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TITLE OF THE INVENTION
DIALYSIS SYSTEM HAVING FILTERING METHOD FOR DETERMINING
THERAPY PRESCRIPTIONS

BACKGROUND

[0001] The proportion of patients performing automated peritoneal dialysis (“APD”)
is increasing worldwide, which is due in part to the ability of APD to be adapted to the
patient’s particular needs regarding the patient’s private life and the patient’s therapy needs.
The two primary goals of dialysis, solute clearance and ultrafiltration (“UF”) depend on the
modality or type of APD performed (e.g., nocturnal intermittent peritoneal dialysis (“NIPD”),
continuous cycling peritoneal dialysis (“CCPD”) and hi-dose CCPD, solution type, therapy
time and fill volume. Prescribing an APD therapy constitutes selecting one of each of these.
Thus there are many combinations and possibilities from which to choose.

[0002] APD devices typically do not have the capability to provide feedback to the
patient regarding the effectiveness of his/her recent therapies. Also, APD devices typically
run open loop such that they do not adjust therapy parameters (e.g., modality, solution type,
therapy time and fill volume) based on the actual measured daily clearance and UF.
Accordingly, some patients underachieve their targets and develop adverse conditions such as
fluid overload and in some cases hypertension. Current methods for adjusting treatment
typically involve the patient reporting to a center every so often to be evaluated. These
methods place the burden of therapy adjustment solely on the doctor or clinician and do not
occur frequently enough to adjust properly to the patient’s weekly, monthly, seasonal or other
lifestyle change.

[0003] The systems and methods of the present disclosure attempt to remedy the

above problems.

SUMMARY
[0004] The system of the present disclosure includes a plurality of prescription
optimization modules. One of the modules is an advanced peritoneal equilibration test or
(“PET”). The PET allows the patient to perform an ultrafiltration (“UF”) portion of the PET
at home automatically using the patient’s automated peritoneal dialysis (“APD”) machine.

The automated test collects more UF data point samples than in the past, which helps to
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establish a more accurate UF patient-characteristic curve. The UF samples and blood work
are then used to generate physiological data for the patient.

[0005] A second module of the prescription optimization system of the present
disclosure is to use the above patient physiological data in continuation with specified
therapy targets (e.g., UF, clearance) and ranges of therapy inputs (e.g., number of exchanges,
cycle times, solution choices) to calculate or deliver all possible regimens that fit within the
provided ranges.

[0006] A third aspect or module of the present disclosure is to use one or more filter
specifying a patient’s preference or doctor’s performance requirement to narrow the number
of regimens to a manageable few. The doctor or patient agree upon a certain number of the
regimens, ¢.g. three to five regimens, to be prescribed by the doctor for treatment.

[0007] Another feature of the present disclosure is an inventory tracking module that
tracks different solutions and other supplies used over a delivery cycle in performing the
different prescriptions selected by the patient. The APD machine has the ability to mix
dialysis solutions of different dextrose levels to produce hybrid dextrose dialysate blends,
which further enables the patient’s treatment to be optimized. The inventory tracking feature
records dextrose levels used and replaces the associated dialysate concentrations consumed.

[0008] A fifth module of the present disclosure is a trending of the prescriptions that
the patients are performing. The trends can track any one or more of UF removed, body
weight blood pressure and prescription used. A sixth module controls how the different
prescriptions are recalled for use and adjusted or replaced if needed. The trends can also
trend and show averages such as a seven day moving average UF and/or a thirty day moving
average.

[0009] In one embodiment, the patient at the beginning of treatment weighs
himself/herself (e.g. after initial drain) and takes the patient’s blood pressure. As discussed in
detail herein, the present system includes a scale and blood pressure taker that output weight
and blood pressure information, respectively, wirelessly to the APD machine using a wireless
technology such as Bluetooth™, WiFi™, Zigbee™ technology. The wireless link is
provided via radio frequency transmission in one embodiment. In an alternative embodiment,
the weight and blood pressure information are provided via a wired connection between the
scale and blood pressure taker and the APD machine. The patient alternatively types in the

weight and blood data.
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[0010] The APD machine provides multiple therapy prescriptions from which either
the patient or the APD machine chooses one for that day’s treatment. For example, the APD
machine can provide five approved prescriptions for the patient, one of which is chosen based
on the patient’s weight, blood pressure and UF removed over the last twenty-four hours. The
prescription does not need to be selected before the initial drain (initial drain is done in any of
the possible treatments), so that the patient or machine can obtain the final UF information
from the previous day’s treatment before determining which prescription to select. The
machine in one embodiment provides prompts at the beginning of treatment to remind the
patient to obtain the patient’s weight and blood pressure.

[0011] The five possible prescriptions are determined analytically. One possibility is
to develop and store an algorithm either in the APD machine itself or in a server computer
that communicates with to the APD machine, ¢.g., via an internet connection. The algorithm
can employ a three-pore model, for example, which adds predicted clearances across three
different sized pores in the patient’s peritonecal membrane. Flow of toxins through large
pores, small pores and micro-pores in the blood vessels of the peritoneal membrane are
summed. Urea and creatinine for example are removed from the patient’s blood through the
small pores. The large pores allow larger protein molecules to pass from the patient’s blood
to the dialysate. In each case, an osmotic gradient drives the toxins from the patient’s blood
to the dialysate. Using the predicted clearances and the three-pore model, the system of the
present disclosure outputs a plurality of acceptable regimens for the patient. From these
regimens five prescriptions can be selected, for example. The algorithm alternatively uses a
two-pool model as discussed in detail below.

[0012] In one embodiment, the regimen generation portion of the system is stored and
used at a dialysis center or nephrologist’s office. The patient enters the office or center, and
the doctor or clinician examines the patient, enters patient data into regimen generation
software located at the office or center, which outputs suitable regimens from which, e.g.,
five, different prescriptions are selected. These different prescriptions are expected to
address the patient’s varying APD needs for the foreseeable future, e.g., over the next six
months to a year. New patients may have residual renal function (“RRF”), such that their
kidneys are partially functional. These patients do not need treatments that are as aggressive
as do patient’s with no kidney function. The need for adjustment for these patients may be
greater however as RRF degrades. Here, the plurality of prescriptions may need to be

upgraded more frequently, e.g., every three months.
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[0013] The three-pore model is very good at predicting clearance values, such as urea
removed, Kt/V, pKt/V, creatinine removed, CCr, pCCr, glucose absorption and total effluent.
The system of the present disclosure also uses an advanced peritoneal effectiveness test
(“PET”) to help predict UF removal accurately. The advanced PET also includes blood
samples and chemical analysis performed on dialysate samples to accurately predict the
patient’s clearances for urea removed, Kt/V, pKt/v, creatinine removed, CCr, pCCr, glucose
absorption and total effluent even better.

[0014] Regarding the advanced PET module of the present disclosure, the advanced
PET includes samples taken over two therapies. In the first therapy, for example, UF is
measured after a thirty minute dwell, sixty minute dwell, 120 minute dwell and 240 minute
dwell, totaling 7.5 hours. In the second therapy, UF is measured after an eight hour dwell,
providing a total of five data points. At each time interval, the patient is drained completely
to determine UF accurately. The UF can be measured by the APD machine or alternatively
or additionally via a weight scale if more accuracy is desired. Because the patient has to refill
after draining completely each time, the actual UF time periods may differ slightly from the
intended UF time periods. For example, the two hour UF time period may actually consume
two hours and ten minutes. The system of the present invention records the actual time
period and uses the actual time as an input to the kinetic modeling.

[0015] The blood and dialysate samples can be taken at certain intervals wherever and
whenever blood can be drawn. The first and second therapies can be performed
consecutively or over two nights. In one embodiment, the patient performs the half hour, one
hour, and four hour fills/dwells/drains at night before bed. The patient then performs a last
fill, sleeps and is awakened in time to perform the eight hour drain. UF and actual dwell
times are recorded for each dwell period. The data can be recorded on a data card that the
patient beings the next day to the lab or center. The data is transferred to the lab or center
alternatively via an internet using a data communications module discussed herein.

[0016] The patient then travels to a dialysis center. The patient is filled an additional
time. Blood and dialysate samples are taken at two hours and four hours, for example. A
second four-hour drain UF data point can be taken and compared to the first four-hour drain
UF data point for additional accuracy.

[0017] The five data UF points, blood testing and dialysate testing data are obtained
using a particular dialysate concentrate, such as 2.5 percent dextrose. The data points

generate mass transfer area coefficient (“MTAC”) data and hydraulic permeability data to
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classify the patient’s transport and UF characteristics, which can then be applied
physiologically to other types of dialysate concentrate, such as 1.5 percent dextrose and
Extrancal® dialysate.

[0018] Regarding the regimen generation module of the present disclosure, the
prediction algorithms use the above calculated patient transport and UF characteristics, target
information and other therapy input information to generate the regimens. The target and
other therapy information include for example: (i) clinical targets such as (a) minimum urea
clearance, (b) minimum urea Kt/V, (¢) minimum creatinine clearance, (d) maximum glucose
absorption, and (¢) target UF; and (ii) therapy parameters such as (a) therapy time, (b)
therapy volume, (c) fill volume, (d) percent dextrose, and (e) solution type; and (iii) available
solutions. Many of these inputs are expressed in ranges, leading to many possible regimen
outcomes. The software using the three-pore or two-pool model equations generates, in one
embodiment, every possible regimen using (i) each input in each range and (ii) the patient’s
transport and UF characteristics, which meets the above-described target and therapy
information.

[0019] Regarding the prescription filtering module, the system allows the user to
specify certain filtering information to pair the regimen combinations down to a manageable
number of combinations from which to select and approve as set of prescriptions. The
filtering information can include for example filtering out all regimens with aKt/V, creatinine
clearance and UF below a certain value, and a glucose absorbed above a certain value. The
clinician and patient then agree on a few of the paired down prescription possibilities to be
stored as prescriptions on the patient’s APD machine or alternatively on a server computer
having a communications link to the APD machine.

[0020] The prescriptions can be stored on the patient’s data card and loaded
physically into the APD machine when the patient returns home. Alternatively, a dialysis
center downloads the prescriptions to the APD machine via a internet or other data
communications network. One set of prescriptions can include for example: (i) a standard
UF prescription; (ii) a high UF prescription; and (iii) a low UF prescription. If the patient is
capable, the APD system can be set to allow the patient to run a prescription tailored to the
day’s activities. If the patient exercises heavily on certain days, losing large amounts of body
fluids via sweat, the patient can run a lower UF treatment that evening, perhaps saving the

patient from having to perform a day exchange the next day. If the patient is out to dinner on
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a given night and consumes more liquids than normal, the patient can run the high UF
treatment. On all other days the patient runs the standard UF prescription.

[0021] One corollary component to the instant system is the inventory distribution
and tracking module. If the selected prescriptions require different types of dialysate
concentrates, the different dialysate types need to be delivered in the right quantity. In the
present system, either the APD machine or the clinician’s server tracks the patient’s current
inventory and ensures that a needed supply of the appropriate solutions is delivered to the
patient’s home.

[0022] As discussed herein, one of the therapy parameters is percent dextrose of the
solution, which affects the amount of UF removed and the amount of calories absorbed by the
patient. More dextrose results in more UF removed, which is generally desirable. More
dextrose, however, results in more caloric intake and weight gain by the patient, which is not
desirable. Dextrose profiling is therefore an important factor in selecting the patient’s
possible therapies. The different solutions are provided in different dextrose percentages,
such as 1.5%, 2.5% and 4.25% dextrose. The APD machine described in connection with the
present system has the ability to connect to multiple solution bags having different glucose
percentages and pull solution from the different bags to form a mixed or blended solution,
e.g., in a warmer bag or in the patient’s peritoneum if inline heating is used, having a desired
glucose percentage different from the rated percentages, e.g., 2.0%, 2.88%, 3.38% and 3.81%
dextrose. If mixed in a warmer bag, the warmer bag can be fitted with one or more
conductive strip, which allows a temperature compensated conductivity reading of the mixed
solution to be taken to ensure that the solutions have been mixed properly.

[0023] In one embodiment, the APD machine tracks the different bags used during
treatment over the course of a delivery cycle. Before the delivery person arrives with new
solution bags, the inventory used is sent to the solution distribution facility. This inventory is
subtracted from the patient’s total home inventory, so that the solution distribution facility
knows how much of which solution(s) to deliver to the patient’s home. In one embodiment,
when the delivery person arrives at the patient’s home, the delivery person scans in the
patient’s remaining inventory for comparison with what is expected to be remaining. The
APD machine does not automatically account for solution bags that are destroyed, lost or
otherwise not used for treatment. It is contemplated however to allow the patient to enter a
lost or destroyed bag amount (or actual total amount of bags remaining) into the APD

machine tracking system if such procedure is found to provide more accurate advance
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inventory information. The delivery person’s scan of the remaining product in any case
resets the patient’s inventory at each delivery so that errors do not accumulate.

[0024] Regarding the trending and alert generation module, the APD system of the
present disclosure tracks or trends certain therapy parameters, such as daily UF, blood
pressure and body weight. The trends in one embodiment can be seen on the display device
of the APD machine between therapies, for example at the beginning of a therapy. The
trends can also be viewed by the clinician and/or doctor. The patient at the beginning of
therapy can for example view the patient’s weight, blood pressure and UF removed over the
last twenty—four hours. The patient can learn of a previous day’s UF after the patient’s initial
drain, which is from the last fill of the previous night’s therapy. That is, the end of a first
initial drain to the end of a second initial drain sets a UF cycle that is recorded. The patient
after the initial drain weighs himself/herself, providing data that is entered into the machine
via cable or wirelessly or, alternatively, via patient entry. The trend data in combination with
a set of filters or criterion are used to either allow treatment to be performed under a current
set of prescriptions or to be run via a new prescription(s). The machine in one embodiment
automatically alerts the clinician if an alarm condition occurs or if a prescription change is
needed.

[0025] The trend screens can show for example a daily UF trend, a seven day moving
average trend and a thirty day moving average trend. The moving average trends smooth the
daily highs and lows and more readily indicate UF up and down trends. When the actual UF
removed falls below a low threshold UF removed, e.g., over a predefined period of time, or in
combination with the patient running a high UF prescription to avoid underperforming UF,
the system of the present disclosure causes the APD machine to send an alarm or alert signal
to the dialysis center and/or doctor. Different methods or algorithms are discussed herein for
preventing the system from overreaction or being too sensitive. Besides the rolling UF
averages, the system also uses algorithms that accumulate error and look for other
physiological patient parameters, such as weight and blood pressure in an attempt to view the
patient more generally instead of just looking at UF removal.

[0026] Regarding the prescription recall and adjustment module, the clinician or
doctor responds to the prescription alarm in an appropriate manner, such as by calling the
patient into the clinic, making suggestions via phone or email regarding the use of the
currently existing prescriptions, ordering a new PET, and/or changing the patient’s

prescriptions. The system is thus configured to remove the burden of detecting a poor
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performing prescription(s) from the clinician or doctor and to alert of such poor performing
prescription as soon as reasonably possible without overreacting to one or more
underachieving day.

[0027] If an alert condition occurs and the APD machine is not able to communicate
the alert condition to the clinic or center, ¢.g., no internet service is available or accessible,
the system is configured to have the APD machine prompt the patient to contact the clinic or
center. To that end, the system includes a handshaking procedure in which the clinician’s
server sends an electronic receipt-confirmed message to the APD machine, so that the APD
knows that the alert has been received.

[0028] The APD system can be set to respond in a closed-loop manner to a consistent
underperforming therapy. Here the APD machine stores a database of acceptable
prescriptions, ¢.g., the five prescriptions prescribed above by the doctor. The machine
automatically selects a prescription approved by the doctor in an attempt to improve results.
For example, the machine could select a higher UF prescription if the patient’s UF has been
underperforming. Or, the machine presents a number of prescription options to the patient,
who selects one or more prescription approval by the doctor. It should be appreciated that in
one embodiment, the system only allows the patient to run a prescription approved by a
doctor.

[0029] In another alternative embodiment, the plurality of, e.g., five, approved
prescriptions are loaded onto the patient’s APD machine but only a subset, e.g., three of five,
prescriptions is enabled. When the enabled treatments are found to be underperforming, a
doctor or clinician enables a previously non-enabled therapy that is, for example, capable of
increasing the patient’s UF. In this way, the doctor or clinician can select from a pre-
approved set of prescriptions and not have to rerun the regimen generation and prescription
filtering prescription sequence described above. The system can also provide the above-
described alert responses for blood pressure and body weight alert conditions.

