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(57) Abstract: A priming method(300, 500, 600) and a priming ap-
paratus(700), the priming method(300, 500, 600) comprising: con-
trolling, on the condition that an arterial line(230) is blocked and a
venous line(240) is opened, a supply device to deliver a priming so-
Iution to a dialysate compartment(222) of a dialyzer(220), where-
in one end of the arterial line(230) with a blood pump(235) and
one end of the venous line(240) with a venous chamber(244) are
connected to a blood compartment(224) of the dialyzer(220) and
the other end of the arterial line(230) and the other end of the ve-
nous line(240) are connected to a container(270, 275) via a connec-
tor(280, 285), and the priming solution in the dialysate compart-
ment(222) crosses a membrane of the dialyzer(220) and enters into
the venous line(240), turning on, after a predefined amount of prim-
ing solution is delivered into the dialysate compartment(222) by the
supply device, the blood pump(235) to circulate the priming solu-
tion in an extracorporeal circuit composed of the arterial line(230),
the blood compartment(224) and the venous line(240). The prim-
ing method(300, 500, 600) and the priming apparatus(700) can be
applicable in the basic and advanced dialysis machines.
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PRIMING METHOD AND PRIMING APPARATUS

TECHNICAL FIELD

The present invention relates to a priming method and a priming apparatus.

BACKGROUND

A priming method to flush and clean of both blood tubing set and of a dialyzer 1s
required for dialysis treatment preparation, wherein a physiological saline solution is

commonly used as a priming solution which is also referred to a dialysate fluid.

For labor and cost saving, an online priming rocthod with a dialysate fluid is
advocated but it is mostly available from high-end machines with an online HDF

function.

There is a prior art JP2011182992A2 which applies a back {iltration method on a
dialyzer to direct a dialysate fluid across a membrane of the dialyzer to an
extracorporeal circuit of the dialyzer {or priming. As shown in Figure 1A, an arterial
tine 30 was {irst primed with an arterial clamp 90 opened and a blood pump 50 run in
a revered rotation while the dialysate fluid was delivered via the membrane with the
back filtration method. In the second step, the arterial clamp 90 is closed and an
electric clamip 94 is opened to store the dialysate fluid in a container 70 {or reinfusion
at the end of treatment. In the third step, the blood pump 50, the arterial clamp 90 and
the electric clamp 94 are deactivated, and a venous clamp 92 is then opened to allow
the dialysate fluid from back filiration to prime a venous line 40. Throughout the
priming process, the arterial line 30 and the venous line 40 are connected to a waste

bag to dispose the dialysate fluid.

However, the arterial clamp 90 and the electric clamp 94 are normally not available
on basic dialysis machines. In addition, the blood pump 50 must run backwards
(changes in electronics and mechanics). A rotor of the blood pump 30 causes higher

occlusion pressures due to the backward rotation of the blood pump 50. These
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pressures must be monitored via the process control. Hardware modifications and cost
are barriers to realize the priming method. Size of the waste bag can become relatively
large (for example, about 2 liters to ensure effective priming) to hang on an IV pole.
Storing the dialysate fluid in the container 70 for extended period of time, 4 hours for

typical treatment, is guestionable in terms of hygiene control.

CN101594894 A is another prior art on the priming method. As shown in Figure 1B,
the connections of a venous line 4 and an arterial line S at a patient side are in
comrounication with two separate inlets 2, 3 of chamber of in particular a bag 1, and
the connections of the veoous line 4 and the arterial line 5 at a machine side are in
comrpunication with a dialyzer 6. A priming {luid is introduced before a blood purap 7.
It has the advantage that where necessary a substantially larger volume of priming
liguid can be circulated and therefore priming fluid consumption volame can be
reduced. After circulation, the consumed priming liguid in the blood tubing set is
advantageously replaced by refilling fresh priming hiquid from a feed line 9 into the
venous line 4 and into the arterial line 5, with the consumed priming liquid flowing
out through the inlets 2, 3 into the bag 1. A substantially better {lushing and cleaning
of both the blood tubing set and of the dialyzer as well as an improved flushing out of

any contaminants thereby results.

In the second prior ast, the source of the priming liquid may either be the
physiological saline fluid bag or the online priming fluid from an online HDF
hydraulic. However, the online HDF hydraulic is only available in advanced dialysis

machines.
SUMMARY

In consideration of the above deficiencies in the prior art, embodiments of the present
disclosure provide a priming method and a priming apparatus, which are applicable in

the basic and advanced dialysis machines.

A priming method according to an embodiment of the present disclosure includes:

controliing, on the condition that an arterial line is blocked and a venous line is
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opened, a supply device to deliver a priming solution to a dialysate compartment of a
dialyzer, wherein one end of the arterial line with a blood pump and one end of the
venous line with a venous chamber are connecled to a blood compartment of the
dialyzer and the other end of the arterial line and the other end of the venous line are
connected to a container via a connector, and the priming solution in the dialysate
compartment crosses a membrane of the dialyzer and enters into the venous line; and
turning on, after a predefined amount of priming solution 1s delivered into the
dialysate compartment by the supply device, the blood pump to circulate the priming
solution in an extracorporeal circuit composed of the arterial line, the blood

compartment and the venous line.

