Office de la Proprieté Canadian CA 2712950 C 2017/10/17

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 71 2 950
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2009/01/23 (51) CLInt./Int.Cl. A67M 1/28(2006.01),
(87) Date publication PCT/PCT Publication Date: 2009/07/30 AGTM 5/145(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2017/10/17 DEMERS. JASON A US:
(85) Entree phase nationale/National Entry: 2010/07/22 MCGILL, DAVID W., US:
(86) N° demande PCT/PCT Application No.: US 2009/000440 SCARPACI, JACOBW., US;
] o o | DALE, JAMES D., US;
(87) N° publication PCT/PCT Publication No.: 2009/094185 BODWELL, JESSE T. US:
(30) Priorites/Priorities: 2008/01/23 (US61/011,967); WANG, TIEN-SHOE, US

2008/06/03 (US61/058,469) 73) Propriétaire/Owner

DEKA PRODUCTS LIMITED PARTNERSHIP, US
(74) Agent: CASSAN MACLEAN

(54) Titre : SYSTEME DE TRAITEMENT MEDICAL ET PROCEDES UTILISANT PLUSIEURS TUYAUX DE FLUIDE
(54) Title: MEDICAL TREATMENT SYSTEM AND METHODS USING A PLURALITY OF FLUID LINES

(57) Abréegée/Abstract:

(57) Abstract A medical treatment system, such as peritoneal dialysis system, may include control and other features to enhance
patient comfort and ease of use For example, a cycler device (14) may include a heater bag receiving section (142) and a lid (143)
mounted to cover and uncover the heater bag receiving section, potentially enabling faster heating of dialysate A user interface
(144) may be moveable to be recelved into the recelving section and covered by the Hd, If desired. The system may detect
anomalous conditions, such as tilting of the system housing, and automatically recover without terminating a treatment The system
may Include noise reduction features, such as porting pneumatic outputs to a common chamber, and others The system may also
automatically detect any one of several different solution lines (30) connected to the system, and control operation accordingly, e g
- to mix solutions provided by two or more lines and form a needed dialysate solution A cassette control (148) surface may be
arranged to have one or more ports that can detect the presence of liquid, e g, to identify If the cassette (24) Is leaking or has
otherwise been compromised

S SNV ENEEN
O - 2.7 20 a0

J "..
KT
e
A

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




w0 2009/094185 A3 | {10000 )00 RO 0 R YR RORER AR

CA 02712950 2010-07-22

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

(19) World Intellectual Property Organization l{,f:”_ﬂ""’%\
International Bureau wjf J

\

(43) International Publication Date

30 July 2009 (30.07.2009)

(10) International Publication Number

WO 2009/094185 A3

(51) International Patent Classification: (74)

A6IM 1/28 (2006.01) AG6IM 5/145 (2006.01)

(21) International Application Number:
PCT/US2009/000440 (81)

(22) International Filing Date:
23 January 2009 (23.01.2009)

Agent: HUNT, Robert, E.; Wolt, Greenfield & Sacks,
P.C., Federal Reserve Plaza, 600 Atlantic Avenue,
Boston, MA 02210-2206 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,

(25) Filing Language: English EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
o . HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(26) Publication Language: Enghsh KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
61/011,967 23 January 2008 (23.01.2008) US NZ, OM, PG, PH, PL, PT, RO, RS, RU, 5C, 5D, SE, 5G,
61/058,469 3 June 2008 (03.06.2008) US SK, SL, SM, ST, 5V, 8Y, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZVW.
(71) Applicant (for all designated States except US). DEKA . o
PRODUCTS LIMITED PARTNERSHIP [US/USI: (84) Designated States (unless otherwise indicated, for every
340 Commercial Street, Manchester, NH 03101 (US). kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(72) Inventors; and ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(75) Inventors/Applicants (for US ornly): DEMERS, Jason, TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
A. [US/US]; 387 North Bay Street, Manchester, NH ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
03104 (US). MCGILL, David, W. [US/US]; 20 Harrod MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
Lane, Bedtord, NH 03110 (US). SCARPACI, Jacob, W. OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
[US/US]; 162 North Adams Street, Manchester, NH MR, NE, SN, TD, TQG).
03104 (US). DALE, James, D. [US/US]; 37 White Plains Published:

Drive, Nashua, NH 03062 (US). BODWELL, Jesse, T.
[US/US]; 168 Island Pond Road, Manchester, NH 03109
(US). WANG, Tien-Shoe [US/US]; 142 Pleasant Street,
Apartment 80102, Methuen, MA 01844 (US).

with international search report (Art. 21(3))

[Continued on next page]

(534) Title: MEDICAL TREATMENT SYSTEM AND METHODS USING A PLURALITY OF FLUID LINES

P

FIG. 10

(57) Abstract: A medical treatment system, such as peritoneal dialysis system, may include control and other features to enhance
patient comtort and ease of use. For example, a cycler device (14) may include a heater bag receiving section (142) and a lid (143)
mounted to cover and uncover the heater bag receiving section, potentially enabling faster heating of dialysate. A user interface
(144) may be moveable to be received into the receiving section and covered by the Hd, if desired. The system may detect anoma-
lous conditions, such as tilting of the system housing, and automatically recover without terminating a treatment. The system may
mclude noise reduction features, such as porting pneumatic outputs to a common chamber, and others. The system may also auto-
matically detect any one of several different solution lines (30) connected to the system, and control operation accordingly, e€.g., to
mix solutions provided by two or more lines and form a needed dialysate solution. A cassette control (148) surface may be ar-
ranged to have one or more ports that can detect the presence of liquid, e.g., to identity 1f the cassette (24) 1s leaking or has other-
wise been compromised.




CA 02712950 2010-07-22

WO 2009/094185 A3 MMM 0 OO0 0 R N 0 AR

(88) Date of publication of the international search report:

— b th rati the time [imit dino th
efore the expiration of the time [limit for amending the 12 November 2009

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



CA 02712950 2010-07-22
WO 2009/094185 PCT/US2009/000440

MEDICAL TREATMENT SYSTEM AND METHODS USING
A PLURALITY OF FLUID LINES

BACKGROUND

Peritoneal Dialysis (PD) involves the periodic infusion of sterile aqueous solution
(called peritoneal dialysis solution, or dialysate) into the peritoneal cavity of a patient.
Diffusion and osmosis exchanges take place between the solution and the bloodstream across
the natural body membranes. These exchanges transfer waste products to the dialysate that
the kidneys normally excrete. The waste products typically consist of solutes like sodium
and chloride 1ons, and other compounds normally excreted through the kidneys like urea,
creatinine, and water. The diffusion of water across the peritoneal membrane during dialysis
is called ultrafiltration.

Conventional peritoneal dialysis solutions include dextrose 1n concentrations
sufficient to generate the necessary osmotic pressure to remove water from the patient
through ultrafiltration.

Continuous Ambulatory Peritoneal Dialysis (CAPD) 1s a popular form of PD. A
patient performs CAPD manually about four times a day. During a drain/fill procedure for
CAPD, the patient mnitially drains spent peritoneal dialysis solution from his/her peritoneal
cavity, and then infuses fresh peritoneal dialysis solution into his/her peritoneal cavity. This
drain and fill procedure usually takes about 1 hour.

Automated Peritoneal Dialysis (APD) 1s another popular form of PD. APD uses a
machine, called a cycler, to automatically infuse, dwell, and drain peritoneal dialysis solution
to and from the patient's peritoneal cavity. APD is particularly attractive to a PD patient,
because it can be performed at night while the patient is asleep. This frees the patient from
the day-to-day demands of CAPD during his/her waking and working hours.

The APD sequence typically lasts for several hours. It often begins with an imitial
drain phase to empty the peritoneal cavity of spent dialysate. The APD sequence then
proceeds through a succession of fill, dwell, and drain phases that follow one after the other.
Each fill/dwell/drain sequence i1s called a cycle.

During the fill phase, the cycler transfers a predetermined volume of fresh, warmed
dialysate into the peritoneal cavity of the patient. The dialysate remains (or "dwells") within
the peritoneal cavity for a period of time. This 1s called the dwell phase. During the drain

phase, the cycler removes the spent dialysate from the peritoneal cavity.
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The number of fill/dwell/drain cycles that are required during a given APD session
depends upon the total volume of dialysate prescribed for the patient's APD regimen, and is
either entered as part of the treatment prescription or calculated by the cycler.

APD can be and 1s practiced in different ways.

Continuous Cycling Peritoneal Dialysis (CCPD) 1s one commonly used APD
modality. During each fill/dwell/drain phase of CCPD, the cycler infuses a prescribed volume
of dialysate. After a prescribed dwell period, the cycler completely drains this liquid volume
from the patient, leaving the peritoneal cavity empty, or "dry." Typically, CCPD employs 4-8
fill/dwell/drain cycles to achieve a prescribed therapy volume.

After the last prescribed fill/dwell/drain cycle in CCPD, the cycler infuses a final fill
volume. The final fill volume dwells in the patient for an extended period of time. It 1s
drained either at the onset of the next CCPD session in the evening, or during a mid-day
exchange. The final fill volume can contain a different concentration of dextrose than the fill
volume of the successive CCPD fill/dwell/drain fill cycles the cycler provides.

Intermittent Peritoneal Dialysis (IPD) 1s another APD modality. IPD i1s typically used
In acute situations, when a patient suddenly enters dialysis therapy. IPD can also be used
when a patient requires PD, but cannot undertake the responsibilities of CAPD or otherwise
do 1t at home.

Like CCPD, IPD involves a series of fill/dwell/drain cycles. Unlike CCPD, IPD does
not include a final fill phase. In IPD, the patient's peritoneal cavity is left free of dialysate (or
"dry") in between APD therapy sessions.

Tidal Peritoneal Dialysis (TPD) 1s another APD modality. Like CCPD, TPD includes
a series of fill/dwell/drain cycles. Unlike CCPD, TPD does not completely drain dialysate
from the peritoneal cavity during each drain phase. Instead, TPD establishes a base volume
during the first fill phase and drains only a portion of this volume during the first drain phase.
Subsequent fill/dwell/drain cycles infuse and then drain a replacement volume on top of the
base volume. The last drain phase removes all dialysate from the peritoneal cavity.

There 1s a vanation of TPD that includes cycles during which the pétient 1S
completely drained and infused with a new full base volume of dialysis.

TPD can include a final fi1ll cycle, like CCPD. Alternatively, TPD can avoid the final
fill cycle, like IPD.

APD offers flexibility and quality of life enhancements to a person requiring dialysis.

APD can free the patient from the fatigue and inconvenience that the day to day practice of
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CAPD represents to some individuals. APD can give back to the patient his or her waking
and working hours free of the need to conduct dialysis exchanges.

Still, the complexity and size of past machines and associated disposables for various
APD modalities have dampened widespread patient acceptance of APD as an alternative to
manual peritoneal dialysis methods.

SUMMARY OF INVENTION

Aspects of the invention relate to various components, systems and methods for use in
medical applications, including medical infusion operations such as peritoneal dialysis. In
some cases, aspects of the invention are limited to applications in peritoneal dialysis, while
others to more general dialysis applications (e.g., hemodialysis) or infusion applications,
while others to more general methods or processes. Thus, aspects of the invention are not
necessarily limited to APD systems and methods, although many of the illustrative
embodiments described relate to APD.

In one aspect of the invention, a disposable fluid handling cassette, such as that
useable with an APD cycler device or other infusion apparatus, includes a generally planar
body having at least one pump chamber formed as a depression in a first side of the body and
a plurality of flowpaths for fluid that includes a channel. A patient line port may be arranged
for connection to a patient line and be in fluid communication with the at least one pump
chamber via at least one flowpath, and a membrane may be attached to the first side of the
body over the at least one pump chamber. In one embodiment, the membrane may have a
pump chamber portion with an unstressed shape that generally conforms to the pump
chamber depression in the body and is arranged to be movable for movement of fluid 1n the
useable space of the pump chamber. If the cassette body include two or more pump chamber
depressions, the membrane may likewise include two or more pre-shaped pump portions. In
other embodiments, the membrane need not be included with the cassette, e.g., where a
control surface of the cycler interacts with the cassette to control pumping and/or valve
functions.

In another embodiment, the pump chamber may include one or more spacer elements
that extend from an inner wall of the depression, e.g., to help prevent the membrane from
contacting the inner wall, thereby preventing blocking of an inlet/outlet of the pump chamber,
helping remove or trap air in the pump chamber, and/or preventing sticking of the membrane
to the inner wall. The spacer elements may be arranged to minimize deformation of the

membrane at edges of the spacer elements when the membrane 1s forced against the spacer

elements.
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In another embodiment, a patient line port and a drain line port may be located at a
first end of the body and be in fluid communication with the at least one pump chamber via at
least one flowpath. A plurality of solution line spikes may, on the other hand, be located at a
second end of the body opposite the first end, with each of the solution line spikes being in
fluid communication with the at least one pump chamber via at least one flowpath. This
arrangement may enable automated connection of solution lines to the cassette, and/or
separate occlusion of the patient and/or drain lines relative to the solution lines. In one
embodiment, a heater bag line port may also be located at the first end of the body and be in
fluid communication with the at least one pump chamber via at least one flowpath. Flexible
patient, drain and heater bag lines may be respectively connected to the patient line port,
drain line port and heater bag line port.

In another embodiment, the body may include a vacuum vent clearance depression
formed adjacent the at least one pump chamber. This depression may aid in the removal of
fluid (gas and/or liquid) between the membrane and a corresponding control surface of the
cycler, e.g., by way of a vacuum port 1n the control surface. That 1s, the depression may help
ensure that the membrane 1s not torced against the vacuum port, leaving the port open to
draw fluid 1nto a collection chamber as necessary.

In one embodiment, one or more ports, such as a drain line port and heater bag line
port, and/or one or more solution line spikes may communicate with a common flowpath
channel of the cassette base. As needed, a plurality of valves may each be arranged to control
flow 1n a respective flowpath between the at least one pump chamber and the patient line
port, the drain line port, and the plurality of solution line spikes. In one embodiment,
portions of the membrane may be positioned over respective valves and be movable to open
and close the respective valve. Similarly, flow through openings into the pump chamber(s)
may be controlled by corresponding valves that are opened and closed by movement of one
or more portions of the membrane.

In some embodiments, the membrane may close at least some of the flowpaths of the
body. That is, the body may be formed with open tlow channels that are closed on at least
one side by the membrane. In one embodiment, the body may include flowpaths formed on
opposite planar sides, and at least some of the flowpaths on a first side may communicate
with flowpaths on the second side.

In one embodiment, one or more spikes on the cassette (e.g., for receiving dialysate

solution) may be covered by a spike cap that seals the spike closed and is removable.
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In another aspect of the invention, a disposable fluid handling cassette, for use with a
reusable automated peritoneal dialysis cycler device, includes a generally planar body having
at least one pump chamber formed as a depression in a first side of the body and a plurality of
flowpaths for fluid that includes a channel, a patient line port arranged for connection to a
patient line, the patient line port being in fluid communication with the at least one pump
chamber via at least one flowpath, and a flexible membrane attached to the first side of the
body over the at least one pump chamber. A pump chamber portion of the membrane over
the at least one pump chamber may have an unstressed shape that generally conforms to
usable area of the pump chamber depression in the body and be arranged to be movable for
movement of fluid in the pump chamber. In one embodiment, the cassette 1s configured for
operative engagement with a reusable automated peritoneal dialysis cycler device.

The cassette may include a drain line port arranged for connection to a drain line, the
drain line port being in fluid communication with the at least one pump chamber via at least
one flowpath, and/or a plurality of solution line spikes that are in fluid communication with
the at least one pump chamber via at least one flowpath. The pump chamber portion of the
membrane may be generally dome shaped, and may include two pump chamber portions that
have a shape that generally conforms to usable area of a corresponding pump chamber
depression. In one embodiment, a volume of the pump chamber portion may be between 85-
110% of the useable volume of the pump chamber depression. In another embodiment, the
pump chamber portion may be arranged to be 85-110% of the depth of the useable area of the
pump chamber depression. In another embodiment, the pump chamber portion may be
arranged to have a size that 1s between 85-100% of the circumference of the useable area of
the pump chamber depression. The useable area of the pump chamber may be defined at
least in part by one or more spacer elements that extend from an inner wall of the depression.
In one embodiment, a plurality of spacer elements may be of graduated lengths or varying
height that define a generally dome-shaped region or other shape. The spacer elements may
be arranged 1n a concentric elliptical pattern or other shape when viewed in plan. One or
more breaks in the pattern may be provided, e.g., to allow communication between voids. In
one embodiment, the spacer elements may be arranged to minimize deformation of the
membrane at edges of the spacer elements when the membrane 1s forced against the spacer
elements. In another embodiment, one or more spacers may be configured to inhibit the
membrane from covering the fluid inlet and/or outlet of the pump chamber.