[0030] The system can respond to alerts in other ways besides changing the patient’s
prescription. The trends show which prescriptions have been run on which days, so the
doctor or clinician can look to see if the patient is running enough therapies and/or the right
therapies. The trends also show patient weight, allowing the doctor or clinician to
recommend that the patient reduce his/her food and drink intake if the patient has gained too

much weight. Patient blood pressure can also be trended and considered upon an alert.
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Discussed herein are a plurality of algorithms and examples illustrating possible
repercussions from a patient alert.

[0031] When the patient’s therapy is functioning properly, the system can operate to
allow the patient to select a prescription to run on a given day. The machine or system can
alternatively select the daily prescriptions to run, or some combination therecof. Discussed
herein are a number of prescription adjustment algorithms or methods that attempt to balance
patient flexibility and lifestyle concerns with therapy performance concerns.

[0032] It is accordingly an advantage of the present disclosure to provide an APD
system that analyzes patient treatment data and communicates results to the doctor or
clinician, who can then spend more time talking to the patient rather than performing the
analysis manually.

[0033] It is another advantage of the present disclosure to provide a peritoneal
dialysis system that attempts to optimize a therapy prescription for the patient.

[0034] Still further, it is an advantage of the system of the present disclosure to track
or trend various patient PD physiological parameters, to provide rolling averages of same,
and to react quickly but not overreact to an apparent underperforming therapy.

[0035] It is a further advantage of the system of the present disclosure to provide a
closed-loop PD system that responds to underperforming UF, patient weight gain and/or high
blood pressure.

[0036] It is yet another advantage of the system of the present disclosure to provide a
system that tracks patient solution use to deliver multiple needed solutions to the patient
efficiently.

[0037] It is still a further advantage of the system of the present disclosure to provide
a dialysis system that mixes standard dextrose solutions to achieve a desired, blended
dextrose level dialysate.

[0038] It is yet a further advantage of the system of the present disclosure to provide a
dialysis system having a plurality of approved prescriptions from which the patient can
choose to fit a patient’s daily needs.

[0039] It is still another advantage of the system of the present disclosure to provide a
dialysis system that uses a more accurate peritoneal equilibration test.

[0040] Additional features and advantages are described herein, and will be apparent

from, the following Detailed Description and the figures.
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BRIEF DESCRIPTION OF THE FIGURES

[0041] Fig. 1 is a schematic view of one embodiment of the prescription optimization
system of the present disclosure including an improved peritoneal equilibration test (“PET”)
module, regimen generation module, prescription filtering and selection module, dialysis
fluid inventory management module, communications module, data input module, trending
and alert generation module, and a prescription recall and adjustment module.

[0042] Fig. 2A is a perspective view of a peritoneal blood vessel showing the
different sizes of pores used in a three-pore model for predicting peritoneal dialysis therapy
results.

[0043] Fig. 2B is a schematic view of the kinetic transport properties of a two-pool
model used for predicting peritoneal dialysis therapy results.

[0044] Fig. 3 illustrates a sample plot of UF removed versus dwell time from data
collected by the dialysis instrument at home for use with an improved peritoneal equilibration
test (“PET”) of the present disclosure.

[0045] Figs. 4A to 4D are sample screens displayed on a clinician’s or doctor’s
computer as part of the system of the present disclosure, illustrating additional data associated
with the improved PET module.

[0046] Fig. 5 is a sample screen displayed on a clinician’s or doctor’s computer as
part of the system of the present disclosure, illustrating data associated with the regimen
generation module.

[0047] Figs. 6A to 6C are sample screens displayed on a clinician’s or doctor’s
computer as part of the system of the present disclosure, illustrating filtering criteria used to
filter the generated regimens into possible prescriptions for therapy.

[0048] Figs. 7A and 7B are sample screens displayed on a clinician’s or doctor’s
computer as part of the system of the present disclosure, illustrating the selection of
prescriptions from the list of filtered regimens.

[0049] Figs. 8A to 8C are sample screens displayed on a clinician’s or doctor’s
computer as part of the system of the present disclosure, illustrating the agreed upon high UF,
standard UF and low UF prescriptions, respectively.

[0050] Figs. 9A to 9E illustrate another example of a filtering process according to
the present disclosure, which results in a final filter of three prescribed regimes for the

patient.
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[0051] Figs. 10 to 13 are sample screens displayed on a clinician’s or doctor’s
computer as part of the system of the present disclosure, illustrating one embodiment of an
inventory management module.

[0052] Fig. 14 is a perspective view of one embodiment of a dialysis instrument and
disposable pumping cassette illustrating one suitable apparatus for performing dextrose
mixing used with the prescription optimization system of the present disclosure.

[0053] Figs. 15A and 15B are schematic views illustrating embodiments for wireless
and wired communications modules, respectively, for the prescription optimization system of
the present disclosure.

[0054] Fig. 16A is a schematic view illustrating another embodiment for a
communications module and an embodiment of the data collection module, which includes
wireless weight and blood pressure data entry for the prescription optimization system of the
present disclosure.

[0055] Fig. 16B is a schematic view illustrating a further embodiment for a
communications module, in which a central clinical server is located at or associated with a
particular dialysis center.

[0056] Figs. 17 to 21 are sample screens displayed on a patient’s dialysis instrument
illustrating various trending data available to the patient.

[0057] Figs. 22 and 23 are sample screens displayed on a patient’s dialysis instrument
or a clinician’s and/or doctor’s computer as part of the trending module of the present
disclosure, illustrating various trending data including moving UF averages, target UF, daily
UF, UF limits and prescription used.

[0058] Fig. 24 is a schematic diagram illustrating one possible alert generation
algorithm for the trending and alert generation module of the prescription optimization
system of the present disclosure.

[0059] Fig. 25 is a logic flow diagram illustrating another possible alert
generation/prescription modification algorithm for the trending and alert generation module
of the prescription optimization system of the present disclosure.

[0060] Fig. 26 is a sample screen displayed on a patient’s dialysis instrument or a
clinician’s and/or doctor’s computer as part of the system of the present disclosure,
illustrating various trending data including moving UF averages and UF limits determined via

statistical process control.
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[0061] Fig. 27 is a sample screen displayed on a patient’s dialysis instrument or a
clinician’s and/or doctor’s computer as part of the system of the present disclosure,
illustrating various trending data including moving UF averages, target UF, prescription used
and UF limits determined via statistical process control.

[0062] Fig. 28 is a schematic view of one embodiment of a transfer function used for
the prescription recall and adjustment module of the prescription optimization system of the
present disclosure.

[0063] Fig. 29 is a sample screen displayed on a patient’s dialysis instrument
illustrating one possible prescription recall embodiment of the prescription recall and

adjustment module of the prescription optimization system of the present disclosure.

DETAILED DESCRIPTION

[0064] Referring now to the drawings and in particular to Fig. 1, a schematic view of
peritoneal dialysis (“PD”) system 10 having an automated peritoneal dialysis (“APD”)
machine 104 is illustrated. System 10 provides and uses an improved peritoneal equilibration
test (“PET”) 12, which samples and employs multiple data points for determining the
patient’s ultrafiltration (“UF”) curve over the course of treatment. PET 12 improves UF
prediction used to characterize an individual’s response to PD therapies and helps the
clinician to generate optimized prescriptions for patients. In one embodiment, PET 12 is
performed as a fixed therapy using the APD machine 104 at home. PET 12 also requires lab
testing and analysis as set forth below.

[0065] System 10 also performs automated regimen generation 14. Known regimen
generation is performed manually by a physician 110 or clinician 120 using a hit or miss type
strategy, which is time consuming and relies on scientific guessing by the nurse or physician.
Automated regimen generation feature 14 uses the results of PET 12, therapy input
parameters and inputted therapy target parameters to generate regimens for the physician 110
or clinician 120, which saves time and increases the likelihood that one or more regimen is
generated that meets the therapy targets for clearance and UF, minimizes glucose exposure,
and meets lifestyle needs.

[0066] System 10 further includes a prescription filtering module 16, which reduces
the many regimens generated by automated regimen generation feature 14 to a manageable
number of prescriptions, which are then selected by the patient and doctor/clinician to

provide a set of approved prescriptions that are loaded onto the patient’s APD machine 104 at
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home. In one embodiment, the APD machine 104 supports up to five prescriptions that are
transferred to the APD machine 104 via a data card, the internet or other type of data
communication. The different prescriptions can include for example: two primary (or
standard) prescriptions, one volume depleted (low UF) prescription, and two fluid overloaded
(high UF) prescriptions, totaling five. Not all of the prescriptions have to be enabled by the
physician. However, once enabled by physician, the multiple prescriptions provide flexibility
to the patient and allow the APD machine 104 and therapy to better fit the patient’s life style
needs, while providing a proper therapy.

[0067] Prescription filtering 16 naturally leads to an inventory tracking feature or
module 18. Different prescriptions can require the patient to store different types of PD
solutions at home. For example, one type of solution may be used for nighttime exchanges,
while a second type of solution is used for a last fill or day exchange. Also, the same type of
solution can be provided in different dextrose quantities. System 10 determines what types
and varieties of type of solutions are needed, quantities of such types and varieties, and what
related disposable components are needed to carry out the enabled prescriptions. The APD
machine 104 tracks how many of which type and variety of solutions are used over the course
of a delivery cycle and communicates the usage to the clinician’s server. The clinician’s
server then determines how much of which supplies need to be delivered to the patient for the
next delivery cycle. When the delivery person arrives at the patient’s house, he or she can
scan the patient’s actual remaining inventory to compare against the clinician server’s
expected remaining inventory. The patient’s delivery can be adjusted if needed. Here, the
patient’s post delivery inventory is known and sent to the clinician’s server. Communication
is performed using a communications module discussed below.

[0068] System 10 as mentioned includes a prescription download and therapy data
upload communications module 20 that transfers data between the APD software and
doctor/clinician’s software, e.g., via any one or more of the internet, modem and cell phone.
The dialysis center could use communications module 20 for example to send updated
prescriptions to the patient’s APD machine. Therapy data, logs, trending data can be
uploaded to the doctor/clinician’s data center, so that the physician or clinician can access
patient information at any time and from anywhere.

[0069] System 10 also includes an automated, e.g., twenty-four hour UF, blood
pressure and body weight data collection feature 22. The APD machine determines patient

twenty-four hour UF, and obtains blood pressure and body weight daily and automatically in
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one embodiment. A remote exchange system (“RES”) collects the patient’s mid-day
exchange data and feeds such data to the APD machine daily, ¢.g., via bluetooth or other
wireless communication. Blood pressure and body weight devices can also communicate the
patient’s blood pressure and body weight to the APD machine, e.g., daily and wirelessly.
Data collection feature 22 also includes the collection and input of therapy ranges and target
information, ¢.g., into regimen generation feature 14.

[0070] System 10 further includes a trending and alert generation feature 24. The
APD machine provides, for example, up to ninety days of trending of twenty-four hour UF,
blood pressure, heart rate, body weight and prescription used. The patient, clinician and/or
doctor can view these curves on the display of the APD machine, clinician computer or
doctor computer. The APD machine obtains the data necessary for the trends, sends the data
to a server computer, which in turn generates and monitors the trends. The APD machine
and/or clinical software monitors the patient therapy trending data and generates alerts when
any of the vital parameters falls outside a physician’s preset range (or outside of the range in
combination with other alert filtering criteria described herein).

[0071] System 10 further includes a prescription recall and modification feature 26.
Based on the data the from trend feature 24, patient 102, doctor 110 and/or dialysis center
120 may recall one approved prescription for daily use over another. For example, if the
patient’s UF results for the past few days have been less than expected, the patient 102,
doctor 110 and/or dialysis center 120 may decide to use a higher UF prescription as opposed
to a standard UF prescription. System 10 for example can store three or five different
prescriptions, which have all been doctor approved. The five prescriptions may include, for
example, (1) low UF, (i1) standard UF with shorter duration and higher dextrose, (iii) standard
UF with longer duration and lower dextrose, (iv) high UF with shorter duration and higher
dextrose, and (v) high UF with longer duration and lower dextrose.

[0072] If the patient 102, doctor 110 and/or dialysis center 120 knows that the patient
has gained weight of late, a lower dextrose prescription may be selected to reduce the caloric
input from the treatment. Otherwise the patient may wish to run a shorter therapy or one
without a mid-day exchange for life style reasons. System 10 can be configured such that the
patient chooses which prescription to run on a given day. Alternatively, the dialysis
instrument 104 runs a prescription downloaded from the dialysis center 120. Further
alternatively, the dialysis instrument 104 runs a prescription downloaded from the doctor 110.

System 10 can run a hybrid control, which for example allows the patient to choose which
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prescription to run on a given day as long as the patient is making responsible choices, and if
the patient does not make responsible choices, system 10 switches so that the prescription to
run is set by the machine for the patient. Alternatively, if the patient does not make
responsible choices, system 10 can, e.g., remove less aggressive options from the list of
possible prescriptions but still allow the patient to choose from the remaining prescriptions.

[0073] Many PD patients lose residual renal function (“RRF”’) over time, so that the
PD therapy needs to remove more UF. Also, the patient’s transport characteristics may
diminish due to a loss of RRF. When trending function 24 indicates that the patient’s UF is
underperforming no matter which prescription the patient runs, the patient is gaining too
much weight, the patient’s blood pressure is too high, or a combination of these conditions
occurs, system 10 according to module 26 will automatically alert that the patient’s
prescriptions likely need to be modified. Discussed herein are a number of measures taken so
that system 10 is not oversensitive and allows for natural fluctuations in patient UF, due for
example to instrument error and residual volume of fluid left in the patient’s peritoneum.
However, when the patient shows a pattern of underperformance sufficient to indicate that it
is not a result of normal fluctuation, system 10 institutes a number of procedures to improve
the patient’s PD performance. For example, system 10 can call for a new PET to be
performed, new regimens to be generated accordingly, and new prescriptions to be filtered
from the regimens generated. Or, perhaps as an initial attempt, system 10 calls for a new set
of filtering criteria (e.g., more stringent therapy criteria) to be applied to the previously
generated regimens to filter out a new set of prescriptions. The new prescriptions are
downloaded to the patient’s dialysis instrument 104 via either a data memory card or via an
internet link from the doctor’s office 110 or the dialysis clinic 120.

Peritoneal Equilibration Test (“PET”)

[0074] Referring now to Fig. 2A, a cross-section from a peritoneal blood vessel
illustrates the three-pores of the vessel. The three-pores each have their own toxin and UF
clearance, leading to one kinetic model called the three-pore model. The three-pore model is
a mathematical model that describes, correlates and predicts relationships among the time-
course of solution removal, fluid transfer, treatment variables and physiological properties.
The three-pore model is a predictive model that can be used for different types of dialysate,
such as Diancal®, Physioneal®, Nutrineal®, and Extrancal® dialysates marketed by the

assignee of the present disclosure.
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[0075] The three-pore model is based on an algorithm, which is described as follows:

%:JVC +Jy, +Jy, - L
in which :
Vy, is the peritoneal fluid volume;
Jyc 18 the flow of fluid through transcellular pores or aquaporins shown in Fig. 2A;
Jyg 18 the flow of fluid through small pores shown in Fig. 2A;
Jy1 18 the flow of fluid through large pores shown in Fig. 2A; and
L is the peritoneal lymph flow.

[0076] Research has shown the thee-pore model and the two-pool model are
essentially equivalent in terms of UF and small solute clearance. The two-pool model is
casier to implement than the three-pore model because it requires less computation, and thus
less computer time. Research also has shown that the correlation between predicted results
derived from the prediction software versus actual results measured from actual therapies
have, for the most part, good correlation. Table 1 below shows results of one study (E.
Vonesh et al., 1999). Correlations (rc) are accurate for ureca removed, weekly urea clearance
(pKt/V), total urea clearance (Kt/V), creatinine removed, weekly creatinnine clearance
(pCCr), total creatinine clearance (CCr), glucose absorption and total effluent (drain volume).
The UF correlation however is not as accurate due possibly to: APD device UF volumetric
accuracy, residual solution volume in the patient, variation of patient’s transport
characteristics, and limited input points for estimating key kinetic parameters.