A priming apparatus according to an embodiment of the present disclosure inclades: a
controlling module for controlling, on the condition that an arterial line is blocked and
a venous line is opened, a supply device to deliver priming solution to a dialysate
compartment of a dialyzer, wherein one end of the arterial line with a blood pump and
one end of the venous line with a venous chamber are connected to a blood
compartment of the dialyzer and the other end of the arterial line and the other end of
the venous line are connected to a container via a connector, and the priming solution
in the dialysate compartment crosses a membrane of the dialyzer and enters into the
venous line; and a turning-on module for turning on, after a predefined amount of
priming solution is delivered into the dialysate compartment by the supply device, the
blood pump to circulate the priming solution in an extracorporeal circuit composed of

the arterial line, the blood compartment and the venous line.

A control device according to an embodiment of the present disclosure includes: a
processor; and a memory storing thercon executable instructions that, when exccuted,
causc the processor to implement the above priming method.

A machine-readable storage medium according to an embodiment of the present
disclosure stores thereon executable instruciions that, when executed, cause a

processor to implement the above priming method.
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A dialysis systemn according to an embodiment of the present disclosure includes: a
dialyzer; an arterial line with a blood pump, wherein one end of the arterial line s
connected to a blood compartment of the dialyzer and the other end of the arterial line
is connectable to a patient; a venous line with a venous chamber, wherein one end of
the venous line is connected to the blood compartment and the other end of the venous
hine 15 connectable to the patient; a supply device for delivering priming solution to a
dialysate compartment of the dialyzer when priming the dialysis sysiern; and the

control device,

In the emnbodiments of the present disclosure, only the blood pump, the air vent, the
venous charaber, the venous clamp, the supply device, the connector and the container
arc necessary to realize priming of the dialysis system, and priming of the dialysis
system according to the embodiments of the present disclosure is thus applicable in
both the basic dialysis machines and the advanced dialysis machines because there are
always the blood pump, the venous chamber, the venous clamp, and the supply device
in the basic and advanced dialysis machines and the connector and the container are

common and cheap.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, nature and advantages of the present disclosare will become more
apparent from the detailed description set forth below when taken in conjunction with

the drawings tn which like reference characters identify correspondingly throughout.
Figure 1A 1s a diagram schematic of a dialysis system according to a first prior art.
Figure 1B is a diagram schematic of a dialysis system according to a second prior art.

Figures 2A -2C are diagram schematics of a dialysis system according to a first

ernbodiment of the present disclosure.

Figure 3 is a flowchart of a priming method according to a first embodiment of the

present disclosure.
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Figure 4A is a diagram schematic of a dialysis system according to a second
embodiment of the present disclosure.

Figure 4B is a diagram schematic of a Y-connector according to an embodiment of the

present disclosure.

Figure 5 is a flowchart of a priming method according to a second cmbodiment of the

present disclosure.

Figure 6 is a flowchart of a priming method according to an embodiment of the

present disclosure.

Figure 7 is a diagram schematic of a priming apparatus according to an embodiment

of the present disclosure.

Figure 8 is a diagram schematic of a control device according to an embodiment of

the present disclosure.

Figure 9 is a schematic diagram of a dialysis system according to an embodiment of

the present disclosure.

DETAILED DESCRIPTION

The detailed description set forth below, in conjunction with the appended drawings,
is intended as a description of various configurations and is not intended to represent
the only configuration in which the concepts described herein may be practiced. The
detailed description includes specific details for the purpose of providing a thorough
understanding of the various concepts. However, it will be apparent o those skilled in
the art that these concepts may be practiced without these specific details. In some
instances, well-known structures and components are shown in block diagram form in

order to avoid obscuring such concepts.

Figures 2A -2C are diagram schematics of a dialysis system according to a first

embodiment of the present disclosure.
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As shown in Figure 2A, the dialysis systemn 200 may include a dialyzer 220, an
arterial line 230 with a blood pump 235, a venous line 240 with a venous chamber 244,
a venous clamp 246, an air vent 247 1n communication with the venous chamber 244

and a level detector 248, a balancing system 250 and a control device 260.

The dialyzer 220 may include a dialysate compartment 222, a blood compartment 224
and a membrane between the dialysate compartment 222 and the blood compartment

224.

One end of the arterial line 230 is connected to the blood compartment of the dialyzer
220 and the other end of the arterial hine 230 that is connectable to a patient is
connected to a sterilized plastic bag 270 as a coutainer via a Y-connector 280 hung on
an IV pole 290, The arterial line 230 is opened {o allow {luid flow when the blood
pump 235 1s turned on, and the arterial line 230 is blocked when the blood pump 235
is turned off. In this embodiment, the blood pump 235 will only run 10 a forward
rotation when the blood pump 235 is turned on. Accordingly, an additional process
control for monitoring the higher occlusion pressures is not necessary as in the case of
the {irst prior art mentioned before, which does not result in hardware modifications

and can save cost of priming of the dialysis system.

