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BACKGROUND OF THE? | NVENTI ON The presen’l;’-“qﬂ?ﬁ@ﬂ-‘eﬁyh

rel ates general ly to nethods and apparat Us for': grovi'ding ¢ heal t hcareo

More specifically, the present invention relates to met hods and apparat us

for treating pat ts via dialysi s 10 procedures. Dialysis provides a
met hod fo é&gmm renal function in certain patients.
Dialysis tlng eIe nts in a solution by diffusion
across a sem perneabl e menbrane (dlffuswe "15 soI ute transport) down

‘a concentration rad Pri pal | y.,, henodi aI and [ W
dialysis are utili ”%f‘fph %T’at’??i’?’prﬁ?f’ﬁ%@ Reany: as@% e savi ng
‘therapy, there are d}éal msw Uhaw%%%dd eklel nasHeRALIENSS.

20 In a typical henodiafysis system blood is renmoved fromthe
‘patient and punped to a di aI ysi s machi ne including a nmenbrane unit. The

‘menbrane unit di Bosi TR R o R el OTN o e pat T ent

‘through tubing. Henodial yS| s machi nes mayprpe wsed at a health 25
facility or in the patlent s_home. ~ The machife attaches the pati-ent

‘through” an extracorporeaiA PPARAGPE ANDLMETHOD FOR 'PREVENTING

ar

5 BACKGROUND OF THI’;' INVENTION
Jemd m'rhe present 1nvent10n relates generally to -methods—

—and-l a;g{)aratllfs'z—%bw?n} p;ev*é&-ng———hea—l%hea-re.—-—*efe—

and apparatus for ti:'eat' g -p.ati'ents via dialysis

10 Procedures

Dialysis provides a method for sdﬁplementing .or
replacing renal function in certain patients. Dialysis
is the process of separating elements in ‘a solution by
diffusion across a semlpermeable membrane (dlffus:.ve

15 solute transport) down a concentratlon gradlent. |
Principally, hemodialysis and peritoneal dialysis are
utilized. Although dialysis provides in many cases life
saving therapy, there are- health issues -th'at must be
addressed in such patients. | - '

20 In a typical hemodialysis system, blood is removed
from the patient‘ and pumped to a dialys‘is machine
including a membrane unit. The membrane unJ.t dialyzes
the blood which is then returned to the patlent through
tubing. Hemodialysis machines may be used at a health

25 facility or in the patient’s home. The machine attaches
the patient through an extracorporeal ciréuit of blood
tubing to a dialyzer having a pair of chambers separated
by a thin semi-permeable membrane. The patient’s blood
is <circulated . through one of <the chambers. The

30 hemodialysis machine maintains a constant flow of a
dialysate through the second chamber. Excess water from
the blood is removed by ultrafiltration through the
membrane and carried out by the dialysate to drain.



t ubi ng ' zer having a pair of chanbers separated by gGggirddsnsios
§eni-pe%ﬁ§§%ﬁ%ﬁ%%nbrane. The patient's blood is cirtculated through one
of the chanbers. The 30 henodi al ysi s nachi ne mai ntai ns a const ant
flow of; a dialysate through the second chanber. Excess water fromthe bl ood
I's removed by ultrafiltration through the nenbrane and carried out by the
di al ysate to drain. 2 A typical henodial ysis nachine provides a pair of
hoses whi ch connect to the dialyzer and inel udes a source of incom ng

wat er, a heat exchanger and heater for bringing the water to a required
tenperature, a source 5 of a dialysate concentrate or concentrates

whi ch are introduced into the water I n a pr edet er m ned
concentration and necessary punps, pressure regulators, a deaerator, flow
controll ers and regul ators. In an acetate dialysis system only one

il ysi s systoms, ¢ ShieAEr nelBa1gaveis malt thd SBEBR: A8 R HMR o e
di al ysate del i hasess yhieh soraectater thgeddadyzerpandfindliseses ssource
osmosi s or dei ¥ Z8hicBking [HaBBr, a heat exchanger and heater for
| bringing the water to a required temperature, a source
5 of a dialysate concentrate or concentrates which are
introduced into the water in a predetermined
concentration and necessary pumps, pressure regqulators,
a deaerator, flow controllers and regulators. In an
acetate dialysis system, only one concentrate is
10 utilized, while in the more common bicarbonate dialysis
systems, two concentrates, acid and bicarbonate are

utilized.

The dialysate delivery system mixes water, generally
purified by reverse osmosis or deionization, with an
15 electrolyte concentration so that it ap_Egﬁgg tes the
chemical composition of ECF, warms the %Ehmmﬂ to body

temperature, and checks the conductivity to ensure it is

isotonic to <the patient’s blood. - A number of
commercially available machines are used to administer
20 hemodialysis. - Two- such systems include the SPS 550

Delivery System and SPS 1550 Delivery System marketed by
Baxter Healthcare, Deerfield, Illinois.

Membrane units (dialyzers) come in different sizes
with differing surface areas, clearance characteristics,
25 and hydraulic coefficients for ultrafiltration.
Instructions generally are given with respect to the
) specifications by the manufacturer. Usually hemodialysis
' treatments take three to five hours. Most patients with
chronic renal failure require three weekly hemodialysis

30 treatments to maintain a state of well being.
One of the possible complications of hemodialysis
is hypotension. This is usually due to a reduced blood
volume consequent to fluid removable by ultrafiltration
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15 * el ectrolyte concentration so that it approximates the chem cal
conposi t i oneook2TEs—war ns t he bl ood to body tenperature, and QW
conductiwity to ensure it is isotonic to the patient's bl ood.

nunber of commercially avail able machines are used to adm nister 20
henodi al ysi s. Two such systens include the SPS 550 Delivery System and
SPS 1550 Delivery System marketed by Baxter Healthcare, Deerfield,

[Fl1inois. Menbrane units (dialyzers) cone in different sizes with differing
surface areas, clearance characteristics, 25 = and hydraul i c
coefficients for ultrafiltration. Instructions generally are given with
respect to the specifications by the manufacturer. Usually henodi al ysi s
treatnments take three to five hours. Mst patients with chronic renal
failure require three weekly henodial ysis 30 treatnments to maintain a
state of well being. One of the possible conplications of henodialysis is
hypot ensi on. Thiand thes paltientis inabildtyced physioVoglicrllynsespentate
fluid renovabl e and the patient's inability to

fil '
physi ol ogi cal |l y %%ﬂgg\égféd%%%%{ ﬁ’§'°r°éidmr5]’§‘amﬁ'ood vol ume. Under current

practice, habitually,Uhgept ecarrent practice, habitually, hypotensive
dialysis patients are given. hypertonic saline

5 prophylactically via sterile injections to recruit fluid

from the extravascular space to stabilize blood pressure.

It is also common to give hypotensive dialysis patients

hypertonic saline as a first recourse when hypotension

*

is noted.

10 Typically, most hemodialysis units monitor, every
half hour, the blood pressure of dialysis patients. When
blood pressure begins to drop, a hypertonic saline
solution is then administered. In other cases, isotonic
saline is given, although the patients’ weight loss goals

15 must be increased to make up for the additional volume.

