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(57) Abréegée/Abstract:
An ultrafiltration device Is designed to be used for ambulatory SCUF or other types of continuous or intermittent ultrafiltration,

typically while being worn or otherwise carried by the subject (S) that Is being treated. The ambulatory ultrafiltration device
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(57) Abrege(suite)/Abstract(continued):

comprises a blood filter (4) that has a blood side (6) for fluild communication with the vascular system of the subject (S), an
ultrafiltrate side (7), and a semipermeable membrane (8) disposed between the blood side (6) and the ultrafiltrate side (7). The
ambulatory ultrafiltration also comprises a buffer vessel (3) In fluid communication with the blood side (6) of the blood filter (4), and
a blood pump (9). The blood pump (9) Is controlled to alternate between a withdrawal phase and a return phase. In the withdrawal
phase, blood Is withdrawn on a blood path from the subject (S) via the blood filter (4) to the buffer vessel (3). In the return phase,
blood Is returned from the buffer vessel (3) to the subject (S) on the blood path. The blood filter (4) Is arranged to remove
ultrafiltrate from the blood during at least one of the withdrawal and return phases. The use of a single blood path for withdrawal of
blood and return of treated blood makes the device suitable for ambulatory ultrafiltration.
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(57) Abstract: An ultrafiltration device is designed to be
used for ambulatory SCUF or other types of continuous or
intermittent ultrafiltration, typically while being worn or
otherwise carried by the subject (S) that 1s being treated.
The ambulatory ultrafiltration device comprises a blood
filter (4) that has a blood side (6) for fluid communication
with the vascular system of the subject (S), an ultrafiltrate
side (7), and a semipermeable membrane (8) disposed be-
tween the blood side (6) and the ultrafiltrate side (7). The
ambulatory ultrafiltration also comprises a buffer vessel
(3) m fluid communication with the blood side (6) of the
blood filter (4), and a blood pump (9). The blood pump
(9) 1s controlled to alternate between a withdrawal phase
and a return phase. In the withdrawal phase, blood is with-
drawn on a blood path from the subject (S) via the blood
filter (4) to the buffer vessel (3). In the return phase, blood
1s returned from the bufifer vessel (3) to the subject (S) on
the blood path. The blood filter (4) is arranged to remove
ultrafiltrate from the blood during at least one of the with-
drawal and return phases. The use of a single blood path
for withdrawal of blood and return of treated blood makes
the device suitable for ambulatory ultrafiltration.
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AN AMBULATORY ULTRAFILTRATION DEVICE, RELATED METHODS AND A
COMPUTER PROGRAM PRODUCT

Technical Field

The present invention relates to removal of excessive fluids, such as blood water, 1n a

human or animal subject. In particular, the present invention relates to a technique for
providing an ambulatory ultrafiltration device for connection to the vascular system of the

subject.

Background

Ultrafiltration (UF) encompasses a variety of membrane filtration techniques in
which hydrostatic pressure forces a liquid against a semipermeable membrane.

In blood trcatment, UF gencrally denotes a process of removing watcer from blood
plasma. Blood 1s passed on a blood side ol a blood lilter, and a gradient ol pressure 1s
created through the semipermeable membrane. The pressure gradient forces fluid through
the pores of the membrane. The pores filter electrolytes and small and nmuddle s1zed
molecules (up to 20,000 to 30,000 daltons) from the blood plasma. In contrast to the

plasma, the ultrafiltrate output from the filtration pores lacks the plasma proteins and

cellular components ol plasma. Since the concentration ol small solutes 1s the same 1n the
ultrafiltrate as in the plasma, fluid volume 1s removed without any change in the plasma
concentration.

Slow Continuous Ultrafiltration (SCUF) 1s a continuous therapy which 1s designed to
approximately mimic the ultrafiltration function of the kidneys. During SCUF, blood 18
removed [rom the body ol a subject and passed 1n an extracorporeal circuit through a blood
filter, where a predetermined percentage of plasma water 1s removed based upon a
prescription. Typically, no more than 2 litres an hour of fluid 1s removed. The remaining
blood 1s returned to the patient. Unlike hemodialysis, hemofiltration and hemodiafiltration,
no dialysis fluid or replacement fluids arc used in SCUFE.

SCUF may, e.g., be employed [or treatment ol congestive heart [ailure (CFH) or
other conditions leading to fluid overload 1n a subject. CHF is a condition that occurs when
the heart becomes damaged and reduces blood flow to the organs of the body. If blood
flow decreases to a certain degree, kidney function becomes impaired and results in fluid
retention, abnormal hormone secretions and increased constriction of blood vessels. This
results 1n 1increased workload ol the heart and [urther decrease ol the heart's pumping
ability which, in turn, causes further reductions in blood flow to the kidney. It 1s believed
that the progressively-decreasing perfusion of the kidney 1s the principal non-cardiac cause

perpetuating the downward spiral of the so-called "Vicious Cycle" of CHE. Moreover, the
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fluid overload and associated clinical symptoms resulting from these physiologic changes
may be seen as the predominant cause for excessive hospital admissions, terrible quality of
life and overwhelming costs to the health care system due to CHF. This fluid overload can

be removed by means of SCUF.

SCUF may also be used as a supplementary treatment to dialysis, such as
hemodialysis. Hemodialysis 1s a standard technique for treating patients suffering from
acutc or chronic rcnal failure. Hemodialysis trcatments arce traditionally carricd out about
three times a week, whereby the blood is purified and the liquid balance of the patient 1s
adjusted at a hemodialysis site 1n a clinic. Since the kidneys of a patient suffering for renal
conditions usually do not produce any significant amounts of urine, the patient may turn up
at the hemodialysis site with an excess of liquid 1n the body. After the hemodialysis
treatment, the patient may instead have a shortage of liquid in the body. By subjecting the

patient to SCUF 1n between the ordinary hemodialysis treatments, 1t 1s possible to equalize
the liquid level over time and thereby reduce the strain on the patient's body caused by
fluctuating liquid lcvels.

SCUF may also be used [or treatment ol anuric patients treated by peritoneal dialysis
(PD), which may experience fluid overload.

It 1s generally desirable that the subjects/patients are able to perform a SCUI
treatment outside of a clinical environment, e.g. at home. Specifically, there is a need for
an ambulatory ultrafiltration device that enables continual, steady and smooth removal of
excess fluid from the body of a subject, preferably while being worn by the subject.

WO02004/026364 discloses an ultrafiltration device adapted to be worn on a portion
of a body of a patient. The device includes a blood filter including a blood inlet tube
leading from a first blood vessel and blood outlet tube leading to a second blood vessel 1n
the patient. A blood pump forces the patient's blood through the filter. Excess fluid 1s
separated by the blood filter and drained 1nto an excess fluid bag.

