volume of the
oharmaceutical container. In order to avoid a leak, the gas container may
comprise a flexible membrane. Means like a piston are able fo change the
position of the membrane and thus the volume of the gas container. The
gas container may comprise one or more latching positions for means like o
piston in order to assist the adjustment of a desired volume of the gas

container.

1t is known from the state of the art that it is of advantage to change the

flow rate of Heparin in the course of a dialysis session. The present invention

makes it possible to adapt the flow rate of Heparin or a corresponding
oharmaceutical to a desired flow rate for example by confroliing an
appropriate valve. Additionally or alternatively, several pharmaceufical
containers containing Heparin are connected with the dialysis machine. The
oharmaceutical containers containing Heparin may be inserted into O
manifold according to the present invention. It is then possible fo increase
the Heparin flow rate by opening corresponding valves in order to activate

the administration of Heparin of an additional pharmaceutical container.

In an embodiment of the invention, the outlet of a pharmaceutical

container is connected with a tube of the dialysis machine. An inlet of the



10

15

20

25

30

CA 02752999 2011-08-18

WO 2010/100074 PCT/EP2010/052420
14

oharmaceutical container is connected with a flexible bag containing an
infusion solution. The infusion solution may flow through the pharmaceufical
container due to gravitation. In this way, the pharmaceutical will arrive af

the fube of the dialysis device.

Brief description of the drawings.

Fig. 1 is a dialysis machine;

Fig. 2 is a cross section of a manifold for a dialysis machine;

Figs. 3a and 3b are cross sections of membrane valves;

Fig. 3c is a perspective view of a membrane valve,

Fig. 4a is a dialyzer connector;

Fig., 4b is a female connector for a dialyzer connector;

Fig. 5 is a vial with an adapfter;

Fig. 6 is the vial and the adapter of figure 5 connected to an injection site
of a dialysis machine;

Fig. 7 is a collapsible pharmaceutical container connected with an injection

site.

The dialysis machine of figure 1 comprises a first plastic tube 1 which is
connected with the AV fistula 2 of a patient 3 on one side and with an inlet
of a dialyzer 6 on the other side. A second plastic tube 5 is connected with
an outlet of a manifold 4 on one side and with an inlet on the fop of an air
frap 7 on the other side. A third plastic tube 8 is connected with an outlet af
the bottom of the air trap 7 on one side and with an inlet into the vein 9 of
the forearm of the patient 3 on the other side. The inlet of the manifold 4 Is
connected with an outlet at the top of the dialyzer 6. It is also possible 10
arrange the manifold between the inlet of the dialyzer and the Tube 1.

However, in this case, it is not possible o insert a container INTo The
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manifold containing a pharmaceutical which is not allowed to pass the

dialyzer 6.

A dialysis machine may comprise a snubber 13 arranged between the AV
fistula 2 and the peristaltic pump 11. In order 1o prevent clotting, a Heparin
oump 10 may be connected with one of the plastic tubes, preferably wiin
the snubber 13 as known from the state of the art. In order to transport the
blood of the patient 3 through the tubes, the air trap and the dialyzer, the
dialysis machine comprises a peristaltic pump 11 (blood pump) acting on
the first tube 1. As a result, the tube 1 is divided into a sucftion side 1a and 4
oressure side 1b. The suction side 1a is between the fistula 2 and the inlet
side of the blood pump 11. The pressure side 1b is between the outlet side
of the blood pump 11 and the dialyzer 6. The tubes may comprise severdal
injection sites 12 in order to administer medicaments as known from the
state of the art. A first injection site may be arranged between the AV fistula
2 and the peristaltic pump 11 (suction side 1a). A second injection site may
be arranged between the peristaltic pump 11 and the dialyzer 6 (pressure
side 1b). A third injection site may be arranged between the dialyzer 6 and
the air tfrap 7. Typically, an injection site 12 comprises a T-shaped junction
with a female luer lock and a diaphragm. The air frap 7 is connecied with G
pressure gauge 14 for controlling the pressure and thus the air confent in
the air trap 7. An inlet 15 is connected with the upper end of the air trrap /
in order to feed pure water in the air tfrap 6. An open port 16 on the top of
the air frap 7 can also be used fo administer a pharmaceutical or 10

manually degas the air frap.