All of these procedures require that a nurse inject
saline into a blood line to the patient. This requires
that the nurse draw the saline into a syringe and inject

, same at a slow, but sufficient, rate. Unfortunately,

20 demands of the dialysis unit may require the nurse to
administer the bolus of saline more quickly than desired..
This can result in adverse patient symptoms, such as an
accelerated heart rate, sweating, and a burning
sensation. '

25 An additional issue raised by the current procedures
is the labor intensiveness of the procedure. Blood
pressures must be taken at regular intervals. Depending
on the number of patients in a unit, the burdens on the
nurses can be quite great. These burdens may prevent a

30 nurse from delivering saline to a specific patient at the
first onset of symptoms of hypotension.

—> &



dFZLysis patients are given hypertonicc 5aline's, ¢ PR

pr dphyl actically via sterile injections tro recruit fluitd frromthe, [ ",
extravascul ar space to stabilize blood pressure. ‘1t is‘al 5o tommon.td.gi've
hypot ersi ve di al ysis patients hypertonikc saline as a first recourse when
hypot ension is noted. 10 Typi %IIy, nost henodi al ysis units
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nurse draw
the saline iaidiop didstoliocaland limiRCls skracted, the | lemodialysisubpparatst, rate.

Unfortunately, 20 demands of the dialysis unit may require the nurse to
admi ni st & tawtobnatically finerehsesesodium qonesinkrationain thes idiadyisataHos theee resul t
in adverse patient synptons, such as an accel efated, heart raje,
sweating, amanutgs. Afiesithis assodiumicopcentration is roppeqqtoa@emomﬁﬁfevpésue
rai sed by t curyent. procgdur is the | . ] I ss of the
pr ocedure. g cﬁ?%@sﬁff@? sr?ﬁi'fmbcémfgwéﬂ?(g‘{ lgr @éﬁ@‘ﬁﬁ’? ‘erval s. Dependi ng
on the nunber of patients in a unit, the burdens on the
The present invention provides a hemodialysis apparatus as set out
10 in Claim 1. The precharacterijsing part of Claim 1 is based on
US-A-4710164, and the distinguishing features of the present invention are

set out in the characterising part of Claim 1.

The ot invention also provid hod for i -
s i ion-of a dia i Claim 15

—>



nurdes cavebsirgid € great. These burdefis rfmy preveht, a 30'rﬁﬂﬁﬂ%%§h&§9EL

delivering saline to a specific patient at! the first, qnset  gf.Fsy Qe of

hypot ensi on. . There is therefore a néed for ah I'nproved, hethod and: « -
appar atus for preventing hypotension in henodialysis patients. SUMVARY OF
THE | NVENTI ON 5 The present invention provides an automatic means

and nethod for preventing and/or treating gygotension I n henodi al ysi s
patients. To this end, a systemis provided wherein the henodialysis
machine can autonmatically deliver sodiumto the patient through the

di al ysate so 10 as to increase blood and extracellular osnolarity,

I ncrease bl ood volune fromvascular refilling, and rai se bl ood pressure.
The sodiumis delivered in response to a signal generated by the patient or
other person. This would thereby alleviate any clinjcal synptons caused by
15 hy pot ensT O UERPHEE TR e SRR 2 RS eS it —RRAENGS R GHRAR-885—o
met hod for_preVSﬁﬁhPﬂtushWﬁﬁFeB%b@BPtih foot@ALiBA! in' Beo¥ifiysis
henodi al ysi s conprising the steps of au ically delivering to the
pati ent, througPeEheDEFal ysate, sodium

STid == J

SHRARY-OF—THE-INVENTION
Llan be WL O 4 . K .
5 The present 1nventloqlprov1dqg an automatic means

—ard-method-for preventing and/or treating hypotension in
hemodialysis patients. To this end, a system is provided
wherein the hemodialysis machine can automatically
deliver sodium to the patiént through the dialysate so

10 as to increase blood and extracellular 'déméiéiify,
increase blood;volume from vascular refilling, and raise
blood pressure. The sodium is delivered in response to

a signal generated by the patient or othei'persqn. This
would theréby alleviate any_clinical'syﬁptoms caused by

15 - hypotension during hemodiaiisis. poelimimt
el - /.4
The——present  INVENtIen-[prolides—a—nethod For

preventing  hypotension in a patient receiving
Soolium IS

hemodialysis } " automatically
deliver, to the patient, through the dialysate, .sodium—
20 in response to a signal generated by the patient or

healthcare personnel. :

In an embodiment, the signal is generated by the
patient actuating a button on a controller extending from
a hemodialysis machine.

25 In an embodiment, the i A
adjusting-the concentration of sodium deiI#EfEQYBVEf a
predetermined period of time depending on other
parameters.

In an embodiment, Ehe—am%hed—inctudes—thﬁ—zgggzgﬁL

30 delivering-a predetermined concentration OEJEEHTEEZTﬁ—J
response to the signal, but, adjusting a length of time
over which the sodium is delivered in response to other

parameters.



2@ in response to a signal generat ed, by the patjent, -or, ;heal theare, -~
personmwio:94:27658+ enbodi ment, the signal is generated by, thmﬂswﬁ-v_—
actuating a button on a control | er extendi ng fforh a hemodial ysi s machi ne.

25 : In an enbodiment, the nmethod includes the step of adjusting the
concentration of sodiumdelivered over a predeterm ned period of tine
dependi ng on ot her paraneters. In an enbodi nent, the nethod includes the

step of 30 delivering a predeterm ned concentration of sodiumin
response to the signal, but, adjusting-agength of tine over, which the
sodiumis delivered in response.to other paraneters. In an enbodi ment of

the nmethod, the concentration of sodiumto be delivered and the | ength of
time over which the sodiumis delivered is fixed. In an enbodi nent, the

met hod includes the step of 5 usi ng hardware, at least in part to

nodi fy a typical henodi aI ysi s machine so that it automatically delivers the

sodiumto the patignt. |n a0 &H0QK MEAL, NG RO 406 UdESehtfati&h Of
of sodium to be delivered and the length of time over
which the sodium is delivered is fixed.

In an em&cflment, the—method—inciudes—the—step—of—
iz n
5 wusineg hardware), at least in part to modify a typ:.cal
hemodialysis machine so that it automatically delivers

the sodium to the patient.

In an embodnuent the—methed—includes—the—-step—of-
us-i.-ng—soféﬂiﬁ?f_a't least in part to modify a typical
10 hemodialysis machine so that it automatically delivers
the sodium to the patient.
In an embodiment,
s redtricked,
restrieting the sodium del.wered to- the pa‘f“':.e‘nf!fo a
predetermined number of mllllequlvalen}f.w“ £l wxlz,cxu._& o {_ {LL
15 In an embodlmentdm g
O E I\A.C. ﬂ:g
to.the—éi-&hzsa-te-[ a patient’s standard dlalyzer clearance
at a given blood and dialysate flqw rate -and the

&t1e¥t' sodium concentration and blood flow;

20 (€alculating the mass transfer area coefficient for the
WA ROLNLS
dialyzer; and lau%omatlcallyt——%h—reagh——the——system{
determining the total number of milliequivalents that
will be requlred by the patlent to prevent hypotension.
An & et Of
7 also prov1des e—methed for
25 providing hemodialysis to a patlentL
-ef:+ passing at least a portion of a patient’s blood
through a dialyzer that uses a dialysate to remove
metabolic waste from the blood; and automatically adding
an amount of sodium to the dialysate in response to a