One end of the venous line 240 is connected to the blood compartment 224 of the
dialyzer 220 and the other end of the venous line 240 that is connectable to the patient
is connected to the plastic bag 270 via the Y-connector 280. The venous line 240 is
opened when the venous clamp 246 is opened and the venous line 240 is blocked
when the venous clamp 246 is closed. The venous chamber 244 is configured for
separating air from fluid flowing through the venous chamber 244, The level detector
248 1s installed on the venous chamber 244 and configured for detecting a liquid level
of the liguid in the venous chamber 244 and outputting a signal indicating the detected
liguid level. When the liguid level indicated by the signal outputted by the level
detector 248 is less than a predefined liguid level, it means that there is an excessive
air in the venous chamber 244. The excessive air in the venous chamber 244 may be

removed by opening the air vent 247 and closing the venous clamp 246while there is
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fhuid flow into the venous chamaber. There s an extracorporeal circuit composed of the
arterial line 230, the blood compartment 224 of the dialyzer 220 and the venous line

240 in the dialysis system 200.

The balancing systerm 250 serves as a supply device. The balancing system 250 is
connected to the dialysate compartment 222 of the dialyzer 220 and is configured for
delivering a priming solution o the dialysate compariment 222 of the dialyzer 220

when priming the dialysis systern 200.

The control device 260 is connected to the blood pump 235, the venous clamp 246,
the air vent 247, the level detector 248 and the balancing system 250 and 1s
configured for controlling the blood pump 235, the venous clamp 246, the air vent
247 and the balancing system 250 to realize priming of the dialysis system 200, which
will be described in details below. The control device 260 may be any device having
computing capability, sach as but not limited to a microcontroller or an industrial

pﬁ‘f’SOﬁ&l computer.

Figure 3 is a tlowchart of a priming method according to a first embodiment of the
present disclosure. The priming method 300 shown 1n Figure 3 will be explained in

details below 1o conjunction with the dialysis system 200 shown in Figures 2A -2E.

As shown in Figure 3, at block 302, when it is necessary to prime the dialysis system
200, the control device 260 may turn off the blood pump 235 to block the arterial line

230 and close the venous clamp 246 to block the venous line 240.

At block 306, on the condition that the arterial line 230 is blocked and the venous line
240 is also blocked by closing the venous clamp 246, the control device 260 may
control the balancing system 230 to deliver a first preset amount of priming solution
into the dialysate compartment 222 of the dialyzer 220 so that the dialysate
compartment 222 of the dialyzer 220 is primed with the priming solution, as shown by

a line A with an arrow 1n Figure 2B.

At block 310, after the dialysate compartiment 222 of the dialyzer 220 is primed with

the priming solution, the control device 260 may open the venous clamp 246 to open
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the venous line 240, and turn off a valve in a return path of the balancing system 250
to block the return path of the balancing system 250 while the balancing system 250
continues to deliver the priming solution to the dialysate compartmuent 222 of the
dialyzer 220. Blocking of the retorn path of the balancing system 250 will disable
halancing function of the balancing system 250 and create a negative transmerobrane
pressure (TMP) between two sides of the membrane of the dialyzer 220, which causes
the priming solution in the dialysate compartment 222 of the dialyzer 220 to cross the
membrane of the dialyzer 220 and enter into the venous line 240 via the blood
compartment 224 of the dialyzer 220, as shown by a line B and an line C in Figure

2B.

Atblock 312, after the valve in the return path of the balancing systern 250 is turned
off, the control device 260 may control the balancing system 250 {o conlinue
delivering the priming solution into the dialysate compartment 222 of the dialyzer 220,
antil an additional second preset amount of priming solation is delivered into the
dialysate compartment 222 by the balancing system 250. The second preset amount of
priming solution will cause the venous line 240 and the storage bag to be filled with
the priming solution and a programmed amount of priming sclution to be delivered

through the venous line 240 into the plastic bag 270.

At block 314, after the second preset amount of priming solution is delivered into the
dialysate compartment 222 by the balancing system 250, the control device 260 may
control the balancing system 250 to stop delivering the priming solution to the

dialysate compartment 222 of the dialyzer 220.

At block 318, after the balancing system 250 is stopped, the control device 260 may
turn on the blood pump 235 to draw the priming solution in the plastic bag 270 to fill
the arterial line 230 and then circulate the priming solution in the extracorporeal
circuit as shown by a line E in Figure 2C. Herein, the plastic bag 270 is sterilized and
thus the priming solution in the plastic bag 270 is also sterilized. In this case, the
priming solution in the extracorporeal circuit is not contaminated when the arterial

line 230 is filled with the priming solution in the plastic bag 270. During circulating



i5

20

WO 2020/073299 PCT/CN2018/109948

of the priming solution in the extracorporeal circuit, the level detector 248 monitors a
liquid level of the priming solution in the venous chamber 244 and outputs a signal
indicating the Hquid level of the priming solution in the venous chamber 244, Herein,
if the liquid level indicated by the signal outputied by the level detector 248 15 less
than a predefined liquid level, it means that there 1s an excessive air in the venous

chamber 244,

At block 322, the control device 260 may detect whether there is an excessive air in

the venous chamber 244 based ou the signal outputted by the level detector 248.

