woO 2009/039225 A1 |10 00 OO0 O O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ‘, | [I

) IO O O O 5O

International Bureau

(43) International Publication Date
26 March 2009 (26.03.2009)

(10) International Publication Number

WO 2009/039225 Al

(51) International Patent Classification:
A6IM 1/36 (2006.01)

(21) International Application Number:
PCT/US2008/076751

(22) International Filing Date:
18 September 2008 (18.09.2008)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
11/858,104 19 September 2007 (19.09.2007) US

(71) Applicant (for all designated States except US): FRESE-
NIUS MEDICAL CARE HOLDINGS, INC. [US/US];
Corporate Headquarters, 920 Winter St., Waltham, MA
02451-1457 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FOLDEN, Thomas,
Irvin [US/US]; 155 Erselia Trail, Alamo, CA 94507 (US).
CRNKOVICH, Martin, Joseph [US/US]; 3436 Cassena
Drive, Walnut Creek, CA 94598 (US).

(74) Agents: HENNESSEY, Gilbert, H. et al.; Fish & Richard-
son P.C., P.O. Box 1022, Minneapolis, MN 55440-1022
(US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

[Continued on next page]

(54) Title: AUTOMATIC PRIME OF AN EXTRACORPOREAL BLOOD CIRCUIT

Priming Solution

222

(57) Abstract: A system for priming an
extracorporeal blood circuit is described. The
system includes a fluid circuit (200) with an air
venting mechanism, a reversible pump (222),
arterial and venous lines, a prime waste bag
(285) and a switchable coupler (220) selectively
connecting the arterial and venous lines to the

—-—— waste bag or alternatively interconnecting the

arterial and venous lines. A priming fluid is
connected to the circuit and circulated in the

272

circuit under different configurations of the
arterial and venous line connections.

|Arterial
i Line

e Venous Line

Switchable Coupler
220

FIG. 2

Prime Waste
Bag

285




WO 2009/039225 A1 | NI DA0 00 0T 8001000000 00 00

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, — before the expiration of the time limit for amending the
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). claims and to be republished in the event of receipt of
Published: amendments

—  with international search report



10

15

20

25

30

WO 2009/039225 PCT/US2008/076751

AUTOMATIC PRIME OF AN EXTRACORPOREAL BLOOD
CIRCUIT

BACKGROUND
[0001] This invention relates to extracorporeal liquid circuits. Hemodialysis
removes toxic substances and metabolic wastes from the bloodstream using an
extracorporeal circuit with components designed to perform ultrafiltration and
diffusion on the blood. Before the blood is returned to the body, air bubbles are
removed from the blood to prevent embolisms.
[0002] Referring to FIG. 1, a typical extracorporeal circuit 100 includes tubing
through which the blood flows and components for filtering and performing dialysis
on the blood. Blood flows from a patient 105 through arterial tubing 110. Blood
drips into a drip chamber 115 where a connecting tube from the drip chamber 115
attaches to a sensor 125 on a hemodialysis machine that determines the pressure of the
blood on the arterial side of the circuit 100. A pump 120 forces the blood to continue
along the path through the circuit 100. A dialyzer 130 separates waste products from
the blood.
[0003] After passing through the dialyzer 130, the blood flows through venous
tubing 140 into a second drip chamber 150. The drip chamber 150 can function as an
air trap. Free gases in the blood may be able to escape into the drip chamber 150
before the blood continues to the patient. A sensor 170 is in communication with air
in the drip chamber through tube 165. The sensor 170 can determine the pressure on
the venous side of the circuit 100.
[0004] Heparin or drugs 160 can be added to the blood in the drip chamber
115. When blood is exposed to oxygen, the blood begins to clot. The drip chamber
150 may include a filter for preventing any clots from exiting the drip chamber 150
and entering the patient 105. The blood continues from the drip chamber through
venous tubing 180 and through a bubble detector 175 before returning to the patient
105.
[0005] In addition to preventing clotting, air needs to be kept out of the
venous line to prevent injecting air into the patient during treatment, which could

result into air embolism.
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SUMMARY
[0006] In one embodiment, a method of priming an extracorporeal blood
circuit including a venous line, an arterial line and a line to a prime waste container,
wherein any two of the venous line, arterial line and line to the waste container can be
selectively in fluid communication with each other and a chamber including a filter
that allows air to escape from the chamber is described. One of the venous line or the
arterial line is occluded while connecting the other of the venous or arterial line to the
prime waste container. Priming fluid is flowed through the circuit so that the priming
fluid flows out of either the arterial or venous line into the waste container. The line
to the waste container and connecting the arterial and venous lines together is
occluded. Priming fluid is circulated through the closed extracorporeal circuit. The
flow through the circuit is reversed, whereby air is removed from the circuit. wherein
the steps of occluding one of the venous line or the arterial line, flowing priming
fluid, occluding the line to the waste container, circulating priming fluid and reversing
the flow through the circuit are done without need for human manipulation.
[0007] In yet another embodiment, a method of priming an extracorporeal
circuit including a venous line, an arterial line and a chamber with a filter that allows
air to escape from the chamber while preventing liquid from escaping from the
chamber is described. The method includes flowing fluid through the circuit in a
forward direction and a backward direction, while the arterial line and the venous line
define the circuit and a supply of priming solution is in line with the circuit, wherein
flowing the fluid forces air out through the filter. The flowing is stopped after a
quantity of fluid sufficient to fill the circuit completely has been released into the
circuit and circulated and there is no longer air in the circuit.
[0008] In yet another embodiment, a hemodialysis system is described that is
configured to be automatically primed. The system includes a prime fluid source
container, a waste prime fluid container, an extracorporeal circuit and a clamping
system. The extracorporeal circuit includes a venous line, an arterial line and a
chamber including a filter that allows air to escape from the chamber. The prime fluid
source container is in fluid communication with the arterial line, a three way
connector connecting the venous line, the arterial line and a waste prime fluid
container. The clamping system is configured to clamp the arterial line or a