30 signal that may be generated by the patient or other
one earboctment of.
[

personnel.,
Still further {/J:Pe present invention provides a
O\

hemodialysis és-y-s-tem’ for providing hemodialysis to a
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usfag software, at least in part to nodify; a typigcal, 10 ¢« chenodi aleysi.s -

nachlneﬁnyymhn$g¢t automatically delivérs ithe sdeun1to th%%ﬁﬁ%h%ﬁ%&ikn'an
enbodi nent, the nmethod includes the stép df restrfgting- t he sodl ¢ .
del i vered to the patient to a predeterm ned nunber of n1II|eqU|vaIents "15
In an enbodi ment, the nethod includes the steps of: entering into a
delivery system for delivering sodiumto the dialysate, a patient's
standard di alyzer clearance at a given_b}ood and dialysate flow rate and
the patient's sodi um concentration and bl ood flow 20

calculating the mass transfer area coefficient for the dialyzer; and
automatically, through the system determning the total nunber of
mllieguivalents that will be required by the patient to prevent

hypot ensi on. The present invention also provides a method for 25

provi di ng henDdlaI sis to.,a patient conprising.,the steps of. passi at
| east a port P&¥ 4acﬁ§PFéﬁﬂn§'m3§9§ ?ﬁFbE&WoglaﬂaFnyBQPh Qfg

di al ysate toar eaparygstabolmétm_&f WaEtiehefbbROG padzéutoaatbmﬂd y

fhat ey bo SBIEARecBoBPS FEToaEEERELIF g iNePARAPBo PR ST HIVEa%E her,

the present anvarount wH\Eskbuml rnpdsposses toy sl aidral prand digihs

henodiglysistQ %llowing the patient to generate the signal.
In an embodiment, a hemodialysis machine is used
that includes a dual variable proportioning pump.
- An advantage of the present invention is that it
provides an improved wmethed—andv. apparatus for
10 hemodialysis. Cgﬁ!}ﬂ,eﬁ¢5°d;mcﬁtg

Furthermore, an advantagejof the present invention
is that a consistent amount of sodium is administered to
the patient. '

Still further, an advantage of the present invention

15 is that it reduces the staff requirements for a dialysis
center.

Further, an advantage of the present invention is
that it provides a convenlentZEesho&-for admlnlsterlng
an amount of sodium to a hemodialysis patient.

. 20 . Moreover, an advantage of the present invention is
that it eliminates a number of the sterile disposables
required for a dialysis center, e.g., needles, syringes,
and sterile saline.

Additionally, an advantage of the present invention

25 is that it provides for the administration of sodium to
a patient without the concomitant administration of fluid

volumes. beoli ment
Furthermore, an agvantage of(the present invention
el'v
is that it provides ( sodiunm (to e/g. patient at an
30 appropriate rate of delivery.

apparalial
Still further, the present invention provides an /

-nethod wherein the patient can automatically signal the



pézient conprisi ng neans for renDV|ng'Lh[pugh vhefuse ofra dlalysabe o
met Gbol MOSMRTESST rom a patient’'s bl ood stfeam ‘means for au

adding to the dialysate an amount of godigmin: response'to ar5|gnal .and
means 5¢ for allowing the patient to generate the signal. In an _
enbodi ment, a henodi al ysis nmachine is used that includes a dual variable
proportioni ng punp. An advantage of the present invention is that it

provi des an i nproved method and apparatus for 10 henodi al ysi s.
Furthernore, an advantage of the present [nvention is that a consistent
anount of sodiumis admnistered to the patient. Still further, an

advant age of the present invention 15 Is that it reduces the staff
requirenents for a dialysis center. Further, an advantage of the present
invention is that it provides a convenient nmethod for adm nistering an

amount of sodiumto a henodial ysis patient. 20 . Mor eover, an
advant age of @RPayedsta deddvieanthe negessaxry isadiueppem fReepnsett he

sterile di spogabhfgdteditwed dyifptioniti 2l ysis center, e.g., needles,
syringes, Additional features and advantages of the present
invention are described in, and will be apparent from,
5 the detailed description of the presently preferred

embodiments and from the drawings. .
BRIEF DESCRIPTION OF THE DRAWINGS
%gure 1 illustrates schematlcally a hemodialysis
ésystem-of the present invention.

10 Figure 2 illustrates an enlarged view of the means
for generating a signal of the present invention.

Figure 3 illustrates, generally, a hardware oriented
-method for controliing a delivery system pursuant to the
present invention. -

15 Figure 4 illuétra;es hardware for modifying a
typical hemodialysis machine to provide the system of the
present invention.

Figure 5 illustrates a flow chart  diagram of the
control of sodium dosing through software, using

20 proportioning pumps.

Figure 6 illustrates schematically, the interaction
of the hérdware, in response to the software of Figure
5.

Figure 7 illustrates how the software is implemented

25 to respond to the sigﬁal.generating means.

Figures 8-10 illustrate graphically the results of
experiments set forth herein demonstrating the efficacy
of the present invention. ' '

. DETAILED DESCRIPTION

30 OF THE PRESENTLY PREFERRED EMBODIMENTS

The present invention provides aa wethed—anmi—

apparatus ior ghﬂuuuﬁa*aﬂﬂav delivering sodium to a
hemodialysls-pationt —Pursuant—te—thepresent—inventionr—



s,
an sterlle saline. Additionally, an gdvantagecof <the present |nventQ§n 25
i & (hatyhlgepageg-des for the administratfon of sodrun1to ar

S Y

the concomtant administration of fluicd vol unes, 'Fu¢thernbre{ an advantage
of thezpresent invention is that it prOV|des sodiumto the pati ent ‘at ‘an 30
appropriate rate of delivery. Still further, the present invention provides
a nethod wherein the patient can autonatically signal the apparatus to
deliver the necessary sodi um upon the enset of hypotensive synptons.
Addi ti onal features and advantages of the present invention are described
in, and wll be apparent from 5 t he detail ed description of the
presently preferred enbodi nents and fromthe draw ngs. BRI EF DESCRI PTI ON OF

THE DRAW NGS Figure 1 illustrates schematically a henodi al ysis system of
the present (pvention. 10 Figure 2 illustrates an enlarged view of:

the nmeans foragngsaiifcénddSPAat n L11F tHE W1 yIM Ot enpbdHES1 7
I Tustrates, gggg{ag.l 4 Tglgaradil\.!la&?s Orslo?ir:}.tu(xand to be delivered to the
patient without the concomitant administration of fluid
volumes. : |
5 Further, the patient himself, upon the onset of
symptoms of hypotension, can signal the apparatus to
increase the concentration of sodium. However, pursuant
to the present invention, others, such as healthcare
personnel can signal the apparatus to increase the
10 concentration of sodium. As discussed in detail below,
the apparatus will automatically dispense the appropriate
concentration of sodium preventing the hypotensive
episode. This thereby insures that the sodium is
administered at the appropriate time and eliminates what
15 is currently a very labor intensive procedure.
Referring to Figure 1, generally, in black box form,
a hemodialysis machine 10 is illustrated. Any
hemodialysis apparatus can be utilized with the present
inveption. It has been found that the present invention
20 can be used satisfactorily with the SPS 550 Delivery
System and SPS 1550 Delivery System available from Baxter
Healthcare, Deerfield, Illinois.
Such a system, e.g., the SPS 1550 Delivery System,
includes a dual pump variable proportioning hemodialysis
25 delivery system. -Pu-rs&aa-t—&e—the-p'resenf'mvene-i:ea-,--ghe
sodium concentration can be changed in the resulting
dialysis by varying the dilution ratio in both pumps.
Pumps for achieving same are disclosed in U.S. Patent No.

