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BACKGROUND OF THE INVENTION
10 Kidney dialysis machines are well known in the
art and are illustrated, for example, ‘in U.S. Patents
3,598,727, 4,172,033, 4,267,040, and 4,7639,134.
While machines according to the prior art
provide a. number of advantageous features, they
15 nonetheless have certain limitations. The present
invention seeks to overcome certain drawbacks of the
_prior art and to provide new features not heretofore
‘available. .
A discussion of the features and advantages of
20 the present invention is deferred to the following
. detailed description, which proteeds with reference to
the 'accompanyihg drawings . |

BRIEF DESCRIPTION OF THE DRAWINGS

25 FIG. 1 is a schematic hydraulic diagram of a
preferred embodiment of a kidney dialysis machine

according to the present invention.
FIG. 2 is a schematic diagram showing flow path
.locations and components of a pre-dlalyzer flow sensor
30 and a post-dialyzer- flow sensor according to the present
invention, _ _ i _ . _
| FIGS. 3A and 3B are isometric and schematic
diagrams, respectively, of a concentrate-line proximity
-sensor comprising a portion of the automatic



preférred enbodinent of a kidney dialysis nmachine according to
the present invention. ; FIG 2 is a schematic diagram show ng
fl ow path | ocations and conponents of a pre-dialyzer flow sensor 30
and”a post-dialyzer flow sensor according,to the present i nventi on.

. FIGS. 3A and 3B are isonetric and schemafic di agranms, respectively,
~of a concentrate-line proximty sensor conprising a portion of
the automatic

proportioning node setting feature of the present i nventi on.

FIG 4 is a schematic diagram showing the I nt erconnecti on of

i nput and out pytopbLESHHEn§dURbHEE! Setting Nifedti@dydsful ithefl | @repint of
the present inyentiop. FIG 5 is a schematic diagramof the
aut omat ed 1RYeRELMnber | evel adjusters of the present invention.

FI G 6 is a schematic dregrantofis i efshembtic ddmgpmmershowiing a theans
| ncr easi ng t netnEeFedRERGELI Biro dnpgfs AR ' dut e Blebfipd Laigls g ot
bl ock di agr am bifito atbenhydraulic flywtpathisdd the presendf dmwentdidyodi nent .
FIG 8 shows a touch scpeen di 5B @ dsfthdild Neidgram PoET ehkehAbMRAIEN
' * drip-chamber level adjusters of the present invention.
FIG. 6 is a .schematic diagram of a preferred
embodiment of a means for increasing dialysate flow
10 velocity through the dialyzer without increasing the
dialysate flow rate.
FIG. 7. shows ‘a block diagram of a computer:
system used in the preferred embodiment.
FIG. 8 shows a touch screen display used in the
15 preferred embodiment.
FIG. 9 shows the touch screen of FIG. 8 with a
calculator window for data entry..
FIG. 10 shows a profile entry screen used in the
preferred embodiment. .
20 N | FIG. 11 shows a-progrqmming screen used in the
preferred embodiment. |

DETAILED DESCRIPTION
Hydraulic Circuit

25 . A hydrauiic circuit 10 representing a preferred

embodiment of an improved hemodialysis machine according

to the present invention is illustrated in FIG. 1. The
hydraulic circuit - 10 is comprised of the following

_ principal components: an incoming~ water pressure
30 = zregulator 12, a water on/off valve 14, a heat exchanger
| 16, a héater 18, a safety thermostat 20, an "A" :

concentrate pump 22, a supply valve 24, an air gap

chamber 26, an "A" rinse fitting 28, 'a "B" rinse fitting

30, a deaeration sprayer 32, an air removal pump 34, a



FIG "9 shows the touch §creen of FIG 8 with a E'calculator wi ndow f or

data entry. FIG 10 shows a profile entry screen used in the
preferred enbodi nent. 20 FIG 11 shows a progranm ng screen used
in fhe preferred enbodi nent. DETAI LED

DESCRI PTI ON Hydraulic Crcuit 25 A
hydraul i c CIrCUIt 10 representing a preferred enbodi nent of an

i npr oved henDdlaIyS|s machi ne accordi ng to the present invention is
illustrated in FIG 1. The hydraulic circuit 10 is conprised of
thex follow ng principal conponents: an incomng water

pressureh30 ﬁéﬁﬂédﬂélrlﬂfag g@;eanonmgfhdﬁﬂuaalbityaprnhee&&hamgéBn
16 a eater saf et hernDs Aign frate
punp 22, a SGEEFF 3, %éﬁy ﬁ%mp Eﬂaﬁ% B)emiX 83%ﬁ‘sgrlnse

fitting 28, a4@3'aWWBﬂadbﬁdudﬁiv1ty pﬁabs éﬁdeaedaalyﬁaSQr£yéte32$8anaalr
removal punp 34,

vented air t raﬁ?‘%‘g‘y ﬁeg‘AlaE%ﬁdé&'l W yl pggssureB,equaﬁzggncse%,t rgt e.
punp 40, 52 supillow mraualizen 54/ amxontmﬂbepressuremeqaalmeréoﬁ@ucemr—xy

probe 46, a digly sﬁf}tég(ef 'sdiffo P 57, e ua?g_éffé’éﬂeréah&@éeivééy BPobaPkb,

pressure equalizer 54, an out put pressure
equal i zer 56, EEn@re-dlalyzer flow sensor 2, a dlalysate pressure

transducer 64, a bypass valve 66, a dialysate sample port
68, a post-dialyzér flow sensor 70, a dialysate pressure
10 pump 72, a UF removal regulator 74, a UF flow meter 76, a

blood-leak detector 78, and a rinse valve 80. The
aforementioned components are interconnected as shown in
FIG. 1. | |

“The incoming water pressure regulator 12 is

15 coupled to a pressurized water source 82 and reduces and

. stabilizes the water supply pressure to a level of about
20 psig. e _
The water on/off wvalve 14 opens when machine
power is on, thereby allowing water to flow from the
20 - source 82 into the hydraulic -circuit 10.  When the
' machine power is off, the water 1on/off valve 14 is
closed. _
The heat exchanger 16 transfers heat from
“spent" or effluent dialysate, passing through conduit

25 84, to the cooler incoming water passing through conduit
86 as these two.liquids pass countercurrently through
separate but adjacent compartmehts in the heat exchanger
16. In this way, the incoming water is warmed, which
reduces the amount of heat energy ‘that must be supplied

30 to the water by the heater 18.

' The heater 18 further warms the lncomlng water
to a suitable temperature for hemodialysis, which is
about 38iC. A typical heater 18 is a resistance type
known in the art, rated at about 1500 watts. The heater



of - stroke sensors 59, a dialysate conductivity probe 60, a

pre-di al yzer flow sensor 62, a dialysate pressure transducer 64, a
bypass val.ve 66, a dial ysate sanple port 68, a post-dialyzer flow
sensor 70, a dialysate pressure 10 punp, 72, a UF renoval regulator 74, a
UF flow neter 76, a bl ood-1 eak detector 78, and a rinse valve 80.
The,, af orenmenti oned conponents are interconnected as shown in Fl G
1. 'The incoming water pressure regulator 12 is 15 coupl ed
to a pressurized water source 82 and reduces and stabilizes the water
supply pressure to a | evel of about 20 psig. The wat er
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10 temperature at the proper level.
' The "A" concentrate pump 22 propels either
"acid" or "acetate" concentrate as known in the art from
a container thereof 88 into the air gap chamber 26. The
“A" concentrate pump 22 is a fixed-volume cam-driven
15 pump. A stepper motor 90 calibratable to rotate a
precise number of rotations per minute is preferably used
to drive the "A" concentrate pump.22. The stepper motor
includes a shaft (not shown) to which is mounted a cam
(not shown) which engages a flexible diaphragm 92,
20 thereby dellverlng a known volume of "A" ‘concentrate per
each rotation of the cam. An optlcal sensor (not shown)
on the cam monitors the angular rotation of the cam for
processing by the microprocessor (not shown). The
microprocessor, using information pertaining to dialysate
25 flow rate and concentrate parameters entered by the
machine operator using a touch screen (described in
detail hereinbelow), calculates the amount of concentrate
necessary to achieve a correct ratio of water and "A"
concentrate for hemodialysis théiapy. The microprocessor
30 thereby adjusts the angular velocity of the stepper motor -
. 'shaft. : -
| An "A" concentrate line 94 is used to deliver
"A" concentrate from the supply 88 thereof to the  "A"
concentrate pump 22. When rinsing the machine, the "A"



18 includes a downstream therm stor 20 or analogous(

t enper at ure-sensi ng device. A therm stor as known in the art: i s
essentially a tenperature-sensitive resistor which experiences a
chahge in electrical resistance that is 5 i nversely proportional to a
- corresponding change in t enper at ur 8. The thermstor 20 is
coupled to the machi ne' s m croprocessor (not shown in FIG 1) which
utilizes signals fromthe thernmstor for turning the heater 18 on and
off as required to maintain the water 10 tenperature at the proper |evel.
Thes" A" concentrate punp 22 propels either "acid" or "acetate"
concentrate as_known.in,the.art fra t g nerthereqf | t he
air gap chambeFC35SNtFRES ‘ilne_..%. J‘?on%oeurﬁlregq gl?%uﬁhpQZZAi s%‘ |eng§itj§/otr%~ﬂs
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preci se ”“”berCSBcEBEgéEB”%iHE( mnute is preferably used to drive the
~"A" concentrate punp ) e stepper notor i ncl udes a shaft (not_-

shown) to which is nounWbgna céisinfecting sHdih) WAHSwagddhar f1'dible -
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“adj usts the anflbat Uflocingidd the sirppsapndboer Thus, shhet float 100
An "A"' concent hpe | t | K8l hvdraulift ¢3¢l aie fgwm
t he supply 88 {jg;e@]e:%?gt o&ﬁ%f"xﬁ'sq fatl! he ‘hydrau § By

_ opening the supply valve 24 when the water level

supporting the float drops and by closing the supply

15 valve 24 when the water level in the air trap 36 rises.
The air gap 102 in the chamber 26 is at
atmospheric pressure. The air .gap 102 helps prevent

incoming water from flowing backward (upstream) in the

event of a pressure drop in the water supply 82. _ '

20 _ '_ A prbi;hr[ify ‘'sensor (not -shown in FIG. 1 but .

| " described in further detail hereinbelow) is built into

the "A" rinse fitting 28. The proximity sensor senses

when the "A" concentrate line 94 is coupled to the "A"

rinse fitting 28 and when it is not, thereby serving as

25 an important safety interlock feature which prevents
unsafe operation of the machine.

The "B" rinse fitting 30 supplies water for

rinsing the "B" concentrate line 104. During rinse, the

"B" concentrate line 104 is coupled to the "B" rinse

30 ) fitting 30. During acetate dialysis, the "B" concentrate

line 104 is also coupled to the "B" rinse fitting 30 for

recirculation of acetate dialysate solution therethrough.

The "B" rinse fitting 30 is also provided with a

proximity sensor (not shown in FIG. 1 but described in



concentrate punp 22. Vhén rinsing the machine, the "A"

5 concentrate line 94 is coupled to the "A* rinse fitting 28
which serves as a source of rinse water for the "A" concentrate |ine.
When disinfecting the machine, t he 6 "A" 5 concentrate line 94 is
- coupled to a disinfect fitting 96 which enables the "A" concentrate
~punp 22 to deliver a chem cal disinfectant to the "A" concentrate |line
- 94, Heated water enters the air gap chanber 26 t hr ough
t he supply val ve 24. The supply valve 24 is 10 actuated by a | ever 98.
The¥| ever 98 is coupled to a float 100 inside the air trap 36. Thus,
the float 100 furthéenHéehilwabgélﬁb@!bw t @imihEabyes athat Sroeidéd Wil

opening the ,.valve water |evel supporting
t he fl oat drop§ﬁgnd yr&P5§|ﬁétFHEgsg§ply 15 val ve 24 when the water
l evel in the air trap SQhélsenydraullc circuithe AhclydpslO2compoments

hanb ph I
oo ng. vt or CPPEAPAPourRg BRBRARY o ABer e S0 et perror g, PELREEY "
pressure 8rop passhegwdherethmplughS?. O2bherwise, if thqmimgumd;menﬂnnn#
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built |nto roximty sens senses

when tfie "A" ctheenceaxse | & g@wfﬁkﬂiﬂﬂkﬁjtﬁ¥QQﬂ@90Qr ln°¥q¢kﬂgf|¥h¢ng
28 and when it apgubaby hBeLRR¥hS8h¥ R8cRSEne performs ultrafiltration of

the patient. To facilitate deaeration, liquid flows
10 through the air-removal sprayer 32 at a rate of about
1500 mL/min at a subatmospheric pressure (about 500
_mmHg) . The reduced  pressuré is attained by aspirating
the liquid via ﬁhe air-removal pump 34 through a flow
restrictor 106 upstream of the air-removal sprayer 32.
15 The air-removal sprayer 32 breaks the liquid into small
droplets as it is subjected to the subatmospheric
pressure, which favors the formation of air bubbles.
The air trap 36 vents air bubbles liberated from
. the liquid by the deaeration sprayer 32 through a vent .
20 Qpening 108 open to the.atmosphere, ‘The air trap'also -
contains the float 100 discussed hereinabove.
The "A®" conductivity probe 38 measures the
electrical conductivity of the mixture of water and “A"
concentrate. Conductivity is an accurate way to
25 ascertain whether the "A" concentrate solution has been
correctly proportioned. The conductivity measured at the
"A" conductivity probe 38 can vary depending upon the
ionic strength and electrolytic profile of the "A"
concentrate. Since conductivify will be ‘affected by
30  temperature, the “A" conductivity  probe 38 is also -
 provided with a thermistor 110. The thermistor 110 is
coupled to the microprocessor (not shown) which performs
the necessary temperature compensation.



25 ‘an inportant safety interlock feature which prevents unsaf e

operation of the nmachine. The "B" rinse fitting 30 supplies
wat er for rinsing the "B" concentrate line 104. During rinse, the

"B" concentrate line 104 is coupled to thg1 "B" rinse 30 fitting 30.
During acetate dialysis, the "B" concentrate line 104 is al so coupl ed
to the "B" rinse fitting 30 for recircul ation of acetate dialysate

sol ution therethr'ough. The "B" rinse fitting 30 is al so
provided with a proximty sensor (not shown in FIG 1 but described in
6 ¥ further detail hereinbelow) simlar to that provided with

the "A" rinse fitting 2Zfhe wpe conce tratIEh? qnaabﬂ.‘iveﬁbrBﬂbhrhohaﬁé‘ldes
conponent s operable to renmpove di sso ases fromthe liquid
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sensor. The optical sensor is connected to the machine’s
10 microprocessor which calculates the amount of "B"
concentrate necessary to achieve a correct dialysate
composition for . safe hemodialysis - . therapy and
correspondingly controls the angular velocity of the cam.
-The "B" concentrate pump 40 will automatically compensate
15 for changes in dialysate flow rate in the event that said
flow rate  is changed during a dialysis treatment by
increasing or decreasing the pump,réte.
FIG. 1 also shows an optional third concentrate
supply 116, a third fixed-voiume.camvdriveq concentrate
.20 pump 118 operable in the same manner as the'PA" and "B"
concentrate‘pumps 22, 40, a corresponding mixing chamber
120 and conductivity probe 122.
The "B" mix chamber 44 provides thorough mixing
of the "B" concentrate with the proportioned mixture of
25 "A" concentrate and water to form dialysate before the
dialysate enters the "B" conductivity probe 46. |
The "B" conductivity probe 46 monitors dialysate
conductivity. Electronic circuitry (not shown) coupled"
te the “B" conductivity probe 46 subtracts the
30 conduct1v1ty measured at the_"A" conductLVLty probe 38
| from the conduct1v1ty measured at. the “B" conductivity
probe 46. During acetate dialysis, the difference in
these conductivity readings should be zero. Since
conductivity measurements are affected by temperature, a



droptets as it is subjedted to the subat nospheric pressure, which
favors the formation of air bubbl es. The air trap 36 vents
ait bubbles |iberated from the liquid by the deaeration sprayer 32

t hrough a vent 20 openi ng 108 open to the atnosphere. The air trap al so
contains the float 100 di scussed herei nab®ve. The "A"
conductivity probe 38 neasures the el ectrical conductivity of the
m xture of water 'and "A" concentr at e. Conductivity is an

accurate way to 25 ascertain whether the "A" concentrate solution has
been correctly proportioned. The conductivity neasured at the "A"

conductivity 1Y %ﬁn:’fhﬁ:o nl\ézar y.igeﬁ,?r{?ﬁi&&&pﬁﬂtﬁh%he ..g..onbgndﬁg{:g{}gi;g and

electrolytic concentrate. Since conduct|V|ty
will be affemmi-'da 43@ go prp@md@r femperatuge compensarion A% ytheohB" 38
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coupled to the n1croproc sor_(not shaown) which gerfo EB t he, necessary
“tenperature Cdﬁﬁ@ﬁg@g a redundant hlgh temperature alarm subsysteg.

The "B" opncentrate anﬁéfgkékﬂdégafiﬁmm@arhhhathydraullconcﬁrbuate angm a

supply thereof_112 and ls Q e 0,
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equal volume. Each chamber 126, 128 is comprised of two
10 compartments, one termed a ‘“"pre-dialyzer" or “pre"

compartment 130, 132 and the other a "post-dialyzer" or

_ "post" compartment 134, 136. Each pair of opposing “"pre"

and "post“ chambers is separated by a flexible diaphragm

138, 140. Solenoid-actuated valves 142-149 control the

15 filling and emptying of each compartment. In general,
each compartment 130, 132, 134, 136 is completely filled
before its contents are discharged. Also, the "pre"
compartments 130, 132 are alternately filled and
discharged and the "post" compartments 134, 136 are

20  alternately filled and discharged: &also, filling a "pre®
| compartment 130, 132 causes a corresponding discharge of
an opposing "post" compartment 134, 136, respectively.

The "pre" compartments 130, 132 alternately f£fill from the
supply pump 42 and alternately discharge to the dialyzer.

25 The "post" compartments 134, 136 alternately fill with
"gspent" dialysate returning from the dialyzer and
discharge the spent dialysate to a drain line 150. For
example, dialysate from the supply pump 42 enters the

"pre" compartment 132, thereby'displacing the diaphragm

30 140 in FIG. 1 to- the right, causing’ the,p"poStP
'"coﬁpartmeht' 136 to empty.‘ | Simultaneously, "post"
compartment 134 fills while ‘"pre? compartment 130

empties.



with the "A" concentraté punp, the angul ar vel oci t§/ of t he stepper

motor shaft is nonitored by an optical sensor. The optical sensor is
connected to the machine's-10 microprocessor which calculates the
anount of "B" concentrate necessary to achieve a correct dialysate
conmposition for saf e henodi al ysis 9t herapy and

coryrespondi ngly controls the angul ar velocity of the cam The "B"
concentrate punp'40 will automatically conpensate 15 for changes in
dialysate flowrate in the event that said flowrate is changed
dur¥ng a dialysis treatnent by i ncreasing or decreasing the punp

rate. i con L
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forc:.ng the diaphragm 140 to be displaced to the left in

FIG. 1 to expel an equal volume of fresh dialysate from

the "pre" compartment 132 to the dJ.alyzer. In the second

phase, all the solenoid valves 142-149 turn off for a

15 short period of time (about 125 msec). This brief shut-
off eliminates adverse affects on ultrafiltration
accuracy that would otherwise result if at least two of

said valves were open at the same time. In the third

_ phase, solenoid valves 143, 144, 146, _and 149 -are
20 'enérgized, causiﬁg the  "post" r:pmpartment 134 to f£ill
with effluent dialysate from the dialyzer, thereby
expelling fresh dialysate from "pre" compartment 130 to

the dialyzer. Also, the “"pre" compartment 132
simultaneously fills with fresh dialysate from the supply

25 pump 42, thereby expelling effluent dialysate from the

| remaining “post" compartment 136 to the drain line 150.

- In the fourth phase, all the solenoid valves 142-149 are

again turned off for about 125 msec. _

Since the volumes of opposing 'pre" and “"post"
- 30 compartments 130, 134 and 132, 136 are equal, the flow
' equallzer 54 volumetr:.cally balances the flow of
dialysate to and from the dialyzer. A further benefit of
such volumetric equality is that dialysate flow to the .



thermstor 124 is incl ude{d with the "B" conductivit;‘/ probe 46 to

provi de tenperature conpensation of the "B" conductivity reading. The
therm stor 124 al so conprises a portion of a redundant high
tenperature al arm subsystem 5 1&ef ore describing the
-hydraulic circuit any further, it~Fs appropriate to briefly
describe the flow equal i zer 54. The flow equalizer 54 conprises a
first chanber 126 and a second chanber 128 of substantially equal
vol une. Each chanber 126, 128 is conprised of two 10 conpartments, one
terﬁed a "pre-dialyzer" or "pre" conpartment 130, 132 and the
other a "post-diahyz8r" cdn be acci@fltel§OmeaburRal otds alilddEauhgdiss of
opposi ng "pre" and "post" .chanbers™is separated by a flexible .

di aphr agm £l9W %65 Sol enoi d-actuated val ves 142-149 control the 15
filling and iggtyl ng 01‘1??2@01@36 UPPIRA i |t42 hhfa gﬁme” rmnct;_or%seacr(a) to
conpart ment i S e ille Qre its
contents are dFEERSVgé‘& adeﬂ%‘xa:e t‘ﬁ'@ri% 8" 10w v g‘Hﬁ‘?r tpsresff%’(fe E&Y) _
are " al tebnat effgllf rthlee(flcnncbquallmhxsdmpﬁ:tmmtst e th' phs,tlySanmpaandrent S

134, 136 are rg%g 4 %:&’:%%glee ffiblze%f?‘”&’lgif&ééé ggﬂmuﬁhs%]ar bbb! s

"pre" rtnen causes a corfespon 2 ge-of
an opposing " pggmpresﬁﬂarmﬁanttll%4 digkysatapefiltery. 48, thehe Sl}PIﬂ-’Y

conpartments 13@ﬁui§%o§|t§b”at€h¥ fugd  fgzqm Eﬁﬁmber 48 /PPANd PUEHe 420 gind

~alternately disc ge tQ the dialyzer. 25 he ost" corrpartrrents 134,
136 al t er nat el FORAPFLHVIEY probesﬁéﬂ " d?%‘?y?é’c@ ot BERPng# r Sigkikers
dialyzerignd dialy8asehaitgeat haxspamt r& Ims;eae ;mesasuireﬁl of | i1re5138kig For

compar trent - 135A: s chy 4P %&%f&m@w&&% 0, 8L/nip highSr ghan |,

the right, ceahei iidlysateoflow rate cswpabynwhie diraterx &srlhg the
"~ Si mul t aneousl y conpartnment 134 fills while "pre"’

conpart ment EBuCBOEErSSBt’l es

The dialysate filter 48 is used to occlude

15 downstream passage of particulate foreign material into
the flow equalizer 54. The supply regulator 50 is
adjusted to an output pressure of, approximately 16 psig.
Whenever the "pre" and "post" compartments of the flow

_ equalizer 54 reach the end of a fill cycle during phases

20 1 or 3, pressure buJ.lds up in- the loop 152. As -the
pressure increases to about 16 psig, the supply regulator
50 opens sufficiently to pass the dialysate output of the
supply pump 42 through the loop 152 until the next phase
1 or 3.

25 The input pressure equalizer 52 equilibrates
hydraulic pressures at the inlets 155 of the f£flow
equalizer 54 so that the compartments 130, 132, 134, 136
fill at the same rate. Likewise, the output pressure
equalizer 56 equilibrates hydraulic pressures at " the

. 30 outlets 156 of the flow equalizer 54. The input and.

. output '_éressu're - equalizers are dis'cu,ssed in - greater
detail hereinbelow. '

The input pressure equalizer 52 also
automatically equilibrates the pressure of the dialysate
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9 The fl ow equalizer 54 operates via a four-phase

cycle. In the first phase val ves 142, 145, 147, and 148 turn on,
thereby filling the "pre" conpartnment 130 with fresh dial ysate and
di spl acing the di aphragm 138 to the 5 ]Jght in FIG 1. Such displacenent
of the di aphragm 138 expels "spent™ ™ dialysate contained in the
"post” conpartnent 134, which has a volune equal to the vol une I n
the "pre" conpartnent 130, to pass to the drain line 150. At the
sane tinme, effluent dialysate fromthe 10 di al yzer enters the

- "post"  conpartnent 136, thereby forcing the diaphragm 140 to be

di spl aced to tf‘foxllfﬁ? 'tBrough RiHe dowfstdsd Pih@éJUQBB\/mllmﬁ withr esd
di al ysate from co artnent 132 to the djalyzer Inigi

second - phRERSSEre Plﬁedééllé’ﬁ ate @k e dlow fayatiz F@)?tﬁ
short period offhéhéRetalaut ﬂz?éi;diﬁ%c)at ﬂ'heSfllbwefeqiia]IJ:zer inbéts 154

otherw se. requbEeseds  the:presiire; sbhlrhtd By oPhe ojaRBRLE brpdfhatly o
tinme. |5 theptuprd2, thehinput pnéssurd" equhlégef4352 Adsitridds, thand
wth etfluent HoFyeke S URHRLAAE 198871507 TBE: | "BAkn_ daunRibrarion,
di al ysate fronefppeessuompsr tarid:qwﬂ&@tlb chambexrs 1%!5 al $28r in thﬁl §é°W t he
PR o755 GHEELLIGE 54, b0 BUARMEPUS ¥eppiead Hishics) 0 2veae Ton
nd-of-stroke sensors 162, 164 are provided at
10 the outlets 156 of the output pressure equalizer. The
' end-of-stroke sensors 162, 164 verify when the flow
equalizer compartments have reached the end of a f£ill
cycle (end of stroke). When the compartments- are full,
the end-of-stroke sensors 162, 164 send a no-flow signal
15 to the machine’s microprocessor, indicating that the
compartments are full.

The dialysate conductivity probe 60 measures the
conductivity of the dialysate before it enters the
dialyzer. - The machine’s microprocessor compares the

20 ‘measured conducﬁivity with an expected conductivity value -
(discussed in detail hereinbelow)'based upon concentrate
formulation information entered by the operator using the
touch screen. If the measured dialysate conductivity is
excessively above or below the expected conductivity

25 value, the machine’s microprocessor activates a
conductivity alarm. Also, the bypass valve 66 is
triggered during a conductivity alarm to divert dialysate
away from the dialyzer through qondhit 166.

The diaiysate conductivity probe 60 includes a

30 thermistor 168 which allows temperature compensation of -

| the conductivity reading. The electronic signal from the
thermistor 168 is also utilized to provide a dialysate
temperature display on the machine’s touch screen as well
as primary high and low temperature alarm limits. The
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rerai ni ng "post"” conpartnent 136 to the drain |ine 150. In the fourth

phase, all the solenoid valves 142-149 are again turned off for about
125 nsec. Si nce the vol unes of opposing "pre" and "post" 30
conpartments 130, 134 and 132, 136 are quﬁl’ the flow equal i zer 54
volunmetrically balances the flow of di al ysate to and fromthe
dialyzer. A further benefit of such volunetric equality is that
dialysate flow td the 10

di-al yzer can be accurately neasured over a w de range of flow rates.
Thes supply punp 42 has two functions: (a) to supply an adequat e

di al ysate fl owwv. n : o] ' h I e h @@l v
compar  ment s RS o GoRUBSEIVEEY® as megsuted Ty’ OHpCWeRAERIiLy, |
through a | oopridise 60 is cokgn idiaplayadondithe, saching ' setongh srEeenpp| y
regulator 50, the "B'mydxqiahgahee 4dow ahsdhes2” Bncludes candedif-vity

pr obe 46. The supply punp 427delivers 10 _.dialysate at a nmaxi mum
regul ated preskeating 1vaxiaple thermigion gsflﬁﬁﬁ'at &Sapfr oﬁeﬁlﬁ;&nf%o

m/nin higher ¢h@Rnistort fRotli showat enfFoeL r af ebatt digctbsedpdnatietadidi.ng
O e 15 RSO kscag ey A TTRIE P FERASE, fr i
the fTow equataizelySds a HBypasspmionitegul atWeneser the machiinesiedimo an
_output presswf%ﬁgsgppgggrg%gﬁy%fﬁ%piggk of dialysate flow past the
flow sensor 62 serves as a verification that the bypass

10 valve 66 is functioning correctly.

The dialysate pressure transducer 64 senses
dialysate pressure and converts the pressure reading into
an analog signal propértional to the dialysate pressure.
The analog signal is utilized by the machine’s

15 microprocessor as the basis for a dialysate pressure
display on the touch screen, pressure alarms, and other
dialysate control functions (not shown in FIG. 1).

The bypass valve 66 protects the hemodialysis
patient in the event of a temperature or conductivity

- 20 f. alarm by diverting dialysate flow away from the'dialyzer;
The bypass valve 66 is a three-way solenoid valve which,
when triggered, occludes the conduit 170 leading to the
dialyzer and shunts the dialysate flow through conduit
166 to a location 172 downstwmeam of the dialyzer.

25 The dialysate sample. port 68 is an appliance
which allows the operator to obtain a sample of the
dialysate using a syringe for independent testing.