connection to the waste prime fluid container closed.
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[0009] In another embodiment, a computer program product is described. The
product is encoded on a computer-readable medium, operable to cause data
processing apparatus to perform operations that control a hemodialysis machine. The
operations include receiving instructions to initiate a priming sequence; in response to
receiving the instructions, sending instructions to a clamping mechanism to cause the
clamping mechanism to occlude a connection between a tube to a prime container and
a first patient line; after the first patient line is occluded, sending instructions to a
pump to cause the pump to run in a first direction to circulate fluid through a circuit
for a first pumping time; determining when the first pumping time has elapsed; after
determining that the first pumping time has elapsed, sending instructions to the
clamping mechanism to open the first patient line, to cause the tube to the prime
container to be occluded and to cause a second patient line to be no longer in fluid
connection with the prime container and to only be in fluid connection with the first
patient line; after the first patient line is connected to the second patient line, sending
instructions to the pump to cause the pump to run in reverse.

[0010] Embodiments of the systems, methods and products may include one
or more of the following features. Flowing priming fluid through the circuit may
force air in the circuit out of the filter associated with the chamber. The direction of
flow of the priming fluid can be reversed in the circuit multiple times, wherein
reversing the direction of flow is programmed to be done automatically. An end of
the arterial line can be disconnected and connecting the end of the arterial line to a
patient. After connecting the arterial line to a patient, blood can be flowed from the
patient into the circuit, wherein the circuit is air-free. A connection can be maintained
between the waste container and the venous line while flowing blood from the patient
into the circuit. A connection to the prime container can be clamped closed after the
blood enters the venous line, the venous line can be connected from the line to the
waste container and the venous line can be connected to the patient. A connection
between the waste container and the venous line can be maintained while flowing
blood from the patient into the circuit. An end of the venous line can be disconnected
when the end of the arterial line is disconnected and the end of the venous line can be
connected to the patient when the end of the arterial line is connected to the patient.
Priming fluid can be flowed through the circuit to force air in the circuit out of a filter

associated with a chamber in the circuit and the circulating can be stopped once air in
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the circuit has been eradicated from the circuit to form the air-free circuit. The circuit
can include a dialyzer, flowing priming fluid through the circuit, reversing the flow
through the circuit and forcing air out of the circuit with the fluid define a priming
sequence and the method does not include inverting the dialyzer during any steps of
the priming sequence. The arterial line can be occluded prior to flowing the fluid
through the circuit and the arterial line can be opened after flowing the fluid through
the circuit in a forward direction, but before flowing the fluid through the circuit in a
backward direction. A connection to a prime container connected to the circuit can be
opened contemporaneous with occluding the arterial line and the connection to the
prime container can be occluded prior to flowing the fluid in the circuit in a backward
direction contemporaneous with opening a connection to the arterial line.

[0011] A system can include a reversible pump for pumping fluid through the
circuit and a controller configured to control the pump and to control the clamping
system. The clamping system can include a two way clamp configured to
alternatively clamp the arterial line or the connection to the waste prime fluid
container closed. The system can include a holder for supporting the extracorporeal
circuit and a dialyzer, wherein the dialyzer is non-rotatably secured to the holder. The
clamping mechanism can include valves and/or a clamp.

[0012] A computer product can cause the data processing apparatus to
perform operations including determining a pump reversal time, wherein sending
instructions to the pump to cause the pump to run in reverse occurs at the pump
reversal time. Determining a pump reversal time can include receiving an actual flow
rate and determining the pump reversal rate from the actual flow rate and a
predetermined forward pumping volume. The data processing operations can include
receiving instructions to begin pumping fluid from a patient, in response to receiving
the instructions to begin pumping fluid from a patient, sending instructions to the
pump to run the pump and sending instructions to the clamping mechanism to open a
connection between the second patient line and the prime container. The operations
can include receiving instructions to stop the pump after opening the connection
between the second patient line and the prime container and sending instructions to
the pump to stop the pump in response to the instructions to stop the pump.

[0013] The details of one or more embodiments of the invention are set forth

in the accompanying drawings and the description below. Other features, objects, and
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advantages of the invention will be apparent from the description and drawings, and

from the claims.

DESCRIPTION OF DRAWINGS
[0014] FIG. 1 is a schematic of a conventional hemodialysis system.
[0015] FIG. 2 is a schematic of the mechanical components of an autopriming

hemodialysis system.

[0016] FIG. 3 is a schematic of an airless chamber.

10017) FIG. 3A is a top view of the airless chamber.

[0018] FIG. 3B is a bottom view of the airless chamber.