Table 1

Correlation Between Kinetic Software Model and Actual Measured Results

Three-Pole Model (PD Adequest 2.0 with APD, n=63)
Measured Predicted
QOutcome measure Mean SD Mean SD le
Urea removed (g/day) 5.33 1.86 535 1.88 0.93
KvV 225 0.44 223 0.49 0.83
pKYV 1.93 0.56 1.94 0.59 0.89
Creatinine removed (g/day) 0.72 0.31 0.72 0.31 0.93
CCr (L/week/1.73 m2) 62.89 16.11 61.64 16.26 0.87
pCCr (L/week/1.73 m2) 47.38 15.56 47.32 15.03 0.86
Glucose absorption (g/day) 103.1 61.57 105.9 54.05 0.9
Total effluent (L/day) 14.47 4.83 14.57 0.509 0.98
Net ultrafiltration (L/day) 0.983 0.672 1.09 0.784 0.23
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[0077] It has been found that the certain APD devices can measure fill and drain fluid
volumes very accurately. For example, the HomeChoice®/HomeChoicePRO® APD
machine provided by the assignee of the present disclosure has a reported total fill and drain
volume accuracy of 1% or +/- 10 mL. An APD machine employing multiple exchange cycles
increases the data points needed to estimate key kinetic parameters, and at the same time,
reduces the possibility of introducing errors due to the residual solution volume in the patient.
A new PET is accordingly proposed to improve the UF prediction accuracy, while
maintaining or improving the current good prediction of small solutes (or toxins).

[0078] Fig 2B illustrates an alternative (two-pool PD) kinetic model that system 10
can use for PET 12. The two-pool PD kinetic model of Fig. 2B, like that of Fig. 2A, is used
to predict fluid and solute removal in PD to: (i) aid clinicians in the care and management of
patients; (i) assist clinicians in the understanding of the physiological mechanisms that
govern peritoneal transport; and (ii1) simulate a therapy outcome. The set of differential
equations that collectively describe both diffusive and convective mass transport in both the
body and dialysate compartments for an “equivalent” membrane core are as follows:

Body Compartment

d(V,Cy)/dt =g - K, (C, —Cp)—0,sC —K,C,

Dialysate compartment

d(V,C,)/dt=K,,(C, —Cp)+Q,sC
[0079] The diffusive mass transfer rate is the product of the mass transfer arca
coefficient, Kpa, and the concentrate gradient, (Cs-Cp). Kpa is in turn equal to the product of
the solute membrane permeability (p) and transfer area (A). The convective mass transfer

rate is the product of the net water removal (UF) rate, Qu, the solute sieving coefficient, s,

and the mean membrane solute concentration, C. Kg is the renal residual function
coefficient.

[0080] Solving the above equations for the dialysis volume, Vp, at time t is as
follows:

Dialysate Volume

Vo =V 1+ 150, YK (1= 5)(Cp)t = CyYe M7y

i=1
in which (i) Vp' is the dialysate volume immediately after infusion (mL); (ii) Lps’ is the

hydraulic permeability transport rate (mL/min/mmol/L); (iii) K" is the ith solutes value of
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mass transfer area coefficient (mL/min); (iv) S;is the ith solutes sieving coefficient; (v) Cp;'is
the ith solutes dialysate concentration immediately after infusion (mmol/L); (vi) Cg;'is the ith
solutes blood concentration immediately after infusion (mmol/L); (vii) t is the time (min);
and (viii) Q.° is the lymphatic absorption (ml/min). UF can accordingly be calculated from
the above equation knowing infusion volume, solution concentration and dwell time.

[0081] To estimate hydraulic permeability (Lpa, mL/min/mmol/L) and lymphatic
flow rate, (Qr, mL/min) for the above equation, two Vp values at corresponding dwell time
tl, and t2 are needed. The Vp (fill volume + UF) value is difficult to measure due to the
incomplete drain (cycler) and resulting UF measurement errors. PET 12 as shown in Fig. 3
uses multiple, e.g., five, dwell volume (Vp) measurements at multiple (five) different
corresponding dwell times, e.g., overnight, four-hour, two-hour, one-hour and half-hour, to
improve the accuracy of Lpa and Qp estimation and thus improve the UF prediction accuracy.

[0082] In one embodiment, the PET 12 of the present disclosure begins with a UF
versus dwell time evaluation performed over the course of two treatments (e.g., two evenings
or back to back) by directly estimating the patient’s fluid transport parameters and correlating
the measured parameters with other PET results. UF removed for a particular type of
dialysate is measured by filling the patient with fresh dialysate, allowing the solution to dwell
within the patient’s peritoneum for a prescribed time, draining the patient, and subtracting the
fill volume from the drain volume to determine a UF volume for that particular dwell time.

[0083] In one implementation, on a first night, using a standard dialysate, such as a
2.5% dextrose Diancal® dialysate, the APD machine runs four separate two liter fill/drain
cycles: a first cycle at a thirty minute dwell; second cycle at a sixty minute (one hour) dwell;
third cycle at a 120 minute (two hour) dwell; and a fourth cycle at a 240 minute (four hour)
dwell. Total of all dwell times is about seven hours, thirty minutes, which including the time
needed for filling and draining consumes about a typical eight hour total therapy time. The
APD machine records fill volume, drain volume and actual dwell time for each cycle. The
fill volume may be slightly less or more than two liters depending for example on how much
fresh dialysate is actually existing initially in the bag and how empty the APD machine is
able to make the bag. In any case, the fill and drain volumes are recorded accurately so that
the resulting calculated UF is also accurate.

[0084] In an alternative embodiment, to increase accuracy the patient weighs the
dialysate bag before fill and after drain. The weight values can be sent wirelessly from the

scale to the APD machine (as discussed in detail below). The patient alternatively enters
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weight data manually. The APD machine subtracts the pre-fill weight from the post-drain
weight to accurately determine a UF value, which is matched with the actual dwell time.

[0085] The dwell time can be: (i) the time between the end of a fill and the beginning
of the corresponding drain; (ii) the time between the beginning of a fill and the end of the
corresponding drain; and (iii) in one preferred embodiment the time between the end of a fill
and the end of the corresponding drain. In any of the scenarios, the actual dwell time will
likely be slightly more or less than the prescribed dwell time. For example, in scenarios (ii)
and (iii), a kinked line during drain will lengthen drain time and thus recorded dwell time. In
scenario (i1) a kinked line during fill will lengthen fill time and thus recorded dwell time. The
APD machine records the actual dwell times for use as shown below. The actual, not the
prescribed times, are used so that any difference between actual and prescribed dwell times
does not introduce error into the UF predictive model.

[0086] On the next or second night, using the standard (e.g., 2.5% dextrose Diancal®)
dialysate, the APD machine patient runs a single fill volume with a 480 minute or eight hour
dwell. The APD machine records actual dwell time (according to any of the scenarios (i) to
(ii1) above) and matches the actual dwell time with the actual UF recorded (e.g., via the APD
or weigh scale) in the APD machine.

[0087] At the end of two days, the APD machine has recorded five UF/dwell time
data points (more or less data points could be achieved, however, the above five dwell times
are acceptable and achievable over two standard eight hour therapies). In one embodiment,
the APD machine sends the UF/dwell time data points to a server computer located at a
dialysis clinic 120 or doctor’s office 110 (Figs. 15A, 15B, 16A and 16B) at which the
remainder of the PET 12 is performed. Various embodiments for linking the APD machine
to a server computer are shown herein, for example, an electronic mail link can be used to
transport data. In another embodiment, the APD machine records the five (or other number)
data points onto a patient data card that the patient inserts into the APD machine. The patient
then brings the data card and accompanying data to the dialysis center 120 or doctor’s office
110 to complete PET 12.

[0088] The patient then travels to the dialysis center or doctor’s office, ¢.g., the next
day. The patient is filled an additional time and drained typically after four hours. Blood and
dialysate samples are taken for example at two hours and four hours. A second four-hour

dwell UF data point can be taken and compared to the first four-hour dwell UF data point for
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additional accuracy. Alternatively, the second blood sample is taken at four hours but the
patient is drained at, e.g., five hours, providing an additional UF dwell data point.

[0089] Fig. 3 illustrates a plot of the UF data points for the different actual dwell
times. The server computer, or other clinical software computer is programmed to fit a curve
30 to the five data points. Curve 30 fills the gaps between the different recorded dwell
periods (e.g., at 0.5 hour, one hour, two hours, four hours and eight hours) and thus predicts
the UF that will be removed for any dwell period within the eight hour range and beyond, and
for the particular dialysate and dextrose level used.

[0090] The osmotic gradient created by the dextrose in the dialysis solution decreases
with time as dextrose is absorbed by the body. The patient’s ultrafiltration rate accordingly
begins at a high level and decreases over time to a point at which the rate actually becomes
negative, such that the patient’s body begins to reabsorb fluid. Thus UF volume as shown in
the graph can actually decrease after a certain dwell time. One of the goals of the present
disclosure is to learn the patient’s optimal UF dwell time, which may be dextrose level
dependent, and incorporate the optimal dwell time(s) into the prescriptions discussed in detail
below.

[0091] In the illustrated embodiment, curve 30 predicts UF removed for 2.5 percent
dextrose. Once the curve is fitted for a particular patient, the curve can then be calculated
using the kinetic model to predict UF/dwell time values for other dialysates and other
dextrose levels, e.g., for 1.5 percent and 4.25 percent dextrose levels. As shown in Fig. 3, for
2.5 percent dextrose, curve 30 has a maximum UF removed dwell time of about three
hundred minutes or five hours. Five hours is likely too long a dwell time, however, UF for a
dwell time of two hours or 2.5 hours comes fairly close to the maximum UF dwell time. A
dwell time of two hours comes much closer to the maximum for 1.5 percent dextrose. 4.25
percent dextrose lends itself to longer dwells as seen in Fig. 3. For example, a single day
exchange is a good application for 4.25 percent dextrose.

[0092] Besides predicting optimal UF, the five or six UF data points, blood testing
and dialysate testing data are taken using a particular dialysate, such as 2.5 percent dextrose
Diancal® dialysate. Each of the UF, blood and dialysate the data are used to generate mass
transfer area coefficient (“MTAC”) data and hydraulic permeability data to classify the
patient’s transport and UF characteristics. The MTAC data and hydraulic permeability data
can then also be applied physiologically to other types of dialysates, such as 1.5 or 4.5

percent dextrose solutions and for different formulations, such as Extraneal® and Nutrineal®
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dialysates provided by the assignee of the present disclosure. That is, curve 30 is shown for
one concentration. However, once the kinetic model and Lpa and Qp, (from PET test results)
are known, system 10 could calculate the Vp according to the algorithm above, for each the
solution type, dextrose concentration, dwell time, and fill volume. An Lps value of 1.0
(mL/min/mmol/L) and a Q; value of 0.8 ml/min were used in the simulation for curve 30
(2.5% dextrose) and the curves for 1.5% dextrose and 4.25% dextrose in Fig. 3.

[0093] A kinetic modeling simulation was conducted using the above algorithm for
dialysate volume Vp, and the following data shown in Table 2 was generated, which shows a
comparison of UF estimation and associated error using a known PET and PET 12. Data
showed that the PET 12 improved the UF prediction accuracy significantly compared with a
known PET.

Table 2
UF Prediction Accuracy Using PET 12
Dwell Time | True UF with UF Prediction | UF Prediction | UF Prediction |UF Prediction
(min) Dextrose of 2.5%|Using Known PET| Error Using Using PET 12 Error Using

(mL) (mL) Known PET (mL) PET 12
30 86.73 158.81 83.1% 111.48 28.5%
60 158.74 281.52 77.3% 201.28 26.8%
90 217.88 374.37 71.8% 272.49 25.1%
120 265.71 442.21 66.4% 327.68 23.3%
150 303.61 488.92 61.0% 368.98 21.5%
180 332.76 517.70 55.6% 398.25 19.7%
210 354.20 531.24 50.0% 417.04 17.7%
240 368.86 531.79 44.2% 426.72 15.7%
270 377.54 521.28 38.1% 428.48 13.5%
300 380.95 501.35 31.6% 423.35 11.1%
330 379.73 473.44 24.7% 412.23 8.6%
360 374.42 438.79 17.2% 395.92 5.7%
390 365.53 398.44 9.0% 375.11 2.6%
420 353.49 353.34 0.0% 350.42 -0.9%
450 338.69 304.29 -10.2% 322.39 -4.8%
480 321.48 252.00 -21.6% 291.49 -9.3%
510 302.16 197.07 -34.8% 258.15 -14.6%
540 281.00 140.03 -50.2% 222.73 -20.7%
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Automated Regimen Generation

[0094] As seen in Fig. 1, present system 10 includes a therapy regimen generation
module 14. Regimen generation module 14 includes a plurality of prediction algorithms.
The prediction algorithms use the above calculated patient transport and UF characteristics
from PET 12, target information and other therapy input information to generate the
regimens. Regimen generation module 14 in one embodiment generates all of the possible
therapy regimens that meet entered target requirements using the therapy input information
and calculated patient transport and UF characteristics. The regimens generated are many as
shown below. The prescription generation module 16 then filters the regimens generated at
module 14 to yield a finite number of optimized prescriptions that can be performed on the
APD machine for the particular patient.

[0095] Fig. 4A shows one data entry screen for regimen generation module 14. Data
entered into the screen of Fig. 4A is obtained from PET 12. Fig. 4A provides PET 12 data
inputs for the dialysis center clinical nurse. The data includes the dialysate UF measurement,
dialysate lab test results (urea, creatinine and glucose), and blood test results (serum urea,
creatinine and glucose). Specifically, an “Overnight Exchange” module of Fig. 4A provides
overnight exchange data input, including: (i) % dextrose, (ii) solution type, (iii) volume of
solution infused, (iv) volume of solution drained, (v) dwell time(s), (vi) dialysate urea
concentration (lab test result from drained dialysate), and (vii) dialysate creatinine
concentration (lab test results from drained dialysate). A “Four-Hour Equilibration” module
of Fig. 4A provides four-hour exchange data input, which is normally obtained from a patient
blood sample taken in a clinic, the data including: (i) % dextrose, (ii) solution type, (iii)
volume of solution infused, (iv) volume of solution drained, (v) infusion time, and (vi) drain
time. A “Data” module of Fig. 4A provides four-hour exchange data input, including: (i)
serum #1 sample time (normally 120 minutes after infusion of the dialysate), urea, creatinine,
and glucose concentration, which are the clinician’s inputs, “Corrected Crt” is a corrected
creatinine concentration that the software algorithm calculates; (i), (ii1) and (iv) for dialysate
#1, #2 and #3, sample time, urea, creatinine, and glucose concentration, which are clinician’s
inputs, “Corrected Crt” and “CRT D/P” (dialysate creatinine/plasma creatinine) which are
calculated by software.

[0096] In Fig. 4B, the “serum concentration” module involves a blood test that is
typically performed after the regular APD therapy, preferably in the morning, leading to

result sent to the lab for analysis of creatinine, urea, glucose, and albumin. Serum
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concentration (sometimes called plasma concentration) is the lab test results of blood urea,
creatinine and glucose concentration. A patient with end-stage kidney disease has blood urea
and creatinine levels that are much higher than for people with functioning kidneys. The
glucose concentration is important because it measures how much glucose the patient’s body
absorbs when using a dextrose-based solution. The “24-hour dialysate and urine collection”
module of Fig. 4B shows that the patient has no residual renal function, thus produces no
urine. The overnight collection data is used for patient residual renal function (“RRF”)
calculation, APD therapy results (fill, drain and lab test results), and for measuring the patient
height and weight to calculate the patient’s body surface arca (“BSA”). As seen in the
example for the second day of PET 12, (eight hour dwell), 8000 milliliters of dialysate was
infused into the patient, 8950 milliliters of dialysate was removed from the patient, yielding a
net UF volume of 950 milliliters. The dialysate is sent to the lab for analysis of urea,
creatinine, and glucose. A “weekly clearances” module calculates the weekly Urea Kt/V and
weekly creatinine clearance (“CCL”), which are parameters that doctors use to analyze if
patient has adequate clearance.

[0097] Fig. 4C of regimen generation feature 14 shows a sample screen in which
system 10 calculates mass transfer coefficients (“MTAC’s”) and water transport parameters
using the data of screens 4A and 4B and stored algorithms. RenalSoft™ software provided
by the assignee of the present invention is one known software for calculating the data shown
in Fig. 4C from the input data of Figs. 4A and 4B. Some of the data calculated and shown in
Fig. 4C is used in an algorithm for regimen generation feature 14. Specifically, the regimen
generation algorithm uses the MTAC’s for urea, creatinine and glucose, and the hydraulic
permeability to generate the regimens

[0098] Fig. 4D of regimen generation feature 14 shows the clinician or doctor the
predicted drain volumes determined based on the hydraulic permeability of Fig. 4C versus the
actual UF measured from PET 12. The results are shown for an overnight exchange (e.g.,
night one or night two of PET 12) and the four-hour dwell test performed at the dialysis
center 120 or doctor’s office 110. The difference between actual drain volume UF and
predicted drain volume is calculated so that the clinician or doctor can view the accuracy of
PET 12 and the prediction routines of Figs. 4A to 4D for drain volume and UF. To generate
the predicted drain volumes, the operator enters a fluid absorption index. The machine also
calculates a fluid absorption value used in the prediction of drain volume. As seen in Fig.