A similar device 1s disclosed in EP1509262, which includes a blood filter with an
inlet for connection to an artery of a patient and an outlet for connection to a vein of the
patient. Blood 1s driven to continuously flow through the extracorporeal circuit by the
inherent pressure difference between the artery and the vein, and the excess fluid which 1s
separated by the blood filter 1s drained 1nto a filtrate container.

These wearable devices thus require connection of two access devices (needle
catheters, etc) to the vascular system of the patient. This also means that there 1s a risk for
severe blood loss if the venous access device 1s detached, since blood will be driven tfrom
the arterial access device through the blood filter and out of the detached venous access
device. The risk for detachment of an access device may be elevated 1n a wearable device,
and the resulting blood loss may be significant, especially if the device operates

continuously, albeit at a low blood tflow rate. The need for access to two blood vessels may
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also be undesirable, in particular if the device is to be installed by persons without medical training

and experience, e.g. by the subject itself,

US7311689 discloses an ultrafiltration device which is not portable, let alone wearable, but
which 1s designed to perform SCUF for removal of excessive liquid in patients suttering from CHEF.
[n one disclosed embodiment, the device 1s connected to the vascular system of the patient by means
of a single needle. The device comprises a bifurcated line set with a first branch for connecting the
needle to a bag via a pump, and a second branch for connecting the needle to the bag via a blood
filter and the pump. A valve 1s arranged in each of the first and second branches. The device operates
in a withdrawal phase, in which the pump and the valves are operated such that blood is withdrawn
via the needle into the first branch, thereby bypassing the filter, and stored in the bag. Then, in a
return phase, the pump and the valves are operated such that blood 1s ejected from the bag into the
second branch for transport back to the patient. In the return phase, ultrafiltration occurs as the blood
passes the blood filter, and the resulting ultrafiltrate is collected in a bag connected to the filter. Apart
from not being designed for ambulatory treatment, this device has an elevated risk for clotting and/or
coagulation ot the blood in the bifurcated line set, since blood is stagnant in one branch while blood
1s transported in the other. Furthermore, compared to the above-identified wearable devices, more
blood 1s contained in extracorporeal circuit and is exposed to a larger surface area of foreign material.
Still further, the disclosed embodiment necessitates the use and control of valves, and the additional

structural complexity may lead to an increased risk of system failure.

Summary

[t 1s an object of the invention to at least partly overcome one or more of the limitations of
the prior art.

In view of the foregoing, one object is to provide an ultrafiltration device suitable for
ambulatory blood treatment and with a low risk for uncontrolled bleeding.

[t 1s another object to enable an ambulatory ultrafiltration device with a small and compact
design.

A still further object is to provide an ambulatory ultrafiltration device which is simple to
install and handle even for individuals without medical training.

Yet another object is to provide an ambulatory ultrafiltration device which is dependable in
operation.

One or more of these objects, and further objects that may appear from the description below,
are at least partly achieved by means of an ambulatory ultrafiltration device, a system for
ultratiltration of blood, a method for controlling an ambulatory ultrafiltration device, a computer

readable medium and a method for ultrafiltration of blood.
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A first aspect of the invention is an ambulatory ultrafiltration device for connection to
the vascular system of a subject, said ambulatory ultrafiltration device being operable to
withdraw blood from the vascular system, remove ultrafiltrate from the plasma in the blood
without changing the plasma concentration of small solutes, and return the remaining blood to
the vascular system, said ambulatory ultrafiltration device comprising:

a blood filter (4) having a blood side (6) configured for fluid communication with the
vascular system of the subject, an ultrafiltrate side (7), and a semipermeable membrane (8)
disposed between the blood side (6) and the ultrafiltrate side (7); and a blood pump (9; 50; 80),
characterized 1n that

the ambulatory ultrafiltration device further comprises a butter vessel (3) in fluid
communication with the blood side (6) of the blood filter (4); and

the blood pump (9; 50; 80) is operable to alternate between a withdrawal phase and a
return phase, wherein the withdrawal phase comprises blood being withdrawn on a blood path
from the subject via the blood filter (4) to the buffer vessel (3), and the return phase comprises
blood being returned from the buffer vessel (3) to the subject on said blood path; and

wherein the blood filter (4) is arranged to remove the ultrafiltrate from the blood during
at least one of the withdrawal and return phases.

The ultrafiltration device of the first aspect enables a simple and compact construction
centered around a single blood path for withdrawal of blood from the subject and return ot
treated blood to the subject, thereby making the device suitable for ambulatory treatment.
Furthermore, the ultrafiltration device enables the use of a single access device for establishing
the blood path between the subject and the buffer vessel, which may be a desirable feature in a
device for ambulatory treatment, since it minimizes the risk for uncontrolled bleeding if the
access device 1s detached from the vascular system of the subject. Still further, since the blood
is transported back and forth on a single blood path while being subjected to ultrafiltration, no
blood will be left stagnant in the blood path except during the transition between the
withdrawal and return phases. This will reduce the risk for clotting/coagulation of blood in the
blood filter or in the blood lines that connect the blood filter to the subject and the reservoir,
respectively. Furthermore, compared to the use of a bifurcated blood path, the use of a single
blood path may serve to reduce the exposure of the blood to foreign material in the blood path.

The ultrafiltration device may be controlled to remove the ultrafiltrate during the return
phase. Thereby, the more concentrated blood that results from the ultrafiltration will have a
short path to be transported before being returned to the subject.

Alternatively or additionally, the ultrafiltration device may be controlled to remove the

ultrafiltrate during the withdrawal phase. This will increase the amount of withdrawn, and thus

CA 2804370 2017-10-20
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treated, blood for a given volume of blood being drawn into the buffer vessel. Thus, the
efficiency of the device can be increased, e.g. enabling the size of the ultrafiltration device to
be reduced for a given ultrafiltration rate.

The ultrafiltration device may be provided without the access device for connection to
the vascular system of the subject and/or without any receptacle for collecting the ultrafiltrate.
Instead, the ultrafiltration device may be provided with a connector for attaching an access

device or a line set with an access device and/or a connector for attaching an ultrafiltrate

receptacle. Thereby, the

CA 2804370 2017-10-20
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ultrafiltration device may be re-used for several treatments, whereas the access device/ultrafiltrate
receptacle may be a disposable part. In a variant, the ultrafiltration device 1s configured as a
disposable unit that may be integrated with an access device and/or an ultrafiltrate receptacle.

The ultrafiltration device of the first aspect may, but need not, be used for SCUF, typically
using blood withdrawal rates and blood return rates of about 5-60 ml/min, and an average
ultrafiltration rate of about 1-5 ml/min.

Preferably, in one embodiment, the ambulatory ultrafiltration device further comprises means
for supplying an anticoagulant to the blood path. This will further reduce the risk for
clotting/coagulation of the blood in the blood path and/or in the buffer vessel. Any type of
anticoagulant may be used, including without limitation heparin and citrate.

