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1

SYSTEM A IID METHOD FOR PERFORMING
A SALINE RFNSE BACK IN A PORTABLE

DIALYSIS SYSTEM

CROSS-REFERENCE

llic present application is a conluiuation application of
U.S. patent application Ser No 15/869,778, entitled "Sys-
tem and Method for ('ontrolling Venous Air Recovery m a
Portable Dialysis System** and filed on lan. 2, 2018, which '"
is a continuation application of I J.S. patent application Ser.
No. 14/972.464, of the same title, Iilcd on Dcc. 17. 2015, and
issued as U.S. Pal. No. 9,889.244 on Fcb. Ig, 2018 Thc
aboic applicauons arc hcrcin incorpuratcd by rclbrcncc in
their entirety. is

FIELD

'lite present mvention is directed towards dialysis sys-
tems. and particularly. to a portable dialysis system with an zo

improved method for removing air bubbles from the venous
bloodline durin hemodialysis treatment.

system Subsequently, tlm user (such as a technician/cluu-
c lan or nurse) is required to move the air bubble to a ditt'erent
purt of thc tubing, whcrc it can wifi:ly bc removed. Typically.
thc bubble is posilionnt under a nccdlclcss port inlinc on lhc
tubing for removal Correct positioning of the air hubble is
conventionally achieved ivith a push-hold-release mecha-
nism. v herein the user presses, holds or releases a button
repeatedly to move the bubble forward or backv ard until it
reaches the desired position. Working v ith this kind of
mcchaiusm may prove comphcalcd suicc lhc user may nul
huvc llm dcxlcrily or thc reaction limes ncccssary lo move
the air bubble quickly and accurately 'Ibis may result in a
fnistmsting experience for the patient. besides beuig a poten-
tially rLsngerous situation if the air bubble is not correctly
removed.

Consequently. there is need for an improved apparatus
and method for delcctmg mid removing mr bubbles ui s
venous linc. Such a system should provide assistance lo lhc
user to accurately position the air bubble and simplify the
pmcess of air bubble reinoval.

SUMMARY

BA(7K(rROUND

Blood purihcation systems, which are used for conductin
hemodialysis, hemodiafiltmstion or hemofittration, involve
the cxlracorporcal circulanon ol'blood through an cxcluingcr
having a semi-permeable mnnbrmic. Such syslcms furlhcr
include a hydmsulic system for circulatina blood and a io
hydraulic system for circulating repLacement tlnid or
dialysate compnsing the certain blood electrolytes in con-
centrations close to those of the blood of a healthy subject.
Most of the conventionally available blood puriTication
systems arc, however. quite bulky ui size and dillicull lo is
opcratc. Further, thc design of lhcsc systems mukcs them
oilv;icily'rid iiol coiiduclvc lo llic usc arid iiislsillslioii of
disposable components

Standard dialysis treatment. using, an installed apparatus
in hospitals. comprises two phase~, namely, (a) dialysis. in so
which toxic substances and scoriae (nomtally small mol-
cculcs) pass lluough lhc semi-pcrmcablc membrane from
the blood lo lhe dialysis hquid, and (b) ultratillralion. in
wluch a pressure dillbrcncc bctwccn ihc blood circuit and
the dialysate circuit. more precisely a reduced pressure in the
latter circuit. causes the blood content ofwater to be reduced
by a predetermined amount.

Dialysis procedures using standard equipment rend to be
cumbersome as well as nislly, aml generally require thc
patient lo bc bound lo a dialysis ccnlcr Iiir lon durnlions. o

While portable dialysn systems have bccn dcvclopnl, nm-
ventional portable dialysis systems sutTer from certain dis-
advantages Iiirst, they are not sufiiciently nxidular, thereby
preventing the easy setup, movement, shipping. and rnain-
tenance of the systems. Second, the systems are nor sirnpli- . a

lied enough for reliable, accurate usc by a patient Thc
systems'nterfaces and methods of using disposablc com-
ponents are sublcct to nnsusc and/or errors ui usage by
patients I'or a portable dialysis system to be tmly etfective,
it should be easily and readily used by individuals wlxi are ao

not health-care professionals, v ith the design of disposables
and data input sufiiciently constrained to prevent inaccurate
use.