A second diélysate flow sensor 70 is located in.
the bost-dialyzer ("venous") line 174. The second flow

- 30 sensor 70 is constructed similarly to the first flow

~ sensor 62 and is discussed in detail -hereinbelow. The

second flow sensor 70 is utilized for checking the
accuracy of the machine’s ultrafiltration capability.
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Whenever the "pre" and "post" conpartnents of the flow equal i zer 54

reach the end of a fill cycle during phases 20 1 or 3, pressure builds up
in the | oop 152. As the pressure increases to about 16 psig, the
supply regul ator 50 opens suff|C|enH£% to pass the dial ysate output of
t he supply punp 42 through the | oop 2 until the next phase 1 or
3. 25 The | nput pressure equalizer 52 equilibrates

hydraul i c pressures at the inlets 155 of the flow equal i zer 54 so that
t he conpartments 130, 132, 134, 136 fill at the sane rate. Li kew se,
t het out put pressure equalizer 56 equilibrates hydraulic pressures at
the 30 outlets 156 ofhéhedigfygéggkﬂgﬁgyguié pumpe vnputsandltuatedutput
pressure equalizers are discussed 3 reater det ai_| herelnbg

The - input eeERstHreamequ@fi zekhe 52 lagY auBnat REGPRRANY LR

equi i brates tf@cpf@§§gtgb@f deahysiéing lines 158, 160 ¢€bndiags
at the 1 ow cqBbELyeRt] Mienyspds €0 -ty dnidE, prpsslBl Mhbtadh AT F
equal i zersi nl erke wéclrculmmmamelﬁﬂ,em e:hgenbyahedlpbyeqnel@lbaa‘yeat e
P oo oo e fep MBS BBl SORUE R beRriind bl Lebpeiicen
al | ows both chaabthe Flew rzmalizeie 5# and Also serves as a soufce of
hydraulic pressure sufficient to fill the UF flow meter
76 when demanded thereby.

10 The dialysate pressure pump - 72 circulates
dialysate at a constant flow rate of 1500 mL/min through
the recirculation loop 158, 160 without -affecting the

" overall dialysate flow rate through the hydraulic circuit
10. As a result, the dialysate pressure pump 72 is

15 usable to adjust pressure differences across the dialyzer
membrane.

As long as the dialysate pressure pump 72
receives an adequate volume of dialysate for pumping, the
flow dynamics of dialysate through the hydraulic circuit

20 10 are unaffected. However, should liquid be removed
from the recirculation loop 158, 160, the dialysate
pressure pump will attempt to replace that lost volume by
demanding more volume from the dialyzer. Since the flow
equalizer 54 maintains volumetric constancy of dialysate

25 passing to and from the dialyzer, the only fluid
available to replace any fluid lost from the loop 158,
160 must come from the dialyzer itself. Henée, by
precisely cont;olliné the amount of liquid removed from
the recirculation loop 158, 160 (using the UF flow meter

30 76), the operator can precisely control the amount of

| liquid that must be removed from the hemodialeislpatient.
via the dialyzer.

' Since the dialysate pumped by the dialysate
pressure pump 72 has a partially restricted flow, a



equalizer 54 to be fill ed at identical rates. End- of - st r oke
sensors 162, 164 are provided at 10 the outlets 156 of the output

- préssure equalizer. The end- of - stroke sensors 162, 164 verify when
the flow equal i zer conpartnments have_ [eached the end of a fil
cycle (end of stroke). Wen the conpartneh%s are full, t he
end:of - stroke sensors 162, 164 send a no-flow signal 15 to the nmachine's
m cr opr ocessor, |nd|cat|ng that the conpartnments are full
The di al ysate conductivity probe 60 neasures the conductivity of the
di akFysate before it enters the dialyzer. The machine's
M Cr opr 0Cessor syefigiadnt s%er SUHSAGHRP iddd YatM Eﬁea'lniiﬁl%e%ied
conductivity value scussed I n detail erelnbeloh% based upon
concentrate he Ug, ﬁ&F‘ﬁ’f’?&nrﬁﬁPéﬁF@’El bhe enth® SF FEMGR r}%ﬁ%’clfﬂft%ﬂrfg t he

touch screen. h:Eghhateea&iymudllal yragsugenatcitihd tinmst 178 oexepesiugel y

above or . bel owfrlhe expect gg conductivity 25 val ue, t he machi ne' s
M -cr opr ocessor -conductivity alarm Al so, the-
bypass v&l ve S The UFr | figper embuﬁr i'16) Bs-coomiprisedt pfalaarahandbed; ver t

'Clj'ihgl é;sglt ssat e cgﬁ\é\ﬁ%‘%é%/g%é%r &glgg é#ag&gé}%{gﬁ%elggét or84_L6§le ch’

allows tenperatdala@hcagpeniaﬁl. on (ﬁach subcbmpwnmeutu vi8¥d, r ettt nchasThea
~electronic si gB%ErE‘sﬁpghhriﬁgr evadlvé h?ﬁwbﬁtﬂ;]e,mge e@{:%@e!ﬂg' | iZfhdiQadPVi de

a dialysate | a mac th screen as wel |
as prinmary hi gkhgxewish. teﬁﬁéh&?uﬁbb‘é@w#‘m‘#ﬁ‘f st82, Afi¢ of the UF flow
12 10 meter 76 can only £ill when the.corresponding valve 188,

190 is opened. Whenever a first subcompartment 182 is

£illing, the oppos:.ng second compartment 184 is emptying
its contents to a drain line 192. The rate of UF removal
through the UF flow meter 76 is governed by the rate at
15 which the corresponding valves 188, 190 are alternately
opened and closed. )
Whenever liquid leaves .,the recirculation loop
158, 160 through the UF flow meter 76, correspondingly
less 1liquid is recirculated through the recirculation
20 loop 158, 160. - This causes a correspond:.ng "starvation" .
at the' input 172 of the dialysate pressure pump 72 which
generates a corresponding decrease in dialysate pressure
in the dialyzer. The decreased dialysate pressure causes
a volume of liquid to be removed from the patient that is
25 equal to the volume of liquid removed from the
recirculation 1loop 158, 160 via the UF flow meter 76.
These volumes will be equal so long as the dialyzer has
an ultrafiltration capability sufficient to remove said
volume from the patient at the desired rate.
30 - Effluent dialysate expelled from the flow
' ' equallzer 54 passes through and is” monitored for the
presence of blood by the blood-leak detector 78. The
blood-leak detector 78, discussed in further detail
hereinbelow, comprises a light source 194 and a photocell



di al ysate conductivity ag measured by the conductivity probe 60 is

al so di splayed on the machine's touch screen. The di al ysate
fl ow sensor 62 includes a self- heating variable thermstor as
well as a reference 5 therm stor (ngtg shown in FIG 1,-but discussed
i n detail her ei nbel ow) . The di alysate flow sensor 62 is used

mei aly as a bypass nonitor. Wienever the nmachine is in bypass, the
resulting lack of dialysate flow past the fl ow sensor 62 serves as a
verification that the bypass 10 valve 66 is functioning correctly.

The* dialysate pressure transducer 64 senses di al ysate pressure .

and converts tI186 whekshuimeonitssksdlightto transmdttedakhgoaghnthepefifbuénbnal

to the dial ysate ur A I | i's tiljzed t he

mchine s 15 SRR dalusion "Wies G erdyiiiign, | ot b1bdE redks

di spl ay on thethmaugh stheediapyeesumenbranes frond thehgatient dintgsthe

contr ol funct: dfivivdifle SNEHE Wlallkfatd) passing: through Mife P¥PASA-YERKE 06
alysis I ent e

protects the heno pa n ot event a tenperature or

conducti\fty Zptechion nBy vdillerahsayhial peation | of Fhey 1T (Resaingyzer.
tThe bypazs Va'flxﬁexﬁﬁtl'%folfgﬁ.hre;@%’l%bg&?é@ﬁ_@hdiﬂ@' decrhsk, J._n thémwox&nth t
ri ggered, occ s e_condui ading.to.the . i alyzer and,shunts
the di al ysate 9$§§}9¥£oﬁﬁﬁcgbﬂguﬁ‘e Pﬁ"g?gglﬁ'olglgl'o&eft e 19eCXRARR t 18am of
~the dialyzer. edcessive, trigdwrgliaablosdelsakphtarmoby tReimaehinagpl i ance
“which allows the operat t 0 _qbt ai AN, f Laly ing a
syringe for independentEo‘{felslﬁrh .ﬁaﬁﬁ.&% }_zeor&’ ‘Kﬁés]g%]o%%d'af%%sié{ég?ﬁéﬁ/
sensor AV is |Hhdtedrouted thravgh posduditaBizée theeheat" ¢xthargar 416, The
second flow 3Qpesq Y Hhis fGystructed simlarly to the first flow

sensor 62 and 1s di SCUSSEO I'n et'ai | herei nbel ow. The second fl ow
sensor 70 is utilized fRe chirse ngaive 80 allgweutheyUSF filew metsme?s :

ultrafiltrati aib CASREVE binse water from the recirculation loop 158,
160 at a rate of about 4 L/h. Such rinsing ensures an
15 adequate flushing of the recirculation loop 158, 160 and
UF flow meter 76. However, since liquid is removed from
the loop 158, 160 at a relatively high rate during rinse,
the rinse valve 80 also allows an equivalent volume of
liquid to be added back to the loop 158, 160.
20 s : e
: User Interface

In the preferred embodiment, a touch screen user
interface is employed. Appendix B contains wvarious
details concerning the user interface according to the

25 present invention. |

Touch screens are known in the art and are
commercially available from a number of sources,
including Elographics” West of San Diego, Cal. The use of
touch screens in user'interface'applications for medical

30  equipment is also known, as shown for example in US
Patents 4,974,599 and 4,898,578, the disclosures of which -
" are incorporated herein by reference.

In the prior art, as illustrated by the above-

referenced patents, touch screens have been used in



13 The di al ysate pressure punp 72 is situated
downstream of t he di al yzer. An acconpanyi ng recircul ation
| oop conprising lines 158, 160 conducts ef fl uent dialysate to the
i.nlet pressure equalizer 52. 5  The recijgcul ation | oop 158, 160 thereby
hel ps equilibrate pressure differences that m ght otherw se be
transmtted to the flow equalizer 54 and al so serves as a source of
hydraul i c pressute sufficient to fill the UF flow neter 76 when
demanded t hereby. 10 The dialysate pressure punp 72

ci rcul at es di al ysate at a constant flow rate of 1500 nL/m n through

t he recircul atcaemmudnmipidrb8yitlsCcompdicers wfricIRTE) theprovidevar gontrol

dialysate flo u t h@gw!'c a L G Ui 1 are t,
t he di al ysat e\%a{rrgé'sgu{fgggu%%rﬁgaeel sé( . %sgﬁééft 55‘5‘8}‘5? %%’%@fﬁle‘ e
di fferences aoweans tife whitlyzarcomputemrnhr {PRT, and a touch spreppngads the

di al ysate pre r _ LY2Ssan q4lsh i te
f or -punpi ng; -'% 80@%?%%%1%; %iszg% &dilgl ;:gg?e thré\l?gihﬁgﬁe‘g%l]ygr Z{lhﬁéﬁg
circuit & . BndrdoemaiglectRar se,HfRETeR PeKGuPE EhdSi dnyertiRBved

fromthe recircul ation PEOP 35&hokR0, at B odkal dbdgam of lieSeomPulRerp '
o LT ol 36 ke 25 oS Bnerol RS TEREATSPRESY BOITT, .

constancy of dirwydbéplap 50P3aSandgother awhpdnembs tdl theabpparatushe
only Tluid  gp;g 243hbaRe? £ " $RLGEENANY 'tn'! €nb OSaddudfd Nock 0% 138,

10 conventional manner to accomplish the dialogue and other
functions subsequently described.

FIG. 8 shows the touch screen display that is
usually presented to the operator of the systein of FIG.
7. As can be seen, the primary treatment parameters are

15 displayed. These include the héparin pump rate, the
dialysate flow rate, the dialysate conductivity, the
dialysate temperature, the elapsed treatment time, the
total ultrafiltrate removed, the transmembrane pressure,
and the ultrafiltration rate. Also displayed are the

,"20 _patient’s arterial and ‘venous blood pressure (both in

| " column of mercui'y form and in numeric form). A linear
indicator at the bottom of the screen indicates the blood
pump flow rate. A space at the top of the screen is
reserved for alarm and help messages.

25 ~ Most of these display elements are in a bordered
box. The border serves as a visual alarm indicator and
changes color and flashes if a corresponding alarm limit
is violated. :

A number of buttons are displajed on the right

30 hand side of the display. The first is a RESET button

" and is used to reset alarm conditions after an alarm
- condition is corrected. HELP guides -the user through a
variety of help messages. . SET LIMITS sets the alarm
limits for wvarious parameters including arterial



160 nmust cone fromthe dialyzer itself. Hence, i:)y precisely

centrolling the anount of liquid renoved from the recircul ation | oop
158, 160 (using the UF flow nmeter 30 76), the operator can precisely
control the anmount of liquid that nust be renoved fromthe
henodi al ysi s pati ent via the diaIyiE%. ~ Since the

di al ysat e punped by the dial ysate pressure punp 72 has a partially
restricted flow 'a 14

sufficient pressure is thereby provided at the input of the UF
renbval regul ator 74. The UF renoval regul ator 74 regul ates hydraulic

pressure at thgzééQQHI:e %eﬂt)ugh‘;ﬁf&suﬁ:e ar{d OpfpEt egigiﬁls ée?laces the The

UF fl ow neter I S- separ a I nto

subconpar t nentButgons 1811‘-V|té1% right cmﬂﬂnr sdfe 196, th{a&iSMOMht ment

182, 184 haSadaluonalcqm%%ndwgré/ P, td9thad Bsisedl Vebhtrol
aSSOCIated t herew t h. t her subcgggart nté}SZ 184, of the UF fl ow.

10 neter 76 €%505h995f||wh nmefatadpiag,d layefggparameterg | g
openeg Shenegbsewhéte Sbn Sthe osEedMENRINSE iinitiatesf ichel ﬁtﬁnsbhlﬁodpgog 12 ng
second conpart pent its conten ain line,1
The rate ol UPFaHet the Rotorfocks | arer ey moltdrk) S iiich, HERCy,

- the rai e -at 15audivi calahmes coforspdlli mpoomidses Bagtono0 lacatdoner natel y

- opened and ClQE@Srogrammable and WAR"REVe Mt bl LAY ESREE ﬁgngiﬂk@h'on

| oop
with them. Also, their positions on the touch screen can

10 be varied by reprogramming.

If it is desired to change one of the displayed
- parameters, such as the heparin pump rate, the operator
simply touches the corresponding indicator. A
calculator- 1like keyboard then pops up in a window
15 superimposed on the display, as shown in FIG. 9. On this
keyboard, the user can enter the new value for the
selected parameter. Once the. desired parameter is
entered in this fashion, the operator presses ENTER on
the calculator display and the calculator display
20 ~ disappears. The revised parameter is substituted in ‘the
corresponding indicator (with its border highlighted) and
the user is prompted, through a button that appears at
the lower right hand side of the screen, to verify the
entered change. If the VERIFY button is not touched
25 shoftly after displayed, the VERIFY button disappears and
the machine continues with its previous parameter. If
timely verified, the change takes effect. In the
preferred embodiment; the user has between one and five

seconds to verify the parameterl
30 Some . parameters  are not susceptible to
representation- by a single number displayed in a
parameter window. Exemplary are parameters that are
programmed to change over time (so-called profiled
parameters). In this class are the sodium concentration



158, 160 through the UF flow neter 76, correspondingly less liquid is
recircul ated through the recirculation 20 | oop 158, 160. This causes a
correspondi ng "starvation” at the input 172 of the dialysate pressure
punp 72 which generates a correspondlgg decrease in dialysate pressure
in the dialyzer. The decreased dlalysate essure causes a vol une of
liguid to be rennved fromthe patient that is 25 equal to the volune
of liquid removed from the recircul ation |l oop 158, 160 via the UF
flow nmeter 76. These volunes will be equal so long as the dialyzer has
an altrafiltration capability sufficient to renove said - vol une from

the patient at &ﬁ%lﬁf%iﬁ@ﬂyéﬂ@ sgPPutJ.on, the bf(fzirlb@ﬂfﬁte d«béh&‘éﬂtﬁatlon

expelled from the -equal | zer asses_ t is nopi t or ed
for the pPé‘sé’r:R% ‘B*ajcﬁﬁﬁ)"cﬁ b@%%%od&lr Cakarfbt ?o\‘l‘i‘Bafl tRation

bl ood-1 eak detreddeqr 78, discussed in further detail her ei nbel ow,
conprises a light source 194 .and a

oto

5" 196 wht oh B (91 15 ERASERRHs IR g PITR PFPELheS
di al y‘sateSoI-ulp’anmqeamisngarélesenhctughy dtrispmayed Imnkishe formt krfoulpdrt he
di al yzer menbr HPMLhe pat | 04 sa . al ysate
passi ng throug%&t%ﬁ) %1 8 o%)ld Itg%k Sgépi%it ‘{%erenfs vml sorggdzli porgléon%?)f
the |ight passiexgmple, tm@rgfaxaagMepreaentsrﬁ@ﬁmmmnqqpqnnnnﬁhmpn31ime
anmount Oft Hel Giin qﬁ% PESFESSRLL
excessive, tri ger giﬁeood gjfarm the ITB.ChI nae’H:ge $ °the
Ef f | uent dlalygéﬁéﬁmaﬁﬁtrﬁﬁﬁﬂQQn | bekefet edpWR  into fifteen minute

10 intervals. Such a display is shown in FIG. 10.

The use of bar graphs to display profiled
parameters is known in the art. The pr:Lor art fa:.ls,
however, to provide .a convenient manner by which data
characterizing the profile curve may be entered into the

15 machine. Typically, such data entry has been
accomplished through a keypad on which data for each
discrete time period is entered., However, this approach
requires dozens of key presses and provides numerous
~opportunities for error.

20 . In the preferred ~embodiment, din contrast,
prof:.led parameters are entered by simply tracing the
desired profile curve on the touch screen.

In more detail, programming of profiled
parameters is performed as follows:

25 From the main touch screen display of FIG. 8,
the user presses MENUS. The programming screen of FIG.
11 then appears, which includes along its right hand side
buttons corresponding to the - programming of sodium,
: bicarbonate, kT/v, and ultrafiltration. The parameter

30 . desired to be programmed is then selected by touch:.ng the -
correspondlng button. . . ' - |

In response to this touch, the screen of FIG. 10
appears. If a profile has already been programmed, it is



10 78 is routed through conduit 84 to the heat exchanger 16, then to
a-drain 198. The rinse valve 80 allows the UF flow neter 76
to renmove rinse water fromthe recircul ation | oop 158, 160 at a rate
of about 4 L/h. Such rinsing ensures an adequate flushing of the
recircul ati on | oop 158, 160 and UF fTOw neter 76. However, since
liquidis rennvedlfron1 the I oop 158, 160 at a relatively high rate
during rinse, the rinse valve 80 also allows an equival ent vol une of
liquid to be added back to the | oop 158, 160. 20

User Interface In the preferred enbodi ment, a touch screen

user. intea&%gﬁaxba eWH{OVSQr di Kadh Ot AickS ¥R{EO0USscreen.
details concernin user interface &ccording to the 25 pr esent _

i nventi on. Otherwise, ¥BgcAraphecth LB known in the art and are

comercially avail abl epefpea érmﬂﬂﬂtlﬁj thd usEIL program ithd tsd;ldmm
El ogr aphi cs Vst

i nterface appl PEQ?‘T"EJ%?FS:E g‘ﬁﬁ‘b‘&e :;‘é'-hetgse l;c;‘]rc?e"rﬁs |§{%F§€d§%\?\/§g °£1ovvn
for exanpbe i nth8 sodiuldtcencentra?d, 589ngndséd898TﬁiB dake msydemes of
ot g 11 s PR B MEYERE. Y SELURE Srearmens: (vips oAk FBPL
~have been usedeanlmer programmed, the machine also solicis this data
by means of a pop-up keypad.
The user then traces the desired profile curve
10 on the touch screen, and the computer virtually
simultaneously displays a series of bars corresponding to
the traced curve. :
Alternatively, the user can touch the screen at
discrete points on the desired profile curve. To program
15 a linear increase in sodium from 140 to 160 mEq/L, for
example, the user would touch the graph at 140 at the
ordinate corresponding to the beginning of the treatment
interval, and 160 at the oxdinate corresponding to the
end of the treatment interval. The computer would then
20 frt a linearly increasing serles of bars between these
poxnts.
Discrete touches can also be used to program
stepped profiles. If the first hour of treatment is to
be at 150 mEQ/L and the second hour is to be at 135
25 mBq/L, the user would first touch the screen at 150 at
the ordinate corresponding to the beginning of the first
hour. At the orxdinate corresponding to the end of the
first hour, the user would press at two locations. First
at 150 (to cause the computer to £ill in the intervening
30 period with bars correspondlng to 150}, and agaln at 135.
Finally, the user would touch the séreen at 135 at the
ordinate corresponding to the end of the second hour.
The computer would then fill in the second hour with bars
corresponding to 135.



conjunction with conputers and CRTs to provide a control panel that
can be changed under conputer control. The . means by which a
conputer, a CRT, and a touch screen can ~ be cooperatively operated in
this fashion is well known 5 and does gﬁ per se, forma part of this

I nventi on. FIG 7 shows a Dl'ock di agram of the conputer
system 500 t hat |s used to control the touch screen 501, CRT di spl ay
503, and other cdnponents of the apparatus. This conputer is
programmed in the |anguage 'C in a 10 conventional manner to acconplish
t he* di al ogue and ot her functions subsequently descri bed.

FIG 8 shows the touchafyegen thspl dysired i profileusdakig prmeentieeehno the

operat or of the,system qf . 7. As _can _he seen, .the.prinmar
treat nent par fr?&eéﬁeéi'ar‘g‘ﬁ }l"'&%'l‘stb?ﬁ 18 ?ﬁ8§§eahgpu&g{t h@‘%e%ﬁggﬁmﬁurrp
rate, the inditdley smichimeqaw rate, the dial ysate conductivity, the

dialysate temperature, jhe ol apSgdo bt EALAT EnbblEnohl? * tho ! Gshouter

ultrafiltrate -renoved, Tane pressure
ultrafiltrati dsne@sd. the. b@ldh@pl@ye@atéhebaﬁe tp ongamoifena §&&Tl?§r ief and

venous bl 00d pfigesidte PUdE! N 1n t EOEHEB o RGN, BN ddrdbger i C

form. A linear . i ndi cator at t ebottomof the screen indicates the
" bl ood puN}?lﬂJIe&NaFf@t &paces dPademEQ/En8teBH: of the screen is

reserved for al armandnh_ %aswﬁ%hé%creen duringVasiief prbgeamslisp! ay
el enents are |n a qQrd

er seryv visual al arm
- indicator and® gng’(% %o?ﬁ’i“e’éﬁ'fa ‘F?g%hgén P¥atBo ?’é‘gﬁbrﬁ%g’"ﬁﬂ’%ﬁ’rﬁl i mit
i s viol atged. counterpart tA anupdﬂﬂ:n.mildmtbmsmayebdl sisplagedn t [hen ght
32ed Pgn?e:;?%g%;rérﬁ%’(?gﬁ{) %Sta rgaf %Stﬁhgafrﬁ%&%%}conﬁ%%gn |an t?‘ﬁ’ect ed.
HELP gui des t kdndoer the quugkerxical pansmeteny avirnesponddagades eaclsmiat| M TS
sets the alar@g ;¢ 54 0fiSed O AfBE OHS profi FEBALE Shedh Lo Mmdd [ €7 i at
the numeric countei:part to any bar can be displayed by
15 first touching a LOCK button that locks the curve, and
then touching the bar in question.

After the profile has been set, the user may
wish to alter it in certain respects. One way, of
course, is to simply <repeat the above-described _

20 programming -proced_ﬁre. Another.is to adjust the height
of a particular bar. This can be accomplished' in one of |
two ways. The first is simply to touch the bar to be
altered. The height of the bar tracks movement of the
user’s finger. The second way of adjustment is to first

25 select a bar to be adjusted by repeatedly touching (or
pressing and holding) a Right Arrow button until the
desired bar is highlighted. (The Right Arrow button
causes highlighting to scroll through the bars, left to
right, and cycles back to the left-most bar after the

30 . right-most bar. . The highlighting indicates the bar that

' is selected.) The numeric parameter corresponding to the
selected bar is .displayed in the numeric data window.
This value can then be adjusted by Up and Down arrow keys
that cause the displayed parameter to increase and



17 pressure, venous pressure and TMP. MENUS repl aces the

buttons on the right hand side of the display with addi ti onal buttons
correspondi ng to additional control functions, while maintaining the
di spl ayed paranmeters 5 elsewhere on thg;screen. RINSE initiates the

ri nse node, provided the interlocks are net. MUTE si | ences nost
audi o al arns fqr 100 seconds. Button |locations are

reprogr ammabl e and can have nultiple | egends associ at ed with them
Al'so, their positions on the touch screen can 10 be varied by

r epr ogr amm ng. If it is desired to change one of the

di spl ayed dpareasegr sespachively he hepthe rpyefgrired esmbddimerdr attdre

si npty touche re [ i ndi.cat o : tqQr- :
"li ke keyboard ?ﬁer#l{gpsng% ia?lﬁg&gvi g%%?v_gu%%su%%?i r?ﬁgéé’é“ oﬁa%ﬁ%gg%gpﬁ:g’y, as
shown in FIG ohangme tim ssteps ®fyfodr diEqie ucke-temtkntde tesalabicam ue

for -the S r tels o3 C : i Metaerls i nls
entered in thi §k§ggﬁlggngﬁt Efelg'oggzr'%%%%p(?aegésg%l %ﬁég;\c%r? difkel t ﬁg_s_lclzdallslc?u
di splay &nd ¥ratiocaheldsit withdj ephey mpramgtens,cpregrammed, cift sddis

~paraneter is sgbshibftedagRihhethe ENTER' BuReOd 18 prdsealdoid Wonpldte
- border_highli ghﬁed and ., the user is pronpted, through a button that
~ appears at the  RregRayming ePeEA W ve of the screen, to verify the

entered change. If thesVERItHY bthépn paramstteraychptofbleds paxametafiser

't o pr ovi ous pEAReRLrS Db Pert EERRIR SR Tney ekt diFel? 0N BES T

effect. 10 In the Aftefer r EHeenbabonerndetahtedser dagka betpmodiildmg and

five Secogﬂéréei&%i fgréhec&@ﬁfé@écﬂ - data corresponding to the
programmed profile is stored in the computer’s memory.
Periodically, such as once every -fi_fteén minutes, a timed

at or

interrupt in the system’s software program causes the
15 computer to poll this memory for the wvalue of the
programmed parameter for the next time interval '(here
fifteen minutes). The physical parameter is adjusted
accordingly using conventional adjustment mechanisms.
_ _ _ Once treatment has begun, the system only
.20 permits bar graph-bars c'of:_:espé_ndi_ng' to upcoming time
intervals to be programxﬁed. Bars corresponding to past
time intervals reflect treatment history and cannot be
changed. To readily distinguish past from future, the
bars corresponding to each are displayed in different
25 colors.

In all aspects of the interface, the user is
guided from one touch to the next by a feature of the
preferred embodiment wherein the button.that the user is
most likely to press next is highlighted. For example, -

30 when the machine is in Rinse mode and is nearing
-completion of these"opei‘atiqns ; the ‘Self-Test button is
highlighted, indicati'ng that this is the next likely
operation. Similarly, when the Self-Test operation is
nearing completion, the Prime button is highlighted. By
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30 Some paranmeters are not susceptible to

representation by a single .nunber displayed in a par anet er
window. Exenplary are paraneters that are programmed to change over
time (so-called profiled paraneters)zzln this class are the sodi um
concentration 18 of the

di al ysate sol ution, the bicarbonate concentration of the dialysate
solution, kT/V, dnd the ultrafiltration rate. In the
preferred enbodi ment, such profiled 5 paraneters are sel ectably

di spl ayed in the fornrof bar graphs on the display screen. Usi ng
sodium as anthis é?aeﬁﬁre gvani %dﬁ@eeseeéﬁss@rﬁwnéaemyntgﬁdms in
t he range of 130 - he X-axigs represents treatnment . .
peri od, broken BBRHQ nF efWFFBeﬂen§ﬁﬁQEFQR§ s?peqﬁﬁﬁ?Qf di splay is
shown in FIG 10. In addifivn usaoof hhe grmﬂmse-tdesh:sﬂ:@q pru¥ed ed

parameters i s knpwn

In the a riar.art, fa r
provi de a conv%ﬂ?gﬁfaﬁﬁhnngHVnWﬁFE 08§t§uth th%ré %%%?%%lmggﬁgé%prg%}le
curve nmyS5he ealsoebereﬁiebhedlby amp ®iS-282C serigdi dattlhy intmnflacad B3,
entry has begﬂd b a&gggp g&ed t hrough a keypad on which data for each -
er

discrete time period rs-en However, this approach requires
dozens™ of key presses aﬁdtpr@ﬂnﬁﬁsﬁﬂﬁﬂﬂ(kmﬁwn asomeonyni ¢aeds f o &b .
20 &Brabhe afd eiglhad 1R MBPE, dd repRbbdhted by U.S.

Patents 4,450,024, 4,575,127, 4,617,216, 4,648,189,

10 4,683,371, 4,745,268, 4,795,898, 4}816,654, 4,827,512,
4,829,169, and 4,896,027, the disclosures of which are
incorporated herein by reference. ‘In the preﬁerred
embodiment, a data card can be used both to load
treatment parameters into the machine and to download

15 logged patient parameters from the machine for therapy
analysis. _

Among the treatment parameters that can be
provided to the machine by a data card are the
_ ultrafiltration profile, the sodium profile, the

20 bicarbonate profile, the bloed; pump flow .rate, the
treatment time, the desired ultrafiltration removal
volume, the dialysate flow rate, the dialysate
temperature, the blood pressure measurement schedule and
alarms, and the heparin prescription.