Preferably, in one embodiment, the means for supplying an anticoagulant is operable to
supply the anticoagulant via the semipermeable membrane. This provides a convenient way of
supplying the anticoagulant, which may be accomplished by reversing the pressure gradient through
the membrane. The ultrafiltration device may be given a compact design, since the need to attach
additional connectors/couplings to the blood path to supply the anticoagulant may be obviated. The
anticoagulant may be supplied during the withdrawal phase, to ensure that the anticoagulant is
provided to the entire blood path and to the buffer vessel.

Alternatively or additionally, the anticoagulant may be injected elsewhere into the blood
path, e.g. close to the access device that connects the ultrafiltration device to the vascular system of
the subject.

When the blood is repeatedly transported back and forth along a single blood path, there is a
risk that a certain fraction of the blood is caught in the blood path between the blood pump and the
access device. This portion of the blood path is also denoted "dead space" herein. Thus, the dead
space may contain a fraction of blood that is not subjected to ultrafiltration and/or that is not returned
to the subject. This potential problem may be solved by minimizing the ¢xtent of this portion of the
blood path. However, the dead space problem may also be overcome by providing the ambulatory
ultrafiltration device with means for intermittently supplying a displacement liquid to the blood path,
e.g. during the return phase. The displacement liquid will thereby move all or part of the blood from
the dead space into the subject, thereby ensuring that this blood is no longer caught within the blood
path. The ratio between return phases with supply of displacement liquid and regular return phases
may be, €.g., 1:20, 1:15, 1:10, 1:5 or 1:2. Alternatively or additionally, the displacement liquid may
be supplied to the blood path intermediate the return phase and the withdrawal phase. It may also be
possible to intermittently supply the displacement liquid during withdrawal phases.

Preferably, in one embodiment, the means for intermittently supplying a displacement liquid

1S operable to supply the displacement liquid via the semipermeable membrane. This provides a
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convenient way of supplying the displacement liquid, which may be accomplished by reversing the
pressure gradient through the membrane. The ultrafiltration device may be given a compact design,
since the need to attach additional connectors/couplings to the blood path to supply the displacement
liquid may be obviated.

In the foregoing embodiments, the displacement liquid may comprise an anticoagulant.
Thereby, the supply of the displacement liquid has the dual effect of purging (part of) the dead space
and counteracting the blood's predisposition to coagulate, which may reduce the operational
complexity and/or enable a more compact design of the ultrafiltration device.

In the foregoing embodiments, the displacement liquid may comprise the ultrafiltrate. Thus, a
small amount of ultrafiltrate may intermittently be re-introduced into the blood path to at least
partially purge the blood in the dead space. This may serve to reduce the operational complexity
and/or enable a more compact design of the ultrafiltration device. It may also serve to reduce the
weight and size of the ultrafiltration device since it may obviate the need for storing a separate
displacement liquid.

Preferably, in one embodiment, the ambulatory ultrafiltration device further comprises means
for selectively supplying a priming liquid to the blood path. The priming liquid is typically supplied
at start-up of the ultrafiltration device, 1.€. betore connecting it to the vascular system of the subject,
for the purpose of purging the blood path of air, and possibly contaminants.

The means for selectively supplying a priming liquid may be operable to supply the priming
liquid via the semipermeable membrane. This provides a convenient way of supplying the priming
liquid, which may be accomplished by reversing the pressure gradient through the membrane. The
ultratiltration device may be given a compact design, since the need to attach additional
connectors/couplings to the blood path to supply the priming liquid may be obviated.

Preterably, in one embodiment, the receptacle for ultrafiltrate, which is attached to or
included in the ultrafiltration device, is pre-loaded with an amount of priming liquid, which is
supplied to the blood path at start-up of the ultrafiltration device.

Preferably, in one embodiment, the ambulatory ultrafiltration device further comprises a
membrane chamber which defines a blood side and a drive fluid side separated by a flexible
membrane or diaphragm, and a drive fluid pump in fluid communication with the drive fluid side,
wherein the blood side of the membrane chamber is connected in fluid communication with the blood
side of the blood filter so as to form the buffer vessel, and wherein the drive fluid pump is operable to
pump a drive fluid out of and into the drive fluid side of the membrane chamber, so as to generate the
withdrawal and return phases. Here, the membrane chamber functions both as buffer vessel and part
of the blood pump. This enables a simplified and compact design. The drive fluid pump that drives

the membrane (diaphragm) in the membrane chamber and the withdrawal phase and return phases is
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arranged to pump drive fluid, which typically is not blood. The requirements on a pump for pumping
drive fluid are thus generally lower compared to a pump for pumping blood. This may serve to lower
cost and complexity of the ultrafiltration device.

Preferably, in one embodiment, the ultrafiltrate side of the blood filter is configured for
connection to a receptacle for receiving the ultrafiltrate, and the drive fluid pump is configured for
connection to the receptacle, such that liquid in the receptacle is supplied as said drive tlmid. The
liquid in the receptacle may, depending on implementation and/or time point during operation of the
ultrafiltration device, contain any one of the above-mentioned priming liquid, ultrafiltrate, and
anticoagulant. By using the liquid in the receptacle as drive fluid, it may be possible to reduce the
operational complexity and/or enable a more compact design of the ultrafiltration device. It may also
serve to reduce the weight and size of the ultrafiltration device since it may obviate the need for
storing a separate drive fluid.

In the foregoing embodiment, the drive fluid side of the membrane chamber may be
connected to the drive fluid pump on a first fluid path, and the ultrafiltrate side of the blood filter
may be configured for connection to the receptacle via a second fluid path that connects to the first
fluid path and comprises a one-way valve that opens towards the first fluid path, whereby
ultrafiltration may be caused by the drive fluid pump being operated to pump the drive fluid into the
receptacle, and wherein at least one of the first and second fluid paths may comprise a flow controller
which is operable to control the rate of the ultrafiltration. Such an embodiment enables the use of a
single pump, the drive fluid pump, for driving the blood transport in the withdrawal and return
phases and for lowering the pressure on the ultrafiltrate side of the blood filter to drive the
ultrafiltration through the semipermeable membrane. This may serve to reduce both complexity, cost
and energy consumption of the ultrafiltration device, as well as enabling a compact design.

In foregoing embodiment, the ultrafiltrate side of the blood filter may be further connected in
fluid communication with the first fluid path on a third fluid path, which may comprise a one-way
valve that opens towards the ultrafilirate side of the blood filter, and flow controllers may be
arranged in the first and third fluid paths and be operable to enable transport of the drive tluid into
the blood path via the semipermeable membrane. Such an embodiment enables the drive tfluid pump
to be used also for driving the transport of drive fluid into the blood path. As noted above, the drive
fluid may be the liquid in the receptacle and may contain any one of the above-mentioned priming
liquid, ultrafiltrate, and anticoagulant. Thus, the transport of drive fluid may serve to prime the blood

path at start-up, to provide displacement fluid into the blood path, and to provide anticoagulant into

the blood path.
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Preferably, in one embodiment, as an alternative to the combination of drive fluid pump

and membrane chamber, the blood pump comprises a reciprocating pump with a reciprocating

element that defines a displacement chamber that forms at least part of the butter vessel. Here,
the reciprocating pump operates both as blood pump and buffer vessel. This enables a compact
design, and potentially a reduced complexity. In principle any reciprocating pump could be
used, including but not limited to piston pumps, plunger pumps, and syringe pumps.