5,158,441, ﬁas—<EHuaasgra_4ui-uhish.zma»eh«unsmra%a&

Briefly, in an embodiment, the pump can be a
valveless positive displacement pump with a closed end
cylinder having fluid inlet and outlet ports. A piston

30



v .\'
et hod fwa controlling a delivery systigm pursugnt_ - the:present I pyentjon.

15 Figure 4 illustrates hgrdware ﬁorrnndlfylngr a typicalg,.
henoU?éV??F@”ﬁgEﬁ|ne to provide the system of the preSent HRWERHMBHISE: ghre

5 illustrates a flow chart diagramof the control ‘of sodi‘um dosi ng*t hr bugh
software, using 20 proportioning punps. Figure 6 illustrates
schematically, the interaction of the hardware, in response to the software
of Figure 5. Figure 7 illustrates how the software is inplenented 25 to
respond to the signal generating neans_ glgures 8-10 illustrate graphically
the results of experinments set forth her &i n denonstrating the efficacy of
the present invention. DETAI LED DESCRI PTI ON 30 CF THE

PRESENTLY PREFERRED EMBCDI MENTS The present invention provides a nmethod and
apparatus for automatically delivering sodiumto a henodi al ysis patient.
Pursuant to the present invention, - 8-

is reciprocably and rotatably driven in the cylinder and
includes a reduced area portion on one free end which
communicates cyclically with the inlet and outlet ports
to pump fluid through the positive displacement pump.
5 The piston also has a gland area formed in the piston
which cyclically communicates with a pair of ports to
clean the piston and cylinder and prevent the buildup of
solids. The angle between the drive shaft and the piston
is adjustable to vary the fluid volume and aligned so
10 that the end clearance between the piston and cylinder
does not change as the angle is changed.

Ru:saene—te—%he—pfeseat—invent&onu-ZLese pumps are
utilized to provide short term on demand high sodium
dialysate when, and if, needed by the patient to prevent
15 hypotension. Several factors influence the amount of
sodium which is transported to the patient across the
dialyzer membrane. These factors include the difference
between the dialysate sodium and the patient’s plasma
water sodium. Additionally, the clearance of the
20 dialyzer will influence the sodium transported to the
patientl The clearance is influenced by the type of
dialyzer, the blood flow rate, the dialysate flow rate,
and the rate of ultrafiltration. Additionélly, the
amount of sodium which is transported will be influenced

25 by a length of time the high sodium bolus persists.
Due to typical dialysis unit practices, blood flow,
dialysis flow, type of dialyzer, and ultrafiltration are

not easily modified. Accordingly, -pursuant—to—the— _
-proconi=inwentienr the delivery time and concentration

30 difference are modified. For example, utili;ing a CAl170
dialyzer having a 300 ml/mih blood flow and a 500 ml/min
dialysate flow, by changing the sodium concentration by
16 meq/l over the baseline, 4 meg/min of sodium chloride
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t he sodium concentration in the dialysate is tenporarily raised. This
al | ows s{HOIWETESShe delivered to the patient without the conBETHESHIE69S—
adm nistration of fluid volunmes. 5 Further, the patient hinself,
upon the onset of synptoms of hypotension, can signal the apparatus to
increase the concentration of sodium However, pursuant to the present

I nvention, others, such as healthcare personnel can signal the apparatus to

increase the 10 concentration of sodi &fh ~As di scussed in detail bel ow,
the apparatus will automatically dispense the appropriate concentration of
sodi um-preventing the hypotensi ve epi sode. This thereby insures that

the sodiumis admnistered at the appropriate time and elimnates what 15
is currently a very | abor intensive procedure. Referring to Figure 1,
general ly, in black box form a henodialysis nachine 10 is

illustrated. will bedebivereflysi Fheppfeacus eash minite | 9bddinrlysife
present | nvent iy |45 Naguiealehuld Unall 6e B8easnsAIRNGIER Dy a can
be used satisfactorily with the SPS 550 Deliver %ystem and %I?S 550

Del i very Syst erﬁteﬁreiilleabII@Q¢‘b¥ﬁTBaxtT&usHe§PFhG§Pé‘P Becifi 8 B2 F-FP%n‘tS?’é‘? Such

ar zyztte_m e.g. ﬁca li%c%l'i%e_l%aogel b¥ely mly YfeNypettiondes saldwal, phapsamei abl e
proportiani ng heno |ca°a/lsés 25 elivery., system Pijrsu n& agai}bgagéesent

i nventi o, thedose be given by 10 ninutes of elevate
sodium.
A number of different methaqds czn be used to provide
’ A \y

_the necessary sodium to the patient{. For example, in an_

embodimént, a standard delivery time and standard
10 concentration elevation is internally set in the delivery

system. Of course, as discussed in detail below, this

can be done through the use of software. The delivery

of sodium is then activated by the patient when the

patient feels symptoms associated with a hypotensive
15 episode. _

To this end, as illustrated in Figure 2, the patient
presses a button on the activator that is attached to the
delivery system. . In the illustrated embodiment, the
activator 12 is a palm sized pendant 14 including a

20 button 16 which is attached to the delivery system by a
cable 18. ‘Preferably the .pendant includes a light 20
indicating activation of the system. However, any means
can be used for allowing the patient to activate the
delivery. For example, a remote control which generates

25 an infrared or other signal could be used if desired.

once the button is ‘pressed, it activates a timer

controlled by either software or hardware which causes

: the, concentration to return to the nominal after a
predetermined period of time. The maximum number of

30 deliveries which can be added to the dialysate and the
delivery interval will be controlled by software. This
prevents sodium overdosing that may be caused by too many
activations of the button. '



sogiun1cogg§ntration can be changed in the resulting dialysis by varying
the dilu in both punps. Punps for achieving sane arteﬂﬂﬁﬁﬁ%ﬁﬁﬁhin
U.S. Patent No. 5,158,441, the disclosure of which are incorporated 30
herein by reference. Briefly, in an enbodi nent, the punp can be a val vel ess
positive displacenent punp with a closed end cylinder having fluid inlet
and outlet ports. A piston I's reciprocably and rotatably driven in the
cylinder and includes a reduced area portigq an one free end which

conmuni cates cyclically with the inlet and outlet ports to punp fluid

t hrough the positive displacenent punp. 5 The piston also has a gl and
area forned in the piston which cyclically comunicates with a pair of
ports to clean the piston and cylinder and prevent the buil dup of solids.
The angl e between the drive shaft and the piston is adjustable to vary the
fluid volune and aligped _so 1 t hat, .t he .end cl earance ,bet ween the

pi ston and cyl i nder g&ggrﬁﬁt %héﬁ‘é’e gs 1@'h‘éls @%igegﬁﬁﬁé&a’. Pu ane

t he present invenientedt methaiingsedirto Wontrell a chemodiddysier deldmearyn
demand hi gh sodiym dhal L3ake s She Yl {55805 irpBERA L U1 Vel ot

sodium by a fixed amount for a variable time. Of course,
5 the illustrated hardware can be implemented using
software programmed into the hemodialysis system.

