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PERI TONEAL DI ALYSIS" 5 - BACKGROUND OF THE | NVENTI ON The
present i nvewmbiosirseel ates generally to the treatnent of end Fcagssesessad

di sease. More specifically, the present invention relates to nethods and
apparatus for perform ng peritoneal dialysis. 10 Using dialysis to
support a patient whose renal function has decreased to the point where the
ki dneys. no longer sufficiently function is known. Two principal dialysis
met hods are utilized: henodial ysis; - and peritoneal dialysis. 15 _

I n henodi al ysis, the patient's blood is passed through an artificial Kkidney
di al ysi s machi ne. A menbrane in the machine acts as an artificial kidney
for cleansing the blood. Because it is an extracorporeal treatnment that
requires special machinery, certain 20 I nherent di sadvant ages exist with
henodi al ysis. To overcome the di gady $ Gl & §d gV h henodi al ysi s,
peritoneal dialysis was devel0pEuiggggﬁrvﬂggﬁ‘1ﬁ1ﬂjnﬂ1?lﬂiI i zes the
patient's own peritoneum as a sem - per neablZEBEETHr ane. The peritoneumis
a 25 nmenbranous | ivigwel s xtenoitvd FoaA QUL OSCMANIINOTULSE

perfusion, the peritoneumis capabl goof 2l NOB8rvargn

5 : _ " . BACKGROUND OF THE INVENTION
The present invention relates generally to the

tfeatment of end stage renal disease. More specifically,
the present invention relates to methods and apparatus

' for performing peritoneal dialysis.
10 Using ‘dialysis to support a patient whose renal
' function has decreased to the point where the kidneys no
‘longer sufficiently function is known. Two principal

dialysis methods are utilized:' - hemodialysis; and
peritoneal dialysis.

15 In hemodialysis, the patient’s blood is passed
through an artificial kidney dialysis machine. A

membrane in the machine acts as an artificial kidney for
cieansing the.blon._ Because it is an extracorporeal
treatment that requires special machinery, certain
20 inherent disadvantages exist with hemodialysis.
| "To overcome the disadvantages associated with
hemodialysis, peritoneal dialysis was developed.
Peritoneal dialysis utilizes the patient’s own peritoneum
as a semi-permeable membrane. ‘The peritoneum is a
25 membranoué 1ihing of £hé_abdomina1 body cavity. Due to
good perfusion, the peritoneum is.caﬁable of acting as
a thurallsemi-permeable membrane.

} Peritoneal_dialysis'periodicali§ infuses sterile l

{ aqueous solution into the peritoneal cavity. ijghis

s rar st o S

30 solution is. -called peritoneal dialysis solution, or
' dialysateQ_.Diffusive and osmotic exchanges take place

- between the solution and the.blood stream across the
natural body membranes. -These exchanges remove the waste



a natural sem -perneabl e nenbrane. Peritoneal dialysis periodically |quses
sterile aqueous solution into the peritoneal cavity. This 30 sol ution
is called peritoneal dialysis solution, or dialysate. D ffusive and
osnot i oyevsghmages t ake pl ace between the sol ution and t peTsososssd r eam
across the natural body menbr anes. - These exchanges renove the waste WO
95/ 27520 PCT/ US95/ 03804 - 2- products
that the kidneys normally’ excrete. The waste products typically consist of
solutes |like urea and creati.nine. The kldneys al so maintain the |evels of
ot her substances such as sodi um and wat & which need to 5 be regul ated by
dialysis. The diffusion of water across the peritoneal nmenbrane during
dialysis is called ultrafiltration. In continuous anmbul atory peritoneal
dialysis, a dialysis solution is introduced into the peritoneal 10

cavity utilizing a catheter An exchange of sol utes betmeen t he dlalysate

and the bIood |s acl (¥t§§ sion. Furth [ enoyv chlev
providing a qéﬁb Qﬁxsz%ﬁﬁ?ﬂgyb?ﬁﬁﬁeﬁﬁ 8|XF$§5te to
permt water mducm ftm.nchblbl @ehisist sofl Imﬂsﬂzeswllkpr opeea aand- base,
electrolyte ibddifiihdal aphe G difeys also maintain the levels of
other substances such as sodium and water which need to
5  be regulated by dialysis. The diffusion of water across
. the peritoneal membrane during : d1a1y51s is called
‘ultrafiltration. ' T |
In continuous ambulatory peritoneal dialysis, a '
dialysis solution is introduced into the peritoneal
10 cavity utilizing a catheter. An exchange of sélutes
between the dialysate and the blood is _achieved.'by
diffusion. Further removal is achieved by providing a
suitable osmotic gradient from the blood to the dialysate
to permit water outflow from the blood. This allows a
15 proper acid-base, electrolyte and fluid balance to be
“achieved in the body. The dialysis solution is simply
drained from the body cavity through the catheter.
-Peritoneal'diaIYSis raises a number of concerns
including: the danger of peritonitis; a lower efficiency
20 and therefore increased duration of dialysis hours
compared to hemodialysis; and  costs incurred when
automated equipment is utilized.
A number of variations on peritoneal dialysis have
been explored.  One such .variation is automated
25 pefitoneal dialysis (YAPD"). APD uses a machine, called
a cycler, to automatically infuse, dwell, and drain
peritoneal dialysis solution to and from the patient’s
peritoneal cavity.. APD is particularly attractive to a
peritoneal'dial?sis patient, because it can be performed
30 at night while the patient is asleep. This frees the
patient from the day-to-day ‘demands of continuous
ambulatory peritoneal dialysis during his/her waking and
working hours. o '
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achkevediin the body. The dialysis solution is sinply drained fromthe body
cavity through the catheter. Peritoneal dialysis raises a nunber of
cdncerns includin the danger of peritonitis; a |lower efficiency 20 and
therefore WR @d duration of dialysis hours conpared toPOBISENGES0ASI S;
and costs incurred when autonated equi pnent is utilized. A nunber of

variations on peritoneal dialysis have been explored. One such _
variation is automated 25 peritoneal dialysis ("APD'). APD uses a
machine, called a cycler, to automatically Lpfuse, dwell, and drain

peritoneal dialysis solution to and fromthe patient's peritoneal cavity.
APD is particularly attractive to a peritoneal dialysis patient, because it
can be perfornmed 30 at night while the patient is asleep. This frees the
patient fromthe day-to-day demands of continuous anbul atory peritoneal

di al ysis during his/her waking and working hours. WO 95/ 27520

PCT/ US95/ 03804 -3- The #RR &mmﬁa@wgkhxﬂ? é’rfoieléébé}fﬁ%&rs
often begins with % IEEPIal dralntﬁg g emiy t eritoneal cavity of
spent dial ysate. TheCh A Agddddd g E?gﬁyﬁl§u59e§'§l’5ﬁ the
fill, dwell, and per1tonea1 cav1ty of spent dlalysate, The APD sequence

then prooeeds through a succession of fill, dwell, and
5 drain phases that follow one after the other. Each
fill/dﬁeil/drain sequence is called a cycle. APD can be
and is practiced in a number of different ways.
Continuous cycllnq peritoneal dialysis ("CCPD") is
one . commonly used APD modality. - During each
10 fill/dwell/drain phase of CCPD, the cycler infuses a .
prescribed volume of dlalysate. After a prescribed dwell
period, the cycler completely drains the liquid volume
from the patient, 1eaving the peritoneal cavity empty or
"dry." Typioally, CCPD employs six fill/dwell/drain
15 cycles to achleve a prescrlbed therapy volume.
| After the last prescrlbed flll/dwell/draln cycle
in ccpp, the cycler 1nfuses a final £fill volume. The
final volume dwells 1n the patient through the day. It
~ is drained at the outset of the next CCPD session in the
20 evening. The final f£ill volume can contain a different
concentration of'deXtrose than the fill volume of the
successive CCPD flll/dwell/draln £i11 cycles the cycler

provides.
. Tidal per1tonea1 dia1y51s ("TPD") is another APD
25 modality. Like CCPD, TPD 1ncludes a series of

fill/dwell/drain cycles. Unlike CCPD, TPD does not
completely_drain dialYSate'from'the peritoneal cavity
during each'drain phase. Instead, TPD establishes a base

_ - £i1l1 volume durlng the first f111 phase and drains only
30 a portion of this volume_durlng,the_flrst drain phase.
Subsequent fill and drain cycles infuse, then drain a
small tidal volume_under the base volume, except for the
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5 drain phases that foll ow one after the other. Each fill/dwell/gdrain,
sequence is called a cycle. APD can be and is practiced in a nunber of

di fferent ways. Continuous cycling peritoneal dialysis ("CCPD') is one .
commonly . used: APD nodality. During each 10 fill/dwell/drain
phase OVO@EMS20 t he cycler infuses a prescribed vol une of CHUSYEHM. After a
prescri bed dwell period, the cycler conpletely drains the I|qU|d vol une
fromthe patient, |eaving the peritoneal cavity enpty or "dry."