At block 324, if it is detected that there is an excessive air in the venous chamber 244,
the control device 260 may opeun the air vent 247 and turo off the venous clamp 246 to
remove the excessive air in the venous charmber 244, as shown by a line D in Figure
2C. Herein, afier the excessive air in the venous chamber 244 is removed, the control
device 260 will close the air vent 247, and open venous clamp 246 to restore opening

of the venous line 240.

At block 326, if the conirol device 260 determines that there 1S no excessive air in the
venous chamber 244 or the excessive air in the venous chamber 244 has been
removed, the control device 260 may enable the blood pump 235 torun at a
programmed blood pump speed for a period of time, which will circalate the priming
solution in the extracorporeal circuit at the programmed blood pump speed for the

period of time.

At block 330, after the period of time lapses, the control device 260 may turn off the
blood pump 235 and control the balancing system 250 to deliver the first preset
amount of fresh priming solution into the dialysate compartment 222 of the dialyzer
220 when the return path of the balancing system 250 is not blocked, which causes the
dialysate compartment 222 of the dialyzer 220 to be primed with the {resh priming

solution.

At block 334, after the dialysate compartment 222 of the dialyzer 220 is primed with

the fresh priming solution, the control device 260 may turn off the valve in the return
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path of the balancing system 250 to block the return path of the balancing system 250
while the balancing system 230 continues to deliver the fresh priming solution to the
dialysate compartment 222 of the dialyzer 220. Blocking of the return path of the
halancing system 250 while the venous clamp is opened will cause the fresh priroing
solution in the dialysate compartment 222 of the dialyzer 220 1o cross the membrane
of the dialyzer 220 and enter into the veoous line 240 via the blood compartment 224
of the dialyzer 220 to flush out the old priming solution n the venous line 240 into the

plastic bag 270.

At block 338, after an additional third preset amount of fresh priming solution is
delivered into the dialysate compartment 222 of the dialyzer 220 by the balancing
system 250, the control device 260 may control the balancing systern 250 to stop
delivering the fresh priming solution to the dialysate compartment 222 of the dialyzer
220. The third preset amount of fresh priming solution will flush out all the old

priming solution in the venous line 240 into the plastic bag 270.

At block 342, after the balancing system 250 1s stopped, the control device 260 may
turn on the blood pump 235 for a preset period of time to refresh the old priming
solution 1o the arterial line 230 with the {resh priming solution in the venous line 240,
Since the extracorporeal circuit is completely filled with the priming solution, the

priming solution in the plastic bag 270 will not flow back to the extracorporeal circuit.

Blocks 330-342 may be repeated one or more times as necessary until the priming

solution in the extracorporeal circuit is refreshed.

At block 346, after the priming solution in the extracorporeal circuit is refreshed, the
control device 260 may turn on the blood pump 235 to circulate the {resh priming
solution in the extracorporeal circuit for a preset period of time. During the circulating
of the fresh priming solution in the extracorporeal circuit, if it is detected based on the
signal from the level detector 248 that there is an excessive air in the venous chamber
244, the control device 260 opens the air vent 247 and closed the venous clamp 246 to

remove the excessive air in the venous chamber 244,

10
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After the excessive air in the venous chamber 244 is removed, the blood purmp 235
may be turned on by the control device 260 to maintain circulating of the {resh
priming solution in the extracorporeal circuit at a programmed blood purp speed

until the patient 1s ready to initiate treatment.

In the first embodiment, only the blood pump, the venous chamber, the venous clamp,
the level detector, the balancing system, the Y-connector and the sterilized plastic bag
arc necessary to realize priming of the dialysis system, and priming of the dialysis
system according to the first embodiment is thus applicable in both the basic dialysis
machines and the advanced dialysis machines because there are always the blood
pump, the venous chamber, the venous clamp and the balancing system in the basic
and advanced dialysis machines and the level detector, the Y-connector and the

sterilized plastic bag are common and cheap.

Figure 4A 1s a diagram schematic of a dialysis system according to a second
embodiment of the present disclosure. The dialysis system 400 according to the
second embodiment differs from the dialysis system 200 according to the first
embodiment differ in that in the dialysis system 400, the Y-connector 280 is replaced
with a Y-connector 285 as shown in Figure 4B and the plastic bag 270 is replaced with
a waste bag 275. The Y-connector 285 is a Y-connector with an additional check vaive
or an integrated check valve that stops the priming sclution in the waste bag 275 to
flow back to the extracorporeal circuit. With the Y-connector 2835, it may avoid the
priming solution in the extracorporeal circuit to be contaminated by the disposed

priming solution in the waste bag 275.