25 Among the patient parameters that are logged by
the machine and that can be downloaded to a memory card
for later therapy analysis are: temporal data relating to
dialysate temperaturé and conductivity (both of which are -
typically measured at several points in the " fluid

30 circuit), _venoﬁs, arterial, dialysate, systolic and

- - diastolic presSures, blood flew rate, total blood
processed, ultrafiltration rate, total wultrafiltrate
removed, the ultrafiltrate goal, and the machine states.



profiled paranmeters are éntered by sinply tracing t he desired profile

curve on the touch screen. In nore detail, programm ng
of- profiled paranmeters is perforned as follows: 25 From
the mai n touch screen display of FIG 8, the user presses MENUS. The
progranm ng screen of FIG 11 then appears, which includes along its
right hand side buttons corresponding to the programm ng of sodi um

bi carbonate, kT/V, and ultrafiltration. The paraneter 30 desired to be
programmed is then selected by touching the correspondi ng button.

In response to this touch, the screen of FIG 10 appears. If a profile
has al ready been programed, .it |

19 di spl ayed Slbé?nagﬁﬁphthﬁaﬂﬁqiwc?ﬁp ERARs CONMEFento the

Gt herwi se, themgchphei s:emﬂxm codes that, whéaf oreadeby tthagniaehinegr to
program t he sodi u

h h f I h
value of 5 tﬁ%"&?ﬁ‘% mst%&?éﬁf r%‘t?%’?%%rnc%bsl’lrjge r{eséﬁh?é)p%é?%f?é eﬁ?‘gzﬂ‘é%@
on -a-pop- up. kegahibratiént lmode,catechhiciap wasienot enablingr [l blood

programre.  NgrgBERLLS AR S Hinkbion 1ahgs ryinlly SRENpaYenReBol !

keypad. The“use races the curve
on the touchtrassmihtedamyen hbthecseniadr PQC'NH li@lrl ydlagnogtm,t an@dusl y
di spl ays a sergegept. bars corresponding to the traced curve.

The card used in the preferred embodiment is
commercially available from Micro Chip Technologies under
10 the trademark ENVOY and provides 32K of data storage in
EEPROM form. Similar cards are also available from
- .Datakey. , _
" When a card containing treatment parameters is
read by the machine, the stored parameters do not
15 immediately take effect. 1Instead, each is displayed on
the screen and the operator is asked, through prompts
that appear on the screen, to verify each individually.
If a parameter is not verified, that aspect of machine
operation is left unchanged. In the preferred
20 . . embodiment, the parameters loaded from a memory card are
j displayed in their respective parameter windows and each
is highlighted in sequence, with the system soliciting
verification of the parameter in the highlighted window.
In alternative embodiments, a plurality of parameters are
25 be displayed for verification as a group.

Returning now to FIG. 7, the computer system 500
that controls the user interface and other aspects of
machine operations is built around an IBM-AT compatible

| motherboard 502 that includes an Intel 80286
| . 30_ _ micropr0cgssor 504 and 256K of RAM 506 interconnected by-
L . an AT bus 508. Into expansion slots in this motherboard
| plug seven additional boards: a memory board 510, an

E ) RS-232 board 512 (which is dedicated to controlling a
’ patient blood pressure monitor), an Input/Output system



Al ternatively, the user ‘can touch the screen at ( di screte points on the
desired profile curve. To program 15 a linear increase in sodiumfrom 140

to 160 nEqg/ L, for exanpl e, the user woul d touch the graph at 140 at

t he’ ordi nate corresponding to the beglnning of the treatnent

iI'nterval , and 160 at the ordinate corres nding to the - end of the
treatnent I nterval. The conputer would then 20 fit a linearly increasing
series of bars beétween these poi nt s. Di screte touches
can al so be used to program stepped profiles. If the first hour of
treatnment is to be at 150 nEq/L and the second hour is to be at 135 25

nmEq/ L, the useq 2! uc r s 0 te
correspondi ng toﬁ%ﬂbegl %tr?ﬁka $Ill§ ‘?P ﬁi'ﬂrﬁﬁfﬁ:ﬁ@aﬁﬁ.o% prﬂga ﬂ%ﬁ@
cor respondi ng s¥stewe eﬂ@h@ﬁollﬁr boar¢r351ﬁoura t i agser BWWP d §Y§§§mat

two | ocations co%wﬁ;uer b&érdl%%(,t 4 ¢aush bBeeeANPHEErfheef bbhr&NshbE
I nterveni ng 30 peri_od bars- corres ondlng go 150),. and again at 135.

Finally, the f ambJ QPtqiﬁﬂiaﬂhédéBFéén 98743824t the ordi nate -

corresporgling to the emthedf toempennd heystem- habe cofind er peimdryzhen
fill in the second m%h w t.h bars correﬁéggdlng fo 135
4 7

20 respons ]e’rtlter?e‘ de(sll)r e‘bs%"f of ?ﬁ%/e“ha% be‘é}ﬁrough 1éﬂ?ered
t he ENTER but tQRT i dippdayecand she ttmugh ogezeen); (2)tlsdatmchinachine

control (i.e., ~rinse, prime, dialyze, etc.); (3)
microcontroller communications; (4) conducting of self-
10 - tests; and (5) calibrations. These functions are carried
out by the AT-computer in conjunction with the above-
listed expansion boards. :
Turning now to a more detalled descrlptlon of
each component, the memory board 510 contains the
15 firmware for the 80286 microprocessor. The memory board
can hold up to 384K of read only memory (ROM) 524 and 8K
of nonvolatile static random access memory (RAM) 526.
Also included on the memory board is a memory interface
528, an RS-232C interface 530, and a time of day clock
20 532.- The interface. 528 is conventlonal and simply
handles the addressing of memories 524 and 526. The RS-
232C interface is for general purpose use (as opposed to
the RS~232 interface 512 that is dedicated to use with a
blood pressure monitor) and is typically used to remotely
25 provide programming instructions to, and to interrogate
patient treatment data from, the machine. The time of
day clock 532 is used, inter alia, to time/date stamp
patient data as it is acquired and to provide a time of
day reference by which automated machine operations (such
30 as unattended warm—up) may be controlled.
| ' . The host control program is written in the e
programming language. This code is compiled, linked and
loaded into the ROM 524. The purpose of the host control
program is to:



{
In the preferred enbodiment, the conputer 5 ° "snaps" the height of

each bar to one of a series of - discrete values. In the case of

sodi um these discrete val ues are spaced in 1 nEg/L steps.

Di spl ayed on the screen during this progr,amm ng operation is a nuneric
data wi ndow i n which the numeric 10 counterpart -to a particular bar may
be di spl ayed. Wen the curve is first traced, the conputer displays
in this wi ndow t he numerical parameter corresponding to each bar

as it is defined. After the profile has been progranmed, the nuneric

counhterpart to any bar can be di spl ayed by 15 first touching a LOCK
button that |ocks the curve,Gaiter datéhesrcuouthe N it /oAt put ,qUBBSOAN.
After the profile has en set . e r ish.to alter it in
certain respects. = On mpgdofl}lr‘:raﬁi&ﬁg?éon Fgf’wf%_hgﬁtnfﬂlé_'?%f) G817 ¢ he
above-descri bed 20 prangt amutpgtpr cortinek. fukdtilveys | ot othd) usaridmes
hei ght of a partic [ RS .acconpl.ished in one of

! éﬂﬂr@ﬁrom'b s&%{l‘:ﬁﬁs

two ways. The first is SInip touc e bar to be - altered. The
hei ght of5the bar tracks novipuiht @atanhdrom thesewserfiimferfartiee tewend way
of adjustnent is to firglyaen: Select a bar to be adjusted by repeat edly

touchi ng (or pressing and holding) a R ght Arrow button until_the
desi rel bar is highlighted. Mondhex R’Fgﬁt dataonfert (vhplation ggdesalarm

highlighting to scroll gshfiihahde dadge dfddatifg condifibns ANAnEY RES
back to the | eft-nost bar aft}g the 30 , right-nost bar The hlghl,l hti ng
indi cates the bar that 8t the s ARPrOpFipteThBragHAR | 2}arm nefpdition

correspdding to the indizelteatsgd bar is displayed in the nunmeric data
RO e o i AR, TS B R Uk
f operating state of the control program, i.e.,
Standby, Rinse, Self-Test, Prime, and Dialyze;
and .
15 Update the display data to the CRT portion
of the user interface.
The RAM memory 526 is used to store calibration
and machine parameters.
_ In order for the memory board to operate without .
- 20 ‘conflict with the host AT-motherboard, the motherboard
must be modified by disabling the data buffers above
address 256K. The memory controller’s ROM space is
mapped into the address space from 256K to 640K, with the
portion between 256K and 312K being mapped also to
25 address range 832K to 888K. The code at this upper
address range is configured as a BIOS extension, which *
results in the ROM being given control by the
motherboard’s .BIOS software following power~-on
initialization. Unlike the standard BIOS extensions, the
30 . host code does not return to the BIOS after being given
"~ control. | L B ' R
The RS5-232 board 512 permits coxﬁputerized remote
control of a patiént blood pressure monitor. Suitable
blood pressure monitors that are adapted for RS-232



21 decr ease, rgspectively. In the preferred enbodi nent, the

Up and Down arrow keys cause the sodi um paraneter to change in steps
of- 0.1 nEg/ L, one-tenth the resol ution provided in the original data
entry procedure. Asimlar 5 rati o holds with other paraneters
programmed in this fashi on. Again, t4fe ENTER button is pressed to
compl ete t he programm ng operation. As with other
paraneters, profil ed paraneters nmust al so be Verified before they take
effect. 10 After the above-detailed data profiling
opérations are conpl eted, data corresponding to the progranmmed profile

s stored in lOgaEA0PU Ehos QEMNNLIe  £rBRI SflhEBLAYNe SHEN BLIQAER-BYCrY

fifteen m nutes errupt Tn the-systems software progra
causes the 15 Or%@ﬂﬁuter to poll thIS menory for the value of the

programmed paranet er fOThéhet%%Ght'éE%ééﬁe”ﬂﬁ%effﬁé@ board f t£2H is
m nut es) . Th%as S|cal araneter is adjusted u@sccordlni Yy usin

convent i onal chavgailgble ds part numhexr ERJAAOR: fF&@
begun, tge smsbgmpnﬂd:s afd J.aerdr@stﬁgnbar t@raiﬁemes witl eghendi2ng -1 .

. . di
tPre | nter var sCPRrReBtRe] calhethat B SR the,Brasared eptuiaght 10"
readi |y distingbésupatiohr ofi fulieurimtexiface bodmﬂwﬁ&ﬁnxsspon&ragsﬂateach
ar e d'Sp'ayed gﬂ i%e££%ﬁr£§h %féﬂ‘ﬁﬁé touc scrﬁePOlP%B %'h E@a%f the

i nterface, fromone € nex ature
of the pr%ﬂbt&bheenﬁOU|nuﬁe mhyrethethBOBﬁGtORLGHQPrOHeSGQUr 594 .

most i kghy toré’fxﬁq?ﬁaf'éx ﬂéﬁ g‘ ';%Efdiant Febrewara! efoxfo dri Tth@

machine- 1s in R nse neari_ng et on o t hese
- operations, thbnE%Ffaq%éboiﬁﬁtiﬁplkﬁ ‘avallable from Elographlcs.

_ The EGA display adapter card 522 is conventional
' and provides RGB signgls to the CRT display 503.
The three microcontroller subsystems (the blood
15 pump system 518, the ultrafiltration/proportioning system
516, and the I/0 system 514) are particularly detailed in
the following discussion.

Blood Pump System _
200 © .- .  The blood pump_cdntrpller.518'i5'built using an-
 Intel 8040 microcontroller and is responsible for
controlling or monitoring five subsystems. They are (1)
the blood pump; (2)' the Dblood pressure measurement
(arterial, venous and expansion chamber); (3) heparin
25 delivery; (4) level adjust; and (5) ambient temperature.
The blood pump controller operates in conjunction with a
blood pump power board (not shown) that controllably
provides operating .power to devices controlled by the
blood pump controller. ' o
30 o In still more detail, the primary operation of -
the blood pump controller 518 is to supply power to the
blood pump motor such that the pump head will turn and
pump at a rate selected by the operator.



hi ghlighted, indicating that this is the next likely operati on.
Strmlarly, when the Self-Test operation is nearing conpletion, the
Prime button is highlighted. By 22
this arrangenent, even novice users are gffily gui ded t hrough the
machi ne' s vari ous phases of operations. In addition to the
above- descri bed user I nterface, comrunications with the dialysis
machi ne can 5 al so be effected by an RS-232C serial data interface 530
and by a data card. Data cards (al so known as nmenory cards or
RAM cards) are known in the art, as represented by U S. Pat ent s
4,450, 024, 4,575,127, TﬂeGEiogégpumﬁ EfrBler GystbndEondihes &£ $he?68,
4,795,898, 4, 816 654, 4,827 4,829, 169 and 4, 896,027, the

di scl osures of fqhlewingemajor’ ??ﬂﬁﬁ&ﬁ#%ﬁed herein by reference. In the
preferred enbodi mrent, a data card can be wused both to |oad
treat ment par apggersptidn the machi ne and t giogt@wilomad 15 | ogged pati ent
paraneterS-fromthe machine tor therapy ~anal ysis. - Anong
the treat ment Pseanpasametdéntegniuy be pHostdedntarollemachi ne by a .data
card are the ultrafiltration profile, the sodium profile, t he 20
bi car bonate pSoftware SpeedbEnver ontrdl oBloost #mp Coatrollepy eat nent
time, The desired ultrafiltration renoval vol une, the di al ysat e
flow ral@, H@@dwageaﬁggg@eError Control BP Power Board

Optical speed sensor On motor shaft

Motor Power Driver Circuitry BP Power Board
15 '

The operator enters the desired blood pump rate
information on the video screen (CRT) touch panel. The
host controller (80286 microprocessor) converts this

20 information to the appropriate motor rate which it then
sends to the Blood Pump ccntroller (8040) on the Blood
Pump Controller board. The 8040 controller converts the
motor rate information to an analog level, which is fed
to a motor. speed control IC (LM2917 8) on the Blood Pump.
25  Power board. '

- An optical speed sensor is mounted on the rear
shaft of the blood pump motor, with an LED being
positioned on one side of the shaft,' and a photo
transistor on the opposite side. The shaft has two holes

30 drilled through it, with each hole being perpendicular to *
the shaft and to each other. This results in four
optical pulses received per shaft revolution.

~ This tachometer signal is monitored by both the

o LM2917-8 and the 8040 controller. The LM2917-8 provides

.35 ' quick responding speed control by comparing the motor

' Speed'with'the desired speed information from the 8040.

The result of this comparison is an error signal which
provides an input to the motor power driver circuit.



temperature, the bl ood pressure neasurenent schedul e and al arnms, and

the heparin prescription. 25 Anong the patient paraneters that
are.l ogged by t he machi ne and that can be downl oaded to a menory card
for later therapy analysis are: tenporal tarelating to di al ysate
tenperature and conductivity (both of whi are typically neasured
at v several points in the fluid 30 circuit), venous, arterial,

di al ysate, systolic and diastolic pressures, blood flow rate,
total bl ood processed, wultrafiltration rate, total wultrafiltrate
renobved, the ultrafiltrate goal, and the machi ne states.

23 Adgihé | @by, powte: Ui Brddl freéRideoNweY+349 Yhoulse

machi ne certain es e [ead by the nmachi ne initiate s cial
operati ons. éégq ﬂ@“ﬁﬁa&?\g] a&‘-\ﬁ%emy th%aF“P%Fﬁt i3h AodEregueRAY ci

node, enabli ngappﬂohi_maﬂeﬁlé 6 eHY £ rmurh;u‘.er [ @guiemcis orcufm:shﬁ ylmﬁﬁﬂe

. par anet ers t Qver t eria i |cs

gt hers. prSJéSQEQ}}h 8ar3f%ég: cia.rﬁ,%e p?‘gf se:P% V% Stsaa.i.'l

comrer ci abl y amatdémble from Mcro Chip Technol ogi es under 10 t he ..
Lrademark ENVOY and proyhdesgigi egmgas:asstafégeabnometerEﬁﬁ’mf%rg\ﬁ?d R

Simlag cards are al so avai

card cont ai ni ninfernatian whthntherdesired SPQQQMTqEPQHQQthﬂnqh? 80786
stored parametghgd deoi@lects the level provided to the ILM2917-8

accordingly. In this way the 8040 guarantees the

10 . ultimate accuracy of the pump, with the IM2917-8 circuit
not requiring any calibration. In addition, the 8040 can
monitor for control problems, such as under speed or over
speed, which may result from failures in the LM2917-8 or
motor drive circuitry.

15 The 8040 also monitors the motor speed
independent of the tachometer signal using the motor's
back EMF. Periodically (every .0.5 second) the motor
drive is turned off for approximately 6 millisecond and
the voltage at the motor terminals is measured. Thouygh

-20 this does. not result in as precise an indication as the.

 tachometer signal, gross faiiﬁres can be determined, such
as when the tachometer signal is lost.

Blood Pressure Measurement

25 The blood pressure measurements include the
venous, arterial and expansion chamber (for Single Needle
treatment) pressures. All three measurement systems

include identical hardware. Each pressure is sensed by a
SenSym SCX15 gaugé sensing pressure transducer mounted to

- 30 the Blood Pump Power board. Each transducer is.connected
' to a differential amplifier designed to provide ‘a
measurément range from ~400 to +600 mmHg. The output of

each amplifier drives an A/D input channel of the Blood

Pump Control system, at which point it is converted to a



15 I medi ately take effect. |Instead, each is displayed on t he
screen and the operator is asked, through pronpts - . that. appear on the
screen, to verify each individually. If a paranmeter is not verified,

t hat aspect of machine operation is_left unchanged. In the
preferred 20 enbodi nent, the paraneter?gloaded froma nenory card are

di splayed in their respective paraneter wi ndows and each S

hi ghli ghted in séquence, with the systemsoliciting verification of

t he paraneter
plutality of paranmeters are 25

user

AT bus 508.

in the highlighted w ndow.

/ In alternative enbodi nents, a -
be di splayed for verification as a group.

Returni ng nowi® Fi6 dhgidhe CPATME ST el & Prat ion LH8T ca@N I6# Sthie

i nterface and ot her” aspects of machi ne Qge ations is huilt around
an | BM AT confREegfiwre inpptfer dfar ghabdbed | pREITSLY | ddbs SOFFWarep: o
80286 30

M GRS DERRSOthaes eyl d8BKgaf JFMe2BR idiprictiviecyadrhiitee

I | N othis., d | ug
addi ti onal” bogﬁfxﬁaﬁﬁgﬁ%%ﬁﬁféﬂwgg gz-eréﬁpBBaanE%ZE?minEﬂ

dedi cateds t 0 cEBItY ddverikle inputpdiressure eatiger asduceervallocpmpanent
| nput / Qut put 24 '
controller

e
bo;ﬁ/%gl%"%ﬁcea%' ultrafiltration/proportioning system

controller board 516, a bl ood punp system controller board 518, a

touch screen interface board 520, He arf,gcb .

522.
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The  conputer five primary
Heparin delivery is accomplished by stepping a

stepper motor which rotates the pinion of a rack and
pinion mechanism. The pinion moves the rack, and the

. mechanical fixture is such that the plunger of the

heparin syringe moves the same -distance. The stepper
motor is controlled by the 8040 microcontroller located
on the Blood Pump Controller board 518. When the

operator enters a desired heparin rate in milliliters per

hour (mL/h) wvia the front panel ,touch screen, the host
80286 microprocessor converts this information to the
appropriate motor step rate and passes it to the Blood
Puinp microcontroller. = The Blood - Pump microcontroller
outputs a motor step' rate logic signal to the Blood Pump
Power board where the héparin motor power drive circuitry
energizes the appropriate stepper motor coil.

The motor step rate logic signal from the Blood
Pump microcontroller 518 is also input to the I/0O
Controller board 8040 microcontroller 514. The I/O
microcontroller monitors this signal to determine if the
heparin motor is going the appropriate speed. If it
determines that an overspeed condition exists, it
__disables the heparin motor via a disable line that goes

“to the Blood Pump Power board.

There are two optical sensors to provide
information about the state of the heparin pump. The
disengage sensor detects when the front panel syringe

di spl ay adapter board

an

i's



responsibilities: (1) user interface (i.e., through the CRT di spl ay

and the touch screen); (2) state nachine control (i.e., rinse,
prime, dialyze, etc.); (3) m crocontrol | er comruni cations; (4)
conducting of self- 10 tests; and (5) i brations. These functions are
carried out by the AT-conputer in conjunction with the above-

| i sted expansi on boards. Turning now to a nore detail ed
description of each conponent, the nenory board 510 contains
the 15 firmvare for the 80286 m croprocessor. The nenory board can
hol-d up to 384K of read only nenory (ROM) 524 and 8K of nonvol atile

static random het&ss mrys(%l\/btlﬁ%dlsengaﬁ spostitioded othehentkas-y
board is a neno£¥oi§nte ace

232C | nterfac.e 0, and t|
of ey ol ook 2BEYokd,SEn8EE detacts wndll tha Pirdor gF, siEsi e, A the
handl es t he addaekgi mhich recmnissseiteidl the §2ér tHethRSare not23®@hed

nerface |s 19h10°08" 3h BURRSE A 3nORREIE ek Byre <ol cBBn2 2 e

-interface 512 edica ressur e m)nl
‘and is typi cal Byoeded@ump rmieredonta®llen dwmsth%gtbﬁm&rg&ﬁewsofume@es to,

and to interrogghfors arRf! gQEeErWEhfgi‘ﬁt&tiéﬂmtd hengBolbHe. gobipe tine

of . day clock 532 is us Inter alia, to tinme/date stanp pati ent
data a% it is BEGEPPEGCEBBOYe provide a time of - day reference by which
aut omat ed nmachi ne operations (such 30 as unattended warmup) nay be

control |l ed. The host control _programis witten in the 'C
programm ng | anguage. This code is g@x%il—é&,‘lggnked and | oaded into
the ROM 5@4. The pur poskReofieirbt kdgustoslystem allawsogtken bpekator to
2_5 - change the blood level in the arterial and venous drip
chambers. A level up and level down button exists for
each drip chamber. The 8040 microcontroller on the Blood
Pump Controller board 518 monitors the button positions.
15 When a button is pressed, a valve selects that drip
chamber and power is supplied to the motor such that the
pump head of a peristaltic pump rotates to apply a
positive or negative pressure to the drip chamber. The
software logic only accepts one button press at a time.
'_ 20 If two buttons are pressed simultaneously, both are
' J.gnored. o
The motor drive circuitry is 1located on the
Blood Pump Power Board. The motor may be driven in the
forward or reverse direction. A direction signal from
25 the Blood Pump Controller Board, along with a pulse width
modulated motor rate signal controls two bipolar half
bridge motor drivers. Both half bridge motor drivers
receive the same motor rate signal, while the motor
direction signal is high at one and low at the other to
30 determine the dJ.rectJ.on the motor runs. The half bridge
| _drivers provide a 24 V pulse w:Ldth modulated drive
| voltage of approx:.mately 30 KHz to the motor.
Other details of the level adjusts are described
hereinbelow. |



Gat her data fromthe |nput/CQutput, Bl ood Punp and

Utrafiltration controller sub-systens, : and out put control
functions to the various control | er sub- systens; 5

| nput data fromthe user interface touch screen;

Moni tor the data for violation of alarm 31 limts and usage
operating conditions, and to set the appropriate program
alarm condition 10 i ndi cat ors; Eval uate the
data to determ ne the current operating state of the control
program i.e., Standby, Rinse, Self-Test, Prine, and Dialyze;
and 15 Update the display data to the CRT portion

of the user interface. The RAM nenpry 526 is used to store

calibration and nachlneQﬂQﬁﬂﬂﬁggéﬂEQEQEEEQ—QQEEEQ—In order for the

nmenory board to operat emé t@@pﬁoé’é) of Cetd | ¢athindt hoddlei i ssyddemoigeehoard,
t he not her board atanguffer above.

_ | ed b dlsa I th .
address 256K XeSRe %nﬂ)f‘freﬁ‘ﬁﬁ r&ﬂ“@?rg 5’2‘% ibinet ?B t he
addr ess space fhomsDFEK maxbheK, wm;ieﬁdim::e atpm}tic:}n lmwevveemeaﬁﬁ&mﬂd

Chie opper RSN Pafl cRldhfasa | 70%ERRIREAL0 SR oTRECEHER

results in tmpd?@ntdoeam rajiederto opeirate aby60f@e the excepbitnaisg' s
BIOS ~ sof t wargye eﬂ% rfg%vy%s@a 5eh§8hé£aébﬁéicb?” gl fﬁﬁ 58{;‘ o

standard BI OS exten5|ons oes not retur to t

after ‘being gidRGAted atychhe dpase of the Cablnﬁ‘heafﬁb Shanpes JLBa MRERNi t s
conputeriged riBifot airGOntr gh Ofn€akat it bifeed RheSSHmMBiBRE Abem

Suitable temperature is located below the CRT on the back of the
machine. .
_ The cabinet cooling system consists of the
following major components:
15 .
Description Location
Cabinet Fan Base of cabinet
Blood Pump Temperature IC Blood Pump Power Board
Misc I/O Temperature IC Misc I/0 Electreonics . Pwr
20 ‘Bd.- - | : '
Software Fan Control Host contfoller
Cabinet Fan Drive Blood Pump Power -Board

The two LM35DZ temperature ICs are located on
25 the Blood Pump and Misc I/0 Electronics power boards.
This IC outputs a voltage linear with temperature in iC
(10.0 mv/4C). These temperature readings are input to
the fan control software.
The fan control software always responds to the
30 _hlgher of the two temperatures Typical values are as
follows. At 464C the fan turns on-in the'lew'speed'mode
and at 484C it turns on in the high speed mode. ' There is
a 24C of hysteresis at these threshold temperatures,
i.e., the fan returns to low speed at 46iC and turns off



bl ood pressure nonitors that are adapted for RS-232

26 . control are avail abl e from Spacel abs of Hill sboro,

Or egon. The touch screen interface board 520 is
comercially available as part nunber 45E271-400 from 5 El ogr aphi cs
and is designed to operate with the E272- f% touch panel 501 that is
used in the preferred enbodi nent. The function of the interface board
520 is to translate signals returned fromthe touch screen into a
data format suitable for use by the 80286 m croprocessor 504. 10
Term nate and stay resident software for driving the I nterface board
520 i s avail ablat f A4#CEl ogZaphaddition, at 604C dheabGheat spémpendbprer

d 522 i d ' I
Soal %7 1S CORBI Miyps cndl keI, PHE RadRihS kb Bedeal @
punp system 518, the ul tThe i fanatposieprépiver oisndogadesin on  thg cBlood the

I/ O system 514 C de al | o | I on.
Bl ood Pump Sys%Peli';nt(Esa PohbL lﬂd&gdy A Fgggrpl?ﬂ%teco%%%]; Ekgil%q%séjbﬁ%?‘é&

using an 2~ EBWER C%@P]-%%rh‘éél?ﬁr%t%?mlm the dPE¥p6N§llSI ©f 330

control ling or mqlcf_ﬁﬂéélgwiﬂtﬁ fUlSYatedBsigndBy amhicllsignal the bh@@@'
punp; (2) the blaoo ressure neaslirenent
into passive filter to provide a DC signal to the

motor.

10 UF/Proportioning Control System
- The ultrafiltration/proportioning (UF/PROP)

controller 516 is built wusing an Intel 8040
microcontroller '_ and is responsible for controlling the
systems associated with ultrafiltration and dialysate
15 preparation. This controller operates in conjunction
with an ultrafiltration/ proportioning power card (not
shown) that controllably provides operating power to
‘devices controlled by the ultrafiltration/proportioning
controller. Six subsystems are controlled or monitored
20 'by'.the UF/Proportioning controller 516. They .arez-

a. Temperature Control
b. Proportioning Control
c. Flow Control

25 d. UF Removal Control
e. Conductivity Monitoring
f. Temperature Monitoring

. : Temperature Control
30 ' The UF/PROP system 516 controls the dialysate

temperature by enabling a Zero voltage crossing solid
state relay, which provides the power to a 1500 W heater
(item 18 in FIG. 1), with a 5 Hz pulse width modulated
digital signal (heater-enable signal). The duty cycle of



(arterial, venous and exf)ansi on chanber); (3) hepar'!i n 25 delivery; (4)

| evel adjust; and (5) .anbi ent tenperature. The bl ood punp controller
operates in conjunction with a bl ood punp power board (not shown) that
control |l ably provi des operating power. to devices controlled by the

bl ood punp controller. 30 In $8ill nore detail, the primary
operation of the bl ood punp controller 518 is to supply power to the
bl ood punp motor 'such that the punp head will turn and punp at a rate
sel ected by the operator. ' 27

The bl ood punp controller system consists of the follomdng najor

i t
COmponents.  the hQE%&E' thBﬁle 8i nf“l is updalé:%?a é‘?glek%peeg Error %%ntrol

paraneter entry, ntr
Bl ood Pnp Cont¥igth thel@um I-%fdﬁb?ePSﬁ&di‘ErYF FYeht apf  apPtempeYaByEe d

Optical speed exafOT correctié® "WiDieshaftThe corMabeioRoWs/alRld Vels
Crcuitry BP Power Boar . _ ' _ :
proportional to the .difference between the  desired
'5 temperature (stored by the host) and the measured control .
temperature (measured immediately down stream of the
heater housing).
The host-determined desired temperature is
calculated using the user-entered desired temperature and
10 the stable "B" conductivity probe (item 46 in FIG. 1)
temperature. If the stable "B" conductivity probe
temperature is different from the user-entered desired
temperature by more thaﬂ 0.05iC, thén the control
temperature threshold sent to the UF/PROP controller is
15 updated so that the "B" conductivity probe temperature
will equal the user-entered desired temperature. 1In this
way, the dialysate temperature at the “B" conductivity
probe will be adjusted so that flow rate and ambient
temperature effects on the "B" conductxv;ty probe
20 temperature (and the primany'témperature, displayed on
| the video screen) will be compensated. This control
temperature adjustment is performed a maximum of every 5
minutes.