[0019] FIG. 3C 1s a perspective bottom and side view of the airless chamber.
[0020} FIG. 4 is a schematic of connections between a prime bag, an arterial

line and a venous line.
[0021] FIG. 5A is a schematic of a connection between a prime bag, an arterial

line and a venous line.

[0022] FIGS. 5B-5E show flow through the arterial line, venous line the line

to the prime waste bag when the line are alternatively clamped or open.

[0023] FIG. 6 is a schematic of a hemodialysis control system.

[0024] FIG. 7 is a flow chart describing use of the autopriming hemodialysis

system.

[0025] Like reference symbols in the various drawings indicate like elements.
DETAILED DESCRIPTION

[0026] An extracorporeal blood circuit is described that includes a reversible

pump for pumping fluid, i.e., priming fluid and blood, through the circuit, a venous
line and an arterial line for connecting to a patient, a prime waste line for receiving
waste prime solution prior to connecting the circuit to the patent and a coupler for
connecting the lines together. The coupler, in combination with the reversible pump,
allows for flexibility in priming the circuit. Priming solution can be flowed through
the circuit in either direction to fill both the venous line and the arterial line and allow
the priming solution to flow into the waste bag. In some embodiments, a waste bag is
not used, but rather simply a container for capturing spent fluid, such as priming fluid

and dialysate. For simplicity, a waste bag is referred to throughout the specification.
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Also, the arterial and venous lines can be connected together to form a closed circuit
and the fluid in the circuit can be recirculated in the forward and backward directions.
[0027] Referring to FIG 2, an extracorporeal fluid circuit 200 includes
components that allow for automatic priming of the system. A reversible pump 222,
such as a peristaltic pump, is configured to force liquid through an arterial line 210
and venous line 280 in two directions, both forward and backward. Optionally, a
sensor 215 is in line with the arterial line 210 to sense fluid pressure through the
arterial line 210. The sensor 215 can include a transducer. In some implementations,
the sensor 215 is after the reversible pump 222 on the arterial line 210, rather than
before. A supply of saline 250, or other biocompatible fluid, such as dialysate, is
connected to the arterial line, such as with a solution spike connector. A saline
connection clamp 265 allows for a saline line 263 leading to the saline 250 to be
occluded, thereby stopping the flow of saline into the circuit 200. In some
embodiments, the saline is replaced with infusate solution. The arterial line 210 leads
to a dialyzer 130 after pump 222. A dialyzer exit line 270 connects the dialyzer 270 to
an airless chamber 230.

[0028] Referring to FIGS. 3, 3A, 3B and 3C, the airless chamber 230 includes
1s substantially hollow for filling with a liquid. The chamber 230 can be used for
removing gas from blood, but can also be used with a number of other fluids, such as
bodily fluids, including plasma or any extracorporeal blood/fluid processing
procedure. The chamber 230 has a bottom region 234 and a top region 236, where the
bottom and top are relative to the chamber’s orientation during use. An entry port 240
and an exit port 242 are in the bottom region 234 of the chamber 230. In some
implementations, the ports 240, 242 are located in a bottom surface of the chamber
230. In other implementations, at least one of the ports 240, 242 is located in a side
surface of the chamber 230. In one implementation, a dam 248 is between the ports
240, 242. The optional dam 248 extends at least part way from one side wall to an
opposite side wall. In one implementation, the dam 268 contacts each side wall so
that all fluid entering entry port 240 flows over the top of the dam 248 before flowing
out the exit port 242. In one implementation, a clot filter 254 is positioned adjacent to
the exit port 242. Fluid flows through the clot filter 254 prior to flowing out of the
exit port 242. In one implementation, the clot filter 245 has a pore size of between

about 50-500 microns.
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[0029] The ports 240, 242 are holes in the chamber which can be in fluid
communication with tubular shaped extensions. The extensions are able to be
connected to tubes, such as by pressure fitting or bonding. The extensions can be
integrally formed with the chamber or subsequently attached to the chamber, such as
by bonding or welding.

[0030] At the top region 236 of the chamber 230 is a microporous filter 260
and, optionally, a safety vent structure 264. The safety vent structure 264 may
provide reduced condensation or minimize condensation on the microporous filter
260. The microporous filter 260 allows gas to vent from the chamber 230. Pores in
the filter 260 range from 0.10 to 1 micron and are small enough to keep foreign
particles and organisms from entering the chamber 230 from the outside air. In some
embodiments, the vent structure 264 has a pore size between about 15 and 45
microns.

[0031] In one implementation, the filter 260 includes a hydrophobic material.
A hydrophobic microporous filter keeps liquid from leaking out of the chamber 230
when the chamber 230 is substantially filled with liquid. A suitable filter has a pore
size equal to or less than 0.45 microns, such as about 0.22 microns or about 0.2
microns. The filter may be formed of polytetrafluoroethylene (PTFE) or any other
suitable material. In some embodiments, the filter 260 is a fibrous carrier with a
matted and woven layer on top of which PTFE or other microporous material is
applied. The hydrophobic microporous filter keeps liquid from leaking out of the
chamber 230 when the chamber 230 is substantially filled with liquid and allows air to
pass through. A suitable filter has a pore size equal to or less than 0.45 microns, such
as between about 0.05 and 10 microns, for example about 0.22 microns or about 0.2
microns. Suitable filters are available from Pall Corporation, East Hills, New York,
under the Versapor® mark and from W. L. Gore & Associates, Inc., Newark,
Delaware.