Figure 5 is a flowchart of a priming method according o a second embodiment of the
present disclosure. The priming method 500 according {o the second embodiment
differs from the priming method 300 according to the first embodiment in that in the

priming method 500, blocks 312, 314 and 318 are replaced with blocks 313 and 316.

At block 313, after the valve in the return path of the balancing system 250 is turned

off, the control device 260 may control the balancing system 250 {o continue

11
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delivering the priming solution into the dialysate compartment 222 of the dialyzer 220,
until an additional fourth preset amount of priming solution is delivered into the
dialysate compartment 222 by the balancing system 250. The fourth preset amount of
priming solution will cause the venous line 240 {o be filled with the priming solution
and there is no or a little priming solution to be delivered through the venous line 240

into the wasie bag 275.

At block 316, after the preset amount of priming solution is delivered info the
dialysate compartment 222 by the balancing system 250, the control device 260 may
turn on the blood pump 235 to draw the priming solution in the venous hine 240 to fill
the arterial line 230 and then circulate the priming solation in the extracorporeal
circutt while the balancing system 250 continues to deliver the priming solution to the
dialysate compartiment 222 of the dialyzer 220. The blood pump speed of the blood
pump 235 1s set such that a volume of the priming solution delivered to the dialysate
compartment 222 by the balancing system 250 is considerably sufficient and close to
that of the priming solution induced by the blood pump 235 to produce the circulation
flow in the extracorporeal circuit. If there is excess priming solution that can’t be
contained in the extracorporeal circuit, the excess priming solution will be disposed in

the waste bag 275.

In the second embodiment, since the blood pump speed of the blood pump 235 is set
such that the volume of the priming solution delivered to the dialysate compartment
222 by the balancing system 250 is considerably sufficient and close to that of the
priming solution induced by the blood pump 235 to produce the circulation flow in
the extracorporeal circuit, smaller amount of priming solution is necessary to realize
priming of the dialysis system and only small amount of excessive priming solution
will be disposed to the waste bag 275, which may save the priming solution and

decrease cost of priming of the dialysis system compared to the first embodiment.
Other Medifications

'Those skilled in the art will appreciate that in the above embodiments, at block 310,

12
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the control device 260 causes the priming solution in the dialysate compartment 222
to cross the membranc of the dialyzer 220 and enter into the venous line 240 by
hlocking the return path of the balancing systern 250, but the present disclosure s not
so Himited. In other emabodiments of the present disclosure, the countrol device 260 may
utilize any method to cause the priming solution in the dialysate compartment 222 to
cross the membrane of the dialyzer 220 and enter into the venous line 240. For
exaraple, the control device 260 may control the balancing system 250 such that a rate
of the priming solution flowing into the dialysate compartment 222 from the
balancing system 250 is larger than a rate of the priming solution flowing out to the

balancing system 250 from the dialysate compartment 222.

Those skilled in the art will appreciate that in the above embodiments, the balancing
system 250 is used as a supply device to deliver the priming solution to the dialysate
compartment 222, but the present disclosure is not so imited. In other embodiments
of the present disclosure, any suitable supply device except for the balancing system
250 may also be used to deliver the priming solution to the dialysate compartment

222.

Those skilled in the art will appreciate that in the above embodiments, the dialysis
system 200 and 400 include the venous clamp 246 to open or close the venous line
240, but the present disclosure is not so limited. In other embodiments of the present

disclosure, the dialysis system 200 and 400 may not include the venous clamp 246.

'Those skilled in the art will appreciate that in the above embodiments, the dialysis
system 200 and 400 detect whether there is excessive air in the venous chamber
244by using the level detector 24§, but the present disclosure is not so limited. In
other embodiments of the present disclosure, the dialysis system 200 and 400 may
utilize any other suitable manner to detect whether there is the excessive air in the

venous chamber 244.

Those skilled in the art will appreciate that in the above embodiments, the priming

methods 300 and 500 include block 326 to circulate the priming solution in the

13
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extracorporeal circuit at the programmed blood pump speed for the period of time
after the excessive air in the venous chamber is removed, but the present disclosure is
not so limited. o other embodiments of the present disclosure, the priming methods

300 and 500 may not include block 326.

Those skilled in the art will appreciate that in the above embodiments, the priming
methods 300 and 300 include blocks 330-342 to refresh the priming solution in the
extracorporeal circuit, but the present disclosure is not so limited. In other

embodiments of the present disclosure, the priming methods 300 and 500 may not

include blocks 330-342.

Those skilled in the art will appreciate that in the above embodiments, at block 316,
the blood pump speed of the blood pump 235 1s set such that the volume of the
priming solution delivered to the dialysate compartment 222 by the balancing system
blood pump 235 to produce the circulation flow in the extracorporeal circuit, but the
present disclosare is not so hmited. In other embodiments of the present disclosure,
the blood pump speed of the blood pump 235 may also be set such that the volume of
the priming solution delivered to the dialysate compartment 222 by the balancing
system 250 is less or larger than that of the priming solution induced by the blood

pump 235 to produce the circulation flow in the extracorporeal circuit.

