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SYSTEM AND METHOD FOR PERITONEAL DIALYSIS

Related Applications

[0001] This Application claims priority from U.S. Provisional Patent Application No.
62/092,894, filed December 17, 2014. The contents of which are incorporated by reference.

Field of the Invention

[0002] The present invention relates generally to dialysis systems and methods. More
particularly, it relates to an improved peritoneal dialysis (PD) system, apparatus and

methods for use therewith.

Background of the Invention

[0003] For patients suffering from low kidney functions, dialysis is the standard
treatment for replicating the function of a normal human kidney. There are two types of
dialysis procedures in use, hemodialysis (HD), which circulates the patient’s blood through
filters located outside the body, and peritoneal dialysis (PD), which uses the peritoneal
membrane of the patient’s abdominal cavity as a filter to remove toxins via specialized
solutions called dialysates.

[0004] Compared to HD, PD is a very gentle modality, with its slow corrective action
more resembling that of the natural kidney. It is operationally simple, eliminates the need
for venipunctures and has lower operational costs. Because the system is not an
extracorporeal one, there is no need for a high degree of heparinization, a factor that is
especially important in the case of diabetic patients. However, to date HD has continued to
domunate in the treatment of End-Stage Renal Disease (ESRD) patients.

[0005]) In a continuing ettort to provide adequate PD treatment for the varied population
of patients in need, clinicians have developed a number of different forms of PD modalities
collectively known as the Automatic Peritoneal Dialysis (APD) modality. These include the
APD modalities of: (1) Continuous Cycling Peritoneal Dialysis (CCPD); a method of

performing PD in which an automated cycler performs 4 to 6 regular exchanges every night;
1
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(ii) Intermittent Peritoneal Dialysis (IPD);, a method of performing PD in hospitals or at
home with an automatic cycler two or three times a week for a peniod of about eight to
twenty hours each time; (ii1) Nightly Peritoneal Dialysis (NPD), a method of performing
nightly peritoneal dialysis at home for patients with high efficiency peritoneal membranes.
Such patients do not fare well with long dialysate dwell times.

[0006] These modalities all involve an infusion phase, during which the dialysate
(normally glucose) is introduced into the peritoneal cavity (Fill) , a Dwell phase dunng
which the dialysate is essentially at rest in the peritoneal cavity, and a draining phase
following the dwell phase, when the dialysate is expelled from the pernitoneal cavity. The
majority of the cleansing process takes place during the Dwell. It s this phase that removes
the waste products, known as the Ultrafiltrate (UF), from the blood.

[0007] With currently available cyclers, there is no evidence-based method to determine
when an individual Dwell phase within a treatment should be terminated. In such systems a
fixed Dwell time is allocated for every given cycle. This time is adhered to regardless of the
status of the UF conditions during that cycle. If the Dwell is allowed to proceed beyond the
point when ultrafiltration has ceased, there is a danger of enhanced absorption of Glucose
due to the reversal of the flow kinetics. Therefore, it is not uncommon to get glucose
transported into the patient body using current cycler technology. This danger 1s significant
during long Dwell periods. To combat this danger significantly more expensive osmotic
agents, such as Icodextrine, are being used for long dwell periods. Alternatively, if the
Dwell is terminated prematurely the patient does not receive the target dosage.

[0008] At least three other major limitations have been recognized with the standard
Batch modalities. These are (a) a reduction in the quality of the dialysate during the long
Dwell period due to its presence of the UF components; (b) longer than optimum Drain
periods that limits the actual time available for the Dwell; and (c) the likelithood of Drain
pain at the end of every cycle. This occurs when the cycler attempts to remove fluid from a

cavity that is empty before the estimated total drain volume for that cycle has been achieved.

This latter issue results from the fact that in the standard cycler, the drain volume is



10

135

20

25

CA 02971232 2017-06-16

WO 2016/095026 PCT/CA2015/051312

calculated based on an estimate of the expected UF for that cycle and not the actual UF
generated during that cycle.

[0009] In an attempt to remove these limitations, the modality known as Tidal
Penitoneal Dialysis (TPD) was developed. This modality utilizes an initial maximum
dialysate fill volume (usually three liters) and periodically, during a long and continuous
dwell time, drains a fraction of the infused volume (usually one-third, the tidal volume and
known as the Tidal exchange volume) and re-infuses about a similar amount, adjusting for
the UF into the patient. Since there may always be fluid present in the cavity, UF occurs
during the Drain and subsequent Fill phases. This additional UF adds to that which
occurred during the normal Dwell. The net effect is an increase of the effective “Dwell”
time, a positive outcome since the Dwell is when the treatment is at its optimum. This
methodology ensures that the quality of the dialysis is kept as high as practical within the
limitation of the practiced art and that the effective treatment time (Dwell time) is
maximized.

[0010] The waste transport mechanism that generates the UF is primarily driven by
diffusion as a result of the osmotic gradient between the dialysate and the blood. Therefore
the attributes of TPD should generate more UF clearance. Unfortunately to date there is no
clear evidence that this is the case. See for example Alok Agrawal and Karl D. Nolph,
Advantages of Tidal Peritoneal Dialysis, Peritoneal Dialysis International, May 2000, Vol.
20, Suppl. 2, herein incorporated by reference.

[(0011]) TPD consumes more dialysate than any of the other mentioned modalities
therefore 1ts cost is higher. The benefit of this additional cost is the potential to reduce pain
events since the cavity 1s only completely emptied once during the treatment. In the other
modalities the cavity 1s emptied multiple times in a treatment and due to the basic nature of
prior Drain algonthms, multiple pain events have been recorded during a full treatment.
[0012] A number prior systems can perform TPD such as for example European Patent
Application No. EP0498382 to Peabody. EP0498382 describes a device that can be used
for TPD. The dialysate parameters do not vary and there is no evidence-based method to

determine when to perform a Tidal exchange. The frequency and volume exchanged are
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constant, but the residual volume in the cavity increases over time. This increase in volume
was not programmed but 1s due to the UF that is generated.

[0013] U.S. Patent No. 8,585,634 B2 to Neftel reports a TPD methodology that suggest
evidence based exchange times where a mathematical model predicts the times and volumes
required. U.S. Patent Publication No. US2012/310056A refines on this model where the
inputs rely on either the Personal Dialysis Capacity (PDC) test or the Peritoneal Equilibrium
(PET) test. These tests provide transport kinetics of the peritoneum at the time of the test.
However, the transport kinetics vary from day to day and cycle by cycle. Moreover the
patient’s diet and current clinical condition at the time of treatment also affects transport
kinetics. Consequently, the numbers generated by such test are only the predicted or
expected real time transport properties of the peritoneum at the time of a future treatment.
In short they do not provide the actual transport kinetics parameters for real time evidence
based determination of any of the exchange parameters. These include but are not limited to
exchange volume, exchange time and exchange formulation.

[0014] It 1s common to inject a Last Fill at the end of the TPD cycle, which remains
within the patient cavity until the next treatment. This is sometimes referred to as the WET
volume. The previously mentioned systems lack the ability to determine if the cavity is
truly empty at the final Drain. If the cavity is not empty at the end of the TPD cycle then the
actual WET volume will be larger than prescribed resulting in patient discomfort. An
example of this approach to TPD is given by U.S. Patent No. 9,149,045. In this approach, a
kinetic model 1s used to generate a series of UF curves from a limited set of discrete data
points collected over a number of separate Dwell periods. The model is used to extrapolate
between the discrete data points. The method then selects five individual prescriptions from
a suite of possible prescriptions that can generate these curves in accordance to the kinetic
model. This method assumes that these five prescriptions meet the individual needs of all
patients, which may not be the case since no two patients present identical clinical
conditions. The method also assumes that the prescription range is large enough to
accommodate any vanances that could occur on a daily basis. Furthermore, once the

prescription has been initiated no changes can be made during the actual treatment. This
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method, like in U.S. Publication No. 2012/310056, cannot determine when the cavity is
truly empty. Therefore, a high probability exists that the UF is under-estimated and
consequently at the next Last Fill the actual volume in the cavity is higher than what is
programmed. This combination leads to the clinically dangerous “overfill condition” for the
patient.