[0032] The safety vent structure 264 is solid porous piece that allows air that
escapes from the chamber to pass through. The vent structure 264 is self-sealing.
When the vent structure 264 comes into contact with liquid, e.g., humidity or
moisture, the material that forms the vent structure expands, or swells thereby closing
off the pores. In some embodiments, the vent structure is formed of a blend of

polyethylene and carboxymethylcellulose, a blend of polystyrene and methyl-ethyl-
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cellulose or of polypropylene- or polyethylene-based porous material. Such materials
are available from Porex Corporation, Fairburn, Georgia, such as EXP-816, which is a
product containing 90% polyethylene and 10% carboxymethylcellulose with a 30-40
micron pore size. However, other percentages of the materials can be used, as well as
other materials and other pore sizes.

[0033] The vent structure 264 is adjacent to the filter 260 so that the filter 260
is between the vent structure 264 and the chamber 230. The vent structure 264
prevents condensation from accumulating on and contacting the filter 260. In some
embodiments, the vent structure 264 directly contacts the filter 260. The vent
structure can be substantially disc shaped or can be another shape that is compatible
with a chamber on which the vent structure is mounted. In some embodiments, the
vent structure is between about 0.5 and 10 mm thick.

[0034] The shape of the chamber is approximately elongate. In some
implementations, such as those shown in FIG. 3, the bottom region 234 of the
chamber 230, 230’ is wider than the top region 236, such that the chamber 230, 230’
has a quasi-conical shape or a flare at the bottom. In some implementations, the top
and bottom dimensions of the chamber are approximately equal so that the chamber
has a rectangular or cylindrical shape. The bottom region 234 can also be narrower
than the top region 236. If the ports 240, 242 are in the bottom surface of the
chamber, the bottom surface has a sufficiently large dimension to accommodate the
ports 240, 242 as well as any tubes coupled to the ports for directing fluid into and out
of the chamber. For example, if the tubing has an outer diameter of 6.25 mm, the
bottom surface is at least 12.5 mm wide. The exact dimensions of the chamber 230 are
unimportant, although the chamber 230 can be at least about two inches in height,
preferably three to four inches. The airless chamber 230 is described further in U.S.
Application No. 11/256,627, filed October 21, 2005, “Extracorporeal Fluid Circuit”,
published May 10, 2007, as U.S. Publication No. 2007-0106198, which is
incorporated herein by reference.

[0035] Referring back to FIG. 2, a venous pressure sensor 272 can be located
between the dialyzer 130 and the airless chamber 230. Because the reversible pump
allows for fluid flow in both directions through the circuit, the dialyzer 130 does not
need to be rotatably mounted on a holder. Fluid can be pushed through the dialyzer

130 from the bottom up or from the top down without needing to invert the dialyzer.



10

15

20

25

30

WO 2009/039225 PCT/US2008/076751

The airless chamber 230 is connected to a venous line 280. The venous line 280,
arterial line 210 and a prime waste bag 285 are then releasably connected to a coupler
220.

[0036] The coupler allows the arterial line 210, the venous line 280 and a
prime waste line 283, i.e., the line to the prime waste bag 285, to be connected to one
another in a variety of ways. The coupler 220 allows fluid in the circuit to be diverted
either from the arterial line or the venous line to the prime waste bag 285. The arterial
line 210 and venous line 280 can also be connected to one another to form a closed
circuit, rather than to the prime waste bag 285. The reversible pump 222 allows for
changing the direction of the flow through the circuit.

[0037] In some embodiments, the features within region 217 (in phantom) can
be implemented in a cassette, as further described in U.S. Publication No. 2007-
0106198.

[0038] Referring to FIG 4, the coupler 220’ allows the venous line 280,
arterial line 210 and prime waste bag 285 to be in fluid communication with each
other. The prime waste bag 285 can include a prime waste line 283. In some
embodiments, the coupler 220’ includes a three-way Y-tube 221 with connectors (not
shown) for connecting the Y-tube 221 to the lines. Suitable connectors include leur
locks, quick connectors, threaded connectors and other suitable fittings for tubing.
The coupler 220 also allows each of the venous line 280, arterial line 210 and prime
waste line 283 to be individually sealed off from one another. The coupler 220’ can
include valves 305, 310, 315 or clamps that allow each line to be occluded. In some
embodiments, the coupler 220’ fits against a machine on which the tubing is mounted.
The machine includes valves, such as bubble or balloon, solenoid or pneumatic
valves, that when actuated expand and close off the tubing adjacent to the valve. The
valves can be adjacent to the coupler 221. In some embodiments, instead of valves
the coupler 220’ includes mechanical clamps or occluder bars that press down on the
Y-tube when a line is to be occluded. In addition, a valve 313, 317, 321 or clamp,
such as pinch clamps, can be on each of the lines so that the lines can be disconnected
from the coupler 220’ without leaking. In some embodiments, a connector on each of
the lines which mates the coupler 220’ has a valve or other mechanism that
automatically closes off the line when the line is disconnected from the Y-tube 221.