25 Proportioning Control
The  UF/PROP system 516 controls  the

concentrate(s) to water proportioning ratios Dby
controlling the dialisate flow rate, the "A" concentrate

flow rate, ahd-the “B" concentrate flow rate.
.30 o . The "A" and "B" concentrate pumps (items 22 and
40, respect.wely, in FIG. 1) are stepper-motor driven
(each by a cam/follower) diaphragm pumps which deliver a
calibrated volume of concentrate per stepper motor
revolution. Their flow &rates. are controlled by



The operator enters the éesired bl ood punp rate ( I nformation on the
vi-deo screen (CRT) touch panel. The host controller (80286
m'croprocessor) converts this 20 information to the appropriate notor
rate which it then sends to the Bl gad Punp controller (8040) on the
Bl ood Punp Control |l er board. The 8840 controller converts the

not.or rate information to an anal og level, which is fed to a notor
speed control |C'(LM2917-8) on the Blood Punmp 25 Power board.

An optical speed sensor is nounted on the rear shaft of the bl ood punmp
nmotor, with an LED being positioned on one side of the shaft, and a

phot o trqﬁﬁi t p ke Siede he h hol es
drilled throug |€£ﬂva'% 'eggheoh%%%&biei %5 .glrl%-en.g‘leggégf f%o{:&?s the 'gﬁgft _
and to each otGffiIcentrafies pagpst saren Ymigirectionali candpunsédigecethed per

shaft revol utighper actuation ofNaS {IREHURLL!vEL SRS ¥HEEA Offfaky DOt h
t he LM29 # and the 8040 controll he 1L M917-8_provides 35

qui ck respondidf s BEPHonEEIPIRG cﬁﬁﬁgg}zﬁg t heThBt ofntake <HEEake tHSt he
desired speed dyrichraiizsd T tdiggrl4Ghat is enewsidd Bf &N 6pELERBr i son
s an error sighal WLEL sensdl WHidE s¥ReelPY pidy WiSulBELTOROHES SLhVer
circuit. The
nmot or power drofs ertherpumplesssemi?ly.V [Eumsther detaidish peockaiaiiady dto vieheo. t he
motor at a fra%erhqyd qu“ concentrate pumps are described hereinbelow.

The UF/PROP controller 516 utilizes the fact

10 that the stepper motors require 200 motor steps per
revolution (between each synchronization pulse) to check
the concentrate pumps for stepping errors If late or
early synchronization pulses are received ﬁhen the
associated error conditions are reported on the screen

15 during the Technician Mode of the machine (further
details provided hereinbelow).

During the Rinse Mode, the host determines the
concentrate treatment mode based on the "A* and "B" rinse
port inter_lock. information (further details provided

.. 20 hereinbelow). If the "B" conder_rtréte line (FIG. 1, item .
104) is not coupled to the "B* rinse port (FIG. 1, item
30), a bicarbonate treatment is initiated by setting the
proportioning ratios and the conductivity alarm limits
appropriately. Conversely, if the "B" concentrate line

25 is coupled to the "B" rinse port, an acetate treatment is
initiated (further details provided hereinbelow). Using
the dialysate flow rate and the proportioning ratios, the
host determines the associated concentrate flow ‘rates and
stores the two concentrate puiup speeds in the UF/PROP

30 controller. The proportioning mode  (for acetate or

" bicarbonate dialysis) cannot be changed in the Prime or
Dialyze Modes. ' )



approximately 30 KHz. This drive is current limt protected, to

prevent danage in the event of a stalled 5 not or . - The 8040
conpares the tachoneter notor speed information with the desired speed
commanded by the 80286 and corrects_ the level provided to the
LM2917-8 accordingly. In this mé? the 8040 guarantees the 10
ul tdi mate accuracy of the punp, with the LM2917-8 circuit not requiring
any calibration. 'In addition, the 8040 can nonitor for control

probl ens, such as under speed or over speed, which may result from
failures in the LM2917-8 or notor drive circuitry. 15 The

8040 also nonitors | spged .'ﬂ%ﬁp@%}f@nt t C ter

si gnal using the m)tor'trgl(‘aa EBB%%:&](. Eﬁ/lg. th?’erdflo I"cal l'y (fe:f/gevgyr}g?ﬁ?sg%gomad)

the notor degenibeds inrthe SpdlpwingpFlew antinpls sectienceodfd thal

the voltage apr/hRoBoblntienTbhabssteigbaonyed. Though 20 this does not
. : . Fo

result in as precise an Indication as . tachoneter signal, gross
failures can be determ ned, such =~ - -as when the tachoneter signal is

| ost . 5 ' Bl ood Prgssdcenkeagur enment 25 The
bl ood pressure neasurenen [ nclude, th venaus,  arter) and
expansj on chanber (forTEiengxﬁé/ q| gystem sﬁéat‘?ﬁe‘hﬁﬁoﬁsprﬁg urCL’sa.all'Ysarliﬁl

t hree nmeasur efdoty rsatd égp controllinglethelehime abehwednathe Eaeitgiriarsure
I s sensed by L ensi r ur, s [ nt ed
to 30 t he B?goa" hﬁu%‘%%%&}r%?%gﬁgéhat’ rg%?gluga iv%lé{)e%e@%éﬁndé%’ to a
differential &hpkti aldr thesifgndd withinvikie flow equaldaer ahambergydas om

-400 t o4#600 gg‘gﬁ t of each anplifier drives an A/D i nput
channel lgf t he 08§Eﬁaﬁﬁéggr'rp Control system at which point it is
converted to a The average flow equalizer volume is calibrated

{measured) during the Calibration Mode. The time between

the switching of the flow equalizer valves (FIG. 1, items

142-149) 1is scaled by the host (according to the

15 calibration constant) .and stored in the UF/PROP

| controller so that the user entered desired dialysate

flow rate is achieved. ,

To guarantee the complete fluid transfer to/from

~ the . flow equalizer chambers (FIG. 1, items 126, 128) two

20 flow sensors '(FIG.- 1, items 58, ":":9; described in further '

details hereinbelow) are located within the fluid path to

detect the absence of dialysate flow. The time at which

both sensors detect no flow has been defined as end of

stroke. The end-of-stroke time has been defined as the

25 time between the moment an end of stroke was sensed and

the desired flow equalizer valve switch time. Since the

supply pump speed controls the instantaneous dialysate

flow rate, -the 'UF/PROP controller servos the supply pump

speed in order to maintain a ' consistent end-of-stroke

30 time. . - , .

- Since the flow equalizer volume is calibrated"

and the end-of-stroke time is controlled, the UF/PROP

system 516 can accurately control the dialysate flow rate
to the user-entered value.



29 10 bit digital val ue. The calibration of each of the

pressure inputs is handled entirely in software, requiring that
t he_design of each anplifier guarantee that its output remain within
the A/D input range of O to 5 +5 V over_the input pressure range and
over all conponent t ol er ances. 36 Heparin

Del i very Heparin delivery is acconplished by stepping a 10

st epper notor which rotates the pi nion of a rack and pi ni on nechani sm
The pinion noves the rack, and the mechani cal fixture is such that the
pl unger of the heparin syringe noves the sane di stance. The st epper
nmotor is controlled by the 8040 m crocontroller |ocated 15 on the Blood
Punp Controller board 518. -\When - t he operator enters a desired

heparin rate in mlliliters perr UF Removalnf€osireda the front panel touch
screen, the host 8@R§6uﬁyfﬁepreg§§éﬂr 5qgnwﬁt§ot1@ Sthé‘fﬁf‘”%&n@i}alo the

appropriate notor step rate and passes it to the Blood 2Q

m crocont rol | eFate hyeconteeliing the tdawhbegmween the SU&FEH&§§a°§DFBP step
rate logis sigmal fXowhaeBle@odvBuvEs (FIdRowal, - bwéxdsv\/rmza-Im heparrhg .

gglt f)l’ power drH?P§6#CUIXﬁﬁ/% ngg ;geziﬁl?gt gggg C)liOg gtﬁste per Wgt or

Punp 1 cr ocontowht g tHE numbenﬂdﬁ)UElﬂIdW‘memertBErokég. Controller
board 8040 m crocontrog ocant I itors
ard_ %hifte Th ur Fify Mdler voRhREOSN pAhGEATRY

this signal to determ or 1S going e appropriate
speed. | f it(measuxedpr dnndshe tﬁalmmMcohm&t inateexwhich the
10 host (80286 microprocessor) passes to the UF/PROP

controller (number of seconds between valve switches) is

scaled so that the wuser-entered UF removal rate is
achieved. _ ,
In the same way, the user-entered UF removal
15 volume is scaled by the UF flow meter’s stroke volume to
a number of UF meter strokes. The host passes the number
of UF meter strokes to the UF/APROP controller. The
UF/PROP controller will then switch the UF flow meter
valves and decrement the stroke number, at the- desxred
20 - rate, as ‘long as the stroke numbler is greater than zero.
The host can then calculate the UF removal volume
accumulated by subtracting the number of UF flow meter
strokes remaining, scaled by the stroke volume, from the
operator-entered desired UF removal volume. The
25 accumulated volume is displayed during the Dialyze Mode.
This value remains during the Rinse Mode and is cleared
upon the entry of the Self Test Mode.
In Rlnse, the UF removal rate is 3.6 L/h and the
-v1deo screen indicates no UF volume accumulated. During
30  the Self Test Mode, no UF removal occurs except during
épécifié self tests performed 'by ‘the machine (no UF
volume is accumulated). In the Prime Mode, the UF
removal rate is set by the operator and is no greater
- than 0.5 L/h (no UF volume is accumulated). During the



30 disables the heparin notor via a disable Iine that goes to the
Bl'ood Punp Power board. There are two optical sensors to
proovi de information about the state of the heparin punp. The

di sengage sensor detects when the front el syringe

30 hol der armis in the disenga posi tion. The end- of -

stroke sensor detects when the pinion is raised up on the rack, which
occurs when the gear teeth are not neshed. This is an indication of an
overpressure condition. The 5 Bl ood Punp microcontroller nonitors the
state of these . sensors and passes the information to the host 80286

mCrOprOCGSSOfDLalyze Mode, the UF removal raé@Vfé 46t Us{ tHe operator The
| evel adjust s em al |l ows the-operator to. ngﬁB e, blood level in

the arterial adf@vdfousi®itpd to hatigrn 0. 1Aq dHd 4 evdlomioHR
button exi sts fémoval wcfbd&uﬁo cihaniané Dl e 0 Mo dey octmtrgbnbwsmgt he
Bl-ood WF toller 8 nonitors the button positions
Wien a button 728 + Ry, m%?%’ %é“ ¥ ects that drip. chanber and power -
is suppli®d to the mbtor such that the ' punp head of a peristaltic punp
rotates to apply a 5 %% 9? ﬁﬁe§§u5§tfhégeﬁgyé)ﬁggﬂber

n accepts one

The , software Ioglc o] b tton press at
entered (or treatment tlme and target UF volume

have been entered and a machine-calculated UF

) _ rate is used).
10 2. The blood pump is pumping.
3. The target UF volume has not been reached.

. Conductivity Monitoring

Conductivity is used as a measurement of the
15 electrolyte composition- of the dialysate. Conductivity
is usually defined as the ability of a solution to pass
. electrical current. The conductivity of dialysate will
vary due to the temperature and the electrolyte

comp031tlon of the dlalysate.
20 , . The UF/PROP system measures conductlvity at. two
| ~locations (conductivity probes) in the hydraulic circuit
using alternating-current resistance measurements between
each of the conductivity probes’ electrode pairs. The
two flow path locations are at the "A" conductivity probe
25 (FIG. 1, item 38) and the "B" conductivity probe (FIG. 1,

item 46).

i One electrode of each of <the probes is
. stimulated with a 1 kHz ac voltage while the other is
held at virtuél ground (Eurreﬁt sense electrode). Two
30 voltages are produced by the resistance measurement
. circuit. The fatip.df_thé'Voltages‘is proportional to
the resistance of the respective probe. The resistance
of the probes has been modeled as a function of
temperature and conductivity. Since each of the



20 If two buttons are pressed simultaneously, both are I gnor ed.
The nmotor drive circuitry is located on the Bl ood Punp Power Boar d.
The notor may be driven in the forward or reverse direction. A
direction signal from25 the Bl ood Pu Control |l er Board, along with a
pul se w dth nodul at ed notor rate sﬁ%%al controls two bipolar half
bri.dge not or drlvers Both hal f bridge notor drivers recei ve the
sanme notor rate S|gnal whi | e the notor direction signal is high at
one and |ow at the other to 30 determne the direction the notor runs.
The hal f bridge drivers provide a 24 V pulse width nodulated drive
voltage of apPoRXhERIghYy30 KEBpbE 'MBofiphhs  a  thermistkfer dgkails

of the |evel adjusts are des er el nbel ow. .
31 temperature at eml@ﬁtth%nﬁzsﬁaa?ﬁr déscémom@. Using the

The purpose ohod&® mtne&a@oaérﬂeeayibgmﬂh% t1§h:obes, krep tehpeiraiaraal
tenperature of the cabinet |ower t é?eS%ﬁ‘VmeummtrmmaUMe
at which the BPRERFEH; @t the EEﬂB%%enPE a qc@%ﬁ%?ﬁ? at (\ost

el ectrongc the_pﬁﬂbéQEﬂhé eoﬂdm@&imhﬁy)xﬂxuambalateaﬂ[err]C the exception
S cated o ens hace” o SERE R BAEE Y SR P kel WAk o
Calibration Mode, at which time the resistance of each
probe is measured at a known conductivity and temperature
(by the use of an external reference meter) for the
10 scaling of the probe’s base resistance in the
relationship described previously. '
The UF/PROP system 516 generates alarms from the
measured conductivities at the "A" and "B" probes. Since
these conductivity alarms are used to verify the

15 proportioning ratios, the alarms are generated by testing
the "A" conductivity and the "B" portion .of the total
conductivity ("B" portion = "B" conductivity - "A"

conductivity). The alarm limits are determined from the
concentrate treatment mode and are stored in the UF/PROP
20 controller by the host. Thérefore only during a
bicarbonate dialysis ti:eatment would the host store a

non~ zero expected "B" conductivity portion.
The host determines the concentrate treatment
mode during the Rinse Mode by reading the "A" and "B"
25 rinse port interlock information. If the "B" concentrate
line is not on the "B" rinse port, a bicarbonate
treatment 1is initiated by setting the proportioning
ratios and the conductivity alarm limits appropriately.
~ Conversely, if the "B" concentrate line ‘is coupled to the
-30 . vB" rinse port, an acetate treatment is initiated. Upon
ex1ting the Rinse Mode the concentrateé treatment mode is
set for the remainder of the dialysis treatment
(concentrate treatment mode is only adjusted in the Rinse

Mode).



10 cabinet air. An intake vent for the anbient room

t-enperature is |located bel ow the CRT on the back of the machi ne.

The cabi net cooling system consists of the fol |l ow ng ngj or

corrponent s: 15 Description Location Cabi net Fan
Base of cabi net Bl ood Pump Terrperat:ﬁgre I C Bl ood Punp Power Board
Msc 1I/O Tenperature IC Msc I/O Electronics Pw 20 Bd.
Sof t ware Fan Control Host controller Cabi net Fan Drive

Bl ood Punp Power Board The two LMB5DZ tenperature 1Cs are
| ocated on 25 the Blood Punp and Msc I/ O El ectronics power boards.

This I C outputs a voltage linear with tenperature in [err]C (10.0

nv/[err] Q). These tenperature readings are [npuf to the fan control
sof t war e. The fM@EﬂESM\myS responds to the 30
hi gher of the two tenpenat mmvmor Bl SBbUuRadLeedS the dlhgyba\ﬁe At
doler]C e { B Eer ot SIS BSRSERI™Y o 1A SackfLoT b 1
t hese thbeshofiirsenpecatiomsis directilie afticre thenheaterm{FIG.l ay ipemd at
46lerr] C and ié'f "3ndf khis thermistor, the heater thermistor (Ff& 1,

! item 20), is used for the primary temperature control
feedback. The next two thermistors (FIG. 1, items 110
and 124) are contained in the "A* and "B" conductivity

10 probes (FIG. 1, items 38 and 46, respectively). These
temperatures are used to temperature-compensate the "A"
and "B" conductivity measurements. The "B" conductivity
temperature is also used to gemerate a backup high
temperature alarm.

15 The temperature measurement <circuit |used
throughout the machine consists of a voltage divider with
a Thevenin Equivalent circuit of 3062_ in series with a

7.55 V supply. ‘The voltage divider circuit when
connected to the thermistor used in the temperature .
20 measurement system referenced +to ground produces the-

voltage to temperature relatJ.onshJ.p of
T(iC) = (3.77V-Vtemp)(12.73)(3iC/V) + 37iC.
The tolerance on the component parameters used

in the temperature measurement system can be as great as
25 10%, therefore the temperature-to-voltage relationship

must be calibrated. Calibration of the temperature

measurements is a two-point calibration done at 30 and

404C. The calibration procedure results -in a calibration

constant for both the slope and the offset for each
- 30 temperature probe/circuit.

' In_the UF/PROP controller the voltage descrz.bed

above as Vtemp is measured for the three temperature

probes in its system on a scheduled basis (every 0.2



!
at 44[err]C In addition, at 60[err]C a cabi net tenperature al.arm

occurs that results in the machi ne shutdown state. The fan .
power driver is |ocated on the Bl ood Punp Power board. A notor rate
signal fromthe Blood 5 Punp Controller board determ nes the duty cycle
of a 30 KHz pul se width nodul ated stQnal. This signal is input

Into a passive filter to provide a DC signal to the not or . 10

UF/ Proportioning Control System The
uItrafiItration/proportioni ng ( UF/ PROP) controller 516 S bui | t
usinhg an I nt el 8040 m crocontroller and is responsible for
control ling thSecondsSyfgxenEhéss 'a&ﬁ‘&' Wigh t@ﬁﬁéféﬂ&f@é'aﬁd&r@v&fl ysate
15 preparation. Thi s control perates I n conjunction

ultrafiltrati oﬁ?cﬁﬂépﬁﬂfl Bhﬁn@%%rtma(twe) . shown) t hat

control | ably pr OVI des oppéatefifgePa¥Bfet fhat lsdews(pe_%yf‘e@tdsxol thRd RMdele
ultrafiltration/ Eortj oni n cont.r ol %gg Si X -subsyst
ti

control | ed or ®B F? red®o ™ B?u?:ﬁg URtPr o FEPTont | al&ll@féze")They

are: 5 conductﬁv:.ifyrrpfbhéw Boé‘@ﬂédojust -before the bypRsepaaliveni ng
Cont r ol d. UF Renpval Control

e. Conduct I Vi t§/sﬁ/BnFF8r| ﬁgl ot\gv c;&r‘]t rf)o conftrol"‘&t%.érat ure Monitoring

Tenperature Control 30 The UF/PROP system 516 controls the
State rel ay, uhich provides (HESGRbd: Lot s8Rl 05119 P00 Lo
FIG 1), with a 5 Hz puNisewsubrysbens apze contrgldedajonigeaitored by
(heat er - ggabl etfb092b) codbfoflUbys it | F140f They are:

Air detector

Blood leak detector

Dialysate pressure monitor

Heparin pump overspeed monitor
15 Bypass system and flow sensor
Conductivity monitor
. Temperature monitor
Line clamp
~ Power fail alarm :
20
Air Detector
‘The air detector assembly utilizes a set of 2
MHz piezo crystals. One crystal functions as an
ultrasonic transmitter and the second crystal functions
25 as a receiver. The transmitter and receiver are housed
in separate but identical assemblies. There is a
distance of 0.20 inch between these assemblies into which
the venous blood line is placed during dialysis. The
emitter is driven by a 2 MHz équarewave that is derived
30 from a crystal oscillator located on an I/O Electrical
'_Power board 536 that is connected to the I/O controller -
514 by a ribbon cable. When there is’ fluid in the blood
line between the crystal assemblies, the 2 MHz signal is
coupled to the detector assembly. The return signal from



33 t he heater-enable signal is updated evgry 0.5 seconds

wrth the sumof the past duty cycle and a tenperature error
correction val ue. The correction value is proportional to
the difference between the desired 5 tenperature (stored by the
host) and the neasured control tenﬁ%#ature (measured i medi atel y down
st ream of the heat er housi ng). The host-determ ned
desired tenperatlure is cal cul ated using the user-entered desired
tenperature and 10 the stable "B" conductivity probe (item46 in FIG 1)
t erfper at ur e. If the stable "B" conductivity probe tenperature is

different fromabequseresp! sbadnley! ud anpls 18P Gred g{}@ﬁt 1odbg thyBan

0.05[err]C, t the cont rature t sent
UF/ PROP cont r olndeperdant cipeuits gésc’hépcaﬁéd" gn cfehﬁiué OvEt1§C§ré§é1

terrpe{ ﬁt U(r]I e | powéusltboaﬂaalsatdﬁe ;J@lt%%sé‘pggr% %l rmréleamsfét maﬁltbaeahl s |

2 st ed so-t HIALRT ofWBaEL HHRF St BRERSds |t s HFG wetbBES th the o

conductivbty psobewdfe gérepetaduatatmndntihehpr issaond ermetnéutlardéasal ayed

on t he vaﬁg@ LESN will be conpensated. This contro
?ﬁé % l?ﬁﬂfo

temperature a rmed a maxi mum of every 5 m nut es.

Software Alarm Detection (Primary Alarm)

One output is fed from the I/0O Electrical Power

10 hoard 536 to an A to D converter and read by the 8040

microcontroller on the I/0O Controller board 514. This

value is averaged over a 400 msec. time period and reduced

by multiplying it by 15/16 and subtracting 50 mV (for

noise immunity). This new value is then converted back

15 to an analog level to be used as an alarm limit. This

software generated limit is compared to the rectified dc

signal from the detector. The, output state of this

comparator is monitored by the on-board 8040. When the
unaveraged signal falls below the software generated .

.20 limit .for longer ‘than a calibratable time period, an

| alarm occurs. Sensitxv;ty of the software alarm is 10

microlitres at 300 mL/min blood flow.

Hardware Alarm Detection (Secondary Alarm)

25 The hardware alarm is redundant to the software
generated alarm. This alarm uses two comparators on the
I/0 Electrical Power board 536. One comparator looks for
a minimum dc level from the rectified detector signal
which guarantees the presence. of fluid in the venous
30 - tubing. The second comparator is ac-coupled to react to
' 'a large air bubble in the tubing. Sensitivity of this
detector is approximately 300 microlitres at 300 mL/min
blood flow. Both comparator outputs are wire OR‘d



25 Proportioni ng Control { The UF/ PROP

system 516 controls t he concentrate(s). to water

proportioni ng ratios by controlling the dialysate flowrate, the
"A" concentrate flow rate, and the @2 concentrate flow rate. 30

The "A" and "B" concentrate punps (itens and 40, respectively, in
FIG 1) are stepper-notor driven (each by a canifoll ower) diaphragm
punps which deliver a calibrated volunme of concentrate per stepper
not or revol ution. Their flow rates are controlled by

34- controlling the speed of the stepper notors. The

concentrate pupp§eBh8rUnidli nafdd oedlchard dbmpaZetdhe will RfcHRAfatRCt aation
of a three-way yal ve for their-intake and output punping strokes.

The - intake s®+3kB*is 5 synchronized by a signal that is-generated by
an optical I nterrupter sensor which senses a pin nounted on the cam
of the punp assenbly. Further det 'As ner a'ﬂ%t'é%trbo t he . A" and "B"
concentrate punps are descri bed ; _ The UF/ PROP
controllep 516 utilizesThhde fetector ahaemb]:ue sceppistsot of s meqhilgh-200

Check - Tt hebEgieiahfYy grbbAr LepC AR JOLUED: OBk TR oHigoRBhes”
early Synchronazati dmspalded arﬂeltloec@ vethusmg t Hehrough gs¥béeht egpenior
tcﬁgd'rr;'cﬁlnﬁear e?iaeggaeg Maskle.SCresth 1ar tdidseNCongbhentes NBbRhEGL Mede  of
the I/0 Hydraulic Power board. The LED is connected to a
10 voltage- to-current converter on an I/0 Hydraulic Power
board 534 (which is also connected to the I/O controller
514 by a ribbon cable). The input to this circuitry
comes from the I/0 Controller board '514. The photoceil-
is tied to the +5 V réference supply through a 750k ohm
15 resistor. This provides a voltage divider which is
monitored on the I/0 Controller board.

The current through the LED is adjustable and
controlled via a D to A output from the I/0 Controller
board. . The light lntens:Lty of the LED is adjusted to

20 illuminate the photocell to a point where its resistance
' is below the alarm threshold. During a blood leak, the
presence of blood in the housing attenuates the light
striking the photocell which causes an increase in both
the photocell resistance and voltage. The increase in

25 voltage (mohitored by the microcontroller on the I/0
controller board) results in a blood-leak alarm.

Further details on the blood-leak detector are

provided hereinbelow.

30 Dialysate Pressure Monitor _

| | The dialysate pressure is sénsed by a res:LstJ.ve
bridge pressure transducer (FIG. 1, item 64) located just
upstream of the dialyzer. The transducer is connected to
a differential amplifier circuit on the I/0 Hydraulics



details provided hereinbel ow). During the Ri nse Mdde, the

host determ nes the concentrate treatnent node-based on the "A" and
"B" rinse port interlock information (further details provided 20
herei nbelow). |If the "B" concentrate Ii&g (FIG 1, item 104) is not
coupled to the "B" rinse port (FIG 1, item 30), a bicarbonate
treatnent is initiated by setting the proportioning ratios and the
conductivity alafmlinits appropriately. Conversely, if the "B"
concentrate |line 25 is coupled to the "B" rinse port, an acetate
treatnment is initiated (further details provided hereinbel ow). Using

the di al ysat epblyaw nda8-Bnsl34 haeBigRed! koNig¥bviald 08, mbASuremenBO¥rom
determ nes the SOC|ate8“concentrate flo¥%rates tores the two

. and . o3 ,
concentrate pOfE0sgdsd>P mREgur PR 48 eﬁﬁﬁﬁ+éin@WPll?l?ﬁeCchglt
proportioni ngaiBde has$ orarfCOf@ket Gnput thatarduvwess efgonl yai Softvarel be
~changed in the Prine. o O al.yze es.. :

35. caE"'_brat?ﬁéeco‘fﬁ’f’(ﬂ% 1t ﬁggﬂé%?%%'t e 1TRRy PRERULs of the
describe@® i n ahplidlieew dgikvesw €ant AgD sénpubtn chahhel of UEhBROZ/O. .
control l er de LD . . cr 3 | r.Ql :
The UF/ PROP s?@@gﬁ?gingSX§?8?é ?Eéw |%Fy%%&%? it l%l%éﬁ%%ﬁ%% fgkghg%%lling
the tihe betwbdt digiteltwvhlng. The calibration of the pressure input

is handled entirely in the software, requiring that the
design of the amplifier guarantee that the output remains

10 within the A/D input range of 0 to +5 V over the input
pressure range and over all component tolerances.

Heparin Pump Overspeed Monitor |
To ensure that the heparin pump does not exceed

15 its set speed, the I/0 controller board software monitors
a clock signal from the Blood Pump Controller board that
is equivalent to 1/4th the heparin pump step rate. In
the event that a heparin pump overspeed occurs, the 1/0

_ controller board disables the heparin pump via a hardware

20 line that goes to the Blood Pumijower board and notifies

- the host of the alarm.

To determine if the heparin pump is running at
the correct speed, the time required for ten clock
signals to occur is measured (and stored .in variable

25 HEPTIMER) and compared against a minimum time period that
is set by the host (HP_P_MIN). If the measured period is
less than the host set 1limit, a normal-speed alarm
occurs. The host is notified of the normal-speed alarm
and the heparin pump is disabled via the hardware line to

30 the Blood Pump Power board. o
) .'When'the heparih pump rate changes, theuhoét
resets the minimum time period, HP_P MIN, and the I/O
controller waits for the first clock signal to restart
the timer (this first clock is not counted as one of the



of the flow equalizer (FIG 1, item 54) valves (prdvi ded that all the
fluid within the flow equalizer chanbers has 10 been exchanged).

The average flow equalizer volune is calibrated (measured) during the
Calibration Mdde. The tinme between. yhe switching of the flow

equal i zer valves (FIG 1, itens 145 149) is scal ed by the host
(according to the 15 calibration constant) and stored in the

UF/ PROP cont'rol l er so that the user entered desired dialysate

flow rate is achieved. To guarantee the conplete fluid
transfer to/from the flow equalizer chanbers (FIG 1, itenms 126, 128)

two 20 fl owtR)Sorth (HHie why, @b a38rmd5% ﬂesmlbeslyn@hfunw@d with
details herelgﬁ_&g‘t@@are Iocated V\Athl% |UId path to . detect the
absence of di FYIq PR SHERPeL: MRAPER both sensors detect no

fl ow has been defined a:heerml/@f controllewkiBoardhblénadlsb Momidons nehdnas
been defi ned e bet ween e ng .. .

sensed and to aﬁéa&&{r} Wagd‘&afiggéygggﬁv%nggmhggﬂl@ﬁ%éé%ﬁk(’:eéﬁ? e - .
supply puinp smpeebk.conWhehs ittheregesives ankmls sligngbnt et a ratewasites .t he
UF/ PROP contr er y %@@h s S 0 r ain a
consi stent en?ﬂag{ s'?dr O%ﬂ%&%@érﬁﬁ_ﬂgh it ra«g%qﬁ%g t gsﬂ%&mggua Il zer

vol une'i s cal iapexatdng inakhet hdghrspepdsmogiee ti ke hasc@thbohespeede

UF/ PROP VB0 (1 G AR A1 hite 098! BBk Wie ehetl Naate I rdie

to the user-entered Val Ug
high-speed counts occur than are in the counter, a h.Lg

10 speed alarm occurs. The host is notified of the high-
speed alarm and the heparin pump is disabled via the
‘hardware line to the Blood Pump Power board.