Typically, CCPD enploys six fill/dwell/drain 15 cycles to achieve a
prescri bed therapy volune. After the | agt prescribed fill/dwell/drain cycle

in CCPD, the cycler infuses a final fill volunme. The final volunme dwells
in the patient through the day. It is drained at the outset of the next
CCPD session in the 20 = evening. The final fill volunme can contain a
different concentration of dextrose than the fill volume of the successive
CCPD fill/dwell/drain fill cycles the tycler -provides. Tidal peritoneal
el Udes o it Sralf! pastil Ff‘f‘e el ae, P ke oopn. TRD

| es we ral Unl i ke CCPD, TPD does
not conpl etel‘iiﬁyaﬁ#edlfﬁ%%f %"gné’m cavity during each drain

pﬂase ljnzt ead, Tmteslaaidtmwesvarbateom I¢f v@Eubkanatied npenitoneadt fi| I
Dhase “Sincc iy 8 e ipdtenan g st drelr
and/or seml-contlnuous peritone(i dg fys£ In such
systenms, d1alys1s solutlon is infused 1nto the peritoneal
cav1ty and then, typlcally, on a continuous process basis
a portlon of the dialysis solutlon 1s sequentlally ‘
_ dralned, cleansed, and relnfused._

10 Flgure 1 lllustrates a system of seml-contlnuous
'dialys1s. The system. was outlined by Di Paolo in
"Acceleratlon of Peritoneal D1a1ysls with SJ.ngle Dev1ce"
19 Nephren 271-277 (1977). A s:mgle needle 10 is used
to infuse fluld from the sterile reserv01rs 12, 14 into

15 the patient where it dwells and then subsequently flows
to drain 16. Inflow into the patlent 1s achieved through
ea pump 18, whlle outflow is achleved by grav1ty.
| U. S. Patent No. 4, 190 047 dlscloses a single

_ _ catheter system that utlllzes two pumps to alternate

20 inflow and outflow of dlalysate fluid. Dur:.ng the
outflow cycle, fluid is passed through the blood path of.
the dialyzer where it is "cleaned" prlor to the next
“inflow.

Figure 2 sets forth a figure'from'U S. Patent No.

25 5, 141 493. Flgure 2 111ustrates the three loop system
“of the 7493 patent‘whereln dlalysate is rec1procated into
and out of the patlent using a revers1b1e pump (flrst
loop) into a second loop. In the second loop, the

. dlalysate passes through a dlalyzer belng regenerated by

30 non-sterlle dlalysate flow1ng in the third loop The

o difference ,between the ‘493 system and the earlier
systens is that both regeneration and reciprocation are
continuous.



small tiédal volume under the base vol une, except for the WD 95/ 27520
PCT/ US95/ 03804 -4- | ast drain phase. The | ast drain phase renoves al
ditlysate fromthe peritoneal cavity. Yet another variation of autonated
peritoneal dWVAI%RT20is reciprocating peritoneal dialysis ("RR@TUDS503804
and/ or sem -continuous peritoneal dialysis. I n such systens, dialysis
solution is infused into the peritoneal cavity and then, typically, on a
conti nuous process basis a portion of the dialysis sol ution i s sequentially
drai ned, cleansed, and reinfused. 10 g-Figure 1 illustrates a system
of sénircontinuous dialysis. - The systen1mas outlined by DI Paolo in
"Accel eration of Peritoneal D alysis Wth Single Device", 19 Nephron
271-277 (1977). single needle 10 is used to infuse fluid fromthe
sterile reservoirs 12, 14 into 15 the patient where it dwells and then
subsequently flows to drain 16. Inflow into the patient is achieved through

a punp 18, while outfloyiihs gehi gyed ,g‘_r_.a Hﬁ%fg e'h%[ 4 J,%Q_ Q47
di scl oses a single catheter systemthat ut| | Zes alFfBPRate 20
i nflow and out f| oA 6FeR=8Y sat¥matlij . molegrifg tﬁée@manc@/v cyand, fhigh is
passed through t haldradd Itataltioh with either a continuous flow or
_reciprocatlng type systems. Naturally, an advantage of
5 this type is de51rable. However, these prior systems are
quite complex in their operatlon, set-up, and control.
Therefore, a ‘need exists for an improved peritoneal
dialysis system based on a reciprocating and/or semi-
continuous peritoneal dialysis.

10 ; SUMMARY OF THE INVENTION -
| The present 1nventlon 'provides an improved_
per1tonea1 dialy51s method and system. The method
- utilizes a tidal osc1llat1ng pulse per1toneal dialysis
system. o _ :
15 To this ehd, a system for providing peritoneal
' dialysis to a patlent is prov1ded. The system COmprises
a single catheter that is placed ih the patient, at least
one reservoir,of dlalysate having a volume of greater
than or egqual to'three liters; and a single pump for
20 pumping the dialysate'into and out of the patient. 1In
two alternatlve embodlments, the pump may be either a
reversible roller pump or a personal cycler.
In an embodlment the system further 1ncludes a
force transducer coupled to ‘the reservoir of dialysate
25 for monltoring the amount of dialysate pumped into the
patient. _ ' '
In an embodlment the system further includes a
pressure detectlon system 1n communication with the pump.
In an embodlment the system further includes means
30 for'v1brat1ng'the reserv01r of d1alysate during dialysis.
The present 1nventlon dlalyzes the patient through
a single catheter placed into the peritoneal cavity. At



the dialyzer where it is "cleaned" prior to the next inflow Figure 2 sets
forth a figure fromU. S. -Patent No. 25 5,141,493. Figure 2 illustrdtes
the three | oop systemof the '493 patent wherein dialysate is reci-procated
into and out of the patient using a reversible punp (first Iooﬁ; into a

second WOM27520|  the second | oop, the dialysate passes XHBHGH8HMdi al'yzer
bei ng regenerated by 30 non-sterile dialysate flowing in the third | oop.

- The difference between the "493 systemand the earlier systens is that

bot h regenerati on and reciprocation are conti nuous. WO 95/ 27520

PCT/ US95/ 03804 -5- All of the above inwastigators have reported increased
smal | mol ecule clearance and high-ultrafiltration with either a
continuous flow or reciprocating type systenms. Naturally, an advantage of
5 this type is desirable. However, these prior systens are quite conplex

in their operation, set-up, and control. Therefore, a need exists for an
i nproved peritoneal dialysis systen1based on a reciprocating and/or sem -
conti nuous pexéémeodzedreédﬁvmr 16t dlalysate having aSuldvbiRé Of BtE

| NVENTI ON least one and one half times the patlent's £ill volume,
e.g., greater than or equal to three liters is also
provided. The reservolr of dialysate is coupled in fluiad-
5 communlcatlon w1th the catheter. Then, the dialysate is
. pumped into and out of_the perltoneum using a 51ng1e
pump. __ L _ __. o | ' '

In an embodiment, the method of the present
invention further includes the:step'of'vibrating the

10 reserv01r of dlalysate when pumplng the dialysate 1nto

" and out of the perltoneum. -

An advantage of the present invention is that it
provides an 1mproved method for prov1d1ng per1tonea1
dialysis to a patlent. .

15 A st111 further advantage of the present invention
is to prov1de a tidal osclllating pulse peritoneal
dialysis that requlres only a 51ng1e pump.

Another advantage of the present 1nventlon is to
provide a system'that utlllzes an external reservoir that

20 part1c1pates 1n the per1tonea1 transport as if it were
part of the per1tonea1 cavity. In addltlon, the present
system is more efflclent than mnltzple 1nfuslons since
the inflow and outflow processes are eliminated.

Furthermore, an advantage of the present invention

25 is that the f1u1d in the systam is returned to the
reservoir rather than the drain such that smaller
quantltles of fluid are used._

Moreover, an advantage of the present lnventlon is
that it prov;des smaller ‘strokes allow1ng the flow rate

30 .  to be h1gh on both the ‘inflow and outflow.

still further, an advantage of the present

_1nventlon is to prov1de for greater mixing by breaking
stagnant fluid layers in the peritoneal cavity.



The: present invention provides an inproved peritoneal dialysis nethod
and system The nmethod utilizes a tidal oscillating pul se peritoneal
dlhly5|s system 15 To this end, a system for providing peritoneal
dial ysis towopseisent is provided. The system conprises a si pgirasosbizes er _
that is placed in the patient, at |east one reservoir of dialysate having a
vol ume of greater than or equal to three liters, and a single punp for 20
punpi ng the dialysate into and out of the patient. In two alternative
enbodi ments, the punp may be either a reversible roller punp or a persona
cycler. In an enbodi nent, the systemfurther 'includes a force transducer
coupled to the reservoir -of dialysate 25 for nonitoring the anount of

di al ysate punped into the patient. In an enbodi nent, ‘the system further

i ncludes a pressure - -detection systemin comrunication with the punp. In an
enbodi nent, the system further includes neans 30 for vibrating the

reservoir of dialysate hucidabed b Shdvatid’£8S e

patient through a single cathetér place toneal “cavit
WO 95/ 27520 that” no down time due to fillppg/ |oud ewedying the

peritoneal cav;ty exists. As a result, the same therapy
obtained with prior systems can be obtained in less time
5 or more therepy can be'obteined in the same length of
time or more therapy can be obtained in a given time w1th
a smaller volume d1a1y51s fluid.
_ Addltlonal_features and advantages of the present
invention are described in, and will be'apparent from,
10 the detailed descrlptlon of the presently preferred
embodlments and from the draw1ngs.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates, schematically, a prior art
: per1tonea1 d1a1ys1s systen. _

15 Figure 2 illustrates, schematlcally, another'prlor
art perltoneal_d;alys1s.system.

Figure 3 illustrates, schematically, an embodiment
of the system of the present invention.
Flgure -4 111ustrates, schematloally, another

20 embodiment of the system of the present invention.

| ~Figure 5 1llustrates, schematically, the pressure
detection system of the embodiment shown in Figure 3.
However, a preferred eﬁbodiment of the invention does not
require thls system.

25 - F1gure 6 graphlcally illustrates results for a
sample of the end of therapy concentration in the
reservoir_hag.?ersus 180 minute sample taken from the
tidal oscillating pulse peritoneal dialysis line.