[0015] U.S. Patent No. 6,228 047 to Dadson and assigned to Newsol Technologies, Inc.,
assignee of the present application, the contents of which are herein incorporated by
reference, discloses a method to address the overfill condition by monitoring the cavity
pressure and a method to track and determine the rate of UF production. From these
combined methods, it may be possible to arrive at an optimum exchange time if the
disclosed methodologies 1s applied to the Tidal process. However, Dadson assumes that the
only pressure rise 1s due to UF production. This is not the case. For example, patient
movement during the night can generate abrupt and large swings in pressure. Also, normal
biological functions are superimposed on any observable pressure changes. The method
proposed by Dadson gradually reduces the volume of dialysate in the cavity during the
Dwell each time the pressure increases beyond some threshold. Dialysate is removed from
the cavity and there is no indication of how to replenish this quantity, which is a requirement
in TPD. 1t is desirable to maintain the Dwell volume at the original Fill value and also
supply fresh supply dialysate to compensate for the natural dilution by the UF and in an
extreme case, Dadson could prematurely empty the cavity. Failure to account and
accommodate for these issues prevents Dadson from performing evidence-based Tidal

exchange points.
Summary of the Invention

[0016] It 1s at least an object of the invention to provide a method and apparatus
whereby exchange parameters, (time, volume, formulation etc ) for the Tidal or any of the
Batch modalities are determined from data collected during a PD treatment in real time by
on board sensors. It is a further objective to provide a method and apparatus whereby a

component of the data is the actual pressure changes due solely to UF generation. The
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pressure rise in the cavity can be separated into pressure due to UF and pressure due to
patient movement. It 1s a further purpose of this invention to show that the sleep quality of
the patient can be inferred from these pressure data. For example, if the breathing of the
patient becomes compromised or changes dramatically. It is the further purpose of this
invention to show that the heart rate of the patient can be extracted from collected pressure
data. It1s a further purpose of this invention to disclose a Fill Dwell and Drain methodology
and apparatus that 1s used for evidence based determination of Tidal exchange points. 1t is
the further purpose of this invention to disclosed methods and apparatus such that the
traditional Batch process (Fill, Dwell and Drain) can be combined with the Tidal modality to
produce a hybrid modality system according to the invention.

[0017] According to one aspect of the invention, there is provided a system of
measuring a volume of a patient cavity for peritoneal dialysis (PD). The system comprises a
cassette having a heated region and a sensor region. The sensor region measures pressure
measurements. The system also comprises a volumetric pump supplying a fluid from one or
more bags to the cassette or extracting the fluid from the cassette. A patient connection is in
flurd communication with the cassette by way of a valve manifold. A microprocessor
communicates with the sensor region and controls the heated region, the valve manifold, and
the volumetric pump. The microprocessor reads and executes instructions from a computer-
readable memory. The instructions involve: activating the volumetric pump to deliver
discrete increments of the fluid to the cassette; receiving the pressure measurements from
the sensor region, filtering rapid fluctuations in the pressure measurements to determine an
accumulated pressure in the patient cavity; and correlating the accumulated pressure to the
volume of the fluid in the patient cavity. The instructions may also measure the
accumulated pressure and determine a volume of the patient cavity that induces physical
discomfort. The instructions may also correlate the determination of the volume of the
patient cavity to a full cavity condition. The instructions may also isolate pressure changes
due to an ultrafiltrate (UF) volume increase from the accumulated pressure.

[0018] In another aspect of the invention, the instructions may determine a Tidal

exchange point based on the isolated pressure changes. The accumulated pressure in the
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patient cavity may be monitored until 1t reaches a minimum cycle pressure, then the
volumetric pump may be activated to deliver discrete increments of the tluid to the cassette
until the patient cavity again reaches the full cavity condition.

[0019] In yet another aspect of the invention, the instructions may 1initiate a Drain phase
based on the isolated pressure changes. The volumetric pump may reverse to reduce the
accumulated pressure in the patient cavity until an empty condition occurs.

[0020] According to yet another aspect of the invention, there 1s provided instructions
to 1solate and/or record pressure changes due to a respiratory rate;, heart rate;, or determine
sleep characteristics. There may also be instructions to determine transport kinetics based
on at least one charactenistic of the UF volume increase.

[0021] According to another aspect of the invention, there 1s provided a computer-
implemented method of measuring a volume of a patient cavity for pentoneal dialysis (PD).
The steps may comprise activating a volumetric pump to deliver discrete increments of a
fluid from at least one bag to a cassette or extracting discrete increments of the fluid from
the cassette; the cassette in fluild communication with the patient cavity by way of a valve
manifold; measuring pressure measurements from a sensor region of the cassette; filtering
rapid fluctuations in the pressure measurements to determine an accumulated pressure in the
patient cavity; and correlating the accumulated pressure to the volume of the fluid 1n the
patient cavity. The method may also comprise steps of measuring the accumulated pressure
and determining a volume of the patient cavity that induces physical stress that causes
discomfort. The determination of physical stress may be correlated to a full cavity

condition.

10022] According to yet another aspect of the invention, the computer-implemented
method may comprise at least one of the steps of: isolating pressure changes due to
ultrafiltrate (UF) volume increase from the accumulated pressure;, determining a Tidal
exchange point based on the isolated pressure changes; reversing the volumetric pump to
reduce the accumulated pressure in the patient cavity, and monitoring the accumulated

pressure in the patient cavity until it reaches a minimum cycle pressure; and activating the
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volumetric pump to deliver discrete increments of the fluid to the cassette until the patient
cavity again reaches the full cavity condition.

[0023] According to other aspects of the invention, there is provided a computer-
implemented method that comprises the steps of initiating a Drain phase based on the
1solated pressure changes. The Drain phase may comprise reversing the volumetric pump to
reduce the accumulated pressure in the patient cavity and reducing the accumulated pressure
in the patient cavity until an empty condition occurs.

[0024] According to any aspect of the invention, the valve manifold may have a
plurality of ports each coupled to a different bag from the at least one bag, each bag having a
different solution. The instructions may dynamically adjust a formulation provided to the
patient cavity from the different bags.

[0025] According to any aspect of the invention, the sensor region.may measure optical
properties. The microprocessor may execute instructions to: receive at least one optical
property to detect air in the sensor region; and stop the volumetric pump in response to the
detected air.

[0026] According to any aspect of the invention, the sensor region may measure
temperature. The microprocessor may execute instructions to: receive the temperature
associated with the sensor region and increase or decrease energy to the heated region to
maintain a physiological temperature in the sensor region.

[0027] While several objectives have been identified above, the invention is not

considered limited to any one or any combination of the objectives in particular. Rather,

any system meeting at least one of the aforementioned objectives is considered within the

scope of the present invention.
Brief Description of the Drawings

[0028] An embodiment will now be described, by way of example only, with reference

to the attached Figures, wherein:
[0029] Figures 1A to 1C shows perspective view with detailed views of a dialysis

system;
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[0030}] Figure 1D shows a schematic view of the force sensor and associated
electronics;

[0031] Figure 2 shows a graph and table of a treatment and formulation for the dialysis
system;

[0032] Figure 3A shows a screen shot of input data, having slow but increasing voltage
level with a randomly variable fast voltage component superimposed, into the filtering
capabilities algorithm according to a first example;

[0033] Figure 3B shows a screen shot of the extracted slow component after the
application of the filtering capabilities algorithm according to the first example;

[0034] Figure 4A shows a screen shot of input data, having slow but increasing voltage
level with a randomly variable fast voltage component superimposed, into the filtering
capabilities algornithm according to a second example;

[0035] Figure 4B shows a screen shot of the extracted slow component after the
application of the filtering capabilities algorithm according to the second example:;

[0036] Figure 5 shows an in-vivo pressure history collected by the on-board pressure
sensors during a standard batch process on a patient using this cycler;

[0037) Figure 6 demonstrates an effect of the dialysis system on Figure 5 data;

[0038] Figure 7 shows a schematic of a characterization apparatus used to demonstrate
the properties of a constructed cycler;

[0039] Figure 8 shows a schematic of locations of a patient cavity height relative to the
cycler;

[0040] Figure 9 shows a plot of pressure recorded in the pressure sensing region when
the cavity 1s being filled;

[0041] Figure 10 shows a plot of pressure recorded in the pressure sensing region when
the cavity 1s being emptied;

[0042] Figure 11 shows a plot demonstrating that the change in pressure versus volume
1S constant;

[0043] Figure 12 shows a plot of pressure versus time for three consecutive cycles of a

batch process;
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[0044] Figure 13 shows a plot of the measured fill and rain volume versus time a typical
tidal process;

[0045] Figure 14 show a plot of the pressure versus time for the tidal process; and
[0046] Figure 15 shows a plot of the Fill and Drain volumes of a treatment that

combines Tidal and batch processes.
Detailed Description of the Embodiment

[0047] While the Background of Invention described above has identified particular
problems known in the prior art, the present invention provides, in part, a new and useful
application for peritoneal dialysis.