That way, fluid leak is prevented when the lines are removed from the coupler 220’
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[0039] In some embodiments, the coupler 220" includes a door on a front of
the machine that can be tightly closed to the front of the machine to enable the valves
to place sufficient pressure on the Y-tube 221 or lines to occlude the connections
between the lines. In some embodiments, the coupler 220’ includes a switching valve
instead of a Y-tube. The switching valve rotates to open up a connection between two
lines at one time and simultaneously closes off a connection to the third line.

[0040] Referring to FIG. 5A, a schematic diagram shows the coupler 220 with
the arterial line 210, venous line 280 and the prime waste line 283 each with
respective clamps 340, 335 and 330. When all of the clamps are open, or off, the lines
210, 280, 283 are all fluidly coupled to one another. However, engaging one of the
clamps prevents fluid flow into or out of the respective line. The clamps can be
implemented preferably as pneumatically actuated values that in effect pinch the lines
closed, or pneumatic or solenoid operated clamps can be deployed. In some
embodiments the clamps on two lines may be mechanically linked so that their
operation is mutually exclusive, i.e., if one is open, the other is closed.

[0041] Referring to FIG. 5B, closing the clamp 330 on the arterial line 210
stops any fluid flow into or out of arterial line 210. This, in combination with running
the pump in the forward direction, allows for fluid (indicated by the arrow) to be
pumped from the venous line 280 into the prime waste bag 285. Referring to FIG 5C,
closing only the clamp 335 on the venous line 280 and reversing the pump direction
allows fluid to flow, or be pumped, from the arterial line 210 into the prime waste bag
285. Referring to FIG. 5D, closing the clamp 340 on the line 283 to the waste prime
bag 285 allows for forming a semi-closed circuit, where fluid can be circulated
through the circuit without diverting any of the fluid to the waste prime bag 285.
When the pump in the forward direction, fluid flows from the venous line 280 into the
arterial line 210. Referring to FIG. 5E, by maintaining the clamp 340 on the prime
line bag line 283 closed and reversing the pump direction, the flow can be reversed in
the circuit, so that fluid flows from the arterial line 210 into the venous line 280. In
some embodiments, the clamps are electronically controlled, or are automatic. In
other embodiments, the clamps are manual controls, that is, the clamps are controlled
by an operator.

[0042] Referring to FIG. 6, the extracorporeal fluid circuit 200 is controlled by

a computer system 405 that allows an operator to start and stop the priming sequence
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and runs the priming sequence steps automatically. The computer system 405
includes a user input device 410. The user input device 410 allows the operator to
select a sequence, being running the sequence, select parameters for running a
sequence, access menus and help information and stop the machine as required. One
such programmed sequence is a priming sequence, as described further herein. The
user input device can include a keyboard, buttons, a touch screen, a mouse or other
suitable input device. The instructions an operator inputs to the computer system 405
using the input device 410 are relayed to a controller 420. The controller 420 is
programmed or is in communication with instructions for controlling flow through the
fluid circuit. In some embodiments, the fluid circuit is a series of disposable tubes, a
chamber, a dialyzer, a cassette, such as described in the ‘627 application, or some
combination of these elements that are connected to a machine having valves 422 and
a pump 424. The controller 420 is able to control the direction of the pump and the
starting and stopping of the pump. The controller 420 can also actuate the valves, or
other occlusion devices, to cause the valves to seal off one or more tubes or lines.
Optionally, the controller 420 is in communication with a flow calculation engine 432
that determines the flow rate from the blood pump. In some embodiments, the system
405 is programmed with both a control process and a safety process. The control
process controls the priming functions, such as running the pump. The safety process
monitors the machine while it is running, for example, the safety process can monitor
the circuit for blood in the line. If blood is detected in the line, the safety process
stops any priming sequence that is being run. The flow calculation engine 432 can
communicate the flow rate to the controller 420, which in turn can increase or
decrease the pump rate. The controller 420 can also be in communication with an
alarm engine 436. If the flow rate is too high or low, the alarm engine 436 can sound
an alarm to notify the operator and signal the controller to stop the pump or take other
appropriate action.

[0043] Referring to FIG. 7, the coupler for causing the arterial, venous and
prime waste bag line to be in selectable communication with one another in
combination with the reversible pump and the airless chamber allow for autopriming
of the circuit prior to connecting the arterial and venous lines to a patient. That is, the
blood tubing circuit can be placed on a dialyzer machine and the machine can be

instructed to prime the circuit automatically without any intervention from a human.
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An exemplary set of steps for priming the circuit follow. The circuit, including the
venous line and the arterial line are connected to the prime waste bag (step 505). A
priming solution, such as saline, is connected to the circuit, as to the arterial line while
the saline bag is clamped closed (step 510). The arterial line is clamped closed (step
515). An operator instructs the machine to start a prime sequence, such as by
selecting a “prime” button on an input panel. The prime sequence begins, pumping
prime solution into circuit (step 520). Priming solution is pumped through the arterial
line and through the dialyzer and the circuit. In some embodiments, a predetermined
quantity of priming solution is pumped into the arterial line, such as 250 ml of
solution. The volume of priming solution that is initially pumped into the circuit can
be sufficient to fill the airless chamber. The volume of priming solution is measured
by the pump stroke and calculated stroke volume. If the machine detects that no
priming solution is being circulated through the circuit, such as if the saline bag is not
attached or is clamped shut, the machine can alert the operator.