4D, the software of system 10 has calculated the fluid absorption rate to be 0.1 ml/min based
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on values entered from the patient’s PET. As seen at the top of Fig. 4D, the actual versus
predicted drain volume for the overnight exchange was 2200 ml versus 2184 ml. The four
hour (day) predicted drain versus the actual drain was 2179 ml versus 2186 ml. The bottom
of Fig. 4D shows the actual versus predicted drain values for a more common fluid
absorption rate of 1.0 ml/min, which are not as close to one another as those for the 0.1
ml/min fluid absorption rate. The system can then ask the clinician to enter a fluid absorption
rate that he/she would like to use for this patient when predicting UF, which is normally
somewhere between and including 0.1 ml/min and 1.0 ml/min.

[0099] Fig. 5 illustrates one possible regimen calculation input table for regimen
generation feature 14. The regimen calculation input table inputs Clinical Targets data
including (a) minimum urea clearance, (b) minimum urea Kt/V, (¢) minimum creatinine
clearance, (d) maximum glucose absorption, and (¢) target UF (e.g., over twenty-four hours).

[0100] The table of Fig. 5 also inputs Night Therapy Parameters data, such as (i)
therapy time, (ii) total therapy volume, (iii) fill volume, (iv) percent dextrose for the chosen
solution type, and possibly (v) solution type. Here, dwell times and number of exchanges are
calculated from (ii) and (iii). Dwell time can alternatively be set according to the results of
PET 12 as discussed above, which can be used in combination with at least one other input,
such as, total time, total volume and fill volume to calculate the remainder of total time, total
volume and fill volume inputs. For example, if dwell time, total volume and total time are
set, system 10 can calculate the fill volume per exchange and the number of exchanges. The
Night Therapy Parameters input also includes last fill inputs, such as (i) dwell time, (ii) last
fill volume, and (iii) percent dextrose for the chosen solution type.

[0101] The table of Fig. 5 also inputs Day Therapy Parameters data, such as (i)
therapy time, (ii) day fill volume, (iii) number of cycles, (iv) percent dextrose for the chosen
solution type, and possibly (v) solution type. Day exchanges may or may not be performed.

[0102] Solution type for the night and day therapies is chosen from a Solutions
portion of the input table of Fig. 5, which inputs available dextrose levels, solution
formulation (e.g., Dianeal®, Physioneal®, Nutrineal®, and Extrancal® dialysates marketed
by the assignee of the present disclosure) and bag size. Bag size can be a weight concern
especially for elderly patients. Smaller bags may be needed for regimens that use a different
last fill and/or day exchange solution or dextrose level. Smaller bags may also be needed for
regimens that call for a dextrose level that requires a mix from two or more bags of standard

dextrose level (e.g., dextrose level of 2.0%, 2.88%, 3.38%, or 3.81%) listed under the
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Solutions portion of the table of Fig. 5. Mixing to produce customized dextrose level is
discussed below in connection with Fig. 14. Solution bag inventory management is also
discussed below in connection with Figs. 10 to 13.

[0103] The regimen calculation input table of Fig. 5 also illustrates that many of the
inputs have ranges, such as plus/minus ranges for the Clinical Targets data and
minimum/maximum/increment ranges for certain Night Therapy Parameters data and Day
Therapy Parameters data. Once the clinician or doctor starts to complete the table of Fig. 5,
system 10 automatically places suggested values in many of the other cells, minimizing the
amount of entries. For example, the solutions available under Solutions data can be filled
automatically based upon the solutions that have been indicated as available by the dialysis
center, which is further based the available solution portfolio approved for a specific country.
In another example, system 10 can adjust the fill volume increments for Night Therapy
Parameters data automatically to use all of the available solutions (e.g., when a twelve liter
therapy is being evaluated, the number of cycles and the fill volumes can range as follows:
four-3000 mL fills, five-2400 mL fills, six-2000 mL fills, and seven-1710 mL fills). System
10 allows the operator to change any of the suggested values if desired.

[0104] The software of system 10 calculates the predicted outcomes for all of the
possible combinations of parameters based upon the ranges that are entered for each
parameter. As seen in Fig. 5, some regimens will have “adequate” predicted outcomes for
urea clearance, creatinine clearance and UF that meet or exceed the minimum criteria
selected by the clinician. Others will not. Selecting “Only Display Adequate Regimens”
speeds the regimen generation process. Some patients may have hundreds of regimens that
are adequate. Others may have only few, or possibly even none. When none are adequate, it
may be necessary to display all regimens so that the regimens that are close to meeting the
target requirements can be identified for filtering. Filtering when starting with all regimens
displayed provides the clinician/doctor the most flexibility when trying to find the best
prescription for the patient.

[0105] System 10 feeds all of the therapy combinations into outcome prediction
software and tabulates the results in a table that system 10 can then filter through as shown
below in connection with prescription filtering module 16. One suitable software is
RenalSoft™ software provided by the assignee of the present disclosure. The combinations
take into account the different ranges entered above in the regimen calculation input table of

Fig. 5.

25



WO 2010/006126 PCT/US2009/050050

[0106] Table 3 below shows the first ten results (of a total of 270 results) for one set
of data inputted into system software. Here, a 1.5% night dextrose solution is chosen. No
day exchange is allowed. Results are shown generated for a standard PD therapy but could
alternatively or additionally be generated for other types of PD therapies, such as a tidal
therapy. Fig. 5 has a check box that allows ecither one or both of continuous cycling

peritoneal dialysis (“CCPD”) or tidal therapies to be included in the regimen generation

Proccess.
Table 3
APD Therapy
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1 1.5 7 8 2 4 0 0 0 0 0 0 0
2 1.5 7 8 2.2 3 0 0 0 0 0 0 0
3 1.5 7 8 2.4 3 0 0 0 0 0 0 0
4 1.5 7 8 2.6 3 0 0 0 0 0 0 0
5 1.5 7 8 2.8 3 0 0 0 0 0 0 0
6 1.5 7 8 2 0 0 0 0 0 0 0
7 1.5 7 9 4 0 0 0 0 0 0 0
8 1.5 7 9 2.2 4 0 0 0 0 0 0 0
9 1.5 7 9 2.4 3 0 0 0 0 0 0 0
10 1.5 7 9 2.6 3 0 0 0 0 0 0 0

[0107] As stated, Table 3 illustrates ten of two-hundred seventy valid combinations
possible with a 1.5% night dextrose level. The same two-hundred seventy combinations will
also exist for 2% dextrose level, 2.5%, etc., night dextrose level. An equal number of valid
combinations is created for each possible dextrose level when a day fill is added. Further, the
last fill dwell time can be varied to create even more valid combinations.

Prescription Filtering

[0108] As shown above, system 10 allows the doctor/clinician to prescribe values for
clinical targets and therapy inputs, such as patient fill volume, total therapy volume, total
therapy time, etc., and generates a table, such as Table 3, containing all therapies that meet all
of the clinical requirements. The table of therapies that meet all of the clinical requirements
can then be automatically filtered and sorted based upon parameters such as total night
therapy time, therapy solution cost, therapy weight, etc.

[0109] The software uses one or more algorithm in combination with the therapy

combinations (e.g., of Table 3) and the patient physiologic data generated via PET 12 as
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shown in connection with Figs. 4A to 4D to determine predicted therapy results. Therapy
combinations (e.g., of Table 3) that meet the Clinical Targets of Fig. 5 are filtered and
presented to the clinician, nurse or doctor as candidates to become prescribed regimens.

[0110] Figs. 6A and 6B illustrate examples of filters that the doctor or clinician can
use to eliminate regimens. In Fig. 6A, minimum Urea Kt/V removal is increased from 1.5 in
Fig. 5 to 1.7 in Fig. 6A. In one embodiment, the range of +0 to -0.2 in Fig. 5 is applied
automatically to the new minimum value set in Fig. 6A. Alternatively, system 10 prompts
the user to enter a new range or keep the same range. A Boolean “And” operator is applied to
the new minimum Urea Kt/V to specify that the value must be met, subject to the applied
range, in combination with the other clinical targets.

[0111] In Fig. 6B, minimum twenty-four hour UF removal is increased from 1.0 in
Fig. 5 to 1.5 in Fig. 6B. In one embodiment, the range of +0 to -0.2 in Fig. 5 is again applied
automatically to the new minimum value set in Fig. 6B. Alternatively, system 10 prompts the
user to enter a new daily UF range or keep the same UF range. Again, a Boolean “And”
operator is applied to the new minimum twenty-four hour UF to specify that the value must
be met, subject to the applied range, in combination with the other clinical targets. The
clinician and patient are free to impose additional, clinical and non clinical requirements,
such as: solution cost, solution bag weight, glucose absorbed, night therapy time, day fill
volume, night fill volume.

[0112] Referring now to Fig. 7A, the regimens that meet the Clinical Targets and
other inputs of Fig. 5 and the additional filtering of Figs. 6A and 6B are shown. As seen,
cach of the regimens is predicted to remove at least 1.5 liters of UF per day and has a
minimum Urea Kt/V removal of greater than 1.5.

[0113] Regimen 36 is highlighted because it has the smallest day fill volume (patient
comfort), the lowest solution weight (patient convenience), and the next to lowest glucose
absorption value (least dietary impact). Thus, regimen 36 is chosen and prescribed by a
doctor as a standard UF regimen.

[0114] The patient, clinician and/or doctor can also pick one or more additional
prescription for approval that also meets with a patient’s lifestyle needs. Suppose for
example that the patient is a member of a bowling team during the winter months that
competes in a Saturday night league. He drinks a little more than normal while socializing.
The patient and his doctor/clinician agree that a therapy regimen that removes about 20%

more UF should therefore be performed on Saturday nights. Also, on bowling nights, the

27



WO 2010/006126 PCT/US2009/050050

patient only has seven hours to perform therapy rather a standard eight hour therapy. Filtered
potential prescription 34 highlighted in Fig. 7A is accordingly approved as a higher UF
prescription, which uses a higher dextrose concentration to remove the extra UF and does so
in the required seven hours.

[0115] Further, suppose that the patient lives in a southern state and does yard work
on the weekends during the summer months (no bowling league) and accordingly loses a
substantial amount of body fluid due to perspiration. The doctor/clinician and patient agree
that less than 1.5 liters of UF needs to be removed on such days. Because Fig. 8 only shows
regimens that remove at or over 1.5 liters of UF, further filtering is used to provide low UF
regimens for possible selection as a low UF prescription.

[0116] The doctor or clinician uses an additional filtering of the twenty-four hour UF
screen of Fig. 6C to restrict the prior range of daily UF that the regimes must meet. Here, the
doctor/clinician looks for regimes having daily UF removals of greater than or equal to 1.1
liter and less than or equal to 1.3 liters. The Boolean “And” operator is selected such that the
therapy meets all of the other clinical requirements of Figs. 5 and 6A.

[0117] Referring now to Fig. 7B, the regimens that meet the Clinical Targets and
other inputs of Fig. 5 and the additional filtering of Figs. 6A and 6C are shown. As seen, each
of the regimens is predicted to remove at or between 1.1 and 1.3 liters of UF per day, while
meeting the minimum Urea Kt/V removal of greater than 1.5 and other clinical targets. The
doctor/clinician and patient then decide on a tidal therapy regimen 58 (highlighted), which
does not require a day exchange, and requires the shortest night therapy time. The doctor
then prescribes the therapy.

[0118] Referring now to Figs. 8A to 8C, the three agreed-upon high UF, standard UF
and low UF prescriptions are illustrated, respectively. The prescriptions are named, so that
they are easily recognizable by the patient 102, doctor 110 and clinician 120. While three
prescriptions are shown in this example, system 10 can store other suitable numbers of
prescriptions as discussed herein. System 10 downloads the prescription parameters onto a
data card in one embodiment, which is then inserted in the APD machine 104, transferring
the prescriptions to the non-volatile memory of the APD machine. Alternatively, the
prescriptions are transferred to APD machine 104 via a wired data communications link, such
as via the internet. In one embodiment, the patient is free to choose which prescription is
performed on any given day. In an alternative embodiment, the data card or data link transfer

of the prescriptions is entered into the memory of the dialysis instrument, such that the
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instrument runs a prescribed treatment each day automatically. These embodiments are
discussed in detail below in connection with the prescription recall and adjustment module
26. In any case, when the patient starts any of the therapies, system 10 provides instructions
on which solution bags to connect to a disposable cassette for pumping since the therapies
may use different solutions.

[0119] Figs. 9A to 9E illustrate another filtering example for module 16. Fig. 9A
illustrates filtered settings on the left and corresponding results on the right, which yield 223
possible regimens. In Fig. 9B, the clinician further filters to regimens by limiting the day fill
volume (patient comfort) to 1.5 liters. Such filtering reduces the possible regimens to 59. In
Fig. 9C, the clinical software further filter the regimens by decreasing the regimens to 19. In
Fig. 9D, the clinical further filters the available regimens by reducing the glucose absorbed to
500 Kcal/day. Such action reduces the available regimens to three.

[0120] Fig. 9E shows the three filtered regimens that can either be prescribed by the
physician or discarded to enable another filtering exercise to be performed. The exercise of
Figs. 9A to 9D shows that prescription optimization is made convenient over the patient’s
physiological characteristics are known. Figs. 9A to 9D also show are suitable list of
possible filtering criteria.

Inventory Tracking

[0121] Referring now to Figs. 10 to 13, one embodiment for an inventory tracking
subsystem or module 18 of system 10 is illustrated. As discussed herein, system 10 generates
agreed-upon prescriptions, such as high UF, standard UF and low UF prescriptions as shown
in connection with Figs. 8A to 8C. The different prescriptions require different solutions as
seen in Fig. 10. Fig. 10 shows that the standard UF prescription uses twelve liters of 1.5%
Diancal® dialysate and two liters of Extrancal® dialysate. The high UF prescription uses
fifteen to eighteen (depending on alternate dialysis used) liters of 1.5% Diancal® dialysate
and two liters of Extrancal® dialysate. The low UF prescription uses twelve liters of 1.5%
Dianeal® dialysate and three liters of 2.5% Dianecal® dialysate.

[0122] Fig. 11 shows an example screen that a server in a dialysis center 120 can
display for a patient having the above three prescriptions. The screen of Fig. 11 shows the
minimum base supply inventory needed for the three prescriptions over a delivery cycle. The
screen of Fig. 11 shows that the patient is to be supplied the solutions needed to perform
thirty-two standard UF prescription therapies. The patient is to be supplied the solutions
needed to perform six high UF prescription therapies. The patient is also to be supplied the
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solutions needed to perform six low UF prescription therapies. The patient is further to be
provided one “ultrabag” case (six 2.5 liter bags). The stem of a Y-shaped ultrabag tubing set
can connect to the patient’s transfer set. An empty bag is attached to the one leg of the Y and
a full bag is pre-attached to the other leg of the Y. The ultrabag is used to perform CAPD
exchanges if the APD machine breaks, if power is lost and the APD machine cannot operate,
or if the patient is traveling and his/her supplies do not arrive on time.

[0123] Additionally, the patient is also to be provided with forty-five disposable sets
(one used for each treatment), which includes a disposable pumping cassette, bag line, patient
line, drain line, heater bag and associated clamps and connectors. The patient is provided
with low (1.5%), medium (2.5%) and high (4.25%) dextrose concentration dialysis solutions,
so that the patient can remove more or less fluid by switching which dextrose level is used.
Prescription flexibility (including mixing) could increase the total number of bags needed for
a given month to about forty-five days worth of solutions.

[0124] The patient is also to be provided forty-five caps or flexicaps, which are used
to cap the patient’s transfer set when the patient is not connected to the cycler. The flexicaps
contain a small amount of povidone iodine to minimize the potential for bacterial growth due
to touch contamination.