Figure 7 1llustrates the change in concentration

30 as a function of tlme for the cavity (upper 11ne) and for

the external reserv01r (bottom 1line). The parallel

increase in concentratlon_shown by the two lines indicate



| east one resefvoir of dialysate having a volune of at |east one and one :
half times the patient's fill volunme, e.qg., greater than or equal to three *
liters is also provided. The reservoir of dialysate is coupled in fluid 5
communication with the catheter. Then, the dialysate i ﬁ into and
out of ‘Vﬁé’ Eﬂeslz?toneum using a single punp.- In an enbodi fw@?’ B et hod of
"~ the present invention further includes the step of vibrating the 10
reservoir of dialysate when punping the dialysate into and out of the
peritoneum An advantage of the present invention is that it provides an

i mproved method for providing peritoneat8~dialysis to a patient. 15

A still further advantage of the present invention is to provide a tidal
oscillating pul se peritoneal dialysis that requires only a single punp.
Anot her ‘advantage of the present invention is to provide a systemthat
utilizes an external reservoir that 20 participates in the peritoneal
transport as if it were part of the peritoneal cavity. |In addition, the

- present syst ethat tipe eextérnaknreskuvoiul ahdl henfcayiidys paniie ipate nf | ow
and outfl ow ,ﬂggﬁggs r I Furthernore, an advantage of the

pr esent inveﬁflon lﬁiéhéi%wu {§E|U|d in the systemis returned to the
reservoir rather than the cPra'ﬂF LED DESGREP Ts‘mal ler quantities of fluid

are used. - OF THE ENTLY PREF D uson: 8
51 The present invention provides an 1mproved method
and system for prov1d1ng peritoneal dialysis to a
patient. Spec1f1ca11y, the present invention provides .

a tidal osc111at1ng pulse per1tonea1 dlaly51s system.
Pursuant to the system of the present 1nventlon, a single
10 pump and fluld c1rcu1t as well as a 51ngle catheter, can
be utilized. Moreover, the system utilizes at least one
reservoir hav1ng a volume greater than or equal to three

liters.
Referring now to Figure 3, as illustrated, the
15 present invention prov1des a system 20 that includes a

fluld circuit 22 and a single pump 24. The 51ng1e pump

24 is used to pulse fluid into and out of the peritoneal

cav1ty of the patlent 26. Unlike the prior art methods

that requlred multlple pumps and clrcults that resulted

20 in compllcated systems that are dlfflcult to set up and

are_expens1ve, the present invention provides a single
fluid cirouit-that requires only a single pump 26.

The system 20 also includes a reservoir 28. The

reservoir 28 contains the dialysate that is to be

25 administered to the patient. The dialysate can be any

peritoneal'dialysis solution desired. Preferably, the

reserveir 28 has a volume of at least one and one half

times the patlent’s £fill volume, e. g., greater than or

 equal to three liters. In a preferred embodiment, the
30 reservoir 28 has a volume of at least five liters.

~ The reserv01r 28 of the present invention is used

to help maintain the dlffu51ve gradlent. The reservoir

28 part1c1pates in peritoneal transport as if it were
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Mor eover; an advantage of the present invention is that it provides smaller
strokes allowng the flowrate 30 to be high on both the inflow and
outflow Still further, an advantage of the present inventionis to
provi de for va$eeimse M xi ng by breaking stagnant fluid | ayempgrnsesosste
peritoneal cavity. WD 95/ 27520 = '

PCT/ US95/ 03804 -7- Moreover, an advantage of the present invention is that

no down tine due to filling and enptying the peritpneal cavity exists. As a
result, the sanme therapy obtained with prior systems can be obtained in
|l ess tine 5 or nore therapy can be obtaln3 in the sane length of tinme

or nore therapy can be obtained in a given tine wth a smaller vol une
dialysis fluid. Additional features and advantages of the present invention
are described in, and will be apparent from 10 the detail éed description
of the presently preferred enbodinents and fromthe dramﬁngs BRI EF
DESCRI PTI ON OF THE DRAM&Q&?FEI 1 illustrate schenatl |1 a pr%%r

rf 2 PaYe

art peritoneal di #3% & foneal cavi gur@ 28 T
schematical |y, andtiter pimidriadr tfijdr idrshenl thire¢ ytitexyoremore reservoir

it appears as if five or more liters have been infused
into the patient. With prior systems, the reservoir size
5 is not integral to the therapy_and'merely serves to hold
the stroke volume prior to reinfusion. In contrast, the
reservoir 28 in the présent system acts as the principal
means of maintaining the diffusive gradient.
The current system is more efficient than multiple
10 infusions since the inflow and outflow processes are
eliminated. . The advantage over normal peritoneal
dialysis comes from the fact that no "down time" due to
filllng and ‘emptying the peritoneal cav1ty exists.
Consequently, seven liters, for example, of the fluid in
15 the system of the present invention will dwell longer and
come closer to equilibrium than seven liters of fluid in
normal per1toneal dialysis.
Moreover, maintaining the diffusive gradient by
having a larger than normal volume available to the
20 peritoneal membrane coupled with the augmentation of
transport due to the high flow results in even faster
equilibration. Thus, the same therapy achieved in normal
- peritoneal dialysis can be obtained in less time with a
smaller'volume of d1a1y515 fluid. Moreover, more therapy
25 can be obtained in the same 1ength of time or even
‘ further more therapy can be obtained in a given time with
a smaller volume of dialysis fluid.
' Fluid (dialysate) is moved into and out of the
patient by'use of the single pump 24. In the embodiment
30 illustrated, the pump is a reversible roller pump 24.
” The pump 24 is'posifioned to act on a fluid line 30 that
extends from an end of the reservoir 28 to a pressure



Figure 3 illustrates, schematically, an embodi ment of the systemof the ,
present invention. Figure- 4 illustrates, schematically, another 20
enbodi ment of the system of the present invention. Figure 5 illustrates,
schemat woaslys20t he pressure detection system of the enbaiTiesss/osseewn i n
Figure 3. However, a preferred enbodi nent of .the invention does not require
this system 25 Figure 6 graphically illustrates results for a
sanpl e of the end of therapy concentration in the reservoir bag versus 180
mnute sanple taken fromthe tidal oscillating pulse peritoneal dialysis

line. Figure 7 illustrates the change ifn concentration 30 as a function
of time for.the cavity (upper line) and for the external reservoir (bottom
line). The parallel increase in concentration shown by the two |ines

i ndi cate WO 95/ 27520 : _
PCT/ US95/ 03804 that the external reservoir and the cavity participate

COUa Y k! e BEEREBA4y ESALAED RERGRLELLON B THEL EEEREMThob B rren

ENBCODI MENTS 5 e an I nproved net hod
and system f opressurdi dgtectionnsysten ald ste the aP%H@*htZGSpem fically,

the present i nventi pRgREEVS A3 ustrates the pressure detection system
32 of.the present invention. The - pressure detection
5 system 32 includes e drip bulb 52. The drip bulb 52
permits an air/water interface to be formed as shown in _
Figure 5. Theedrip bulb 52 includes a longer than normal
drop'tube 54. The drop tube 54 reaches deep into the ‘
drip bulb 52, allowing fluid to flow in both directions

10 -without air being introduced into the system. '

A pressure'transducer 56 measures the pressure of
the air that is at the fluid line pressure. A_number'of
fluid pressure transducers are suitable for use in the
system of the present invention. For example, a Cole-

15 Paimer G-68801-53 diaphragm-type pressure sensor can be
used in the present_invention, A disposable plastic
filter 58 separates and protects the_pressure.transducer
56 from the fluid. The disposable plastic filter 58

_ consists of a hydrophobic material that only permits air

20 to pass through to the pressute transducer 56, thus
necessitating the air/water interface. Naturally, if the
membrane used in the disposable plastlc filter 58 was
impermeable and flexlble (i.e. condom-llke), no alr/water
interface would be necessary. ,

25 - Fluid line 34 terminates at a catheter (not shown)
that is in fluid commun1cat10n;w1th the peritoneal cavity
of the patient 26. The pump 24 can cause fluid to move
in either direction through the fluid circuit 22 of the

system 20. _ :

30 Pursuant to the present 1nventlon, by use of the
pump 24, the fluid {(dialysate) can be transported via
small stroke3volumee. By wey of.example,.the small
stroke volume cen be roughly four to five times the dead



a tirdal oscillating pul se peritoneal dialysis system Pursuant to the
system of the present invention, a single 10 punmp and fluid circuit, as
well. as a single catheter, can be utilized. Mreover, the systen1ut|I|zes
at | east onayHoseisyPi I haV|ng a volune greater than or equal plQqlshs
liters. Referring nowto Figure 3, as illustrated, the 15 presen

i nvention provides a system20 that .includes a f|UId circuit 22 and a
single punp 24. The single punp 24 is used to pulse fluid into and out of
the peritoneal cavity of the patient 26. Unlike the prior art nethods that
required nultiple punps and circuits that restTted 20 in conplicated
systens that are difficult to set up and are expensive, the present

i nvention provides a single fluid circuit that requires only a single punp
26. The system 20 al so includes a reservoir 28. T he reservoir 28 contains
the dialysate that is to be 25 adm nistered to the patient. The

di al ysate can be an perltoneal di al ysis solution desired. Preferably, the

reservoir 28 has & the tubing; ofhcflnid dime 34, andedessethani a5t s
fill volune, e.g. pfgthetﬂstéilaﬁ.lqr vodude . tor&érsi&%n {s&rr%ké ooaumegf tsnsd
enbodi nent, the 3 e O T of_a ers
The reservoir 28 %}uﬁﬁéQE%esen v%%béh dr?ﬁeiefggéﬂ?mg *ﬂ’th@th

di ffusive gradi entintvhénﬂémt e ] IthQSPpulentlzﬁmes:hdutpeauSQngadhscuspntt
as if it werg - to the patient 26.