_ Bxgass. System and Flow Sensor
15 The bypass mode is initiated when a primary

dialysate alarm is detected by the I/0 Controller boarxd,
when a redundant dialysate alarm is detected by the
UF/PROP Controller board 516, when the host requests
bypass, or when the manual bypass button is pushed.

20 | The bypass valve (FIG.. 1, item 66) is in the
bypass position when deenerg:.zed It is driven from the
nominal +24 V supply with a straight on/off transistor
control on the I/O Hydraulics Power board.

To verify that there is not a failure in the

25 bypass system, a flow sensor (FIG. 1, item 62) located
upstream of the dialyzer and just downstream of the
bypass valve checks for flow. If flow exists during
bypass, a Bypass Fail Alarm is triggered and the machine
is put in the safe, nonfunctional, Shutdown state. If

30 there :Ls no flow when not in the bypass mode, a No Flow
alarm is generated (Further details on the flow sensor
are provided hereinbelow.)

. This flow sensor consists of two thermistors.
The first is a reference thermistor used to determine the



UF Renoval Contr ol The UF/ PROP system 516 controls the UF

r enoval rate by controlling the time between the switching of the 5 -
UF flow neter valves (FIG 1,- itens 142-149). The . UF/ PROP
system controls the accunul ated UF vol une gy counting the nunmber of UF
flow nmeter strokes. Si nce tﬁ UF flow neter volune is

cald brat ed (rreasured) in the Calibration Mdde, the rate which the 10
host (80286 microprocessor) passes to the UF/ PROP controller
(nunmber of seconds between valve switches) is scal ed so that the
user-entered UF renoval rate |s achi eved. In the sane

way, the User-Qﬂ.hﬁ.Hed:édfpéﬁM 15phev@détnd St astdy tBesUrtHdrawm1
meter's stroke \y of, .UE._.neter The haost 1_'passes )

troke
Thehunper " O“CdiGutlBn Sio. senfetho, $10nd GBRRop The VoLtape. oifputs
UF/ PROP cont rolfl::em \mﬁé themmistded ohe the fitov mpd:eamllcs Powaes boutd

dec h he.d d 20 h
Stroke nunber” P3tgrEAvr A i Hpar, CHaRRES on thet 2/, Ao ndtg .
the UF ﬁermvuhereoluhay are amuentade¢oby1&ubitadmg11@:aﬂheraﬂ.m: ofA UF
flow neter gﬁgagsfega%gﬁehﬁg inS ‘Ef\lee‘i/py coeraifake é&'e“ €

operator-entere accurm ated
vol une”i s di spiapuésdiia rdetermine| the fdaw. conditipns vaThe demigns afuring

the Rinse Mdetfad &1 e reﬂvmer gaagah sesnttmxtoftﬂ@eoﬁe%ﬁﬁeﬁmm

In Rinse, the UEF renoval -vid screen

i ndi cat es no UFL iFHPHn@hé‘c&}rﬁjthEbt reRge n9t 368 to S 6 pveEsthgpdaruto UF

renoval qeEcurstempephtdwel/fillow rangé Pesd fovers el eniporeeid aloIRG-dncdshe
machine (no UF volume is accunul at ed). In the Prime Mode, the UF

renoval rate is set by the operator and is no greater than 0.5 L/h
; (no UF volunme is accunul ated). QConduetinity Monitoring

The dialysate conduct1v1ty probe (FIG. 1, item
60) comprises two stainless steel probes inserted into
15 the flow path just prior to the dialyzer. The drive
signal for the conductivity probes is a capacitive-
coupled squarewave generated on the I/0 Hydraulic board
534. This signal is sent to the conductivity probe and a
monitor circuit. Both the monitor circuit and the return
20  signal are rectified and filtered. These dc values are
' routed to I/O Controller board 514 along with the
temperature signal.
On the I/0 controller board, the temperature,
conductivity, and conductivity reference signals are
25 input to an A-to-D converter that is monitored by the on-
board 8040 microcontroller. The microcontroller
calculates the temperature-compensated conductivity.
This value is then displayed on - the CRT as the
conductivity in milliSiemens per centimeter (mS/cm).
30 '
Temgerature Monltoring
The thermistor (FIG. 1, item 168) 1nstalled in
the dialysate conductivity probe (FIG. 1, item 60)
changes its resistance in response to changes in



37 D al yze Nbdef, the UF renoval rate is set by the operator

and.is limted to between 0.1 and 4.00 L/h. For UF renoval to
otcur in the Dialyze Mde the follow ng conditions nmust be net; 5
1. Atarget UF volune and a UF rate hav%been entered (or
treatnment tinme and target UF vol une have been entered and a
machi ne- cal cul ated UF . rate is used). 10 2. The bl ood
punp i s punping. 3. The target UF volume has not been reached.
Conductivity Monitoring ' - Conductivity is used as a neasurenent

of ‘the 15 el ectrolyte conposjtion- of the dialysate. Conductivity

I's usual |y deftemgsewstide, abrhet vabhes Fokuldidlyisateassonduct B} rasal
current. The gconductivity o yS@ to _the

f _di t il ] . d
Comerature  ARTPTIATI MdraitAL R Enik Brabe; o, Risnt Gy’ Ehe 2o
The UF/ PROP syGREmamdasares usmstiutdi \generattet wohe prineosti adarms for

a1 tor nati ng- CT BNy SAEdf O HE MDIRE VMY 1o outBIdY proses pjamm

conductiVvdty pkiomies, & dypasse coadition gnd an.audi® alawmpegt¢urtocati ons
are at the "A" conductinfid VeRepREstS 1s( WiSedl td t M Rt tEEvidr
conductivity probe (FIG . .
network on the I/0 hydraulic board. The output of this
divider network is sent to the Miscellaneous I/O
controller board 514 where it is monitored by the on-
10 board 8040 microcontroller via an A-~to-D converter
network. From this information, the controller calculates
‘the temperature using offset and gain parameters stored
in the host from the calibration. Calibration of the
temperature measurement is a two-point procedure done at

15 30 and 40icC.

Line Clamp
The line clamp opens with a solenoid and clamps
with a spring return.  When the solenoid is not

20 energized, the spring pushes thé plunger away from the

 solenoid. This causes the pluriger to clamp the blood

tubing. When the solenoid is energized, it pulls the

plunger in with enough force to overcome the spring

force. This unclamps the blood tubing. In the event of

25 a power failure, the solenoid is de-energized causing the
blocd line to be clamped.

The solenéid is controlled by the 1line clamp

board. On the line clamp board is a pulse-width
modulated current controller.  This circuit applies
30 sufficient current to the line clamp solenoid to pull in

the ‘plunger. After pull in, the controller ramps the
current down to a level capable of holding the line clamp
open. This cut- back in current reduces the temperature
of the solenoid, resulting in a more reliable device.



I tem 46). ne electrode of each of the probes is

stinulated with a 1 kHz ac voltage while the other is hel d at virtual
ground (current sense el ectrode). Two 30 voltages are produced by
the resistance neasurenent circuit 7 The ratio of the voltages is
proportional to t he resi stance of tH% respective probe. The
resi st ance qf the probes has been nodel ed as a function of
tenperature and conductivity. Since each of the
38 conductivity probes cont ai ns a thermstor, -the
tenperature at each of the probes is known. Using the nodel that was
?ﬁrl ved f?r t 19 op@é%tédtaeohelmer g‘iﬁéeglam hﬁaaﬁaéeﬂ?ara ]{dﬁ.dkﬂ-&%ti%as%[‘dd
e resistance peasured.g r ohes e.conduct i vi i s, calculate
Each conductl\ﬁ’t’ff:‘b’rfobé’whcah?ﬁ’%t S§iPALE the Power,stgred oin ' at

whi 3“ time thescfjlasmsi@nce'rhé gaehilt of Ehmbeciscﬂﬁaswed at qu:]gtevmand
conductivity and te t he _use n.extern ref er.ence
nmeter) for %/hé'“cl]? ‘%I"?L#@f o‘fla“?é ”?ﬁ(?ﬁ'@rs t?‘gag ? é“?‘&n@@ % * the
rel ati onshi p-descri bed Qoevrolis|for the line . clamp UEbRE@P i&sﬁenmhbﬁ
generates al arﬁséé%ﬁ&%s o”@éﬁﬁéﬂ}&?%&vﬁ‘ie@ At tth ﬁgk}% B

probes, Since Jeoug (0, ¢t ar e are used 1o veri
proportioni ng Peards536he She rﬁpmlgeﬂmlechw ¢ lanp nand uncﬂ.nmp" As

conductivity aggkideliP cdpie@oRitid@ ¥ ¥lamp board. This provides

‘electrical isolation between the high voltage used to

10 operate the line clamp and the low voltage used for the
control signals from the microprocessor.

Bower Fail Alarm
The power-fail alarm circuitry is located on the
i5 Misc I/O Electrical Power board 536, and includes a CMOS
power state flip flop powered by a 1 Farad (F) capacitor.
The flip flop, which can be toggled by either the front
panel power button or the 80286 system controller,
. provides the following functions:

20 . . o .
| Whenever power is not supplied to the
machine (i.e., when the +5 V supply is off)
and the flip flop is in the on state, power
is supplied from the 1 F capacitor to the
25 _ audio alarm device. Whenever power is
supplied to the machine, the flip flop’s
output state is ready by the 80286, which
provides indication of the intended machine
_ power state. Also, when the flip flop is
30 . ~in the on state, power 1s supplied to the

' o front panel power switch LED

The first function listed above results in
the power fail alarm. The alarm occurs



conductivity ("B" portion = "B" conductivity - "A" conductivity). The
alarmlimts are determned fromthe concentrate treatnent node and
are.stored in the UF/ PROP 20 controller by the host. Therefore

only during a bi carbonate dial ysis treatment would the host store a
non- zero expected "B" conductivity portﬂ n. The host

det-erm nes the concentrate treatnment node during the R nse Mde by
reading the "A" and "B" 25 rinse port interlock information. |If the "B"

concentrate

treatnent is initiated by settjng the proportioning

line is not on the "B" rinse port, a bicarbonate

conductivity alarmlimts ap3iyy 3lfeldhe machirR)VESSES Ypowdr (WR1IE it
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Bypass Valve Flow Sensor
The dialysis machine of the present invention

includes a bypass valve flow sensor which is utilized to

confirm that dialysate flow to the dialyzer is completely

interrupted during bypaés . The bypass valve flow sensor
comprises a first thermistor 202 and a second thermistor
204, as shown schematically in FIG. 2. - FIG. 2 also shows
in simplified schematic form the flow equalizer 54, the
bypass valve 166, and a dialyzer 208. The first and
second thermistors 202, 204 are of a negative-
temperature- coefficient (NTC) type known in the art.

The first, or "sensing," thermistor 202 is energized with
a 20 mA constant current while the second, or

“reference," thermistor 204 is driven with a negligibly

.small current.

The electrical. resistance of both thermistors
202, 204 is measured using electronic circuitry (not
shown). The resistance R(T) of each thermistor 202, 204
at a given temperature T is determined by the following
relationship: -

- R(T) = (K;)2exp(-K,3T)

where K; and K, are constants. Hence, the thermistor
resistance is a function of its temperature.



item 20), is used for the primary tenperature control f eedback. The
next two thermstors (FIG 1, itens 110 and 124) are contained in the
"A".and "B" conductivity 10 probes (FIG 1, itens 38 and 46,
respectively). These tenperatures are used to tenperature-conpensate
fhe "A" and "B" conductivity neasuré&fents. The "B" conductivity
tenperature is- also used to generate a backup high t enperat ure
alarm 15 : The tenperature rmeasurenent circuit used

t hroughout the nmachine consists of a voltage divider with a Thevenin
Equi val ent circuit of 3062_ in series with a 7 55 V  supply. The

vol tage divider circuyt  wh Ji st

the tenperature 20 é?&reene%e sys %{er ere J’{goundel’ﬁro}ﬁizﬂee

t he vol t agderencenparhemristor at3®Whship onegllgltrl.yer sp@lls the

(3. 77V-Vtenp) Q‘.E%\Péﬁaﬂ.&%r] gf\/)tﬁe 37:£eel‘"er1%1e9ce thermlstor 308 Lplerange on

t he conponent aneters e tenperature neasurenent system

can be as gre&Pb§§aB$laliN°/@qu§ﬂ}eF@f Bhat (pf "f—@rp‘e?‘ﬁﬂﬁ augremding it,

relationghip wheth@&stﬂaﬁmgaldfar abeg. at Gal i bpcaheen of Thae séﬂmat ure
neasurernents iis a two- calibrati 40[,err]1 C.. The

cali bration prYEEBGeEo ab?s i at i’&l |’BF ??oﬁ‘ando &gnsPﬁﬁF Por Bot1# t he
sl ope and the snb%&ahtﬁ.aﬂ. eactnStant t enpan@intr.e pHeheégircth¢. sensing

IrrgatsBrGetlzlJl':]{ E%&%fgggk‘erﬁggra‘fﬁffea%%dgggg Q Sllrencjl‘ beO\é e%fo;étaq{%%édul ed
basis (every Duzing conditions of no dialysate flow( past the
10 thermistors 202, 204, such as during bypass, the
temperature of the reference thermistor 204 will be equal
to the temperature- of the dialysate surrounding the
reference thermistor' 204. -However, " the no-flow
temperature of the sensing thermistor 202, as a result of
15 self-heating, will be substantially greater <than the
temperature of the reference thermistor 204. During
~conditions when dialysate is flowing past the thermistors
202, 204, the temperature of the reference thermistor 204
will, again, be equal +to -the temperature of the
20 d‘ie]_.ySate. The temperature of fth.e sensing thermistor 202,
while greater than that of the reference thermistor 204,
will be somewhat lower than the temperature thereof would
otherwise be during no-flow conditions. This is because
dialysate flowing past the sensing thermistor 202 will
25 ‘conduct a portion of the self-heating energy away from
the thermistor 202, thereby lowering the temperature of
the thermistor 202. The bypass flow sensor can detect
- flow as low as about 3 mL/min.
' Since the ‘sensing thermistor 202 is driven with
30 a consta.nt-current source, the amount of powexr input'-into
the - thermistor 202 is limited according to the.
relationship P = 12R. s a result, the ultimate self-
heating temperature achievable by the sensing thermistor



seconds for the "A" and "B" tenperatures and every 1 second for the

heat er tenperature). The tenperature that is displayed on the
vi-deo screen is neasured at the primry ("dialysate") 5
conductivity probe, |l|ocated just-before the bypass val ve (see FIG
1), by the I/O controller. 50 | nput / Qut put Contr ol

Syst em Ni ne subsystens are controlled or nonitored by 10

the I/O control system514. They are: Air detector

Bl ood | eak detector Di al ysate pressure nonitor

Heparin punp overspeed nonitor 15 Bypass system and fl ow sensor

Conductivity lat OF_ < 13 npe | : ' | anp
Pover fail al 2?@]22091111 self ;mI%, {:ﬁ‘éi’éﬁy”ﬁé%’t‘fl&g orthe_ séﬂé‘fn& |
The air det ect thexpdsiiory 202 [firoms aadesagbig 2thermalvixungyway conditsion .

ne crystal functionsmpas @ thermiﬁ\-%z%s%f. 3EOSHLL! @a13bdalaa Z%ond
hem

crystal functions 25  as a_receiver. The transmtter and receiver
housed i reasuxingt e thet pdeftréepl asERFbitance  BRESS st

di stance gf 0.3QdiRGAVAANYLEHENAERS BoRSLEBhECDf The Wil sate fibR W@DOUS
bl ood line is placed _durin dla|§SIS. .emtter,is, driven by a 2 -

MHz squar ewave 39 qend, 403 fr'ﬁmTlgaeE#W%’rc s cif9LRAGONRIR ed®n an
| /O El ectri cal utilize@W¥uriery &H3bratdon whiehneguateso thee dddigtaitided! | er
The DY 211 D0OR A s el DB Pe d "ahd BB ppank NS
assenbly. The reifferensegnthefmizstor 204 at any temperature between 30
10 and 40iC. If Rh(t) represents the sensing thermistor
resistance at
T = t, and Rr(t) represents the reference thermistor
resistance -at T = t, then, at no dialysate flow, Rh(t) =
A2Rr(t) + B, where A and B are calibration constants
15 determined by the equations shown below (since Rh(30),
Rh(40), Rr(30), and Rr(40) are measured during
calibration): N

ABRr(30) + B
ASRr(40) + B -

: Rh(30)
20 Rh(40)

Hence, if the thermistor resistances .are equal,
then the electronic circuitry (not shown) coupled to the
thermistors 202, 204 recognizes such equal resistance as

25 indicating a "no dialysate flow" condition. However, if
the resistances of the first and second thermistors 202,
204 are not equal, which occurs when any dialysate flow
(greater than about 3 mL/min) i.s passing'by the first and
second thermistors 202, 204, the electronic circuitry
30 recognizes a ‘"dialysate flow" condition. Therefore,
whenever the machine is iﬁ bypass ; if the electronic
circuitry senses that the resistances across the first
.and second thermistors 202, 204 is unequal, indicating



41 the detector ‘assenbly is anplified and rectified by two

| ndependent circuits also |ocated on the 1/0 Electri cal Power board
536, These dc output |evels are nonitored using two different

met hods. The first method is the 5 sof tware generated al arm and t he-
second is the hardware generated al &n Software Al arm
Det-ection(Primari/Alar One output is fed fromthe 1/0

El ectrical Power 10 board 536 to an A to D converter and read by the 8040
m crocontroller on the I/O Controller board 514, Thi s val ue is
averaged over a 400 nsec ti me peri od and reduced by multiplying it by

15/ 16 and subtj:E ctin 50 g se_inmuni téé Thi s n vaI ue S

t hen converted gg‘gk 1= Pge ﬁnﬁn:ﬁl&r} |§§é$9?’6 52 u8e8%s %191“ it

Thi s sof t natéfygethe avperdtor tofi faddnyer edf tthet bypasst vhilee 66

signal fromthe detectog { h akor (hs
nonitared by the on- boar%e@%%&%%ft i ® Etﬁa\ye%}ggeegls%%n%% P? :
bel ow the sof t afr degentbed cherainahqve tlﬁ dhatoigeengbdesa thel dblad,yabte time
period, gn bgga!s@r PaQ%eU'6% toCHS| th¥tbY Cffunb%soaafltlper gdarnis 30

mcrolltres at nm./ mn bl ood f| ow. dware ‘Al arm
Det ect i on (SecBftarpinghiop of whether or not the bypass valve 66

actually shut off the flow of dialysate to the dialyzer
208. This is the first known use of such a flow sensor
in a hemodialysis machine. Other bypass valve sensors

10 known in the relevant art merely test whether or not, for
example, the bypass "valve has been energized. One
example of such a mechanism is a sensor .that determines
whether or not a solenoid controlling the valve has -
shifted position in response to application of current

15 thereto. In the present invention, in contrast, the
bypass valve flow sensor verifies that the bypass valve
66 has actually seated properly. - '

o-UltrafJ.ltratJ.on-DurJ.ng-Bypass Sensor
20 0 This feature, shown schematically as iteém 70 in

FIGS. 1 and 2, utilizes a first and a second thermistor
210, 212 in a manner similar to the bypass valve flow
sensor 62 discussed above. The first and second
thermistors 210 r 212 are exposed to dialysate flowing

25 through conduit 174 just downstream of the dialyzer 208
but upstream of the bypass line 166.

This feature 70 is utilized during automatic
testing of machine funct:n.ons r Aas controlled by the
machine’s microprocessor. During such a test, dialysate

30 . flow is bypassed from the dialyzer 208. - The flow
” equalizer 54 volume'trically' matches the volﬁ.me of
dialysate that would ordinarily enter the dialysate
compartment (not shown) of the dialyzer 208 with the
volume of dialysate exiting the dialyzer 208. During



25 The hardware alarmis redundant to th‘ie sof t war e

rical
m t he
in

S

generated alarm This alarmuses two conparators on the I /O El ect
Power board 536. One conparator |ooks for a mnimumdc level fro
rectified detector signal whi ch guarantees the presence of fluid
the venous 30 tubi ng. The second conp&2ator is ac-coupled to react to
a karge air bubble in the tubing. Sensitivity of this det ect or
approximately 300 microlitres at 300 ni/mn bl ood flow. Bot h
conparator outputs are wire ORd

42 ° together so that either conparator will generate an a
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are install edbypassa walvengt handgrbypdssh $pnet 166 idi squal e tzasths.
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LED is connected to a ol tage- to-current conver

Hydraul i c Powddne 15§oaBdnses thenilh line| 4d8cdmereetudedt by the UF

controll g  £10wl4mb¥esd r'iéo,boanfaldi%lltxsaﬁ’éh%idw%ahe e FikGH LaNd .

cones fromthe 1/0O Controller board 5 The phpt ocel | - . Is tied
the +5 V ref ersgt?@é‘%tfglﬁm’t%?gé]ao 75k ohth ?gt erodizegtion ppat be
a vol tage dividier wa cldialysate flow passing through the dialyzer

membrane (not shown) into the blood compartment (not

shown) thereof or from the blood compartment thereof into
10 the dialysate compartment thereof. If such flow is

detected, the machine triggers an operator alarm.

Autoniatid Testing of Ultrafiltration Function

This feature is utilized during automatic

15 testing of machine functions that occurs before the
machine is used for patient treatment. This automatic

test is controlled by the maching’s microprocessor along

with other self-test routines. One ei;ample of when

. ultrafiltration-function testing is automatically engaged

20 is when the __m'achihe is in rinse and 'producing dialysate
without any prevailing dialysate alarms such as
temperature and conductivity. A complete self-~test

routine begins when the operator touches the "test"
button on the touch screen before beginning a dialysis
25 treatment. _

In order to test the ultrafiltration function,
the dialysate lines 174, 206 (FIGS. 1 and 2) must be
connected together, ) enabling dialysate to -circulate
therethrough without having to use a dialyzer. Because a

30 dialyzer is not used, the flow equalizer 54 discharges a
volume of dialysate into line 206 that is substantially
equal to the volume of dialysate passing through line
174. Hence, a volumetrically closed loop is formed
wherein dialysate exits the flow equalizer 54 through the

The

to .
vi des



nmoni tored on the 1/0O Controller board. - The current through
the LED i s adjustable and . controlled via a Dto A output fromthe 1/0O
Controller board. The [ight intensity of the LED is adjusted to 20
illum nate the photocell to a point where its resistance i s bel ow the
alarmthreshold. During a blood | eak, th8&3 presence of blood in the
housi ng attenuates the |ight stri king the photocell which causes an
increase in both' t he photocell resistance and voltage. The increase
in 25 voltage (nonitored by the mcrocontroller on the I/0O

control |l er board) resul ts in a bl ood | eak al arm Furt her
details on th tect are e rei
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of fset input that cones from.a soffware calibratable variahle, DAC
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of the 1/0 dialysate pressuxe transducer 64.
-To perform the test, the UF flow meter 76
removes about 3 mL of dialysate from the closed loop.
10 This removal of 3 mL is sufficient to lower the dialysate
pressure measured at the transducer 64 by about 200 to
300 mmHg. If there are no leaks in the closed loop, this
lowered pressure will remain substantially constant. The
machine will monitor the depressed dialysate pressure for
15 about 30 seconds during which the pressure must remain
within a + 50 mmHg limit of the initial low value. If
the pressure rises and passes a limit, the machine will
trigger an operator alarm. '

200 " Automatic Setting of Proportioning Mode
Based Upon Connection of -Concentrate Lines

As described hereinabove, the concentrate rinse
fittings, e.g., the "A" and "B" rinse fittings 28, 30,
respectively (FIG. 1), are equipped with proximity
25 sensors which sense whether or not the corresponding
concentrate lines 94, 104, respectively, are connected .
thereto. Such information regarding whether or not a
concentrate line is. coupled to a corresponding rinse
fitting is utilized by the machine’s microprocessor to
30 set the correct proportioning mode, e.g., acetate or
,blcarbonate dialysis. S ,
For example, during the mgchiné"s "dialyze"
mode, if the machine’s microprocessor receives a signal
indicating that the "B" concentrate line 104 is coupled
35 to the "B" rinse fitting 30, the machine will operate



Controll er system at which point it is converted fo a 10 bit digital
val ue. The calibration of the pressure input I's handl ed entirely in
the software, requiring that the design of the anplifier guarantee
that the output remains 10 within the A/D input range of 0 to +5 V over

t he i nput pressure range and over abK conponent tol erances.

Heparin Punp Overspeed Monitor To ensure that the heparin
punp does not exteed 15 its set speed, the I/O controller board software
noni tors a clock signal fromthe Bl ood Punp Cbntroller board t hat

i s "equivalent to 1/4th t he heparin punp step rate. t he event that

a heparin pu a CORQET er bo s the
heparin punpn\% a ar'd% %%“t#gﬁe i’%‘? g%es ?E ﬁﬁé é‘ %}%ﬁp&@{g .
board and not ilfines 104 is mmMupﬁed Hwo dihe niB" rinse flttlnq&@etbhen ne

I f the hepari %é@ﬂ’ﬂ%é SwiFﬂ”'dg%z%tte both hepEONizBCt 5, SRHE G tggnééﬁ@réﬁgrqw red

for -ten clock signal s occur 1s nmeasured (and stored In variable 25
HEPTI MER) and R8HFaed &fai mespeckinehiim time period that i s set by

“the host g HP PM N) . |f gia raﬁﬁw&doagrb@dmﬁa -upv diRBsvAhagohdénteste set
lni);nmtal -2p22(rjn§':j;§’rseprﬁe%%'al%na@ﬁ8 F}éﬁ’&PT‘ﬁ BB%PF%P%E%%?%\%%Ef%g%ar war e
line t'o 30  idomdBmngdaun RMﬁrngbOaédtate d1a1y51s, then ydumepaic n
Bnd the 110 g, 0F RE SRareRtFERS, e (IATHAR AT §AAP - o DWETS
the tinmer (tmhidanhnnaﬂexﬂ<dralyslaKNMWEﬂhas bnakef tMEllock brand
10 concentrates, for example, the volumetric ratio of "A"
concentrate to dialeate is 1:36.83. Hence, the machine
automatically adjusts the pumping rate of the - "A"
concentrate pump 22 in'tesponse to whether or not the "B"
concentrate line 104 is coupled to the "B" rinse fitting
15 30.

The proximity sensors are shown in FIGS. 3A and
3B. FIG. 3A is an ‘isometric depictibn of, for example,
the "A" and "B" rinse fittings 28, 30 situated on the
right side 218 of the machine. On the annular surface

20 220, 222 of each rinse fitting-is an angled depression
- 224, 226, respectively. -As depicted in the right-side
elevational view of the "A" rinse fitting 28 shown in
FIG. 3B, beneath the angled depression 224 is a light-
emitting diode (LED) 228 (shown schematieally)a A
25 photosensor 230 of a type known in the art is also
situated beneath the angled depression 224, The LED 228
is energized with a pulsatile signal in the kilohertz
range (so as to not be fooled by 60 Hz . illumination}.
- The LED 228 and photosensor 230 are oriented such that

30 light 232 from the LED 228 passes through a first face . .
234 of the angled depression 224, is reflected off an
annular surface 236 of a connector 238 on the end of the
"A" concentrate line 94, passes through a second face 240



44 ten). In this way, the alarmlogic is resynchronized wth

t he heparin punp stepper notor. The 1/O controller board 514
al so nonitors the total amount of heparin delivered in the high-speed
bolus 5 - nobde. When it receives cloc% ignals at a rate faster

than a predeterm ned speed, it assunes the punp is operating in the
hi gh- speed node. It has a hi gh-speed counter, HSPDCNTR, that is set
by the host. I f' nore hi gh- speed counts occur than are in the
counter, a high 10 speed al arm occurs. The host is notified of the high-
speed al arm and the heparin punp is disabled via the hardware line to
t he Bl ood PU"pOPOWEHebOQﬁ led depression 224 = toBybasss&uskam Bpd thaw
Sensor 15 ss nmode is initiated when a primary

di al'ysate alarﬂ??goﬂ%?%%¥e%£@y the 1/0 Control |l er board, when a
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e.g., a supply of "A" concentrate.