In another aspect of the invention, a fluid handling cassette for use with a fluid

handling system of a medical infusion device includes a generally planar body having at least

S
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one pump chamber formed as a depression 1n a first side of the body and a plurality of
flowpaths for fluid that includes a channel, the at least one pump chamber including one or
more spacer elements that extend from an inner wall of the depression, a patient line port
arranged for connection to a patient line, the patient line port being in fluid communication
with the at least one pump chamber via at least one flowpath, a drain line port arranged for
connection to a drain line, the drain line port being in fluid communication with the at least
one pump chamber via at least one flowpath, and a plurality of solution line spikes being in
fluid communication with the at least one pump chamber via at least one flowpath.

In one aspect of the invention, a disposable component system for use with a fluid line
connection system of a peritoneal dialysis system includes a fluid handling cassette having a
generally planar body with at least one pump chamber formed as a depression in a first side
of the body and a plurality of flowpaths for fluid, a solution line spike located at a first end of
the body, the solution line spike being in fluild communication with the at least one pump
chamber via at least one flowpath, and a spike cap configured to removably cover the
solution line spike, wherein the cap includes at least one raised feature (e.g., an asymmetrical
or symmetrical flange) to aid in removal of the cap for connection to a solution line prior to
the commencement of a peritoneal dialysis therapy.

In one embodiment, the cassette includes a skirt arranged around the spike to receive
the end of the spike cap, and there may be a recess between the skirt and the spike that are
arranged to aid 1in forming a seal between the spike cap and skirt.

In another embodiment, a solution line cap may be removably connected to a solution
line, and the solution line cap may include a recessed feature (such as a symmetrical or
asymmetrical groove). At least a portion of the solution line cap may include a flexible
material, such as silicone rubber. The recessed feature may aid in the removal of a spike cap
from the cassette.

In another embodiment, the spike cap includes a second raised feature that may
function as a stop for the solution line cap.

In another embodiment, a main axis of one or more spikes 1s in substantially a same
plane as the generally planar body of the fluid handling cassette.

In another aspect of the invention, a fluid handling cassette for use with a peritoneal
dialysis system includes a generally planar body with at least one pump chamber formed as a
depression in a first side of the body and a plurality of flowpaths for fluid, and a spike located
at a first end of the body for engagement with a dialysate solution line. The spike may be 1n

fluid communication with the at least one pump chamber via at least one flowpath and
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include a distal tip and a lumen arranged so that the distal tip of the spike 1s positioned
substantially near the longitudinal axis of the spike. In one embodiment, the lumen may be
positioned substantially oft the longitudinal axis.

In another aspect of the invention, a disposable component system for use with a fluid
line connection system of a peritoneal dialysis system includes a spike cap configured to
removably cover a spike of a fluid handling cassette. The cap may include at least one
feature to aid in removal of the cap for connection to a solution line prior to the
commencement of a peritoneal dialysis therapy. The feature may be a raised feature, or a
recessed feature, and may be configured for engagement with a solution line cap.

In another aspect of the invention, a disposable component system for use with a fluid
line connection system of a peritoneal dialysis system includes a solution line cap for
removable attachment to a solution line, wherein the solution line cap includes at least one
feature to aid in removal of a spike cap to enable connection between a solution line and a
spike prior to the commencement of a peritoneal dialysis therapy. The feature may be a
raised feature, or a recessed feature, and may be configured for engagement with a spike cap.
Indicia may e associated with a solution line, e.g., so that a solution associated with the line
may be 1dentified and affect at least one function of the peritoneal dialysis system.

In another aspect of the invention, a medical infusion fluid handling system, such as
an APD system, may be arranged to de-cap and connect one or more lines (such as solution
lines) with one or more spikes or other connection ports on a fluid handling cassette. This
feature may provide advantages, such as a reduced likelihood of contamination since no
human interaction 1s required to de-cap and connect the lines and spikes. For example, an
APD system may include a carriage arranged to receive a plurality of solution lines each
having a connector end and a cap. The carriage may be arranged to move along a first
direction so as to move the connector ends of the solution lines along the first direction, and a
cap stripper may be arranged to engage with caps on the solution lines on the carriage. The
cap stripper may be arranged to move in a second direction transverse to the first direction, as
well as to move with the carriage along the first direction. For example, the carriage may
move toward a cassette in an APD cycler in a first direction so as to engage caps on the
solution lines with caps on spikes of the cassette. The cap stripper may engage the caps (€.g.,
by moving in a direction transverse to the motion of the carriage) and then move with the
carriage as the carriage pulls away from the cassette to remove the caps from the spikes. The

carriage may then pull the connector ends of the solution lines from the caps on the cap
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stripper, which may retract to allow the carriage to engage the now exposed solution line
connector ends with the exposed spikes on the cassette.

In one embodiment, the carriage may include a plurality of grooves that each receive
a corresponding solution line. By positioning solution lines in corresponding grooves, each
of the lines may be more easily individually identified, e.g., by reading a barcode or other
identifier on the line, and controlling the system accordingly. The carriage may be mounted
to a door of a cycler housing, and a carriage drive may move the carriage along the first
direction. In one embodiment, the carriage drive may engage the carriage when the door 1s
moved to a closed position, and disengage from the carriage when the door 1s moved to an
open position.

In one embodiment, the cap stripper may include a plurality of fork-shaped elements
arranged to engage with a corresponding cap on a solution line carried by the carriage. The
fork-shaped elements may hold the caps when they are removed from the solution lines, and
each of the solution line caps may itself hold a spike cap. In another embodiment, the cap
stripper may include a plurality of rocker arms each associated with a fork-shaped element.
Each of the rocker arms may be arranged to move to engage a spike cap, e.g., to assist in
removing the spike cap from the corresponding spike. Each of the rocker arms may be
arranged to engage with a corresponding spike cap only when the associated fork-shaped
element engages with a cap on a solution line. Thus, the cap stripper may not engage or
remove spike caps from the cassette 1n locations where there 1s no corresponding solutidn line
to connect with the spike.

In another aspect of the invention, a method for connecting fluid lines in a medical
infusion fluid handling system, such as an APD cycler, may involve locating solution lines
and spikes of a cassette 1n an enclosed space away from human touch. The solution lines
and/or spikes may have caps removed and the lines connected to spikes while in the enclosed
space, thus providing the connection while minimizing potential contamination at the
connection, €.g., by fingers carrying pathogens or other potentially harmful substances. For
example, one method 1n accordance with this aspect of the invention includes providing a
plurality of solution lines each having a connector end and a cap, providing a fluid handling
cassette having a plurality of spikes each covered by a spike cap, enclosing the connector
ends of the plurality of solution lines with caps covering the connector ends and the plurality
of spikes with spike caps covering the spikes in a space that prevents human touch of the caps
or spike caps, removing the caps from the connector ends of the plurality of solution lines

without removing the caps or connector ends from the space, removing the spike caps from
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the spikes without removing the spike caps or spikes from the space, engaging the caps with
respective ones of the spike caps, and fluidly connecting the plurality of connector ends to
corresponding spikes while maintaining the connector ends and spikes in the space and
protected from human touch.

In one embodiment, the solution line caps and spike caps may be engaged with each
other before their removal from the lines or spikes, and then may be removed from both the
lines and the spikes while engaged with each other. This technique may simplify the de-
capping/capping process, as well as allow for easier storage of the caps.

In another embodiment, the solution lines may be disconnected from the spikes, and
the connector ends of the lines and the spikes may be re-capped, e.g., after a treatment i1s
completed.

In another aspect of the invention, a dialysis machine may include a fluid handling
cassette having a plurality of spikes and a plurality of spike caps covering a respective spike,
a plurality of solution lines each having a cap covering a connector end of the respective line,
and a cap stripper arranged to remove one or more caps from a connector end of a solution
line, and remove one or more spike caps from a spike on the cassette while the one or more
caps are secured to a corresponding one of the spike caps. As discussed above, the machine
may be arranged to automatically fluidly connect a connector end of a solution line with a
corresponding spike after the caps are removed.

In another aspect of the invention, a dialysis machine, such as an APD system, may
include a cassette having a plurality of fluid spikes and a plurality of spike caps covering a
respective spike, a carriage arranged to receive a plurality of solution lines each having a cap
covering a connector end of the respective line, and a cap stripper arranged to engage one or
more caps covering a connector end of a line. The carriage and cap stripper may be
configured to engage one or more caps on a connector end of a line while the one or more
caps are engaged with a corresponding spike cap covering a spike on the cassette, and to
remove the spike cap from the spike and the cap from the connector end of the solution line,
and to fluidly connect the spike and the connector end of the solution line after the caps are
removed.

In another aspect of the invention, a dialysis machine may include a cap stripper that
1s arranged to remove one or more caps on a connector end of a solution line, remove one or
more spike caps from spikes on a fluid handling cassette, and to retain and reattach the caps

to the solution lines and the spike caps to the spikes on the cassette.
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In another aspect of the invention, a fluid line connection system for a peritoneal
dialysis system includes a fluid handling cassette having a generally planar body with at least
one pump chamber formed as a depression in a first side of the body and a plurality of
flowpaths for fluid, a plurality of dialysate solution line spikes located at a first end of the
body, the solution line spikes being in fluid communication with the at least one pump
chamber via at least one flowpath and arranged so that the spikes are generally co-planar with
the generally planar body of the fluid handing cassette, and a carriage arranged to receive a
plurality of solution lines, where each solution line has a connector end. The carriage may be
arranged to automatically fluidly connect a connector end of a solution line with a
corresponding spike.

In one embodiment, the carriage is arranged to move the solution lines and respective
caps along a first direction substantially parallel to the generally planar body of the fluid
handling cassette. A carriage drive that moves the carriage only the first direction may
include a drive element and a pneumatic bladder or screw drive to move the drive element
along the first direction. A cap stripper may be provided that 1s arranged to remove one or
more caps from a connector end of a solution line, and remove one or more spike caps from a
spike on the cassette while the one or more caps are secured to a corresponding one of the
spike caps. In one embodiment, the cap stripper may be arranged to r retain and reattach the
caps to the solution lines and the spike caps to the spikes on the cassette.

In another aspect of the invention, a peritoneal dialysis system may include a cycler
device with components suitable for controlling delivery of dialysate to the peritoneal cavity
of a patient. The cycler device may have a housing that encloses at least some of the
components and have a heater bag receiving section. (The term “heater bag” is used herein to
refer to any suitable container to heat dialysate, such as a flexible or rigid container, whether
made of polymer, metal or other suitable material.) A lid may be mounted to the housing and
be movable between an open position in which a heater bag is placeable in the heater bag
receiving section and a closed position in which the lid covers the heater bag receiving
section. Such an arrangement may allow for faster or more efficient heating of dialysate in
the heater bag, e.g., because heat may be retained by the lid. Also, the lid may help prevent
human touch of potentially hot surtaces.

In on embodiment, the dialysis system may include a fluid handling cassette with a
heater bag port attached to a heater bag line, a patient port attached to a patient line, and at

least one pump chamber to move fluid in the patient line and the heater bag line. A heater
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bag may be attached to the heater bag line and be arranged for placement in the heater bag
receiving section.

In another embodiment, the system may include an interface (such as a visual display
with a touch screen component) that is movably mounted to the housing and 1s movable
between a first position in which the interface is received in the heater bag receiving section,
and a second position in which the interface is located out of the heater bag receiving section
(e.g., a position in which a user may interact with the interface). Thus, the interface may be
hidden from view when the system is idle, allowing the interface to be protected. Also,
storing the interface in the heater bag receiving section may make the system more compact,
at least in an “as stored” condition.

In another aspect of the invention, a dialysis system includes a supply of pneumatic
pressure and/or vacuum suitable for controlling pneumatically-operated components of the
system, a pneumatically-operated component that is fluidly connected to the supply of
pneumatic pressure and/or vacuum, and a control system that provides pneumatic pressure or
vacuum to the pneumatically-operated component and subsequently 1solates the
pneumatically-operated component from the supply of pneumatic pressure or vacuum for a
substantial period of time before again providing pneumatic pressure or vacuum to the
pneumatically-operated component. Such an arrangement may be useful for components that
are actuated relatively infrequently, such as the occluder arrangement described herein.
Small motions of some components may cause the component to emit noise that may be
found bothersome by a patient. By isolating the component from the pneumatic
pressure/vacuum, the component may avoid slight movement caused by variations in the
supply pressure/vacuum, e.g., resulting from draws on the pressure/vacuum by other system
components. In one embodiment, the substantial period of ttme may be 5 minutes or more, 1
hour or more, 50% or more of a time period required to deliver or remove a volume of
dialysate suitable for a dialysis treatment with respect to a patient’s peritoneal cavity, or other
suitable penods.

In another aspect of the invention, a dialysis system includes a supply of pneumatic
pressure and/or vacuum suitable for controlling pneumatically-operated components of the
system, a pneumatically-operated component that is fluidly connected to the supply of
pneumatic pressure and/or vacuum, and a control system that provides pneumatic pressure or
vacuum to the pneumatically-operated component and controls the pneumatic pressure or
vacuum so as to reduce noise generated by the pneumatically-operated component. For

example, the pneumatically-operated component may include at least one moving part (such
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as a pump diaphragm), and the control system may reduce the pneumatic pressure or vacuum
provided to the pneumatically-operated component so as to slow movement of the moving
part as the moving part stops and/or changes direction (€.g., the pressure/vacuum may be
controlled to slow movement of the diaphragm betore the diaphragm changes direction). In
another embodiment, a pulse width modulation control of a pressure/vacuum supply valve
may be used, €.g., to reduce noise emitted by moving parts of the valve.

In another aspect of the invention, a dialysis system includes a supply of pneumatic
pressure and vacuum suitable for controlling pneumatically-operated components of the
system. A first pneumatically-operated component may be fluidly connected to the supply of
pneumatic pressure and/or vacuum, and have a first output line to release pneumatic pressure.
A second pneumatically-operated component may be fluidly connected to the supply of
pneumatic pressure and/or vacuum, and have a second output line to release pneumatic
vacuum. A space, such as that defined by an accumulator, manifold or sound-insulated
chamber, may be fluidly connected to both the first and second output lines. A control
system may provide pneumatic pressure or vacuum to the pneumatically-operated
components so that when the first and second components release pressure/vacuum during
operation, the released pressure/vacuum may be received into the common space (e.g., a
manifold). In some circumstances, gas under positive pressure released by components may
be balanced by negative pressure released by other components, thus reducing noise
generated.

In another aspect of the invention, a peritoneal dialysis system may include a fluid
handling cassette having a patient line fluidly connected to and leading from the peritoneal
cavity of a patient, and which includes at least one pump chamber to move dialysate solution
in the patient line. A cycler device may be arranged to receive and interact with the tluid
handling cassette and cause the at least one pump chamber to move dialysate solution in the
patient line. The cycler may include a control system arranged to control the at least one
pump chamber to operate 1n a priming operation to force dialysate solution into the patient
line so as to remove any air in the patient line, and may be adapted to interact with two types
of fluid handling cassettes that differ with respect to a volume of the patient line connected to
the cassette body. A first type of cassette may have a relatively low volume patient line (e.g.,
for pediatric applications), and a second type of cassette may have a relatively high volume
patient line (e.g., for adult applications), and the control system may detect whether a cassette
received by the cycler is a first type or a second type and to adjust cycler operation

accordingly.
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In one embodiment, the control system may detect whether a cassette received by the
cycler is a first type or a second type by determining the volume of the patient line during
priming, and to adjust the amount of fluid moved through the cassette during operation of the
system. In another embodiment, indicia, such as a barcode, on the cassette may be detected
by the cycler and cause the cycler to adjust a pumping operation based on the type of cassette.

In another aspect of the invention, a dialysis machine includes a fluid handling
cassette having a plurality of spikes and at least one pump chamber to move fluid in the
spikes, a plurality of solution lines each engaged with a respective spike on the cassette, and a
control system that reads indicia on each of the solution lines to determine a type for each of
the solution lines. The control system may adjust a pumping operation or other cycler
operation based in the identity of one or more of the solution lines. For example, a solution
line may be identified as being an eftluent sampling line and the pumping operation may be
adjusted to direct used dialysate from a patient to the effluent sampling line during a drain
cycle.

In another aspect of the invention, a method of automatically recovering from a tilt
condition in a dialysis system may include (A) detecting an angle of tilt of at least a portion
of a dialysis system, the portion of the dialysis system including machinery for performing a
dialysis therapy, (B) determining that a tilt condition exists in which the angle of tilt exceeds
a predetermined threshold, (C) in response to (B), pausing the dialysis therapy, (D)
monitoring the angle of tilt while the dialysis therapy 1s paused, (E) determining that the tilt
condition no longer exists, and (F) 1n response to (E), automatically resuming the dialysis
therapy.