To this end, Figure 5 illustrates, generally, a flow
diagram of the software.used. to deliver through a dual
variable proportioning pump, sodium to the dialysate. The

10 software can be integrated in CPUs 1located in the
hemodialysis machine. The controller controls the mixing
of the dialysate and thereby can add sodium thereto. The

monitor insures that the mixing is correct. By
activating the button, the controller, through the
15 software, will be caused to adjust the sodium level.

Figure 6 illustrates, generally, the interaction of
the hardware of the hemodialysis- with the software.
‘Specifically, the ability of the hardware to inc;ease the
sodium added to the dialysate is illustrated.

20 ‘Figure 7 illustrates how the software is implemented
to respond to the button on the pendant that is.actuated
by the patient or healthcare personnel. The details of
the implementation are as follows:

25 State Transition Table
STATE NAME DESCRIPTION
A noButtonavail Button can NOT be used under
- present conditions.
B naTestButton Untimed button test active
30 during pretreatment.

c readyForButton Treatment button ready to be
activated.



15 hypot ensi on. Several factors influence the anmount 8%$ﬁ§§éggé%ﬂLch
i 5 tran§é§?¥@¥ﬂ$&) the patient across the: didlyzef ménbrane’ tarse

i nclude the difference between the dial ysatd sodi unfand.the patfent''s.7 °*%,
pl asma:wat er sodi um Additionally, the? cléearance of. thei20 ..'..,'
di al yzer will influence the sodiumtransported to the patient. The

clearance is influenced by the type of dialyzer, the blood flowrate, the
dialysate flow rate, and the rate of ultraittration. Additionally, the
amount of sodiumwhich is transported will be influenced 25 by a I ength
of time the high sodium bolus persists. Due to typical dialysis unit
practices, blood flow, dialysis flow, type of dialyzer, and ultrafiltration
are not easily nodified. Accordingly, pursuant to the present
invention, the delivery time and concentration 30 difference are

nodi fied. For epanpl ;qaTiedatiBlitt®na CAl?:Qndjdal We£r Bavtos aig00 aBt/iRien

bl ood flow and a 500 m /mn dialysate flow, chanai t he sodi um
concentration by 16 meg/l over the baseHQHé %% %bf sodi um chl ori de

- 10 -. will be dE&livewadtForlext@Guttonadia mtﬂuteboétd:ebysi s Heowtién

. 0 : :
equivalent to 1 m of 23.4%saline g'vegcgﬁv%tions. ~
5 F readyForTest Test Na Button reédy to be
activated.

10

15

.20

25

30




sterile injection. Thus, for exanple, if a patient were to receive a dose,
of 10 gkggﬁgpéﬁgitonic saline, the samer 5, ddsef coul d. b&@éﬁﬁbﬂmﬁvség‘.
m nut e vat ed di al ysate sodi um A rfufiber: ofe Hhtferent met hods <ean "be

used to provide the necessary sodiumta thé patdi€nt.. For ‘exanple, in: an«e
enbodi ment, a standard delivery tine and standard 10 concentration

el evation is internally set in the delivery system O course, as discussed
in detail below, this can be done througfpzthe use of software. The delivery

of sodiumis then activated by the patient when the patient feels synptons

associated wth a hypotensive 15 epi sode. To this end, as illustrated
in Figure 2, the patient presses a button on the activator that is-attached
to the delivery system In the illustrated enbodi nent, the activator 12
is a pal msized pendant 14 including a 20 button 16 which is attached
to the delivery systemhy a cable 18. P ef -rably t he pendant includes a

li ght 20 indiCa grdct PVation ot -t ie <4 FOVWEVE ATy ITE e

used for all ol ng The pabosidft osymlbm]/at areh®osAT ylod}bc smspl eas a
renote contro ensr at.es | nfrare cqul d be
used 1 dest ragEoErBed: 1Y biFRontransiElshy VS o cfhe”Highach
control | ed bysginbbds infliwate arNEGAdW@NeoWhthb posiddive loglc sense
5 ("a" = NOT nay., ’
2) The headings indicate the/transition path on the
state diagram (A-)C), the paty identifying number (#1),
and the priority within an EYT path grouping (I,II,III).
3) The paths are grouped/with respect to ALL paths that
10 ~“EXFP-a—particular-statel

-4}———The “g;alyze, normalize, disinfect" state
information is by definition mutually exclusive. '
s; A;J Eglaﬁ'es that a:a' b;ank ;‘ad!'cate a l!mulg CAREII
ill -
cically) ) . cuallis lusi
;e;at&onsh4p-between_the—qual;i;e:$~——$has—ensuxes.ONLX

(C-9.AC)
a single pafﬁZWTII‘be active.

20 the transition variables are ANDed t{6gether. Different
letters in a single column indicat€, that the transition
variables are ORed with the/ other product terms.
Therefore, "a AND a AND a" QR b and b" which defines a

. sun—of-producte—form.—

25 4H~——4Hufz “timeRemainsForButton" value -~{fra+b) for

naTreatButton state (D) is dynamic.unlike the other state

comparisons. The state D timer equation is timeRemaining

[typical minimum time at start = 27min) )
MINtreatTimeForButton

30 (20min] + : naButtonTime (7min). -
naButtonTimeExpired (0..7 variable]. '



the concentration to return to the nomnal after a predeterm ned period of

tinme, éyéggﬁgangun1nunber of 30 del:i,veyi eg ‘whirch caq:ﬁgiagg@agﬁgiLﬂg:
di al'ys he delivery interval will be;contrplil ed by software.  THI S ",
prevents sodi um overdosi ng that may be caused by, too; many .activations 'of,."
t he button. Figures 3 and 4 illustrate generally a hardware oriented

nmet hod used to control a henodi alysis delivery system such as the SPS
1550, for purposes of elevating sodlun1b¥ a_fixed amount for a variable
time. O course, 5 the illustrated ﬂardmare can be inplenented
usi ng software programed into the henodi al ysis system To this end, Figure
5 illustrates, generally, a flow diagram of the software used to deliver

t hrough a dual variable proportioning punp, sodiumto the dialysate. The 10
software can be integrated in CPUs |ocated in the henodi al ysis machi ne.
The control |l er fontrols the m xing of the dialysate and thereby can add

sodi um t her et®11 THReBRhes: stakeyFompPagigons: REe FLRPAY: i s correct By
activating thmxbélkéﬁﬂmgme mﬁﬂéﬂdﬁmeﬁ&%ﬂ 20h%n)+naBekt el be
iumlevel. Figure 6 ustrates generally, t e

caused to adjy;t.the SO
I nteraction o Je

93 - Eollows 3 ; ) . it £ 4
. for the
5 “E&b&e—éeﬁaem‘z path -is from
readyForButton (C) to noButtonAvail (A) [C-)A,.pa:h—##ﬂ)
dddddd—OR—333ee}—using—the—aetual—variable—names the

logic statement is:
* .10 IF (machineMode = disinfect)
OR buttonLockON
OR [ (machineMode = dialyze)
AND NOT UFCon
AND NOT treatemntInProgress
15 AND NOT therapyActive
AND NOT buttonLockON)
OR [ (machineMode = dialyze)
AND UFCon
AND treatmentInProgress
20 AND therapyActive
AND NOT timeRemainsForButton
_ AND NOT buttonLockON]
OR [ (machineMode = dialyze)
AND UFCon
25 AND treatmentlInProgress
AND NOT therapyActive
AND NOT buttonLockON]
<0 When first entering the waitForNextButton state (E)
and intermittently flashing the pendant lamp, it must
30 start with the OFF state, then the ON state. This will
pPrevent a single flash, when the last Na button has
expired and the wait state is just passed through to the
noButtonAvail sate (a).