For example, onc common problem cncountcrnl dunng a
hemodialysis trcalmcnl is the appearance of;ui mr bubble in as
the venous bloodline tubing going to the patient An air
bubble is detected tiqiically by an occlusion detector in the

In some embodiment~. the specification discloses a por-
table dialysis system comprising a mechanisni for assisting
a user in removin an air bubble that may be present in a
patient*s venous line during hemodialysis treatment. In one
cmboduncnt, thc mccluunsm automatically moves thc air
bubble, such thai it is phmcd close lo mi extraction pouil on
the venous line, fmm where it can safely be renioved using
a lteedleless syrilige

In some embodiment~. the specification discloses a por-
table dialysis system for conducting hemodialysis on a
patient, the system comprising: an arterial blood line for
carrymg blood lrom lhc paucnt, a blood pump I'or drawing
blood from stud aricrial linc mtd pumping it to a dialyzcrl s
venous blood lute for carrying punlicd blood Ibom said
dialyzer to said patient; a pinch clamp to prevent air in said
venous line fmm being returned to the patient, an air bubble
detector positioned in said venous blood line for detecting an
air bubble arising in said venous blood line, wherein the air
bubble detector is positioned witlun a range ol'0 to 20 cm
upstream of said pinch clmnp and within a range of 20 to 40
cm downstream of said dialyzer; an extraction port localixl
within a mange of 10 to 20 cm upstream of said air bubble
detector and within a mange of 10 to 20 cm downstream of
said dialyzer in the venous blood line, said extraction port
bein adapted to remove the said air bubble, and a controller
ui communication v ith said air bubble dclcctor and said
blood pump. said controller conligurcd lo cmisc said blood
pump to run ui a rcvcrsc direction back toward smd ihalyzcr
when an air bubble is detected. such that the air bubble is
moved upstream tov'ards the extraction port

Optionally, the blood pump is nm in a reverse direction
for a specified time period.

Oplioimlly, lhc system further comprises a display with a
Graplucal User Intcrfacc (CIUI). Still optionally, thc GUI is
conligurcd lo issue an alarm as soon as an air bubble is
detected Still optionally, the (IUI is contigured to display
instnictions tiir a user to remove the air bubble Still
optionally. the CrUI is conhgured to provide an option to the
user to discontinue hemodialysis treatment when an air
bubble is dclcctcd. Still opuonally. the CIUI n contigurcxt lo
display a plurality of iuivigalion buttons, whcrcin said plu-
rality of navigation buttons are conligurcd to niablc a user
to adjust a position of the air bubble fiir extraction from said
extraction port Optionally. pressing at least one of said
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plurality of naviganon buttons causes Ihe blood pump lo run
in a forward or reverse direction, such that the air bubble Is

moi cd downstream or upstream towards Ihc extraction purl.
Optionally, said controller is conhgured to autmnatically

run s;ud blood pump ul B rcvcisc duccllou when Ju alr
bubble is detected

Optionally, said controller is conh ured to operate said
blood pump in a reverse direction on user input, v hen an air
bubble is detected.

I i 1

In some cmboduncnts, Ihe prcscnt spcclticallon discloses
a method for removing an air bubble arising in a venous
blood linc in a portable dialysis system Ibr conducting
hemodialysis on a patient. said method coinprising detect-
ing thc air bubble ausulg ul thc venous blood lute using;ul
air bubble detector; issuing an alarm to the patient using u

graplucal user interface; electronically prompring B user of
the portable dialysis system to select between recovering the
air bubble and discontinuing treatment: mid electronically
rcmmving a schmuon ol'at least onc rerxivcnng Ihc mr bubble Io
or discontinuin treatment, v herein based upon said
rcmcivcd sclcclion, cmising a blood pump ui run ul a rcvcrsc
direction such that the air hubble is placed close to an
cxtr;mlion port, rccmvlng ulpul Io confirm that Ihc mr bubble
is successt'ully extracted; and resuining hemodialysis treat-
ment when the user confirms lhc air bubble ls successfully
extracted

Optionally, the method further comprises displayulg a
plurality of navigation buttons on said gnlphical user inter-
face based upon electronically receivin the selection of
rcmovenng Ihc air bubble. Soll optionally, saxi al least onc
of said plurality of navigation buttons is conf ured to adjust
a position of thc air bubble for extraction I'rum miid extrac-
tion port Still optionally, pressing a forward navigation
button causes the blood pump Io run ul a forward direction
such that the air bubble is nloved doivnstream towards the
extraction port Still optionally, pressin ~ a reverse naviga-
tion button causes the blood pump to rnn in a reverse
direction such that the air bubble is moved upstream towards so
the extraction port

Optionally, upon running the blood pump in the reverse
direction, the blood pump opcmtcs liir a tirsl pcnod of time
of the order of 2-15 seconds, and at a rate of around 20-60

all 

/nun. I
lllc aformncntioncd and other embodiments oi'ie pres-

ent spccihcation shall be described in greater depth in the
drawings and detailed description provided belov.