Preferably, in one embodiment, the ultrafiltrate side of the blood filter 1s connected to an
ultrafiltrate path for fluid communication with a receptacle for receiving the ultrafiltrate, the
ultrafiltrate path comprising an ultrafiltrate pump operable to draw ultrafiltrate from the blood
side of the blood filter via the semipermeable membrane. In this embodiment, the ultrafiltrate
pump is selectively operated to lower the pressure on the ultrafiltrate side of the blood filter to
drive the ultrafiltration through the semipermeable membrane. The ultrafiltrate pump may also
be reversed to drive the fluid into the blood path via the semipermeable membrane, e.g. for
priming, for proving displacement fluid or for providing anticoagulant. Each of the priming
liquid, the displacement liquid and the anticoagulant may be pumped through the ultrafiltrate
pump from a respective supplemental reservoir. However, a simplified and compact design is
enabled by one or more of the priming liquid/displacement liquid/anticoagulant being pumped
into the blood path from the receptacle for ultrafiltrate. In one embodiment, the receptacle 1s
pre-loaded with a suitable liquid supply when connected to the ultrafiltrate path. Depending on
implementation, the liquid supply may contain one or more of the priming liquid/displacement
liquid/anticoagulant.

As an alternative to using an ultrafiltrate pump, the ultrafiltrate side of the blood filter
may be connected to an ultrafiltrate path for fluid communication with a receptacle for
recelving the ultrafiltrate, the ultrafiltrate path comprising a one-way valve configured to open

towards the receptacle. In this embodiment, the ultrafiltration 1s driven by the blood pump
establishing the pressure gradient through the semipermeable membrane. The use of one-way

valve may enable a simplified and compact design of the ultrafiltrate device, since the need for

a dedicated ultrafiltrate pump 1s obviated.
Preferably, a second aspect of the invention 1s a system for ultrafiltration of blood. The

system comprises the ambulatory ultrafiltration device of the first aspect and a disposable
container defining a receptacle for receiving the ultrafiltrate. The second aspect shares the
advantages and technical effects of the first aspect and its embodiments.

Preferably, in one specific embodiment of the second aspect, the disposable container
contains a supply of at least one of a priming liquid, a displacement liquid and an anticoagulant,
which may be supplied to the blood path according to the various embodiments of the first

aspect. In one specific embodiment, the supply is contained in the receptacle for ultrafiltrate.

cCA 2804370 2017-10-20
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Another aspect of the invention is a computer readable medium having a program
recorded thereon, the program comprising instructions for causing a computer to perform a
method of controlling an ambulatory ultrafiltration device (1; 1A) connected to the vascular
system of a subject and being operable to withdraw blood from the vascular system, remove
ultrafiltrate from the plasma in the blood without changing the plasma concentration ot small
solutes, and return the remaining blood to the vascular system, said ambulatory ultrafiltration
device (1; 1A) comprising a blood filter (4) having a blood side (6) configured for fluid
communication with the vascular system of the subject, an ultrafiltrate side (7), and a
semipermeable membrane (8) disposed between the blood side (6) and the ultrafiltrate side (7);
and a blood pump (9; 50; 80), said computer readable medium being characterized in that said
instructions cause the computer to perform the repeated steps of:

operating the blood pump (3) to withdraw blood on a blood path from the subject via
the blood filter (4) to a buffer vessel (3) included in the ambulatory ultrafiltration device
(1; 1A) in fluid communication with the blood side (6) of the blood filter (4), and

operating the blood pump (9; 50; 80) to return blood from the bufter vessel (3) to the
subject on said blood path,

such that the ultrafiltrate is removed from the blood via the semipermeable membrane

(8) when the blood is withdrawn from and/or returned to the subject.

According to the present invention, there is also provided a method for ultrafiltration of
blood. The method comprises: withdrawing, on a blood path, blood from the vascular system
of a subject into a buffer vessel; returning blood from the buffer vessel to the vascular system
of the subject on the blood path; and performing ultrafiltration by passing the blood through a
blood filter during at least one of the withdrawing and the returning.

The above aspect shares the advantages and technical effects of the first aspect. It 1s

also to be understood that the method for ultrafiltration may involve using, obtaining, causing

or otherwise providing any of the features defined in the above-mentioned embodiments of the

first aspect.

Still other objectives, features, aspects and advantages of the present invention will

appear from the following detailed description, as well as from the drawings.

Brief Description of the Drawings

Embodiments of the invention will now be described herein by way of example only,

with reference to the accompanying schematic drawings.

Fig. 1 is a block diagram of an ultrafiltration system according to an embodiment.

CA 2804370 2017-10-20



10

15

20

23

30

35

CA 02804370 2013-01-03

WO 2012/004103 PCT/EP2011/060019

10

Fig. 2 1s a front view of a subject carrying an ambulatory ultrafiltration device
according to an embodiment.

Fig. 3 is a flow chart of a method according to an embodiment.

Fig. 4 1s a tlow chart ot a control method according to an embodiment.

Fig. 5 1s a block diagram ol an ultraliltration system according to an embodiment.

Fig. 6 1s front view of an ultrafiltration system according to an embodiment

Fig. 7 1s a view, partially in perspective, of an ultrafiltration system according to an
embodiment

Figs 8-12 are block diagrams of ultrafiltration systems according to various

embodiments.

Detailed Description of Exemplary Embodiments

Exemplary embodiments of the present invention will now be described with
rcicrence to ultrafiltration systems that arc designed to be uscd for ambulatory SCUF or
other types ol continuous or intermittent ultraliltration while being worn or otherwise
carried by the subject being treated.

Throughout the description, the same reference numerals are used to identify
corresponding elements.