In another aspect of the invention, a patient data interface for a dialysis system
includes a device port comprising a recess in a chassis of at least a portion of the dialysis
system and a first connector disposed within the recess. A patient data storage device may
include a housing and a second connector coupled to the housing, where the second
connector is adapted to be selectively coupled to the first connector. The recess may have a
first shape and the housing may have a second shape corresponding to the first shape such
that when the first and second connectors are coupled, the housing of the patient data storage
device 1s received at least partially within the recess. The first and second shapes may be
irregular and the patient data storage device may have a verification code that 1s readable by
the dialysis system to verify that the patient data storage device is of an expected type and/or

origin.
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In another aspect of the invention, a method for providing peritoneal dialysis includes
delivering or withdrawing dialysate with respect to the patient’s peritoneal cavity at a first
pressure, and adjusting a pressure at which dialysate is delivered or withdrawn to minimize
patient sensation of dialysate movement. In one embodiment, the pressure may be adjusted
during a same fill or empty cycle of a peritoneal dialysis therapy, and/or within difterent fill
or empty cycles of a peritoneal dialysis therapy. For example, when withdrawing dialysate
from a patient, the pressure at which dialysate 1s withdrawn may be reduced when an amount
of dialysate remaining in the peritoneal cavity drops below a threshold volume. Reducing the
pressure (negative pressure or vacuum) near the end of a drain cycle may reduce the
sensation the patient may have of the dialysate withdrawal.

In another aspect of the invention, a method for providing peritoneal dialysis includes
providing a first solution to a patient’s peritoneal cavity using a reusable cycler device during
a first treatment of peritoneal dialysis, and providing a second solution to the patient’s
peritoneal cavity using the reusable cycler device during a second treatment of peritoneal
dialysis immediately subsequent to the first treatment, where the second solution has a
different chemical makeup relative to the first solution. The different solutions may be
created by mixing liquid matenal from two or more solution containers that are connected to
the cycler (e.g., via a cassette mounted to the cycler). The solution containers may be
automatically identified by the cycler, e.g., by reading a barcode, RFID tag, or other indicia.

In another aspect of the invention, a medical infusion system includes a housing that
encloses at least some of the components of the system, and a control surface attached to the
housing and constructed and arranged to control the operation of a fluid handling cassette that
may be removably mounted to the housing. The control surface may have a plurality of
movable portions arranged to control fluid pumping and valve operations of the cassette, and
at least one of the movable portions may have an associated vacuum port arranged to draw
fluid from a region near the movable portion.

In one embodiment, the control surface includes a sheet of resilient polymer matenal,
and each of the movable portions may have an associated vacuum port. In another
embodiment, the cassette includes a membrane that 1s positionable adjacent the control
surface, and the vacuum port is arranged to remove fluid from a space between the membrane
and the control surface. A liquid sensor may be arranged to detect liquid drawn 1nto the
vacuum port, e€.g., in case the membrane ruptures, allowing liquid to leak from the cassette.

In another aspect of the invention, a volume of fluid moved by a pump, such as a

pump 1n an APD system, may be determined based on pressure measurement and certain
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known chamber and/or line volumes, but without direct measurement of the fluid, such as by
flow meter, weight, etc. In one embodiment, a volume of a pump chamber having a movable
element that varies the volume of the pump chamber may be determined by measuring
pressure in the pump chamber, and a reference chamber both while isolated from each other,
and after the two chambers are fluidly connected so that pressures in the chambers may
equalize. In one embodiment, equalization of the pressures may be assumed to occur in an
adiabatic way, e.g., a mathematical model of the system that 1s based on an adiabatic pressure
equalization process may be used to determine the pump chamber volume. In another
embodiment, pressures measured after the chambers are fluidly connected may be measured
at a time before complete equalization has occurred, and thus the pressures for the pump and
reference chambers measured after the chambers are fluidly connected may be unequal, yet
still be used to determine the pump chamber volume. This approach may reduce a time
between measurement of initial and final pressures, thus reducing a time during which heat
transfer may take place and reducing error that may be introduced given the adiabatic model
used to determine the pump chamber volume.

In one aspect of the invention, a method for determining a volume of fluid moved by
a pump includes measuring a first pressure for a pump control chamber when the pump
control chamber 1s 1solated from a reference chamber. The pump control chamber may have
a volume that varies at least 1in part based on movement of a portion of the pump, such as a
pump membrane or diaphragm. A second pressure may be measured for the reference
chamber when the reference chamber 1s 1solated from the pump control chamber. The
reterence chamber may have a known volume. A third pressure associated with the pump
control chamber after fluidly connecting the reference chamber and the pump control
chamber may be measured, but the measurement may occur before substantial equalization of
pressures between the pump control and reference chambers has occurred. Similarly, a fourth
pressure associated with the reference chamber after fluidly connecting the reference chamber
and the pump control chamber may be measured, but before substantial equalization of
pressures between the pump control and reference chambers has occurred. A volume for the
pump control chamber may be determined based on the first, second, third and fourth
measured pressures.

In one embodiment, the third and fourth pressures are measured at approximately a
same time and the third and fourth pressures are substantially unequal to each other. For
example, equalization of the pressures in the pump control and reference chambers may occur

after an equalization time period once the pump control and reference chambers are fluidly
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connected, but the third and fourth pressures may be measured at a time after the pump
control and reference chambers are fluidly connected that 1s approximately 10% to 50% of
the equalization time period. Thus, the third and fourth pressures may be measured long
before (in time sense) the pressures in the chambers have fully equalized. In another
embodiment, the third and fourth pressures may be measured at a time when the pressures in
the chambers has reached approximately 50-70% equalization, €.g., the pressures in the
chambers have changed from an initial value that 1s within about 50-70% of an equalized
pressure value. Thus, a time period between measurement of the first and second pressures
and measurement of the third and fourth pressures may be minimized.

In another embodiment, a model for determining the volume of the pump control
chamber may incorporate an assumption that an adiabatic system exists from a point in time
when the first and second pressures are measured for the i1solated pump control chamber and
the reference chamber until a point in time when the third and fourth pressures are measured.

To determine a volume of fluid moved by the pump, the steps of measuring the first,
second, third and fourth pressures and the step of determining may be performed for two
different positions of a pump membrane to determine two different volumes for the pump
control chamber. A difference between the two different volumes may represent a volume of
fluid delivered by the pump.

As mentioned above, this aspect of the invention may be used 1n any suitable system,
such as a system 1n which the pump is part of a disposable cassette and the pump control
chamber 1s part of a dialysis machine used in a dialysis procedure.

In one embodiment, the first and/or second pressure may be selected from a plurality
of pressure measurements as coinciding with a point in time at which a pressure in the pump
control chamber or reference chamber (as appropriate) first begins to change from a
previously stable value. For example, the point in time may be 1dentified based on a
determination of when a best fit line for a plurality of consecutive sets of measured pressures
first deviates from a constant slope. This approach may help identify initial pressures for the
pump control and reference chambers that are as late in time as possible, while reducing error
1n the pump volume determination.

In another embodiment, a technique may be used to 1dentify an optimal point in time
at which the third and fourth pressures are measured. For example, a plurality of pressure
values for the pump control chamber may be measured after the pump control and reference
chambers are fluidly connected, and a plurality of change in volume values may be

determined for the pump control chamber based on the plurality of pressure values for the
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pump control chamber. Each of the plurality of change in volume values may corresponding
to a unique point in time and a measured pressure value for the pump chamber. In this case,
the change in volume values are due to movement of an imaginary piston that is present at the
valve or other component that initially 1solates the pump control and reference chambers, but
moves upon opening of the valve or other component. Thus, the pump chamber does not
actually change size or volume, but rather the change in volume 1s an imaginary condition
due to the pressures in the pump chamber and reference chamber being different from each
other initially. Similarly, a plurality of pressure values for the reference chamber may be
measured after the pump control and reference chambers are fluidly connected, and a
plurality of change in volume values for the reference chamber may be determined based on
the plurality of pressure values for the reference chamber. Each of the plurality of change in
volume values may correspond to a unique point in time and a measured pressure value for
the reference chamber, and like the change in volume values for the pump chamber, are a
result of movement of an imaginary piston. A plufality of difference values between change
in volume values for the pump control chamber and for the reference chamber may be
determined, with each difference value being determined for corresponding change in volume
values for the pump control chamber and change i1n volume values for the reference chamber,
" 1.e., the pairs of change in volume values for which a difference value 1s determined
correspond to a same or substantially same point in time. The difference values may be
analyzed, and a minimum difference value (or a difference value that 1s below a desired
threshold) may indicate a point 1n time for which the third and fourth pressures should be
measured. Thus, the third and fourth pressure values may be 1dentified as being equal to the
pump control chamber pressure value and the reference chamber pressure value, respectively,
that correspond to a difference value that is a minimum or below a threshold.

In another embodiment, the pressures measured are pressures of a gas within the
pump control chamber and the reference chamber, the equalization of pressures within the
pump control chamber and reference chamber 1s assumed to occur adiabatically, the
equalization of pressures between the pump control chamber and reterence chamber 1s
assumed to 1nclude a change in the volume of a gas in the pump control chamber and
reference chamber in equal but opposite directions, and the volume of gas in the reference
chamber at the time of the fourth pressure measurement is calculated from the known volume
of the reference chamber, and the second and fourth pressures. The change in volume of gas
in the reference chamber may be assumed to be the difference between the known volume of

the reference chamber and the calculated value of the volume of gas in the reference chamber
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at the time of the fourth pressure measurement. Also, the change in volume of gas in the
pump control chamber may be assumed to be the difference between the initial volume of the
pump control chamber and the volume of gas in the pump control chamber at the time of the
third pressure measurement, wherein the change in volume ot gas in the pump control
chamber 1s equal to but opposite the change 1n volume ot gas in the reference chamber.

In another aspect of the invention, a method for determining a volume of fluid moved
by a pump includes providing a fluid pump apparatus having a pump chamber separated from
a pump control chamber by a movable membrane, and a reference chamber that is fluidly
connectable to the pump control chamber, adjusting a first pressure in the pump control
chamber to cause the membrane to move and thereby move fluid in the pump chamber,
1solating the reference chamber from the pump control chamber and establishing a second
pressure in the reference chamber that 1s different from a pressure in the pump control
chamber, fluidly connecting the reference chamber and the pump control chamber to initiate
equalization of pressures in the pump control chamber and the reterence chamber, and
determining a volume for the pump control chamber based on the first and second pressures,
and an assumption that the pressures in the pump control and reference chambers 1nitiate
equalization in an adiabatic way.

In one embodiment, third and fourth pressures for the pump control and reterence
chambers, respectively, may be measured after fluidly connecting the reference chamber and
the pump control chamber, and the third and fourth pressures may be used to determine the
volume for the pump control chamber. The third and fourth pressures may be substantially
unequal to each other. Similar to that mentioned above, the adjusting, 1solating, fluidly
connecting and determining steps may be repeated, and a difference between the two
determined volumes for the pump control chamber may be determined, where the difference
represents a volume of fluid delivered by the pump.

In another embodiment, the pump is part of a disposable cassette and the pump
control chamber i1s part of a dialysis machine used in a dialysis procedure.

In another aspect of the invention, a medical infusion system includes a pump control
chamber, a control surface associated with the pump control chamber so that at least a portion
of the control surface is movable in response to a pressure change in the pump control
chamber, a fluid handling cassette having at least one pump chamber positioned adjacent the
control surface and arranged so that fluid in the at least one pump chamber moves 1n response
to movement of the portion of the control surface, a reterence chamber that 1s fluidly

connectable to the pump control chamber, and a control system arranged to adjust a pressure
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in the pump control chamber and thus control movement of fluid in the pump chamber of the
fluid handling cassette. The control system may be arranged to measure a first pressure for
the pump control chamber when the pump control chamber is isolated from the reference
chamber, measure a second pressure for the reference chamber when the reterence chamber is
isolated from the pump control chamber, fluidly connect the pump control chamber and the
reference chamber, measure third and fourth pressures associated with the pump control
chamber and the reference chamber, respectively, after fluidly connecting the reference
chamber and the pump control chamber, and determine a volume for the pump control
chamber based on the first, second, third and fourth measured pressures and a mathematical
model that defines equalization of pressure in the pump control and reference chambers as
occurring adiabatically when the pump control and reference chambers are fluidly connected.

In one embodiment, the third and fourth pressures are substantially unequal to each
other, e.g., the third and fourth pressures may be measured prior to substantial equalization of
pressures 1n the pump control and reference chambers.

In another aspect of the invention, a method for determining a volume of fluid moved
by a pump includes measuring a first pressure for a pump control chamber when the pump
control chamber is 1solated from a reterence chamber, the pump control chamber having a
volume that varies at least in part based on movement of a portion of the pump, measuring a
second pressure for the reference chamber when the reference chamber 1s 1solated from the
pump control chamber, measuring a third pressure associated with both the pump control
chamber and the reference chamber after fluidly connecting the reference chamber and the
pump control chamber, and determining a volume for the pump control chamber based on the
first, second and third measured pressures.

In one embodiment, the third pressure may be measured after complete equalization
of pressures in the pump control and reference chambers is complete. In one embodiment, a
model used to determine the pump chamber volume may assume an adiabatic system 1n
equalization of pressure between the pump chamber and the reference chamber.

In one aspect of the invention, a method for determining a presence of air in a pump
chamber includes measuring a pressure for a pump control chamber when the pump control
chamber is 1solated from a reference chamber, the pump control chamber having a known
volume and being separated from a pump chamber, that is at least partially filled with liquid,
by a membrane, measuring a pressure for the reference chamber when the reference chamber
s 1solated from the pump control chamber, the reference chamber having a known volume,

measuring a pressure after fluidly connecting the reference chamber and the pump control

19



CA 02712950 2010-07-22
WO 2009/094185 PCT/US2009/000440

chamber and prior to a time when the pressure in the chambers has equalized, and
determining a presence or absence of an air bubble in the pump chamber based on the
measured pressures and known volumes.

In one embodiment, a model used to determine the presence or absence of an air
bubble assumes an adiabatic system from a point in time when the pressures are measured for
the 1solated pump control chamber and the reference chamber until a point in time after the
chambers are fluidly connected. In another embodiment, the pressure for the pump control
chamber is measured with the membrane drawn toward a wall of the pump control chamber.

In another aspect of the invention, an automated peritoneal dialysis system includes a
reusable cycler that is constructed and arranged for coupling to a disposable fluid handling
cassette containing at least one pumping chamber. The disposable fluid handling cassette
may be configured to be connected in fluild communication with the peritoneum of a patient
via a first collapsible tube and with a second source and/or destination (such as a solution
container line) via a second collapsible tube. An occluder may be configured and positioned
within the cycler to selectively occlude the first collapsible tube while not occluding the
second collapsible tube. In one embodiment, the occluder can occlude a plurality of
collapsible tubes, such as a patient line, a drain line and/or a heater bag line. The cassette
may have a generally planar body with at least one pump chamber formed as a depression in
a first side of the body and a plurality of flowpaths for fluid, a patient line port located at a
first end of the body arranged for connection to the first collapsible tube, and a solution line
port located at a second end of the body opposite the first end, and arranged for connection to
the second collapsible tube. The occluder may be configured and positioned within the
cycler to selectively occlude the first tube and a third collapsible tube (e.g., for a drain) while
not occluding the second collapsible tube.

In another embodiment, the occluder includes first and second opposed occluding
members pivotally connected to each other, a tube contacting member connected to, or
comprising at least a portion of, at least one of the first and second occluding members, and a
force actuator constructed and positioned to apply a force to at least one of the first and
second occluding members. Application of the force by the force actuator may cause the tube
contacting members to move between a tube occluding and an open position. The occluder
may include a release member configured and positioned to enable an operator to manually
move the tube contacting member from the tube occluding position to the open position even
with no force applied to the occluding member by the force actuator. The force actuator may

apply a force sufficient to bend both the first and second occluding members, so that upon
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application of the force by the force actuator to bend the first and second occluding members,
the tube contacting member may move between a tube occluding and an open position. The
occluding members may be spring plates pivotally connected together at opposite first and
second ends, and the tube contacting member may be a pinch head connected to the spring
plates at the first ends, while the second ends of the spring plates may be affixed directly or
indirectly to a housing to which the occluder 1s connected. In one embodiment, the force
actuator comprises an inflatable bladder positioned between the first and second occluding
members. The force actuator may increase a distance between the first and second occluding
members in a region where the first and second occluding members are 1n opposition so as to
move the tube contacting member between a tube occluding and an open position. In one
embodiment, the force actuator may bend one or both of the occluding members to move the
tube contacting member from a tube occluding position to an open position.

Various aspects of the invention are described above and below with reference to
illustrative embodiments. It should be understood that the various aspects of the invention
may be used alone and/or in any suitable combination with other aspects of the invention.
For example, the pump volume determination features described herein may be used with a
liquid handling cassette having the specific features described, or with any other suitable

pump configuration.

BRIEF DESCRIPTION OF THE DRAWINGS
Aspects of the invention are described below with reference to illustrative
embodiments that are shown, at least in part, in the following figures, in which like numerals
reterence like elements, and wherein:
FIG. 1 shows a schematic view of an automated peritoneal dialysis (APD) system that
Incorporates one or more aspects of the invention;

FIG. 2 is a schematic view of an illustrative set for use with the APD system of FIG.