[0044] The line to the prime waste bag is clamped closed and the arterial line
1s opened (step 525). This allows the arterial line to form a complete circuit with the
venous line through the coupler. After running the pump in the forward or normal
direction, the pump circulates priming fluid through the circuit in the reverse direction
(step 530). In some embodiments, the pump is run in the reverse direction at a rate of
200-300 ml/min for two minutes. The pump is again reversed (step 532), thereby
pushing priming fluid in the normal direction and downstream of the connection of
the priming fluid bag to the circuit. Filling the circuit with priming fluid with the
prime waste bag connection occluded forces priming fluid through the line to the
chamber. When priming fluid fills the bottom of the chamber from both the arterial
and venous lines, continuing to flow the fluid through the circuit causes any air
upstream of the pump to be pushed out of the top of the chamber, through the filter
assembly. In some embodiments, the pump is run at a flow rate of 400-500 ml/minute
for five minutes. The pump is stopped.

[0045] Because there can be additional air in the circuit upstream of the pump,
the pump is again reversed and again circulates fluid through the circuit (step 533). In
some embodiments, the flow rate is at 400 ml/min. The priming fluid is circulated for
some minimum amount of time, such as two minutes, e.g., about five minutes. Any of

the pump reversing steps are optional. In some embodiments, the priming fluid is
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simply flowed through the circuit in only one direction or the direction of flow is only
reversed one or two times during priming. The flow rate can be increased or
decreased to facilitate pushing air out of the dialyzer and venting the air through the
filter. In some embodiments, one of the lines, such as the venous line, is clamped
periodically while pumping fluid through the circuit to build up the pressure in the
circuit. This essentially pushes fluid through the dialyzer to further force air out of
the circuit.

[0046] In some methods, in addition to the priming fluid being used to push
air out of the system, dialysate can also be used to push air out of the system.
Dialysate is introduced into the dialyzer through a separate circuit from the blood
circuit. The dialyzer has semi-permeable hollow membranes that allow liquid and
small molecules to pass through. Dialysate that is introduced onto one side of
membranes can permeate through to the other side of the membrane and assist in
pushing air out of the system, while the priming fluid is running through the system,
before or after.

[0047] After the priming fluid has been circulated through the circuit for a
substantial length of time that all of the air has been vented from the circuit and that
human intervention is not required to determine that all the air has been removed from
the circuit through the hydrophobic filter, the pump stops and, if necessary, the pump
reverses to the normal flow direction. In some embodiments, a level detector detects
the level of liquid in the chamber. When the level detector detects that a sufficient
level of liquid is in the chamber, the circuit is determined to have been sufficiently
primed. The machine is then idle until the patient and operator are ready to connect
the circuit to the patient. When the air is removed from the circuit, the pump direction
is reversed, if necessary, to the normal flow direction (step 534).

[0048] The priming solution connection pump is closed, such as by clamping
the line (step 535). The arterial line is disconnected from the coupler (step 540). The
arterial line is connected to the patient (step 545). The connector between the arterial
and venous connector is closed (step 550). The line to the prime waste bag is opened
(step 555). In some embodiments, clamping the arterial line closed automatically
opens the line to the prime waste bag. The operator initiates the next pumping
sequence. Optionally, the operator selects a desired pumping rate, such as a rate

determined by the patient’s health, weight or body condition. The pump pumps blood
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from the patient (step 560), causing priming solution to move through the circuit and
either into the prime waste bag or infused directly into the patient. When a
predetermined quantity of priming solution has been pumped into the prime waste
bag, or when the machine determines that the circuit is free of air, the pump is stopped
and the connection to the prime waste bag is closed (step 565). The venous line is
disconnected from the prime waste bag (step 570). The patient is then connected to
the venous line (step 575). The prime waste bag can be discarded. Once the patient is
connected to the venous line, the dialysis program is run (step 580). If the priming
solution 1s a solution such as saline or other physiologically compatible fluid, some
amount of priming solution in the venous line is acceptable to pump into the patient.
[0049] In an alternative embodiment of priming the system, both the arterial
line and the venous line are disconnected from one another simultaneously and
connected to the patient simultaneously. The priming sequence, that is, the pump, is
stopped. The clamp to the prime waste bag is closed prior to disconnecting the
venous and the arterial lines. The venous and arterial lines are disconnected from one
another and connected to the patient. Because there is priming fluid in the venous
lines, the patient receives priming fluid as blood begins to flow from the patient into
the circuit. The excess fluid introduced into the patient can be removed by
ultrafiltration during the hemodialysis treatment.

[0050] In some embodiments, a coupler with clamps is not required to prime
the circuit. If the venous line and arterial line are connected to one another, the
priming sequence can be run by allowing the priming solution to drain into the circuit.
When the priming solution reaches the portion of the circuit that is adjacent to the
pump, the pump can be run to push solution through the circuit. Because air is able to
flow out the top of the chamber, the circuit continues to fill until all of the air space is
filled with liquid. The pump can be reversed to cause the fluid to dislodge any air
bubbles trapped in the circuit. Because the direction of flow is reversed in order to
dislodge any air trapped in the system, air can be pushed through the system without
the need for inverting the dialyzer during priming, as is required in some conventional
dialyzer systems. Thus, the dialyzer system is able to automatically prime the circuit
prior to being connected to a patient without intervention from a human.