Fig. 1 illustrates a system 1 tor ultrafiltration according to a first embodiment. 'The
system delines a blood path that extends [rom an access device 2 [or connection (o the
vascular system of a human or animal subject S to a buffer vessel 3. The access device 2
may be of any suitable type, such as a cannula, a needle, a catheter, etc, and may be
adapted for connection to any suitable vascular access, such as fistula, a graft, a Scribner-
shunt, a peripheral vein, etc, on any part of the subject's body. 'The access device 2 1s
connectled (o an 1nlet ol a [iltration unit 4 via a tubing 3. The [iltration unit 4 may be any
type of blood filter device (also denoted "hemofiltration device”) suitable for ultrafiltration,
such as a coil dialyzer, a parallel plate dialyzer, a hollow fiber dialyzer, etc. The filtration
unit 4 generally has a blood side 6 and an ultrafiltrate side 7 separated by a semipermeable
mcmbranc 8. An outlct on the blood side 6 1s connccted to a blood pumping deviee 9 via a
tubing 10, and the blood pumping device 9 1s connected to the buller vessel 3 via a tubing
11. The blood pumping device 9 (also denoted "blood pump”) may be of any suitable type
for pumping blood through a tubing, e.g. a roller or peristaltic pump, a centrifugal pump,
etc. As indicated 1n Fig. 1, the blood pump 9 1s operable to pump the blood in both
directions 1n the blood path.

The system 1 also delines an ultraliltrate path that extends [rom the ultrafiltrate side
7 of the filtration unit 4 to a filtrate collection vessel 12. An outlet on the ultrafiltrate side 7
1s connected via a tubing 13 to a filtrate pumping device 14 (also denoted "filtrate pump”),

which 1s connected to the collection vessel 12 via a tubing 15. The filtrate pump 14 may be
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of any suitable type, e.g. a roller or peristaltic pump, a centrifugal pump, etc. In the
example of Fig.1, the filtrate pump 14 1s operable to pump filtrate from the filtration unit 4
towards the collection vessel 12. The collection vessel 12 may be implemented either as a
disposable part which 1s replaced when filled with ultratiltrate, or it may be provided with
an emptying valve (indicated by 60 1n Figs 6-7) which can be selectively opened to drain
the collection vessel 12. As explained in the Background and Summary sections, the
ultrafiltrate 1s a liquid, mainly water, that 1s driven through the membrane 8 by a pressure
oradient between the blood side 6 and the ultrafiltrate side 7.

The system 1 further includes an electronic control unit 20, which controls the
operation of the pumps 9, 14. The control unit 20 may also implement one or more satety
functions, by processing signals from one or more safety sensors in the system,
exemplified in Fig. 1 by an air detector 21 attached to tubing 5 and a blood leak detector 22
attached to tubing 13. Although not shown in Fig. 1, the system 1 may also include one or
morc prcessurc sensors for monitoring the pressure 1n the blood path and/or 1n the
ultraliltrate path. The pressure sensor signal(s) may be used by the control unit 20 to
control the operation of the pumps 9, 14 and/or to detect system maltunction. Still further,
the system 1 includes a power source (not shown), e.g. a battery, for providing electrical
power to the control unit 10, the safety sensors 21, 22 and the pumps 9, 14,

Fig. 2 illustrates the system 1 as attached to the subject § and with the access device
2 connected o the vascular access. In the illustrated example, the system 1 1s implemented
as a unitary device which is strapped around the waist of the subject S access by means of
a belt 25. Thereby, the system 1 can be continuously or intermittently operated for
ambulatory ultrafiltration of the subject’s blood.

Returning to Fig.1. the system 1 may be provided 1n the form of a unitary blood
processing device 1A, indicated by dashed lines, which contains all [unctional components
for processing the blood (pumps 9, 14, filtration unit 4, control unit 20, power supply,
safety sensors 21, 22, etc), as well as a blood iput connector 23 and a filtrate output
connector 24. The system 1 also includes a separate access device 2 with tubing and a
conncctor for attachment to the blood mput connector 23, and a scparate filtratc collection
vessel with tubing and a connector lor attachment to the [iltrate output connector 24. The
blood processing device 1A may be re-usable, whereas the access device 2 (with tubing
and connector) and/or the collection vessel 12 (with tubing and connector) may bhe
disposable parts that are replaced after use.

In an alternative implementation, the system 1 1n Fig. 1 is fully integrated into a
unitary stand-alone device which 1s replaced alter use, e.g. when the collection vessel 12 1s
full, or at prescribed intervals.

The operation of the system 1n I11g. 1 1s 1llustrated in the flow chart of Iig. 3. The

treatment 1s performed 1n a repetitive two-phase cycle: a withdrawal phase 301 in which
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the blood pump 9 1s operated to draw blood from the subject § through the filtration unit 4
and 1nto the buffer vessel 3, and a return phase 302 in which the blood pump 9 1s operated
to push blood from the buffer vessel 3 through the filtration unit 4 back into the subject .
As 1ndicated 1 Fig. 3, the filtrate pump 14 may be operated 1n either the withdrawal phase
(step 301') or the return phase (step 302'), or both, to generate the pressure gradient that
drives the ultrafiltrate through the membrane 8 and into the collection vessel 12.

Fig. 4 1s a flow chart that 1llustrates a variant of the general method m Fig. 3. The
method in Fig. 4 presumes that the collection vessel 12 1nitially contains a supply of a
sterile priming liquid, and that the filtrate pump 14 1s reversible, 1.€. able to also pump a
liquid from the collection vessel 12 into the filtration unit 4. With reference to Fig. 1, 1t 1s
realized that the collection vessel 12 should be arranged with tubing 15 connected at the
bottom of the vessel 12, so that the liquid can be pumped out of the vessel 12.

The method 1s 1llustrated at start-up of the system, 1.e. before connecting the access
device 2 to the subject S. In step 401, the filtratc pump 14 1s opcerated to pump priming
liquid [rom the collection vessel 12 mnto the [iltration unit 4, whereby a reversed pressure
gradient 1s established through the membrane 8 to drive the priming liquid into the blood
side 6 of the filtration unit 4. Concurrently, the blood pump 9 1s operated to draw the
priming liquid into the buffer vessel 3. In step 402, the blood pump 9 is reversed to drive
the priming liquid and any air from the buffer vessel 3, through the tubings 11, 10, the
(iltration unit 4 and the tubing 5 and out of the access device 2. The [iltrate pump 14 may
or may not be stopped 1n this step. Steps 401 and 402 are then repeated a number of times
(e.g. 1-5). In step 403, the access device 2 1s connected to the subject S. The system 1 1s
then repeatedly operated in the withdrawal phase 404 and the return phase 405, while
ultrafiltrate being extracted 404, 405" trom the blood 1n one or both of these phases. In the
example ol Fig. 4, the operation continues until the collection vessel 12 1s [ull (step 406).
Then, in step 407, the pumps 9, 14 are stopped and an alert 1s generated to inform the
subject S that it 1s time to empty or replace the collection vessel 12, or to replace the entire
system 1. The decision 1n step 406 may be based on an output signal from a level sensor
(not shown) 1n the vessel 12, or a signal from a pressure scnsor (not shown) 1n the vesscl
12 or 1n the ultraliltrate path, or a signal [rom a scale (not shown) [or indicating the weight
of the vessel 12, or any other sensor that enables assessment of the level of liquid in the
vessel 12. Alternatively, the amount of ultrafiltrate may be estimated by volumetric
calculations, e.2. based on the number of withdrawal/return phases or based on a signal

from tlow meters (not shown) in the ultratiltrate path or in the blood path.