[0048] The basic element of the tidal modality has the following components as
described herein. The system must fill the cavity with a prescribed volume of sterile fluid
while ensuring that the entire fluid path remains sterile at all times. A fixed portion of that
Fill volume 1s periodically drained and discharged as waste after a prescribed time interval.
This time interval 1s known as the Dwell period and the periodic volumes drained during
this prescribed time interval is referred to as the exchange volume. The exchange volume is
then replaced with a volume less than that which was drained. The difference being what
was estimated to be the Ultra Filtrate (UF) generated during the Dwell period. After a set
number of Dwell periods the complete contents of the cavity is then drained. These basic
elements to generally perform this tidal modality are described below.

[0049] The elements of the multiple modality system 100 are illustrated in Figures 1A
to 1C, where a cycler 102 receives a cassette 104 (for example, as disclosed in CA
2,574,537 Al and WO 2008/086619 Al). Fluid path sterility is ensured by the cassette.
The cassette 104 comprises a heated region 106 and a diagnostic sensor region 108. This
fluid-filled sensor region 108 mimics the chemical, physical, and biological properties of the

fluid 1n the peritoneum 150.

[0050] A number of features ensures a sterile environment such as, for example, the
system confirms that the cassette 104 is pressure and vacuum tight at the onset of the

treatment. The system 100 confirms that fluid is flowing freely in the cassette 104 from
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bags 706 necessary for the prescribed formulation. The system 100 detects if any of the
fluid lines (112, 114, 116) have unintended flow impediments. Furthermore, air is removed
from cassette and any sterilization residue is removed as the system 100 performs Flush
beftore Fill on all lines 112, 114, and/or 116. The system 100 performs a final confirmation
that all fluid paths, 1n particular 114, contain only sterile fluid and has no air. The design
and operating principle of this system 100 ensures that no air remains in the patient line 114
prior to the first Fill. The fluid pathways are designed such that all fluid movement passes,
either to or from the pump 110, over the optical sensor region 124, which is encased by a
transmitter-receiver diode patr or other form of optical detector. The presence of air instead
of liquid 1n this region 124 defocuses and reduces the light intensity traversing this region
124 resulting 1n detection of any air in the system by the optical detector. If air is detected in
any fluid path, then that fluid path 1s immediately blocked and the fluid in that path is
discarded.

[0051] A volumetric pump 110 supplies pressure or vacuum to the cassette 104 and in
this embodiment comprises a piston and cylinder configuration attached to the cassette 104
Solution 1s provided to the cassette 104 by way of solution connections 112 and pump 110.
A patient connection 114 is connected to the patient in conjunction with a drain 116 by way
of a valve manifold 126 having a plurality of ports P1 to P6. Figure 1C shows a schematic
of the sensor region 108 of a single -use cassette 104 used by the cycler 102. The fluid in
this region 108 emulates the properties of the fluid in the peritoneum 150. Therefore,
measurements taken within this region 108 are indicative of the properties of the fluid in the
peritoneum 150. The sensor region 108 measures pressure 120, temperature 122, and
optical properties 124, but others such as chemical sensors (not shown) could be
incorporated.

[0052] For the Fill process, the cavity 1s completely filled with the volume of dialysate
that was prescribed by the clinician and at a rate that does not discomfort the patient. This
fluid should be provided at the prescribed physiological temperature. In addition, it 1s
preferable that the formulation of this fluid is adjustable at any given exchange point and

every ettort should be made not to generate by-products by overheating the fluid. Pump 110
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draws a prescribed volume of fluid from each of the bags connected to 112 in a programmed
sequence to generate a fully formulated biocompatible formulation within the body of the
pump 110. The fluid 1s prepared and delivered in discrete (0-50mL) increments. Therefore,
each increment can be a unique mixture of the solution bags that are attached to ports hence
the delivered formulation can be changed at any exchanged point.

[0053] This flud 1s then delivered to the patient’s cavity by running the pump 110 in
reverse. The reverse fluid path is such that the fluid must pass over the heated region 106 by
way of port P7 and P8 before it reaches the patient’s cavity. In addition, the fluid pathways
are designed such that all fluud movement must at some point, either to or from the pump
110, must pass by the optical sensor region 124 which 1s encased by a transmitter-receiver
diode pair. The presence of air instead of liquid in this region 124 defocuses and hence
reduces the light intensity traversing this region 124 resulting easy detection of any air in the
system. I‘fair 1s detected 1n any the fluid path that fluid path 1s immediately blocked and that
fluid 1s discarded. The valve manifold 1s computer controlled such that only the required
port(s) and fluid paths are in communication with the pump for the required filling action.
For example, duning the filling of the cavity the pump 110 communicates with the cavity via
ports P7, P8, and PS. All other ports are 1solated from the pump 110.

[0054] The Dwell period represents the most effective portion of the treatment for waste
removal. | During this time, the majornity of the waste 1s transferred from the blood to the
dialysate| Therefore, for optimum performance it 1s preferable to have an objective manner
to determine when this phase is no longer optimal. Prior methods and systems use a fixed
time for this purpose. The fixed time is not an effective monitor since predetermination of
the exact metabolic rate of the patient in advance of the treatment 1s not possible and
therefore| a fix dwell period time is inappropriate. The embodiment described herein
provides an evidence-based method to determine when the Dwell 1s completed.

[0055] During Drain, the largest safety limitations 1in all PD systems that currently
promotes| the tidal modality 1s their inability to determine 1f the cavity 1s truly empty at the

Final Drain. Since all such systems rely on the difference in Fill volume and Drain volume

to determine UF, any error in the Final Drain volume generates an error in the UF
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calculation. In addition, 1t 1s not uncommon for such systems to recommend an additional
Last Fill after the end of the tidal modality. If the cavity has not been fully drained at the
end of the tidal modality, there exists the danger that this Last Fill will induce severe
discomfort to the patient due to overfilling of the cavity.

[0056] In the present embodiment, the pump 110 is used to drain the cavity using port
P5 and P6 in sequence. Port P7 is isolated from the pump 110 by a one-way valve that only
allows fluid to pass from the pump 110 to the heated region 106 and never back from the
heated region 106 to the pump 110. Therefore, this one-way valve retains sterility of the
fluid path by prohibiting fluid leaving the cavity to re-enter the heated region 106. Once the
pump 110 has withdrawn a discrete volume from the cavity via port PS, port P5 1s then
closed and port P6 opened. Pump 110 is reversed and the pump 110 1s emptied. The
method involves pressure monitoring to detect when the cavity 1s empty and the method 1s
independent of Drain speed. Moreover, the Drain speed 1s optimized independently of the
Fill speed. The system 100 also recognizes kinks and blockages in lines and distinguishes
between air and liquid leaving cavity. The system 100 can be positioned such that a gravity
drain is permissible in the event of a pump failure. The drain algorithm differentiates
between an empty cavity and block drain line.

[0057] The present embodiment incorporates pressure monitoring as the objective
parameter to improve Tidal modality as described above. The pressure sensor 120
measurements in combination with an appropriate algorithm permits the cycler 102 to:
isolate pressure changes due only to UF; determine the volume of the cavity, determine
when the cavity is full; determine the time when an exchange should be initiated; and
determine when the cavity 1s empty. These additional features when working synergistically
provide the outcomes which are required for evidence based tidal.

[0058] The pressure changes due to UF alone are isolated based on the system 100
being a closed liquid loop as can be seen in Figure 1D, with rigid walls, except for the
pressure sensor region 120, and has no or insignificant air pockets. That 1s the pressure
changed seen in the pressure sensing region 120 is proportional to the volume increase

provided the closed loop is full of liquid. Since a fluid is an incompressible medium, the
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result 1s dP/dV = constant. If V i1s increased, then P must also increase proportionally. Since
the only moveable element 1s the silicone membrane 142 acting from the liquid sensor
region 108 to an air filled area 152, the deformation of the membrane 142 1s detected by a
force on the force transducer 144 that 1s pressure and vacuum sealed. The force transducer
144 generates a voltage change that 1s converted from analog to digital and recorded by a
microprocessor 148 into memory 146. This data 1s then digitally filtered by a filtering
algorithm 1n memory 146 executed by the microprocessor 148. The filtering algorithm
compares the slopes (dP/dt) of adjacent data points. The UF process 1s a slow process in
comparison to other factors that may increase the cavity pressure. Therefore, i1f the slope at
t+At 1s greater than a given percentage of the value at ¢, then the detected value at 7 1s
discarded as a non-UF pressure rise and an extrapolated value 1s calculated for 7+Af. This
extrapolated value replaces the discarded value. This process 1s repeated throughout the
Dwell period.