. Pursuant to the present invention, stroke volumes
are smaller (approximately 300 ml or less) than in prior
art systems. 'Since only a small portion of the cavity
is emptied, fluid can be pumped out at a high flow rate

10 (%400 ml/mln) without sucklng omentum into the catheter.
This provides, among other thlngs, for a greater mixing
in the perltoneal cav1ty by breaking up stagnant fluid
layers 'in the cavity.

The high flow rates also decrease blockage within

15 the system. When blockages do occur, due to omentum or
fibrin, the pressure transducer 54 senses a change
(increase/decrease) in p:eésure. ‘as a result, the pump
24 shuts off sounding an alarm. After corrective action
is taken, the pump 24 again resumes pumping.

20 ' In the embodiment illustrated in Fig. 3, a force
transducer 36 measures the amount of fluid that is pumped
into the patzent 26. The reservoir 28 is hung from the
force transducer 36. " An example of such a force
‘transducer is an Omega LCB-50 Bending Beam Load Cell. As

25 discussed below, with reference to Figure 4, ‘the force
transducer 36 is not reqﬁired for certain embodiments of
the present inVention.. Likewise, in certain embodiments,
the preséufe;transducer 54 is not required.

Pursuént to the present invention, standard bags

30 of sterile dialysis can be used to prime the circuit.
The priming ‘of the circuit eliminates the need for a
fluid sterilizing chamber. To prime the system, the
following procedure can be followed. '



WD 95/ 27520 PCT/ US95/ 03804 -9- part .
of the peritoneal cavity. As a result given a two liter initial fill and a
three liter or nore reservoir it appears as if five or nore liters have
been i Wwosszisento the patient. Wth prior systens, the PETAISPHHIB0L4i ze 5

is not integral to the therapy and nerely serves to hold the stroke vol une
prior to reinfusion. In contrast, the reservoir 28 in the present system
acts as the principal nmeans of maintaining the diffusive gradient. The
current systemis nore efficient than gy%;iple 10 - infusions since the

i nfl ow and outfl ow processes are elim nated. The advantage over

normal peritoneal dialysis comes fromthe fact that no "down tinme" due to
filling and enptying the peritoneal cavity exists. Consequently, seven
liters, for exanple, of the fluid in 15 the system of the present
invention will dwell |onger and conme closer to equilibriumthan seven

di ffusi ve gradient Ty ShatHES SoRARBEICT IS SaalPeitien T8 BRI | 10
20 perit orreuirameadand £dupted30POnl Hor Argatank iand &he s&e3dde due to
the high flowiRsuddts, | Ty eNih@ssSf EEHELEREabEOR. pllie, ofhateriad herapy
achieved Tn noniBly Retn A'%hiKe 2n Sose “8ha PEo P18 1R’ 4 b33 ana™ W th @
5 patient connector on the other end to hook to a patient’s
tranéfer set. When using a roli_g:;_ pump, this also
includes a "pump segment" which is a larger tubing
‘'segment that fits into the reyeréihle roller pump. It ‘
may also inc_:]_.ude provisions for line pressure monitoring.
10 For instancé, aiﬁdrip bulb" where there is an air and
water interface may be used. The -air.:._i'nt'erfaqe connects
to a pressureftransdﬁcer'thfgﬁgh_a 0.22_u'membrane (which
excludes viruses and bacteria). Also included is a
plastic clamp to.start and stop the flow. The bag is
15 raised, the-clamp is released and sterile fluid enters
the line set. The drip bulb is inverted so it is filled.
The fluid flows to the end of the line set and the clamp
is reclamped. After this'procedq:e;is compieted, the
line set is conpected to the patient 26 who is then
20 filled with dialysate. _

Referring now to Figure 4, another embodiment of
"the present. invention is illustrated. Figure 4
illﬁstfates a system 40. In this embodiment, rather than
utilizing a revgrsible roller pump,' as used in the

25  embodiment of the invention illustrated in Figure 3, a
personal cycler 42 can be utilized.

"personal cycler", as that term is used in the
present application, refers to a  pressure driven,
diaphragm-type volumetric displacement pump. The

30 'personal cycler 42 can determine the.volume of liquid
deliyergd as the difference in thé.volumeuofﬁa pumping
chamber“before_ahd after a pumping stroke, The pumping
chamber consists of two parts separated by a flexible



smal'l er volune of dialysis fluid. Mreover, nore therapy 25 can be
obtained in the sane length of tinme or even further nore therapy can be
obtained in a given tine with a smaller volunme of dialysis fluid. Fluid
(dialysate) wogspyed into and out of the patient by use of thecHuSslssiaunp
24. I n the enbodi nent 30 illustrated, the punp is-a reversible roller
punp 24. The punp 24 is positioned to act on a fluid line 30 that extends
froman end of the reservoir:28 to a pressure WD. 95/ 27520

PCT/ US95/ 03804 -10- detection system 32. rther line 34 extends from
the pressure detection system 32 to the patleﬁt 26. Figure 5 illustrates
the pressure detection system 32 of the present invention. The pressure
detection 5 system 32 includes a drip bulb 52. The drip bulb 52 permts
an air/water interface to be formed as shown in Figure 5. The drip bulb 52
i ncludes a | onger than normal drop tube 54. The drop tube 54 reaches deep
into the drip bulb,52, allowng fluid to flow,i.n both dir, CtIO

without air being FHFRERFRMIHR 21He0Ry8PENFide AREs £ ﬂ ogﬁer,
measures the pressimeredsimg the w@iat psessurécphsbes Il_mqmrd egstr ef the

nunber of f1uid prossmier {ARMHGRS Sl S SHinSRE (Y 4452 dfud he

' The personal cycler 42 measures the pressure on the '

5 air side of the diaphragm and the pressure in a known
standard volume before and after the pumping chamber is
connected . to the standérd volunme. Based on these
measurements, the pefsonal cycler 42 can determine the
amount of fluid delivered. The formula for such

10 measurements is as follows: '
Vdel jvered
 Veited Vempty™

[ (Pyy=Py3) “Vo/ (P= Pyylgited = [Pey= Pe2) Vo/ (P - Pa1 ] enpty

wheré n]1" refers to the pressure before the air
15 : side of the diaphragm is connected to the standard
' volume

where "2" refers to. the pressure after the air

side of the diaphragm is connected to the standard

“volume _

20 "s" refers to the standard.volume-

"d" refers to the air.side of diaphragm.

Examp'les_ of a 'pex_'sonal cycler are disclosed in U.S.
applications: "Peritoneal Dialysis Systems and Methods
Employing a Liquid Distribution and Pumping Cassette That

25 EmulateS'Gravity-Flow", filed March 3, 1993, Serial No.

' 08/027,328:':"Peritonealu Dialysis Systems and Method

Employing a Liquid Distribution and Pump Cassette with
Self-Contained Air Isolation and Venting", filed March
3, 1993, Serial No. 08/027,484; "Liquid Pumping

30 Mechanisms for .Peritoneal- Dialysis Systems Employing

' Fluid Pressure", filed March 3, 1993, Serial No.
08/027,485; "Peritoneal Dialysis Systems and Methods



system of the present invention. For exanple, a Cole- 15 Pal mer ‘
G 68801-53 di aphragmtype pressure sensor can be used in the present

i nventi on. A di sposabl e plastic filter 58 separates and protects the
pr essur‘gog,%%gﬂucer 56 fromthe fluid. The disposable glcaaisosnodsdter 58
consists O ydrophobic material that only permts air 20 to pass

through to the pressure transducer 56, thus necessitating the air/water
interface. Naturally, if the nenbrane used in the disposable plastic filter
58 was inperneable and flexible (i.e. condomlike), no air/water interface
. woul d be necessary. 25 Fluid Tth& 34 termnates at a catheter (not
shown) that is in fluid communication with the peritoneal cavity of the
patient 26. The punp 24 can cause fluid to nove in either direction

through the fluid circuit 22 of the system 20. 30 Pursuant to the
present invention, byuse of the punp 24, the fluid (dialysate) can be
transported via snall st roke vol unes. of .exa the smal| stroke
vol ume can beERRARIMRA { Boeupatic vngFﬁBEet ﬁé‘ddé%ﬁ}“per% Ted

PCT/ US95/ 0380diqiia vlamfe Measheemenitsy, @filéduMdrthn®, 3Q9pNdEdmsd t han
15% of the t%ol éé)dzé’oléﬁ‘? "I-Hberm lUsQétr %e@&ﬁ?%rﬂi lbe%ltorJ.ng
Functions for Automated Peritoneal Dialysis Systems",
5. filed March 3, 1993, Serial No. 08/025,531; "Improved
User Interface for Automated Peritoneal Dialysis
Systems", filed March 3, 1993, Serial No. 08/025,547; and

"peritoneal Dialysis Cycler", filed March 3, 1993, Serial ‘
No. 29/006,426, the disclosures of all of which are
10 incorporated herein by reference.