Those skilled in the art will appreciate that in the above embodiments, the connector
for connecting the arterial line 230 and the venous line 240 to the plastic bag 270 or
the waste bag 275 is the Y-connector 280 or 285, but the present disclosure is not so
limited. In other embodiments of the present disclosure, the connector for connecting
the arterial line 230 and the venous line 240 to the plastic bag 270 or the waste bag

275 may also be any other suitable connector except {or the Y-connector.

Those skilled in the art will appreciate that in the above embodiments, the container
connected to the arterial line 230 and the venous line 240 via the connector is the

sterilized plastic bag 270 or the waste bag 275, but the present disclosure is not so
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limited. In other embodiments of the present disclosure, the container connected to the
arterial line 230 and the venous line 240 via the connector may also be any other

suitable except for the sterilized plastic bag 270 and the waste bag 275.

Those skilled in the art will appreciate that in the above embodiments, the excessive
air in the venous chamber 244 is removed by the air vent 247 and the venous clamp
246, but the present disclosure 1s not so limited. In other embodiments of the present
disclosure, the excessive air in the venous chamber 244 may be removed by other any

suttable manner,

Figure 6 is a flowchart of a priming method according o an embodiment of the
present disclosure. The priming method 600 shown 1o Figure 6 may be implemented

hy the conirol device 260 or any other suitable device.

As shown in Figure 6, the priming method 600 may include block 602 {or controlling ,
on the condition that an arterial line is blocked and a venous line 1s opened, a supply
device to deliver a priming solotion into a dialysate compartment of a dialyzer,
wherein one end of the arterial line with a blood pump and one end of the venous line
with a venous chamber are connected to a blood compartment of the dialyzer and the
other end of the arterial line and the other end of the venous line are connected to a
container via a connector, and the priming solution in the dialysate compartment

crosses a membrane of the dialyzer and enters into the venous line.

The priming wethod 600 may further include block 604 for turning on, after a
predefined amount of priming solution is delivered into the dialysate compartment by
the supply device, the blood pump to circulate the priming solution in an
extracorporeal circnit composed of the arterial line, the blood compartment and the

venous line.

In a {irst aspect, the priming method 600 may further include: detecting whether there
is an excessive air in the venous chamber through a level detector; and removing the
excessive air in the venous chamber if the detecting is positive, preferably by means

of an air vent in communication with the venous chamber and a venous clamp.
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In a second aspect, the priming method 600 may further include controlling, after the
predefined amount of priming solution is delivered into the dialysate compartment by
the supply device, the supply device to stop delivering the priming solution into the
dialysate compartment, wherein block 604 may include: turning ou, after the supply
device is stopped, the blood pump to draw the priming solution in the container to fill

the arterial line and then circulate the priming solution in the exiracorporeal circuit.

In a third aspect, the connector is a Y-connector and/or the container is a sterilized

plastic bag.

In a forth aspect, block 604 may include: turning on the blood pump while the supply

device continues to deliver the priming solution into the dialysate compartment.

In a fifth aspect, the connector is configured as a Y-connector with an additional check
valve or with an integrated check valve that stops the priming solution in the container
to {low back to the extracorporeal circuit; and/or, a volume of the priming solution
delivered to the dialysate compartment by the supply device 1s considerably sufficient
and close to that of the priming solution induced by the blood pump to produce the

circulation flow in the extracorporeal circuit.

In a sixth aspect, the priming method 600 may further include: circulating the priming
solution at a programimed blood pump speed for a preset period of time after the
excessive air in the venous chamber is removed or if there 1s no excessive air in the

venous chamber.

In a seventh aspect, the primiing method 600 may further include: turning off the
blood pump to block the arterial line on the condition that the venous line is opened;
controlling the supply device to deliver a fresh priming solution to the dialysate
compartment; and, turning on the blood pump after a preset amount of {resh priming

solution is delivered into the dialysate compartment by the supply device.

Figure 7 1s a schematic diagram of a priming apparatus according to an embodiment
of the present disclosure. The priming apparatus 700 shown in Figure 7 may be

implemented by software, hardware or a combination of software and hardware. The
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priming apparatus 700 may be installed in the control device 260 or any other suitable

device.

As shown in Figure 7, the priming apparatus 700 may include a controlling module
702 and a turning-on module 704, The controlling module 702 is configured for
controlling, on the condition that an arterial line is blocked and a venous hine is
opened, a supply device to deliver priming solution to a dialysate compariment of a
dialyzer, wherein one end of the arterial lioe with a blood pump and one end of the
venous line with a venous chamber are connecled to a blood compartment of the
dialyzer and the other end of the arterial line and the other end of the venous line are
connected to a container via a connector, and the priming solution in the dialysate
compartment crosses a membrane of the dialyzer and enters into the veonous line. The
turning-on module 704 is configured {or turning on, after a predefined amount of
priming solution is delivered into the dialysate compartment by the supply device, the
blood pump to circulate the priming solution in an extracorporeal circuit composed of

the arterial line, the blood compartment and the venous line.