FIG. 3 1s an exploded perspective view of a cassette 1n a first embodiment;

FIG. 4 1s a cross sectional view of the cassette along the line 4-4 1n FIG. 3;

FIG. 5 1s a perspective view of a vacuum mold that may be used to form a membrane
having pre-formed pump chamber portions in an illustrative embodiment;

FIG. 6 shows a front view of the cassette body of FIG. 3;

FIG. 7 1s a front view of a cassette body including two different spacer arrangements

1n an illustrative embodiment;
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FIG. 8 is a rear perspective view of the cassette body ot FIG. 3;

FIG. 9 1s a rear view of the cassette body of FIG. 3;

FIG. 10 is a perspective view of the APD system of FIG. 1 with the door of the cycler
In an open position;

FIG. 11 is a perspective view of the inner side of the door of the cycler show in FIG.
10;

FIG. 12 1s a right front perspective view of a carriage drive assembly and cap stripper
in a first embodiment;

FIG. 13 a left front perspective view of the carriage drive assembly and cap stripper of
FIG. 12;

FIG. 14 is a partial rear view of the carriage drive assembly of FIG. 12;

FIG. 15 1s a rear perspective view of a carriage drive assembly 1n a second illustrative
embodiment; |

FIG. 16 1s a left rear perspective view of the carriage drive assembly and cap stripper
of FIG. 15;

FIG. 17 is a left front perspective view of a cap stripper element in an illustrative
embodiment;

FIG. 18 1s a right front perspective view of the cap stripper element of FIG. 17;

FIG. 19 1s a front view of the cap stripper element of FIG. 17;

FIG. 20 1s a cross sectional view along the line 20-20 1n FIG. 19;

FIG. 21 1s a cross sectional view along the line 21-21 in FIG. 19;

FIG. 22 1s a cross sectional view along the line 22-22 1n FIG. 19;

FIG. 23 1s a close-up exploded view of the connector end of a solution line 1n an
1llustrative embodiment;

FIG. 24 is a schematic view of a cassette and solution lines being loaded into the
cycler of FIG. 10;

FIG. 25 i1s a schematic view of the cassette and solution lines after placement in
respective locations of the door of the cycler of FIG. 10;

FIG. 26 1s a schematic view of the cassette and solution lines after the door of the
cycler 1s closed;

FIG. 27 is a schematic view of the solution lines being engaged with spike caps;

FIG. 28 is a schematic view of the cap stripper engaging with spike caps and solution

line caps;
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FIG. 29 is a schematic view of the solution lines with attached caps and spike caps
after movement away from the cassette;

FIG. 30 1s a schematic view of the solution lines after movement away from the
solution line caps and spike caps;

FIG. 31 is a schematic view of the cap stripper retracting with the solution line caps
and spike caps;

FIG. 32 is a schematic view of the solution lines being engaged with the spikes of the
cassette;

FIG. 33 1s a cross sectional view of a cassette with five stages of a solution line
connection operation shown with respect to corresponding spikes of the cassette;

FIG. 34 shows a rear view of a cassette in another illustrative embodiment including
different arrangements for a rear side of the cassette adjacent the pump chambers;

FIG. 35 shows an end view of a spike of a cassette in an illustrative embodiment;

FIG. 36 shows a front view of a control surface of the cycler for interaction with a
cassette in the FIG. 10 embodiment;

FIG. 37 shows an exploded view of an assembly for the interface of FIG. 36;

FIG. 38 shows an exploded perspective view of an occluder 1n an 1llustrative
embodiment;

FIG. 39 shows a partially exploded perspective view of the occluder of FIG. 38;

FIG. 40 shows a top view of the occluder of FIG. 38 with the bladder in a deflated
state;

FIG. 41 shows a top view of the occluder of FIG. 38 with the bladder in an inflated
state;

FIG. 42 1s a schematic view of a pump chamber of a cassette and associated control
components and inflow/outflow paths in an illustrative embodiment;

FIG. 43 1s a plot of illustrative pressure values for the control chamber and the
reference chamber from a point in time before opening of the valve X2 until some time after
the valve X2 1s opened for the embodiment of FIG. 42;

FIG. 44 1s a perspective view of an interior section of the cycler of FIG. 10 with the
upper portion of the housing removed;

FIG. 45 1s a schematic block diagram illustrating an exemplary implementation of
control system for an APD system;

FIG. 46 1s a schematic block diagram of 1llustrative software subsystems of a user

interface computer and the automation computer for the control system of FIG. 45;
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FIG. 47 shows a flow of information between various subsystems and processes of the
APD system 1n an illustrative embodiment;

FIG. 48 1llustrates an operation of the therapy subsystem of FIG. 46;

FIG. 49 shows a sequence diagram depicting exemplary interactions of therapy
module processes during initial replenish and dialyze portions of the therapy;

FIGs. 50-55 show exemplary screen views relating to alerts and alarms that may be
displayed on a touch screen user interface for the APD system:;

FIG. 56 1illustrates component states and operations for error condition detection and
recovery 1n an 1llustrative embodiment;

FIG. 57 shows exemplary modules of a Ul view subsystem for the APD system;

FIGs. 58-64 shows illustrative user interface screens for providing user information
and recetving user input in illustrative embodiments regarding system setup, therapy status,
display settings, remote assistance, and parameter settings; and

FIG. 65 shows an exemplary patient data key and associated port for transferring

patient data to and from the APD system.

DETAILED DESCRIPTION

Although aspects of the invention are described 1n relation to a peritoneal dialysis
system, certain aspects of the invention can be used in other medical applications, including
infusion systems such as intravenous infusion systems or extracorporeal blood tlow systems,
and 1rmrigation and/or fluid exchange systems for the stomach, intestinal tract, urinary bladder,
pleural space or other body or organ cavity. Thus, aspects of the invention are not hmited to
use 1n peritoneal dialysis in particular, or dialysis 1n general.

APD System

FIG. 1 shows an automated peritoneal dialysis (APD) system 10 that may incorporate
one or more aspects of the invention. As shown in FIG. 1, for example, the system 10 1n this
1llustrative embodiment includes a dialysate delivery set 12 (which, in certain embodiments,
can be a disposable set), a cycler 14 that interacts with the delivery set 12 to pump liquid
provided by a solution container 20 (e.g., a bag), and a control system 16 (e.g., including a
programmed computer or other data processor, computer memory, an interface to provide
information to and receive input from a user or other device, one or more sensors, actuators,
relays, pneumatic pumps, tanks, a power supply, and/or other suitable components — only a
tew buttons for receiving user control input are shown in FIG. 1, but further details regarding

the control system components are provided below) that governs the process to perform an
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APD procedure. In this illustrative embodiment, the cycler 14 and the control system 16 are
associated with a common housing 82, but may be associated with two or more housings
and/or may be separate from each other. The cycler 14 may have a compact footprint, suited
for operation upon a table top or other relatively small surface normally found in the home.
The cycler 14 may be lightweight and portable, e.g., carried by hand via handles at opposite
sides of the housing 82.

The set 12 in this embodiment is intended to be a single use, disposable item, but
instead may have one or more reusable components, or may be reusable 1n its entirety. The
user associates the set 12 with the cycler 14 betore beginning each APD therapy session, €.g.,
by mounting a cassette 24 within a front door 141 of the cycler 14, which interacts with the
cassette 24 to pump and control fluid flow in the various lines of the set 12. For example,
dialysate may be pumped both to and from the patient to effect APD. Post therapy, the user
may remove all or part of the components of the set 12 from the cycler 14.

As 1s known i1n the art, prior to use, the user may connect a patient line 34 of the set
12 to his/her indwelling peritoneal catheter (not shown) at a connection 36. In one
embodiment, the cycler 14 may be configured to operate with one or more different types of
cassettes 24, such as those having difterently sized patient lines 34. For example, the cycler
14 may be arranged to operate with a first type of cassette with a patient line 34 sized for use
with an adult patient, and a second type of cassette with a patient line 34 sized for an intfant or
pediatric use. The pediatric patient line 34 may be shorter and have a smaller inner diameter
than the adult line so as to minimize the volume of the line, allowing for more controlled
delivery of dialysate and helping to avoid returning a relatively large volume of used
dialysate to the pediatric patient when the set 12 is used for consecutive drain and fill cycles.
A heater bag 22, which 1s connected to the cassette 24 by a line 26, may be placed on a heater
container receiving portion (in this case, a tray) 142 of the cycler 14. The cycler 14 may
pump fresh dialysate (via the cassette 24) into the heater bag 22 so that the dialysate may be
heated by the heater tray 142, e.g., by electric resistance heating elements associated with the
tray 142 to a temperature of about 37 degrees C. Heated dialysate may be provided from the
heater bag 22 to the patient via the cassette 24 and the patient line 34. In an alternative
embodiment, the dialysate can be heated on its way to the patient as it enters, or after it exits,
the cassette 24 by passing the dialysate through tubing in contact with the heater tray 142, or
through an in-line fluid heater (which may be provided in the cassette 24). Used dialysate
may be pumped from the patient via the patient line 34 to the cassette 24 and into a drain line

28, which may include one or more clamps to control flow through one or more branches of
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the drain line 28. In this illustrative embodiment, the drain line 28 may include a connector
39 for connecting the drain line 28 to a dedicated drain receptacle, and an effluent sample
port 282 for taking a sample of used dialysate for testing or other analysis. The user may also
mount the lines 30 of one or more containers 20 within the door 141. The lines 30 may also
be connected to a continuous or real-time dialysate preparation system. (The lines 26, 28, 30,
34 may include a tlexible tubing and/or suitable connectors and other components (such as
pinch valves, etc.) as desired.) The containers 20 may contain sterile peritoneal dialysis
solution for infusion, or other matenals (e.g., materials used by the cycler 14 to formulate
dialysate by mixing with water, or admixing different types of dialysate solutions). The lines
30 may be connected to spikes 160 of the cassette 24, which are shown in Fig. 1 covered by
removable caps. In one aspect of the invention described in more detail below, the cycler 14
may automatically remove caps from one or more spikes 160 of the cassette 24 and connect
lines 30 of solution containers 20 to respective spikes 160. This feature may help reduce the
possibility of infection or contamination by reducing the chance of contact of non-sterile
items with the spikes 160.

With various connections made, the control system 16 may pace the cycler 14 through
a series of fill, dwell, and/or drain cycles typical of an APD procedure. For example, during
a fill phase, the cycler 14 may pump dialysate (by way of the cassette 24) from one or more
containers 20 (or other source of dialysate supply) into the heater bag 22 for heating.
Thereafter, the cycler 14 may infuse heated dialysate from the heater bag 22 through the
cassette 24 and into the patient's peritoneal cavity via the patient line 34. Following a dwell
phase, the cycler 14 may institute a drain phase, during which the cycler 14 pumps used
dialysate from the patient via the line 34 (again by way of the cassette 24), and discharges
spent dialysis solution into a nearby drain (not shown) via the drain line 28.

The cycler 14 does not necessarily require the solution containers 20 and/or the heater
bag 22 to be positioned at a prescribed head height above the cycler 14, e.g., because the
cycler 14 1s not necessarily a gravity flow system. Instead, the cycler 14 may emulate gravity
flow, or otherwise suitably control flow of dialysate solution, even with the source solution
containers 20 above, below or at a same height as the cycler 14, with the patient above or
below the cycler, etc. For example, the cycler 14 can emulate a fixed head height during a
given procedure, or the cycler 14 can change the effective head height to either increase or
decrease pressure applied to the dialysate during a procedure. The cycler 14 may also adjust
the rate of tflow of dialysate. In one aspect of the invention, the cycler 14 may adjust the

pressure and/or flow rate of dialysate when provided to the patient or drawn from the patient
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so as to reduce the patient’s sensation of the fill or drain operation. Such adjustment may
occur during a single fill and/or drain cycle, or may be adjusted across different fill and/or
drain cycles. In one embodiment, the cycler 14 may taper the pressure used to draw used
dialysate from the patient near the end of a drain operation. Because the cycler 14 may
establish an artificial head height, it may have the flexibility to interact with and adapt to the
particular physiology or changes 1n the relative elevation of the patient.

Cassette

In one aspect of the invention, a cassette 24 may include patient and drain lines that
are separately occludable with respect to solution supply lines. That is, safety critical flow to
and from patient line may be controlled, e.g., by pinching the lines to stop flow, without the
need to occlude flow through one or more solution supply lines. This feature may allow for a
simplified occluder device since occlusion may be performed with respect to only two lines
as opposed to occluding other lines that have little or no effect on patient safety. For
example, 1n a circumstance where a patient or drain connection becomes disconnected, the
patient and drain lines may be occluded. However, the solution supply and/or heater bag
lines may remain open for flow, allowing the cycler 14 to prepare for a next dialysis cycle;
e.g., separate occlusion of patient and drain lines may help ensure patient satety while
permitting the cycler 14 to continue to pump dialysate from one or more containers 20 to the
heater bag 22 or to other solution containers 20.

In another aspect of the invention, the cassette may have patient, drain and heater bag
lines at one side or portion of the cassette and one or more solution supply lines at another
side or portion of the cassette, e.g., an opposite side of the cassette. Such an arrangement
may allow for separate occlusion of patient, drain or heater bag lines with respect to solution
lines as discussed above. Physically separating the lines attached to the cassette by type or
function allows for more efficient control of interaction with lines of a certain type or
function. For example, such an arrangement may allow for a simplified occluder design
because less force is required to occlude one, two or three of these lines than all lines leading
to or away from the cassette. Alternately, this arrangement may allow for more effective
automated connection of solution supply lines to the cassette, as discussed 1n more detail
below. That is, with solution supply lines and their respective connections located apart from
patient, drain and/or heater bag lines, an automated de-capping and connection device may
remove caps from spikes on the cassette as well as caps on solution supply lines, and connect

the lines to respective spikes without interference by the patient, drain or heater bag lines.
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FIG. 2 shows an illustrative embodiment of a cassette 24 that incorporates aspects of
the invention described above. In this embodiment, the cassette 24 has a generally planar
body and the heater bag line 26, the drain line 28 and the patient line 34 are connected at
respective ports on the left end of the cassette body, while the right end of the cassette body
may include five spikes 160 to which solution supply lines 30 may be connected. In the
arrangement shown in FIG. 2, each of the spikes 160 is covered by a spike cap 63, which may
be removed, exposing the respective spike and allowing connection to a respective line 30.
As described above, the lines 30 may be attached to one or more solution containers or other
sources of material, e.g., for use 1n dialysis and/or the formulation of dialysate, or connected
to one or more collection bags for sampling purposes or for peritoneal equilibration testing
(PET test).

FIGs. 3 and 4 show exploded views (perspective and top views, respectively) of the
cassette 24 in this illustrative embodiment. The cassette 24 1s formed as a relatively thin and
flat member having a generally planar shape, e.g., may include components that are molded,
extruded or otherwise formed from a suitable plastic. In this embodiment, the cassette 24
includes a base member 18 that functions as a frame or structural member for the cassette 24
as well as forming, at least in part, various flow channels, ports, valve portions, etc. The base
member 18 may be molded or otherwise formed from a suitable plastic or other matenal,
such as a polymethyl methacrylate (PMMA) acrylic, or a cyclic olefin copolymer/ultra low
density polyethylene (COC/ULDPE), and may be relatively rigid. In an embodiment, the
ratio of COC to ULDPE can be approximately 85%/15%. FIG. 3 also shows the ports for the
heater bag (port 150), drain (port 152) and the patient (port 154) that are formed 1n the base
member 18. Each of these ports may be arranged 1n any suitable way, such as, for example, a
central tube 156 extending from an outer ring or skirt 158, or a central tube alone. Flexible
tubing for each of the heater bag, drain and patient lines 26, 28, 34 may be connected to the
central tube 156 and engaged by the outer ring 1358, 1f present.

Both sides of the base member 18 may be covered, at least in part, by a membrane 15
and 16, e.g., a flexible polymer film made from, for example, polyvinyl chloride (PVC), that
is cast, extruded or otherwise formed. Alternatively, the sheet may be formed as a laminate
of two or more layers of poly-cyclohexylene dimethylene cyclohexanedicarboxylate (PCCE)
and/or ULDPE, held together, for example, by a coextrudable adhesive (CXA). In some
embodiments, the membrane thickness may be in the range of approximately 0.002 to 0.020
inches thick. In a preferred embodiment, the thickness of a PVC —based membrane may be in

the range of approximately 0.012 to 0.016 inches thick, and more preferably approximately
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0.014 inches thick. In another preferred embodiment, such as, for example, for laminate
sheets, the thickness of the laminate may be in the range of approximately 0.006 to 0.010
inches thick, and more preferably approximately 0.008 inches thick.

Both membranes 15 and 16 may function not only to close or otherwise form a part of
flowpaths of the cassette 24, but also may be moved or otherwise manipulated to open/close
valve ports and/or to function as part of a pump diaphragm, septum or wall that moves fluid
in the cassette 24. For example, the membranes 15 and 16 may be positioned on the base
member 18 and sealed (e.g., by heat, adhesive, ultrasonic welding or other means) to a rim
around the periphery of the base member 18 to prevent fluid from leaking from the cassette
24. The membrane 15 may also be bonded to other, inner walls of the base member 18, e.g.,
those that form various channels, or may be pressed into sealing contact with the walls and
other features of the base member 18 when the cassette 24 suitably mounted 1n the cycler 14.
Thus, both of the membranes 15 and 16 may be sealed to a peripheral rim of the base member
18, e.g., to help prevent leaking of fluid from the cassette 24 upon its removal from the cycler
14 after use, yet be arranged to lie, unattached, over other portions of the base member 18.
Once placed in the cycler 14, the cassette 24 may be squeezed between opposed gaskets or
other members so that the membranes 15 and 16 are pressed into sealing contact with the
base member 18 at regions inside of the periphery, thereby suitably sealing channels, valve
ports, etc., from each other.