Pursuant to this embodiment of the invention, é
reservoir bag 44 provides the dialysate.  Fluid
(dialysate) flow is through fluid l1line 46 through the
personal cyéler 42. A second end of the personal cycler

15 42 is coupled to the patieht 50 by fluid line :48 that
terminates at a catheter in fluid communication with the
patient’s peritoneal cavity. | '

A personal cYcier 42 affords fluid flow into and
out of the patient. Similar to the pump of Figure 3, the

20 personal cycler 42 allows fluid to flow in either
direction of the fluid circuit.

In “this alternative embodiment, utilizing a
personal cycler 42 eliminates the need for a pressure

' sensor ahd a force transducer. Because the personal

25 cycler 42 is a pressure driven volume displacement pump,

flﬁid_ can be- precisely metered without an external
pressuré sensor being required. Pressure driven means

~ that the output pressﬁre'does not exceed the pressure

‘applied t6 the diaphragm that pumps. the fluid. As a

30 result theredf,'hd need exists to protect the patient

from higher.pressureé using a separate pressure sensor.

Likewise, because the personal cycler 42 directly senses



fluid to*be noved at high flow rates (400 m/mn) both into and out of the
patient 26 w thout causing disconfort 5 to the patient 26. Pursuant to
the present invention, stroke volunes are snaller (approximately 300 m or
| ess) than iwopsemee art systems. Since only a small portion efrhiesgmyity
Is enptied, fluid can be punped out at a high flowrate 10 ([err]400
m/mn) wthout sucking omentuminto the catheter. This provides, anong
other things, for a greater mxing in the peritoneal cavity by breaking up
stagnant fluid layers in the cavity. The high flow rates al so decrease

bl ockage within 15 the system Wen block%ges do occur, due to onentum
or fibrin, the pressure transducer 54 senses a change (increase/decrease)
in pressure. As a result, the punp 24 shuts off sounding an alarm After
corrective action is taken, the punp 24 again resunes punping. 20

I'n the enbodinent illustrated in Fig. 3, a force transducer 36 neasures the
amount of fluid that is punped into the patient 26. The reservoir 28 is
hung fromthe for %rﬁﬁégﬁﬁiﬁ' ety Bressure, trapsducerse whitized in
transducer is an mhagambSBa.ﬁénBeﬁbtlus;m lisaetigakre. 3 Aard not degatizead

below, with reference t 4, r n re red
for certain enbodl nment s%g??: t I’esen J'(r%d\’/le Eggzguggv{'%g thi%ﬁ §;Ffﬁﬁ§£ :
enbodi nents, the [GPSSime Emomsthstamhgﬂhmgmtfamknsﬁwatedthe

pr esent inverﬂionriijzﬁ@da:sd bag® this embodiment, the patient acts as
his/her own prime. An empty line set and cassette is
connected to the patient and one line is connected to a
filled 5=li£gr bag on the heating plate of the personal
cycler 42. The patient is emptied until only residual
10 fluid remains in the lines. This is then reinfused along
with 2 liters of new fluid.
' The 5 cassette lines will be ass1gned as follows:
1 line will connect to the patient; 1 line will go to the
drain; the remaining three lines will be connected to 5
15  1liter bags of fluid--two of these will be on the héating
plate. The remaining bag will act as a "last fill" and
an “"initial £ill." 'After the patient is emptied, he/she
will be filled with 2 liters of fluid from one of the
bags on the heater and this same bag will be
20 simultaneously replenished (the personal cycler 42 has
two pumping chambers) with cold fluid. Then with 2
liters inside the patient and 5 liters external to the
patient, fluid will be moved back and forth between one
of the heater bags and the patient for some duration
25 (e.g. 4 hours). At the end of this time, cycling will
occur between the patient and the second heated 5 liter
bag for another given duration (e. g.'4 hours). Then the
patient will be emptied and refilled with the remaining
unused fluid. o
30 The inventors have also discovered that vibrating
the reservoir containing the dialysate when performing
'dialysis.effectively increases the dialysis efficiency.
In general, peritoneal dialysis is a _repetition of



30 . of sterile dialysis can be used to prinme the circuit. The.prinLng of
the circuit elimnates the need for a fluid sterilizing chanber. To prinme
the system the follow ng procedure can be foll owed. WO 95/ 27520 :

PCT/ US 9§8 12- A sterile connection is nade betweepcgnkbeéighe Sour ce
bag of%ﬁég %5000 m or greater) and the sterile line set. The line set

consists of a piece of sterile tubing with a spike on one end to fit into a
bag and a 5 patient connector on the other end to hook to a patient's
transfer set. When using a roller pun this also includes a "punp
segnent” which is a larger tubing segnemt that fits into the reversible
roller punp. It may al so include prOV|S|ons for line pressure nonitoring.
10 For instance, a "drip bulb" where there is an air and water interface
may be used. The air interface connects to a pressure transducer through a
- 0.22 [err] menbrane (which excludes viruses and bacteria). Al so incl uded
is a plastic clanp to start and stop the flow - The bag,is_15 rai sed,

the clanp is indlestdng amddiatytie ﬂPHPédemﬂﬁgsﬁ%eaP?ﬁElgéi ca¥dt¥rip bulb

is inverted shd tedtddt | Bétwdér thei diblgwid A idificendndf thee blioed set and -
‘the clamp is fqcfagped, ALhSEntPheiBhOOGHkk ek SHRUE! Ehuddlf the
extraction of 1mpur1t1es -within the blood into the
5 dialytic liquid via diffusion. The osmotic pressure
difference results - in ultrafiltration which is the
removal of water from the body. - : S _
Accordingly, the dialytic liquid and the blood are '
in . contact with each other through the peritoneun.
10 - However, since a so-called channe11ng phenomenon causes
the dlalytlc liquld to flow in a particular passage, the il
contact area is limited. 1In additlon, a tendency of
partial clrculatlon of  the dialytic liquid in the
‘direction of the hypogastric region further limits the
15 contact area. Due to this limited contact area, the LT
dialysis efficiehcy does not incréase as'expected.
_ The inventors have discovered that using vibration
can increase the dialysis efficiency. In an embodiment,
.the system further ' includes means for ‘physically
20  vibrating the reservoir containing the dialysate during
dialysis. 'As those skilled in the art will realize, a
number of ways exist to apply vibration to the reservoir.
.For instance, a traditional v1brator or an electric
massager may.be. utillzed.
25 The parameters of the: equipment utilized to apply
' vibration vary depending on the dialysis progress. 1In
an embodiment, the frequency-.of vibration is a low
frequency ranging from 1 to 30 Hz. While this frequency
provides effective results, those skilled in the art will
30 appreciaté that ranges falling outside this range will
also produce effective results. = The direction of
"vibration may naturally be'adjusted-accordingly to the
dialysis progress. = ' g



line set:is connected to the patient 26 who is then 20 filled with
di al ysate. Referring now to Figure 4, another enbodi nent of the present

invention is illustrated. Figure 4 illustrates a system40. In this
enbodi ment , wabdiEket han utilizing a reversible roller punp, e’fﬂfﬂ?ﬁd}fzdﬁ t he
25 enbodlnent of the invention illustrated in Figure 3, a persona

cycler 42 can be utilized. "Personal cycler", as that ternlls used in the
present application, refers to a pressure driven, diaphragmtype
volunetric displacenent punp. - The 30 ersonal cycler 42 can .
determ ne the volune of |iquid delivered as™ fe difference in the vol une of’
a punpi ng chanber before and after a punping stroke. The punping chanber
consists of two parts separated by a flexible WO 95/ 27520

PCT/ US95/ 03804 - 13- diaphragmwi th air on one side and fluid on the other.

I ncreasing the air pressure pushes liquid out of the chanber expandi ng the

volume on the air side. The rsonal cycler 42 npasures. the pressure on the
5 air side of the di &}hrsﬁ&“ 1d, p L8R he ArRFeciated kBaak §g8nU&P€aﬁéP9me

before and after twife themabdpmehawiel iinceeaseched balyhenst argaecdeneluse.
Based on these  3ga) oscillating pulse peritoneal dialysis but also
other peritoneal d1a1y51s methods.
5 By way of example, and not limitation, experiments
1llustrat1ng the 1nventlon will now be given.
' ' EXEERIMENE NO. 1
In this experlment five patients (4 female, 1l
male) of varying transport types were run on the tidal

10 oscillating pulse perltoneal dialysis system (TOPPD) of’
the present invention for three hours preceded and
followed by a standard 90 minute dwell. Fluid
(dialysate) was cycled between the peritoneal cavity and
a reservoir haﬁing'a'volume of 5 liters via a reversible

15 peristaltic-pdmp. Dialysate samples were taken every 15

' minutes from the patient’s cavity and from the external
reservoir durihg these procedures. Blood samples were
taken at the beginning and the end of each procedure.

To determine the efficacy of the procedure,

20 compartmental _queling was employed to obtain the
effective mass transfer area coefficients (MTAC) for the
‘90 minute dwell and the TOPPD procedure. This allows the
procedures to be compared since the effects of fluid
quantity, and treatment time are eliminated. '

25 In this experiment, the inventors found that TOPPD
provided a MTAC augmentation in one patient of 13% for
urea and ‘in two patients 25-40% for creatinine. No or
minimal MTAC augmentation was found in 3 of the 5
patients. © The data -suggests' that TOPPD may be

30 efficacious in some patients'but will have little or no
effect on MTAé'in-pthers, although the elimination of
drain and f£ill time will still increase efficiency by



nmeasur enent s,

del i ver ed.
‘V[err]= V|er

t he personal cycler 42 can determ ne the anmount of
The formula for such 10
rl=[err] where "1"

fluid
nmeasurenents is as foll ows:
refers to.-the pressure before the air

15

h Y

si de ofwolseme@phragmis connected to the standard vol uPET85/8380D" refers
- to the pressure after the air side of the diaphragmis connected to the

standard vol

the air side of diaphragm Exanples. of a personal
U.S. applications:
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une 20 "s" refers to the standard vol une "d"
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Table 1 below shows this data. Table 1 illustrates
the MTAC augment;atl_ons_ (in percent) via the compartmental
modeling method referred to above. . Augmentations were
calculated as the MTAC of TOPPD d1v1ded by the average
of the MTACs from the two 90 minute dwells.