[0059] Examples of how the algorithm can separate pressure changes due to
ultrafiltration from other events than can cause the cavity pressure to rise as shown In
Figures 3 and 4. The top curves shown in Figures 3A and 4A are simulated (enforced)
pressure changes. The bottom curve shown in Figures 3B and 4B are processed by the
algorithm and reported as pressure changes due to UF at the same time increment. This 1s
possible because the timescales associated with pressure due to the enforced UF is long in
comparison to pressure changes due to simulated patient movement or biological functions.
[0060] The ability to correlate pressure increase with UF volume increase during the
Dwell provides the additional opportunity to track different size molecules with different
transport kinetics and allowing the targeting of specific species with specific formulations,
specific Dwell times, and specific exchange times. An example 1s shown in Figure 2, where
there 1s an implementation of specific formulation and dwell time for fast high mobility
species (C1 and C2), followed by Tidal for intermediate C3, followed by C4 cycle for slow
species.

[0061] The algorithm monitors pressure during the Dwell by either focusing on pressure

increment or rate of change of pressure and differentiates between pressure change due to
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UF and other sporadic pressure changes. The pressure monitoring options comprise at least
one of determining when Dwell 1s complete, reporting on Dwell efficiencies (dfUF//dl),
heart rate monitor, breathing rate, and/or sleep quality option. When reporting on Dwell
efficiencies by monitoring and recording the rate of UF increase, characterization of
membrane transport properties can be inferred.

[0062] Figure 5 shows the in-vivo pressure history collected by the on-board pressure
sensors 120 during a standard batch process on a patient using this cycler 102. In this mode
the cycler 102 performed as a standard cycle with the ability to monitor and collect data of
the pressure in the peritoneal cavity at 30 sec intervals. In this example, the patient was
awake during the treatment and was allowed natural movement, hence the large pressure
spikes that were present in Figure 5 coincided with this movement. If such a trace was
observed during.the night treatment, it would be indicative of the patient’s sleep pattern.
These large perturbations could be indicative of an underlying clinical 1ssue. One such 1ssue
1s that the patient’s breathing may have been compromised. If the data sample rate was
increased from 0.03 Hz to every 10 Hz, then the patient’s natural breathing pattern and heart
rate could be extracted from this data since both express themselves as distinctive and
reproducible pressure perturbations superimposed on the natural UF pressure profile. This
again provides useful clinical information.

[0063] Using the data from Figure 5, Figure 6 demonstrates the effect of incorporating
the Dwell algorithm as described above (PR1). The new data generated 1s shown in grey
with a trendline shown in light grey. Note the average pressure increase in Figure 5 1s the
same as in Figure 6 but the perturbations due to non-UF pressure changes, such as patient
movement has been removed by the Dwell algonthm. Thus, the cycler 102 may record the
pressure changes in the peritoneum 150 that were due only to UF.

[0064] Figure 7 shows the apparatus used to demonstrate how the cycler 102 can be
used to measure the cavity volume. For this initial design, due to safety considerations the
“patient cavity” 702 used in Figure 7 was a simulated. The simulated patient cavity 702 1s
constructed to mimic the performance of a real peritoneal cavity. The cavity 702 comprises

an inner flexible skin bonded by a rigid frame and has the ability to trap air pockets within
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the inner flexible skin. This rigid frame is surrounded by a heater blanket such that the
temperature at the interior of the inner skin is kept at body temperature. Two inputs tubes
were 1nserted into the cavity 702. The first input tube was terminated by a peritoneal
catheter and was inserted into the center of the cavity 702. The second input tube was used
as a means to add extra fluid from an independent source (UF reservoir) placed above the
patient cavity 702, thus stmulating a controlled UF inflow once the appropriate valve was
opened.

[0065] Figure 8 shows the three locations of the patient cavity 702 height relative to that
of the cycler 102. The maximum upper and lower ranges were +/-100cm. This was the pre-
set value of the syringe pump that powered the fluid movement. This value could be
increased to +/-200cm if required. Fluid was admitted to the cavity 702 in each of the three
peritoneal cavity positions (-35cm, Ocm, and +35c¢m) and the pressure recorded in the
pressure sensing region 120 was recorded as shown in Figure 9. The inflection point where
the inner flexible skin is now being stressed occurs at a similar volume in each case. This
stressing of the cavity 702 indicates that the cavity 702 is full. This admitted volume is then
the volume of the cavity. This determines that the stressing of the cavity 702 indicates the
fill volume of the cavity 702. The inverse to Figure 9 is achieved when the cavity 702 is
empty as shown in Figure 10. That 1s the peritoneum 150 1s stressed as a result of an empty
cavity 702. Again the stress point 1s generally independent of the height difference between
the cycler 102 and the cavity 702. The system incorporates a number of algorithms that
once a stress point (inflection) 1s detected, the microprocessor 148 executing the algorithm
examines the inflection to determine 1t 1t was caused by a flow impediment in the line. For
example, 1f the inflection was caused by a kind in the line, a flow reversal would generate
the inverse inflection. If the inflection was caused by an empty cavity, not inflection would
be generated.

[0066] The UF volume be tracked by monitoring the induced pressure increment. This
concept 1s based on a closed loop fluid path dP/dV being constant. The apparatus 700
shown in Figure 7 was used. The UF volume was recorded at 1 min time intervals by noting

the increase in weight of the cavity 702 which was positioned on a scale. Concurrently to
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this, the pressure increased in the sensor region of the cycler 102 was recorded. Figure 11
shows that dP/dV was a constant with an R’ of 0.9813. Therefore dV/ qr =k ap / At

where £ 1s constant, and dV/dt and dP/dt are the change in volume and pressure over time.
Given this, by monitoring the change in pressure over time, the pressure increment with
time 1s proportional to the UF volume increment with time. Hence, the UF volume
generated during the Dwell may be objectively measured by monitoring the corresponding
pressure 1nCrease.

[0067] The cycler 102 may determine the optimum time in which to terminate the
Dwell by monitoring the value of dP/df. When dP/dt becomes zero, the forward direction of
UF 1s terminated. At this point the Dwell 1s terminated thus avoiding UF flow reversal.
This 1s shown 1n Figure 12 where a plot of pressure versus time of three consecutive cycles
of a typical batch process 1s shown. The graph shows the point at which dP/dt = 0 for each
cycle where this signals the effective ends of the Dwell for each cycle. There is no
significant clinical benefit for prolonging the Dwell beyond these periods without creating
the conditions for UF reversal. The entire UF profile is captured for each cycle. Measuring
the entire UF profile for each cycle allows for the direct extraction of the transport rates and
the evolution time of each component used in the 3-pore model. Thus individual transport
kinetics for each treatment cycle are determined.

[0068] The same experiment was repeated using standard Tidal modality with the
measured Fill and Drain volumes generated during the treatment shown in Figure 14. The
prescription was an initial Drain, a Fill followed by 7 exchanges, a full drain and then a final
Fill. The volume of the first fill and the last fill were selected to be the same.