The skilled person realizes that the system 1 should be designed according to:

VBV > VBP T VUF
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where V., 1s the volume ot blood that is drawn 1nto the buffer vessel 3 during each
withdrawal phase, V,, 1s the volume of the blood path between the buffer vessel 3 and the
subject 5, and V. 18 the volume of ultrafiltrate extracted from the blood during each
treatment cycle (1.e. a withdrawal phase and a return phase).

However, 1t has been [ound that such a condition may not be sullicient to prevent
that a fraction of the blood in a certain part of the blood path 1s not subjected to
ultrafiltration and returned to the subject S. This part of the blood path, denoted dead space
and indicated by DS in Fig. 1, extends from the pump 9 to the access device 2. To reduce
the influence of the dead space DS, 1t 1s proposed to intermittently (e.g. every 5-10 cycles)
reverse the filtrate pump 14 to drive liquid (ultrafiltrate) from the vessel 12 via the
filtration unit 4 into the blood path, during at least part of a return phase, or after the return
phase but before the withdrawal phase. This "backfiltration” drives ultrafiltrate mto the
blood path, where the ultrafiltrate acts to displace at least some of the blood in the dead
spacc DS 1nto the subject §. This displacement will decrcase the fraction of blood that may
be trapped 1n the dead space DS.

In the following, different variants and extensions of the system in Fig. 1 will be
discussed 1n relation to Figs 5-12. For the sake of brevity, the following discussion will
focus on differences in structure and operation with respect to the system in Fig. 1. Thus,
unless explicitly stated otherwise, it 1s to be assumed that the foregoing description 1s
equally applicable o the systems 1n Figs 5-12.

In the system of Fig. 5, the blood pump and the buffer vessel are implemented by a
membrane pump formed by diaphragm chamber 50 and a further filtrate pump 51. The
diaphragm chamber 50 1s divided 1nto a drive fluid side 52 and a blood side 53, separated
by a tlexible impermeable diaphragm 54. The pump 51 1s arranged generate the return
phase by pumping, via tubing 53, ultraliltrate [rom the vessel 12 to the drive [luid side 52,
whereby the diaphragm 54 1s caused to flex such that blood on the blood side 53 1s pumped
into the blood path. By reversing the pump 51, ultrafiltrate 1s pumped back mto the vessel
12 from the drive fluid side 52, causing the diaphragm 34 to flex and draw blood 1nto the
blood sidc 53 from the blood path. To cnsurc that the drive fluid pump 51 and the
diaphragm chamber 50 are operating properly, the control unit 20 may be arranged (o
monitor the pressure in the drive fluid path, e.g. via pressure sensors 57, 58 arranged on
both sides of the drive fluid pump 51. One advantage of the embodiment 1n Fig. 5 1s that a
simpler pumping device can be used for pumping drive fluid (ultrafiltrate) compared to
blood (ctf. Fig. 1). Another advantage 1s that the diaphragm chamber 50 and the filtration
unit 4 can be ntegrated with a small separation between the buller vessel (1.e. the blood
side 53) and the filtration unit 4, e.g2. as shown 1n Fig. 6. The small separation may, €.g., be
advantageous to reduce the above-mentioned dead space and to provide a compact and

rugged device suited for ambulatory blood treatment. Fig. 6 further illustrates an
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embodiment in which all fluid containing parts (drive fluid path, ultrafiltrate path, blood path and
vessel 12) are integrated into a coherent component 1B.

Fig. 7 1llustrates a further example of an integration of the coherent component 1B in Fig. 6
with a chassis 70. The chassis 70 contains the pumps 14, 51, the pressure sensors 57, 58, an air
detector 21 and a blood leak detector 22, together with the control unit, the power supply (not shown)
and an operator's interface (exemplified by an on/off switch). An operable ultrafiltration device 1 is
formed mounting the component 1B onto the front face of the chassis 70. In this embodiment, the
component 1B may be removed from the chassis 70 and disposed when the bag 12 is full, or
alternatively the bag 12 may be drained (via the emptying valve 60) and the component 1B be re-
used.

Fig. 8 illustrates a variant of the embodiment in Fig 1, where the blood pump and the buffer
vessel are implemented by a reciprocating pump 80. The pump 80 includes a pusher 81 which is
driven to reciprocate back and forth in a cylinder 82 by means of an electric motor 83, e.g. a stepper
motor or a DC motor, subject to control by the control unit 20. The buffer vessel is formed by the
cylinder chamber 84 which 1s defined between the cylinder 82 and the reciprocating element 81. In
one embodiment, the reciprocating pump 80 is a syringe pump in which the pusher 81 and the
cylinder 82 are part of a syringe, which may or may not be replaceable.

Fig. 9 illustrates a variant of the embodiment in Fig. 5, where one of the filtrate pumps is
replaced by a passive device 90, such as a check valve, that allows ultrafiltrate to pass from the
filtration unit 4 to the vessel 12, but not in the opposite direction. The filtrate outlet of the filtration
unit 4 is connected, via the check valve 90, to the tubing 55 intermediate the filtrate pump 51 and the
diaphragm chamber 50. Flow controllers 91, 92, e.g. flow control valves, are arranged in the filtrate
flow paths from the filtrate unit 4 and the diaphragm chamber 50, respectively. The flow controllers
91, 92 are operated by the control unit 20 to set the ratio between the flow of ultrafiltrate from the
drive fluid chamber 52 and the flow of ultrafiltrate from the filtration unit 4, when the filtrate pump
51 1s operated to draw ultrafiltrate into the vessel 12. It is realized that the ultrafiltration, in this
example, 1s generated during the withdrawal phase, and that the ultrafiltration rate is controlled by
the respective settings of the flow controllers 91, 92. In a variant, only one flow controller is
provided 1n one of the filtrate flow paths. The flow controller(s) may be set in dependence of the

signals from one or more pressure sensors (cf. 57, 58 in Fig. ).

Returning to the embodiment in Fig. 1, it should be realized that the filtrate pump 14
may be replaced by a check valve or a similar passive device that opens towards collection
vessel 12, but closes in the opposite direction. In such an embodiment, ultrafiltration through
the membrane 8 is driven by the pressure on the blood side 6 of the filtration unit

4, which e.g. may be inherently created during the return phase by the flow restriction
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provided by the access device 2, or may be created by selectively restricting the flow in the
blood path (e.g. by means of a flow controller) during the withdrawal and/or return phases.

Fig. 10 1llustrates a variant of the embodiment in Fig. 9, in which a further filtrate
path 1s provided between the filtrate outlet of the filtration unit 7 and the tubing 35
intermediate the [iltrate pump 51 and the diaphragm chamber 30, and 1s provided with a
flow controller 101 and a check valve 100 that opens towards the filtration unit 4 but closes
in the opposite direction. This embodiment enables priming of the blood path and/or
displacement of blood in the dead space via backfiltration.