TABLE 1
ﬁ
Patient ID | Aug Urea Aug Crtn
T 13.9 36.7
- #7 1.1 '22.0
#8
#9

some

shows

Although  the Table negative
augmentations, these should not be interpreted as changes

"in the intrinsic properties of the peritoneal membrane.

The negative augmentation in the case of patient #8 was
attributed to catheter malpositioning while the slight
decreases noted in the case of patients #9 and #10 are
probably measurement artifacts so that the actual
while better mixing can be obtained in some patients
(e.g., #6 and #7), there can still be isolated fluid

| pockets which do not fully participate in the exchange

(e.g., #8). By increasing the stroke volume and/or

changing the catheter p051tlon, these pockets can be

eliminated and trahsport increased. - Also despite

This illustrates that

Seri al
Di al ysi s

refers to
cycler are disclosed in

Di al ysi gy §ystens and Met hods Enploying a
Enul ates Gravity Fl ow',
Di al ysis Systens
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WO 95/ 27520 PCT/ US95/ 03804 - 14-

Enpl oyi ng Pneumatic Pressure and TenperatFre-Cngfgégd4;gquid Vblung e
Measur enent s | 1 March 3, 1993, Serial No. , ;" rove er

I nterface anaqug/ﬁﬁ ring Functions for Automated Peritoneal DPHET@@?@”M
Systens", 5 filed March 3, 1993, Serial No. 08/ 025,531, "Inproved User
Interface for Automated Peritoneal Dialysis Systens”, filed March 3,
1993, Serial No. 08/025,547; and "Peritoneal Dialysis Cycler”, filed March
3, 1993, Serial No. 29/006, 426, the disclosuces-of all of which are 10

I ncorporated- herein by reference. Pursuant to this enbodi nrent of the

I nvention, a reservoir bag 44 provides the dialysate.  Fluid
(dialysate) flowis through fluid Iine 46 through the personal cycler 42.
A second end of the personal cycler 15 42 is coupled to the patient 50

by fluid line 48 that termnates at a catheter in fluid communication wth
the patient's peri potesticdvidecréases sdnalMTAT, ethd? thlhapys stiid Hhaws

_ _ - Ay . . . 50
per sonal oyoler 43 IRcdedy, Erdy thel AskRRatdil 31 15pP: Bedinoinke 1 ui o
circuit. In this alterotabdy,ckbesenengmengatiionsnyere pttadnableywlith
42 elimnates the peedléw’ rady eS8URCCRELhIAN] 2pLREELabIFNSUHE target
Because the pﬁgsonglatform-for TOPPD is the Home Choice™ Baxter personal
cycler. The personal cycler has a pulsatile waveform
- approaching. 400 ml/min at slightly higher than normal
actuation pressures. Deépite the fact that the average
flow rate does .not conceivably exceed 270 ml/min,
10 conceivably the augmentation noted above could be
attainable without appréciable modification of the
hardware'basg. ' '
' EXPERIMENT NO. 2
This experiment examines the ability to increase_
15 dialysis efficiency by applying physical vibration to a
- ' reservoir contaihing dialysate.

_- The experiment examines the.effgct on 5 adult dogs
(10-13kg). Each dog was anesthetized with nembutal and
received a laparotomy. The omentum was removed and a

20  Tenckhoff acathetér and a catheter for monitoring
intraperitoneal pressure (IPP) were retained. A cannula
was inserted into the femoral artery for blood pressure
measuring and blood sampling. '

, "~ Dialysis
25 | | Control
1000 ml of Dianeal® 2.5% was instilled in the
‘abdominal cavity. N
Extracorporeal Pulsatile Peritoneal Dialysis (EPPD)
1000 ml of Dianeal® 2.5% was instilled in the

30 abdominal cavity and a bag which contained 1000 ml of
Dianeai° 2.5%HWas connected to the retained Tenckhoff
catheter (Total 2000 ml dialysate). The connection

between the abdominal cavity and the bag was kept open.



25 cycler 42 is a pressure driven volunme displacenent punp, fluid can be
precisely netered without an external pressure sensor being required.
Pressure driven neans that the output pressure does not exceed the pressure-
appl i edwionsths20di aphragm t hat punps the fluid. As a 30 pPcT/UsssmBsest her eof ,
no need exists to protect the patient from higher pressures using a
separate pressure sensor. Likew se, because the personal cycler 42 directly
senses WD 95/ 27520 ' PCT/ US95/ 03804
-15- the pressure, safety pressure transgucers, utilized in the enbodi ment
illustrated in Figure 3, are not required. Naturally, the primng procedure
for this alternate enbodi ment differs fromthe enbodiment illustrated in 5
Figure 3. In this enbodiment, the patient acts as his/her own prinme. An
enpty line set and cassette is connected to the patient and one line is
connected to a filled 5 liter bag on the heating plate of the personal

cycl of 42 Thepall &lledd SIS UALECARKY cbePdialad Gouy ol LU phgei o

in the lines en rel W th new uid. The
5 cassette. | i Bag.ni TWoRULSS qyird@savers tgaseda_ 150 cYpligs ukmon twe t he

patient; 1 |iRg¥ hkhatPsi® dﬂﬂéHﬁd:.rh onenFearasgEY du¥ By lkneceysi bl be
connected 1o he effects of the .pulsatlon on the efficacy of
5 - peritoneal dialysis were examined. :
' - , ' Observations
Urea, créatinlne, 1nu11n and dextran?O were added .
in the dialysate. Blood pressure, IPP; UFR, and the ‘.
concentration of the added substances were monitored
10  every 30 minutes for 120 minutes. The measurement of
"dialysance" was performed by the number of milliliters
of peritoneal fluid completely cleared of all substances
and transferred into the blood.
Results _
UFR increased (1.0 vs 1.75 ml/min) but no
significant change in dialysance was observed with 150
cycle/min EPPD compared to the control.
During treatment with 1440 cycle/min EPPD, the
20 dialysance of the UN, creatinine and glucose increased
by 10%, 42%, 59% on average, respectively, and UFR
increased by 84%. Table 2 below ‘illustrates these
results. ' '

dialysahce(ml/min)

'glucose

25




?

15 « liter bags of fluid--two of these will be on the heating plate. The
remaining bag will act as a "last fill" and an "initial fill." After the
patient is ggﬁgiedz he/she will be filled with 2 liters of fluid from one
of the bags Phe?heater and this same bag will be 20 si AATEHe/61804
repl eni shed (the personal cycler 42 has two punping chanbers) with cold
fluid. Thenwith 2 liters inside the patient and 5 liters external to the
patient, fluid will be noved back and forth between one of the heater bags
and the patient for sone duration 25 (e.g214 hours). At the end of this
time, cycling wll occur between the patient and the second heated 5 liter
bag for another given duration (e.g. 4 hours). Then the patient will be
enptied and refilled with the remaining unused fluid. 30 - The
i nventors have al so discovered that vibrating the reservoir containing the
di al ysate when perform ng-dialysis effectively increases the dialysis
efficiency. In general, wperitoneal dialysizpps a repetition of W
95/ 27520 L ‘ / SQE%03804 - 16-
injecting a dialyticlicﬁﬁ% thraIsd 5588n3n5°<i§ﬁ§%% E?Bgﬂtgﬁf RS
the dialytic |iquiknisRtior. hHeweveat,s there wasceotsignificantlidifferende
causes the in the average IPP between EPPD and control (EPPD 5.0

5 mmiHg, control-4.5 mmHg). ' -

_ 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

10 departing from the spirit and scope of the present
invention -and without diminishing its attendant
advantages. It is therefqre intended that such changes

and modifications be covered by the appended claims.



extraction of inpurities within the blood into the 5 dialytic liquid via

di ffusi on. The osnotic pressure difference results in ultrafiltration
which is the renoval of water fromthe body. Accordingl the dialytic

| i qui dWArRs275%@ bl ood are in contact with e ot her thr Sﬁsﬂ‘ésoﬂerl t oneum
10 However, since a so-ca HA gepNggpomenan causes the dialytic

liquidto fIOW|n a particul r“‘ﬂassag cEPE contact area is limted. bn
addition, a tendency of partilal_cifk 4 he dlﬂlmmmlm m t he
dlrectlon of the hypogastric Tegion fuLiper Ilmts th I:” ”mwea
Due to this limted contact area, the dialysis eff|C|ency ddes nof |ncrease
as expected. The inventors have discovered that usi ng

i ncrease the dialysis efficiency. In an enbodi

system furt her

i ncludes means for physically 20 Vi EF# é-‘hﬁpl‘ Baamk lladdd ng
the dialysate during dialysis. As thosels ﬁm\a he ze
nunber of wa .0 apply vibration t

traditional VIibrator or an el ectric massager nmay be ut | I i zed.
The paraneters of the equipnment utilized to appl y vibration vary depend| ng

on the dialysis prag.r ess. [ sgstembpdr erividivg fpearitomealofiiaillysdsi on is a-

Low reauencid Al Bl Wi e LI freauency provides
ranges falling out & eengﬂescahhg'éewthat is placed in the patient and
5  is coupled to an end of a first fluid line; _
at least one reservoir of dialysate‘having a volume
~of at leaSt one and one half the patient’s fill volume, ‘

that is coupled to an end of a second fluid line; and
a single pump for. pumping the dialysate from the
10 reservoir into and out of the patient. o

2. The system of Claim 1. further including a
- force transducer coupled to thé' reservoir of dialysate
for monJ.torJ.ng ‘the amount of dialysate pumped into the
patlent. '

15 3. | The systen of Claim 1 whereln the pump is
a reversible roller pump.