thp harﬁﬁhre of the henodialysis wth:the sof{mare- Spec&fkcally,rthe..
abirlity of t hardware to i ncrease the sodluntadded t@ thﬁbgﬂﬁl gfks
|IIustﬂﬁggﬂzagé Figure 7 illustrates, how tthe sofi

i npl ement’€d to respond to the button on t he pendant t hat

patient or healthcare personnel. The details of the inplenmentation are as

follows: 25

State Transition Tabl e STATE NAME

S actuated by the

DESCRI PTI ON A noBut t onAvai | Button can NOT be used under present
conditions. B naTest But t on Unti @8d- button test active 30

during pretreatnment. C r eadyFor But t on Treatment button ready to be
acti vat ed. - 12 - D naTr eat Butt on Timed Na button is active
during treatnent. E wai t For Next Butt on Wit bet ween but t on
activations. 5 F r eadyFor Test Test Na Button reedy to

be acti vat ed.

10

15

20

25

30

A number of possible embodiments of the method -t
the present—inventierr are possible. The system can be
initially set to deliver a predetermined amount of sodium
for a predetermined time in response to the signal. 1In
another embodiment, the delivery time is adjustable while
the sodium elevation is fixed. By providing the ability
to change the delivery time, this will allow one to
account for different dialyzers and/or different

practices in different clinics. Again, the maximum total

time of delivery will be controlled by limits programmed,
stored and/or input in the software of the system, or
hardware, to prevent sodium overdosing.

In another embodiment, the delivery system can
estimate the actual number of milliequivalents delivered
to the patient. To this end, the patient’s standard
dialyzer clearance (which is available from the
manufacturer’s specification) at the given blood flow and
dialysate flow rates will be entered into the delivery
system as part of the system set-up. Likewise, the
patient’s serum sodium concentration and blood flow will
also be entered. Maximum sodium elevation can also be
programmed.

The mass transfer area coefficient (MTAC) for the
dialyzer can then be calculated from the entered data.
This calculation is known in the art and can be performed
through software.

' 'Assuming a fixed concentration increase over the
pPlasma water sodium concentration, the system then will
calculate the delivery time that is necessary to yield
the same sodium concentration as the unit’s standard
dose. Again, this calculation can be performed using
software. In the calculation, it should be noted that
since the theoretical dialyzer MTAC is generally higher



The follomnng State Transition Table defines all the transidion patha
bet weerweigupagss—+re table i s grouped by exits fronwa paJtliEHﬂHﬂMﬂﬁﬂﬁ*7,10
- 13 - NOTES for State- Traﬂ5|t|©n ‘Tabl e:: 1;"'The “ddcdef:"
synbol s are POSI Tl VE | ogi ¢ ‘'sense as descr’i bed by fhe tradnsition variable.
The "abcdef" synbols indicate a NEGATION of the positive |logic sense 5
("a" = NOr "a"). 2) The headings indicate the transition path on the
state diagram (A-)C), the path identifyi A® munber (#1), and the priority

15 20 25 30

within an EXIT path grouping (I,11,111). 3) The paths are grouped with
respect to ALL paths that 10 EXIT a particular state. 4) The
"dialyze, normal i ze, di sinfect"” state information is by definition

mut ual |y excl usi ve.

10

15

20

25

30

than the actual whole body MTAC due to access
récirculation, the MTAC used in the calculation will be
adjusted downward by a standard percentage, for example
10%.

Again, the system will operate as in the previous
system by the patient, or other person, activating the
delivery when the patient feels the symptoms indicating
the onset of hypotension. By pressing a button, the
delivery will be activated. The total number of meq of
sodium delivered will be controlled by limits programmed
in the software to prevent sodium overdosing.

Although in the discussed embodiment the system is
used with a double variable proportioning pump system,
the system can also be utilized with a single pump
system. However, the elevation and concentration of non-
sodium constituents would be higher than the
corresponding elevations with the dual pump system.

By way of example, and not limitation, an example
demonstrating the efficacy of the system will now be
given:

' EXAMP

It is known to use hypertonic 23.4% sodium chloride
solution for the prevention and management of hypotension
and for the treatment of muscle cramps during
hemodialysis. A Baxter 1550 Delivery System with.é dual
proportioning system for preparing dialysate was
modified, with the hardware illustrated in Flgurig 2 2&?
3, to allow for the automatic sodium dellver%{syetem‘of
the present invention discussed above.

Twelve patients who were enrolled in the study
received typical hemodialysis with one exception - at
those times when the patients would normally be given
hypertonic 23.4% sodium chlofide solution, the automated

5) Al'l squares that are blank indicate a "DON T CARE"

&



condition- 15.. 6) Wthin each group of stat es, (both Q&bﬁﬁ@‘gﬂﬁi‘ang
verti céi‘??msﬁére must exi st a mutual Iy eXcl usi‘wer rel at |ronrs | pr beteween  { he
qualifiers. This ensures ONLY a single pdth will ‘beacti ve « 7) The- sane:
letter, in a single colum indicates, that 20 "..'the trahsition variables
are ANDed together. Different letters in.a single colum indicate, that
the transition variables are ORed with tg,z ot her product terns. Therefore,
"a AND a AND a" OR "b and b" which defTne§ a sum of products form 25

8) The "tinmeRemai nsForButton” val ue (fab) for naTreatButton state
(D) is dynam c unlike the other state conparisons. The state D tiner

equation is timeRemai ning [typical mnimum tine at st art =
27mn ) M Ntreat Ti mreForButton 30 [ 20m ] + ’ T
naButtonTime [7mi n]. - naButtonTi meExpired [0..7 variabl e]~ 14 - Al

t he ot her stasedaump@els.mcs'yars;ysteqnlyaSt Iumlderm ngelivexyr oats‘ﬁlmﬁlarr But t on
[ 20m n] +naBUtd8§Z' 8¢ EZH’iﬂlu chloride to the patient.
2 ml blood samples were collected from the patient
pre- and post-dialysis and submitted to a renal lab for
5 sodium and BUN analysis. Pre-dialySis _samples were
collected from the patient’s hemodialysis access just
prior to initiation of dialySis.: Post-dialysis samples
were also collected from the, patient’s access . at the
conclusion of dialySis. Additionally, sample dialysis
10 was collected pre- and post-dialyzer for sodium analysis
during the time when the system was, activated. :

Interdialytic weight gain, intradialytic weight
loss, and incidence of complications were tabulated for
" a one week period immediately before and immediately
15 ".after the study. This data was compared to the one week
study. Blood pressure before, during, and after dialysis

was also monitored. N L . .
These results are set forth 'g'ra -hi-ca—lly in Figures
8-10. As illustrated the %’%W%J the .. present
20 invention provides as good a result as the preVious
' method for preventing hypotens.ion. _ However, the present
.invention has _many advantages including reducing the
iabor intensiveness of hemodialysis in typical centers.