Other arrangements for the membranes 15 and 16 are possible. For example, the
membrane 16 may be formed by a ngid sheet of material that 1s bonded or otherwise made
integral with the body 18. Thus, the membrane 16 need not necessarily be, or include, a
flexible member. Similarly, the membrane 15 need not be flexible over its entire surface, but
instead may include one or more flexible portions to permit pump and/or valve operation, and
one or more rigid portions, e.g., to close flowpaths of the cassette 24. It is also possible that
the cassette 24 may not include the membrane 16 or the membrane 15, e.g., where the cycler
14 includes a suitable member to seal pathways of the cassette, control valve and pump
function, etc.

In accordance with another aspect of the invention, the membrane 15 may include a
pump chamber portion 151 (“pump membrane”) that 1s formed to have a shape that closely
conforms to the shape of a corresponding pump chamber 181 depression in the base 18. For
example, the membrane 15 may be generally formed as a flat member with thermoformed (or
otherwise formed) dome-like shapes 151 that conform to the pump chamber depressions of

the base member 18. The dome-like shape of the pre-formed pump chamber portions 151
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may be constructed, for example, by heating and forming the membrane over a vacuum form
mold of the type shown in FIG. 5. As shown in FIG. 5, the vacuum may be applied through a
collection of holes along the wall of the mold. Alternatively, the wall of the mold can be
constructed of a porous gas-permeable material, which may result in a more uniformly
smooth surface of the molded membrane. In this way, the membrane 15 may move relative
to the pump chambers 181 to effect pumping action without requiring stretching of the
membrane 15 (or at least minimal stretching of the membrane 15), both when the membrane
15 1s moved maximally into the pump chambers 181 and (potentially) into contact with
spacer elements 50 (e.g., as shown in solid line 1n FIG. 4 while pumping fluid out of the
pump chamber 181), and when the membrane 15 1s maximally withdrawn from the pump
chamber 181 (e.g., as shown in dashed line in FIG. 4 when drawing fluid into the pump
chamber 181). Avoiding stretching of the membrane 15 may help prevent pressure surges or
other changes in fluid delivery pressure due to sheet stretch and/or help simplify control of
the pump when seeking to minimize pressure variation during pump operation. Other
benefits may be found, including reduced likelihood of membrane 15 failure (e.g., due to
tears in the membrane 15 resulting from stresses place on the membrane 15 during
stretching), and/or improved accuracy in pump delivery volume measurement, as described 1n
more detail below. In one embodiment, the pump chamber portions 151 may be formed to
have a size (e.g., a define a volume) that i1s about 85-110% of the pump chamber 181, e.g., 1f
the pump chamber portions 151 define a volume that 1s about 100% of the pump chamber
volume, the pump chamber portion 151 may lie in the pump chamber 181 and 1n contact with
the spacers 50 while at rest and without being stressed.

Providing greater control of the pressure used to generate a fill and delivery stroke of
liquid 1into and out of a pump chamber may have several advantages. For example, it may be
desirable to apply the minimum negative pressure possible when the pump chamber draws
fluid from the patient’s peritoneal cavity during a drain cycle. A patient may experience
discomfort during the drain cycle of a treatment in part because of the negative pressure
being applied by the pumps during a fill stroke. The added control that a pre-formed
membrane can provide to the negative pressure being applied during a fill stroke may help to
reduce the patient’s discomfort.

A number of other benefits may be realized by using pump membranes pre-formed to
the contour of the cassette pump chamber. For example, the tlow rate of liquid through the
pump chamber can be made more uniform, because a constant pressure or vacuum can be

applied throughout the pump stroke, which in turn may simplify the process of regulating the
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heating of the liquid. Moreover, temperature changes in the cassette pump may have a
smaller effect on the dynamics of displacing the membrane, as well as the accuracy of
measuring pressures within the pump chambers. In addition, pressure spikes within the fluid
lines can be minimized. Also, correlating the pressures measured by pressure transducers on
the control (e.g. pneumatic) side of the membrane with the actual pressure of the hquid on the
pump chamber side of the membrane may be simpler. This in turn may permit more accurate
head height measurements of the patient and fluid source bags prior to therapy, improve the
sensitivity of detecting air in the pump chamber, and improve the accuracy of volumetric
measurements. Furthermore, eliminating the need to stretch the membrane may allow for the
construction and use of pump chambers having greater volumes.

In this embodiment, the cassette 24 includes a pair of pump chambers 181 that are
formed in the base member 18, although one pump chamber or more than two pump
chambers are poss.ible; In accordance with an aspect of the invention, the inner wall of pump
chambers 181 includes spacer elements 50 that are spaced from each other and extend from
the inner wall of pump chamber 18 to help prevent portions of the membrane 15 from
contacting the inner wall of pump chamber 181. (As shown on the right-side pump chamber
181 in FIG. 4, the inner wall is defined by side portions 181a and a bottom portion 181b. The
spacers 50 extend upwardly from the bottom portion 181b in this embodiment, but could
extend from the side portions 181a or be formed in other ways.) By preventing contact of the
membrane 15 with the pump chamber inner wall, the spacer elements 50 may provide a dead
space (or trap volume) which may help trap air or other gas in the pump chamber 181 and
inhibit the gas from being pumped out of the pump chamber 181 in some circumstances. In
other cases, the spacers 50 may help the gas move to an outlet of the pump chamber 181 so
that the gas may be removed from the pump chamber 181, e.g., during priming. Also, the
spacers 50 may help prevent the membrane 15 from sticking to the pump chamber inner wall
and/or allow flow to continue through the pump chamber 181, even if the membrane 15 1s
pressed into contact with the spacer elements 50. In addition, the spacers 50 help to prevent
premature closure of the outlet port of the pump chamber (openings 187 and/or 191) 1f the
sheet happens to contact the pump chamber inner wall in a non-uniform manner. Further
details regarding the arrangement and/or function of spacers 50 are provided in U.S. Patent
6,302,653 and 6,382,923

In this embodiment, the spacer elements 50 are arranged in a kind of “stadium
seating” arrangement such that the spacer elements 50 are arranged in a concentric elliptical

pattern with ends of the spacer elements 50 increasing in height from the bottom portion 181b
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of the inner wall with distance away tfrom the center of the pump chamber 181 to form a
semi-elliptical domed shaped region (shown by dotted line in FIG. 4). Positioning spacer
elements 50 such that the ends of the spacer elements 50 form a semi-elliptical region that
defines the domed region intended to be swept by the pump chamber portion 151 of the
membrane 15 may allow for a desired volume of dead space that minimizes any reduction to
the intended stroke capacity of pump chambers 181. As can be seen in FIG. 3 (and FIG. 6),
the “stadium seating’ arrangement in which spacer elements 50 are arranged may include
“aisles” or breaks 50a in the elliptical pattern. Breaks (or aisles) 50a help to maintain an
equal gas level throughout the rows (voids or dead space) S0b between spacer elements 50 as
fluid is delivered from the pump chamber 181. For example, if the spacer elements 50 were
arranged in the stadium seating arrangement shown in FIG. 6 without breaks (or aisles) 50a
or other means of allowing liquid and air to flow between spacer elements 50, the membrane
15 might bottom out on the spacer element 50 located at the outermost periphery of the pump
chamber 181, trapping whatever gas or liquid is present in the void between this outermost
spacer element 50 and the side portions 181a of the pump chamber wall. Similarly, 1f the
membrane 15 bottomed out on any two adjacent spacer elements 50, any gas and liquid in the
void between the elements 50 may become trapped. In such an arrangement, at the end of the
pump stroke, air or other gas at the center of pump chamber 181 could be delivered while
liquid remains in the outer rows. Supplying breaks (or aisles) 50a or other means of fluidic
communication between the voids between spacer elements 50 helps to maintain an equal gas
level throughout the voids during the pump stroke, such that air or other gas may be inhibited
from leaving the pump chamber 181 unless the liquid volume has been substantially
delivered.

In certain embodiments, spacer elements 50 and/or the membrane 15 may be arranged
so that the membrane 15 generally does not wrap or otherwise detform around individual
spacers 50 when pressed into contact with them, or otherwise extend significantly into the
voids between spacers 50. Such an arrangement may lessen any stretching or damage to
membrane 15 caused by wrapping or otherwise deforming around one or more individual
spacer elements 50. For example, it has also been found to be advantageous in this
embodiment to make the size of the voids between spacers 50 approximately equal in width
to the width of the spacers 50. This feature has shown to help prevent deformation of the
membrane 15, e.g., sagging of the membrane into the voids between spacers 50, when the

membrane 15 is forced into contact with the spacers 50 during a pumping operation.
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In accordance with another aspect of the invention, the inner wall of pump chambers
181 may define a depression that 1s larger than the space, for example a semi-elliptical or
domed space, intended to be swept by the pump chamber portion 151 of the membrane 15.

In such instances, one or more spacer elements 50 may be positioned below the domed region
intended to be swept by the membrane portion 151 rather than extending into that domed
region. In certain instances, the ends of spacer elements 50 may define the periphery of the
domed region intended to be swept by the membrane 15. Positioning spacer elements 50
outside of, or adjacent to, the periphery of the domed region intended to be swept by the
membrane portion 151 may have a number of advantages. For example, positioning one or
more spacer elements 50 such that the spacer elements are outside of, or adjacent to, the
domed region intended to be swept by the flexible membrane provides a dead space between
the spacers and the membrane, such as described above, while minimizing any reduction to
the intended stroke capacity of pump chambers 181.

It should be understood that the spacer elements 50, 1f present, in a pump chamber
may be arranged in any other suitable way, such as for example, shown in FIG. 7. The left
side pump chamber 181 1n FIG. 7 includes spacers 50 arranged similarly to that in FI1G. 6, but
there 1s only one break or aisle 50a that runs vertically through the approximate center of the
pump chamber 181. The spacers 50 may be arranged to define a concave shape similar to
that in FIG. 6 (i.e., the tops of the spacers 50 may form the semi-elliptical shape shown in
FIGs. 3 and 4), or may be arranged in other suitable ways, such as to form a spherical shape,
a box-like shape, and so on. The right-side pump chamber 181 1n FIG. 7 shows an
embodiment in which the spacers 50 are arranged vertically with voids 50b between spacers
50 also arranged vertically. As with the left-side pump chamber, the spacers 50 in the right-
side pump chamber 181 may define a semi-elliptical, spherical, box-like or any other suitably
shaped depression. It should be understood, however, that the spacer elements 50 may have a
fixed height, a different spatial pattern that those shown, and so on.

Also, the membrane 15 may itself have spacer elements or other features, such as ribs,
bumps, tabs, grooves, channels, etc., in addition to, or 1n place of the spacer elements 50.
Such features on the membrane 15 may help prevent sticking of the membrane 15, etc.,
and/or provide other features, such as helping to control how the sheet folds or otherwise
deforms when moving during pumping action. For example, bumps or other features on the
membrane 15 may help the sheet to deform consistently and avoid folding at the same area(s)

during repeated cycles. Folding of a same area of the membrane 15 at repeated cycles may
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cause the membrane 15 to prematurely fail at the fold area, and thus features on the
membrane 15 may help control the way 1n which tolds occur and where.

In this 1llustrative embodiment, the base member 18 of the cassette 24 defines a
plurality of controllable valve features, fluid pathways and other structures to guide the
movement of fluid in the cassette 24. FIG. 6 shows a plan view of the pump chamber side of
the base member 18, which is also seen in perspective view in FIG. 3. FIG. 8 shows a
perspective view of a back side of the base member 18, and FIG. 9 shows a plan view of the
back side of the base member 18. The tube 156 for each of the ports 150, 152 and 154 fluidly
communicates with a respective valve well 183 that 1s formed in the base member 18. The
valve wells 183 are fluidly 1solated from each other by walls surrounding each valve well 183
and by sealing engagement of the membrane 15 with the walls around the wells 183. As
mentioned above, the membrane 15 may sealingly engage the walls around each valve well
183 (and other walls of the base member 18) by being pressed into contact with the walls,
¢.g., when loaded into the cycler 14. Fluid in the valve wells 183 may flow into a respective
valve port 184, if the membrane 15 is not pressed into sealing engagement with the valve port
184. Thus, each valve port 184 defines a valve (e.g., a “volcano valve”) that can be opened
and closed by selectively moving a portion of the membrane 15 associated with the valve port
184. As will be described in more detail below, the cycler 14 may selectively control the
position of portions of the membrane 15 so that valve ports (such as ports 184) may be
opened or closed so as to control flow through the various fluid channels and other pathways
in the cassette 24. Flow through the valve ports 184 leads to the back side of the base
member 18. For the valve ports 184 associated with the heater bag and the drain (ports 150
and 152), the valve ports 184 lead to a common channel 200 formed at the back side of the
base member 18. As with the valve wells 183, the channel 200 1s 1solated from other
channels and pathways of the cassette 24 by the sheet 16 making sealing contact with the
walls of the base member 18 that form the channel 200. For the valve port 184 associated
with the patient line port 154, flow through the port 184 leads to a common channel 202 on
the back side of the base member 18.

Returning to FIG. 6, each of the spikes 160 (shown uncapped in FIG. 6) tluidly
communicates with a respective valve well 185, which are 1solated from each other by walls
and sealing engagement of the membrane 15 with the walls that form the wells 185. Fluid 1n
the valve wells 185 may flow into a respective valve port 186, if the membrane 15 1s not in
sealing engagement with the port 186. (Again, the position of portions of the membrane 15

over each valve port 186 can be controlled by the cycler 14 to open and close the valve ports
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186.) Flow through the valve ports 186 leads to the back side of the base member 18 and into
the common channel 202. Thus, in accordance with one aspect of the invention, a cassette
may have a plurality of solution supply lines (or other lines that provide materials for
providing dialysate) that are connected to a common manifold or channel of the cassette, and
each line may have a corresponding valve to control flow from/to the line with respect to the
common manifold or channel. Fluid in the channel 202 may flow into lower openings 187 of
the pump chambers 181 by way of openings 188 that lead to lower pump valve wells 189 (see
FIG. 6). Flow from the lower pump valve wells 189 may pass through a respective lower
pump valve port 190 if a respective portion of the membrane 15 is not pressed in sealing
engagement with the port 190. As can be seen in FIG. 9, the lower pump valve ports 190
lead to a channel that communicates with the lower openings 187 of the pump chambers 181.
Flow out of the pump chambers 181 may pass through the upper openings 191 and into a
channel that communicates with an upper valve port 192. Flow from the upper valve port
192 (1f the membrane 15 1s not 1n sealing engagement with the port 192) may pass into a
respective upper valve well 194 and into an opening 193 that communicates with the
common channel 200 on the back side of the base member 18.

As will be appreciated, the cassette 24 may be controlled so that the pump chambers
181 can pump fluid from and/or into any of the ports 150, 152 and 154 and/or any of the
spikes 160. For example, fresh dialysate provided by one of the containers 20 that 1s
connected by a line 30 to one of the spikes 160 may be drawn into the common channel 202
by opening the appropriate valve port 186 for the proper spike 160 (and possibly closing
other valve ports 186 for other spikes). Also, the lower pump valve ports 190 may be opened
and the upper pump valve ports 192 may be closed. Thereafter, the portion of the membrane
15 associated with the pump chambers 181 (1.e., pump membranes 151) may be moved (e.g.,
away from the base member 18 and the pump chamber inner wall) so as to lower the pressure
in the pump chambers 181, thereby drawing fluid in through the selected spike 160 through
the corresponding valve port 186, into the common channel 202, through the openings 188
and into the lower pump valve wells 189, through the (open) lower pump valve ports 190 and
into the pump chambers 181 through the lower openings 187. The valve ports 186 are
independently operable, allowing for the option to draw fluid through any one or a
combination of spikes 160 and associated source containers 20, in any desired sequence, or
simultaneously. (Of course, only one pump chamber 181 need be operable to draw fluid into
itself. The other pump chamber may be left inoperable and closed off to flow by closing the

appropriate lower pump valve port 190.)
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With fluid in the pump chambers 181, the lower pump valve ports 190 may be closed,
and the upper pump valve ports 192 opened. When the membrane 15 1s moved toward the
base member 18, the pressure in the pump chambers 181 may rise, causing fluid in the pump
chambers 181 to pass through the upper openings 191, through the (open) upper pump valve
ports 192 and into the upper pump valve wells 194, through the openings 193 and into the
common channel 200. Fluid in the channel 200 may be routed to the heater bag port 150
and/or the drain port 152 (and into the corresponding heater bag line or drain line) by opening
the appropriate valve port 184. In this way, for example, fluid in one or more of the
containers 20 may be drawn into the cassette 24, and pumped out to the heater bag 22 and/or
the drain.