[0069] The exchange drain volumes and the corresponding fill volume were the same
for each exchange as per the prescription requirements. However, because the total UF per
exchange 1s deliberately underestimated and hence creating the conditions for over fill at the
last Fill, the system 100 was agile enough to continuing the drain process until the cavity
was empty prior to the Last fill thus avoiding over fill condition, a serious safety 1ssue.
[0070] Concurrent to the volume measurements the UF being admitted into the cavity at

was monitored by tracking dP/dt. The UF flow rate was designed to decrease with time as
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would be expected under typical treatment conditions. Figure 14 shows the measure
pressure increase with time. The slope of the Pressure vs time curve decreased in line with
the UF rate reduction.
10071] Therefore, two quantitative methods determine when to stop the dwell and
S imtiate an evidence based exchange. The system 100 may be programmed to perform the
exchange 1f dP/dt = zero (as shown in Figure 12) or drops below a certain threshold value
(Figure 14).
0072] The Tidal and Batch process as described herein are combined. Since the cycler
102, as previously described, 1s able to determine when to terminate the Dwell, 1s fully
10 volumetric, can measure the cavity volume, can determine when the cavity 1s full or empty
and can vary the formulation at each cycle or exchange point, the traditional batch process
may be blended with the tidal modality. An example of the Fill, Dwell, and Drain times are
shown 1n Figure 15 along with the concentration table for each Cycle/exchange. The initial
state of the patient 1s “dry”. The cycler 102 performs one Fill followed by two tidal
15  exchanges. After the second exchanged the batch process was implemented, complete drain
and refill with fresh dialysate. The treatment was concluded with a partial fill that constitute

a “wet Phase.

Table 1

1 | 227 | 09

4 ] 29 | 09

20 {0073} The measurements that are described herein may not simply be measured, but
may also be monitored, tracked, recorded to memory, extracted by way of a USB port 180,

streamed over a network to other computer systems at local or remote locations, or

discarded.
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[0074] The above-described embodiments are intended to be examples of the present
invention and alterations and modifications may be effected thereto, by those of skill in the
art, without departing from the scope of the invention, which is defined solely by the claims

appended hereto.
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AMENDED CLAIMS
recelved by the International Bureau on 13 April 2016 (13.04.2016)

1. A peritoneal dialysis (PD) system comprising:

a cassette comprising a heated region and a sensor region, the sensor region

measuring pressure measurements;

a volumetric pump supplying a fluid from at least one bag to the cassette or

extracting the fluid from the cassette;

a patient connection 1n fluidd communication with the cassette by way of a valve

manifold:;

a microprocessor communicating with the sensor region and controlling the

heated region, the valve manifold, and the volumetric pump;

a computer-readable memory, the microprocessor reading and executing

instructions from the computer-readable memory to configure the microprocessor to:

activate the volumetric pump to deliver discrete increments of the fluid to

the cassette;
receive the pressure measurements from the sensor region;

filter rapid fluctuations 1n the pressure measurements to determine an

accumulated pressure 1n the patient cavity; and

correlate the accumulated pressure to a volume of the fluid 1in the patient

cavity.

2. The system according to claim 1, the computer-readable memory further
comprising instructions to configure the microprocessor to: measure the accumulated
pressure and determine the volume of fluid 1n the patient cavity that induces physical

stress.
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3. The system according to claim 1, the computer-readable memory further
comprising instructions to configure the microprocessor to: correlate the determination of

the volume of fluid 1n the patient cavity to a full cavity condition.

4. The system according to claim 3, the computer-readable memory further
comprising instructions to configure the microprocessor to: 1solate pressure changes due

to ultrafiltrate (UF) volume increase from the accumulated pressure.

5. The system according to claim 4, the computer-readable memory further
comprising instructions to configure the microprocessor to: determine a Tidal exchange

point based on the 1solated pressure changes.

6. The system according to claim 5, the computer-readable memory further
comprising instructions to configure the microprocessor to: reverse the volumetric pump

to reduce the accumulated pressure 1n the patient cavity.

7. The system according to claim 6, the computer-readable memory further
comprising instructions to configure the microprocessor to: monitor the accumulated
pressure 1n the patient cavity until 1t reaches a minimum cycle pressure; and at the
minimum cycle pressure, activate the volumetric pump to deliver discrete increments of

the fluid to the cassette until the patient cavity again reaches the full cavity condition.

8. The system according to claim 4, the computer-readable memory further
comprising 1nstructions to configure the microprocessor to: initiate a Drain phase based

on the 1solated pressure changes.
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9. The system according to claim 8, the computer-readable memory further
comprising instructions to configure the microprocessor to: reverse the volumetric pump

to reduce the accumulated pressure 1n the patient cavity.

10. The system according to claim 9, the computer-readable memory further
comprising 1nstructions to configure the microprocessor to: reduce the accumulated

pressure 1n the patient cavity until an empty condition occurs.

11. The system according to any one of claims 1 to 10, wherein the valve manifold
comprises a plurality of ports each coupled to a different bag from the at least one bag,
each bag having a different solution; the computer-readable memory further comprising
instructions to configure the microprocessor to: dynamically adjust a formulation

provided to the patient cavity from the different bags.

12. The system according to any one of claims 1 to 11, further comprising: the sensor
region measuring optical properties; and the computer-readable memory further
comprising instructions to configure the microprocessor to: receive at least one optical
property to detect air 1n the sensor region; and stop the volumetric pump 1n response to

the detected air.

13. The system according to any one of claims 1 to 12, further comprising the sensor
region measuring temperature; and the computer-readable memory further comprising
instructions to configure the microprocessor to: receive the temperature associated with
the sensor region and increase or decrease energy to the heated region to maintain a

physiological temperature in the sensor region.
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14. The system according to claim 3, the the computer-readable memory further
comprising instructions to configure the microprocessor to: 1solate pressure changes due

to a respiratory rate.

15. The system according to claim 3, the computer-readable memory further
5  comprising instructions to configure the microprocessor to: 1solate pressure changes due

to a heart rate.

16. The system according to claim 14, the computer-readable memory further
comprising instructions to configure the microprocessor to: record at least one respiratory

cycle.

10 17 The system according to any one of claims 1 to 16, the computer-readable
memory further comprising instructions to configure the microprocessor to: determine

sleep characteristics.

18. The system according to claim 4, the computer-readable memory further
comprising instructions to configure the microprocessor to: determine transport kinetics

15 based on at least one characteristic of the UF volume increase.

19. A computer-implemented method of performing diagnostic measurements during

peritoneal dialysis (PD), comprising steps of:

activating a volumetric pump to deliver discrete increments of a fluid from at least
one bag to a cassette or extracting discrete increments of the fluid from the cassette; the

20  cassette in fluid communication with the patient cavity by way of a valve manifold;

measuring pressure measurements from a sensor region of the cassette;
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filtering rapid fluctuations in the pressure measurements to determine an

accumulated pressure 1n the patient cavity; and

correlating the accumulated pressure to a volume of the fluid 1n the patient cavity.

20. The computer-implemented method according to claim 19, further comprising
steps of: measuring the accumulated pressure and determining the volume of fluid 1n the

patient cavity that induces physical stress to cause discomfort.

21. The computer-implemented method according to claim 20, further comprising

steps of: correlating the determination of the physical stress to a full cavity condition.

22. The computer-implemented method according to claim 21, further comprising
steps of: 1solating pressure changes due to ultrafiltrate (UF) volume increase from the

accumulated pressure.

23. The computer-implemented method according to claim 22, further comprising the

steps of: determining a Tidal exchange point based on the 1solated pressure changes.

24. The computer-implemented method according to claim 23, further comprising
steps of: reversing the volumetric pump to reduce the accumulated pressure 1n the patient

cavity.

25. The computer-implemented method according to claim 24, further comprising
steps of: monitoring the accumulated pressure in the patient cavity until 1t reaches a

minimum cycle pressure; and activating the volumetric pump to deliver discrete
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increments of the fluid to the cassette until the patient cavity again reaches the full cavity

condition.

26. The computer-implemented method according to claim 22, further comprising the

steps of: 1nitiating a Drain phase based on the 1solated pressure changes.

27. The computer-implemented method according to claim 26, memory further
comprising steps of: reversing the volumetric pump to reduce the accumulated pressure 1n

the patient cavity.

28. The computer-implemented method according to claim 27, further comprising
steps of: reducing the accumulated pressure 1n the patient cavity until an empty condition

OCCUTIS.

29 The computer-implemented method according to any one of claims 19 to 28,
further comprising the steps of: dynamically adjusting a plurality of ports of the valve
manifold, each of the ports coupled to a different bag from the at least one bag, each bag
having a different solution, to modity a formulation provided to the patient cavity from

the bags.

30. The computer-implemented method according to any one of claims 19 to 29,
further comprising steps of: measuring at least one optical property from the sensor

region to detect air 1in the sensor region and stop the volumetric pump 1n response.

31. The computer-implemented method according to any one of claims 19 to 30,

further comprising steps of: measuring a temperature associated with the sensor region,;
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and 1ncreasing or decreasing energy to the heated region to maintain a physiological

temperature within the sensor region.