Prediction of Dialysate Conductivit

15 The software controlling the operation of the
machine’s microprocessor includes a routine for
predicting <correct dialysate _ conductivity. Such
predictions automatically reflect the particular brand of
concentrate being used, since different groups of

- 20. concentrate brands requlre dlfferent proport:.om.ng to

' yJ.eld a dialysate having a correct ionic strength and
electrolyt:.c profile. ,

Various groups of concentrates are currently

marketed. These include: (1) bicarbonate concentrates

25 manufactured by Cobe (utilizable for variable sodium and
variable bicarbonate dialysis and intended to be diluted
at a ratio of 1 part "A" concentrate to 1.43 parts "B"
.concentrate to 45 ‘parts dialysate); (2) bicarbonate
concentrates manufactured by Drake Willock (utilizable

30  for variable sodium dialysis only and intended to be

| " diluted at a ratio of 1 part "A" concentrate to 1. 83
parts "B" concentrate to 36.83 parts dialysate); and (3)
acetate concentrates intended to be diluted at a ratio of
1 part acetate concentrate to 35 parts dialysate. The
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These dC val ues are roug to 1/O Control |l er board 514
al ong with  hdia Ys%serf}feﬁ'%&' u?%n%?‘&fﬁﬂtes wit J.n any single group, to

calculate a baseline “calculated"” conductivity value.
Each algorithm requires that certain data be "entered bj
the operator using the touch screen. For example, for
bicarbonate dialysis, the machine will "ask" the operator
to enter baseline (i.e., not adjusted up or down relative
to a standard, or non-variable, proportioning ratio)
values for sodium and bicarbonate ion concentrations.
Assuming proper proportioning of the concentrates, the
machine will determine a "calculated" dialysate
conductivity. Before beginning a dialysis treatment,
when the machine is proportioning concentrate and
producing dialysate at the proper temperature, the touch

screen will display an "actual! ] dialysate conduct:.v:.ty :

value as measured by the dlalysate conduct:.vz.ty probe 60
(FIG. 1) and "ask" the operator to verify the correctness
of that value against the value stated to be correct by
the concentrate manufacturer on the concentrate label.
If the operator responds that the displayed conductivity
value is correct, the machine will compare the displayed
"actual" value with the "calculated" value. If the
"calculated" value is different from the displayed value,
the machine will regard the d:'_'splaj(ed baseline value as

. correct since the operator "told" the machine that the
displayed - value is _correct: 'i?_he -machine will also

calculate the ratio of the displayed baseline value over
the calculated baseline value and will multiply any
subsequently determined calculated value during the



On the 1/O controller board, the tenperature, conductivity, and

conductivity reference signals are 25 I nput to an A-to-D converter that
is nonitored by the on- board 8040 mcrocontroller. The

m crocontrol | er calculates the tegﬂerature conpensat ed

conductivity. This value is then~'displayed on the CRT as the
conductivity in n1II|S|enens per centinmeter (nS/cm. 30

Tenperature an|tor|ng The thermistor (FIG 1, item 168)
installed in the dialysate conductivity probe (FIG 1, item 60)
changes its resistance In response to changes in

46 GIPBy i I Ereatihént! by eshd Ofaﬂiel ms abntagﬁdnew wig eeeed "

t enper at ure neas ed at this probe ar dIS are
used to gener a‘f%“‘i‘?fé EhV s Vaipﬁﬁms f 5@‘3{' s‘é?’éi’?bl?f s@%t"
val ue i s outsiditabysie} thar operatori wild, progypasstimndatiablandodiumaudi o
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networ b on i nPTIEIS aFRuPe. BAVEEERDES o DAl it dbde TERG SEBLrEL Y bEe!
network i% serithe ouphemimgcaliadysdgs treatment.. c@ﬂmer!weer ‘thar washineher e
it is noni tor%gygé@et% é&imgoe&ﬁcaﬁﬁ%guahcmﬁ%dohher cdﬁiﬁae 2Bz

A-to-D_ converter I's 1nformation,” the control

cal cul at es- tr?%%“%‘é‘ﬁpera@c ur ®EQSTAIMBE sRY andFhfhi n OPATRAROTar s B’f‘épéd
in the host f ra&eéf@m@iy bréﬁéﬂé’es £ié i basalpsatd. tBSnductﬁrﬁﬁ??r atuee
measurement | Smach:l.lge povlf{'ll prre e(-jtuerr%u%%neaat "calculated" conduct:.v:.ty
10 value and apply said ratio to determine a new "expected"
conductivity value. These expected conductivity wvalues
are used by the machine to calculate and set upper and
lower conductivity alarm limits at- + 5% of ‘the initial or
adjusted "expected' conductivity value.
15 For Cobe brand bicarbonate concentrates, the
calculated baseline dialysate conductivity is determined

by the following algorithm: .

calculated conductivity in mS/cm = [-.036 + i .7x10™3
20 ([Na ] - 130)][HC03 ] + [14. 37 + .101([Na ] - 130)]

" where the operator enters the basellne concentrations of
sodium and bicarbonate using the touch screen.
For Drake Willock brand bicarbonate
25 concentrates, the calculated baseline conductivity of
bicarbonate dialysate is determined by the following
algorithm:

calculated conductivity in nS/cm = .1038[Na*} - .54
30 | '
where the operator enters the basellne concentratlon of
sodlum u51ng the touch screen. :
For all brands of acetate- concentrates, the
calculated baseline conductivity of acetate dlalysate is

35 determined by the following algorithm:



15 30 and 40[err]C Li ne C anmp

The line clanp opens with a sol enoid and cl anps wth a spring
return. Wen the solenoid is not 20 energi zed, the spring pushes

t he plunger away fromthe sol enoi d.gg Thi s causes the plunger to clanp
t he bl ood tubing. Wen the solenoicPis energized, it pulls the
plunger in with enough force to overcone the spring force. This

uncl anps the blood tubing. In the event of 25 a power failure, the
solenoid is de-energi zed causing the bl ood line to be cl anped.

The solenoid is controlled by the line clanp boar d. On the Iline
clanp board is a pulse-width - nDduIated current controller.

S £ ST oBplletct cohdetaty S LG 8\ Baobiar Sl g agleno ¢

current down to a |evel capable of holdlng the Iine clanp open. This

cut - back i n pUELENEnbeUlEes LIe AR AN Chasel 1Rl LBRCEALERREN of

resulting in a nore reli evi ce:
47 /Bedinm s e okhe Heougheanea® board, is a qui ck-rel ease

circuit which hel ps d'ﬁ&f%iéafﬁ@nmlﬁféf@' | fhé hﬁach:.nes%.ﬂo'a%oThe
result of this circujtry is a quicker and nor e rﬁgeata e clanp tine
over fthe |ifceFoRaet nget alarm limits around the conductivity
measured at the "A" conductivity probe 38 (FIG. 1) in a
similar manner. (During acetate dialysis, the
10 conductivity at the "A" conductivity probe 38 is equal to
the conductivity at the dialysate conductivity probe 60,

so setting of alarm limits around the conductivity at the

A" conduct1v1ty ‘probe. is not necessary.) For
bicarbonate dialysis, the machine "assumes" that the "A"
15 concentrate is - being proportioned properly (at the

correct proportioning ratio), based upon the operator
having verified that the displayed dialysate conductivity
value is correct. The machine determines a baseline
"calculated” conductivity at the "A" conductivity probe
20 - based on  baseline sodium .and -bicarbonate concentrate
. information provided by the operator via the touch
screen. The machine then calculates a rdatio of the actual
conductivity as measured at the "A" conductivity probe 38
over the calculated conductivity at the "A" conductivity
25 probe. Then, whenever the machine changes the sodium
concentration during. the course of a dialysis treatment
as programmed by the operator, the machine will determine
a new calculated conductivity value and apply said ratio
to determine a new "expected" conductivity value at the
30  nav conduct1v1ty probe. _
| ' For Cobe brand blcarbonate concentrates, the
calculated baseline conduct1v1ty at the "A" conductivity
probe is determined by the following algorithm:

35  calculated conductivity in mS/cm = [-.110 + 9.7x10™3



5 Control for the line clanp cones from thé M scel | aneous 1/0O

controller board 514 via the I/ O power board 536. The control signal

for clanp and unclanp is optically coupled on the line clanp board.

Thi's provi des el ectrical isolation between the high voltage used to 10

operate the line clanp and the | ow vol t agBSused for the control

signals fromthe m croprocessor. Power Fai l

Al arm The power-fail alarmcircuitry is |ocated on the 15

M.ssc I/O Electrical Power board 536, and includes a CMOS power state

flip fl op powered by a 1 Farad (F) capacitor. The flﬂ? flop, which can
I

be toggl ed by elthNa he-fugog][nco Panel [ BVeL {NHIGBKENa e- 813Bp) syst em
controller, prOV|des t he follomnng functi ons:

v%enever power . uppl_i e chi ney ‘
(i.e., when t h& §55-2, pI yp%%a&;?) ) e%tetrg the basellgned tsnOd]T I p ?’f%p IS
i.n the on statb;cpvhenate concentrations usxnguqnﬁ|tguqh(gnxeana,F

capaC|tor5to the 25 FOr Drake aUdW&ﬁibék”‘de¥i M@gy%ﬁgoﬁgmgr

is - : upplied to the machi ne, -t he p flop' _
out put state |§°n€aayr9ye§hethgzeelcm%¢ﬂ baseline conductlwg#:o\maé@e

indication of the igdeNdaivGP Peobe is determined HPWBheS!EdELowiiRP,
when the flip f&ggr|s 30 in the on state, power is supplled

to the ithm: ¢, ont panel power switch LED.
The first functloaancaladeabemﬁdﬁ@ﬁﬂ+isyIIn mS/cm = .1114[Na ] t-hes Jgoner

fail alagm Tﬁgralarghoccuoperator enters the baseline sodium

concentration using the touch screen.

Controlling Flow Equalizer End-Of-Stroke Time

As discussed hereinabove, the flow equalizer 54
15 (FIG. 1) operates via a four-phase cycle. 1In the first
and third phases, "pre" compartments 130, 132 and "post"
compartments 134, 136 alternately £fill and discharge
their contents. In the second and fourth phases, the
valves 142-149 éontrolliﬁg liquid ingress and egress from
.20  the “'pre" and "post“ chambers are all in the off pos1tlon
" for about 125 msec. During these brlef second and fourth
phases, therefore, no dlalysate is flowing to the
dialyzer. _
Preferably, at the beginning of the second and
25 fourth phases; the diaphragms 138, 140 will have already
reached end of stroke. Further preferably, the »
diaphragms 138, 140 will have reached end of stroke at
the same instant.
' End of stroke is the moﬁent when, for example,
30 the "post" compartment 134 has reached a completely full
condition during ‘a phase after startlng_from a. completely |
empty condition at the start of the'phase; In accordance
with the above, it is preferable, for example, that the
filling of the "post" compartment 134 reach end of stroke
35 at the same instant as filling of the "pre" compartment
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48 " either if the machine | oses power while it

'S running, or if the front panel power button is
pressed "on" when there is no power supplied to the
machine. The alarm 5 g be silenced by - toggling the
flip flop off via presSing "off" the front pane

power butt on. | Bypass Val ve Fl ow Sensor 10 _

The di al ysis machi ne of the present invention i ncl udes a bypass val ve
fl ow sensor which is utilized to confirmthat dialysate flowto the
di alyzer is conpletely interrupted during bypass. The bypass val ve

flow sensor 3132 ﬁﬁEEhgseé a?lfnaéét éﬂl?”ﬂh%ﬁ:orfm&ﬁdjd af segrand 'tﬁt%tﬂ"' stor
15 204, as shown schenatlca in FIG 2. FIG io shows ,

sinplified’ scROMRBFEMLHEM 30 H9arh LR ? ?tsaketﬂg the sa&?pa’s‘?wt?/e
166, and a di alsyzerllz_e.&g ofine fhid st*piied! compayement ulmmcmﬁrxfg 2&)2

208 2 o el Siane,, - shRIP A nehRE! HBlind \IE) eSO
‘a 20 ms ' costiralke ommiminatetnIaltrhﬁllsfatimh mnaccuracieefenﬂnue "
EI'E:rtranl ZE:'([)II:I caétlh%sz,%{’\aéﬁgeg%‘gf%ot %%ghg'rq%bls for stgg s%..cur ﬁat i's I?reasur ed
usi ng el ect r osompazitmenitsr y (e¢gor 130 andowidpb)Theeingi stsare FEiled each
ﬁgﬂgﬁﬁgr Zoaur?x% 8 ghaﬁ%t a’i‘e%&ﬁ”fiff@&réﬁ%fa&lf 3R fdid&hey., the
Slnce valves 143, 144, 146, and 149 all turn on
10 at the -same instant that valves 142, 145, 147, and 148
turn off, and yvice versa, and since each pair of
compartments 130, 134 and 132, 136 have exactly the same
volume, it is possible to have pairs of compartments
(130, 136, and 134, 132) reach end of stroke at the same
15 instant. However, assuming that each chamber 126, 128
has exactly the same flow restriction therethrough,
achieving simultaneous end of stroke requires at least
that pressures at the inlets 154 be matched and that
. pressures at the outlets 156 be matched.
20 - To achieve such pressure matching, the inlets
154 are prov1ded with an input pressure equalizer 52 and
the outlets 156 are provided with an output pressure
equalizer 56, as shown in FIG. 4. The input pressure
equalizer 52 is comprised of a flexible diaphragm 246
25 separating first and second enclosed cavities 248, 250.
A stem 252 is attached to the center of the diaphragm 246
and terminates with a flow-restricting element 254. The
output pressure equalizer 56 is likewise comprised of a
flexible diaphragm 256 separating first and second
30  enclosed cavities 258, 260. Extending from the center.of
the diaphragm 256 on both sides thereof are stems 262;
264, each terminating with a flow-restricting element
266, 268.



30' R(T) = (Klerr])[err]exp(-Klerr][err]T) where Klerr]

and Klerr] are constants. Hence, the therm stor resistance is a
function of its tenperature. 49
Since the electrical power input to the reference thermstor 204 is
negligibly small, the tenperature o?lthe reference therm stor 204 will
be. substantlally equal to that of the liquid surrounding it, 5

whet her flowng or not, at all tines. The sensing t herm st or

202, on the other hand, is powered by a substantial constant
current. Hence, t he sensing therm stor 202 will undergo

appreci abl e sel f-heati @g_alysateDurﬂﬁaﬂl coguqJét | ga Sp2Yy n(plﬂﬁpal yaat e flsye past

the 10 therm st or 2Q 4, . such y " Y
t enper at ure oP{FE té’rF@é‘Q&é%}’rﬁ ssﬁﬁo ﬂ,\‘ﬂqY %’55(2 E‘AI into' at o BEfe
t enper at ure cbmpbe:tdxewtyw eclsairfpncbqeplier 54. refrheerfoﬂ:sﬁ vt or
204. eratur t he sgnsing fhern stor -
202, as a resé?? pafges 383?5-)%%%?‘? ngftror&an Itﬁ 81‘%%% ?gnt 2 I‘-§/ gi%%‘i%r t han
the- 5t enpevapartmentt loff ritferErme éq1m]niizamr54204 TheDfiinsg cav:.ty
conditions wh di S 0 a or

%4s i‘{sy Qig J:lt grén)1 thoo}phzbhgfﬁaiﬁ% ?he dlgﬂ?ﬁoe equal

the tepperature of "The r'ete ence

to the tenper pressuse pvop(2. diThiies dyslrapddot Mmaé'—l@fﬂ thes e ng

therm stor 20%ound to maintain. identical pressures and therefore
identical flow rates at the inlets 154 of the flow
10 equalizer 54. _

With respect to the output pressure equalizer
56, when the pressure is equal in.both cavities 258, 260,
the flow rates through each is identical.. When the
pressure, say, in the first cavity 258 exceeds that in
15 the second cavity 260, the flow-restricting element 268
impedes flow into line 150, thereby increasing the
pressure in the second cavity .260. This hydraulic
configuration has been found to maintain identical
pressures. and therefore identical flow rates at the

20  outlets 156 of the flow equallzer 54. ;

” Therefore, since pressures and flow rates are
identical as described above, both diaphragms 138, 140
(FIG. 1) come to end of stroke at the same time.

The time required to attain end of stroke can

25 also be controlled. The dialysate flow rate is set by
the operator using the touch screen. This flow rate
determines the shift frequency of the valves 142-149.

The higher the dialysate flow rate, the more frequently

the valves 142-149 shift. - Howe{rer, a machine malfunction

30 or occlusion of a hydraulic line could cause an excessive

~ end-of-stroke time for one or both diaphragms 138, 140.

As discussed hereinabove, flow sensors 162, 164

(FIG. 1) are provided at the outlets 156 of the flow
equalizer 54 for verifying when the diaphragms 138, 140



z :
while greater than that of the reference therm stor 204, wll be
sonewhat | ower than the tenperature thereof would ot herwi se be during
no-flow conditions. This is because di al ysate fl ow ng past the sensing
thermstor 202 will 25 conduct a portioggof the self-heating energy away
from the therm stor 202, thereby |lowering the tenperature of t he
therm stor 202. [The bypass fl ow sensor can detect flow as | ow as
about 3 ni/mn. Since the sensing therm stor 202 is driven
with 30 a constant-current source, the anount of power input into

the thermstor 202 is limted according to the relationship P =
I[err]R  As aheaweukeachkd ehnt wft etzoke. WhenheadiaphregmeldBuroer 140

achi evabl e by ' rng I :

S0 0 € DY bde, 2BAShEN, Wi Beatroks, the corresponding flow sensor

t hermi stor 2021f2ofra Ifdvagierpadidnedly » larvsy aoaeirflem. signal to the

The two therm gt es6p2Bdess8s, are 1l | BishClhdisors 160EaSYEANGaret ich
eLectrlcak- resi stapce_  across th |nd|deuaIIgéunger condi ti ons

em 5
of no di aPysat EOFPERSEE. of ‘a pgfarenge and ABpELRgc. thermistey hdngl cal

relationship ghown) andtwoAedirfludifgniati Piniler vbi ehecBydats Widve
resi st ance

ref erence ther ﬁ%g’tggﬁéggagggiéa d: %%{5%?@{'&5 éf%%# g%r%%'shla t ag’c'ioffer '; ]h(Ca:
If Rh(t) represents thelfeghengallbesnidRel4d receiesi at sighadt from the = t,
and Rr(t) reprﬁiggggrQQSSQSLEQS“gﬁi&QeLg%sggfthe flow sensors 162, 164
10 have detected end of stroke, the valves are prevented by
the microprocessor from shifting until the end-of-stroke
signal(s) are received .by the microprocessor. In the
event of an excessiyely' long end-of-stroke time, the
microprocessor triggers an increase in the pumping rate
15 of the supply pump 42 to speed up the time to end of
stroke.

Controlling the end-of:-stroke time not only
increases the UF removal accuracy of the machine but also
keeps dialysate flowing through the dialyzer as much as

- 20 'possib;e to maintain - the dqéired osmotiq' grédient~
. 'therein; and ensures accurate'prdportibning and mixing of
concentrates with water to form dialysate.

Timed Mode Initiate From Power-Off

25 The microprocessor programming as described
herein can be conventionally implemented to accomplish a
timed mode initiation from a power-off condition. As is
known in the art, machine disinfection, rinsing, and .
"coming up" on concentrate and temperature to produce

30 dialysate in a condition to begin treatment are
burdensome.taéks'that.typiCaliy must - be performed before
the start of a treatment day. In large clinics having
multiple dialysis machines, performing these tasks



resistance at T =t, then, at no dialysate flow, Rh(t) = AaRr(t) + B
where A and B are calibration constants 15 determ ned by the equations

shown bel ow (si nce Rh(30), Rh(40), Rr(30), and Rr(40) are
neasur ed during calibration): 63 Rh(30) = Alerr] Rr(30)
+ B 20 Rh(40) = Alerr]Rr(40) + B Hence, if the
theyrm stor resistances are equal, then the electronic circuitry (not
shown) coupled to the therm stors 202, 204 recogni zes such equal

resi stance as 25 indicating a "no dialysate flow' condition. However, if
the resi stances of the first and second thermistors 202, 204 are not

equal , which omanualbpemannme@udy&aaesbbs@antial(@mgnndiﬁﬁmm eboudtima
nm./mn) is pas g h econd therm stors 202, 204, the
el ectronic C|r§h§t?exﬁ% Se eé%ﬁef”?%sourc it

gnt Zes di al ysate "flow' condition.
Therefore, mheneveTheheleethonécsSOfntbgpmsshLHEfarneoan&ﬂnumWsiy
circuitry Sensgéwéiaéa taeeﬁeéhﬁ@ﬁameean&%%s e e, St unles2 e G290
t herm stors 20 {s unequa I ndicatin
51 3 fﬁwtc!ahbaﬁabﬁenetwnedt pfgg@r unlasar kheomachiiss 'so power
notify the opeggiQ@r Of hdpiugged! thasbypaseswdhye €he programming is
* readily adapted to include use of the key pad display on

the touch screen by the operator to enter the desired
time at which certain designated machine functions are
10 automatically initiated. -These functions include
disinfection (such as heat-cleaning), rinsing, and
beginning the production of dialysate at. the desired
‘temperature and ionic strength for dialysis treatment.

15 Preservation of Machine Parameters During Brief Power-Off

The hemodialysis machine of the present
invention is provided with a .battery back-up which
preserves certain. operational parameters previously
entered by the operator in the event of a temporary power

20 interruption (less than _aboﬁt' 20 minutes). . . Upon
' restoration of power, the machine is in the stand-by
mode.

All of the following parameters are saved in

static RAM every 30 seconds or upon any major change in

25 machine state. Upon restoration of power after less than

20 minutes aftér the last "time stamp' (time at which

parameters were saved) by the machine, the following
parameters are restored:

30 Temperature correction
Accumulated UF volume removed
Desired UF removal volume
UF removal rate '
UF override flag

35 Current machine state
Previous machine state
Self-test pass/fail flag



The advant age of the bypéss val ve flow sensor 62 as descri bed
hérei nabove is that it enables the dialysate 5 bypass valve 66 to be

tested functionally, i.e., via a determ nati on of whether or not the
bypass val ve 66 actually shut off t flow of dialysate to the
di al yzer 208. This is the first known use of such a flow sensor
I na henodi al ysis, mchine. Oher bypass val ve sensors 10 known in the
rel evant art nerely test whether or not, for exanple, the bypass
valve has been energized. One exanpl e of such a nechanismis a
sensor that determnes .. whet her or not a solenoid controlling the valve
has shifted positi ﬁmﬁnsqﬂ"' 0958 10 analication of current 15.
thereto. In the prese Ezgggéa&% l;% % ast, the bypass val ve
fl ow sensor verifies th : . {]@g ct y '
e fP Fafl tr%\fé?gﬁng?%ag- ypgss eénsc()i?' %93%»

properly. s flag . ! |

This feature, shown schggphhgal ycé‘fcdfﬁf@i@]ﬁ-%ate,d'%b@ﬁy Fiagd -2,
utilizes a first and a ggpRPdn! HEHH SAEH 10, 21271 n"a manner simlar
to the bypass val ve fl Odccumul&€d8 Bloky di scussed ~ above. The first

and second t her m gtghu?dPed Hepaih exposed to dialysate flow ng 25

through gonduit 174 | usp)dsmngihr@sin Dimitie foralopaduc@¥ity, but upstream
of the bypass line 166. temperature, phdstri®baiduieed@mentUtimezed during
automati c testing ohepaRihj netcfunctions, as controlled by the
machi ne's m croprocessor. During such a test, dialysate 30 flow is
bypassed from the dibkyfile 28tings Hoxr veirdable soddual andr 54
volunetriBally natches bhearbohare of di al ysate that woul d
ordinarily enter the dialysate conpartment (not shown) of the dialyzer

208 with the vol ungogh JPedlt¥2atfofiXide NFodde, dichlY 2fd; £3fe fHELNY
' can be restored by the operator touching the appropriate.
"button" on the touch screen. |
20
Drip-Chamber Level Adjusters
As is known in the art, hemodialysis treatment
requires use of an extracorporeal’blood-line set. Blood-
line sets are available from a number of manufacturers in
25 a variety of different configg‘ration_s'. Virtually all
blood-line seﬁs ‘have at least a venous drip ‘chamber.
Usually, an arterial drip chamber is also included. The
drip chambers serve several functions, including
providing a means for removing air and foam from the
30 extracorporeal blood before the blood is returned to the
patient, and providing convenient sites at which .
extracorporeal arterial and venous blood pressure can be
measured. _
A portion of the extracorporeal blood-line set,
35 including drip chambers, is normally fitted to the front
" of .a hemo_dialjrsis'. machine in an o:t'd_efly and convenient
arrangement using special clips and the like. Each drip
chamber typically includes a short tubing segment
terminated with a female fitting of a type known in the
40 art as a Luer fitting. The female Luer is adapted for



52 bypass, thé vol une of dial ysate passing through the bypass
val ve 66 and bypass line 166 is equal to the vol une passi ng back

t hrough the flow equalizer 54 via line 158. Since the UF line 178 is
occluded by the UF 5 flow meter 76, gwy dialysate flow past the first
and second therm stors 210, 212 in either direction nust be due
tog dialysate flow passing through the dialyzer menbr ane ( not
shown) into the bl ood conpartnent (not shown) thereof or fromthe

bl ood conpartnent thereof into 10 t he di al ysate conpartnent thereof.

| f- such flowis detected, the machine triggers an operator alarm

Aut omati c 1¥ﬁﬁonnpcﬁldﬂtﬂoﬁaImaknlnmerF&dmmung on or near theThrenteafure is

utilized duri a c st n curs
before the the lﬁé‘gﬁﬂﬁé g‘ﬁrggg g’r pé‘t %Cétﬂréggfe iﬂ%’ ?csm%%?{o%rgﬁlc
test is contraf | he b@ripeChamhenet@ & PF@E!SEE%SIE%?S‘&?% compopeRf dRher
sel f-test roq% rg]e exanpl e. of when . ultrafiltration-function
testing is au omatlcaJ[ y engaged 20" -is when the nmpchjne i's in ri se’an‘d
produci iy di al ysate: Drimiq ers, Busty R HTTHACH 5 o8 means £8T . such

as tenpedy dgﬁn rﬂile Qﬂ.%@tlé#etly therefn,Cpaptitalasdyf tbeshsure
routlne beglns when

h h
t ouch *scr een Hidtor £ ﬁe&ﬂlﬁl‘ﬁdng{ %Jgsgég td}topeeﬁ?m%?w in € ettgrllgn Tne

order to testchHambart tad t @dki obeémsl cnre-entramw diial y$hee bloed. 174,
206 (FI GS.

’ |
to circul at la‘nldysi%e?%?lﬁ TR n2®i Fﬁgggﬁﬁf& ng ot Egltrat egl a yzgg ié(é:laﬁzgt:

10 that the operator manually rotate one or more knobs on
the machine to rotate a peristaltic pump coupled to the
corresponding drip chamber. Such a manual operation has
proven to be a cumbersome annojring tésk, éspocially since
the peristaltic pumps can be difficult to rotate.

15 The machine of the present invention overcomes
this problem by providing, as shown schematically in FIG.
5, an electrically driven | reversible positive-
displacement pump such as a peristaltic pump 272 which
replaces the hand-operated peristaltic pumps found on

. 20 conv_eht_idnal‘ hemodialysis machinés. .The peristaltic pump
272 is fitted with flexible tubing 274, one end 276 of
which is open to the atmosphere. The opposite end 278 is
coupled in parallel to an "arterial" valve 280 and a
"yenous" valve 282 coupled to an arterial drip chamber

25 284 and a venous drip chamber 286, respectively. The
valves 280, 282 are preferably solenoid valves of a type
known in the art. Each drip chamber 284, 286 is coupled
via .a corresponding Luer fitting 288,. 290 to the
corresponding wvalve 280, 282. Included upstream of each

30  Luer fitting 288, 290 is a pressure-measuring device 292,
294, 's'uch as a pre'ss_ure _ trahSducer,"which' communicates
with the microprocessor (not shown}.

On the front of the machine are arterial and
venous “up" buttons 296, 298, respectively, and arterial



30 di al yzer is not usebl, the flow equalizer 54 discharges a vol une

of dialysate into line 206 that is substantially equal to the vol une
of dialysate passing through |ine 174. Hence, a volunetrically closed
| oop is forned wherein dial ysate exggs the flow equalizer 54 through
t he 53 outlets 156

t hereof, passes through |lines 206 and 174 coupl ed together, and
reenters thé flow equalizer 54 through the inlets 154 thereof.
Included in this closed loop is the UF flow neter 76. The UF fl ow.

meter 76 5 permts a discrete volune of fluid to-be renoved fromthe
cl osed | oop. aAIdso:’e'nmimdédofm“thet‘cdeeGODG)OFSOQS tﬂ&ﬁpeCti‘m']&hymhhch

pressure tranggﬁq.'%lmo ' 1%1%11 mgf h§| q:fysat dﬁdl {rﬁf g@ UF28%I ow

neter 76 rermves fromThe c ose
This renoval @&nd3the |Bﬁ1§tﬁﬁdld'+1é’ntpw 12GRer tHRE @¥ANRA e pressm@smﬁze

nmeasured at t B%tb&%'&slduﬁfﬁ" 6ﬂu9¥oﬁb993 %ﬁﬁentso valve 3@@0”@?@ ihit{wessare

no | eaks in the ci qgsed | ower ed ssure will remain
subst ant-Pal | y TOSASLR °fl'h‘ghe Perh%@#n’t? VIPYIRE. ng'ﬁft 8P effe tt?erfrae‘s%%dt e

di al ysate preplaood. f:wvéllS mabnut adfesfaDndgipuchagbahi eg4t.he pf@g@mge must
remain |mtofthe|rcb|t|al Iowv

In_a | ue.
the pressure Fﬁ"? aﬁﬁﬁrﬂﬁg‘ses q |m13ut1ﬁ?e r?é) hi RESRPI | Ve alve t??%ge %n
operator al ardmiti@tes an . oppoditenmbtatient iofy the Ppepdsttiadidinyg e

272 so as to lower the blood level in the arterial drip

10 chamber 284. The venous "up" and “"down" buttons 298, 302

operate in the same way to control the blood level in the
~venous drip chamber 286. '

o Increasing Dialysate Flow Velocity Through the Dialyzer
15 Without Increasing Dialysate Flow Rate

Most hemodialyzers currently in use are hollow-
fiber types which generally have a more compact shape
than parallel-plate or coil dialyzers used previously.
Hollow- fiber dialyzers as known in the art typically

20 comprise a bundle of fine hollow fibers, each fiber made

' of a semlpermeable membrare mater:.al, encased in an outer

cylindrical shell. The shell defines a space surrounding

the fibers termed the "dialysate compartment" through

which flows the dialysate prepared by a dialysis machine.