Fluid in the heater bag 22 (e.g., after having been suitably heated on the heater tray
for introduction into the patient) may be drawn into the cassette 24 by opening the valve port
184 for the heater bag port 150, closing the lower pump valve ports 190, and opening the
upper pump valve ports 192. By moving the portions of the membrane 15 associated with the
pump chambers 181 away from the base member 18, the pressure in the pump chambers 181
may be lowered, causing fluid flow from the heater bag 22 and into the pump chambers 181.
With the pump chambers 181 filled with heated fluid from the heater bag 22, the upper pump
valve ports 192 may be closed and the lower pump valve ports 190 opened. To route the
heated dialysate to the patient, the valve port 184 for the patient port 154 may be opened and
valve ports 186 for the spikes 160 closed. Movement of the membrane 15 1n the pump
chambers 181 toward the base member 18 may raise the pressure in the pump chambers 181
causing fluid to flow through the lower pump valve ports 190, through the openings 188 and
into the common channel 202 to, and through, the (open) valve port 184 for the patient port
154. This operation may be repeated a suitable number of times to transfer a desired volume
of heated dialysate to the patient.

When draining the patient, the valve port 184 for the patient port 154 may be opened,
the upper pump valve ports 192 closed, and the lower pump valve ports 190 opened (with the
spike valve ports 186 closed). The membrane 15 may be moved to draw fluid from the
patient port 154 and into the pump chambers 181. Thereafter, the lower pump valve ports
190 may be closed, the upper valve ports 192 opened, and the valve port 184 for the drain
port 152 opened. Fluid from the pump chambers 181 may then be pumped into the drain line
for disposal or for sampling into a drain or collection container. (Alternatively, fluid may

also be routed to one or more spikes 160/lines 30 for sampling or drain purposes). This

36



CA 02712950 2010-07-22
WO 2009/094185 PCT/US2009/000440

operation may be repeated until sufficient dialysate 1s removed from the patient and pumped
to the drain.

The heater bag 22 may also serve as a mixing container. Depending on the specific
treatment requirements for an individual patient, dialysate or other solutions having different
compositions can be connected to the cassette 24 via suitable solution lines 30 and spikes
160. Measured quantities of each solution can be added to heater bag 22 using cassette 24,
and admixed according to one or more pre-determined formulae stored 1n microprocessor
memory and accessible by control system 16. Alternatively, specific treatment parameters
can be entered by the user via user interface 144. The control system 16 can be programmed
to compute the proper admixture requirements based on the type of dialysate or solution
containers connected to spikes 160, and can then control the admixture and delivery of the
prescribed mixture to the patient.

In accordance with an aspect of the invention, the pressure applied by the pumps to
dialysate that 1s infused into the patient or removed from the patient may be controlled so that
patient sensations of “tugging” or “pulling” resulting from pressure variations during drain
and f1ll operations may be minimized. For example, when draining dialysate, the suction
pressure (or vacuum/negative pressure) may be reduced near the end of the drain process,
thereby minimizing patient sensation of dialysate removal. A similar approach may be used
when nearing the end of a fill operation, 1.e., the delivery pressure (or positive pressure) may
be reduced near the end of fill. Different pressure profiles may be used for different fill
and/or drain cycles in case the patient 1s found to be more or less sensitive to fluild movement
during different cycles of the therapy. For example, a relatively higher (or lower) pressure
may be used during fill and/or drain cycles when a patient 1s asleep, as compared to when the
patient 1s awake. The cycler 14 may detect the patient’s sleep/awake state, e.g., using an
infrared motion detector and inferring sleep if patient motion 1s reduced, or using a detected
change in blood pressure, brain waves, or other parameter that 1s indicative of sleep, and so
on. Alternately, the cycler 14 may simply “ask” the patient — “are you asleep?”” and control
system operation based on the patient’s response (or lack of response).

Set Loading and Operation
FIG. 10 shows a perspective view of the APD system 10 of FIG. 1 with the door 141

of the cycler 14 lowered into an open position, exposing a mounting location 145 for the
cassette 24 and a carriage 146 for the solution lines 30. (In this embodiment, the door 141 is
mounted by a hinge at a lower part of the door 141 to the cycler housing 82.) When loading

the set 12, the cassette 24 is placed in the mounting location 145 with the membrane 15 and
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the pump chamber side of the cassette 24 facing upwardly, allowing the portions of the
membrane 15 associated with the pump chambers and the valve ports to interact with a
control surface 148 of the cycler 14 when the door 141 1s closed. The mounting location 145
may be shaped so as to match the shape of the base member 18, thereby ensuring proper
orientation of the cassette 24 in the mounting location 145. In this illustrative embodiment,
the cassette 24 and mounting location 145 have a generally rectangular shape with a single
larger radius corner which requires the user to place the cassette 24 in a proper orientation
into the mounting location 145 or the door 141 will not close. It should be understood,
however, that other shapes or orientation features for the cassette 24 and/or the mounting
location 145 are possible.

In accordance with an aspect of the invention, when the cassette 24 1s placed in the
mounting location 145, the patient, drain and heater bag lines 34, 28 and 26 are routed
through a channel 40 in the door 141 to the left as shown in FIG. 10. The channel 40, which
may include guides 41 or other features, may hold the patient, drain and heater bag lines 34,
28 and 26 so that an occluder 147 may selectively close/open the lines for flow. Upon
closing of door 141, occluder 147 can compress one or more of patient, drain and heater bag
lines 34, 28 and 26 against occluder stop 29. Generally, the occluder 147 may allow flow
through the lines 34, 28 and 26 when the cycler 14 i1s operating (and operating properly), yet
occlude the lines when the cycler 14 1s powered down (and/or not operating properly).
(Occlusion of the lines may be performed by pressing on the lines, or otherwise pinching the
lines to close off the flow path in the lines.) Preferably, the occluder 147 may selectively
occlude at least the patient and drain lines 34 and 28.

When the cassette 24 1s mounted and the door 141 is closed, the pump chamber side
of the cassette 24 and the membrane 15 may be pressed into contact with the control surface
148, e.g., by an air bladdef, spring or other suitable arrangement in the door 141 behind the
mounting location 145 that squeezes the cassette 24 between the mounting location 145 and
the control surface 148. This containment of the cassette 24 may press the membranes 15
and 16 into contact with walls and other features of the base member 18, thereby i1solating
channels and other flow paths of the cassette 24 as desired. The control surface 148 may
include a flexible gasket, e.g., a sheet of silicone rubber or other material, that 1s associated
with the membrane 15 and can selectively move portions of the membrane 15 to cause
pumping action in the pump chambers 181 and opening/closing of valve ports of the cassette
24. The control surface 148 may be associated with the various portions of the membrane 15,

e.g., placed into intimate contact with each other, so that portions of the membrane 15 move
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in response to movement of corresponding portions of the control surface 148. For example,
the membrane 15 and control surface 148 may be positioned close together, and a suitable
vacuum (or pressure that is lower relative to ambient) may be introduced through vacuum
ports suitably located 1n the control surface 148, and maintained, between the membrane 15
and the control surface 148 so that the membrane 15 and the control surface 148 are
essentially stuck together, at least in regions of the membrane 135 that require movement to
open/close valve ports and/or to cause pumping action. In another embodiment, the
membrane 15 and control surtface 148 may be adhered together, or otherwise suitably
associated.

Before closing the door 141 with the cassette 24 loaded, one or more solution lines 30
may be loaded into the carriage 146. The end of each solution line 30 may include a cap 31
and a region 33 for labeling or attaching an indicator or identifier. The indicator, for
example, can be an 1dentification tag that snaps onto the tubing at indicator region 33. In
accordance with an aspect of the invention and as will be discussed 1n more detail below, the
carriage 146 and other components of the cycler 14 may be operated to remove the cap(s) 31
from lines 30, recognize the indicator for each line 30 (which may provide an indication as to
the type of solution associated with the line, an amount of solution, etc.) and fluidly engage
the lines 30 with a respective spike 160 of the cassette 24. This process may be done 1n an
automated way, e.g., after the door 141 is closed and the caps 31 and spikes 160 are enclosed
in a space protected from human touch, potentially reducing the risk of contamination of the
lines 30 and/or the spikes 160 when connecting the two together. For example, upon closing
of the door 141, the indicator regions 33 may be assessed (e.g., visually by a suitable imaging
device and software-based 1image recognition, by RFID techniques, etc.) to identify what
solutions are associated with which lines 30. The aspect of the invention regarding the ability
to detect features of a line 30 by way of an indicator at indicator region 33 may provide
benefits such as allowing a user to position lines 30 in any location of the carriage 146
without having an affect on system operation. That is, since the cycler 14 can automatically
detect solution line features, there is no need to ensure that specific lines are positioned in
particular locations on the carriage 146 for the system to function properly. Instead, the
cycler 14 may identify which lines 30 are where, and control the cassette 24 and other system
features appropriately. For example, one line 30 and connected container may be intended to
receive used dialysate, e.g., for later testing. Since the cycler 14 can identify the presence of
the sample supply line 30, the cycler 14 can route used dialysate to the appropriate spike 160

and line 30. As discussed above, since the spikes 160 of the cassette 24 all feed 1nto a
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common channel, the input from any particular spike 160 can be routed in the cassette 24 in
any desired way by controlling valves and other cassette features.

With lines 30 mounted, the carnage 146 may be moved to the left as shown in FIG.
10 (again, while the door 141 is closed), positioning the caps 31 over a respective spike cap
63 on a spike 160 of the cassette 24 and adjacent a cap stripper 149. The cap stripper 149
may extend outwardly (toward the door 141 from within a recess in the cycler 14 housing) to
engage the caps 31. (For example, the cap stripper 149 may include five fork-shaped
elements that engage with a corresponding groove in the caps 31, allowing the cap stripper
149 to resist left/right movement of the cap 31 relative to the cap stripper 149.) By engaging
the caps 31 with the cap stripper 149, the caps 31 may also grip the corresponding spike cap
63. Thereafter, with the caps 31 engaged with corresponding spike caps 63, the carriage 146
and cap stripper 149 may move to the right, removing the spike caps 63 from the spikes 160
that are engaged with a corresponding cap 31. (One possible advantage of this arrangement
is that spike caps 63 are not removed 1n locations where no solution line 30 1s loaded because
engagement of the cap 31 from a solution line 30 1s required to remove a spike cap 63. Thus,
1f a solution line will not be connected to a spike 160, the cap on the spike 160 1s left in
place.) The cap stripper 149 may then stop rightward movement (¢.g., by contacting a stop),
while the carnage 146 continues movement to the right. As a result, the carnage 146 may
pull the terminal ends of the lines 30 from the caps 31, which remain attached to the cap
stripper 149. With the caps 31 removed from the lines 30 (and the spike caps 63 still attached
to the caps 31), the cap stripper 149 may again retract with the caps 31 into the recess in the
cycler 14 housing, clearing a path for movement of the carriage 146 and the uncapped ends ot
the lines 30 toward the spikes 160. The carriage 146 then moves left again, attaching the
terminal ends of the lines 30 with a respective spike 160 of the cassette 24. This connection
may be made by the spikes 160 piercing an otherwise closed end of the lines 30 (e.g., the
spikes may pierce a closed septum or wall in the terminal end), permitting fluid flow from the
respective containers 20 to the cassette 24. In an embodiment, the wall or septum may be
constructed of a flexible and/or self-sealing material such as, for example, PVC,
polypropylene, or silicone rubber.

In accordance with an aspect of the invention, the heater bag 22 may be placed in the
heater bag receiving section (e.g., a tray) 142, which 1s exposed by lifting a Iid 143. (In this
embodiment, the cycler 14 includes a user or operator interface 144 that 1s pivotally mounted
to the housing 82, as discussed below. To allow the heater bag 22 to be placed into the tray
142, the interface 144 may be pivoted upwardly out of the tray 142.) As is known in the art,
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the heater tray 142 may heat the dialysate in the heater bag 22 to a suitable temperature, e.g.,
a temperature appropriate for introduction into the patient. In accordance with an aspect of
the invention, the lid 143 may be closed after placement of the heater bag 22 in the tray 142,
e.g., to help trap heat to speed the heating process, and/or help prevent touching or other
contact with a relatively warm portion of the heater tray 142, such as its heating surfaces. In
one embodiment, the lid 143 may be locked in a closed position to prevent touching of heated
portions of the tray 142, e.g., in the circumstance that portions of the tray 142 are heated to
temperatures that may cause burning of the skin. Opening of the lid 143 may be prevented,
e.g., by a lock, until temperatures under the lid 143 are suitably low.

In accordance with another aspect of the invention, the cycler 14 includes a user or
operator interface 144 that is pivotally mounted to the cycler 14 housing and may be folded
down into the heater tray 142. With the interface 144 folded down, the lid 143 may be closed
to conceal the interface 144 and/or prevent contact with the intertace 144. The interface 144
may be arranged to display information, e.g., in graphical form, to a user, and receive input
from the user, e.g., by using a touch screen and graphical user interface. The interface 144
may include other input devices, such as buttons, dials, knobs, pointing devices, etc. With
the set 12 connected, and containers 20 appropnately placed, the user may interact with the
interface 144 and cause the cycler 14 to start a treatment and/or perform other functions.

However, prior to initiating a dialysis treatment cycle, the cycler 14 must at least
prime the cassette 24, the patient line 34, heater bag 22, etc., unless the set 12 is provided in a
pre-primed condition (e.g., at the manufacturing facility or otherwise before being put into
use with the cycler 14). Priming may be performed in a variety of ways, such as controlling
the cassette 24 (namely the pumps and valves) to draw liquid from one or more solution
containers 20 via a line 30 and pump the liquid through the various pathways of the cassette
24 so as to remove air from the cassette 24. Dialysate may be pumped into the heater bag 22,
e.g., for heating prior to delivery to the patient. Once the cassette 24 and heater bag line 26
are primed, the cycler 14 may next prime the patient line 34. In one embodiment, the patient
line 34 may be primed by connecting the line 34 (e.g., by the connector 36) to a suitable port
or other connection point on the cycler 14 and causing the cassette 24 to pump liquid into the
patient line 34. The port or connection point on the cycler 14 may be arranged to detect the
arrival of liquid at the end of the patient line (e.g., optically, by conductive sensor, or other),
thus detecting that the patient line is primed. As discussed above, different types of sets 12
may have differently sized patient lines 34, e.g., adult or pediatric size. In accordance with

an aspect of the invention, the cycler 14 may detect the type of cassette 24 (or at least the type
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of patient line 34) and control the cycler 14 and cassette 24 accordingly. For example, the
cycler 14 may determine a volume of liquid delivered by a pump 1n the cassette needed to
prime the patient line 34, and based on the volume, determine the size of the patient line 34.
Other techniques may be used, such as recognizing a barcode or other indicator on the
cassette 24, patient line 34 or other component that indicates the patient line type.

FIG. 11 shows a perspective view of the inner side of the door 141 disconnected from
the housing 82 of the cycler 14. This view more clearly shows how the lines 30 are received
in corresponding grooves in the door 141 and the carriage 146 such that the indicator region
33 1s captured 1n a specific slot of the carriage 146. With the indicator at indicator region 33
positioned appropriately when the tubing 1s mounted to the carriage 146, a reader or other
device can identify indicia of the indicator, e.g., representing a type of solution in the
container 20 connected to the line 30, an amount of solution, a date of manufacture, an
1identity of the manufacturer, and so on. The carriage 146 1s mounted on a pair of guides 130
at top and bottom ends of the carriage 146 (only the lower guide 130 is shown 1n FIG. 11).
Thus, the carriage 146 can move left to right on the door 141 along the guides 130. When
moving toward the cassette mounting location 145 (to the right in FIG. 11), the carriage 146
can move until 1t contacts stops 131.