Fig. 11 1illustrates a variant ot the embodiment 1n Fig. 1 (or any of the other
embodiments disclosed herein), which includes a separate vessel 110 that holds the sterile
priming liquid. In the illustrated embodiment, the priming vessel 110 1s connected via
tubings 111, 112 and a dedicated priming pump 113 to the ultrafiltrate path between the
filtrate pump 14 and the filtrate outlet on the filtration unit 4. The filtrate pump 14 1s
opcratcd when the priming pump 113 1s stopped and vice versa, such that ultrafiltrate 1s
drawn 1mnto the collection vessel 12 and priming liquid 1s pumped 1nto the blood path,
respectively. It 1s to be understood that the pumps 14, 113 are occluding when they are
stopped. In a variant (not shown), the priming pump 113 1s instead connected to a second
(dedicated) port on the ultrafiltrate side 7 of the filtration unit 4. In either variant, the
collection vessel 12 and the priming vessel 110 may be implemented by different
compartments 1n a single container/bag, or by separate containers/bags.

Fig. 12 1llustrates a variant of the embodiment in Fig. 11, where a single reversible
filtrate pump 14 1s arranged 1n the ultrafiltrate path between the collection vessel 12 and
the filtration unit 4. The priming vessel 110 1s connected to the ultrafiltrate path between
the collection vessel 12 and the filtrate pump 14, with on/off valves 120, 121 being
arranged 1n the priming and ultraliltrate paths. The valves 120, 121 are selectively
switched, by the control unit 20, such that ultrafiltrate 1s drawn into the collection vessel 12
and priming liquid 1s backfiltrered 1nto the blood path, respectively.

In the embodiments shown 1n Figs 11-12, the priming vessel 110 may contain a
combination of a sterile priming liquid and an anticoagulant, such as hcparin or citratc.
Thereby, the iquid 1n the priming vessel 110 may not only be used [or priming the blood
path at start-up, but also to intermittently add anticoagulant to the blood in the blood path,
by backfiltration through the membrane 7 1n the filtration unit 4.

According to an alternative (which may be implemented 1n any of the embodiments
shown herein), the system 1 1s provided with a separate anticoagulant vessel (not shown)
which 1s connected to the [iltration unit 4 1n the same way as the priming vessel 110 1n Fig.
11 or Fig. 12. The anticoagulant vessel may be implemented by a dedicated compartment
in a container/bag that also mcludes the collection vessel 12 and/or priming vessel 110, or

by a separate container/bag.
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According to yet another alternative (which may be implemented in any of the
embodiments shown herein), the anticoagulant 1s contained 1n the collection vessel 12.
Thereby, the anticoagulant can be intermittently driven into the blood path via

backtiltration. It 1s realized that the anticoagulant in the collection vessel 12 will be
gradually diluted by the ultraliltrate that 1s extracted [rom the blood. The control unit 20

may at least partly compensate for this by gradually increasing of the duration of the
backfiltration events and/or the frequency of backfiltration events .

In the above-described embodiments and variants, all or part of the functionality of
the control unit 20 may be provided by dedicated hardware and/or by special-purpose
software (or firmware) run on one or more general-purpose or special-purpose computing
devices. In this context, 1t 1s to be understood that each "element” or "means” of such a
computing device refers to a conceptual equivalent of a method step; there 1s not always a
one-to-one correspondence between elements/means and particular pieces of hardware or
softwarc routincs. Onc picce of hardwarc somctimes compriscs different means/clements.
For example, a processing unit serves as one element/means when executing one 1nstruc-
tion, but serves as another element/means when executing another instruction. In addition,
one element/means may be implemented by one instruction in some cases, but by a
plurality of instructions 1n some other cases. Such a software controlled computing device
may include one or more processing units, €.2. a CI’U ("Central Processing Unit"), a DSI
("Digital Signal Processor"”), an ASIC (" Application-Specilic Integrated Circuit"), discrete
analog and/or digital components, or some other programmable logical device, such as an
FPGA ("Field Programmable Gate Array”). The computing device may further include a
system memory and a system bus that couples various system components including the
system memory to the processing unit. The system bus may be any of several types of bus
structures including a memory bus or memory controller, a peripheral bus, and a local bus
using any of a variety of bus architectures. The system memory may include computer
storage media 1n the form of volatile and/or non-volatile memory such as read only
memory (ROM), random access memory (RAM) and tlash memory. The special-purpose
softwarc may bc storcd 1n the systcm memory, or on other removable/non-removablc
volatile/non-volatile computer storage media which 1s included 1n or accessible to the
computing device, such as magnetic media, optical media, flash memory cards, digital
tape, solid state RAM, solid state ROM, etc. The computing device may include one or
more communication interfaces, such as a serial interface, a parallel interface, a USB
interface, a wireless interface, a network adapter, etc, as well as one or more data
acquisition devices, such as an A/D converter. The special-purpose soltware may be
provided to the computing device on any suitable computer-readable medium, including a

record medium, a read-only memory, or an electrical carrier signal.
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The invention has mainly been described above with reference to a few
embodiments. However, as 1s readily appreciated by a person skilled 1n the art, other
embodiments than the ones disclosed above are equally possible within the scope and spirit
of the invention, which 1s defined and limited only by the appended patent claims.

For example, although the blood pump 1s arranged alter the [iltration unit (as seen
from the subject) 1n all 1llustrated embodiments, the blood pump may instead be arranged
between the filtration unit and the access device.

Generally speaking, the skilled person readily understands that different measures
may need to be taken to achieve ultrafiltration in the withdrawal phase and the return
phase, respectively, and likewise to prevent backfiltration at other times (unless when
backfiltration 1s indeed desired), and that these measures may differ depending on the
placement of the blood pump, the design of the filtrate unit, the type and arrangement of

tubings, etc.
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WHAT IS CLAIMED I8:

1. An ambulatory ultrafiltration device for connection to the vascular system of a
subject, said ambulatory ultrafiltration device being operable to withdraw blood from the
vascular system, remove ultrafiltrate from the plasma in the blood without changing the
plasma concentration of small solutes, and return the remaining blood to the vascular
system, said ambulatory ultrafiltration device comprising;

a blood filter (4) having a blood side (6) configured for fluid communication with the
vascular system of the subject, an ultrafiltrate side (7), and a semipermeable membrane (8)
disposed between the blood side (6) and the ultrafiltrate side (7); and a blood pump (9; 50;
80), characterized 1n that

the ambulatory ultrafiltration device further comprises a buffer vessel (3) in fluid
communication with the blood side (6) of the blood filter (4);

the blood pump (9; 50; 80) 1s operable to alternate between a withdrawal phase and a
return phase, wherein the withdrawal phase comprises blood being withdrawn on a blood
path from the subject via the blood filter (4) to the buffer vessel (3), and the return phase
comprises blood being returned from the buftter vessel (3) to the subject on said blood path;
and

the blood filter (4) 1s arranged to remove the ultrafiltrate from the blood during at least

one of the withdrawal and return phases.