25 modifications to the presently preferred embgdiménts
described herein Wlll be apparent to those-sKilled in the
art. Such changes and modificatie can be made without
departing from the spiwi .and : :scope of the .present
invention and ithout diminishing its attendant

30 advantages. It is therefore intended that such changes

GG e ¥aVa - ata a¥le - - -V -



9)_.'-\) The follow ng exanple shows how t:o interpret «the 5.. «table -def i pned
above. . The exanple path is fromreadyForButton () to.noBuftdnfvai l

(A) [-)A path #7]. The exit transjtign wl| occur when [a ‘OR'b" OR ‘dckcd OR
dddddd. OR Wa .:'%i‘l'abl e nanes the logic statenent i's:
10 | F ( : WNgi ; it t onLockON OR [ (machi neMode =

di al yze) AND NOT UFCon AND NOT treatemntl| nProgress 15 AND NOT
t her apyAct i veCRNIM®T buttonLockON] OR [ (nachi neMbde = dial yze) AND UFCon
AND treat nent | nProgress 20 AND t herapyActive AND NOT

ti meRemai nsFor Button AND NOT buttonLockON] OR [ (machi neMbde = dial yze) AND

UFCon 25 \D treatnment | nProgress AND NOT t herapyAgtive AND
NOT but t onLockoN] AdiemaislysisappaeatuePomprishig Julalysiiasoumses S e (E)

source, a dialysis membrane connected in/communication with each
5 source, and a control means operatively connected with the sodium source
for initiating delivery of sodium from the sodium source to the dialysate

to increase the sodium concentration in the dialysate at the membrane,
characterised by a manually actuable means (12) connected with the
control means, the control means being responsive_z to a signal generated
10 by manual actuation of said manually actuable means (12) for initiating

said delivery of sodium.

2.  The hemodialysis apparatus of Claim 1 wherein the manually
actuable means includes a button (20), the signal being generated by

15 actuating the button.

3. The hemodialysis apparatus of Claim 2, wherein the apparatus is

housed in a housing and the manually actuable means includes a cable (18)

_ extending from the housing and having the button (20) at the distal end
20  thereof. ‘

4, The apparatus of any preceding claim, wherein the control means

includes hardware for increasing the sodium added to the dialysate.

25 5. The apparatus of any preceding claim, wherein the control means
includes software for controlling the maximum number of deliveries to the

dialysate and the delivery interval, to prevent sodium overdosing.

6. The haemodialysis apparatus of any preceding claim, wherein the

30 control means is operable to adjust the concentration of sodium delivered



and internittently flashing the pendaft J@np, [t AlUSt 30¢, ¢ starfeeitdr the

L 4

OFF-state, then the ON state. This wilf {prevept &"singl ecfd agh, whenrdehe

| ast Na button has expired and the watt gtate, js‘just passedcthrough to-rthe
noButt enAvail sate (A). - 15 - Anu r of possible enbodi nents of the
met hod of the present invention are possible. The systemcan be initially
set to deliver a prgaeterm'ned anpunt, of sodiumfor a predetermned tine in
response to ONET & Rygdetermined Pen&gﬁgflﬁlfr- enbodi nent, the delivery tine is
adj ustable while the sodiumelevation is fixed. By providing the ability to
change the delivery time, this will allow one to account for different

dial yzers angl or e ﬂ&%digrygﬁtd@g%th&pf?ﬁ%%erﬁf Gla?rflk qsto ﬁgﬁhél'teiﬁ he

maxi mum t ot al ~10 time o el e controlled by Timts

programed, shecodtrohfieans iis Pperdble td delivét predetaimingd consemtrationr ofiar dwar e,
to prevent sodi um overdosing. In another enbodinent, the delivery system
can esti nit e sodism én vesponsertetheosignal| by adjusting adengtheofi tioe @yen svhich "t o t he
patient. To this_end, e patient's standard dialyzer clearance (which is
avai | abl e fr 88 sodium 1s ctléllvereé.

8. The haemodialysis apparatus of any one of Claims 1 to 5 including
‘means for insuring that a concentration of sodium to be delivered and a

10 length of time over which the sodium is delivered are fixed.

9. The haemodialysis apparatus of any preceding claim including a

dual variable proportioning pump.

15 10. The haemodialysis apparatus of any preceding claim including
means for restricting sodium delivery to a predetermined number of

milliequivalents thereof.

11.  The apparatus of any preceding claim, wherein the control means
20 includes means for storing a patient’s standard dialyser clearance at a
given blood and dialysate flow rate and the patient’s sodium concentration
and blood flow; means for calculating the mass transfer area coefficient
for the dialyser, and means for automatically determining the total number
of milliequivalents of sodium that will be required by the patient to

25 prevent hypotension.

. . . . .
OO RCTOasIItT Y™t vuyye U sliLLatiU U d Uldiy>dlf 4d

the diali{sis membrane of a haemodialysisapparatus including a manually

actuable means (12) gnd-a sodium source, the method comprising
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manuf acturer's specification) at the given blood flow and di al ysate fl ow
rates wi-l},-be..entered into the delivery systemas part of the system:::

set - up. Li kewi se, the 20 patient's serum sodi um concentration and

bl ood flow will also be entered. Maxi num sodi um el evati on can al so be
programred. The mass transfer area cogffgcient (MIAC) for the dialyzer can
then be calculated fromthe entered data. 25 This cal culation is known
in the art and can be performed through software. Assuging a fixed
concentration increase over the plasnma water sodi um cg centrati on, the
systemthen will calculate the delivery time that is rgcessary to yield 30
the sanme sodi um concentration as the unit's standard dfise. Again, this

cal cul ation can be perforned usin je. In -_i Q'i‘ k4P on, it shoul d
be noted that since the theoretical I*'yZer MIAC i s gegeral |y higher -
16 - than the actual whol e body MIAC due to access red cuI ation, the MIAC
used in the calculation will be adjusted downward by gf§t andard percent age,

for exanple 10%




5 Again, the systemw || operate as in the previous system by the
patient, or other person, activating the delivery when the patient. feels
the synptons indicating the onset of hypotension. By pressing a button,
the delivery will be activated. The total number of nmeq of 10 sodi um
delivered will be controlled by Iinigygwcgranned In the software to
prevent sodi um overdosi ng. Al though i'n the discussed enbodi nent the system
is used with a doubl e variable proportioning punp system the system can

al so be utilized with a single punp 15 system However, the el evation

and concentration of non- sodiunf  constituents woul d be higher t han
t he cbrresponding_glgyfglggg_mﬁt1 t he aL_punp_sys?en1 By way of exampl e,
and not limtatiTon, an e npﬂe denonstyating the effiicacy of the systém
will nowbe 20|  PBUShZEXAVPLE It i k@&;&usi hypertonic 23.49%
sodi um chl ori dg soUMUPUhr_or t he| preveht i o @@ Bandgenent of hypot eni on
and for the trggé&;ﬁig)ofl nugcle franpsk: !nd.25 henodi al y§i s.
A Baxter 1550 %E|I _Jgfﬁﬂted1m4 h a dpal $r ioning system for
preparing diallysa pasgnodi fipd, with t ware illustrated in
Figures 2 and §, t gnoh bownfor, the autohatisi &m del i very system of |t he
pr esent |nvent||on §§s§d lbova. sssSS l
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30 Twel ve patients who were enrolled in the study received typical
henodi al ysis with one exception - at those tines when the patients woul d
normal |y be  gi véh hypertonic 23.4% sodi um chl ori de sol ution, the automated
- 17 - sodiumdelivery systemwas used to delivery a simlar dose of sodium
chloride to the patient. 2 ml bl ood sa%}ages were collected fromthe patient
pre- and post-dialysis and submtted t renal lab for 5 sodi um and
BUN anal ysi s. Pre-dialysis sanples were collected fromthe patient's
henodi al ysis access just prior to initiation of dialysis. E idi al ysi s
sanpl es were al s&&@ect&d fromthe patient's access at t cl usi on of