BRIEF DESCRIPTION OF TFIE DRAWINGS o

'these and other features and advantages of the present
invention will be appreciated. as they beconle better under-
stood by reference to the follovving detailed description
when considered In connection vvith the accompanyin .1
illawhlgs. wherein.

FIG. I is a front view of onc cmbodimcnt of a portublc
dialysis system,

IIICi 2 is an exemplary fluid circuit dilgranl for a portable
dialysis system; ail

FI(h 3 is B schematic diagram of one embodiment of Bn

exemplary manifold used with a hemodialysis system;
FIG. 4 is a tlow diagrrun llluslraung a process of mr

bubble dcnmuou aud rmnoval in a hemodialysis system,
accordmg lo oue embodiment of Ihc prcscnt specllicalulu, ss

IIICi 5 shows an exempklry CIUI screen displayed on the
dialysis device when an air bubble is detected.

FICi CI Illustratea an cxmnplary set of imins that Is

displayed on the (IUI of the dialysis device. according to one
cmboduucnt:

FICi 7 illustrates mlothcr exemplary GUI scrccn dis-
played on the dialysis device;

ill(i g is a flmvchart illustrating a process flow for air
bubble detection and removal, accordin to one embodiment
of the present specification;

FICi 9 is a block die~am of exemplary hardware archi-
tcclurc ofa ihalysls system, according lo ouc cmbodimenl of
lhc prcscul spcclficanou. Bud

Ill(i 10 illustrates exemplary distances between various
components of the dialysis circuit. according to one embodi-
ment of the present specification.

DE'I'All.ill ) DI IS('l(I P I'ION

In one embodiment. the present specification describes a
mechaiusm that allows the user of B pottable dialysis system
to accurately position an air bubble in a venous line, so that
lt can bc sali:ly rcmovcd. In onc cmbodlmcnl, lhc mecha-
nism of Ihc present specification allows lor precise control
of a blood pump in the portable dialysis system liurther. the
mechamsm of the present specification may be applied to
any system that requires fluid to be positioned accurately
v ithin tubing.

While the present invention may be embodied in many
dlfl'creat fiirms, I'or the purpose ol'promouug an undcrsland-
ulg ol lhc puuclph:I of Ihc nil cation, lclhrcucc will uow bc
nmde to the embodiments illustrated in the draw:ings and
specihc language will be used to describe the same It will
nevertheless be understood that no limitation of the scope of
the Invention is thereby intended. Any alterations and f'urther
modifications in the described embodiments, and any fhrther
apphcations of thc pnnciplcs of thc invcntiou as dcscubcd
hcrmn arc contcmplatcd as would normally occur to onc
skilled in thc art lo winch tlm invcnuou rclalcs.

I'he term "and/or" ineans one or all of the listed elenlents
or u cmnbination of any two or more of the listed elements

The teuns "comprises" and vauations thereof do not have
a limiting meaning where these terms appear in the descrip-
tlou ilud cliluus.

Unless othcrwisc spccllied. "a", "an", "the", '*one or
morc", mid '*at least one** arc used intcrchaugcably and mean
one or more than one

lior any method disclosed herein that includes discrete
steps, the steps may be conducted in any feasible order. And.
as appropriate. any combination of tv o or more ~taps may
bc conducted simuliimcously.

Also hcrcub Ihc rcmuanons of numcucal ranges by cnd-
polnts include all numbers subsiuncd w ifllul thai range tc.g..
I to 5 includes I, I 5, 2, 2.75. 3. 3 gfl, 4, 5. etc ). Unless
othelwlse indicated. all numbers expressing quantities of
components. molecular weights, and so forth used in the
specification and claims are to be understood as bein
moih lied in all ulslancca by Ihc tenn '*about " Accorihngly.
unless othcrw Iso uldicaled lo thc contrary, thc numcncal
parauli:ters scl lorlh nl Ihc spcclficatlou Bud clauus Blc
approximations that inay vary depending upon the desired
pmperties sought to be obtained by the present invention. At
the very least. and not as an attempt to limit the doctrine of
equivalents to the scope of the claims. each numerical
purmnclcr should at least bc colwtrucd in hghl of the number
of ICTIottcd signilicant digits and by applying ordirmry
rounding tcchniqucs.