32. The computer-implemented method according to claim 22, further comprising

steps of: 1solating pressure changes due to a respiratory rate.

33. The computer-implemented method according to claim 22, further comprising

steps of: 1solating pressure changes due to a heart rate.

34. The computer-implemented method according to any one of claims 19 to 33,

further comprising steps of: measuring sleep characteristics.

35. The computer-implemented method according to claim 22, further comprising
steps of: determining transport kinetics based on at least one characteristic of the UF

volume 1ncrease.

AMENDED SHEET (ARTICL

19)



CA 02971232 2017-06-16

PCT/CA2015/051312

WO 2016/095026

1/12

Vi Old

¢Ol

dl Old

901



CA 02971232 2017-06-16

WO 2016/095026
2/12

144

108

1
00
-~ <F I
— =i .

142

PCT/CA2015/051312

150

FIG. 1D



CA 02971232 2017-06-16

PCT/CA2015/051312

WO 2016/095026

3/12

o0z
- 000z
- 0ooz

o
T

¢0C

2 'Ol

Sw|

€

1

14014

a Eg

opho

SUIN|OA



CA 02971232 2017-06-16

WO 2016/095026 PCT/CA2015/051312
4/12

FIG. 3A

s mmsmems e tecmims es e seimemege ses seieieme Smaqiem er cemimims e s gem prmees s ge gue e oy LR n . LRI (UL .. .e . e s e S0 S o EB S @AY Se Se SR s S5 S MBI 00 0 S Em s S0 60 O mm e S0 S50 S Em—SERS §0 §0 ¢ G s $0 G $ S §0 WS NS OENS §8000 §E M $0 St am— S S0 @ (¢ SENO@IENS 08 §5 66 e s $y © 00 am—_am 0t Ss S0 SamipIage s S5 SPIGLES o o .qe —~rw e . U ol AW amsapmsana am'se snspmesle’se o0 sansm EaMSSESS Ss B e asamD an'es s maass saem oamn’aseme’s ammean‘amap aamsssan ammems o 'sa'se ms - T . =

i MW VLA "'\ SRR R T RIS ETY] > AV L s V) SYRACPIVL S TV Ty Vi Y TPy > B A NT A v 2 vs 3y PR e > A 7L 2 > IS ¥ ) 2 P T S D M D7 PRI N AR IV VIR YR I Y e AT ALV B RATEE L TR LY VIR W PRV RS { TORA T AL WY 37 IS A - = DAy AN et AT 5\, B T A SN N, T O A, P 197 FEVARY  TERR IV OUNP NV D D | TSGR P VIR P MR A PR I 1re Xy
X s

B

(e bt PR

4 -

S alliecel o S tadinil Sl dn e heatanit Lol de At abin hatuta St dalin c0addn ol Cod tad) E:-'ﬁ““‘

»,
"o

Ry A E A iy 0y S

Ve st Ty

ed Ve g

Sl O

-




CA 02971232 2017-06-16

PCT/CA2015/051312

WO 2016/095026

5/12

il

dav Ol

1’».1\ YRR v A A AT ST VI R vl A A O A, S Y AR I A A A Y IA YIA YR A A YA WA I YA Y T AT A AR Y A A i T A g g A, AT L Y A A R Y AL Y s AT g vy, A A A, L AT A Ay ALy vy e A VAV YWV, Y, i AN, Y e T A YR AR, AR, 1A« WA AN AN A AN AT OV N Y LY 1, s A AT - AARRA

il |

1
]
]
]
E
1

Vv Old

00E

3 7Y
dde iy T o— ¢

3.........1..111.% % Lll..w.m_ Jﬁk‘t W

~1

A A b A A N S N Y A S A i AL ART L S0 L LN WA A X MV P Vi A A A P AN, 1 Y A o A VA " P S AT & 1, W1 5 o amhd m wh A e, S, A e ek 2

0
- T0

-70
-£0
-¥0
-60
-0
-L0
-0
60
-1

iii

uny

v
-
.

pnypd



CA 02971232 2017-06-16

PCT/CA2015/051312

WO 2016/095026

6/12

9 Old

.—-.Dns..\\.cw.\w?.....‘\...‘.ﬁn‘t.?oqﬂz?‘cq-/?‘.m»/.wukwﬂlwz?ls#.’.;‘t}a..\fdsxwrx PSRN H N R A B e A NN RN BV R R R B L LA N LN LT D A A AN RN SN v A A b A AL AT TR AN By N 0 R 0 1T AT NN BN BN M U U W L AN 7 S A R G AR RN, VR Rt Lt Al s NN B 1y S N 5 N 2 B, 0 3 S0 NG N DM AL AN A UNLY PR PAT R AR NN —
Dok ’ AV ES Ny N AN UNSIN SN P B b D A N A A R0 E O B BN M Prog LY TP . . A SO 5 WA o — N Pyl
Sy AN A Wb, x AV, TR N R NN L O MR A U NN PN R L Y LA LA U AT SRR PR A LY KT AT B AT N AT I ! A S A NN 2w B N MG R L e, NI v p. EX LR AN AL i g ol B S H NN AN P N A.yrof..’f"q.u’.sxl...&;A.F../‘?.x*tfb NIV Nt X e

m—mu.m ﬂm QV hﬁwcmd R AR - :?qit}t);;elih..&
ey R UL B samest, S W

. —— . i n = . t

- i e = yeem,. e et e M T ooy ; . -

ﬁu_ﬂ . | | o A AR Gl R e l o+ . .

e WL ; . o X ad ) .
: - . - A FOAS o ' L - - .,.'r - - - -t . . . . .
h-j : AR et S p A U A ¥ P . . , . . . e e * . .

. ’ = : - .2 - . - .

. ; ; . . : . . v : a %

. Ny . . A, : P . . m
- LI PRTE RN ST Y W, -2 ‘51& | s c w .

g

ot F:

- %

O

L (i Sy gy AL = NI b Nt = et - Mol e :gszyi(gn(k(%v-‘t\}iijfgix%hf%%k(%ttb%%\%ifggiitghisttﬁﬁi%&{%g Sl 0 i S I A NN sl Yl ATl T RN A N e (..ﬁ.?@.?o G m
* ’ Xt M

3

Are At L B prw X prioe T 7w ol rm SN NN I 2 va . z

Tt i
VPR }Eﬁm ﬁ%ﬁﬁ»«%&ﬁﬁ%ﬁﬁﬁ%&g .L TENARS - %

E&ﬁ&

s:
31
s
m,

M

ce ey
w—h—wmmw“wm—muwuvmwmmwmmmwmMﬁ-wmemmw“mwnqmmwhm“-—d

I/MN‘M
BT

p 'S s
e

S (A R VL T PO TSR I T 3 e S IR T e e, gl\tn.c&..ﬂi..;3sijli..ij§%\¥s..ot.ﬁ\#.s.ltw...-.l.t?’;;&j..-}w%ij«ji;«}}\tﬁiuii]fs%%{}%xi TR ML DTN M STIRMTY, T M T D) N, A B i o, o ol o A iy (. £ A W A 0 % e M ™, (Sl e S D) AT, | M, NP Ml i 2, svliiéj&!ql)llJ;;s; . g ” . —

PO AR DA ANAAN AN AL N SALANIACI AT NN AN LR/ el PN N 20 R0 0 I AN A 00 LN, AN I AN S AN AN A AN A I o A N2 A NAL D SR AL AL -2 LA RN AL A ENT AN, e WA B Yy

¢ Ol

n "N MO N . g . . . g . oveve . . . RS AT . . ' ANTINT - b S T VN
A A g g g g A i g 0 . O g g e A 0 0 e AN g AN g AT B N e R o R A N U AN U N N P 4, e AN oV A A T I T T T, i, L, A A A e,y b e Ny ~ e st e e oA U RN A e N R Y N S o A et § VSN TEATY N TY TN O A, N
N v e g o A A DD o 4 A NAVTIYNT B N R e e L e L R e SNV ARNRNRTNND v rnigy =
ff-'/t_ = ATV Ty - vy T N g oy T R N N T T T v W W I 7P, M, e e S, g i o e S o g A, A SR g A A, e AR VIR A% 4 A A e 4 AD Dnenn T A A AT 0 O LN TN T A A ST T O,

NIl e N o T A A S e TSN, 0 TP 3 0 PV P bl B M N ) VA N N e VA e A7 TS e A A 3 e o WA o B NP A A A S YDA AN YA I R AN T e AT M MMl B ok ol A o T P e A I T 4 M A 7 B A Pl P A T e TGP A TV I o A W, T PN VAT o P B A A, A S

N AR A R L R AR W e A A e R AT A S A IR S AR T A VA I D A YoM T G IR T R, S A TSR, T Y T A K AN W 1 G T A M T s S A, T o R, S o, A AT, K S, A AR S TR LA K DA LA K, SATK K A T R AL A A i 1 e A S O A S AT R S AN, W T £ e S K A, ST, M, TV = AWK T R 2P S e, A7 A b A A VT AW A DS A R AT MW A A R
. = - o 3 < o - . o : T n® - T v T, DVCR W T NVAAL e, )

§
|
i
|
|
f
5
&
&

n\""\‘wﬁl&(-(o( R 2L L T PP BN
L

s Qﬁ!