Figure 2 shows an enlarged cross section of the manifold 4. The manifold 4
comprises a main line 20, a first section 21 and a second section of O
bypass line. The first section 21 of the bypass line comprises two or more
branch-offs 21b and 21¢c each of which is connectable with an inlet of G

oharmaceutical container like a syringe 22 or a vial. For this reason, the
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shown end 21a of the first section comprises a needle penelfrating the
piston of the shown syringe 22. Thus, the end 21a of the first section 21 Is
also connectable with a pharmaceutical container. The needle or luer cone
of the syringe 22 is connected with a second section 23a of the bypass line,
The second section 23a of the bypass line leads 1o the main line 20. There
are two further second sections 23b and 23c¢c corresponding with the branch-
off 21b and the end 21¢ of the first section 21 each of which are
connectable with an outliet of a pharmaceutical container. As a rule, The
cross sections of the bypass line are smaller than the cross section of the
main line 20. The bypass line comprises six membrane valves 24a, 24b, 24c,
24d, 24e and 24f for confrolling the flow through pharmaceutical confainers
22 inserted into the manifold. The inlet connector 25 of the mainline 20
corresponds with the outlet connector of the dialyzer 6 and is a dialyzer
connector 25. The outlet connector 26 of the main line 20 corresponds with
the outlet connector of a dialyzer as also shown in figure 1. During a dialysis
session, blood is flowing from the inlet 25 through the main line 20 to the
outiet 26. If for example the valves 24a and 24b are open, a part of the
blood flowing through the manifold 4 flows through the bypass line and thus
through the shown syringe 22. As a result, the pharmaceutical content of the

syringe flows into the main line.

f the outlet of the manifold is connected with an inlet of the dialyzer, the
outlet of the manifold comprises the dialyzer connecior 256 to connect the

manifold outlet to the dialyzer.

Figure 3a shows a cross section of three membrane valves composed of
one housing 30, one membrane 31 and three moveable bolts 32a, 320 and
32c. The housing 30 comprises a first flow path 33a of the first valve, G
second flow path 33b of the second valve and a third flow path 33c of the
third valve. The membrane 31 covers all flow paths 33a, 33b and 33c and is
deflectable towards each flow path by the bolts 32a, 32b and 32c¢. The

design shown in figure 3a saves space. The production costs are low. Figure
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3b refers to the situation that the second valve is closed for example by G

pre-stressed spring (not shown) or magnetic means (not shown).

Figure 3¢ is a perspective view of an embodiment of the membrane valve.
The housing of the membrane valve may be made in one piece with a tube
and a branch-off as shown in figure 3c. For example, the tube may be the
section 21 of a bypass-line connected with the branch-off 21b according 10
figure 2. If a pressure is applied to the membrane 31, the path through the
section 21b is closed. Figure 3c shows that a very space-saving construction
is possible. Instead of only one membrane valve, it is possible to provide @
ot of membrane valves each valve comprising a branch-off according 10

figures 3a and 3b.

Figure 4a shows the dialyzer connector 25 and figure 4b the corresponding
female connector 26 of a dialyzer. One end of the dialyzer connector 25
comprises a male thread 40 and an end of the female connector d
corresponding female thread 41. The dialyzer connecior comprises a grip 472
in order to facilitate the handling of the dialyzer connector. The other end
43 of the dialyzer connector is adapted to a fube of a dialysis machine. The
other end of the female connector 26 may also be adapted io a tube of @

dialysis machine so that it is possible to fix a tube end at the connecror.

Figure 5 shows an ampoule respectively a vial 50 with a lid 51, The lid o1
comprises a pierceable rubber stopper 52. An adapter for the vial comprises
a hollow needle 53 with an inlet (venting) path 54 and an outlet path 55
(vial adapter, vented). The needle 53 penetrates the rubber stopper 52.
Additionally, the adapter comprises a clamp 56 in order to fix the adapter
at the lid 51.

According to the state of the art, an adapter for a vial as shown in figure o
comprises a female luer lock. In an embodiment of the invention, the outlet
of the adapter comprises a male luer lock in order to facilifate the

connection between the outlet of the adapter with an injection site of G
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dialysis machine since the injection site of a dialysis machine usually

comprises a female luer lock.

The vial 50 of figure 5 may be inserted in a manifold according to figure 2
or 1. It is then necessary to connect the first section of the bypass line with

the inlet path of the adapter and the second section with the outlet path of

the adapfter.