FIG. 12 shows a perspective view of a carriage drive assembly 132 1n a first
embodiment that functions to move the carriage 146 to remove the caps from spikes 160 on
the cassette, remove caps 31 on the solution lines 30 and connect lines 30 to the spikes 160.
A drive element 133 1s arranged to move left to right along rods 134. In this illustrative
embodiment, an air bladder powers the movement of the drive element 133 along the rods
134, but any suitable drive mechanism may be used, including motors, hydraulic systems, etc.
The drive element 133 has forwardly extending tabs 135 that engage with corresponding slots
146a on the carriage 146 (see FIG. 11, which shows a top slot 146a on the carriage 146).
Engagement of the tabs 135 with the slots 146a allow the drive element 133 to move the
carriage 146 along the guides 130. The drive element 133 also includes a window 136,
through which an imaging device, such as a CCD or CMOS 1mager, may capture image
information of the indicators at indicator regions 33 on the lines 30 mounted to the carriage
146. Image information regarding the indicators at indicator regions 33 may be provided
from the imaging device to the control system 16, which may obtain indicia, e.g., by image
analysis. The drive element 133 can selectively move the cap stripper 149 both to the left and
right along the rods 134. The cap stripper 149 extends forward and back using a separate

drive mechanism, such as a pneumatic bladder.
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FIG. 13 shows a left side perspective view of the carriage drive assembly 132, which
more clearly shows how a stripper element of the cap stripper 149 i1s arranged to move in and
out (a direction generally perpendicular to the rods 134) along grooves 149a in the housing of
the cap stripper 149. Each of the semicircular cut outs of the stripper element may engage a
corresponding groove of a cap 31 on a line 30 by extending forwardly when the cap 31 is
appropriately positioned in front of the stripper 149 by the drive element 133 and the carriage
146. With the stripper element engaged with the caps 31, the cap stripper 149 may move
with the carriage 146 as the drive element 133 moves. FIG. 14 shows a partial rear view of
the carnage drive assembly 132. In this embodiment, the drive element 133 1s moved toward
the cassette 24 mounting location 145 by a first air bladder 137 which expands to force the
drive element 133 to move to the rnight in FIG. 14. The drive element can be moved to the
left by a second air bladder 138. Alternatively, drive element 133 can be moved back and
forth by means of one or more motors coupled to a linear drive gear assembly, such as a ball
screw assembly (1n which the carriage drive assembly 1s attached to a ball nut), or a rack and
pinion assembly, for example. The stripper element 1491 of the cap stripper 149 can be
moved in and out of the cap stripper housing by a third bladder, or alternatively, by a motor
coupled to a linear drive assembly, as described previously.

FIGs. 15-18 show another embodiment of a carriage drive assembly 132 and cap
stripper 149. As can be seen in the rear view of the carriage drive assembly 132 in FIG. 135,
in this embodiment the drive element 133 1s moved right and left by a screw drive mechanism
1321. As can be seen in the right rear perspective view of the carriage drive assembly 132 in
FIG. 16, the stripper element 1s moved outwardly and inwardly by an air bladder 139,
although other arrangements are possible as described above.

FIGs. 17 and 18 show left and right front perspective views of another embodiment
for the stripper element 1491 of the cap stripper 149. The stripper element 1491 in the
embodiment shown in FIG. 13 included only fork-shaped elements arranged to engage with a
cap 31 of a solution line 30. In the FIGs. 17 and 18 embodiment, the stripper element 1491
not only includes the fork-shaped elements 60, but also rocker arms 61 that are pivotally
mounted to the stripper element 1491. As will be explained 1in more detail below, the rocker
arms 61 assist in removing spike caps 63 from the cassette 24. Each of the rocker arms 61
includes a solution line cap engagement portion 61a and a spike cap engagement portion 61b.
The rocker arms 61 are normally biased to move so that the spike cap engagement portions
61b are positioned near the stripper element 1491, as shown 1n the rocker arms 61 in FIG. 18.

However, when a cap 31 is received by a corresponding fork-shaped element 60, the solution
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line cap engagement portion 61a contacts the cap 31, which causes the rocker arm 61 to pivot
so that the spike cap engagement portion 61b moves away from the stripper element 1491, as
shown 1n FIG. 17. This position enables the spike cap engagement portion 61b to contact a
spike cap 63, specifically a flange on the spike cap 63.

FIG. 19 shows a front view of the stripper element 1491 and the location of several
cross-sectional views shown in FIGs. 20-22. FIG. 20 shows the rocker arm 61 with no spike
cap 63 or solution line cap 31 positioned near the stripper element 1491. The rocker arm 61
is pivotally mounted to the stripper element 1491 at a point approximately midway between
the spike cap engagement portion 61b and the solution cap engagement portion 61a. As
mentioned above, the rocker arm 61 is normally biased to rotate in a counterclockwise
direction as shown in FIG. 20 so that the spike cap engagement portion 61b 1s positioned near
the stripper element 1491. FIG. 21 shows that the rocker arm 61 maintains this position (i.€.,
with the spike cap engagement portion 61b located near the stripper element 1491) even
when the stripper element 1491 advances toward a spike cap 63 in the absence of a solution
line cap 31 engaging with the fork-shaped element 60. As a result, the rocker arm 61 will not
rotate clockwise or engage the spike cap 63 unless a solution line cap 31 1s present. Thus, a
spike cap 63 that does not engage with a solution line cap 31 will not be removed from the
cassette 24.

FIG. 22 shows an example in which a solution line cap 31 1s engaged with the fork-
shaped element 60 and contacts the solution line cap engagement portion 61a of the rocker
arm 61. This causes the rocker arm 61 to rotate in a clockwise direction (as shown 1n the
figure) and the spike cap engagement portion 61b to engage with the spike cap 63. In this
embodiment, engagement of the portion 61b includes positioning the portion 61b adjacent a
second flange 63a on the spike cap 63 so that when the stripper element 1491 moves to the
right (as shown in FIG. 22), the spike cap engagement portion 61b will contact the second
flange 63a and help pull the spike cap 63 from the corresponding spike 160. Note that the
solution line cap 31 1s made of a flexible material, such as silicone rubber, to allow a barb 63c¢
of the spike cap 63 to stretch the hole 31b of cap 31 (see FIG. 23) and be captured by a
circumferential inner groove or recess within cap 31. A first flange 63b on the spike cap 63
acts as a stop for the end of solution line cap 31. The walls defining the groove or recess in
the cap 31 hole 31b may be symmetrical, or preferably asymmetrically arranged to conform
to the shape of the barb 63c. (See FIG. 33 for a cross sectional view of the cap 31 and the

groove or recess.) The second flange 63a on spike cap 63 acts as a tooth with which the spike
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cap engagement portion 61b of the rocker arm 61 engages in order to provide an additional
pulling force to disengage the spike cap 63 from the spike 160, if necessary.

FIG. 23 shows a close-up exploded view of the connector end 30a of a solution line
30 with the cap 31 removed. (In FIG. 23, the caps 31 are shown without a finger pull ring
like that shown in FIG. 24 for clarity. A pull ring need not be present for operation of the cap
31 with the cycler 14. It may be useful, however, in allowing an operator to manually
remove the cap 31 from the terminal end of solution line 30, 1f necessary). In this illustrative
embodiment, the indicator at indicator region 33 has an annular shape that is sized and
configured to fit within a corresponding slot of the carriage 146 when mounted as shown in
FIGs. 10 and 11. Of course, the indicator may take any suitable form. The cap 31 i1s
arranged to fit over the extreme distal end of the connector end 30a, which has an internal
bore, seals, and/or other features to enable a leak-free connection with a spike 160 on a
cassette 24. The connector end 30a may include a pierceable wall or septum (not shown —
see FIG. 33 item 30b) that prevents leakage of solution in the line 30 from the connector end
30a, even if the cap 31 is removed. The wall or septum may be pierced by the spike 160
when the connector end 30a is attached to the cassette 24, allowing flow from the line 30 to
the cassette 24. As discussed above, the cap 31 may include a groove 31a that 1s engaged by
~ a fork-shaped element 60 of the cap stripper 149. The cap 31 may also include a hole 31b
that 1s arranged to receive a spike cap 63. The hole 31b and the cap 31 may be arranged so
that, with the cap stripper 149 engaged with the groove 31a and the spike cap 63 of a spike
160 received in the hole 31b, the cap 31 may grip the spike cap 63 suitably so that when the
carriage 146/cap stripper 149 pulls the cap 31 away from the cassette 24, the spike cap 63 1s
removed from the spike 160 and is carried by the cap 31. This removal may be assisted by
the rocker arm 61 engaging with the second flange 63a or other feature on the spike cap 63,
as described above. Thereafter, the cap 31 and spike cap 63 may be removed from the
connector end 30a and the line 30 attached to the spike 160 by the carriage 146.

Once treatment is complete, or the line 30 and/or the cassette 24 are ready for removal
from cycler 14, the cap 31 and attached spike cap 63 may be re-mounted on the spike 160 and
the line 30 before the door 141 1s permitted to be opened and the cassette 24 and line 30
removed from the cycler 14. Alternatively, the cassette 24 and solution containers with lines
30 can be removed en bloc from cycler 14 without re-mounting cap 31 and the attached spike
cap 63. An advantage of this approach includes a simplified removal process, and avoidance
of any possible fluid leaks onto the cycler or surrounding area from improperly re-mounted or

inadequately sealing caps.
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FIGs. 24-32 show a perspective view of the carriage 146, cap stripper 149 and
cassette 24 during a line mounting and automatic connection operation. The door 141 and
other cycler components are not shown for clarity. In FIG. 24, the carriage 146 1s shown 1n a
folded down position, as 1t the door 141 1s open 1n the position shown 1n FIG .8. The lines 30
and cassette 24 are positioned to be lowered onto the door 141. In FIG. 25, the lines 30 are
loaded into the carriage 146 and the cassette 24 1s loaded into the mounting location 145. At
this point the door 141 can be closed to ready the cycler for operation. In FIG. 26, the door
141 1s closed. Identifiers or indicators located at indicator region 33 on the lines 30 may be
read to identify various line characteristics so that the cycler 14 can determine what solutions,
how much solution, etc., are loaded. In FIG. 27, the carriage 146 has moved to the left,
engaging the caps 31 on the lines 30 with corresponding spike caps 63 on the cassette 24.
During the motion, the drive element 133 engages the cap tripper 149 and moves the cap
stripper 149 to the left as well. However, the cap stripper 149 remains in a retracted position.
In FIG. 28, the cap stripper 149 moves forward to engage the fork-shaped elements 60 with
the caps 31, thereby engaging the caps 31 that have been coupled to the spike caps 63. If
present, the rocker arms 61 may move to an engagement position with respect to the spike
caps 63. Next, as shown in FIG. 29, the carriage 146 and the cap stripper 149 move to the
right, away from the cassette 24 so as to pull the caps 31 and spike caps 63 from the
corresponding spikes 160 on the cassette 24. It 1s during this motion that the rocker arms 61,
if present, may assist in pulling spike caps 63 from the cassette 24. In FIG. 30, the cap
stripper 149 has stopped 1ts movement to the right, while the carriage 146 continues to move
away from the cassette 24. This causes the connector ends 30a of the lines 30 to be pulled
from the caps 31, leaving the caps 31 and spike caps 63 mounted on the cap stripper 149 by
way of the fork-shaped elements 60. In FIG. 31, the cap stripper 149 retracts, clearing a path
for the carriage 146 to move again toward the cassette 24. In FIG. 32, the carriage 146
moves toward the cassette 24 to engage the connector ends 30a of the lines 30 with the
corresponding spikes 160 of the cassette 24. The carriage 146 may remain in this position
during cycler operation. Once treatment 1s complete, the movements shown in FIGs. 24-32
may be reversed to recap the spikes 160 and the solution lines 30 and remove the cassette 24
and/or lines 30 from the cycler 14.

To turther illustrate the removal of caps 31 and spike caps 63, FIG. 33 shows a cross-
sectional view of the cassette 24 at five different stages of line 30 connection. At the top
spike 160, the spike cap 63 is still in place on the spike 160 and the solution line 30 1s
positioned away from the cassette 24, as in FIG. 26. At the second spike 160 down from the
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top, the solution line 30 and cap 31 are engaged over the spike cap 63, as in FIGs. 27 and 28.
At this point, the cap stripper 149 may engage the cap 31 and spike cap 63. At the third spike
160 from the top, the solution line 30, cap 31 and spike cap 63 have moved away from the
cassette 24, as in FIG. 29. At this point, the cap stripper 149 may stop movement to the right.
At the fourth spike 160 from the top, the solution line 30 continues movement to the right,
removing the cap 31 from the line 30, as in FIG. 30. Once the caps 31 and 63 are retracted,
the solution line 30 moves to the left to fluidly connect the connector end 30a of the line 30 to
the spike 160, as in FIG. 32.

Various sensors can be used to help verify that the carriage 146 and cap stripper 149
move fully to their expected positions. In an embodiment, the carriage drive assembly 132
can be equipped with six Hall effect sensors (not shown): four for the carriage 146 and two
for the cap stripper 149. A first cap stripper sensor may be located to detect when the cap
stripper 149 is fully retracted. A second cap stripper sensor may be located to detect when
the cap stripper 149 1s fully extended. A first carriage sensor may be located to detect when
the carriage 146 1s in the “home” position, 1.e. in position to permit loading the cassette 24
and lines 30. A second carriage sensor may be located to detect when the carriage 146 1s 1n
position to have engaged the spike caps 63. A third carriage sensor may be located to detect
when the carriage 146 has reached a position to have removed the caps 31 from the lines 30.
A fourth carriage sensor may be located to detect when the carriage 146 has moved to a
position to have engaged the connector ends 30a of the lines 30 with the corresponding spikes
160 of the cassette 24. In other embodiments, a single sensor can be used to detect more than
one of the carriage positions described above. The cap stripper and carriage sensors can
provide input signals to an electronic control board (“autoconnect board”), which 1n turn can
communicate specific confirmation or error codes to the user via the user interface 144.

There may be an advantage in adjusting the force with which the carriage 146 engages
the spike caps 63, depending on how many lines 30 are being installed. The force required to
complete a connection to the cassette 24 increases with the number of caps 31 that must be
coupled to spike caps 63. The sensing device for detecting and reading information from the
line indicators at indicator regions 33 can also be used to provide the data required to adjust
the force applied to drive element 133. The force can be generated by a number of devices,
including, for example, the first air bladder 137, or a linear actuator such as a motor/ball
screw. An electronic control board (such as, for example, the autoconnect board) can be
programmed to receive input from the line detection sensor(s), and send an appropriate

control signal either to the motor of a linear actuator, or to the pneumatic valve that controls
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inflation of air bladder 137. The controller 16 can control the degree or rate of movement of
drive element 133, for example by modulating the voltage applied to the motor of a linear
actuator, or by modulating the pneumatic valve controlling the inflation of bladder 137.

The aspect of the invention by which caps 31 on lines 30 are removed together with
caps 63 on spikes 160 of the cassette 24 may provide other advantages aside from simplicity
of operation. For example, since spike caps 63 are removed by way of their engagement with
a cap 31 on a line 30, if there 1s no line 30 mounted at a particular slot on the carriage 146,
the spike cap 63 at that position will not be removed. For example, although the cassette 24
includes five spikes 160 and corresponding spike caps 63, the cycler 14 can operate with four
or less (even no) lines 30 associated with the cycler 14. For those slots on the carriage 146
where no line 30 1s present, there will be no cap 31, and thus no mechanism by which a spike
cap 63 at that position can be removed. Thus, if no line 30 will be connected to a particular
spike 160, the cap 63 on that spike 160 may remain 1n place during use of the cassette 24.
This may help prevent leakage at the spike 160 and/or contamination at the spike 160.

The cassette 24 in FIG. 33 includes a few features that are different from those shown,
for example, 1n the embodiment shown 1n FIGs. 3, 4 and 6. In the FIGs. 3,4 and 6
embodiment, the heater bag port 150, drain line port 152 and patient line port 154 are
arranged to have a central tube 156 and a skirt 158. However, as mentioned above and
shown 1n FIG. 33, the ports 150, 152, 154 may include only the central tube 156 and no skirt
158. This 1s also shown 1n FIG. 34. The embodiment depicted in FIG. 34 includes raised ribs
formed on the outside surface of the left-side pump chamber 181. The raised ribs may also
be provided on the right-side pump chamber 181, and may provide additional contact points
of the outside walls of pump chambers 181 with the mechanism in the door 141 at the
cassette mounting location 145, which presses the cassette against the control surface 148
when the door 141 1s closed. The raised ribs are not required, and instead the pump chambers
181 may have no rib or other features, as shown for the right-side pump chamber 181 1n FIG.
34. Similarly, the spikes 160 in the FIGs. 3, 4 and 6 embodiment include no skirt or similar
feature at the base of the spike 160, whereas the embodiment in FIG. 33 includes a skirt 160a.
This 1s also shown 1n FIG. 34. The skirt 160a may be arranged to receive the end of the spike
cap 63 1n a recess between the skirt 160a and the spike 160, helping to form a seal between
the spike 160 and the spike cap 63.

Another inventive feature shown in FIG. 33 relates to the arrangement of the distal tip
of the spike 163 and the lumen 159 through the spike 160. In this aspect, the distal tip of the

spike 160 is positioned at or near the longitudinal axis of the spike 160, which runs generally
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along the geometric center of the spike 160. Positioning the distal tip of the spike 160 at or
near the longitudinal axis may help ease alignment tolerances when engaging the spike 160
with a corresponding solution line 30 and help the spike 160 puncture a septum or membrane
30b in the connector end 30a of the line 30. As a result, the lumen 159 of the spike 160 is
located generally off of the longitudinal axis of the spike 160, e.g., near a bottom of the spike
160 as shown 1n FIG. 33 and as shown 1n an end view of a spike 160 in FIG. 35. Also, the
distal end of the spike 160 has a somewhat reduced diameter as compared to more proximal
portions of the spike 160 (in this embodiment, the spike 160 actually has a step change 1n
diameter at about 2/3 of the length of the spike 160 from the body 18). The reduced diameter
of the spike 160 at the distal end may provide clearance between the spike 160 and the inner
wall of the line 30, thus allowing the septum 30b a space to fold back to be positioned
between the spike 160 and the line 30 when pierced by the spike 160. The stepped feature on
the spike 160 may also be arranged to engage the line 30 at the location where the septum
30b is connected to the inner wall of the line 30, thus enhancing a seal formed between the
line 30 and the spike 160.