1]

di al ysi's. Additi npl e di @4l ysis 10 was col | ectg Get and
post-di al yzer for sodi um anal ysisjduring t TTme Whem th was
activated. Interdialytic weight gain, intg M and

i nci dence of conplications were tgbulated|fldr a one week péfi medi atel y
before and imedi ately 15 aft¢r the s$fudy. This data dared to

t he one week study. Bl ood press G- e—adt Msi s was
al so nonitored .
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)

These results are set forth graphically in Figures 8-10.  As
itlustrated, . _the system of the present 20 I nventi on. prGV|des ‘as
good a resuft-as the previous nethod for preventing hypotensi on. However,
t he present invention has many advantages including reducing the |abor

i ntensiveness of. henodialysis in typiogl centers. It should be understood
t hat various changes and 25 nodi fications to the presently preferred
enbodi ments described herein will be apparent to those skilled in the art.

Such changes and nodi ficati ons can be made w thout departing fromthe
spirit and scope of the present invention and wthout dimnishing its
att endant 30 advant ages. |teigSdnergfore intended that such changes
and nodifications be covered by p ed cl ai ns. - 18 - VE CLAIM 1.
A method for preventing hypotension'in a patient recei ving henodi al ysi s
conprising the steps of providing a for generatlng as+gQqal ,

, sodi um

CONTROLLER

SET POINT MONITOR
DETERMINATION BT SET POINT
AND ETERMINATION
pumB Sreed L |comparisont\ PFT
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v
FAULT

PID MONITOR
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2. The nethod of Claim1 wherein the signal is generated by the -pat.i ent
actuati.ng.a.switch on a 10 controller extending from a -kHénodi-al y&i s
machine: 3. -~ The nethod of Claim1 including the step of adjusting the
concentration of sodiumdelivered over a predeterm ned period of tine in
response to other paraneters. 15° 5/9 4. The nethod of Caim1l

I ncl uding the step of delivering a predeterm ned concentration of sodiumin
response to the signal by adjusting a Iength of tine ‘over which the sodium
is delivered in response to other paraneters. 5. The net hod
of Caiml wherein a concentration of m o be delivered agghTeE ﬁength
of time over which the sodiumis deI| zrésflszblxed 6. The ﬁﬁqho -
Claim1 including the step of using hardware, at |east in part,

automatically 25 deliver the sodiumto the patient. 7. Th.'nethod of
Claim1 wherein the step of automatically delivering is, at
controlled by software. 8. The method of Claim1l including

usi ng a henodi al ysis machi ne having a dual varialfs
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9. The method of daim1l including the step of restricting the sodi um
del j.vered to t-he patient to a predeterniped nunbér ;of mll'i"eddirval ent’s. ¢ “I0.
The method of daim1 including the steps‘df: 5 [:.i. . enfering. ihtd 2.
delivery system for delivering sodiumto tihe dialysate, ‘a.patient's .’ "
standard di al yzer clearance at a gi v@#l ood and di al ysate flow rate and
the patient's sodium concentration and bl ood flow, cal culating the nass
transfer area coefficient for 10 the dialyzer; and automatically,

t hrough the system determning the total nunber of mlliequival ents that
will be required by the patient to prevent hypotension. 11. A nethod for
provi di ng henodi alysis to a 15 patient conprising the steps of:
passing, at least a portion of, a patient's blood through a dialyzer that
uses a dialysate, that includes an anount of sodium to renove netabolic
waste fromthe bl ood; and 20 automatically increasing the anmount

of sodiumin the dialysate in rE%PgE;e EZ a signal generated by the patient
or healthcare personnel. 12. The hofl of Caim 1l wherein the signal is
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generated by the patient actuating a switch on a 25 controller _—
ext endig_% .t'#:qm@; henodi al ysi s nmachi ne. 13. The nethod of C aim:i#. jsmed udi ng
the step of “adjusting the concentration of sodiumdelivered over a
predeterm ned period of time in response to other parameters. 30

14. The nmethod of O aim 11 includinggtge step of delivering a

predeterm ned concentration of sodiumin response to the signal but
adjusting a length of tine - 20 - over which the sodiumis delivered in
response to other paraneters. 15. The nethod of Claim1ll wherein a
concentration of sodiumio be delivered and a | ength of tinme over which 5
the sodiumis delivered fixed. 16. The nethod of Caim1ll including the
step of using a henodi algsi s machi ne having a dual variable proportioning
punp. 17. The nmethod of “Claim 11 including the step of 10 restricting
the sodiumdelivered to ‘Eﬁe patient to a predeterm ned nunber of
mlliequival ents. 18. The met hod of Caim 1l including the steps of:
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entering into a delivery system for delivering sodiumto the dialysate, a
patient's.stapdard dlalyzer 15 cl earance at a given bl ogg.-apd.digl ysate
fl ow riate -gmd¥tite patient's sodi um concentration and bl ood ?Iowr
calculating the mass transfer area coefficient for the dialyzer; and
automatically, through the system dgtqgnining the 20 total nunber of
mlliequivalents that will be requir é y the patient to prevent

hypot ensi on. 19. A  henodi al ysi s system for provi di ng henodi al ysi s
to a patient conprising: nmeans for -renoving through the use of a dialysate,
25 that includes an anount of sodium netabolic waste froma patient's
bl ood:-stream neans for increasing in the dialysate the amount of sodiumin
response to a siggal; and neans for allow ng the patient or healthcare 30
practitioner ¢b ggnerate the signal. 20. The henodial ysis system of C aim

19 wherein th@si®nal is generated by the patient actuating a button on a
controller exfhn «ng from a henodi al,ysi s machi ne. - 21 -
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21. The henodial ysis systemof Caim19 including the step of adjusting,the
concent rati on.-of:-sodi um del i vered over a predeterm ned perr@%ﬁiﬁlmgq
response*to ot hér paraneters. 5 22. The henodi al y57s™8yst &m of
Claim 39 including neans for delivering a predeterm ned concentration of
sodiumin response to the signal by a '/gti ng a length of time over which
the sodiumis delivered in response t her paranmeters. 10 __ 23.
The henvodi al ysis nachine of Caim 19 including nmeans for insuring 1fat a
concentration of sodiumto be delivered and a I ength of tinme d46f V\@ch t he
sodiumis delivered is fixed. 24. The henodi al ysi s machi ne of &gzi (L9
wherein 15 the henodialysis machine includes a dual i a§j e
proportioning punp. 25. The henodi al ysis machi ne of C ahtnéégy' &oﬁm
means for restricting the sodiumdelivered to the patie (2} -4
predet erm ned nunber of mlliequival ents. 20 |
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