25 The patient’s blood is conducted through the lumens of

the hollow fibers, propelled by a blood pump on the
dialysis machine. :

Clearance of metabolic solutes from the blood
through the fiber membrane to the dialysate depends on a

30 © number of factors, including the osmotic gradient across
the semipermeable membranes. The osmotic gradient is
dependent on a number of factors inclﬁding' ionic strength'
and ionic profile of the dialysate, dialysate flow rate
through the dialysate compartment, and flow dynanmics of



Based Upon Connection of Concentrate Lines As descri bed

her ei nabove, the concentrate rinse fittings, e.g., the "A" and "B" rinse
fittings 28, 30, respectively (FIG 1), are equipped with proximty 25
sensors which sense whether or. not the cayrespondi ng concentrate

| i nes 94, 104, respectively, are connecte thereto. Such information
regardi ng whet her or not a concentrate line is coupled to a
correspondi ng rinse fitting is utilized by the machine's
m.croprocessor to 30 set the correct proportioning node, e.g., acetate
or * bi carbonate dial ysis. _ For exanple, during the

machi ne's "di atpge" dialys@de, ad the mMEalowae’ StHACUEH OERESOIiAGAIARS a
si gnal indicating that the "B" concentrate line 104 is coupled 35 to .
the "B" rinse FPPPRRGMEBL-t he machine will operate

54 only thertAiscanpeptantethatpthe. didlysate" Blogomate! b e

line 104 is nof.coupled to,.the "B' rinse fi.tti 0 s s machi_ne.
wi |l operate bgfﬁﬁtﬁgouﬂh &% SFFOSE %ﬂ%%ﬁ%#gﬁké a %g%§6§l??F FOPPY
respectivbly. of ZFresh dialys&izhtoomfdecitorsatiisfadhory\'chedraste of
concentrate toxic Ebﬂﬁ%e%ﬁfr&84tﬁ£5gggkégﬁt? bP§o8" QRO IUAE JRi:Y, Of

A concentrate. ring acetate ral'ysi's, ~ the volunetric

ratio of "A' ¥aheentdaye dendii Appsese pr 1ageas Mk i ylockage im cAhsonate

dialysis W thgjabrakee WohbatkmenPr 2a@Hichl0areConNt r@ksssedl Otoexdml €,
the volunetric ratio of "A’ S

continuous supply of fresh dialysate will adversely

10 affect clearance. Such dead spaces can be reduced by
merely increasing the dialysate flow rate. However,
increasing the dialysate flow rate also increases the
rate at which expensive dialysate .concentrates are
consumed. Therefofe, it is advantageous, especially with

15 large dialyzers, to increase dialysate flow velocity
through the dialysate compartment without necessitating a
corresponding increase in net dialysate flow through the
dialysate compartment.

An embodiment of the dialysis machine of the

20 preseﬂt invention solves this_p;oblem by incorporating a

| dialyéate recirculation pump parallel with the dialyzer
as shown schematically in FIG. 6.

FIG. 6 depicts a typical hollow-fiber dialyzer

208 having an outer shell 306 defining a dialysate

25 compartment. Extracorporeal blood is pumped by the
machine’s blood pump (not shown) through an arterial
blood line 308 from the patient (not shown), through the
hollow fibers (not shown) of the -dialyzer 208, then
returned'through a venous blood line 310 to the patient.

30 FIG. 6 also shows the "arterial" dialysate line 206 and

| "venous" diaiysaté line 174 (see ‘also FIG. 1). .A
dialysate recirculation pump 312, such as an electrically
driven gear pump, is coupled to the dialysate lines 206,
174 parallel with the dialyzer 208. The pump 312 can be



concentrate to dialysate is 1:36.83. Hence, the nmachine
automatically adjusts the punping rate of the "A"
concentrate punp 22 in response to whether or not the "B"
concentrate line 104 is coupled to the "B8 rinse fitting

The proximty sensors are shown in FIGS. 3A and 3B.

15 30
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I cti,on of, for exanple, the "A" and "B" rinse fittings

ed on the right side 218 of the nachine. On the

annul ar surface 20 220, 222 of each rinse fitting is an angl ed
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Shown  “schematically]), A, 25 ﬁhohosensor 30 of a type
ghe ddalvsate as delivepadPHehbg: Aip X%ﬁgl“&ﬂ’?}ﬂé}ﬁ eQton

288wn). is energized with a pulsatile signal in the
range_(so as_to be fooled, by 60:

hotosenso-YQBGegﬁchggg%Pgd-§ucﬁ°€ﬁ n Iqq%ﬁn SPENY 1 om
diadysaheoufforn thest'vermms" dialy@a8te ofiinkee HMyl €d the

fertBriSind Yfivdaee ine 206 280 rBpaBHELET ISR fhe
diglysese2qoompartment 306, the flow velocity of thy
d98R888L0N tAedugh® ReeS el yautehe compartment can’ be
increased without making a corresponding increase in
dialysate flow. Hence, it is possible with this feature
to improve clearances with a particular dialyzer without
ihcreasing the coqsum@tion of expeﬁsive dialysate

concentrates.

Blood-Leak Detector
Virtually all dialysis machines in current use
employ a blood-leak detector to monitor dialysate flowing
from the dialyzer for the presence of blood that might

' have leaked from the blood'compantment into the dialysate

compartment of the dialyzer.

Most dialysis machines currently in use are
capable of delivering only a fixed rate of dialysate
flow, usually 500 mL/min. The blood-leak detectors on
those machines operate with a detection sensitivity that
is set at a fixed level and not changed during the course
of treating a patient or even a series of patients. At a
dialysate flow rate of 500 mL/min, many conventional
blood~leak detectors are set to detect blood having a 25%
hematocrit flowing at 0.35 mL/min into the dialysate.’

) " The dialjSis'machine'of the present invention is
capable of delivering dialysai:e at flow rates ranging
from 500 to 1000 mL/min, adjustable in 100 mL/min
increments. At various dialysate flow rates, a fixed leak

226, respectively. As depicted in the right-side

| um pation). The



phot osensor 230. : So long as the photosensor 230

recei ves reflected light from the LED 228, the nachine's

5 m croprocessor circuitry (not shown) "interprets" such a

condition as indicating that the "A" co ntrate line 94 i s coupl ed
to the "A" rinse fitting 28. |If the lig 232 does not reflect so
as,to inpinge the LED 230, the m croprocessor circuitry
"interprets" such a condition as 10 indicating that the "A"
concentrate line 94 is not coupled to'the "A" rinse fitting 28
but is coupled to, e.g., a supply of "A" concentrate.

Prediction ofrbtal yeat ebf@@dUCfrothhe 1':_pat1ent w111ThbeSOHtJ.\lL/@|t§d a

troll t
‘neludes o ATGPERGE Spghnt By the, AiATYRARS - coPPERTEORR ol §eRugod-

conductivity. leak dstelrtor havingr edli:ixe:mssamm.ﬁqal lgverf enablihe

particular br 30458 dstect o PRAT AR PELOD 15 odia HRGEo Tt LGE RE! o8 OUPS
of 20 .concentrate I an uire feere pr opor
yield a Bi al ys@Pemhémingmaycootebe abhectgtdehgch hhel same bloerledteaaﬁ ytic

mar ket ed. These i nc car bonate concent rates 25 manuf act ur ed
by Cobe (utilizable foFhgadi saaching,@f the preggnt,dnveptignyésat e

‘f' flll?)ys:le ftgnngﬂéeﬂded WEizggdb?.g?gdléékadéﬁéctﬁm@f7%Igliiﬂlplg"fh gcangeabhate to
bi car Bonate LED 194.gRdep ng’*égsﬁﬁﬁ%?a%?é g}('aji%y Hake@v ééﬂ E bt L6 zabl e
30 f olQvar i abéd bedaujtedma ythies stvrongarabsovbamted db cjmeer'} }J.ghtdbyut ed
o oot 0 Ol xdaPBibod® yIRIAERLTA" Srised: Conprpar HCEHE, HEPSRCRRRELS'
be diluted atdeteaton bétween the lppemencacengt absencenbfabdobd.35 ffhets . .
di al ysare. _Tﬂfpod-leak " detector has a sensitivity that is
automatically adjusted in a proportional manner to sense
15 a given leak rate -of blood into dialysate having any
dialysate flow rate between the 500 to 1000 mL/min
adjustability range. Such automatic adjustment of the
blood-leak detector sensitivity is performed by the
microprocessor in response to the operator. selecting a
20 desired dialysate flow r_é,te. The microprocessor .adjusts
the blood-leak detector sensitivity by altering the
illumination level of the LED 194.

profile. in dialysate ¥ L aigrlwﬂ?ﬁnm%nlﬁoncent rates are currently
Bl

Calibration Scheduler and Data Logger
25 And Warning Message Logger

The dialysis machine of the present invention
has a technician-activatable "calibration”" mode and is
programmed to permit entry of calibration data, dates on
which certain calibrations or adjustments are performed,

30 and dates on which a particular dialysis center may
desire .to have certain calibrations or adjustments
performed. The machine also automat'ica'll'y logs warning
messages that can be of substantial hélp to a technician
'servicing the machine.



56 machine is "instructed" or progranmed by a technician as

to which brand of concentrate is being used. Such programming is
done using the touch screen with the machine in the "calibration"
node. 5 The software utilized a different algorithmfor

each group of concentrates and for acetate or bicarbonate di al ysi s
usi ng concentrates wt.hin any single group, to cal cul ate a baseline
"cal cul at ed" conductivity val ue. Each algorithmrequires that certain
data be entered by 10 t he operator using the touch screen. For exanpl e,
f or bicarbonate d' Iysi t he, machrc{‘ne will "ask" thedo er tor to
enter baseline (i. %ﬁf%@?@ﬁﬁ?ﬂ)qﬁ SRR P8 &Fi te ugn ng

stgngard ] oronoanvimtebh&l c@lﬁmmﬁimrsvg.mﬂt.r oWhen th\eabaé.ibfmrtmaér urr}
t J
ap b1 car bonabe! UngR0ESH, | EhA Sl lfy 1/ SN0 B LBRLEBILAY. ©

~dialysate modenbyctturnuyzg ofBetbee .'Llnegrrnnil.nga&lbrat;tens swisghpeand
when thegmac hi@étéfti?ﬁgpq{ﬁé Oﬂraealﬁg S end8Ndnains | &fw agifealysate

at the proper t enper at t he touc creen w "act.ual "

di al ysat e conGB@tlr \BRtering \t&euecelslmredmwewhetm art;@mfe é§ﬁ§§6t|vr ty

probe 60 dispiayd) 2B81e8SK'ofl NayHPRAAL OrcdNibieitfiohd hear@r r AakBESS
of that val ue a%ar nst the val ue stated to be correct b

concentrate nEROY38HRerfOR tHee c ARYATM e HPapENTETS éar-ra tﬁ%hgﬂéFﬁ?or
r esponds thatpéfre_aﬂnsm;au@daﬁprwlﬂcﬁhellnsmd ca\labntatu.ensorrect t he machi ne
wi || coppar e t he di spl ‘actpyal)’ . val ue g&@% Ehe cal%ghateg
val ue. If the 'ﬁ% | ERCRENR  \AIRRIeE o 1 fr8§1tﬁ88§3 yed
val ue, tthenirechs nehixh | aregesetl thye thes plizyeoprbasebomre tvahoteasnd
"record" incidents wherein the respective components
experience an -operational anomaly of interest to a
machine technician. " For example, .the- "A" and "B"
15 proportioning pumps 22, 40 (FIG. 1) are each driven with
a stepper motor 90, 114, respectively. The stepper
motors 90, 114 utilize 200 "steps" per revolution of the
motor shaft. The stepper motors 90, 114 are provided
with optical encoders by which the machine’s
20 microprocessor not only accurately monltors and controls
the ‘rate of concentrate dellvery, but also monitors
stepper motor operation. If the stepper motor
experiences one full rotation per 190 ‘“steps," the
microprocessor will "note" and log this anomaly, even if
25 no adverse effect on dialysate conductivity resulted
therefrom. A list of warning messages is provided below. .
In the list, system names above groups of messages are
for reference only. Messages having parentheses indicate
software functions. " While -actual failure "'of such
30 functiens would not be expected to occur during machine
operation, the'messages were useful while debugging'the'
software. Messages having particular value to the
technician, especially for troubleshooting mechanical
malfunctions, are denoted with an asterisk.



30 correct since the operator "told" the machine that the di spl ayed

value is correct.
di spl ayed baseline val ue over

mul'ti ply any

57

conductivity val yes
operator wl |

The nmachine wi ||

al so cal cul ate
t he cal cul at ed baseline value and w ||

the ratio of the

subsequent |y determ nedyical cul ated val ue during the
dialysis treatnent by the ratio to obtain new "expected"

a patient over the course of

Whénever the nmachi ne
t r eat ment

cour se of
accordingly c
redetermine a'
det ermine_a ﬁ

conduct i W t y vaqgj

upper and armlimts at [err] Lyoof the initial
or adj us Iaﬁ?d;& ]\?,l val ue. 15 . For Cohe
br and bicarbon -é?. 1 Tales, bi cal cul ated baseline dialysate
conductiyvity i, %g r T 4§§ ql l owi ng al gorithm .
cal cul at cony ﬁgg_ éﬁg%? + 3.7x10[err] 20 ([Na[err]]
- 130)]HCO err] * 37 01([hb[err]] - 130)]
UF/PROP SYSTEM
"Too much time between EOS signals" *
15 "Early EQS detection" *
"UF SHUTDOWN" *
"UF Command Error" *
"UF Time scheduled Event Error" ®
' *Unidentified Error in MISC_ERRFLG"
20 "A Pump Noise" * -
"A Pump Missed Steps" *
*B Pump Noise" *
"B Pump Missed Steps" *
*C Pump Noise" ' * (for three
25 . pump system)
"C Pump Missed Steps" *
"A temperature probe error" *
temperature probe error" *

RUMP SYSTRM

IIB

For exanpl e,

as

for variable sodium
program the vari abl e sodi um profile to

dialysis, the
be delivered to

5 t he upcomi ng dialysis treatnent.

conduct|V|ty, t he
Jat@d’—'ncJéhcﬁ&.tW']%y 10 value and apply said ratio to

&OIE%&I duow SPeedCOI’ldUCtI vity val ue.

by t he .machi ne to cal

A

changes the sodi um concentration during the
progranned by t he oper at or, whi ch

machi ne wi ||

These expected
ul ate and set



where the operator enters the baseline concentrations of sodi um and

bi carbonat e usi ng the touch screen. For Dr ake W | ock
br and bi carbonate 25 concentrates, the cal cul ated baseli ne
conductivity of bi carbonate dialysat® is determ ned by the foll ow ng
al gorithm cal cul ated conductivity in nS/cm .1038[Na[err]] -
.54, 30 where the operator enters the baseline concentration of
sodi um usi ng the touch screen. For all brands of acetate-
concentrates, the cal cul ated baseline conductivity of acetate

di alysate is 3%y g@epgyni ned by the fol  ow ng al gorithm

58 nj1r8gay gi&f £RNEYCkMMpdY in nB/cm = .0895[ Na+] + 1.41

where the operatgrxﬁﬂygrgaahgtggsgﬁﬂgge@@pﬁﬁntratlon of 5 sodium using
the touch screepilegal io xmlt()Fiﬁdégcarbonate di al ysis, the machine wl|l

al so 5auton311§g$1ylﬁ@éxaiﬁfﬁ&Iiﬁpﬁﬁ(pround t he conduct|V|ty
_ . "Illegal index in loport xmlt()“

' IOPOR'I' SYSTEM -
"No 8255... port terminated" *

10 "Set_pwr state: hw_ver=1l"

"Set pwr_state: hw_ver=2"

"Set_power state: Can’t power on" *
*Set_power -state: Can’t power off" *
"Converse: lllegal return from uccom()"

15 "Switch failure in reset_port() function"
"Command buffer full in add_cmd()"
"Unrecognizable command in make_cmd()"
"Illegal number of data bytes in make cmd()"
"Illegal number of .data bytes in make_cmd()"

20
UF _Profiling
The UF profiling feature according to the
present invention provides the operator with a method for
programming a UF profile that can‘vary over time during a
25 dialysis treatment to achieve a target UF removal volume.
This feature is similar to variable sodium and varlable
‘bicarbonate features discussed hereinabove.

Having described and illustrated the principles

30 of our invention with reference to a preferred

embodiment, it will be apparent that the invention can be

modified in arrangement and detail without departing from

such principles. Accordingly, we claim as our invention

) all such embodiments as may come within the scope and
35 spirit of the following claims and equivalents thereto.



nmeasured at the "A" condfuctivity probe 38 (FIG 1) ina simlar

manner . (During acetate dialysis, the 10 conductivity at :the "A"
conductivity probe 38 is equal to the conductivity at the dial ysate
conductivity probe 60, So setting o? alarmlimts around the
conductivity at the "A" conducti vi 9 probe is not necessary.)

For. bi carbonate di alysis, the machine "assunes" that the "A" 15
concentrate is being proportioned properly (at the correct
proportioning ratio), based upon the operator - having verified that the -
di spl ayed di al ysate conductithy value is correct. The machi ne
determ nes a baseline calculatgd BopadMcgivity at the "A"
conductivity probe 20 based on bas e sqdi um and- . bi carbonat e
concentrate i nf or rhat i on ovﬁﬁﬂﬁnﬁg t RE opBFaYsiifgHa tﬂBe¥6E%ﬂnal

screen. The nmdgkitiwcitionscal sl akes Mcﬁiualytsflst hemachimé, havdo@ducaivity
as measured at the "A"_conductivit

over t
“conductivity gtrotgﬁgmn’&b EonduBER ?n% prong'ngThe fﬁﬁ%ﬁ’e@ﬁ’r’%h‘%"
machi ne &hangeapalbd 1d9dgi,umso ascotrmeretrraiﬂeontherlmgchhaecotlosepeffann

di al ysi s ”eahﬁ@.laflltra SR egr nﬁggl ){tt%l&; 15 %o & T_:H@Q?ézgfaﬂ‘%

deternj ne new cal c ue and ap sal
to determ ne amf@m&m profdLeri Vheymﬁ‘éh% %@mpmsmg "A

conductivity probe.  a)  enterifigf QoRS RRANDLRIGAIRMNFIS GRAGSH TAtes.

t he cal cul at ed ,basel’i ne conductivity at the "A" conductivity
probe is det epﬁ?ﬁ%’dflﬁ’@dt rdmeorEnAhgLEFE87i thm 35  cal cul at ed

conductipgity in nS/cm (H) . 1EhteringX1i#s r khe programmable memory a
59 target-UF volume to be removed from the patient;

(c) entering into the programmable memory a
prdp_osed UF profile being représen{:able as a plot of
coordinates on a UF-rate axis and a time axis and

i5 defining a profile-UF volume; and

(d) if the profile-UF volume is not equal to
the target-UF volume, shifting the proposed UF profile
along the UF-rate axis until the profile~UF volume is
equal to the target-UF volume, then entering the shifted

- 20 UF profile into the programmable memory in place of the
proposed UF prbfile so as to allow the hemodialysis
machine to achieve, while ultrafiltrating the patient
according to the shifted UF profile, the entered target-
UF volume within the entered prescribed time.

25
2, A method of ©providing operational *
instructions +to a hemodialysis machine having a
programmable memory and having ultrafiltration capability
so as to enable the machine to berform ultrafiltration of
30 : a patlent accoxrding to a tnne—varlable ultraflltratlon

profile, the method compr151ng° .

(a) providing a wuser/machine interface
configured.as a touch screen operably connected to the
hemodialysis machine; |

* € L M 8§ =




([Na+] - 130)][HCOJ err]] + [15.04 + .105([Na+] - 130)] where the
operator enters the baseline sodi um and bi car bonat e concentrati ons
using the touch screen. 5 For Dr ake W I | ock br and

bi car bonat e concentrates, the cal culyat ed baseline conductivity at the
"A" conductivity probe is determ ned by the foll ow ng al gorithm

cal.cul ated condugtivity in nS/cm= .1114[Na+] - 5.90 10 wher e t he

oper at or enters the baseline sodi um concentration using the
touch screen. Control ling Flow Equalizer End-O -Stroke Tine

As "di scussed herei nabove, the flow equalizer 54 15 (FIG 1) operates via
a four-phase cycle. | r(h)he asing the temght isicxeéephasediering"inbopihenent s

130, 132 and ‘Jontranmabl & YIRREY T pEeb3indd0: thiCEBRt SLALLLLL, AN

di schar ge therr contents he second an ourt ase$, the
val ves 142- 149 control Iy | velng thegr oychngczgerass errktmx;_rm inte thee"

and "post” @E&_ﬁﬁnﬁd&bl@' drid i@ argResull 981 tb0beaPeibvéd S £ PBRC
During t ese bri et second énnd f%rt o ph asesum?herefgre ng di a?élgate

is flow thee patiengiiy) yzer. a .Preferably, at the beginning
of the second and 25  (f rth:.abaayingtbﬁ ditep e 6gen L-%&eeHOEﬂréd aﬁae
al ready r%acl,d{j P - Furt her efe ta_laﬁyl
di aphr agms 138SCPRS i eﬁ%ﬁ% ?"é%cﬁé‘&sen%e%’fms’lq ofe Ht~Proti erggﬁgn,
i nstant. the first Earisf csrrekpondm@eto ntFemateherand othexaspdrd 30
t he "post™” corggast rg;\:m Js& &acC o? completely full condi tion
during a phase after | ng%igF o% tzlilﬁ'gor'rpl etely enpty condition at the
start oflQ he phase. I r{ egc c hiodiwhdag the tounht Bereenvat atpisralityrabl e,
Lgrsfﬁgrkrg' e, YAhdd Swithinf ithe! Wr-Prdfie PPS§iok OBBAT4dTERL IRk ffCh end
proposed continuous UF-rate-versus time profile definlng
a profile-UF volume- ‘and
(£) if the profile-UF volume is not egual to
15 the target-UF volume, shifting the proposed profile along
the first axis to produce a shifted profile, then
entering the shifted profile into the programmable memory
s0 as to allow the hemodialysis machine to achieve, while
ultrafiltrating the patient according to the shifted
20 prof:.le ¢ the entered target UF volume within the entered_

prescr:.bed time.

3. | A mnmethod of providing operational
instructions 'to a hemodialysis machine having a
25 programmable memory and having a capability of
ultrafiltrating a patient according to a time-variable *
ultrafiltration profile, the method comprising:
(a) providing a - user/machine interface
configured as a touch screen Operably connected to the
- 30 hemodlalysa.s machine; . _ :
' (b) using the touch screen, enter:Lng into the
programmable memory a prescribed time .for dialysis;

e

O N n



35 at the same instant as filling of the "pre" corrpartrrent

60 132 during a phase and that filling of the "post"

compartnent 136 reach end of stroke at the same instant as filling of
the "pre" conpartnent 130 during a kf ferent phase. Such sinultaneous
reaching of end of 5 stroke elimnates wultrafiltration inaccuracies

t hat otherwise could result if the "pre" and "post"
conpartnments (e.g., 130 and 136) being, say, filled during a
phase are not filled at exactly the sanme rate. Si nce val ves

143, 144, 146, and 149 all turn on 10 at the sane instant that val ves
142, 145, 147, and 148 (c¢) +tsimg othe .btodchi sereensaendetisigicinteachheai r

Vol ume, i1 o BRRheRmEs MRhetier BrpdEoub VGLERECES b FoaR0E] prom

134, 132) readtheephatdfendtsr oke at the samre 15 instant. However, assum ng
t hat each chanber 126, X I estri ctlon

Jda di gnb! ¥ £8€1f:§ﬁﬁev 1ame!
t her et hr ough, : achl(e |ng\‘1'ss ﬁeous eerlld stroée requires at |east

that pressures at the i(®)ets ‘!Blll%e AR AYd Ngh d theat targetpPBssyelun: t he

outlets 156 b%lrﬁﬂ g 20on  the touEh aGdiiEn SUErBLesHHE NBéEHAT,
the inlets - are provi ded W an input ghfssure equal j zer, 52 and

the outlets 13@%%%%@&% fiﬁféﬂlﬁﬂtﬁuVFpP'Eg @ regiop, the Eirsk as
shown in FIG &kis Tb@ﬁr@@@bnﬁ&ﬁgsuw UF rabeyl | apt S2hes sedphdsesxds a

flexible di aphrarc.]cespondlng to time; within which UF-profile region a
10 UP-rate-versus-time profile can be displayed which
defines a profile-UF volume;
(f) providing a display of profile-UF volume;
and )
(g) while observing the displayed target-UF and
15 profile-UF volumes, touching the touch screen at a
plurality of points within the UF-profile region so as to
define a UF-rate-versus time profile defining a profile-
UF volume equal to the target-UF volume.
20 - : 4, A 'method of N prov:.dlng operat:.onal
. J.nstructJ.ons to a d:.alysate-produc:.ng machine having a
user-programmable memory, a capability of changing sodium
concentration in the dialysate according to a time-
variable sodium profile, -and a capability of
25 ultrafiltrating a patient according to a time-variable
ultrafiltration profile, so as to enable the machine to
produce dialysate having particulax sodium and
ultrafiltration characteristics at various times during
use of the machine for a dialjsis procedure, the méthod
30  comprising: _ _ _ _
CL (a) providing a user/machine interface
configured as a touch screen operabiy cdnnected to the
dialysate-producing machine;

I
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25 separating first and second encl osed cavities 248, 250. A stem

"252 is attached to the center of.the di aphragm 246 and termnates with
a flowrestricting el ement 254. The out put pressure equalizer 56 is

| i kewi se conprised of a fl exi bl e drgphragm 256 separating first and
second 30 enclosed cavities 258, 260. Extending fromthe center of

the di aphragm 256 on both sides thereof are stens 262, 264, each
termnating with a flowrestricting el enent 266, 268.

61 Dialysate from the supply punp 42 flows .
uni npeded through the second.cavity 250 on into a "pre" conpart nment of

the flow equalizer 54.(b)The brogtrammingy into 2Hlge pzssrsprogramymable from
t he di al yzer : S5 pof the.flow equalizer 54. The
first cavi tyme}“grg’ziga%&é’&éoSﬁgrgpp‘gﬁg?%%b i ncl udi ng the dialysate
pressure punp 72. Thi {chydrpxevidiounfoyuthe sauahs sgxesn an i wp

mai ntain i dgpk regsuresefnd oigher 8" € machiddlentbcal ckhaper atgs at
the inlets 15%%(??&![’?&2 -fﬁqw% equal i zer 54. Wth respect to
the out fut prdszafdlégasionerprofilesthafe Fubitaptdaiine condgxme i ¥ hot h
cavities 258£hd6@odium ploEifibow rates through each is identical. When

t he pressure, in the first cavitjy 258 exc%eds that in 15 t he

"

say,
second cavity 260, thd)| oRFHRI (the| HGuEh cfiEhEeBegdisPLaYIng N RS, i nt o
i ne 150, theobakh istreeasifigstheand second intersecting axes- defining

a UF profile region, the first axis corresponding to UF
10 rate, and the second axis corresponding to time; and
(e) touching the indicium provided in step (c)
to cause the touch screen to display within the UF
profile region an ultrafiltration profile substantially
conforminé to the sodium profile programmed in step (b).
15
5. A method of ©providing operational
instructions to a dialysate-producing machine having a
memory and a capability of ultrafiltrating a patient
‘according to a time-variable ultrafiltration p_rofile, s0
20 - as to enable the machine to 'p‘r'oduce_ dia_lysate h_aving
particular ultrafiltration characteristics at various
times during use of the machine for a dialysis pi:ocedure,
the method comprising:
(a) providing a user/machine interface
25 configured as a touch screen operably connected to the
dialysate-producing machine;
(b) programming into the memory -a first
ultrafiltration profile;
(c) providing on the touch screen an indicium
30 enabling a user of the machine to recall the first
‘ultrafiltration profile from the memory; | |
| (d) using' the touch screen, displaying on the
touch screen first and second intersecting axes defining

* [ L M S * :
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pressure in the second cavity 260. This hydraulic configuration
has been found to maintain identical pressures and therefore
identical flowrates at the 20 outlets 156 of the flow equalizer 54.
Therefore, since pressures and fIOM/raégs are i dentical as descri bed
above, both diaphragns 138, 140 I'G 1) cone to end of stroke at the
sane tine. The tinme reqU|red to attain end of stroke can 25
al so be control'led. The dialysate flowrate is set by t he operator
_using the touch screen. This flowrate determ nes the shift
frequency of the val ves 142-149. The higher the dialysate flow rate,

the more frequgntb¥ofile S:leﬁﬁl VehelFarhk4d axidlsf tcorﬂi&&%&ﬂhnga £&CchFne

mal f uncti on- 30 or occlusion of a _hydraulic line coul d, cause an excessive
‘end- of - st r oR@tE Mm@ Lheh Sesionsy @k 1 &sﬁrssaen%%g §gotime; an As
.di scussed herei nabove(,eflowmﬁﬂim Sthb2indiftium providdd i steppoyi ded at

ne put ! ets a0y th% Mouon seH 285 idSfay cuieting Phe" e
have réache@naﬁiké Stregidieon \Whan asécapﬂragnitsafmlttaﬂlon pesfibached
~end of strokeediieqannsPRRdagntheW S6NSHe £irstOPhrdfhicreenen!ively.

sends a no-f1Oow signa croprocessor OW sensors 162,
164 “are ea@@oﬂi164xan|sed of a reference and sensing therm stor (not
shown) and work in a manner simlar to the bypass valve - fl ow sensor 62

and sensor 70 di scussed herei nabove. e
6. A method of providing operational

10 instructions to a hemodialysis machine equipped with a
programmable memory, so as to enable the machine to
operate accordlng to an operational parameter that can
vary over tlme, the method compr1s1ng°

(a) entering into the programmable memory a

15 time period: |

(b) entering into the programmable memory a
target cumulative value corresponding to the operational
parameter to be achieved while operating the machine
durlng the tlme period;

20 - . (c) enterlng into the- programmable memory a

| proposed time-varying profile of the operational
parameter to be executed by the machine during the time
period, the profile being representableas a plot of
coordinates in a region defined by an ordinate of values

25 of the parameter and a time-based abscissa, the plot
defining a profile cumulative value of the parameter: and

(d) if the profile cumulative wvalue is not
equal to the target cumulative value, changing the
proposed time-varying profile aiong the ordinate so that