[0125] Fig. 12 shows an example screen that the dialysis center 120 can display for a
patient having the above three prescriptions. The screen of Fig. 12 shows the expected actual
patient inventory at the time a new delivery of inventory is to be made. That is, the screen of
Fig. 12 shows what inventory the server computer thinks will be at the patient’s home when
the delivery person arrives. In the example, the server computer expects that when the
delivery person arrives at the patient’s home, the patient will already have: (i) five cases (two
bags per case) of 1.5% Diancal® dialysate containing six liter bags, (ii) one case (four bags
per case) of 2.5% Diancal® dialysate containing three liter bags, (iii) one case (six bags per
case) of Extrancal® dialysate containing two liter bags, (iv) twenty-four (out of a case of
thirty) disposable sets, each including the apparatuses described above, (v) two 1.5%, 2.5 liter
Ultrabags of dialysate (out of a case of 6), and six caps or flexicaps (out of a case of thirty).

[0126] Fig. 13 shows an example screen that the server of dialysis center 120 can
display for a patient having the above three prescriptions. The screen of Fig. 13 shows the
actual inventory that will be delivered to the patient. That is, the screen of Fig. 13 shows the
inventory difference between what the patient is supposed to have at the start of the inventory

cycle and what the server computer thinks will be at the patient’s home when the delivery
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person arrives. In the example, the patient needs: (i) eighty-eight, six liter bags of 1.5%
Diancal® dialysate, has ten at home, reducing the need to seventy-eight bags or thirty-nine
cases (two bags per case); (ii) six, three liter bags of 2.5% Diancal® dialysate, has four at
home, reducing the need to two bags or one case (four bags per case, resulting in two extra
delivered); (iii) thirty-eight, two liter bags of Extrancal® dialysate, has six at home, reducing
the need to thirty-two bags or six cases (six bags per case, resulting in four extra delivered);
(iv) forty-five disposable sets, has twenty-four at home, reducing the need to twenty-one or
one case (thirty per case, resulting in nine extra disposable sets delivered); (v) six, 2.5 liter
1.5% Ultrabags, has two at home, reducing the need to four bags or one case (six bags per
case, resulting in two extra ultrabags delivered); and (vi) forty-five flexicaps, has thirty-six at
home, reducing the need to nine or one case (thirty-six per case, resulting in twenty-seven
extra flexicaps delivered).

[0127] In one embodiment, the dialysis center server database of the inventory
tracking module 18 maintains and knows: (a) how much of each dialysate and other supplies
the patient is supposed to have at the beginning of a delivery cycle; (b) the patient’s different
prescriptions, solutions used with each, and the number of times each prescription is to be
used over the delivery cycle; and (c) accordingly how much of each dialysate the patient is
supposed to use over a delivery cycle. Knowing the above, the inventory tracking server can
calculate how much of each solution and other supplies needs to be delivered at the next
delivery date. Chances are the patient has consumed more or less of one or more solution or
other item than expected. For example, the patient may have punctured a solution bag, which
then had to be discarded. The patient may misplace a solution bag or other item. Both
instances result in more inventory being consumed than expected. On the other hand, the
patient may skip one or more treatment over the course of the delivery cycle, resulting in less
inventory being consumed than expected.

[0128] In one embodiment, the inventory tracking module or subsystem 18 of system
10 expects that the estimated amount of solutions and other supplies is close to the actual
amount needed. If too much inventory is delivered (patient used less than prescribed), the
delivery person can deliver the extra inventory to the patient and scan or otherwise note the
additional inventory, so that it can be saved into the inventory server memory. For the next
cycle, system 10 updates (e.g., increases) (a) above, namely, how much of each dialysate and
other supplies the patient is supposed to have at the beginning of a delivery cycle.

Alternatively, the delivery person only delivers the needed amount of inventory, so as to
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make the patient’s actual inventory at the beginning of the delivery cycle equal to the
expected inventory at (a) above. If not enough inventory is scheduled for delivery (patient
lost or damaged solution or related supplies for example), the delivery person brings extra
inventory so as to make the patient’s actual inventory at the beginning of the delivery cycle
equal to the expected inventory at (a) above.

[0129] The inventory subsystem 18 of system 10 in one embodiment maintains
additional information such as the individual cost of the supplies, the weight of the supplies,
alternatives for the required supplies if the patient depletes the required supplies during the
delivery cycle. As shown above in Figs. 7A and 7B, the regimen generation software in one
embodiment uses or generates the weight and cost data as a factor or potential factor in
determining which regimes to be selected as prescriptions. The server of the dialysis center
120 downloads (or transfers via data card) the alternative solution data to the patient’s APD
Cycler. In one implementation, when a patient starts a therapy, the patient is notified of the
particular solution bag(s) needed for that day’s particular prescription. If the patient runs outs
of one type of solution, the system can provide an alternative based upon the solutions held in
current inventory.

Dextrose Mixing

[0130] As shown above in Fig. 5, system 10 contemplates using a plurality of
different dextrose levels for each of the different brands or types of dialysates available,
which increases the doctor/clinician’s options in optimizing prescriptions for the patient. The
tradeoff with dextrose is generally that higher levels of dextrose remove more UF but have
higher caloric input, making weight control for the patient more difficult. The converse is
also true. Dialysate (at least certain types) is provided in different standard dextrose levels
including 0.5%, 1.5%, 2.5% and 4.25%. As seen in Fig. 6, night dextrose, last fill dextrose
and day dextrose can be chosen to have any of the above standard percentages or to have a
blended dextrose level of 2.0%, 2.88%, 3.38% or 3.81%. System 10 uses the dialysis
instrument 104 to mix the standard percentages to create the blended percentages. It is
believed that since each of the standard dextrose level dialysates has been approved by the
Federal Drug Administration (“FDA”) and that the blended dextrose levels are within

approved levels, that such mixing would meet readily with FDA approval.
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Table 4
Glucose-Based Solutions Mixing Ratios and Concentrations.
Dextrose Mixing Ratio Dextrose Available
Concentration (%) Concentration (%) Solutions of
after mixing Dextrose

Concentration (%)

1.5and 2.5 ltol 2.00 1.5
1.5 and 4.25 ltol 2.88 2.0
2.5 and 4.25 ltol 3.38 25
2.5 and 4.25 1to3 3.81 2.88
338
3.81
4.25

[0131] Using 1:1 or 1:3 mixing shown in Table 4 generates more dextrose solutions,
providing more therapy options for clinicians. At the same time, these mixing ratios will use
all the solution in a container, resulting in no waste.

[0132] Referring now to Fig. 14, dialysis instrument 104 illustrates one apparatus
capable of producing the blended dextrose level dialysates. Dialysis instrument 104 is
illustrated as being a HomeChoice® dialysis instrument, marketed by the assignee of the
present dialysate. The operation of the HomeChoice® dialysis instrument is described in
many patents including U.S. Patent No. 5,350,357 (“the *357 Patent”), the entire contents of
which are incorporated herein by reference. Generally, the HomeChoice® dialysis
instrument accepts a disposable fluid cassette 50, which includes pump chambers, valve
chambers and fluid flow pathways that interconnect and communicate fluidly with various
tubes, such as a to/from heater bag tube 52, a drain tube 54, a patient tube 56 and dialysate
supply tubes 58a and 58b. While Fig. 14 shows two supply tubes 58a and 58b, dialysis
instrument 104 and cassette 50 can support three or more supply tubes and thus three or more
supply bags. Further, as seen in the *357 Patent, one or both supply tubes 58a and 58b can Y-
connect to two supply bags if more supply bags are needed.

[0133] In one embodiment, system 10 pumps fluid from a supply bag (not shown),
through one of supply tubes 58a or 58b, cassette 50, to a warmer bag (not shown) located on
a heater tray of APD 104. The warmer bag provides an area for the solutions to mix before
being delivered to the patient. In such a case, the warmer bag can be fitted with one or more

conductive strip, which allows a temperature compensated conductivity reading of the mixed
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solution to be taken to ensure that the solutions have been mixed properly. Alternatively,
APD 104 uses inline heating in which case the mixing is done inn the tubing and the patients
peritoneum.

[0134] To operate with cassette 50, the cassette is compressed between a cassette
actuation plate 60 and a door 62. The 357 Patent describes a flow management system
(“FMS”), in which the volume of fluid pumped from each pump chamber (cassette 50
includes two in one embodiment), after each pump stroke is calculated. The system adds the
individual volumes determined via the FMS to calculate a total amount of fluid delivered to
and removed from the patient.

[0135] System 10 contemplates proportioning the pump strokes from different
standard dextrose supplies using FMS to achieve a desired blended dextrose. As seen at
Table 4 above, a 1.5% standard dextrose supply bag can be connected to supply line 58a,
while a 4.25% standard dextrose supply bag is connected to supply line 58b. Dialysis
machine 104 and cassette 50 pump dialysate from each supply bag in a 50/50 ratio using
FMS to achieve the 2.88% blended dextrose ratio. In another example, a 2.5% standard
dextrose supply bag is connected to supply line 58a, while a 4.25% standard dextrose supply
bag is connected to supply line 58b. Dialysis machine 104 and cassette 50 pump dialysate
from each supply bag in a 50/50 ratio using FMS to achieve the 3.38% blended dextrose
ratio. In a further example, a 2.5% standard dextrose supply bag (e.g. 2 L bag) is connected
to supply line 58a, while a 4.25% standard dextrose supply bag (¢.g. 6 L bag) is connected to
supply line 58b. Dialysis machine 104 and cassette 50 pump dialysate from each supply bag
in a 25/75 (2.5% to 4.25%) ratio using FMS to achieve the 3.81% blended dextrose ratio.

[0136] The first two examples can include a connection of a six liter bag of dialysate
to cach of lines 58a and 58b. In the third example, a three liter 2.5% standard dextrose
supply bag is connected to supply line 58a, while a three liter 4.25% supply bag is Y-
connected to a six liter 4.25% supply bag, which are both in turn connected to supply line
58b. Dialysis machine 104 and cassette 50 pump dialysate from each supply bag to a heater
bag in one embodiment, which allows the two different dextrose dialysates to fully mix
before being pumped from the heater bag to the patient. Accordingly, system 10 can achieve
the blended dialysate ratios shown in Fig. 6 and others by pumping different standard
dextrose levels at different ratios using FMS. Dialysis instrument 104 in one embodiment is
configured to read bag identifiers to ensure that the patient connects the proper dialysates and

proper amounts of the dialysate. Systems and methods for automatically identifying the type
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and quantity of dialysate in a supply bag are set forth in U.S. Patent Application No.
11/773,822 (“the *822 Application”), entitled “Radio Frequency Auto-Identification System”,
filed July 5, 2007, assigned to the assignee of the present disclosure, the entire contents of
which are incorporated herein by reference 822 Application discloses one suitable system
and method for ensuring that the proper supply bags are connected to the proper ports of
cassette 50. System 10 can alternatively use a barcode reader that reads a barcode placed on
the bag or container for solution type/volume identification. In the case in which Y-
connections are needed, APD machine 104 can prompt the patient to confirm that the Y-
connection(s) to an additional bag(s) has been made.

[0137] U.S. Patent No. 6,814,547 (“the *547 patent”) assigned to the assignee of the
present disclosure, discloses a pumping mechanism and volumetric control system in
connection with Figs. 17A and 17B and associated written description, incorporated herein by
reference, which uses a combination of pneumatic and mechanical actuation. Here, volume
control is based on precise control of a stepper motor actuator and a known volume pump
chamber. It is contemplated to use this system instead of the FMS of the ’357 Patent to
achieve the above blended dextrose levels.

Prescription Download And Therapy Data Upload Communication Module

[0138] Referring now to Fig. 15A, network 100a illustrates one wireless network or
communication module 20 (Fig. 1) for communicating the PET, regimen generation,
prescription filtering, inventory tracking, trending and prescription modification information
(below) between patient 102, doctor 110 and dialysis center 120. Here, the patient 102
operates a dialysis instrument 104, which communicates wirelessly with a router 106a, which
is in wired communication with a modem 108a. The doctor 110 operates the doctor’s (or
nurse’s) computer 112a (which could also be connected to a doctor’s network server), which
communicates wirelessly with a router 106b, which is in wired communication with a modem
108b. The dialysis center 120 includes a plurality of clinician’s computers 112b to 112d,
which are connected to a clinician’s network server 114, which communicates wirelessly
with a router 106¢, which is in wired communication with a modem 108c. Modems 108a to
108c communicate with each other via an internet 116, wide area network (“WAN”) or local
area network (“LAN”).

[0139] Fig. 15B illustrates an alternative wired network 100b or communication
module 20 (Fig. 1) for communicating the PET, regimen generation, prescription filtering,

inventory tracking, trending and prescription modification information (below) between
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patient 102, doctor 110 and dialysis center 120. Here, the patient 102 includes a dialysis
instrument 104, which is in wired communication with modem 108a. The doctor 110
operates the doctor’s (or nurse’s) computer 112a (which could also be connected to a network
server), which is in wired communication with a modem 108b. The dialysis center 120
includes a plurality of clinician’s computers 112b to 112d, which are in wired communication
with a modem 108c. Modems 108a to 108c again communicate with each other via an
internet 116, WAN or LAN.

[0140] In one embodiment, the data points for curve 30 of Fig. 3 are generated at
instrument 104 and sent to either the doctor 110 or the dialysis center 120 (most likely
dialysis center 102), which houses the software to fit curve 30 to the data points. The patient
then travels to the dialysis center 120 to have the blood work performed and to complete the
PET as discussed herein. The software configured to run the PET and regimen generation
screens of Figs. 4A, 4B, 5A, 5B and 6 can be stored on clinician’s server 114 (or individual
computers 112b to 112d) of clinic 120 or computers 112a of doctor 110 (most likely clinic
120) of system 100a or 100b. Likewise, software configured to run the filtering and
prescription optimization screens of Figs. 6A to 6C , 7A, 7B, 8A to 8C and 9A to 9E can be
stored on server 114 (or individual computers 112b to 112d) of clinic 120 or computers 112a
of doctor 110 of system 100a and 100b.

[0141] In one embodiment, dialysis center 120 runs the PET, generates the regimens
and filters the prescriptions. Dialysis center 120 via network 100 (referring to either or both
networks 100a and 100b) sends the prescriptions to doctor 110. The filtering can be
performed with input from the patient via either network 100, telephone or personal visit.
The doctor reviews the prescriptions to approve or disapprove. If the doctor disapproves, the
doctor can send additional or alternative filtering criteria via network 100 back to dialysis
center 120 to perform additional filtering to optimize a new set of prescriptions. Eventually,
either dialysis center 120 or doctor 110 sends approved prescriptions to instrument 104 of
patient 102 via network 100. Alternatively, dialysis center 120 or doctor 110 stores the
approved prescriptions and instrument 104 and on a given day queries dialysis center 120 or
doctor 110 over network 100 to determine which prescription to run. The prescriptions can
further alternatively be transferred via a data card.

[0142] In an alternative embodiment, dialysis center 120 runs the PET and generates
the regimens. Dialysis center 120 via network 100 sends the regimens to doctor 110. The

doctor reviews the regimens and filters same until arriving at a set of prescriptions to approve
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or disapprove. The filtering can again be performed with input from the patient via either
network 100, telephone or personal visit. If the doctor disapproves, the doctor can perform
additional filtering to optimize a new set of prescriptions. Here, doctor 110 sends approved
prescriptions to instrument 104 and of patient 102 via network 100. Alternatively, doctor 110
stores the approved prescriptions and instrument 104 on a given day queries doctor 110 over
network 100 to determine which prescription to run. Further alternatively, doctor 110 sends
the approved prescriptions to dialysis center 120 over network 100, the dialysis center stores
the approved prescriptions, and instrument 104 on a given day queries dialysis center 120
over network 100 to determine which prescription to run.

[0143] As discussed above, dialysis center 120 is likely in a better position to handle
the inventory tracking module or software 18 than is doctor 110. In one embodiment
therefore, dialysis center 120 stores the software configured to run the inventory tracking
screens of Figs. 10 to 13. Dialysis center 120 communicates with dialysis instrument 104 and
patient 102 via network 100 to control the inventory for the patient’s approved prescriptions.

[0144] Referring now to Fig. 16A, network 100c illustrates a further alternative
network or communication module 20 (Fig. 1). Network 100c also illustrates the patient data
collection module 22 of Fig. 1. It should be appreciated that the patient data collection
principles discussed in connection with network 100c are also applicable to networks 100a
and 100b. Network 100c¢ includes a central clinical server 118, which could be stored in one
of the dialysis centers 120, one of the doctor’s offices 110 or at a separate location, such as at
a facility run by the provider of system 10. Each of patients 102a and 102b, doctors 110a and
110b and dialysis centers 120a and 120b communicates with clinical server 118, e.g., via
internet 116. Clinical server 118 stores and runs the software associated with any of the PET,
regimen generation, prescription filtering, inventory tracking, trending and prescription
modification (below) modules and facilitates communication between patients 102a/102b,
doctors 110a/110b and dialysis centers 120a/120b.