In a first aspect, the priming apparatus 700 may further include a detecting module {or
detecting whether there is an excessive air in the venous chamber through a level
detector, and a removing module for removing the excessive air in the venous
chamber if the detecting is positive, preferably by means of an air vent in

communication with the venous chamber and a venous clamp.

In a second aspect, the priming apparatus 700 may further include a stopping module
for controlling, after the predefined amount of priming solution is delivered into the
dialysate compartment by the supply device, the supply device to stop delivering the
priming solution into the dialysate compartment, wherein the turning-on module 704
is further configured for turning on, after the supply device is stopped, the blood
pump to draw the priming solution in the container to {ill the arterial line and then

circulate the priming solution in the extracorporeal circuit.

In a third aspect, the connector is a Y-connector and/or the container is a sterilized
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plastic bag.

In a forth aspect, the turning-on module 704 is further configured for turning on the
blood pump while the supply device continues to deliver the priming solution into the

dialysate compartment.

In a fifth aspect, the connector i1s configured as a Y-connector with an additional check
valve or with an integrated check valve that stops the priming solution in the container
to flow back to the extracorporeal circuit; and/or, a volume of the priming solution
delivered to the dialysate compartment by the supply device is considerably sufficient
and close to that of the priming solution induced by the blood pump to produoce the

circulation flow in the extracorporeal circuit.

In a sixth aspect, the priming apparatus 700 may further include a circulating module
for circulating the priming solution at a programmed blood pump speed for a preset
period of tirne after the excessive air in the venous chamber i1s removed or if there is

1o excessive air i the venous chamber,

In a seventh aspect, the privning apparatus 700 may further include a turning-off
moduale for turning off the blood purp to block the arterial line on the condition that
the venous line is opened, wherein the controlling module 702 is forther configured
for controlling the supply device to deliver a fresh priming solution to the dialysate
compartment, and the turning-on module 704 is further configured for turming on the
blood pump after a preset amount of fresh priming solution ts delivered into the

dialysate compartiment by the supply device.

Figure 8 is a schematic diagram of a control device according to an embodiment of
the present disclosure. The control device 260 shown in Figure 8 may inclode a
processor 802 and a memory 804. The memory 804 may store thereon executable
instructions that, when executed, cauose the processor 802 to implement the priming

method 300, 500 or 600.

An embodiment of the present disclosure provides a machine-readable storage

medium storing thereon executable instructions that, when executed, cause a
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processor to implement the priming method 300, 500 or 600.

Figure 9 is a schematic diagram of a dialysis system according to an erabodiment of
the present disclosure. As shown in Figure 9, the dialysis system 900 may inclade: a
dialyzer 902; an arterial line 904 with a blood pump, wherein one end of the arterial
line is connected to a blood compartment of the dialyzer and the other end of the
arterial line is connectable to a patient; a venous line 906 with a venous charmber,
wherein one end of the venous huoe is connected to the blood compartment and the
other end of the venous line 15 connectable to the patient; a supply device 908 for
delivering priming solution to a dialysate compartment of the dialyzer when priming

the dialysis system; and a control device 260.

The previous description of the disclosure is provided to enable any person skilled in
the art lo make or use the disclosure. Various modifications to the disclosure will be
readily apparent to those skilled in the art, and the generic principles defined herein
may be applied to other vanations without departing {rom the spirit or scope of the
disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein but is to be accorded the widest scope consistent with the

principies and novel features disclosed herein.
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CLAIMS

1. A priming method, comprising:

controlling, on the condition that an arterial line is blocked and a venous line is
opened, a supply device to deliver a priming solution to a dialysate compartment of a
dialyzer, wherein one end of the arterial line with a blood pump and one end of the
venous line with a venous chamber are connected to a blood compartment of the
dialyzer and the other end of the arterial line and the other end of the venous line are
connected to a container via a connector, and the priming solution in the dialysate
compartment crosses a membrane of the dialyzer and enters into the venous line; and

turning on, after a predefined amount of priming solution is delivered into the
dialysate compartment by the supply device, the blood pump to circulate the priming
solution in an extracorporeal circuit composed of the arterial line, the blood

compartment and the venous line.

2. The priming roethod of claim 1, further comprising:

detecting whether there is an excessive air in the venous chamber through a level
detector; and

remnoving the excessive air in the veoous chamber if the detecting is positfive,
preferably by means of an air vent in communication with the venous chamber and a

venous clamp.

3. The priming method of claim 1, further comprising:

controlling, after the predefined amount of priming solution is delivered into the
dialysate compartment by the sapply device, the supply device to stop delivering the
priming solution into the dialysate compartment,

wherein the turning on the blood pump comprising: turning on, after the supply
device is stopped, the bicod pump to draw the priming sclution in the container to {ill

the arterial line and then circulate the priming solution in the extracorporeal circuit.
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4. The priming method of claim 1 or 3, wherein

the connector is a Y-connector: and/or the container is a sterilized plastic bag.