4. The system of Claim 1 wherein the pump is
a personal éycler.

5. The system of Claim 1 further including a

20 pressure detection system in fluid communication with the
pump. '
6. The system of Claim 1 further 1nclud1ng

means for phys1cally v1brat1ng the reservoir of dialysate
during d_:.alys:.s.

25 7. A method for dialyzing a patient comprising
the steps of:



al so produce effective results. The direction of vibration may

natural |y be adjusted accordingly to the dralysrs progress WO 95/27520
PCT/ US95/ 03804 -17- It should al so b& § BeewReplddat t he vibration of th
abdonen wi | IWP9SREA8e not only the ef al osci:l IBEYVIRPSHM0d o
‘peritoneal dialysis but also other pe is methods. 5

By way of -exanpl e,.. and not limtation, experrnents Il lustrating the

i nvention w |l now be given,_EXPERINENT NO. 1 In-this—experinent, five
patients (4 fenale, 1 male) of varying transpawt types Were run on the
tidal 10  oscillating pulse peritoneal dialysis syste

present invention for three hours preceded and foll owedn“' ﬂzmmmﬂiuﬂﬂﬂm
90 mnute dwell. [ Fluid (dialysate) was cycled between the pem tconea
cavity and a reservoir having a volune of 5 liters via a reversible 15
peristaltic punp. . bi-al ysate sanples were taken every 15 mnutes fromthe
patient's. cavity and frOﬁléefnéxheEﬁﬁblée%ﬁEthErdQH'HJﬂéFi%bﬂHﬁM*ﬁE”ﬁﬁe

Bl ood sanpl es were .taken at thé beginning and the end of each procedure. To
determ ne. the effi BaE$eBEit he procedure,

providing at least one reservoir of dialysate

having a volume of at least three liters;
5 ‘coupling the reservoir of dialysate in fluid.
communication with the catheter; and
pumping . the dialysate iﬁto and out of the
peritoneum using a single pump. -

8. The method of Claim 7 including coupling
10 the reservoir of dialysate to a force transducer for
monitoring the amount of dialysate pumped into the

~ patient. |

9. The method of Claim 7 wherein the step of
pumping the dialysate is further defined by us:.ng a
15 reversxble roller pump for pumplng the dialysate.

10. The method of Claim 7 wherein the step of
pumping the dialysate is further defined by using a
personal cycler for pumping the dialysate.

1. . The method of Claim 7 including placing a

20 pressure detection system in fluid communication with the
pump. '

12, The method of Claim 7 wherein the volume

of dialysate is at least five liters.

. 13. The method of Claim 7 including the further
25 step of applying physical vibration to the reservoir of
dialysate when pumping the dialysate into and out of the
peritoneum. ' '



20 eorrpartrrent al nodel i rrp oyed obtain the effectivel

mass transfer area coefficients 1533@ 90 m nute dwell and the
TOPPD procedure. This all ovvsT is ee e to be conpared since the
ef f ect swib 9sd7820d quantity,. and are el i m NRCHUSISAB804

In this experinment, the invent TCPPD provi ded a MIAC

augnentation in one patient of 13%for urea and in two patients 25-40%for
creatinine. No or miniml MIAC augnentation was found in 3 of the 5

pati ents. The data suggests that -4§PPD  nmay be 30 efficacious in
some patients but will have little or no effect on Ngmumlﬁlm Hum’ hough
the elimnation of dralnandfllltirrevmllst,lll|n

WD 95/ 27520 | "~ PCT/"US95/ b38ba 18-
around 10% conpared to normal nightly peritoneal dialysis. Table 1 bel ow
shows this data. Table 1 illustrates the MIAC augnentations (in percent)

via the conpart nent - e t ations

were calculated as t e MTAC of kn?%gﬁged?\glgdegﬁgiéfg%é ‘?fag]@gsﬁ ;5%[;9%“_ :

fromt he two Gatienk e comprisimnplthe Patepnt ofD apnaglugeaphysd.@glat n
vibration to the reservoir of dialysate during a dialysis

process.

5 15. The method of claim 14 wherein the step of
applying physical vibration is further defined by using '
a vibrator for applying the physical vibration.

‘16, The method .of claim 14 wherein the step of
- applying physical vibration is further defined by using
10 a massager for applying the physical vibration.

17. The method of claim 14 wherein the dialysis
.process is continuous ambulatory peritoneal dialysis.

18. ' The method of claim 14 wherein the dialysis
process is intermittent peritoneal dialysis.

15 19.  The method of claim 14 wherein the dialysis
process is continuous cycling peritoneal dialysis.

20, The method of claim 14 wherein the dialysis
process is tidal oscillating pulse peritoneal dialysis.



10 « » ¢ - #6 13.9 36. 7 #7 1.1

22.0 #8 -24.3 -19.3 #9 -9.1 -4.1 #10

-3.8 0.0 15 Al t hough t he Tabl e shows some
negati ve augwandsazsmns, these should not be interpreted as chpafgsosigisdshe
intrinsic properties of the peritoneal nmenbrane. The negative augnentation
in the case of patient #8 was attri but edlgg) cat heter mal positioning while
the slight 20. decreases noted .in the Case of patients #9 and #10 are
probably nmeasurenent artifacts so +that the actual augnentation is
close to zero. - This illustrates that while better m xing can be obtai ned
In sone patients (e.g., #6 and #7), there can still be isolated fluid 25
pockets which do not fully gciot)at ' e nge (e.g., #8). By

I ncreasing the stroke vol u%" aefd cﬁgr@gg @Et het er position, these
pockets can be elimnated and transport increased. Aso despite

WD 95/ 27520 ' ' PCT/ US95/ 03804 - 19-
potential decreases in MIAC, the therapy still gains efficiency fromthe
decreased fill and drain tine. Nota augper-ai--aasy Were attai nabl e
with : '

12
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¢

a flowsrate of 400 m/mn. Preferably, the target 5 pl atform for
TOPPD i s the Hone Choice[err] Baxter personal cycler. The personal cycler
had a pul satile waveform approaching 400 nmi/nin at slightly hi gher than

nor mal act uafyigys ssures. Despite the fact that the averag e
does not conce{z\%zgly exceed 270 m/mn, 10 . conceivabl ?éjl(ﬁ%xsmss%
augnentation noted above <could be attagpggable w thout appreciable
nodi fication of the hardware base. EXPE NT NO 2 This experinent

exanm nes the ability to increase 15 - dialysis efficiency by applying
physi cal vibration to a reservoir containing dialysate. The experi nent
exam nes the effect on 5 adult dogs (10-13kg). Each dog was anestheti zed
wi th nenbutal and received a | aparotony. The onentum was renoved and a 20
Tenckhoff catheter and a catheter for nonitlgring intraperitoneal
pressure (I PP) were retained. A cannula was inserfged into the fenoral
artery for blood pressure neasuring and b\ood sa ing. Dialysis 25

Control 1000 ml of Dianeal[err] 2.5%pas i\nstill in the gbdom nal cavity.
Extracorporeal Pulsatile Peritoneal g {1 of Dianeal[err]
2.5%was instilled in the 30 abdo whi ch cont ai ned
1000 m of :

28
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N
t :
prRAIN |44
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CONTROLLED
RESTRICTION

FIG.2 (PRIOR ART)

SUBSTITUTE SHEET (RULE 26)



Di arfeal![érr] 2.5% was connected to the retained Tenckhoff catheter (Total
2000 m dialysate). The connecti on bet ween t he abdom nal cavity and the
bag was kept open. WO 95/ 27520

PCT/ US95/ 038W 95123520An el ectric massager attached to the bag mti/esvspekolhe
bag. Two pul se cycles were tested, 150 cycles/mn on two dogs and 1440
cycles/mn on three dogs, during the les the effects of the

pul sati on on EFI f fiycacy of 5 peritoneal dialysis were exam ned.
(bservations Ur aEI &aal nine, inulin and dextra re added in the

di al ysate.  Blood pressure, LBB, UFR "and the %cent.ration of the added

substances were nonitor ' =1 eV B TA RS TR =Y The
measur ement of "dial yse SFQRCE OTRANSDUCER nunber of milli Ili ters of
peritoneal fluid conpletel$cleared of all substances and transfqrred into
the bl ood. Results 15 ' : UFR. di al ysance UFRY] i ncreased

(1.0 vs 1.75 mM/m-n) ut FFI;B"@ I cant é] di al ysancq was
observed with 150 ﬁéd o ed to 0I34Dur| ng ft r eat nent
wi th 1440 cycle/m D,

26
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L

20" * dialysance of the UN, creatinine and glucose increased by 10% 42%
59% on aver age, respect i vely, and UFR increased by 84% Tabl e 2 bel ow
illustrates &Bﬁsﬁﬁz&\sul TABLE 2 UFR di al ysance (m/mn