30 - the profile cumulatlve value is made equal to. the target
cumulatlve value, then entering the changed poflle into
the programmable memory in place of the proposed profile
so as to allow the hemodialysis machine to achieve, while

* € L M S %
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If the val ves 142-149 receive a signal fromthe m croprocessor to
-shift before the flow sensors 162, 164 10 have detected end of stroke,
the val ves are prevented by the m croprocessor fromshifting until the
end- of - st r oke signal (s) are received by the m croprocessor. In the
“event of an excessively long end-of-st¥8ke time, the m cr opr ocessor
tgiggers an increase in the punping rate 15 of the supply punp 42 to
speed up the tifre to end of st r oke. Controlling the
end-of -stroke time not only i ncreases the UF renoval accuracy of

t Ae machi ne but al so keeps dial ysate flow ng through the dialyzer as
nuch as 20 oRasskllG, kR MALDLALNcoLUS: EGRIAL VRIS wOLREH Sl

t herein, and ensures dccurate propor?l nrng and m Xing © concentrates
Wit h- wat er t simer pegiodysat e. ' Timed Mode Initiate From
Power - OF f 25 The mcroprocessor programm ng as described
herei n .can be conventionally inplenented to acconplish a ti med node -

~i'nitiation froma powdr-di¥ awnapPrEAtURSEPE perfogmdng ikemedlakysismchi ne
di si nfesgti oncompicA8ing mé8Hs for " CAFcHIatBngOndealgsateat €nAddgh a -
tenperature to Rroduce 30 di alrégatg |nh a c0£d|t|on ({)o begl n

treat ment afidalysatg cpmpayimerts o 17t hepPphiatysehuand e MBBPF o rkR%

bef ore elifestiny extxrdcozporeal ddycullatiloar gef cblaods thavugh a

g‘él tiple di aLXSEa n@&&égfémerg:e r fo(:):'r n].:ﬁ'g tlpe?n%%itaa%%r, an improvement

comprising:

10 (a) progranmable memory means;

(b) means for entering a time period into said
memory means; . _ _ _

(c) means for entering into said memory means a-
target cumulative value of a time~varying parameter to be

15 achieved while operating the apparatus during the time
period;

(d) means for entering .into said programmable
memory means a proposed time-varying profile of the
operational parameter to be executed by the apparatus’

20. _during the time period, the _‘propbsed profile being
representable as a plot of coordinates in a region
defined by an ordinate values of the parameter and a
time-based abscissa, the plot defining a profile
cunulative value of the parameter;

25 (e) means, responsive to the entered time
period and entered proposed profile, for comparing the
profile cumulative value with the target cumulative
value; ) | _

(f) means, responsive to said means defined in

30 (e), for changing the proposed profile along the ordinate

: so that profile cumulative value is made equal to the
target cumulative value; ' )

(g) means for entering the changed profile into
said memory means in place of the proposed profile; and

R
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manual |y can require a substantial expenditure of tinme and ot her

- personnel resources. The el ectronics of the nmachine are

" continuously power ed, even when the machine is "off," unless the mains
5 switch has been turned off or unlesggthe machine's power cord is
unpl ugged. As a result, the programming is readily adapted to

i-ncl ude use of the key pad display on the touch screen by the operator
to enter the désired time at which certain designated machi ne
functions are 10 automatically initiated. These functions include-
di sinfection (such as heat-cleaning), rinsing, and begi nni ng the
production of dial ysair)atméhfsgesesponsive tenpaid mearendiedined simengt h

for dialysis,treatytent. 15. reservati.o ' P I ing -
Bri ef Power-@gf £or causing 11"58 APPASET yﬁ%h@ﬁggﬁﬁﬁegﬁwﬁt@ew&esent
i nvention i stheoghdadedi shifitedt profiibacse ums itk gnable phesapparatest ain,
oper ati onal parangt.er revi I j.ered he or 4§ event
of a.tenpora%/’ po??%l}l%ffp' |h"t%§r§'feyu tf %’.’S‘?Jr‘gé's- ?:Elaetn Stq)g%g:éazo téf']n;%%?es) .
Upon = 5 rectmndatdveofapuecvwithie vhehtiee ike¥iPdhe st and- by nmode.
All of the followi ng paraneters are saved in static RAM every 30
seconds or upon any major change in 25 machi ne state. Upon restoration
of pbOwer after |ess than 20 mnutes after the last "tine stamp” (tine
at whi ch paranmeters were saved) by the machine, the follow ng
paraneters are restored: 30 Tenperature correction

Accunul ated UF vol une renoved Desired UF renoval vol une

UF renoval rate UF override flag 35 Current
machi ne state Previ ous machi ne state

[
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‘Sel f-test pass/fail flag

Ti me stanp Prescribed dial ysjf ] _ .

treatnent time Prescri bed or e”ﬁ%%%ﬁiﬂr'

5 flag Manual or cal cgpatefl UE rale

Heparin punp rate Accunul at ed bl ood

Accunul ated heparin 10 Alarmw ndow limts for conductivity,

tenperature, prescribed treatnment tine, heparin, etc.

Profile setting¢ETHOD ANBr ARFARATUS @ORIKIANEY DIALYSIS bi car bonat e

Upon restoration of power, the "dialyze" node can be restored by the
. operator touching the appropriate Mbutton” on the touch screen. 20

Dri p- Chanber Level Adjusters’ ABSTRACT AS is known in the art, :

henodi al ysi s treat nent requi res use of an _exjracoyporeal blood-Iine

set. Bl ood- | | KEPERYSMERES Kalatile 49 G‘Fﬁté“?ﬁ{ﬁ‘r‘@é}‘{ APRANRANUER ir er s

in for kidney dialysis are disclosed. - These include

5 checking of dialysate - bypass status using flow

measurement; using a flow sensor to confirm the absence
* of ultrafiltration during bypass; automatic testing of
ultrafiltration function by removal of a discrete volume
from a portion of the dialysate flow path coupled with a
10 pressure test of that part of the flow path; using a
touch screen user interface; bar graph profile
. programming of ultrafiltration, sodium, and bicarbonate
" parameters; using a RAM card to upload treatment
instructions té, and to download treatment data from, the
i5 machine; automatic setting of proportioning mode (acetate
or bicarbonate). based on connections of concentrate
lines; predicting dialysate conductivity wvalues based on
brand and formulation of concentrates; minimizing no-flow
dead time between dialysate pulses; initiating operation
20 in a timed mode from a machihe powet-off condition;
preserving machine mode during machine power-fail
condition; calibration scheduling and remindings;
automatic level adjusting; and blood leak flow rate
detecting. The UF profiling feature allows shifting of a
25 proposed profile along a UF-rate axis to ensure the
volume of ultrafiltrate to be removed from a patient
equals a target UF volume. This feature also allows
programming of the UF profile to automatically conform to
the sodium profile and saving of a particular UF profile

30  for later recall.
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25 a variety of different configurations. V'rtuaIIy al

bl ood-line sets have at |east a venous drip c YOE ~Usually, an
arterial drip chanber is also included. The THESSHE@]HQQ@%@?I serve
sever al functions, including providijng a mEFACERr rempving air
and foamfromthe 30 extracorporeal bl ood b returned
ta the patient, and providing convenient sites at mhlch
extracorporeagl arterial and venous bl ood pressure can be measur ed.

A portion of ¥he extracorporeal blood-1ine set,
chanbers, is hormally fitted to the front

35 including drip
of a henodi al ysis nachi ne

in an orderly ang cenqenlent

pe known

=s§uremm
I Re p

Ingerment usi ng speci al
: |Qghudes a short tubing segpent

I ng on or
connecti on

that t he bl ood | evel

clips And the

in the 40 art as| a Luer
near. the front Ppf
of the\drlep
t he nachine. 5%
adj usting theg
doelss i
ones re- entrai ned Lo
v BN

/90 .

]..

s/

/0
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D al ysis machines as currently known in the art require 10 that the

operator manually rotate one or nore knobs on the machine to rotate a
peri staltic punp coupled to the cor r esPondi i Farber—=Sych a
manual operation has proven to be a cunber gonElSaitioyi NS EEEN, ||
especially since the peristaltic punps can|pe di FEPEALEDt o rofate. 15
Theg machi ne of the present invention overcones Thi s proprenrby
provi di ng, as shown schematically in FIG - 5, an electrically
driven reversible sitive- di spl acenent pygp such as a

peristaltic pqpp 272 Wy ch N replaces the hand-opgrated peristaltic
punps found ory?20 cozventional henodi al ysi s machi \gs. The peristaltic

punp 272 ys fitte L.t h fjl exi ble tubing 274, o end 276 of whi ch
is open to th nosphere. L Th pposite end 278 is coupled in parallel
to an "arterjial" and pa "venous" val ve 282 coupled to an
arterial ogrijp chaner 25 284 jnd a nous drip-chanmber 286, respectively.
The - “Yallves 288, 282 are preferab sol enoid val ves of a type

known i n : fach dripRchaitber 284, 286-is coupl ed via a

correspond

0 fitting 289, t he correspondi ng val ve 280,
282. lacl usegd

SV eam of eac er fitting 288, 290 is a
pressure-ne.suringNdevicé§292, 294, such as a pressure transducer,
whi ch commugicat esy W th the m cryprocessor (not shown).

On the fyony4af the machihe arelarteri®l and © - venous "up" buttons 296,
298, ré?b vely, and arterial 66
N
RN
2\ {
B
~
¥
W
£ |
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and venous "down" buttons 300, 3Q2, respectively, which control
operation of the corresggnding véiwes 280, 282 t-he..peristaltic
punp 272.- For exanpl e, pgessing the a(}erial ¢U63ShEEtanuZQ@“p”ens
valve 280 and initiates rotation of the peristalti BEFUADEDT2 sojjas to
rai se the blood levél in the arterial drip chanbe 1g

thg arterial "down" button 300 openg val ve 280 and initiates an
opposite rotation of the p“ristaltic punp 272 so as to Iomer t he bl ood
| ével in the arterial dry Rr 284. The venous "up" and "down"
butt ons 2 Qe way to contgol the blood level in
t he % I ncreasing Di sate Flow Velocity
Through t he | ut Increasing |Di al ysate Fl ow Rate
Most henodi alyzers cur'e" : f$loer types which
general | y have—a—Tm ) 2 ;IIeE; | ate or coi

di al yzers used previousl ¥ Bk "ﬁé?'dialyze as known in the art
typically 200 .conprise a b dIe of fine hollow fibers, each fiber made

of a seni perneabl e menbrghe paterial /! encased in an outer cylindrical
shell. The sh#l| define4.a §ggce suly oundi ng the fibers terned the

"di al ysate frpar t ment ! threﬂgh '3 which flows the dial ysate prepared by
a dialysis chine. 2 The pati ent/ ‘s blood is conducted t hrough t he

| umens of the holl ow fibers, propelled by a bl ood punmp on the

di al ysis chi ne. O ehrance of metabolic sol utes from the
bl ood t hrough the fiber nmenbrane to the dial ysate depends on a 30
nunber of factors, including the osnpbtic gradi ent across t he

sem per nmeabl e nenbr anes. The osnotic gradient is dependent on a
nunber of factors including ionic strength and ionic profile of the

di al ysate, dialysate fIOM/rate _ t hrough the dialysate conpartnent, and
fl ow dynami cs of . )

N
. v\,\;‘\\ .
R < ¥ N
N\\ gf"/ . ‘
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67 the dialysate as it flows through the dialysate

conpart nent. It is inportant that the dial
hi gh enough to expose the fibers to a suffisci eft==Gpp
dial ysate to effect satisfactory cl earance “f

romthe

patient's blood at a satisfactory rate. A ces—oar—areas of
bl Qqckage in the di al ysat e conpartnment whi exposed to- a
continuous supply of fresh dialysate will adversely 10 af fect cl earance.
Such dead spaces can be reduced by nmerely increasing the dialysa;e
flow rate. However , 3 increasing the dialysate flomleat&galso .
i ncreases the ratgzﬁ whi ch expensi ve di al ysate conc n% tes ar&s
consuned. Therefpre, it RS advantageous, especially with §5‘§ | arge .
di alyzers, to ihcrease dialysate flow velocity thrg & t he di atysate
conpartment w thput necessitating a correspondi ng ingrsq§e in net
di al ysate flow through the di al ysat e conpart nent. YRR An.
enbodi ment. of the:ﬂeﬂysis machi ne .of the 20 present_in&e%ﬁion sol ves
thi s probl em by rporating a di al ysate-recircul ati on,punp paral.lel
with the dialyzef ~ as shown schematically in FIG 6. FI G-
6 depicts a typifkal hollowfiber dialyzer 208 havi ng an} outer shel
306 defining a d} al ysate 25 conpart nent . ExtracorpQreal |blood is
punped by the . machi ne's bl ood punp (not shown) t"irough}{an arteri al
bl ood line 308 ffomthe patient (not shown), through tbg hol | ow
fibers (not shoiw) of the dialyégr 208, then .
\n
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returned through a venous blood Iine 310 to the patient éO FIG 6 also
shows the "arterial" dialysate |ine 206 and ‘venous” dialysate |ine
174 (see also FI.G 1). A dial ysate recir —such
as an el%ctri caIIy driven gear punp, is cBupl el toschectiralysate '
i nes 206, 174 paraIIeI with the dialyzer 208. he mum

68 . driven with a vari abl e-speed control ler
punping rate of the punp 312 relative to the flow rate of t he

di al ysate as delivered by the dialysis machine (not shown). 5

By recirculating a portion of the "spent" di al ysate fromthe
"venous" dialysate line 174 to the- "arterial" dialysate |line 206 for
repassage through the di al ysate conpartnent 306, the flow velocity
of ‘the dialysate through the dialysate conpartment can be 10

i ncreased wit hout. maki ng a correspondi ng i ncrease in- di al ysate fl ow.
Hence, it is possible with this feature. to inprove clearances with a
particul ar dialyzer wthout i ncreasi ng the consunption of  expensive

di al ysate® concentrates. 15 . Bl ood- Leak Detector"
Virtually all dialysis machines’'in current use enpl oy a bl ood-| eak
detector to nonitor dialysate flow ng fromthe dialyzer for the
presence of bl ood that m ght .20 have | eaked.fromthe bl ood conpart nment
iinto the dialysate

| | 1%

\
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conpartnent of the dialyzer. Nbs /Sis—machi-nes
in use are capabl e of delivering only a f: ﬁ@ﬁsbﬁteTW&gBEmW'
flow, usually 500 ni/mn. The bl ood- | eak Bietlct OrSREPLAZfED tho machi nes
operate with a detection sensitivity that ; evel and
not changed during the course of treating a patlent Qp, even a series

of wpatients. At ,a di al ysate flow rate of 500 nL/m n, jany

conventi onal bl ood-1 eak detectors are set to detect ﬁ@ od having a 25%
30. hematocrit flowing at 0.35 niL/nin into the dialysate{

The di al ysis machine of the present invention is capabl e of delivering
di al ysate at flow rates rangi ng from 500 to 1000 ni/m n,

adjustable in 100 nm./mn " increnents. At various dialysate flow

rates, a fixed |eak 69

rate of blood fromthe patient will be diluted a di fferent anount by
the dialysate. Therefpre, a bl opd- | eak detector having a fixed
-senSIt|V|ty | evel - &dab i ng t to detect -a small blood leak in

di al ysate flomnng ES 8? mL nln may not be able to detect the sane

bl ood- | eak in diya] ysat f at 1000 i/ m n. The

di al ysi s machi ne of e prefe i Q tion is provided with a

bl ood-1 eak det ector 78] enpl |ng gr een LED 194 and a phot osensor 196
(FIG 1). (A green LED i sed because of the strong absorbance of
“green |light by re —yi el ding a greater contrast in the

bl ood- | eak

» currently
at e

d

370

308 " -
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208 -~
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det ect or between the presence and absence of blood.) The

det ect or has a sensitivity that s i==aﬂ¥%ﬂ§f7"§tgy
proportional manner to sense 15 a given | THtSSIBEE hgs PHo
havi ng any di al ysate flow rate between REGL

b
m cr opr ocessor |

adjustability range. Such automatic adjustnent—of the
detector sensitivity is performed by the

blood | eak

Fdjlusted in a
di al ysate
n

ood- | eak

n response to

1

] \‘\i’i‘uﬁ“"

the operator selecting a 20 desired dialysate flow rate. The )
m croprocessor adjusts t he bl ood-| eak detector sensi;}&ﬁby by altering
t ke illum nation LetﬁL_QL_LhePE_D 194 i bration
Schedul er and Data Logge| #2332 Boaxd And Warni ng Messjge Logger
The di al ysi s nmachi ne of 1% ca :
t echni ci an- acti vat abl of-na R 01k, ) o) br ogr ammied to pernit
entry of calibration d 1y I ch certargegal i brafions or
adj ustments are perforne on which a parti-culjr dialysis
center may desi rd caldbrations or justents
performed. The nechi rld ELSTTD Lods V&*hi ng ssages -t hat
can be of substantial [He] pcdtoRest echnli ci a dicxpeosepaering t he jmachi ne.
70 he—eal+bratyU#f nod¢ can be acthy oa,} ed byj turning
on an*internal calibrgtf pfrrRELih. e calibration
T R
£o\
EGA Display
Adapter
.\ -
5a3
C . |
Time of Day Hemory Interface RS-232C
Clock
C T <3238 T
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{
are conpleted, the nmachine is returned to the operational node by

turning off the internal calibration swtch, and 5 rest act-i-eg=fihe machi ne

using the mains power switch. Upon enterigg;khe”’ajlbﬁ&ﬁkmh node, the

touch screen di spl ays tabl es of variof8s ci S

provi.sion for the operator to enter data or dayes g to any of

thevlisted calibrations. 10 The ma I'ncludes a nunber

of conponent nonitors which are used by the m croprocessor to note
~and= "record" incidents wherein the respective conmponents

experience an -operational anonaly of interest to a machi ne

t echni ci an. For 9 e = Ng punps

22, 40 (FIG 1) aref 4,
~respectively. The § eps” per
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72 ¢ s | O SYSTEM "i11%g25ten in | O XM L XV LZ. bad

st a,t' Chnge O/Qj od" (" 11 egal i ﬁm t () i ndex" (5 ot 1 e
“io_input()"” "Illegal index in ioport xmt()" .
"No 8255/ .. MLAémﬁaéf%hTs 5 * 10 "set

"Set pwr ngjégcn atéd ... et powerstate Can’

" Set _power %15 S) % """ 80* " Conver se: i |l egal return
from ucch ﬁﬁgﬁﬁ §ai 1) reset_port() | .
" Command qgrﬁb%h Jadeq0d SCT, = " Unr ecogni z pBHIS SUEH&HGS BEE ke B

cmd() " egal LT r‘°c¥fa ta Bytes in make cfrd()" REPLACEDII|edal

nunber of.data bytes in rrakg(} " 24 ' UF
Profi| i ng DATE OF RECEIPT The..Ur.profilli ng feature according to the
~present invention provides the operator with a nmethod for pr ogr anm ng

-a UF profile that can vary over tinme @BSTRACT 25 dialysis treatnent to

achieve a target UF reﬂég#v&ggﬂgg Eelatfjnﬁ *:8 x}n %H&g hgds ﬁ?gi%tr“ges

vari abl.e sodi um and vari rcar ures .di sc
her ei nabove. for kidney dialygisg dxsridiarkasedd | ustThesa t faclude

princi plgs 30checRingOUrofi NV@MipsateV t hydsfLr eReatus® asitigel eEned
: measurement; using a flow sensor to confirm the absence
of ultrafiltration during bypass; automatic testing of
ultrafiltration function by removal of a discrete volume

_ from a portion of the dialysate flow path coupled _vfith a

" 10 pressure test of that part of the flow path; uvsing a
touch screen user  interface; bar graph profile
programming of ultrafiltration, sodium, and bicarbonate
parameters; using a RAM card to upload treatment
instructions to, and to download treatment data from, the

15 machine; automatic setting of proportioning mode (acetate

or bicarbonate). based on connections of concentrate

lines; predicting dialysate conductivity wvalues based on

brand and formulation of concentrates; minimizing no-flow

dead time between dialysate pulses; initiating operation

20 in a timed mode from a mach;‘.-he power-off condition;
preserving machine mode during machine power-fail
condition; calibration scheduling and reminding;

automatic level adjusting; and blood leak flow rate
detecting. The UF profiling feature allows shifting of a
25 propo_sed' profile along a UF-rate axis to ensure the
volume of ultrafiltrate to be removed from a patient
equals a target UF volume. This feature also allows
programming of the UF profile to automatically conform to
the sodium profile and saving of a particular UF profile
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enbodi nént, it will be apparent that the-invention can ke, ... . - .0 “’Tj:f‘ﬁ""i'n
arrdngenent -and detail w thoutt departing from suc 5‘??%?% % {EET |
Accordi ngly, we claimas our.invention all such e ﬁ | ﬂegtﬁ[}\&sﬂgﬁay l
come within. the scope and 35 spirit of the ol | owi ngllc ‘r‘m; P UiT0 I
equi val ents thereto. '
CLAI V5 : 1. A nmethod of 0@| di ng operat | onal
instructions to a henodialysis nachine having a progrannable
menory and havi ng ultrafiltration 5 capability, so 'as to enable
the machine to perform ultrafiltration of a patient accordlngtoa
time-vari abl e ubtrafiltration profile the nethod conprisings.
(a) enteringfl nto the Brogranmmabl e nemprly—a Prescri bed time for
di al ysis; 10 teki ng MADO the‘—pf&ogr anmabl e nenory a
t-arget - UF vol ¥n the | - (c)
entering into ry a bsed UF profile being
represent abl\e iat n a UF-rate axis and a ti g
axis and 15 Fr b o S (d) ifet
profil e-UF L(ﬁ o3id fth et - UR vol ume, shifti nyt™Me
proposed UF p LE-Fhies afls untiy the profile-UF f&une
I's equal ume,{ [ Hen ehteri n€@X ge sh¥fted 20
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proposed 'UF profile so as to allow the henodi al ysi s ‘ -

achieve, while ultrafiltrating(the patient accor di ng tREPﬂ.H@EMﬁWtSﬁEH‘BF
profile, the entered target- UF volune within the enfered pgeﬁﬁ\r’lw
tine. 25 . 2. A method of i,di ng Fﬁ)atea, .................
instructions to a henodialysis nachine hav%/

menory and having ultrafiltration capability So- as to enable the

machine to performultrafiltration of 30 a patient according to a

time-variable ultrafiltratio profile, the nmethod conpri sing:
(a) providing a wuser/macfi ne interface configured as a touch
screen operably connelted to Whe § henodi al ysi s machi‘ie;
74 N( b) USIJ'Ig theYouch screen, enterhyjg into-the
programabl e menory ahorcm,.wc ti for dialysis; N (c)
usi ng the touch.scrfen, lentering Tty the progra l e nenory a
t arget - UF vol unme«f o} be renoved from |5 the patient; (d)
di spl ayi ng on th¥® tbuch sdreen first land § second intersecting axes
defining a UF-profile. regon, S tlhe fipst axis corresponding to UF
rate, and the second] axis co ng to time; 10 (e)
touching the touch pcreerhat a gl ur y 0 points within the
UF-profile region sp as t¥ defiywe a prgposed conti nuous.
UF-r at e-ver sus i rofife defjning ‘N

® N ]

N

{ )

— N
N
l‘;’{
{




a profil‘e-UF vol ume; and ' (f) if the proflle UF _vol une i s not

equal to 15° the target-UF vél une, Sf&ftl ng the proposed qﬁg ﬁm £y
e d

the first axis to produce a shifted pgQfile, then

S ——,

profile into the programmabl e&nenory 1 SO as al | ow
machi ne to achi eve, while ‘.‘ultraflltratlngt patien artrnrdlnafdthé
shifted 20. profile, the entenredtarget UF volu Wi thin the entered
prescribed tine. i 3. A nethod of providing

- oper ati onal i nst ructl ons: a heipdialysis machine having a 25

programmabl e nenory and

~ultrafiltrating a\p nt
~profile, the neth X%\
. user/machine int

“connected to the 30 —hesndi X

as eQpability ™ of

e-variable «, ultrafiltration
(a) presi ding a

touch scr eql oper ably

— {(b) using the

~touch screen, enterTng—mnto t “ . S rrermry“a‘ prescribed tine
~for dialysis; 75
(G using the touch.screen enteging into the programmabl e nmenory a
target- UF vol une to, e renov fr:?m ﬁt he patient; (d)
~displaying the targét-UF vol, °‘ : _
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5 ; ‘ (e) while displaying the <target-UF vol une, e di.spl.aying

on the touch screen first ‘and second intersec¢tin ﬁéﬁ%d@f‘*ﬁ deet I
a UF-profile region, the first axis corresponding to U rate
second axi s. corresponding to tinme; within I ch UF- protji
UF-rate-versus-time profile can be displayed 4which
profil e-UF vol une; (f) providing di splay of profile-UF
vol une; and [ (g) while observing the displayed target-UF
and 15 profile-UF volunes, touching the touch screen at a
plurality of points within the gF profile region so as to define a
UF-rate-versus tinme profile deflnlngaproflle- UF volu equal tthhe
target - UF vol une. 20 4, A nethod of provigih
oper at i onal instrudtions to a dial ysate-produci ng nmachi n@ Mgw ng aLL
user - programmabl-e nenory, a capability of changi ng sodi um § ¥ 23
concentration in the di gl ysate according to a tine- vari ¥ sodi um
profile, and a capabglity of 25 ultrafiltrating a pR§igent
according to a time-varifdbPe ultrafiltration profile, so as to enable
the machine to produce di al ysate having parti cul ar Vodi um and
ultrafiltration characte¢ristics at various tinmes during us¢ of the
machi ne for a dialysis procedure, the nethod 30 conpri siMg:
(a) providing a uger/machi-ne interface configired as a touch
screen operably connect¢d to the o‘I'LaI ysat e- pr oduci ng hi pe;
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et WA

= /b (b) programmng into the( us el ABPRECENENTISMEET
- nmenmory a desired sodium profile; (c)  prayi dlgg Onn ggsouc
screen an indicium enabllng a user of the nm nm@e; ? creaLe
5 ultrafiltration profile that substant%;yly conf or 8 Hre—sodu

< w o g i
55

profile;, (d) wusing the tou creen, dlsplaylng on t he

touch screen first and second intersectin Xes deflnlng a UF profile
region, .the first axis corresponding to UF 10 rate, and the second axis
correspondlng to.tine; and (e) touching the indicium provided
in step (c) to cause the touch screen to display within the UF

profile region an ultrafiltration profile substantially conformng to
the sodiumprofile programmed in step (b). 15 5. A

met hod of providing operational instructions to a

di al ysat e- produci ng nmachi ne having a menory and a capability of
~ultrafiltrating a patient according to a tine-variable ultrafiltration
profile, so 20 as to enabl.e the machine to produce dial ysate having
particular ultrafiltration characteristics at various ti mes during use
of the machine for a dialysis procedure, t he met hod conpri si ng:

(a) providing a user/machine interface 25 configured as
screen operably connected to the di al ysat e- produci ng nachine&d
(b) programming into the nmenory a first - ultrafiltrati

t ouch

profile; - . (c) providing on the touch screen an indicium 30
enabling a user of the machine to recall the first ytrafiltration
profile fromthe nmenory; (d)s using the to%fh screen, )

di spl ayi ng on the | - \—J ' )
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touch screen first and second intersecting axes definin
77 - a Ur profile region, the first axis correspan
rate, and the second axis corresponding to ti

touching the indiciumprovided in step (c)

to dlsplay within the UF 5
profile _; substantially conformng to the first ultrafilgation

profile.
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A net hod of provi di ng erational 10

instructions to a henndlaIyS|s machi ne equi pped with a E;rogrannable

menory, so as to enable the machine to oper at e accordi

to an

operational paraneter that can vary over tinme, the nethod conpri sing:
(a) entering into the programable nmenory a 15 time period: '
(b) entering into the programmable nenory a target cunul ative val ue
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15 achi eved while operating the apparatus during the t'““hEPLACé%ﬁN J.i
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(d) neans fof entering into saikd programabl e menoyy
time-varying profile of the oper at i onal paraneter to
t he apparatus 20 during the tine period, ¢tHe propog .
“bei ng tepresentable as a plot of coordinat 7 in a region defi ned
by an ordindte values of the paranmeter and a ti me- based abscissa,
the plot defining a profile currul ati ve val ue of the paraneter; 25
(e) neans, responsive to the entered tine period and entered
. proposed profile, for conparing the profile cunulative value wth
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METHOD AND APPARATUS FOR KIDNEY DIALYSIS

ABSTRACT

Improvements relating to methods and apparatuses
for kidney dialysis are disclosed. These include

checking of dialysate bypass status using flow
measurement; using a flow sensor to confirm the absence
of ultrafiltration during bypass; automatic testing of
ultrafiltration function by removal of a discrete volume
from a portion of the dialysate flow path coupled with a
pressure test of that part of the flow path; using a
touch screen user interface; bar graph profile
.programming of ultrafiltration, sodium, and bicarbonate
' parameters; using a RAM card to upload treatment
instructions to, and to download ‘treatment data from, the
machine; auntomatic setting of proportioning mode (acetate
or bicarbonate). based on connections of concentrate
lines; predicting dialysate conductivity wvalues based on
brand and formuiation of concentrates; minimizing no-flow
dead time between dialysate pulses, initiating operation
in a timed mode from a machJ.ne power~off condition;
preserving machine mode duringd machine power-fail
condition; calibration scheduling and reminding;
‘automatic level adjusting; and blood leak flow rate
detecting. The UF profiling featu;'e 2llows shifting of a
proposed profile along a UF-rate axis to ensure the
volume of ultrafiltrate to be removed from a patient
equals a target UF volume. This feature also allows
programming of the UF profile to automatically conform to

the sodium profile and saving of a particular UF profile
for later recall.

Figure 1