[0145] Clinical server 118 in one embodiment receives the PET data from one of the
dialysis centers 120 (referring to either of centers 120a or 120b) and sends it to clinical server
118. The UF data points of Fig. 3 can be sent to clinical server 118 either directly from
patient 102 (referring to either of patients 102a or 102b) or from dialysis center 120 via
patient 102. Clinical server 118 fits curve 30 (Fig. 3) to the data points and generates the
regimens and either (i) filters the regimens (perhaps with patient input) into optimized

prescriptions for the doctor 110 (referring to either of doctors 110a or 110b) to approve or
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disapprove or (ii) sends the regimens to doctor 110 to filter into optimized prescriptions
(perhaps with patient input).

[0146] In either case, the approved prescriptions may or may not be sent to an
associated dialysis center 120. For example, if the associated dialysis center 120 runs
inventory tracking module 18 of system 10, the dialysis center 120 needs to know the
prescriptions to know which solutions and supplies are needed. Also, if system 10 is
operated such that the patient’s dialysis instrument 104 (referring to either instrument 104a or
104b) queries the dialysis center 120 on a given day for which prescription to run, the dialysis
center 120 needs to know the prescriptions. Alternatively, the patient’s dialysis instrument
104 queries clinical server 118 daily for which prescription to run. It is also possible for
clinical server 118 to run inventory tracking module 18 of system 10, in which case the
associated dialysis center 120 can be relegated to obtaining the PET data.

[0147] Clinical server 118 can be a single server, e.g., a national server, which is a
logical geographical boundary because different countries have different sets of approved
dialysis solutions. If two or more countries have the same approved set of dialysis solutions
and a common language, however, clinical server 118 could service the two or more
countries. Clinical server 118 can be a single server or have spoke and hub links between
multiple servers.

[0148] Referring now to Fig. 16B, network 100d includes a central clinical server
118, which is housed at or close to one of the dialysis centers 120. The dialysis center 120
houses a doctor’s office 110 and a patient service area 90, each including one or more
computer 112a to 112d. Patient service areca 90 includes a server computer 114, which
communicates with clinical server 118 in one embodiment via a local area network (“LAN”)
92 for the dialysis center 120. Clinical server 118 in turn includes a clinical web server that
communicates with internet 116 and LAN 92, a clinical data server that communicates with
LAN 92 and a clinical database that interfaces with the clinical data server.

[0149] Each of patients 102a and 102b communicates with clinical server 118, e.g.,
via internet 116. Clinical server 118 stores and runs the software associated with any of the
PET, regimen generation, prescription filtering, inventory tracking, trending and prescription
modification (below) modules and facilitates communication between patients 102a/102b,
doctors 110 and dialysis centers 120. Other dialysis centers 120 can communicate with
center-based clinical server 118 with internet 116. Any of systems 100a to 100d can also

communicate with an APD machine manufacturer’s service center 94, which can include for
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example a service database, a database server and a web server. Manufacturer’s service
center 94 tracks machine problems, delivers new equipment, and the like.

Data Collection Feature

[0150] PET module 12, regimen generation module 14 and prescription optimization
or filtering module 16 output data that networks 100 (referring now additionally to networks
100c and 100d) use to run dialysis therapies. In this regard, the networks 114 and 118 of
system 10 use results from analysis that have already been performed. As seen with network
100c, system 10 also generates real-time daily patient data, which is fed to a server 114 (of a
center 120) or 118 for tracking and analysis. This real-time data, along with therapy
parameter inputs and therapy target inputs make up the data collection module 22 (Fig. 1) of
system 10.

[0151] Each dialysis machine 104 (referring to either or both machines 104a and
104b) includes a receiver 122 as illustrated in Fig. 16A. Each receiver 122 is coded with an
address and a personal identification number (“PIN”). The patient is equipped with a blood
pressure monitor 124 and a weigh scale 126. Blood pressure monitor 124 and weigh scale
126 are each provided with a transmitter, which sends patient blood pressure data and patient
weight data, respectively, wirelessly to receiver 122 of dialysis machine 104.

[0152] The address and PIN ensure that the information from blood pressure monitor
124 and weigh scale 126 reaches the proper dialysis machine 104. That is, if machines 104a
and 104b and associated blood pressure monitors 124 and weigh scales 126 are within range
of ecach other, the addresses and PIN’s ensure that the dialysis machine 104a receives
information from the blood pressure monitor 124 and weigh scale 126 associated with
dialysis machine 104a, while dialysis machine 104b receives information from the blood
pressure monitor 124 and weigh scale 126 associated with dialysis machine 104b. The
address and PIN also ensure that dialysis machines 104 do not receive extraneous data from
unwanted sources. That is, if data from an unwanted source is somehow transmitted using
the same frequency, data rate, and communication protocol of receiver 122, but the data
cannot supply the correct device address and/or PIN, receiver 122 will not accept the data.

[0153] The wireless link between blood pressure monitor 124, weigh scale 126 and
dialysis machine 104 allows the devices to be located conveniently with respect to each other
in the patient’s room or house. That is, they are not tied to each other via cords or cables.
Or, blood pressure and weight data are entered into instrument 104 manually. The wireless

link however also ensures that the blood pressure data and weight data, when taken, are
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transferred automatically to the dialysis machine 104. It is contemplated that the patient
takes his/her blood pressure and weighs himself/herself before (during or directly after) each
treatment to provide a blood pressure and weight data point for each treatment. Data
collection module 22 is configured alternatively to have a wired connection between one or
more of blood pressure monitor 124 and instrument 104 and weight scale 126 and instrument
104.

[0154] Another data point that is generated for ecach treatment is the amount of
ultrafiltration (“UF”’) removed from the patient. All three data points, blood pressure, patient
weight and UF removed, for each treatment can be stored in the memory of the dialysis
machine 104, on a data card and/or be sent to a remote server 114 or 118. The data points are
used to produce performance trends as described next.

[0155] Any one or combination of the processing and memory associated with any of
the dialysis instrument 104, doctor’s (or nurse’s) computer 112, clinician’s server 114,
clinical web server 118 or manufacturer’s service center 94 may be termed a “logic
implementer”.

Trending And Alert Generation

[0156] The trending analysis and statistics module 24 (Fig. 1) of system 10 as scen
herein calculates short term and long term moving averages of daily UF and other patient
data shown below. Monitoring actual measured daily UF, only, produces too much noise due
to residual volume and measurement error of the dialysis instrument 104. The trending
regimes of module or feature 24 therefore look at and trend daily data as well as data that is
averaged over one or more period of time.

Trending and Alert Generation Using Multiple Patient Parameters

[0157] Trending module 24 in one embodiment uses the following equation to form
the short term and long term moving averages: UF, (n) = 1/k* (UF(n) + UF (n-1) + UF (n-
2) ... *UF (n-k) ). For the short term moving average, typical values for k can be, ¢.g., three
to fourteen days, such as seven days. For the long term moving average, typical values for k
can be, e.g., fifteen to forty-five days, such as twenty-eight days.

[0158] The difference between target UF and actual measured UF is set forth as:

AUF = UF gt — UF s
UFiarget 18 the physician prescribed UF, and UF,, is the moving average value of actual daily
UF measured (either daily measured value or two to three days for short term moving

average). AUF can be either positive or negative. When the absolute value of AUF/UF arget
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exceeds the alert threshold preset by physician, system 10 (either at the machine 104 level or
via server 114/118) alerts the patient and the physician 110 and/or clinician 120, which can
trigger prescription adjustment or other response as discussed below.

[0159] The alert threshold can account for UF anomalies so as not to make system 10
false trigger or be oversensitive to daily UF fluctuations, which can inherently be significant
(e.g., due to measurement error and residual volume). The following equation illustrates an
example in which system 10 requires a number of days of a certain UF deviation:

J (alert generated) = |[AUF/UF gt | > X% for Y days.

X% can be preset by the physician or clinician, and a typical value may be thirty to fifty
percent. Y can also be preset by either the physician or clinician, and a typical value may be
three to seven days.

[0160] The next equation addresses the possibility of a patient skipping dialysis or the
patient’s UF being consistently much lower than the target UF:

q9 q9
f5=Y6 = ZI: AU%F,W,

i=l
P% can be preset by the physician or clinician, and a typical value may be 150% to 250%. Q

)y P% for Qdays

can also be preset by the physician or clinician, and a typical value can be two to three days.
The above equation calculates a difference between the daily measured UF and the target UF
and expresses the difference as a percentage of the target UF to determine an error in the
percentage. Then the error percentage is accumulated over several days, e.g., two to three
(Q) days. If the accumulated errors exceeds the threshold (P%), system 10 will generate UF
alerts. The following examples illustrate the above algorithm:
Example #1:
P =150%, Q = 3 days
Day #1, patient skipped therapy, UF error = 100%; Day #2, patient skipped therapy, UF error
= 100%; Day #3, patient performed therapy, UF error = 10%; accumulated UF error = 210%
> 150%, then it will generate alarm.
Example #2:
P =150%, Q =3 days
Day #1, patient skipped therapy, UF error = 100%; Day #2, patient performed therapy, UF
error = 20%; Day #3, patient performed therapy, UF error = 10%; accumulated UF error =
130% < 150%, no alarm will be generated.
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[0161] Figs. 17 to 21 show trending screens 128, 132, 134, 136 and 138, respectively,
which can be displayed to the patient on a display device 130 of the dialysis instrument 104
and/or on a computer monitor at doctor 110 or dialysis center 120. It is contemplated to
generate the trends at any of these locations as needed. The main trending screen 128 of Fig.
17 allows the patient for example to select to see: (i) pulse and pressure trends; (ii) recent
therapy statistics; (iii) UF trends; and (iv) weight trends. The patient can access any of the
screens via a touch screen input, via a membrane or other type of switch associated with each
selection, or via knob or other selector that allows one of the selections to be highlighted,
after which the patient presses a “select” button.

[0162] When the patient selects the pulse and pressure trends selection of the main
trending screen 128, display device 130 displays the pulse and pressure trends screen 132 of
Fig. 18. Pulse (heart rate, line with e’s), systolic pressure (line with A’s), and diastolic
pressure (line with m’s) are shown for a one month time period in units of mmHg. Selection
options on the pulse and pressure trends screen 132 include (i) returning to the main trending
screen 128, (ii) seeing weekly trends for pulse, systolic pressure, and diastolic pressure
instead and (ii1) advancing to the next trending screen 134. The one or more therapy
performed during the trend period, namely, therapy number 1 (e.g., standard UF), is also
shown.

[0163] When the patient selects the next trending selection of the pulse and pressure
trends screen 132, display device 130 displays a recent therapy trends or statistics screen 134
as seen in Fig. 19. Fig. 19 shows actual values for UF removed (in milliliters, including total
UF and breakout UF’s for day and night exchanges), cumulative dwell time (in hours,
seconds, including total dwell and breakout dwells for day and night exchanges), drain
volume (in milliliters, including total volume and breakout volumes for day and night
exchanges), and filled volume (in milliliters, including total volume and breakout volumes for
day and night exchanges). The recent therapy trends or statistics screen 134 as seen in Fig.
19 in one embodiment shows statistics from the previous therapy. Screen 134 alternatively
includes a logs option that enables the patient to view the same information for prior
therapies, e.g., therapies up to a month ago or since the download of the last set of
prescriptions.  Selection options displayed on the recent therapy trends or statistics screen
134 include (i) returning to the main trending screen 128, (ii) returning to the previous

trending screen 132 and (iii) advancing to the next trending screen 136.
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[0164] When the patient selects the next trending selection of the recent therapy
trends or statistics screen 134, display device 130 displays a UF trends screen 136 as seen in
Fig. 20. UF trends screen 136 shows a target UF line and a measured UF line for a one
month time period in units of milliliters. Selection options on the UF trend screen include (i)
returning to the main trending screen 128, (ii) seeing weekly trends for UF, monthly trends
for UF or even three month trends for UF as long as the data is available, and (iii) advancing
to the next trending screen 138. The therapy performed during the UF trending period is also
shown..

[0165] When the patient selects the next trending selection of the recent UF trends
screen 136, display device 130 displays a patient weight trends screen 138 as seen in Fig. 21.
Patient weight trends screen 138 shows a measured body weight (“BW?”) line for a one month
time period in units of pounds. Selection options on the patient weight trend screen 138
include (i) returning to the main trending screen 128 and (ii) advancing to a next screen. The
therapy performed during the BW trending period is also shown.

[0166] Alternative trending charts of Figs. 22 and 23 display actual days on the x-
axis. These trends could be reserved for the doctor 110 and/or dialysis center 120 or be
accessible additionally by the patient, meaning that the alerts can be generated from the APD
device 104 to the doctor and/or clinician or from a server computer to the doctor, clinician
and/or patient. The trending charts of Figs. 22 and 23 show the expected UF value or UF
target for the patient based upon the patient’s last PET results. If the difference between
expected PET UF and the actual UF increases beyond a value that the doctor or clinician
determines is significant, the clinician can order a new PET with or without lab work. That
is, the patient can perform the UF portion of the PET as described in connection with Figs. 2
and 3 and bring the drain volumes to the dialysis center 120. U.S. Patent Application No.
12/128,385, entitled “Dialysis System Having Automated Effluent Sampling And Peritoneal
Equilibration Test”, filed May 28, 2008, the entire contents of which are incorporated herein
by reference, discloses an automated PET, which results in effluent samples that the patient
can bring to the dialysis center 120 so that the samples can be analyzed for urea clearance,
creatinine clearance, etc.

[0167] The trending charts of Figs. 22 and 23 also show which therapy prescription
was used on a given day, as seen at the right side of the figures (assuming for example that
therapy prescription Zero is low UF, therapy prescription One is standard UF and therapy
prescription Two is high UF). As seen in Figs. 22 and 23, the standard UF prescription is
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performed on all but two days in which the high UF prescription is performed. In Fig. 22, the
thirty day moving average (line with e’s) in particular shows that, generally, the patient’s
treatment is meeting the UF goal. In Fig. 23, the thirty day moving average (line with @’s)
shows that after about October 2, 2006, the patient’s treatment started to not meet the UF goal
and became progressively worse. Moreover, the entire thirty day trend line for October, 2006
slopes towards less and less UF removal. A skilled clinician here will see such trend as
potentially being due to a loss of the patient’s renal function and either (in conjunction with a
doctor) order a new PET, provide new prescriptions or put the patient’s UF performance on a
close watch to see if the trend continues. The clinician/doctor could alternatively prescribe
that the high UF prescription be performed more frequently in an attempt to reverse the
negative-going UF trend.

[0168] As alluded to above, the doctor or clinician likely does not want to be notified
when a single day falls below the lower limit. The UF data therefore needs to be filtered.
The filter for example considers all three of daily UF values, the seven day rolling average
UF (line with V¥’s) and the thirty day rolling average (line with e’s) in an algorithm to
determine if the patient’s prescription needs to be modified. The filter can also consider
which therapies are being performed. For example, alert notification can occur sooner if the
patient runs a high percentage of High UF therapies and is still failing to meet standard
therapy UF targets.

[0169] One specific example of an alert algorithm is: the thirty day rolling average
UF (line with @’s) has fallen by ten percent, and the actual UF (base line) has been below the
lower limit for three of the past seven days while performing either the standard UF
prescription or the high UF prescription. Another specific example of an alert algorithm is:
the thirty day rolling average UF (line with @’s) has fallen by ten percent and the seven day
rolling average UF (line with ¥ ’s) has fallen below the lower limit LCL, while performing
either the standard UF of the high UF therapies.