(m/mn) CRTN - glucose 25 cont PD CTRUS§Y03804

8. 06 3.72 2.85 EPPD 1.88 9.50 . 5.29

4.54 WD 95/ 27520 ' PCT/ US95/ 03804
-21- I PP changed from2 to 7 mrHg throug?l t he use of pul sation. However,
there was no si ng‘: (fference in the average | PP between EPPD and
control (EPPD 5.0 / control 4.5 mmHg). It should be understood that
various changes and nodifications to the presently preferred enbodi nents
described herein will be apparen hese=skilled in the art. Such changes

and nodifications can be-nmade w i
scope of the p ent |nvent|on

advant ages. 465 i
covered by the35 DL

departing fromthe spirit and -
di m n| shi ng [ ts att endant
f ) ' g be
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BAG @ END

FIG.7
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' . o _ New clains
REPL ACE#SKiEet Bhidtctn RDIAGIAAI MS 1. ng peritoneal dialysis
to a pat o

g: a flui TR BHEET Hang}JELtha first gr—adapted—tto—be—)
pl aced i ' cavity offf a patHERMVAGERVi ng gn assof}i RBERIAGRMENTOBEET
cavity fi vol'ume and a second ted to

_ a di
reservoir containing a volune of dialyate f4uid at |east fgﬂﬁéﬁ‘a

one-hal f tinmes th%#ﬁ\%gy- fill volume, and a single punp For, reversibly
punpi ng di al ysate i'd>al ong the fluid flow catheter from t’[ﬂ‘wﬂﬂ "ﬂ”m””"
container into the patient's peritoneal cavity and fromthe hat
peritoneal cavity along the fluid flow catheter directly back into the *
reservoir containdr, wAppetapusafor prowidirigperitaeal dialysis tof a gatehtygangridihgi d i s
introduced into the patient's peritoneal cavity, smaller volume portions
less than the initial 85tM&RC ctﬁréﬁ%'atpéaqe dndhepatiens and s soupled) to amd
successi vely renoygd offaOfirst PRid Bakd ents peritoneal cavity and returned
directly to the reservoir container to dilute dial yzed waste products from
the patient and porti onaslea$t onecrasenioysof dialyisatechavirgse volime bhat leasteoneoi r

cont ai ner may be introdu jnto .th tient's perjtoneal ,cavity to
mai ntain a di ffusiavé %aﬁﬁgr{tle é’ﬁ&%‘?%\%ﬁld&o 1S ttgh'ehﬁ Cfemg?%? an end 1of a
patient. 2. A net @Q&Jdoﬂuiﬁilﬁ_{éfzainag a patient conprising the

a single pump for pumping the dialysate from the reservoir into and
10  out of the patient.

2. Apparatus for dialyzing a patient comprising a reservoir of dialysate
having a volume of ‘at least three liters, a single peritoneal catheter
couplable to the reservoir and a single pump for pumping the dialysate

15 through the catheter from the reservoir and to the reservoir.

3. The apparatus of Claim 2 wherein the volume of dialysate is at least
five liters.
20 4.  The apparatus of any precedix;lg claim further including a force

_ transducer coupled to the reservoir of dialysate for monitoring the amount

of dialysate pumped into the patient.

5. The apparatus of any preceding claim wherein the pump is a

25 reversible roller pump, or a personal cycler.

6. The apparatus of any preceding claim including a pressure detection

system in fluid communication with the pump.

30 7.. The apparatus of any preceding claim further including means for



steps of: providing
pl acement in a peri m .l a*ﬂféﬁl“eﬁf W\BEE@J :
peritoneal cavity fi VI ng BERACHEM end

diregtly t to
a dial ysate reservoir container containing a v di a%yMétﬁ]Dgﬁ@% _______ J
| east about one S I i o
first end of the gf lh Q%rt‘m{‘%g% g’%iaﬁlgﬁi(zyiﬂ &Mlg%étk’ du\{?'gtuﬂglypat i ent; 23
i ntroducing an initial volune of dlalysateflwdlntothe patlent S
peritoneal cavity |ess_than or equal to the cavity fill wvol une
periodi cal Iy punpi-ng dherapreatus,ef aepreceding claipy iacudingphysical yibratione

initial volume frg sq.ﬁs c YPHIFE BrRR SNt of LB bheh3aitidl 0 the

reservoir container remai ning dial

the reservoir SCOQhaumySmﬁﬂltouﬁﬂldﬂgoﬁthwfdséﬁoﬁf dialysate fluid from t he
reservoir container into the patient's peritoneal cavity to naintain a
di ffusive gradient until a desired anDunt of dialysis has been achi eved

peri toneal cavi iy 2. THEtEld #ECHEn S n%‘*'ieq 1R R A P iy

a massager

10 10. Apparatus according to any preceding claim which is a CAPD

appératus.

11. Apparatus according to any one of Claims 1 to 9, which is
intermittent peritoneal dialysis apparatus.

15 _
12.  Apparatus according to any one of Claims 1 .to 9, which is

.continuous cycling peritoneal dialysis apparatus.

13.  Apparatus according to any one of Claims 1 to 9, which is tidal

20 oscillating pulse peritoneal dialysis apparatus.

14. Apparatus for dialysis of a patient, including a reservoir of dialysate

and comprising means for vibrating the reservoir durmg a dialysis process.

//
as Been Replaced -

il



t;r ansducer coupled to the dialysate reservoir contai
anount ‘of dialysate fluid punped into the patient. 3.
1 wheretn the punp is a reversible roller pump. 4. |
wherein the punp is a personal cycler. 5. The systemlef—Claiy
including a pressure detection system2& fluid communication with the punp.
6. The systemof Claim1 further including nmeans for physically vibrating.
the di al ysate reservoir container during dialysis. \/\CUmm ﬂmmlﬂm”m
A method fopphgmsoving dialysis in a patient conprisin

appl yi ng phys-rvglw bration to the reservoir of dialysate*dutirng 4 dfalysis
process 5 15. The nmethod of claim 14 wherein the step of

appl yi ng physical vibgatign r I provia eribtorba) VA1)

appl yi ng the physical vi b‘?atslygﬁ&u i The ﬁegbtﬁgd of claim 14%\%hgere|t%:1 t he
step of appP?g HOWB‘PE-'&S Wbratlon is further defined by using 10 a

massager for applyi ngut S r 1H.9i§r d7riragt bR rﬁm of cI m

14 wherein the dial ysf‘shﬁtﬁw béeHeter” Bk d gé
pPlaced in a peritoneal cavity of a patient having an a.ssociated
peritoneal cavity £ill volume and a second end directly connected

to a dialysate reservoir coxi‘éai.ni.ng a 'volumg of dialysate fluid
at least about one.and one-half times the cavity ﬁil],,“\'rplume, and
a single pump for reversibly pumping dialysate fluid alo'ng the
fluid f£low catheter from the. reservoir container into the
pat_:ient's pexitoneal cavity and from the patient’s peritoneal
cavity along the fluid flow ocatheter directly back into the
resexrvolxr containey, whereby after an initial volume of dialyaate
fluid is mtmduced into the patient’s perit:oneal cavity, swaller
volume portions less than the initial volume of dialysat:e fluid
may be per:.od;.ca.lly and succesaively removed from the patient's
perit:oneal cavity and returned directly to the reservoir
cont:ainer to dilute dialyzed waste products from the patient ang
portions of the dialysate fluid present in the. -reservoir
containei may be i.ntroducéd int:o the patient’s peritoneal cavity
to mai.ntain a di.ffusive gradiem: and provide peritoneal dislysis
to the pacient.

2. A method for dialyzing a patient comprising the
stepsg of:
providing a fluid cache:er having a first end adapted
for Placemem: in a peritoneal cavit:y of a patient having en
agsociated per:l.t:oneal cavity t111 volume and havi.ng a second end
direcbly connected to a dialysate reservoir container containing
a volume of dialysat:e fluid at least about. one and one~half times
the eavit:y £411 volume;
placing the first end of the catheter in

the
pexitonea) cavity of the patient;



process |s continuous anbul atory peritoneal dialysis hEBPLACEMERSE ﬁgF
clainm:t4 wherein the dialysis process is intermttent] peritoneal ga yS|

15

contlnuous'cycllng peritoneal dialysis. 20. The

19. The nethod of claim 14 wherein t eDg(quZyg[_BQp_rmSS

wherein the dialysis process is tidal egcillating pulse~peLLLpneaI

di al ysi s.

R o ll IIII

introducing an initial volume of dialysate fluid into
the patient’s peritoneal cavity less than or equal to the cé.vity
fill volume; -

per:.odica.lly pumpmg a smaller volume of dialysate’
‘£luid less than the initial volume from the patient’s peritoneal

cavity directly back into the reservoir container fo_z" dilution

with remaining dialysate fluid present in the reservoir container

and
pﬁmping a volume of dialysate fluid from the reservoir
container into. the patiem:'s peritoneal cavity o maintain a

. diffusive gradiem: Amtil a desired amount of dialysis has been

achieved and _thereaft:er, removing dialysat:e fluid from .the
patient’s peritoneal cavity.

" 2. The system of Claim 1 further including a force
transducer c¢oupled to the dialysate reservoir container forx
monitoring the amount of dialysate fluid pumped into the patient.

3. The system of Claim 1 wherein the pump is a
revers:.ble roller pump

' 4. The system of c1aim 1 wherein the pump is a
personal cycler. _

5. The system of Claim 1 furthér including a pressure
detection éyst.em in fluid communication witiz the pump.
6. The system of Claim 1 further including means for

- physically wvibrating the dialysate reservoir container during

dia.lysis . foi

L
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