Once the cassette 24 and lines 30 are loaded into the cycler 14, the cycler 14 must
control the operation of the cassette 24 to move fluid from the solution lines 30 to the heater
bag 22 and to the patient. FIG. 36 shows a plan view of the control surface 148 of the cycler
14 that interacts with the pump chamber side of the cassette 24 (e.g., shown 1n FIG. 6) to
cause fluid pumping and flowpath control in the cassette 24. When at rest, the control surface
148, which may be described as a type of gasket, and comprise a sheet of silicone rubber,
may be generally flat. Valve control regions 1481 may (or may not) be defined in the control
surface 148, e.g., by a scoring, groove, rib or other feature in or on the sheet surface, and be
arranged to be movable 1n a direction generally transverse to the plane of the sheet. By
moving inwardly/outwardly, the valve control regions 1481 can move associated portions of
the membrane 15 on the cassette 24 so as to open and close respective valve ports 184, 186,
190 and 192 of the cassette 24, and thus control flow in the cassette 24. Two larger regions,
pump control regions 1482, may likewise be movable so as to move associated shaped
portions 151 of the membrane 15 that cooperate with the pump chambers 181. Like the
shaped portions 151 of the membrane 15, the pump control regions 1482 may be shaped in a
way to correspond to the shape of the pump chambers 181 when the control regions 1482 are
extended into the pump chambers 181. In this way, the portion of the control sheet 148 at the
pump control regions 1482 need not necessarily be stretched or otherwise resiliently

deformed during pumping operation.
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Each of the regions 1481 and 1482 may have an associated vacuum or evacuation port
1483 that may be used to remove all or substantially all of any air or other fluid that may be
present between the membrane 15 of cassette 24, and the control surface 148 of cycler 14,
e.g., after the cassette 24 1s loaded into the cycler 14 and the door 141 closed. This may help
ensure close contact of the membrane 15 with the control regions 1481 and 1482, and help
control the delivery of desired volumes with pump operation and/or the open/closed state of
the various valve ports. Note that the vacuum ports 1482 are formed in locations where the
control surface 148 will not be pressed into contact with a wall or other relatively rigid
feature of the cassette 24. For example, in accordance with one aspect of the invention, one
or both of the pump chambers of the cassette may include a vacuum vent clearance region
formed adjacent the pump chamber. In this illustrative embodiment as shown in FIGs. 3 and
6, the base member 18 may include vacuum vent port clearance or extension features 182
(e.g., recessed areas that are fluidly connected to the i)ump chambers) adjacent and outside
the oval-shaped depressions formi_ng the pump chambers 181 to allow the vacuum vent port
1483 for the pump control region 1482 to remove any air or fluid from between membrane 15
and control surface 148 (e.g., due to rupture of the membrane 15) without obstruction. The
extension feature may also be located within the perimeter of pump chamber 181. However,
locating vent port feature 182 outside the perimeter of pump chamber 181 may preserve more
of the pumping chamber volume for pumping liquids, e.g., allows for the full footprint of
pump chamber 181 to be used for pumping dialysate. Preferably, extension feature 182 1s
located in a vertically lower position in relation to pump chamber 181, so that any liquid that
leaks between membrane 15 and control surface 148 1s drawn out through vacuum port 1483
at the earliest opportunity. Similarly, vacuum ports 1483 associated with valves 1481 are
preferably located 1in a vertically inferior position with respect to valves 1481.

The control regions 1481 and 1482 may be moved by controlling a pneumatic
pressure and/or volume on a side of the control surface 148 opposite the cassette 24, e.g., on a
back side of the rubber sheet that forms the control surface 148. For example, as shown 1n
FIG. 37, the control surface 148 may be backed by a mating block 170 that has control
chambers 171 located 1n association with each control region 1481, 1482, and that are
1solated from each other (or at least can be controlled independently of each other if desired).
The surface of mating block 170 forms an interface with cassette 24 when cassette 24 is
pressed into operative association with control surface 148 backed by mating block 170. The
control chambers of mating block 170 are thus coupled to complementary valve or pumping

chambers of cassette 24, sandwiching control regions 1481 and 1482 of control surface 148

S()



CA 02712950 2010-07-22
WO 2009/094185 PCT/US2009/000440

adjacent to mating block 170, and the associated regions of membrane 15 (such as shaped
portion 151) adjacent to cassette 24. Air or other control fluid may be moved into or out of
the control chambers 171 of mating block 170 for the regions 1481, 1482, thereby moving the
control regions 1481, 1482 as desired to open/close valve ports of the cassette 24 and/or
effect pumping action at the pump chambers 181. In one illustrative embodiment shown in
FIG. 37, the control chambers 171 may be arranged as cylindrically-shaped regions backing
each of the valve control regions 1481 and a pair of elliptical voids backing the pump control
regions 1482. Fluid control ports may be provided for each control chamber 171 so that the
cycler 14 can control the volume of fluid and/or the pressure of fluid in each of the control
chambers. For example, the mating block 170 may be mated with a manifold 172 that
includes various ports, channels, openings, voids and/or other features that communicate with
the control chambers 171 and allow suitable pneumatic pressure/vacuum to be applied to the
control chambers 171. Although not shown, control of the pneumatic pressure/vacuum may
be performed in any suitable way, such as through the use of controllable valves, pumps,
pressure sensors, accumulators, and so on. Of course, 1t should be understood that the control
regions 1481, 1482 may be moved 1n other ways, such as by gravity-based systems, hydraulic
systems, and/or mechanical systems (such as by linear motors, etc.), or by a combination of
systems including pneumatic, hydraulic, gravity-based and mechanical systems.

In accordance with an aspect of the invention, the vacuum ports 1483 may be used to
detect leaks 1n the membrane 15, e.g., a liquid sensor in a conduit or chamber connected to a
vacuum port 1483 may detect liquid 1f the membrane 15 1s pertorated or liquid otherwise 1s
introduced between the membrane 15 and the control surface 148. For example, vacuum
ports 1483 may align with and be sealingly associated with complementary vacuum ports 173
in mating block 170, which in turn may be sealingly associated with fluid passages 1721
leading to a common fluid collection chamber 1722 in manifold 172. The fluid collection
chamber 1722 may contain an inlet through which vacuum can be applied and distributed to
all vacuum ports 1483 of control surface 148. By applying vacuum to the fluid collection
chamber 1722, fluid may be drawn from each of the vacuum ports 173 and 1483, thus
removing fluid from any space between the membrane 15 and the control surface 148 at the
various control regions. However, if there 1s liquid present at one or more of the regions, the
associated vacuum port 1483 may draw the liquid into the vacuum ports 173 and into the
lines 1721 leading to the fluid collection chamber 1722. Any such liquid may collect in the
fluid collection chamber 1722, and be detected by one or more suitable sensors, e.g., a pair of

conductivity sensors that detect a change 1n conductivity in the chamber 1722 indicating the
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presence of liquid. In this embodiment, the sensors may be located at a bottom side of the
fluid collection chamber 1722, while a vacuum source connects to the chamber 1722 at an
upper end of the chamber 1722. Therefore, if liquid 1s drawn 1nto the tluid collection
chamber 1722, the liquid may be detected before the liquid level reaches the vacuum source.
Optionally, a hydrophobic filter, valve or other component may be place at the vacuum
source connection point into the chamber 1722 to help further resist the entry of liquid into
the vacuum source. In this way, a liquid leak may be detected and acted upon by controller
16 (e.g., generating an alert, closing liquid inlet valves and ceasing pumping operations)
before the vacuum source valve is placed at risk of being contaminated by the liquid.

In one embodiment, the inner wall of the control chambers 171 can include raised
elements somewhat analogous to the spacer elements 50 of the pump chamber, e.g., as shown
in FIG. 37 for the control chambers 171 associated with the pump control regions 1482.
These raised elements can take the form of plateau features, ribs, or other protrusions that
keep the control ports recessed away from the fully retracted control regions 1482. This
arrangement may allow for a more uniform distribution of pressure or vacuum 1n the control
chamber 171, and prevent premature blocking of any control port by the control surface 148.
A pre-formed control surface 148 (at least in the pump control regions)' may not be under a
significant stretching force when fully extended against either the inner wall of the pump
chamber of the cassette 24 during a delivery stroke, or the inner wall of the control chamber
171 during a fill stroke. It may therefore be possible for the control region 1482 to extend
asymmetrically into the control chamber 171, causing the control region 1482 to prematurely
close off one or more ports of the control chamber before the chamber 1s fully evacuated.
Having features on the inner surface of the control chamber 171 that prevent contact between
the control region 1482 and the control ports may help to assure that the control region 1482
can make uniform contact with the control chamber inner wall during a fill stroke.

As suggested above, the cycler 14 may include a control system 16 with a data
processor in electrical communication with the various valves, pressure sensors, motors, etc.,
of the system and is preferably configured to control such components according to a desired
operating sequence or protocol. The control system 16 may include appropriate circuitry,
programming, computer memory, electrical connections, and/or other components to perform
a specified task. The system may include pumps, tanks, manifolds, valves or other
components to generate desired air or other fluid pressure (whether positive pressure — above
atmospheric pressure or some other reference — or negative pressure or vacuum — below

atmospheric pressure or some other reference) to control operation of the regions of the
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control surface 148, and other pneumatically-operated components. Further details regarding
the control system 16 (or at least portions of it) are provided below.

In one illustrative embodiment, the pressure in the pump control chambers 171 may
be controlled by a binary valve, e.g., which opens to expose the control chamber 171 to a
suitable pressure/vacuum and closes to cut off the pressure/vacuum source. The binary valve
may be controlled using a saw tooth-shaped control signal which may be modulated to
control pressure in the pump control chamber 171. For example, during a pump delivery
stroke (i.e., in which positive pressure 1s introduced into the pump control chamber 171 to
move the membrane 15/control surface 148 and force liquid out of the pump chamber 181),
the binary valve may be driven by the saw tooth signal so as to open and close at a relatively
rapid rate to establish a suitable pressure in the control chamber 171 (e.g., a pressure between
about 70-90 mmHg). If the pressure in the control chamber 171 rises above about 90 mmHg,
the saw tooth signal may be adjusted to close the binary valve for a more extended period. If
the pressure drops below about 70 mmHg in the control chamber 171, the saw tooth control
signal may again be applied to the binary valve to raise the pressure in the control chamber
171. Thus, during a typical pump operation, the binary valve will be opened and closed
multiple times, and may be closed for one or more extended periods, so that the pressure at
which the liquid 1s forced from the pump chamber 181 1s maintained at a desired level or
range (e.g., about 70-90 mmHg).

In some embodiments and in accordance with an aspect of the invention, it may be
useful to detect an “end of stroke” of the membrane 15/pump control region 1482, e.g., when
the membrane 15 contacts the spacers 50 in the pump chamber 181 or the pump control
region 1482 contacts the wall of the pump control chamber 171. For example, during a
pumping operation, detection of the “end of stroke” may indicate that the membrane 15/pump
control region 1482 movement should be reversed to initiate a new pump cycle (to fill the
pump chamber 181 or drive fluid from the pump chamber 181). In one illustrative
embodiment in which the pressure in the control chamber 171 for a pump i1s controlled by a
binary valve driven by a saw tooth control signal, the pressure in the pump chamber 181 will
fluctuate at a relatively high frequency, e.g., a frequency at or near the frequency at which the
binary valve is opened and closed. A pressure sensor in the control chamber 171 may detect
this fluctuation, which generally has a higher amplitude when the membrane 15/pump control
region 1482 are not in contact with the inner wall of the pump chamber 181 or the wall of the
pump control chamber 171. However, once the membrane 15/pump control region 1482

contacts the inner wall of the pump chamber 181 or the wall of the pump control chamber
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171 (1.e., the “end of stroke’), the pressure fluctuation 1s generally damped or otherwise
changes in a way that is detectable by the pressure sensor in the pump control chamber 171.
This change in pressure fluctuation can be used to identity the end of stroke, and the pump
and other components of the cassette 24 and/or cycler 14 may be controlled accordingly.

Occluder

In one aspect of the invention, an occluder for opening/closing one or more tlexible
lines may include a pair of opposed occluding members, which may be configured as resilient
elements, such as flat plates made of a spring steel (e.g., leaf springs), having a force actuator
configured to apply a force to one or both of the occluding members to operate the occluder.
In certain embodiments, the force actuator may comprise an expandable or enlargable
member positioned between the resilient elements. With the expandable member 1n a
reduced size condition, the resilient elements may be 1n a flat or nearly flat condition and
urge a pinch head to engage with one or more lines so as to pinch the lines closed. However,
when the expandable member urges the resilient elements apart, the resilient elements may
bend and withdraw the pinch head, releasing the lines and allowing flow through the lines. In
other embodiments, the occluding members could be essentially rigid with respect to the
levels of force applied by the force actuator. In certain embodiments, the force actuator may
apply a force to one or both opposed occluding members to increase the distance between the
occluding members in at least a portion of the region where they are opposed to effect
opening or closing of the flexible tubing.

FIG. 38 shows an exploded view and FIG. 39 shows a partially assembled view of an
1llustrative embodiment of an occluder 147 that may be used to close, or occlude, the patient
and drain lines 34 and 28, and/or other lines in the cycler 14 or the set 12 (such as, for
example, the heater bag line 26). The occluder 147 includes an optional pinch head 161, e.g.,
a generally flat blade-like element that contacts the tubes to press the tubes against the door
141 and pinch the tubes closed. In other embodiments, the function of the pinch head could
be replaced by an extending edge of one or both of occluding members 165. The pinch head
161 includes a gasket 162, such as an O-ring or other member, that cooperates with the pinch
head 161to help resist entry of fluid (air or liquid for example) into the cycler 14 housing,
€.g., In case of leakage in one of the occluded lines. The bellows gasket 162 1s mounted to,
and pinch head 161 passes through, a pinch head guide 163 that is mounted to the front panel
of the cycler housing, 1.e., the panel exposed by opening the door 141. The pinch head guide
163 allows the pinch head 161 to move in and out of the pinch head guide 163 without
binding and/or substantial resistance to sliding motion of the pinch head 161. A pivot shaft
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164 attaches a pair of opposed occluder members, comprising 1n the illustrated embodiment
spring plates 1635, that each include a hook-shaped pivot shaft bearing, e.g., like that found on
standard door hinges, to the pinch head 161. That 1s, the openings of shaft guides on the
pinch head 161, and the openings formed by the hook-shaped bearings on the spring plates
165 are aligned with each other and the pivot shaft 164 is inserted through the openings so
the pinch head 161 and the spring plates 165 are pivotally connected together. The spring
plates 165 may be made of any suitable material, such as steel, and may be arranged to be
generally flat when unstressed. The opposite end of the spring plates 165 includes similar
hook-shaped bearings, which are pivotally connected to a linear adjustor 167 by a second
pivot shaft 164. In this embodiment, the force actuator comprises a bladder 166 1s positioned
between the spring plates 165 and arranged so that when fluid (e.g., air under pressure) 1s
introduced 1nto the bladder, the bladder may expand and push the spring plates 165 away
from each other in a region between the pivot shafts 164. A linear adjustor 167 1s fixed to the
cycler housing 82 while the pinch head 161 is allowed to float, although its movement 1s
guided by the pinch head guide 163. The linear adjustor 167 includes slot holes at 1ts lower
end, allowing the entire assembly to be adjusted in position and thus permitting the pinch
head to be appropriately positioned when the occluder 147 1s installed 1n the cycler 14. A
turnbuckle 168 or other arrangement may be used to help adjust the position of the linear
adjustor 167 relative to the housing 82. That is, the pinch head 161 generally needs to be
properly positioned so that with the spring plates 165 located near each other and the bladder
166 substantially emptied or at ambient pressure, the pinch head 161 suitably presses on the
patient and drain lines so as to pinch the tubes closed to flow without cutting, kinking or
otherwise damaging the tubes. The slot openings in the linear adjustor 167 allows for this
fine positioning and fixing of the occluder 147 in place. An override release device, such as
provided by release blade 169 is optionally positioned between the spring plates 165, and as
is discussed 1n more detail below, may be rotated so as to push the spriné plates 165 apart,
thereby withdrawing the pinch head 161 into the pinch head guide 163. The release blade
169 may be manually operated, e.g., to disable the occluder 147 1n case of power loss,
bladder 166 failure or other circumstance.

Additional configurations and descriptions of certain components that may be
instructive in constructing certain embodiments of the occluder are provided in U.S. Patent
6,302,653. The spring plates 165 may be constructed from any maternal that is elastically
resistant to bending forces and which has sufficient longitudinal stiffness (resistance to

bending) to provide sufficient restoring force, in response to a bending displacement, to
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occlude a desired number of collapsible tubes. In the illustrated embodiment, each spring
plate 1s essentially flat when unstressed and in the shape of a sheet or plate. In alternative
embodiments utilizing one or more resilient occluding members (spring members), any
occluding member(s) that is 