[0170] The alert algorithm can also take into account daily weight and blood pressure
data. For example, when the UF deviation, daily blood pressure and body weight each
exceed a respective safety threshold, an alert is triggered. In one specific example, system 10
alerts if (i) UF deviates from the target UF; and (ii) short term moving average (e.g., three to
seven days) body weight (“BW?”) is greater than a threshold; and (iii) short term moving
average (e.g., three to seven days) systolic/diastolic blood pressure (“BP”) is greater than a

threshold. BP and BW thresholds are preset by physician 110.
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[0171] Further, body weight data alone can trigger an alarm when for example the
patient is gaining weight at a certain rate or gains a certain amount of weight. Here, system
10 can notify the doctor 110 and/or clinician 120, prompting a call or electronic mail to the
patient asking for an explanation for the weight gain. If the weight gain is not due to diet, it
could be due to an excessive amount of dextrose in the patient’s prescription, such that a new
lower dextrose prescription or set of such prescriptions may need to be prescribed. For
example, clinician 120 can set the patient’s target body weight, and if the daily measured
body weight is off by Xw pounds for Yw days in a seven day period, body weight gain is
considered excessive and an alert is triggered:

ABW = BWp, — BWiaeet > Xw for Yw days, where
BW, is the measured daily body weight, BWi,: 15 the target body weight (set by doctor 110
or clinician 120), Xw is a limit of body weight exceeding the target (set by doctor 110 or
clinician 120), and Yw is the number of days (set by doctor 110 or clinician 120).

[0172] Likewise, an increase in blood pressure alone could prompt a communication
from the doctor 110 and/or clinician 120 for an explanation from the patient. It is further
contemplated to trend the patient’s daily bio-impedance, especially as such sensing comes of
age. A bio-impedance sensor can for example be integrated into a blood pressure cuff (for
wired or wireless communication with dialysis instrument 104), so that such sensing does not
inconvenience the patient. System 10 uses bio-impedance in one embodiment to monitor the
dialysate patient hydration state by estimating the patient’s intra and extra- cellular water.
Such data aids the patient and clinician in selecting a therapy (e.g., high UF when patient is
over hydrated and low UF patient is dehydrated). Bio-impedance can thereby help to control
the patient’s fluid balance and blood pressure.

[0173] The clinician in the main is concerned about two factors: therapy
effectiveness and patient compliance. Patients whose UF is below target because they are
running a low UF therapy too often, or are skipping therapies, need to be told in a timely
manner to change their behavior. Patients whose UF is below target but who are fully
compliant and may even be performing high UF therapies to obtain their target UF may need
to have their prescription(s) changed in a timely manner. The trends of Figs. 22 and 23
provide all such information to the clinician.

[0174] System 10 knows accordingly if the lower than expected UF is due to
compliance issues or potential therapy prescription issues. In an embodiment in which the

patient chooses to pick which prescription to run on a given day, the dialysis instrument 104
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can be programmed to provide a warning to the patient when the patient runs the low UF
prescription too often (low UF prescription may be less demanding than standard UF
prescription). The programming can be configured to escalate the warnings if the patient
continues with this behavior, let the patient know that the dialysis center 120 is being
notified, and notify the dialysis center accordingly. The instrument 104 can likewise be
programmed to warn the patient if the patient skips too many treatments and notify the
dialysis center 120 if the missed treatments continue. Here, the warning and notification can
be made regardless of whether the patient picks the prescription to run or the machine
104/clinic 120 chooses the prescriptions on a given day.

[0175] Fig. 24 summarizes the options available for setting simple or complex alert
generation logics. The parameters that could be monitored include (on the top row): (i) daily
UF deviation limit, (ii) UF deviation accumulation limit, (iii) body weight target and (iv)
blood pressure limit. The middle logic operators show that using one or more of (a)
measured daily UF, (b) measured daily body weight, and (c) measured daily blood pressure,
the limits of the top row can be combined in different combinations using “AND” logic “OR”
Boolean logic to determine when to send an alert to the patient, doctor or clinician. The
illustrated, alerts are based on (i) UF and BW or (ii) UF, BW and BP. An alert can be based
on UF alone, however.

[0176] Referring now to Fig. 25, algorithm or action flow diagram 140 shows one
alternative alert sequence for system 10. Upon starting at oval 142, system 10 collects daily
UF, BP, and BW data at block 144. At block 146, deviation analysis is performed, ¢.g.,
based on doctor/clinician settings and rolling averages for UF, BP and BW. At diamond 148,
method or algorithm 140 of system 10 determines whether any of UF, BP, and BW is
exceeding limits. If not, method or algorithm 140 waits for another day, as seen at block 150,
and then returns to the collection step of block 144. If one or a combination of limits is
exceeded at diamond 148, an alert is sent to the patient, clinician and/or doctor. Deviation
and accumulated values are reset.

[0177] A hold or watch period is then started at diamond 154, e.g., for seven days, to
see if the alert condition persists. During this period, it is contemplated that system 10
communicates between patient 104, doctor 110 and/or clinician 120 daily or otherwise
regularly until the low UF trend is reversed. The clinician may make suggestions during this
period, e.g., to try the high UF prescription or modify the patient’s diet. As discussed,

dialysis center 120 also receives trending data for patient weight and blood pressure in
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addition to the UF trending data. The mean arterial pressure (“MAP”) may be the most
appropriate value to trend relative to blood pressure. The clinicians evaluate the weight and
MAP data concurrently during the low UF periods.

[0178] If the alert condition persists for a period, e.g., seven days as seen at diamond
154, method 140 and system 10 order a new PET and/or change the patient’s prescription, as
seen at block 156. Afterwards, method 140 ends as seen at oval 158.

Patient Case Studies

[0179] Patient A started peritoneal dialysis treatment just two months ago and still has
residual renal function (“RRF”). His UF target is 800 mL/per day. The doctor set the alert
watch to look at daily UF deviation, UF deviation accumulation and target body weight.
Here, a deviation limit X was chosen to be 30%, for a period Y equal to four out of seven
days. A three-day UF deviation accumulated error was chosen to be 150%. Target body
weight was selected to be 240 pounds with a safety limit delta of +five pounds in seven days.
The following table is an example of the measured daily twenty-four hour UF, BP and BW

for a seven day period.

Table 5

Patient A measured parameters
Parameters Sun Mon Tue Wed Thur Fri Sat
Daily UF (mL) 600 650 700 600 550 750 730
Daily Systolic/Diastolic | 150/90 148/95 160/97 153/88 165/98 170/95 160/92
Pressure (mmHg)
Daily Body Weight 242.5 2433 243.5 2447 2431 2454 2458
(LB)
Daily UF Deviation 25% 19% 13% 25% 31% 6% 9%
From Target UF
Daily UF Deviation - - 57% 57% 69% 62% 46%

Accumulated Error

Daily Body Weight 25 33 35 47 3.1 5.4 58

Deviation from Target

(LB)

[0180] In the week of therapy shown above for Patient A, only Thursday’s daily UF
falls below the 30% lower limit threshold. The three-day accumulated UF deviation does not
exceed 150%. The patient’s body weight stays under limit (+five pounds) in all but the last

two days. Here, system 10 does not generate an alert.
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[0181] Patient B has been on PD for over two years. She is very compliant with her
therapy and follows clinician’s instructions strictly. She does not have any RRF and her daily
UF target is 1.0 L. Here, the doctor 110 and/or clinician 120 set alert conditions as follows.
A deviation limit X was chosen to be 20%, for a period Y equal to four out of seven days. A
three-day UF deviation accumulated error was chosen to be 150%. Target body weight was
selected to be 140 pounds with a safety limit delta of +five pounds in seven days. The
following table is an example of the measured daily twenty-four hour UF, BP and BW for a

seven day period.

Table 6
Patient B measured parameters
Sun Mon Tue Wed Thur Fri Sat
Daily UF (mL) 880 850 920 870 910 950 930
Daily Systolic/Diastolic 150/93 142/86 147/92 153/86 155/90 173/90 166/87
Pressure (mmHg)
Daily Body Weight (LB) 143.5 1443 143.8 144.3 143.1 144.6 144.8
Daily UF Deviation From 12% 15% 8% 13% 9% 5% 7%
Target UF
Daily UF Deviation - - 35% 36% 30% 27% 21%
Accumulated Error
Daily Body Weight 35 33 33 43 31 46 438
Deviation from Target (LB)

[0182] In the week of therapy shown above for Patient B, none of the daily 24-hour
UF values falls below the 20% lower limit threshold. The 3-day accumulated UF deviation
does not exceed 150% on any day. The patient’s weight never exceeds the threshold of + five
pounds. Accordingly, system 10 does not generate a trending alert this week.

[0183] Patient C has been on PD for over a year. The patient sometimes over-
cats/drinks and skips a therapy from time to time. He does not have any RRF and his daily
UF target is 1.0 L. Here, the doctor 110 and/or clinician 120 set alert conditions as follows.
A deviation limit X was chosen to be 25%, for a period Y equal to four out of seven days. A
three-day UF deviation accumulated error was chosen to be 150%. Target body weight was
selected to be 220 pounds with a safety limit delta of +five pounds in seven days. The
following table is an example of his measured daily 24-hour UF, BP and WE for a seven day

period.
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Table 7
Patient C measured parameters
Sun Mon Tue Wed Thur Fri Sat
Daily UF (mL) 880 700 840 900 0 700 500
Daily Systolic/Diastolic 167/97 156/88 177/96 163/96 165/90 166/90 178/89
Pressure (mmHg)
Daily Body Weight (LB) 223.5 2253 223.8 224.3 2251 225.6 2258
Daily UF Deviation From 12% 30% 16% 10% 100% 30% 30%
Target UF
Daily UF Deviation 58% 56% 126% 140% 180%
Accumulated Error
Daily Body Weight 35 33 3.8 43 3.1 3.6 5.8
Deviation from Target
(LB)

[0184] In the week of therapy shown above for Patient C, the patient’s daily UF fell
below the 25% threshold on Monday, Thursday, Friday and Saturday, as highlighted. The
three-day accumulated UF deviation exceeded the 150% limit after Saturday’s therapy. The
patient also exceeds his +five pound weight limit four times, namely, on Monday, Thursday,
Friday and Saturday. System 10 accordingly sends a trending alert after this week.

Trending and Alert Generation Using Statistical Process Control

[0185] It is also contemplated to use statistical process control (“SPC”) to identify
instability and unusual circumstances. Referring now to Fig. 26, one example moving
average or trend is shown, which shows a five-day average UF (triangles) and an average UF
for the previous thirty days (base middle line). A range is calculated to be the difference
between the lowest and the highest UF values over the past thirty days. An upper control
limit (“UCL”, line with X’s through it) for a given day is calculated to be:

UCL = (the moving average for the given day) + (a constant, ¢.g., 0.577, * the range for the
given day)
and the lower control limit (“LCL”, line with /’s through it) is calculated to be

LCL = (the moving average for the given day) — (the constant, e.g., 0.577, * the range

for the given day).

[0186] Fig. 26 shows a UF trend created for a patient, e.g., from August 2003 through
June 2004 using SPC. In December of 2003 and in April of 2004, the five day moving
average UF (triangles) fell below the LCL. System 10 could be configured to monitor the

five day average and alert the patient, clinic and/or doctor when the five day moving average
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UF (triangles) falls below the LCL (or falls below the LCL for a number of days in a row).
The software configured to generate the trends can be located at the dialysis instrument 104
or at either server computer 114 or 118. In various embodiments, any one or more or all of
the patient 102, dialysis center 120 or doctor 110 can access and view the trends. The trend
data is generated whether or not the trend is actually viewed by anyone. The alerts are auto-
generated in one embodiment, enabling system 10 to monitor patient 102 automatically for
the dialysis center 120 and doctor 110.

[0187] Fig. 27 shows a second trend for the same patient after changes have been
made to the patient’s prescription. Here, the patient’s daytime exchange has been changed
from Nutrineal® dialysate to Extranecal® dialysate. Fig. 27 shows the difference (line with
®’s) a new prescription had on the patient’s UF starting in September of 2004 and again in
November of 2004 when the patient’s residual renal function tapered off.

[0188] The statistical process control alert algorithm can also take into account body
weight (“BW”’) and/or blood pressure (“BP”). If UF has a normal distribution having a mean
value of u and standard deviation of & calculated based on time and population, and wherein
C is an empirically determined constant. In most processes that are controlled using
Statistical Process Control (SPC), at each time point, multiple measurements or observations
are made (e.g. measure the room temperature multiple times at 8:00 AM), however in one
embodiment of system 10, the SPC only one measurement is made at each time point, ¢.g.,
one UF measurement, one pressure and weight reading per day. System 10 could then alert
if: (i) short term moving average (e.g., three to seven days) UF is outside the upper control
limit (UCLyr = UFqgeet Co) or lower control limit (LCLyr = UFqyee- Co); or (11) short term
moving average (three to seven days) body weight > BW threshold; and/or (iii) short term
moving average (three to seven days) systolic/diastolic BP > BP threshold.

[0189] Fig. 27 shows that the SPC trending charts can also display the expected UF
value (line with A’s) for the patient based upon his/her last PET results. The thirty-day
average line shows that actual UF, while lagging slightly behind expected UF (which is to be
expected for a thirty day average) eventually aligns itself with the expected UF results. Here,
the patient is not underperforming, he/she is able to meet target. The patient may be losing
RRF, however, meaning the patient’s prescription needs to be more aggressive for UF
because the patient has increasing less ability to remove waste and excess water

himself/herself. On the other hand, if the difference between expected UF and the actual UF
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increases beyond a value that the doctor/clinician determines is significant, e.g., below LCL
for one or more day, the clinician/doctor can order a new PET as discussed above.

Prescription Recall and Modification

[0190] System 10 also includes a prescription recall and modification feature 26
shown and described above in connection with Fig. 1. Referring now to Fig. 28, prescription
recall and adjustment feature or module 26 is illustrated in more detail. Prescription recall
and adjustment feature or module 26 relies on and interfaces with other features of system 10,
such as the improved PET feature 12, regimen generation feature 14, prescription filtering
feature 16, and trending an alert generation feature 24. As seen in Fig. 28, one aspect of
prescription recall and adjustment feature or module 26 is the selection of one of the
approved prescriptions for treatment.

[0191] Referring now to Fig. 29, a screen 160 of display device 130 of dialysis
machine 104 illustrates one patient selection screen that allows the patient to select one of the
approved prescriptions (standard, high and low UF) for the day’s treatment. The type of
input can be via membrane keys or here via a touch screen overlay, for which areas 162, 164
and 166 have been mapped into memory as standard UF prescription, high UF prescription
and low UF prescription selections, respectively. System 10 in the illustrated embodiment
allows the patient to select a prescription for each day’s treatment. For example, if the patient
has consumed more fluids than normal on a given day, the patient can run the high UF
prescription. If the patient has worked out, been in the sun, or for whatever reason perspired
a great deal during the day, the patient may choose to run the low UF prescription.

[0192] If the patient, ¢.g., viewing the therapy trend screens 134 and 136 above
notices a drop in UF running the standard UF prescription, the patient may be empowered to
choose to run the high UF prescription for a few days to see how the patient reacts to the
prescription change. Presumably, daily UF will increase. But it should also be appreciated
that the patient, clinician or doctor should check to see if the actual increased UF meets the
increased expected UF due to the use of the high UF prescription. If the patient is
underperforming for both prescriptions, it may be time for a new PET and possibly a new set
of prescriptions.

[0193] Allowing the patient to adjust his/her therapy as described above is likely done
only when the doctor or clinician has a comfort level with the patient that the patient is
compliant in terms of lifestyle and adherence to treatment. Also, the doctor/clinician may

wish to make sure that the patient has enough experience with the treatment and the dialysis
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instrument 104 to be able to accurately gauge when the patient needs a high, versus a low,
versus a standard UF treatment. Even though the patient is making the prescription decisions
in this embodiment, the data for trending as shown above is being sent to the dialysis center
120 and/or doctor 110, so that if the patient is making poor decisions as to which
prescriptions to run, the dialysis center 120 and/or doctor 110 can detect the situation in short
order and correct it. For example, system 10 enables the dialysis center 120 and/or doctor
110 to remove prescriptions from possible selection or to set the dialysis instrument 104 such
that it automatically selects a prescription set at either machine 104 or a server computer 114
or 118.

[0194] It is believed, given the importance of a dialysis treatment, that most people
will be responsible and that a conscientious and thoughtful patient will best be able to gauge
when the patient may need a more aggressive or less aggressive prescription, knowing that
even the less aggressive prescriptions have been approved and will remove a certain amount
of UF. It is contemplated to provide more than three prescriptions. For example, the patient
can have two high UF prescriptions, one that requires a longer night therapy and the other
that requires a higher dextrose level. Assuming the patient knows that he/she needs to run a
high UF prescription after a relatively large liquid intake day, the patient may choose the
longer night therapy high UF prescription knowing that he/she has gained weight of late and
is better off staying away from the higher caloric intake of the higher dextrose prescription.
System 10 attempts to accommodate the patient’s lifestyle, while ensuring that a proper
therapy is performed, while also gathering therapy data over time to establish a thorough
patient history that enables physiologic changes of the patient to be detected relatively
quickly and accurately.