Figure 6 shows the vial 50 and the adapter of figure 5. The outlet path 55 of
the adapter is connected with an injection site 12 of the tube 1 and thus 1o
a tube on the inlet side of the pump. The inlet path 54 of the adapfter is

connected with a gas conftainer 60 which is either collapsable or rigia,

In order to start the administration, it is necessary to open the valve 61. Due
to the suction force generated by the pump, the pharmaceutical flows
through the outlet path 55 into the tube 1. As a result, gas flows from the
gas container 60 through the inlet path 54 info the pharmaceutical
container 50. This generates a low pressure within the gas container 60. As
soon as the low pressure force corresponds with the suction force, the flow
of the pharmaceutical stops. The period from the beginning 1o the end of
the administration depends on the cross sections of the inlet path, the outlet

oath and the volume of the gas container 60.

The connection between the gas confainer and the pharmaceutical
confainer may comprise a pressure reducer 62 in order to adjust the flow
rate of the pharmaceutical. Additionally, the connection between the gas

container and the pharmaceutical confainer may comprise a disposable
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microbe pertaining filter 63 in order to avoid a contamination of the

oharmaceutical,

If the outlet path 55 is connected with an injection site 12 of the tubes 1D
or 5, the gas in the gas container 60 is under pressure. The gas container

may be a balloon which would save costs.

In the embodiment of figure 7, a collapsible pharmaceutical container /0 is
connected with an injection site 12 of the first tube 1. The administration of

the pharmaceutical stops as soon as the flexible container 70 is empty.

Instead of connecting the outlet of a pharmaceutical container shown In
figures 5, 6 or 7 with an injection site, the outlet may be connected with G
main line of a manifold. It is then necessary fo replace g section of a fube
by the main line of the manifold. Preferably, the manifold can contain at
least two pharmaceutical containers connected with the main line. The
manifold can comprise one or more gas conftainers connectable with
phcsrmdceuﬂcol\ containers. If the pharmaceutical container is a syringe, the
gas container may comprise a needle for the connection, If the
opharmaceutical container is a vial, the gas container may comprise d

corresponding adapfter for the conneciion.

n an embodiment, a manifold comprises different adapters respectively
connecting means for inserfing different pharmaceutical containers info the
manifold. In other words, it is then possible 1o connect a first
opharmaceutical container containing for example Venofer® with an
appropriate first adapter or connector but not with a furrher adapter or

connector of the manifold. A second pharmaceutical container containing
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for example EPO may be connected with o second adapter or connector
but not with a further adapter or connector of the manifold. A thira
pharmaceutical container containing for example the active form of vitamin
D may be connected with a third adapter or connector but not with a further
adapter or connector of the manifold. This embodiment of tThe invention
helps to avoid mistakes due to human failure. 1t is for example not possible
fo connect a pharmaceutical container with a gas container having o

wrong volume,

In an embodiment of the invention, the manifold comprises a first adapter
for a syringe and a second adapter for a vial for the above menfioned
reasons. In this case, the syringe always contains a first pharmaceutical, for

example an iron preparation and the vial a second pharmaceutical for

example EPO. In this way, it is nof possible to insert a pharmaceutical
confainer contfaining the first or the second pharmaceutical fwice or in @

wiong way.



CA 02752999 2016-09-28

21

Claims:

1. Dialysis machine comprising tubes (1, 5, 8) connected with a dialyzer (6); means for
delivering pharmaceuticals into the tubes; and a pump (11) for the transport of blood through
the tubes and the dialyzer, characterized in that the dialysis machine comprises means for
administration (4) of at least one pharmaceutical by a pressure effect of the pump (11);

wherein the means for administration (4) comprises:
a main line (20) on an outlet side of the pump (11);

a bypass line (21) for providing flow from the main line (20) through a container (22)

containing a pharmaceutical, the container (22) connectable with the bypass line (21);

a first section of the bypass line (21a, 21b, 21¢) for connecting the main line (20) with the

container (22); and

a second section (23a, 23b, 23¢) of the bypass line (21) for connecting the contatner (22)
with the main line (20).

2. Dialysis machine according to claim 1, wherein a cross section of an inlet path into one of the
tubes for the at least one pharmaceutical is smaller than a cross section of the main line, and
at least five minutes are necessary in order to administer the total volume of the at least one

pharmaceutical.