00SY 0'00F 005t 000t 0°05¢ 0'00¢ 0°0sL 0'00% 0°0S 0 g

Ldd ¢

05t

T Y T T T R T T, T 2, TN A e B N T B TN A T T M o N A B o N A N T B A T 2 Y A T TN W 0 ST S T TN e T P, T N T A, TN N A, N AT A AR L A 2

¢
]
&

..... . CrE— rE— P Y Y s e e - —n— - wa [V S N — — —p— A, A - —— S




WO 2016/095026 PCT/CA2015/051312

102

Solution
bags

S

"
77cm
76cm



CA 02971232 2017-06-16

PCT/CA2015/051312

WO 2016/095026

8/12

o[o] B

Aline)
JUS]Ed

Ayine)
Juaijed

8 Old

WO G¢

Lo G¢

Wo 0L

19]2A)



CA 02971232 2017-06-16

PCT/CA2015/051312

WO 2016/095026

9/12

- " - LT W AR WaA N - -
Wrwbmr rauwmaiticwas B B A A LA MR AL AT W W WL A W LI A A ML W Y = i B b R AT LT WA M W T R v Y SN v b A P T S A R W AW WAL AP AR A W A WA A ArYr W . e WA AW W (4 W

TW W) BWINjOA

LSOL 156 168 ISL 159 LSS OSt 05t 0ST 0STE 0S

wisE Sau ... m
T r — T T Y T —r T T T Y —— T -r PN e S Do Can s arave g e g —r LIS Eun S & g SO e b LA a e T T IT I T T IN v P 2 e e .ﬂﬂ*ﬂ ow'
> : .
.
WHCE $0 4 = TR .

M ¥ 5,
- e a

5 v w®

adi d

-
-
an
-
an
-

. o H

BTN N 7 A ...*Il.hll'."".l"-l."ll-'-‘-'-'-'-‘.-’-.-.."“"“‘l-i-‘i»“"‘t"‘i.#."!:’.a:n\lii. ~r . ) i .l.a.l.l..l.‘»)' hil’.

. -

- .
. »
<
-
b
b
~
-
D

*
4

— — v— e e——— _ - c N

[
=
-
-
~
-
»
-

VAR PR s A A T AT INY I I U W AR Rk, A RAALARAY | Rrpyrervipos g AN Wl [ By Sy v - v iy iy -ae ATIIECH =TT AT el ag st o n B PP Ol AT, A ¥ W= -y - L —a Ty Lok i | AT
| v ozl W M AR (LA B ST IV WP A b Sl S § P L AR PRI B A TRL M T A C e o e PR T AR A SalPalpn iy ey g S all AP S Pyt vy ey x Al wdr LS - 4 AP AN Nl Pl o N,
-

- 07- OTHJO W)

6 ‘Ol

- H m >
PP LR THN TR LI S W TICT LA W PR N PR ITERTE TR RRE R TR TS PN TP amare s s s s

PR VE € VI B EEY T R LICICITN THCEE S B B SO P 2 r Ak

. N N P T T I T e e e ene mae ege e ge  ee aee 6”'

:-ﬁw mm MQF- S I

»

QY37 w—

‘e t v, +

OF
09
08

07 OCHioun



CA 02971232 2017-06-16

PCT/CA2015/051312

WO 2016/095026

10/12

|

FARBARR AR NATE 1At i iy i o v e SR A G e BB v ey it vty e Ao, G4 ) $Erif i v 'l i i ey i

8 A B o R A MY 0 A Aty i et o o o et ) A I I Py 6 e Sl ety 0 0 G oy 0

E”*““W*WF%Vﬁ%ﬁﬁﬂ%ﬁﬁﬁMﬁhﬁHﬁﬁﬁ*”H%@ﬁﬁﬁﬂﬁﬁﬁﬂﬂﬁfHﬁﬁﬁﬁﬁ%ﬁhﬁﬁﬂﬁm

|

(d 4n) 1edU ——
din

R e L e L S S T 2 P S P L S 3

i) O} aNp
d Ul 3asealdul

|
5
|
§
|
i
*F
:
§
%
§
|
|
|
é
§
|
|

?
|
%
5
|
|
i
%
g
§
|
5
|
|
|
|
|
|
5
|
|
i

7
FEETRI R LT E 71 0 FTUPR 1S5 W TR T T IR A B S LTSI Y £

MR O TR R e

SR TR T W LTI RT ETOYRL A PV RN

TP R0 W o o IV B 2T TS T T LAY R IR T M O A2 S Ly oy D 1 T AT TESR E SR LA L YR W4 Ty Y

IR BARAEC RS LARARRILL AL AL RENLAL AR R L iR A R LS SN RAS NS S0 bt s b L3RR LA LS YA ATy SRRENE VA AR 2 8 oo ST Lad so b a ba oL IR TEE oL T L T P14

=gy



CA 02971232 2017-06-16

PCT/CA2015/051312

WO 2016/095026

11/12

€l "Old

"‘“‘i

SUNAJ U1 2w}
0091 c S._“ @cﬁ” agﬁ cdm 009 00 00T 0O |

Nfgﬁ(-&#‘l ¥

0 e m T T T Bisr. o Q N
. _. : ' * u H ..
. i : : - ; _ X
. ’ “ . : :
. . . . : 3
. . d : ] . . : 3
: . ) . B ’ 4 +
_ . . . . 4 . n .
| | m . F ” : . : ! 3 . - . .
:
w +
Sl 1 * Qmm
+

A0 L MM AL -5 D T 3 P 5ov i o i & e A i P ey A B A Tl i O 2 A A A T I 12 i 1% 2 A 20 AT L N BN ; —
B v VAR LD £ AN IR S A P Elt%bf%%fiﬁggt%;%Suoabf.z%Picz?uﬁ:??tcaﬁ%;&g%gifgghgglg%g%ggnkbiu%'%‘ Q Q@
N

e et P i e A AVE g T B B o

SWN|OA UIRAQ B

JWIN|OA )14 ¢

Bl it e S St B S s B T B B2 D N a A s e ke ik 5 A ke b e U A s b s e 2 PO Rt At e e . P L a
Al N B S Vb by AN A A AKX Ty } b, LTREAIAN, L1 VRN Mowpr Ko b b ahears cAa T A A -r.l yrf_nlhrtld.-l.y|> Am ik xR T A 5 Sar M ok Y b Aac 5 e a® ss a0 e leee te e e e e ees.e s es e o8 00200 . ;

VA FUA PV A LA NP N iriiyiebg ik P i i AR i A PV AR 5% PR Pl S V- vt Aok By Ak bh Ak pwiving Ak A

PSS A W Ty T Y AR DI R B A L e e £ B N O N e A A e e A AN T MMM 0, N e YN e 3ok o KA LM "' AN A NP g N 1 AT A AT TS N0 22 AN I o S SN oy 70 e P e SN 5P A 272, N IV L R T T A I O L S N A I N M A X A NN A N S AN e s ey U 25 O N O M O AP S R «#r\ o Q N H

;
;
i
g
,m
;
:
;
:
i
3
i
i
i
m
i
4
3
3
4
i
:
:
:
3
:
3
3
!
w
¥
:
i
!
;
;
|
3
:

,a . LLIERS sae -t Pl e e n. e FRCR P L G Y et A AR o o mh e . RO R R T ) B

AN IR NI M A TN 0TI AN AT AN A A NI L N A AR NGNS AT A WL IS\ WL RN WA AN il A DA AT AT O N R R T B S U = N R > . H .
I RN AN TIALY) AN AL AN WA (E§§§f!§§f§§d§39()&&1%4:&g%%i%«i«fﬁ?i%iiggfi)ia?(}gziszﬁvg%}uﬁr&g%&%Jﬁ&&)%%"gﬁgbgi«%{%g;;g&.ﬁ?. 1 -

008L (091 @ ovi odﬂﬁ 0 oou odw 009 Qde 00¢ oc

&}.2!1. A 1 500 £ M AT (T 8 70 A A TETT A AT e oy . \j!al!;..”%%%‘ VAT (T (00 (YT, PR, | R TN O YL, P TP TSV 00 NIV ety o S \-.p 544 N (NI T T N e
P v o N

oo e ol g

[dd ¢

N W gl S i A

MV L N’ SN b g o T - e WS S WY R AT, ATEC WL Y M VI WY gV S A Y gV L v i, B s gy VIR AVORAY | WL P AP F A s Lyt L <

A1 s ¥ e A el S N . A S0 ANl s b e W N W S et e 0t it N s e S b e e A NN i S acrlt A i LY £ . ’ . e o e v s g ey s sy e ey s e e e st sree i . M
-~ A ULl A e W AN, % LY S b M e B e W e U e b S e i e N i AN S s s L A A A e A e e o T A i At e i B e AN Aty L LAt A Tt e A W N A LT g N 4 e N LA ko AL Sy e e oA s s e e A A A AR A i 3 .

N A AL AV S DA M VAL VAN MU MATAALTVIS C w0 SArL1 AT o TV aAr JOAZ L LIFAD M L7, v N A L P LTy RS VL A M. v e I a3 M N A Rt § V¥ e B 3 A s AR, B Ay D e B P Vi, i v e Podvin e WL - . o e . - e o s . . . . . - s . e . s ege s . .
MRS AS LM M Wy VAL A AR AN L - - 4y 0 AT A A W ML CHASTER £, 0 B KR T S et i P S AT N3 P 4 X s N Aol e s Ty Ay D eI biA A o MV N NV PSRN S 3 WL LN RN VAR £ MBI TS A S e L N B AL PP 1 AL A s 3 2 0] b0 e B r S VTR e P20t L s e 5 i e Al P e, e Nty AT L Lot N T w1 2 L A A, ST I e e B A VB S e v A AL mi VA T et 7
. - - - e 4 " - et - g B - L4 o %! ol - L) - -, 1 A .

A ANARSAAAS M Al AL WA g iy ol

G L e N S I T I T TR TR T T T I T TR ety




CA 02971232 2017-06-16

PCT/CA2015/051312

WO 2016/095026

12/12

BANT AN NSNS

iy I. S e S 11 K iy T M, 1 CXN PN VWYLV S A W W Nl N e N, MY RNAN Y AN AT A w s g v, ) AN A 5 p Vay B B TN .rbdicl L 4 1‘-_.'...7...? vy N TANE WA S W % ATV Lt R g WYY " " DN M ANV S NS S A AT TP AT S VTN SN TN B S WA A0 S0 S SR VRNS TAVA S S 9*3.?’/&.’.‘{1}\.‘(1{1(.Gl..ﬂ.Q. VIV MDA A P W bR S R SIS EAT RN T U T D VRV (L s Lt I L) MY SA 0 o s i oL ST N R o
B L ST A S 3 A A =) B . A A 3 A ISP RS LA N A A A N M A LSV SMETAMETRMYLR YR WM R Sy lfﬂl..v.l._ l,.—a.—r.n-....f.v...vlh.? B TR T S A o A 3 " . N / »y¥ AR AN S Ty A AR MR TN SR SRV VRSV 00 o b AR DS T B 3 ", i 3 Y YOIy ) YN > 30 \ »
A BN o A AL AN " B O A NNV B A 2PN P

1, A e WAL 4 s 8 s i L LS A e AP B A L8 - - vaaa ranas 8 - A e as _cit o _ _
Mr! P ", R TS M AR A WL D S STTAMAL L A A .f[w}.-iqi...]w\.’..jﬂa..uriﬂ..u?.wwo(!{i.j.}z!..]"].....-.nv.t.d...‘)..!orl\u‘r.ll..\.l.&/.‘».......lll.daadul]an..\wn.l.mw.'.}}_.c.a.ﬂl.luw.&h?il(l«.‘!.lu.’3.«1.;.‘.)[.«'.1'.';-....}....!?5;).4&6... VP W — T VA ARSI | W * Pl -t e T e LT ey ey [y .
¥ . 3 . 3 .~ e et e o Sy - 4y s eyt Sy TN e A BN e S h e d Al .‘l.o.'....v..-q...i...n»"\.\.f...»»...ts.»t..rju.{..a‘..lo‘q{!.lc.l/i.’.i.l...r.\.....&'..-r»-n....l.u..i.q\f.r.r.r..lm./_.....lti!s'::.l.\‘).:c.lilc..‘lo-ﬁ..d....».!.b...u.....r......IV' N - L B A ekt 8 o e ol o vy s L,
"™
b
o

k4
.

AT NI AN PTET EN OV L NN AN T OO NN A DT AR ANS 0 AN ANE NI NANT AN NS NN )N NSV P DN ENNIRTENOINS ANSANIINGE I I AN S S8 D e, o NN 0 NI 0 4 N SN LN O 0 WD

AUINOA eI

SWINJOA 14 ¢

Ldd ¢

2L RO AR NI AN AN I e o A S ) DI AR, TSI NIl Pl QPR e AL ALl 08 SO NI VAT 0 AN T NS 8 0,10 B b M, = BT M 0 g L e VA A 8 0 0 I SR AL 0 A B, CERTE SR Gy

009T

00T 0001 008 009

RN A I WAL WA I L SO 00 LA TR k. A A R A e s A o e e Wl

%

}gxﬁ\%sa‘i— S LA A ) T S R T e T S S N T o S YR v TR RN A P Ao ey Y TR AN P PP & AR AN NN YTV AN G q
o Aaur ) “ (& \N

Gl Ol

” oI AN LA A AL W

SRR RN RN Y G AL AR A RGN R TR AT nSa’e Py = N T A el frgrgi%‘%g%%% o P W D . ; o ! . :
; ” <o & A : : s ..\...g%\ai&w_ﬂ?

A N L 0 DM M s e e

P LI dud S AL ™ B AT TV L N Y e AT T T I o BE Ve O o PO I Tr N TIT WA TT ACT TP AT TV

AP ORI AT LTINS ST T T ML) M Sk 347 oy g 1t wiht o e Ty Sy S T S TR » ATS S A gl o I TV T AT TR IY P N T TR TR TVIS By

l
|
§
1}.
i{%
|
|
%

f
1
.: . o
SR AL N AN “WA‘%M‘V(MJT#MM#LW!N

00¢
00t
009
008
000t

) |
E
i
!
;
t
i
b
5
3
1
:
s
E
f
i
|
l;
:
X
£
1
J
E
;
!
|
¢
!
3
;
H
i
£
t
{
F
]

SUjA] Ul aunj

b AL TR YORY [ ey AP 0 A AL L AP SAPI AN AN AN D ANt b AL, . A I M 3 g I 4 DA SN A SN I NI e < AN LA b, e el O w
rH
4 g

4 |

AT b
Wi rLiew

W e o B A 3 g e N M A A N B ) A T N MR KA A S marn

| 1_. . Lbz.%»d,.:r.»r..:. rratari et . > > AR .:L.. - i o l:is]: P P — . *..FF.F . xr.i«%tﬁc QNt
I 007t 000 008 009 00t 00 00 7
. m . : ; : ( . :
- ;e AV AN AL Y I A %ﬁ'ﬁ‘%%v*gbbﬁégzﬁbgsé Ny R S A A S e A S AR A e v v . : Stg.n.w.sar Q

- K

. - A e

. - . . -
;!YYN\.xbeZrc?lg;»vkg.&b.&.&).ig!!?s?hgg;ﬁxxhri%?égttiatg%#&3.&%2%)5{.0.’%r&kﬁ?iz‘o.&)ggﬁ%’gxtg3.4.3233?7:6;.3.!31.%54727%??; B A0 AN & IR B A A M A A 2. A AP NPT NPT AOR N OO drwe AN A PO 2
. L N N i
M
B R A L A e YAty s oarat st T . - s S Y g e A . .

Lbat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>