[0195] In another embodiment, dialysis instrument 104 selects which prescription the
patient is to run based on the patient’s daily body weight and possibly the patient’s blood
pressure. The patient weighs himself/herself, a weight signal is transmitted, e.g., wirelessly
to dialysis instrument 104, which uses the weight signal to determine how much UF the
patient has accumulated and accordingly which prescription to run. In one embodiment, the
patient weighs himself/herself just prior to the last nighttime fill or just prior to a mid-day fill
to establish a localized “dry weight”. The patient then weighs himself/herself at night, just
after the last fill drain, to establish a localized “wet weight”. The difference between the
localized “wet weight” and the localized “dry weight” determines a UF amount. The UF

amount is fitted into one of a low UF range, standard UF range and high UF range. Dialysis
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instrument 104 then picks a corresponding low UF prescription, standard UF prescription or a
high UF prescription to run. Alternatively, dialysis instrument 104 provides alternative
prescriptions for a particular range, e.g., two high UF prescriptions, allowing the patient to
pick one of the two high UF prescriptions. As discussed above, dialysis instrument 104 is
configured in one embodiment to read bag identifiers to ensure that the patient connects the
proper dialysate(s) and proper amount(s) of dialysate(s).

[0196] In a further alternative embodiment, the doctor 110 or dialysis center 120
chooses or pre-approves the prescriptions to be run on a given day, such that the patient does
not have the ability to run a different prescription. Here, fill, dwell, and/or drain times can be
preset, and the dialysis instrument 104 can also be configured to read bag identifiers to ensure
that the patient connects the proper dialysate(s) and proper amount(s) of dialysate(s).

[0197] It is further contemplated to allow the patient to have input into which
prescriptions are run, but wherein the doctor 110 or dialysis center 120 ultimately approves of
a prescription selection or selection plan before the prescriptions are downloaded into dialysis
instrument 104. For example, it is contemplated that the dialysis center 120 send an auto-
generated email to the patient 102, e.g., each month one week prior to the start of the next
month. The email includes a calendar, each day of the calendar shows all available
prescriptions, e.g., (i) lowUF, (ii)) midUFlowDEX, (iii) midUFhighDEX, (iv)
highUFlowDEX and (v) highUFhighDEX. The patient clicks on one of the prescriptions for
cach day and sends the completed calendar to clinician 120 for approval. For example, the
patient may choose to run one of the high UF prescriptions on the weekends and one of the
middle or standard prescriptions during the week. Perhaps the patient attends physically
demanding workout classes after work on Mondays and Wednesdays and selects the low UF
prescription for those days.

[0198] It is contemplated to allow the patient to type notes in the days to explain why
a particular prescription has been proposed. For example, the patient could select the lowUF
prescription and type “spin class” in that calendar day. Or the patient could select the
highUFhighDEX prescription and type “birthday party, up early next day” in that calendar
day.

[0199] When the clinician receives the completed, proposed calendar from the
patient, the clinician can either approve of the proposed calendar, call or email the patient
with questions as to why one or more prescription was chosen for a particular day, forward

the calendar to the doctor’s office 110 if the clinician is concerned or has questions regarding
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the proposed calendar, or modify the selections in the calendar and send the modified
calendar back to the patient. The clinician can review the patient’s trend data when
evaluating the proposed prescription calendar. For example, if the patient has been gaining
weight and has selected the high dextrose standard UF for many or all of the days of the
month, the clinician can call or email the patient and suggest switching to the low dextrose
standard UF prescription in an attempt to control the patient’s weight gain.

[0200] Eventually, the clinician and the patient reach a consensus. The doctor may or
may not need to be consulted. It is expected that the patient’s calendars will look similar
from month to month and may change naturally based on season, vacations, and holidays.
When a more radical change is presented, e.g., the patient intends to start a vigorous workout
or training routine and wants to introduce more low UF days, the clinician can seek doctor
approval.

[0201] In one embodiment, dialysis instrument 104 confirms that the patient wants to
run a non-standard treatment on a particular day. The dialysis instrument 104 also enables
the patient to switch to a standard therapy if the patient desires. For example, if the patient
has Mondays and Wednesdays approved for a low UF prescription because the patient
expects to have vigorous workouts those days, but the patient skips a workout, the patient can
choose to run a standard UF prescription instead. Or, if the patient is slated to run a high UF
prescription because he/she is supposed to attend a party on a given day, but misses the party,
the patient can choose to run a standard UF prescription instead.

[0202] Dialysis instrument 104 could also be configured to provide the patient with a
limited amount of prescription changes from a standard UF prescription to a low or high UF
prescription. For example, if the patient decides to workout Thursday instead of Wednesday,
the patient could switch the prescription from standard UF to low UF on Thursday. System
10 could be configured to allow for one such standard to non-standard prescription change
per week, for example.

[0203] In another example, dialysis instrument 104 allows the patient to increase the
UF removal at any time, that is, switch from low UF prescription to a standard or high UF
prescription, or switch from a standard UF prescription to a high UF prescription at any time.
If the patient chooses this option a certain number of times during the month, dialysis
instrument 104 can be configured to send an alert to the doctor 110 or clinician 120.

[0204] The approved calendar in one embodiment is integrated with the inventory

tracking feature 18. The approved calendar tells the inventory tracking feature 18 what is
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needed for the next delivery cycle, which can be a month to month cycle. If the patient can
plan and gain approval for multiple months, the delivery cycle can be for the multiple
months. In any case, the patient can be delivered extra solution if needed to allow for
switches from the planned prescriptions.

[0205] In a further alternative embodiment, the patient and clinician and/or doctor
agree that for each week the patient will run a certain number of standard, low and high
prescriptions, e.g., five standard, one low and one high. The patient then chooses which days
during the week to run the various prescriptions. The weekly allotment does not have to
include any low UF or high UF allotments. The patient could have seven standard UF
allotments with four low dextrose standard and three high dextrose standard prescriptions, for
example. Here too, dialysis instrument 104 can be configured to let the patient change
prescriptions in certain instances as described above.

[0206] In still a further alternative embodiment, dialysis instrument 104 or one of the
server computers 114 or 118 picks one of the approved prescriptions for the patient for each
therapy. The pick can be based on any of the trending data above and/or based on a series of
questions answered by the patient such as: (i) Was your fluid intake today low, moderate,
average, high or very high? (ii) Was your food intake today low, moderate, average, high or
very high? (iii)) Was your carbohydrate intake today low, moderate, average, high or very
high? (iv) Was your sugar intake today low, moderate, average, high or very high? (v) Was
your activity level today low, moderate, average, high or very high? System 10 then picks
one of the approved prescriptions for the patient. Inventory management for this embodiment
can be based on average usages over the past X number of delivery cycles. In any of the
above regimes, dialysis instrument 104 can also read bag identifiers to ensure that the patient
connects the proper dialysate(s) and proper amount(s) of dialysate(s).

[0207] As seen in Fig. 28, the selected daily prescriptions are fed into a switch
mechanism for prescription recall and modification feature 26. The switch mechanism is
activated when the applied alert generation algorithm of feature 24 computes an error that is
greater than the threshold(s) of the applied alert generation algorithm. As seen in Fig. 28,
when the applied alert generation algorithm of feature 24 computes an error that is not greater
than the threshold, feature 26 maintains the current set of prescriptions and whichever
prescription recall regime is being employed. Accordingly, the switch mechanism does not

switch to a new prescription or set of prescriptions.
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[0208] When a prescription is used for a treatment, the prescription carries with it a
predicted UF, which is generated via regimen generation feature 14 and selected via
prescription filtering feature 16. The predicted UF is also effected by the patient’s regimen
deviation as seen at summer 64 of the transfer function of Fig. 28

[0209] Actual UF data is obtained from the short term and long term moving averages
as discussed above in connection with trending and alert generation feature 24, which are in
turn developed from measured UF data generated at dialysis instrument 104. Actual UF
values area function of the patient’s transport characteristics as has been described herein but
also account for environmental factors, such as regimen deviation by the patient. Actual UF
values are subtracted from the predicted UF values at difference generator 66a and fed into
the alert generation algorithm at diamond 24. The actual UF values are also fed into a
difference generator 66b, which are used to adjust target UF values used to generate the
regimens in connection with feature 14. Other target values include target urea removal,
target creatinine removal and target glucose absorption as discussed above..

[0210] As seen at diamond 24, once system 10 determines an alarm condition, system
10 triggers prescription adjustment switch mechanism. That does not necessarily mean that
the patient’s prescriptions will be adjusted. The doctor 110 ultimately makes the call based
on the data of UF, patient daily weight, daily blood pressure, or estimated dry weight using a
bio-impedance sensor. When it appears prescription adjustment is needed, system 10 via
communications module 20 communicates with the patient, e.g., via wireless communication
between APD system to modem through a router. Based on the received data, the
nephrologist 110 at switch mechanism 26 could make following decisions: (i) continue with
current prescriptions and come to office visit as previously planned; (ii) continue with current
prescriptions but visit office sooner for possible prescription adjustment; (iii) switch to a
different routine using current prescriptions, visit office soon, e.g., within two weeks, receive
trending data on new routine; (iv) warn the patient that he/she is not being compliant with
treatment and maintain current prescription(s); (v) warn the patient that he/she is running a
low UF prescription(s) too often and maintain current prescription(s); (vi) continue with the
current therapy and monitoring, but lower the UF target to A and lower the UF limit to B; and
(vii) perform a new APD PET to evaluate the change of PD membrane transport
characteristics and provide the center with updated therapy suggestions based upon this PET.

[0211] If the patient is fully compliant and the low UF is as a result of transport

characteristic changes as verified by the new PET, doctor 110 can order a new one or
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prescription be generated, including a change in one or more standard UF prescription. To do
so, regimen generation module 14 and prescription filtering module 16 are used again to
develop the new prescription(s). The doctor agrees to the new prescriptions and switch
mechanism 26 changes to the new prescription(s) as seen in Fig. 28.

[0212] It should be understood that various changes and modifications to the
presently preferred embodiments described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without departing from the spirit and scope of
the present subject matter and without diminishing its intended advantages. It is therefore

intended that such changes and modifications be covered by the appended claims.
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CLAIMS

The invention is claimed as follows:

1. A peritoneal dialysis system comprising:

a logic implementer configured to:

(i) generate a number of peritoneal dialysis therapy regimens that meet at least one
therapy target input;

(ii) accept a filter input; and

(iii) filter the generated therapy regimens according to the filter input to refine the

number of therapy regimens available for selection.

2. The peritoneal dialysis system of Claim 1, which includes an automated
peritoneal dialysis (“APD”) machine configured to run one of the refined number of therapy

regimens, the APD machine located remotely from the logic implementer.

3. The peritoneal dialysis system of Claim 1, the at least one therapy target input

being a threshold value above or below which the input is satisfied.

4. The peritoneal dialysis system of claim 1, the at least one therapy target
therapy input selected from the group consisting of: (i) minimum urea clearance, (ii)
minimum urea Kt/V, (iii) minimum creatinine clearance, (iv) minimum glucose absorption,

and (v) ultrafiltration removed.

5. The peritoneal dialysis system of Claim 1, the logic implementer further

configured to accept the at least one therapy target input.

6. The peritoneal dialysis system of Claim 1, the logic implementer further
configured to accept at least one additional input used to generate the number of therapy
regimens that meet the at least one therapy target input, the at least one additional input
selected from the group consisting of: (i) a solution type input, (ii) a solution dextrose level

input, (iii) a therapy time input, and (iv) a fill volume input.
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7. The peritoneal dialysis system of Claim 6, the solution type input including a

solution of one solution from a plurality of different types of solution.

8. The peritoneal dialysis system of Claim 6, the solution dextrose level input
including a selection of one solution dextrose level from a plurality of predefined solution

dextrose levels.

9. The peritoneal dialysis system of Claim 6, the therapy time input including a

setting of a minimum and maximum total time for therapy.

10.  The peritoneal dialysis system of Claim 6, the therapy fill volume input
including at least one of: (i) a setting of a minimum and maximum total fill volume, and (ii) a

setting of a minimum and a maximum cycle fill volume.

11.  The peritoneal dialysis system of Claim 6, wherein at least one of inputs (i) to

(iv) is made for at least two of: (i) a night fill, (i1) a last night fill, and (iii) a day fill.

12.  The peritoneal dialysis system of Claim 1, wherein the filter input is at least

one of: (i) a non-clinical input, and (ii) based on a patient preference.

13.  The peritoneal dialysis system of Claim 1, wherein the filter input is based on
at least one of: (i) a solution cost; (ii) a solution bag weight, (iii) a glucose level, (iv) a night
therapy time, (v) a day fill volume, (vi) a night fill volume, (vii) a night therapy time, (viii) a
urea Kt/V range, (ix) a creatinine clearances range, (x) a 24 hour UF range, (xi) a glucose
absorbed range, (xii) a yes/no for dry day input, (xiii) a yes/no for last fill input, (xiv) a
yes/no for allow least fill plus one day exchange input, (xv) a yes/no for allow last fill plus

two day exchange input, and (xvi) a yes/no for allow last fill plus three day exchanges.

14. A peritoneal dialysis system comprising:
a logic implementer configured to:

(1) accept at least one solution input;

(i) accept at least one therapy fill input;

(iii) accept at least one therapy target input;
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(iv) generate a number of regimens according to the at least one solution input and the
at least one therapy fill input; and
(v) refine the number of regimens to only one(s) that meet the at least one therapy

target input.

15.  The peritoneal dialysis system of Claim 14, the solution input including at

least one of a solution type selection and a solution dextrose level selection.

16.  The peritoneal dialysis system of Claim 14, the therapy fill input including at

least one of a total volume selection and an individual fill volume selection.

17.  The peritoneal dialysis system of Claim 14, the logic implementer further

configured to accept at least one therapy time input for generating the therapy regimens at

(iv).

18.  The peritoneal dialysis system of Claim 14, the at least one therapy target
therapy input selected from the group consisting of: (i) minimum urea clearance, (ii)
minimum urea Kt/V, (iii) minimum creatinine clearance, (iv) minimum glucose absorption,

and (v) ultrafiltration removed.

19.  The peritoneal dialysis system of Claim 14, the logic implementer further
configured to accept at least one additional filter input to further reduce the refineed number

of therapy regimens resulting from (v).

20. A peritoneal dialysis system comprising:

a logic implementer configured to:

(i) generate a number of peritoneal dialysis therapy regimens that meet at least one
therapy target input; and

(i1) filter the generated therapy regimens using at least one inputted patient preference

to refine the number of therapy regimens available for selection.
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FIG. 10

1. Standard UF - 8 Hour with Wet Day
1. Dianeal, 1.5% 6-liter
Alternate Dianeal, 1.5% 3-liter 4
2. Extraneal, 2 liter 1

2. High UF - 7 Hour with Wet Day

1. Dianeal, 1.5% 6-liter 2
Alternate Dianeal, 1.5% 3-liter 4

2. Dianeal, 1.5% 3-liter
Alternate Dianeal, 1.5% 6-liter 1

3. Extraneal, 2 liter 1
3. Low UF - 8-1/2 Hour with Dry Day

1. Dianeal, 1.5% 6-liter
Alternate Dianeal, 1.5% 3-liter

2. Dianeal, 2.5% 3-liter

N

—_—

- AN

FIG. 11

Patient's Minimum Base Supply Inventory

e Standard UF - 8 Hour with Wet Day 32 Days
* High UF - 7 Hour with Wet Day 6 Days
® | ow UF - 8-1/2 Hour with Dry Day 6 Days
* Disposable Set - 4 Prong w/22" Patient Line 45 Sets
e Ultrabag 1.5%, 2-1/2 liter (case of 6) 1 Case
* Flexicaps 45 Caps
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FIG. 12

Actual Patient in House Inventory

1. Dianeal, 1.5% 6-liter bag (case of 2) 5 5B9710

2. Dianeal, 2.5% 3-liter bag (case of 4) 1 5B5169

3. Extraneal, 2 literbag (case of 6) 1 5B4974

4. 4 Prong Set w/22" Patient & Drain Lines (caseof 30) g  5C4531P
Qty Left in Opened Cases 24

5. Ultrabag 1.5%, 2-1/2 liter (case of 6) 0 5B9868P
Qty Left in Opened Cases 2

6. Flexicap (case of 30) 1 5C4456
Qty Left in Opened Cases 6
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FIG. 15B

100b

Patient's House
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FIG. 26
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