2. The ambulatory ultrafiltration device of claim 1, further comprising means (12, 14;
12,51, 100; 110, 113; 110, 120, 14) for supplying an anticoagulant to the blood path.

3. The ambulatory ultrafiltration device of claim 2, wherein said means (12, 14; 12, 51,
100; 110, 113; 110, 120, 14) for supplying an anticoagulant 1s operable to supply the

anticoagulant via the semipermeable membrane (8).

4. The ambulatory ultrafiltration device of any one of claims 1 to 3, further comprising
means (12, 14; 12, 51, 100; 110, 113; 110, 120, 14) for intermittently supplying a
displacement liquid to the blood path during the return phase and/or intermediate the return

phase and the withdrawal phase.
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5. The ambulatory ultrafiltration device of claim 4, wherein said means (12, 14; 12, 51,
100; 110, 113; 110, 120, 14) for intermittently supplying a displacement liquid 1s operable to

supply the displacement liquid via the semipermeable membrane (8).

6. The ambulatory ultrafiltration device of claim 4 or 5, wherein said displacement

liquid comprises an anticoagulant.

7. The ambulatory ultrafiltration device of any one of claims 4 to 6, wherein said

displacement liquid comprises said ultrafiltrate.

8. The ambulatory ultrafiltration device of any one of claims 1 to 7, further comprising
means (12, 14; 12, 51, 100; 110, 113; 110, 120, 14) for selectively supplying a priming
liquad to the blood path.

9. The ambulatory ultrafiltration device of claim 8, wherein said means for selectively
supplying a priming liquid 1s operable to supply the priming liquid via the semipermeable

membrane (8).

10. The ambulatory ultrafiltration device of any one of claims 1 to 9, further
comprising a membrane chamber (50) which defines a blood side (53) and a drive fluid side
(52) separated by a flexible membrane (54), and a drive fluid pump (51) in fluid
communication with the drive fluid side (52), wherein the blood side (53) of the membrane
chamber (50) 1s connected 1n fluid communication with the blood side (6) of the blood filter
(4) so as to form the buffer vessel (3), and wherein the drive fluid pump (51) is operable to
pump a drive fluid out of and into the drive tluid side (52) of the membrane chamber (50), so

as to generate the withdrawal and return phases.

11. The ambulatory ultrafiltration device of claim 10, wherein the ultrafiltrate side (7)
of the blood filter (4) is configured for connection to a receptacle (12) for receiving the
ultrafiltrate, and wherein the drive fluid pump (51) 1s configured for connection to the

receptacle (12), such that liquid in the receptacle (12) 1s supplied as said drive fluid.

12. The ambulatory ultrafiltration device of claim 11, wherein the drive fluid side (52)
of the membrane chamber (50) is connected to the drive fluid pump (51) on a first fluid path,

CA 2804370 2017-10-20
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wherein the ultrafiltrate side (7) of the blood filter (4) is configured for connection to the
receptacle (12) via a second fluid path that connects to the first fluid path and comprises a
one-way valve (90) that opens towards the first fluid path, whereby ultrafiltration 1s caused
by the drive fluid pump (51) being operated to pump the drive fluid into the receptacle (12),
and wherein at least one of the first and second fluid paths comprises a tlow controller (91,

92) which 1s operable to control the rate of the ultrafiltration.

13. The ambulatory ultrafiltration device of claim 12, wherein the ultrafiltrate side (7)
of the blood filter (4) is further connected in fluid communication with the first fluid path on
a third fluid path, which comprises a one-way valve (100) that opens towards the ultrafiltrate
side (7) of the blood filter (4), wherein flow controllers (92, 101) are arranged 1n the first and
third fluid paths and operable to enable transport of the drive fluid into the blood path via the

semipermeable membrane (8).

14. The ambulatory ultrafiltration device of any one of claims 1 to 9, wherein the
blood pump (9; 50; 80) comprises a reciprocating pump (80) with a reciprocating element
(81) that defines a displacement chamber (84) that forms at least part of the bufter vessel (3).

15. The ambulatory ultrafiltration device of any one of claims 1 to 14, wherein the
ultrafiltrate side (7) of the blood filter (4) 1s connected to an ultrafiltrate path for fluid

communication with a receptacle (12) for receiving the ultrafiltrate, the ultrafiltrate path

comprising a one-way valve (90) configured to open towards the receptacle (12).

16. The ambulatory ultrafiltration device of any one of claims 1 to 15, wherein the
ultrafiltrate side (7) of the blood ftilter (4) 1s connected to an ultrafiltrate path tor tluid
communication with a receptacle (12) for receiving the ultrafiltrate, the ultrafiltrate path
comprising an ultrafiltrate pump (14) operable to draw ultrafiltrate from the blood side (6) of

the blood filter (4) via the semipermeable membrane (8).

17. The ambulatory ultrafiltration device of claim 16, wherein the ultrafiltrate pump
(14) is further operable to enable transport of at least one of a priming liquid, a displacement

liquid and an anticoagulant into the blood path via the semipermeable membrane (8).
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18. The ambulatory ultrafiltration device of claim 17, wherein the ultrafiltrate pump
(14) is operable to transport said at least one of a priming liquid, a displacement liquid and

an anticoagulant from the receptacle (12).

19. The ambulatory ultrafiltration device of claim 17 or 18, wherein the receptacle (12)
is pre-loaded with a supply of said at least one of a priming liquid, a displacement liquid and

an anticoagulant when connected to the ultrafiltrate path.

20. The ambulatory ultrafiltration device of claim 17, wherein the ultrafiltrate path 1s
arranged for selective communication with a supplemental reservoir (110) containing said at

least one of a priming liquid, a displacement liquid and an anticoagulant.

21. The ambulatory ultrafiltration device of any one of claims 1 to 20, wherein the

blood side (6) of the blood filter (4) is in fluid communication with an access device (2) for

connection to the vascular system of the subject.

22. The ambulatory ultrafiltration device of claim 1, further comprising a receptacle
(12) in fluid communication with the ultrafiltrate side (7) of the blood filter (4), the

receptacle (12) being adapted to receive the ultrafiltrate.

23. A system for ultrafiltration of blood, comprising the ambulatory ultrafiltration
device of any one of claims 1 to 21 and a disposable container defining a receptacle (12) for

receiving the ultrafiltrate.

24. The system of claim 23, wherein the disposable container contains a supply of at

least one of a priming liquid, a displacement liquid and an anticoagulant.

25. The system of claim 23, wherein said supply is contained in the receptacle (12).
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