3. Dialysis machine according to claim 2 wherein at least ten minutes are necessary in order to

administer the total volume of the at least one pharmaceutical.

4. Dialysis machine according to claim 2 or 3, wherein the at least one pharmaceutical 1s

erythropoietin, an iron preparation and/ or the active form of vitamin D.
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Dialysis machine according to any one of claims 1 to 4, wherein all containers (22, 50)
containing pharmaceuticals for carrying out a dialysis are connected with the dialysis

machine at the same time.

Dialysis machine according to any one of claims 1 to 5, comprising a control device for

controlling activation of the delivery of the at least one pharmaceutical.

Dialysis machine according to any one of claims 1 to 6, comprising at least one membrane

valve (30, 31, 324, 33a) in order to control the delivery of a pharmaceutical.

Dialysis machine according to claim 7, comprising at least two membrane valves and only

one membrane (31) stretching across a housing (30) or housings of the at least two

membrane valves.

Dialysis machine according to any one of claims 1 to 6, comprising a membrane valve n

order to control delivery of a pharmaceutical, wherein the membrane valve comprises a

housing (30), a membrane (31), a movable bolt (32a, 32b, 32¢) and electric, pneumatic,

hydraulic or magnetic means for movement of the bolt.

Dialysis machine according to any one of claims 1 to 9, comprising:

a collapsible container (70) free of gas connected with a tube on an inlet side (1a) of the

pump wherein the collapsible container (70) contains a pharmaceutical; or

a non-flexible and non-collapsible container (50) connected with the tube on the inlet side
(1a) of the pump wherein the non-flexible and non-collapsible container (50) contains a

pharmaceutical and a gas.
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Dialysis machine according to claim 10, wherein the non- flexible and non-collapsible

container is a syringe or a vial (50) with a pierceable rubber stopper (52).

Dialysis machine according to claim 11 comprising a connection between the piston of the

syringe and a container (60) containing a gas.

Dialysis machine according to claim 2, wherein the cross sections that determine the flow
rate of the pharmaceutical during administration are selected such that the admimstration

lasts for up to thirty minutes.

Dialysis machine according to claim 13, wherein the administration lasts for up to twenty

minutes.

Dialysis machine according to any one of claims 1 to 14, wherein the main line is detachably

connected with the dialyzer (6) at one end and with a tube (1, 5) at another end.

Manifold for the dialysis machine according to claim 1, wherein the manifold comprises:
the mainline (20);
the bypass line (21, 21a, 21b, 21¢, 23a, 23b, 23c¢) for providing flow from the mainhne

through the container (22, 50) connectable with the bypass line, including;
the first section of the bypass line for connecting the main line with the container, and

the second section of the bypass line for connecting the container with the main line.

Manifold according to claim 16 wherein the bypass line comprises means connected with an

inlet and an outlet of a container containing a pharmaceutical.

Manifold according to claim 16 or 17 comprising at least two bypass lines (21a, 21b, 2lc,

23a, 23b, 23¢) wherein each bypass line comprises means for connecting a first and a second
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section of each bypass line with an inlet and outlet of a container containing a

pharmaceutical.

Manifold according to claim 18, wherein the second sections (23a, 23b, 23¢) of the bypass

lines connectable with an outlet of a container (22) containing a pharmaceutical do not

comprise a common outlet line leading to the main line.

Manifold according to any one of claims 16 to 19 comprising a syringe (22) or a vial (50)

with a pierceable rubber stopper, the syringe or vial containing a pharmaceutical.

Manifold according to any one of claims 16 to 20, wherein the bypass line or the bypass lines
comprise at least one valve (24a, 24b, 24c, 24d, 24e, 24f) for activating the administration of

a pharmaceutical.

Manifold according to any one of claims 16 to 21, further comprising a membrane of a

membrane valve.

Manifold according to any one of claims 16 to 22, comprising different adapters respectively

connecting means for inserting different pharmaceutical containers into the manifold and a
fluid connection between each adapter and the main line.
Use of the dialysis machine according to one of the claims 1 to 15 for dialysis.

Dialysis machine according to claim 4, wherein the at least one pharmaceutical 1s an 1ron

preparation.
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26. Manifold according to claim 16, wherein one end of the main line 1s provided with a dialyzer

connector (25) and the other end of the main line is provided with a female adapter (26) for

the dialyzer connector (25).
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