[0051] Connecting the venous line and arterial line to an extracorporeal circuit

with an airless chamber allows a user to automatically run a priming sequence and
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evacuate all of the air from the system. Because the system cycles priming fluid
through the circuit in both directions a number of times and for a predetermined
volume of fluid, the operator can be confident that all air has been removed from the
system without having to visually inspect the circuit prior to connecting a patient to
the system. This frees the operator, e.g., a technician, from manually priming the
system. The operator can use the time that the system is being primed to prepare the
patient or complete other tasks. Because the system runs a predetermined volume of
fluid through the system and stops, the system is less likely to be run dry because of
the operator forgetting to turn the priming step off. Because the priming sequence is
run for a sufficient amount of time, the probability of any air in the circuit is very low.
Any air that is in the circuit ought to escape through the chamber. This reduces the
risk of embolism to the patient, thereby increasing the patient’s safety when using the
machine.

[0052] In embodiments, control of the functional operations described in this
specification can be implemented in digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures disclosed in this
specification and their structural equivalents, or in combinations of one or more of
them. Embodiments of the control features can be implemented as one or more
computer program products, i.e., one or more modules of computer program
instructions encoded on a computer readable medium for execution by, or to control
the operation of, data processing apparatus. The computer readable medium can be a
machine-readable storage device, a machine-readable storage substrate, a memory
device, a composition of matter effecting a machine-readable propagated signal, or a
combination of one or more of them. The term “data processing apparatus”
encompasses all apparatus, devices, and machines for processing data, including by
way of example a programmable processor, a computer, or multiple processors or
computers. A propagated signal is an artificially generated signal, e.g., a machine-
generated electrical, optical, or electromagnetic signal, that is generated to encode
information for transmission to suitable receiver apparatus.

[0053] A computer program (also known as a program, software, software
application, script, or code) can be written in any form of programming language,
including compiled or interpreted languages, and it can be deployed in any form,

including as a stand alone program or as a module, component, subroutine, or other
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unit suitable for use in a computing environment. The processes and logic flows
described in this specification can be performed by one or more programmable
processors executing one or more computer programs to perform functions by
operating on input data and generating output. The processes and logic flows can also
be performed by, and apparatus can also be implemented as, special purpose logic
circuitry, e.g., an FPGA (field programmable gate array) or an ASIC (application
specific integrated circuit).

[0054) Processors suitable for the execution of a computer program include,
by way of example, both general and special purpose microprocessors, and any one or
more processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read only memory or a random access memory or both.
The essential elements of a computer are a processor for performing instructions and
one or more memory devices for storing instructions and data. Generally, a computer
will also include, or be operatively coupled to receive data from or transfer data to, or
both, one or more mass storage devices for storing data, e.g., magnetic, magneto
optical disks, or optical disks. However, a computer need not have such devices.
Computer readable media suitable for storing computer program instructions and data
include all forms of non volatile memory, media and memory devices, including by
way of example semiconductor memory devices, e.g., EPROM, EEPROM, and flash
memory devices; magnetic disks, e.g., internal hard disks or removable disks;
magneto optical disks; and CD ROM and DVD-ROM disks. The processor and the
memory can be supplemented by, or incorporated in, special purpose logic circuitry.
[0055] To provide for interaction with a user, embodiments of the invention
can be implemented on a computer having a display device, e.g., an LCD (liquid
crystal display) monitor, for displaying information to the user and a keyboard and a
pointing device, e.g., a mouse or a trackball, by which the user can provide input to
the computer. Other kinds of devices can be used to provide for interaction with a
user as well; for example, feedback provided to the user can be any form of sensory
feedback, e.g., visual feedback, auditory feedback, or tactile feedback; and input from
the user can be received in any form, including acoustic, speech, or tactile input.
[0056] A number of embodiments have been described. Nevertheless, it will

be understood that various modifications may be made without departing from the
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spirit and scope of the invention. Accordingly, other embodiments are within the

scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method of priming an extracorporeal blood circuit including a venous line, an
arterial line and a line to a prime waste container, wherein any two of the venous line,
arterial line and line to the waste container can be selectively in fluid communication
with each other and a chamber including a filter that allows air to escape from the
chamber, comprising:

occluding one of the venous line or the arterial line while connecting the other of
the venous or arterial line to the prime waste container;

flowing priming fluid through the circuit so that the priming fluid flows out of
either the arterial or venous line into the waste container;

occluding the line to the waste container and connecting the arterial and venous
lines together;

circulating priming fluid through the closed extracorporeal circuit; and

reversing the flow through the circuit, whereby air is removed from the circuit.
wherein the steps of occluding one of the venous line or the arterial line, flowing priming
fluid, occluding the line to the waste container, circulating priming fluid and reversing the

flow through the circuit are done without need for human manipulation.

2. The method of claim 1, wherein flowing priming fluid through the circuit forces

air in the circuit out of the filter associated with the chamber.

3. The method of claim 1, further comprising reversing direction of flow of the
priming fluid in the circuit multiple times, wherein reversing the direction of flow is

programmed to be done automatically.

4. The method of claim 1, further comprising:
disconnecting an end of the arterial line; and

connecting the end of the arterial line to a patient.

5. The method of claim 4, further comprising after connecting the arterial line to a

patient, flowing blood from the patient into the circuit, wherein the circuit is air-free.
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6. The method of claim 5, further comprising maintaining a connection between the

waste container and the venous line while flowing blood from the patient into the circuit.