5. The priming method of claim 1, wherein
the turning on the blood pumyp comprising: turning on the blood pump while the
supply device continues to deliver the priming selution into the dialysate

compartment.

6. The priming method of claim 5, wherein

the connector is configured as a Y-connector with an additional check valve or
with an mntegrated check valve that stops the priming solution in the container to {low
back to the extracorporeal circuit; and/or

a volume of the priming solution delivered to the dialysate compartment by the
supply device is considerably sufficient and close to that of the priming solution
induced by the blood pump to produce the circulation flow in the extracorporeal

circuit.

7. The priming method of claim 2, further comprising:
circulating the priming solution at a programmed blood pump speed for a preset
period of time after the excessive air in the venous chamber is removed or if there is

no excessive air in the venous chamber.

8. The priming method of any onc of claims 1-7, further comprising:

turning off the blood pump to block the arterial line on the condition that the
venous line 1s opened;

confrolling the supply device to deliver a fresh priming solution to the dialysate
compartment; and

turning on the blood pump afier a preset amount of fresh priming solation is

delivered into the dialysate compartment by the supply device
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9. A priming apparatus, comprising:

a controlling module for controlling, on the condition that an arterial line is
blocked and a venous line is opened, a supply device to deliver priming solution into a
dialysate compartment of a dialyzer, wherein one end of the arterial line with a blood
pump and one end of the venous line with a venous chamber are connected to a hlood
compartment of the dialyzer and the other end of the arterial line and the other end of
the venous line are connected Lo a container via a connector, and the priming solution
in the dialysate compartment crosses a membrane of the dialyzer and enters into the
venous line; and

a turning-on wwodule for turning on, after a predefined amount of priming
solution is delivered into the dialysate compartment by the supply device , the blood
pump to circulate the priming solution in an extracorporeal circuit composed of the

arterial line, the blood compartment and the venous line.

10. The priming apparatus of claim 9, further comprising:

a detecting module for detecting whether there is an excessive air in the venous
chamber through a level detector; and

a removing module for removing the excessive air in the venous chamber if the
detecting 1s positive, preferably by means of an air vent in communication with the

venous chamber and a venous clamp.

11. The priming apparatus of claim 9, further comprising:

a stopping module for controlling, after the predefined amount of priming
solution is delivered into the dialysate compartment by the supply device, the supply
device to stop delivering the primaing solution 1nto the dialysate compartment,

wherein the turning-on module is further configured {or turning on, after the
supply device is stopped, the blood pump to draw the priming solution in the
countainer to fill the arterial line and then circulaie the priming solution in the

extracorporeal circuil.
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12. The priming apparatus of claim 9 or 11, wherein
the connector is a Y-connector; and/or

the container is a sterilized plastic bag.

13. The priming apparatus of clairn 9, wherein
the turning-on module is further configured for turning on the blood pump while
the supply device continues to deliver the priming solution into the dialysate

compartment.

14. The priming apparatus of claim 13, wherein

the connector is configured as a Y-connector with an additional check valve or
with an integrated check valve that stops the priming solution in the container to {low
back to the extracorporeal circuit; and/or

a volume of the priming solution delivered to the dialysate compartment by the
supply device is considerably sufficient and close to that of the priming solution
induced by the blood pump to produce the circulation flow in the extracorporeal

circuit.

15, The priming apparatus of any of claim 10, further comprising:
a circlating module for circulating the priming solution at a programmed blood
pump speed for a preset period of time after the excessive air in the venous chamber is

removed or if there 18 no excessive air in the venous chamber,

16. The priming apparatus of any of clazms 9-15, {urther comprising:

a turning-off module for turning off the blood purnp to block the arterial line on
the condition that the venous line is opened,

wherein the controlling module is further configured for controlling the supply

device to deliver a fresh priming solution (o the dialysate compartment, and

the tarning-on module is further configured for turning on the blood pump after a
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presct amount of fresh priming solution is delivered into the dialysate compartment by

the supply device.

17. A control device, comprising:
a processor; and
a memory storing thereon execuntable instructions that, when executed, cause the

processor to implement the priming roethod according to any one of clairos [-8.

18. A machine-readable storage medium storing thereon executable instructions
that, when executed, cause a processor to implement the priming method according to

any one of claims 1-8.

19. A dialysis system, comprising:

a dialyzer;

an arterial line with a blood pump, wherein one end of the arterial line is
connected to a blood compartment of the dialyzer and the other end of the arterial line
is connectable to a patient;

a venous line with a venous chamber, wherein one end of the venous line is
connected to the blood compartment and the other end of the venouws line is
connectable to the patient;

a supply device for delivering priming solution to a dialysate compartment of the
dialyzer when priming the dialysis system; and

a control device according to claim 17.
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