7. The method of claim 6, further comprising:

clamping closed a connection to the prime container after the blood enters the
venous line;

disconnecting the venous line from the line to the waste container; and

connecting the venous line to the patient.

8. The method of claim 7, further comprising maintaining a connection between the

waste container and the venous line while flowing blood from the patient into the circuit.

9. The method of claim 4, further comprising:

disconnecting an end of the venous line when the end of the arterial line is
disconnected; and

connecting the end of the venous line to the patient when the end of the arterial

line is connected to the patient.

10.  The method of claim 1, further comprising:

flowing priming fluid through the circuit to force air in the circuit out of a filter
associated with a chamber in the circuit;

and

stopping the circulating once air in the circuit has been eradicated from the circuit

to form the air-free circuit.

11. The method of claim 1, wherein:

the circuit includes a dialyzer;

flowing priming fluid through the circuit, reversing the flow through the circuit
and forcing air out of the circuit with the fluid define a priming sequence; and

the method does not include inverting the dialyzer during any steps of the priming

sequence.

12. A method of priming an extracorporeal circuit including a venous line, an arterial

line and a chamber with a filter that allows air to escape from the chamber while
19
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preventing liquid from escaping from the chamber, comprising:

flowing fluid through the circuit in a forward direction and a backward direction,
while the arterial line and the venous line define the circuit and a supply of priming
solution is in line with the circuit, wherein flowing the fluid forces air out through the
filter; and

stopping the flowing after a quantity of fluid sufficient to fill the circuit
completely has been released into the circuit and circulated and there is no longer air in

the circuit.

13.  The method of claim 12, further comprising:
occluding the arterial line prior to flowing the fluid through the circuit; and
opening the arterial line after flowing the fluid through the circuit in a forward

direction, but before flowing the fluid through the circuit in a backward direction.

14.  The method of claim 13, further comprising:

opening a connection to a prime container connected to the circuit
contemporaneous with occluding the arterial line; and

occluding the connection to the prime container prior to flowing the fluid in the
circuit in a backward direction contemporaneous with opening a connection to the arterial

line.

15.  Ahemodialysis system configured to be automatically primed, comprising;

a prime fluid source container;

a waste prime fluid container;

an extracorporeal circuit including a venous line, an arterial line and a chamber
including a filter that allows air to escape from the chamber, wherein the prime fluid
source container is in fluid communication with the arterial line;

a three way connector connecting the venous line, the arterial line and a waste
prime fluid container; and

a clamping system configured to clamp the arterial line or a connection to the

waste prime fluid container closed.
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16. The system of claim 15, further comprising:
a reversible pump for pumping fluid through the circuit; and

a controller configured to control the pump and to control the clamping system.

17.  The system of claim 15, wherein the clamping system includes a two way clamp
configured to alternatively clamp the arterial line or the connection to the waste prime

fluid container closed.

18.  The system of claim 15, wherein the clamping mechanism includes a plurality of
valves.
19.  The system of claim 15, wherein the clamping mechanism includes a clamp.

20.  The system of claim 15, further comprising:
a holder for supporting the extracorporeal circuit; and

a dialyzer, wherein the dialyzer is non-rotatably secured to the holder.

21. A computer program product, encoded on a computer-readable medium, operable
to cause data processing apparatus to perform operations that control a hemodialysis
machine comprising:

recelving instructions to initiate a priming sequence;

in response to receiving the instructions, sending instructions to a clamping
mechanism to cause the clamping mechanism to occlude a connection between a tube to a
prime container and a first patient line;

after the first patient line is occluded, sending instructions to a pump to cause the
pump to run in a first direction to circulate fluid through a circuit for a first pumping
time;

determining when the first pumping time has elapsed,;

after determining that the first pumping time has elapsed, sending instructions to
the clamping mechanism to open the first patient line, to cause the tube to the prime
container to be occluded and to cause a second patient line to be no longer in fluid
connection with the prime container and to only be in fluid connection with the first

patient line;
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after the first patient line is connected to the second patient line, sending

instructions to the pump to cause the pump to run in reverse.

22.  The computer program product of claim 21, wherein the clamping mechanism

includes a plurality of valves.

23.  The computer program product of claim 21, wherein the clamping mechanism

includes a clamp.

24.  The computer program product of claim 21, further comprising causing the data
processing apparatus to perform operations comprising determining a pump reversal
time, wherein sending instructions to the pump to cause the pump to run in reverse occurs

at the pump reversal time.

25.  The computer program product of claim 21, wherein determining a pump reversal
time comprises receiving an actual flow rate and determining the pump reversal rate from

the actual flow rate and a predetermined forward pumping volume.

26.  The computer program product of claim 21, further comprising causing the data
processing apparatus to perform operations comprising:

receiving instructions to begin pumping fluid from a patient;

in response to receiving the instructions to begin pumping fluid from a patient,
sending instructions to the pump to run the pump; and

sending instructions to the clamping mechanism to open a connection between

the second patient line and the prime container.

27.  The computer program product of claim 26, further comprising causing the data
processing apparatus to perform operations comprising:

receiving instructions to stop the pump after opening the connection between the
second patient line and the prime container; and

sending instructions to the pump to stop the pump in response to the instructions

to stop the pump.
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