Notv ithstanding that the numerical ranges and paranl-
eters setting forth the broad scope of the invention are
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approximations. Ihc numcncJl values set liirth in Ihc specific
examples are reported as precisely as possible. All numerical
I aloes, hov;cvcr. 1&lhc&'c&ltl)'on)all& a I J&lgo IlocossJ&11)'esulting

from the standard deviation tbund in their respec-
tive tcstlllg lncasiu'c&llcllm

IIIO I illustrates one embodiment of a portable dialysis
system. Referring to FICi. 1, in one embodiment, the dialysis
system l(N) comprises a top unit )01 that is detachably
affixed to a base 102. The base 102 comprises a reservoir

I&i122 for fluid storugc. mcasurcmcnt, and monitonn . Thc
reservoir system 102 has a door 118 which, when pulled and
not blocked by any protrus&on, slides thc rcscrvoir 122 out,
or otherwise makes the reservoir 122 accessible to a user, to
allow a user to &nsert or change fluids used lor diulysis. Thc
top unit 101, also referred to as the main unit or controller
unit, comprises a graphical user interface 114, pumping unit,
and a door 1)0 with a power lock and niechanical backup
mechanism, as h&rther discussed below.

To a first side of thc top umt 101 is a clasp 105 used to zc
detachably affix a dialyzer 103. To a second. opposin side
of thc top urn& 101 w n sorbent cartrnlgc loclang bnse 104
used to detachably affix a sorbent cartridge 107 It should be
appreciated tlrat the clasp 105, hcmolihcr 103, sorbmit
cartridge locking hase 104 and sorbent cartridge )07 can be
positioned on the smnc side of thc top uiut 101. In either
case, the bottom unit has a sufliciently lar er area relative to
the top unit such that shelves are formed on either side of the
top unit to hold the sorbent cartridge, to hold an infu sate jar,
to capture any spillage. and/or to chmu&el any leaks into a
leak dct&xtor.

In one embodiment. atop the controller unit 101 is a

workspace ui thc I'onn of a uscablc shelf 112.
l3enveen the dialyzer )03 and door I I () are anti-coagulant

pumps in thc Ibnn of synngc pumps 190. Opt&oint)i), the top
unit 101 can comprise a bottle holder that has a spiked base
to receive a bottle. top-down. within the bottle holder
housing infusion )mes may be connected to the inlet of the
blood pump, outlet of the blood pump, or outlet of the sc
dialyzer (blood side). The uilhsion lines miuld also 'flucad'hrough

air bubble detectors to sense if/when the m&ti-

coaguhmt is mnpt&ed or blocked.
FIG. 2 illustrates mi cxcmplary flu&dm c&rcuit fiir an

extracorporeal blood processing system 200 used for con-
ducting hemodialysis and hcnnofiltration In one embodi-
ment of the present invention, the system 200 is i&nple-
mented as a portable dialysis system vvhich may be used by
a patient Ibr conducung dialysis at home. Thc hemodialysis
system compnscs two c&rcuits a Blood Circuit 201 and a o

Dialysate Circuit 202. Blood treatment during dialysis
involves extracorporeal circulation thmugh an exchanger
having a semi permeable menibrane the hemodialyzer or
dialyzer 203. The patient*s blood is circulated in the blood
circuit 201 on one side of the membrane (dialyzer) 203 and . I
the dialysate, compns&ng thc maui clccirolytcs of thc blood
in concenu Jiions prcscnbcd by a physician, &s circulated on
the other side In Ihc dialysatc circuit 202. Thc circulation of
dialysate fluid thus provides for the regulation and adjust-
ment of the electrolytic concentration in blood sit

The line 204 fmm the patient, vvhich tmnsports impure
blood to the dialyzer 203 in the blood circuit 201. is provided
w &th mi occlus&on dctcctor 205 wh&ch &s generally linked to
a visual or audible alnnn to signal any obsIruction to thc
blood flow. In order to prevent coa ulaiion of blood, dc)tv- ss
ery means 206. such as a punip, syringe. or any other
injection device, for injecting an anticoagulant such as

hcpann, uito blood is also provided. A pcnstalt&c pump 207
is also pmvided to ensure floiv of blood in the normal
(desired) direction

A pressure sensor 208 is provided at the inlet where
impure blood enters the dialyzer 203. Other pressure sensors
209. Z10. Z11 and 212 are provided at various positions in
thc hcmod&alysis system to track and mmntain flu&d prcssure
at dcs&rcd Icvcls at spccilic pouim w&th&n the respixnvc
Cli'CU&tS

At the point where used dialysate fiuid from the dialyzer
203 enters the dialysate circuit 202, a blood leak sensor 213
is provided to sense and warn of any leakage of blood cells
into the dialysate circuit. A pair of bypass valves Z14 is also
provided at the beginning mid end points of thc d&alyaatc
circuit, so that under conditioiw of star&-up. or at other times
as deemed necessary by the operator, the dialyzer can be
bypassed from the dialysate fluid flow, yet the dialysate fluid
tlov can still be main&aloof. i.e fiir flushing or printing
operations. Another valve 215 is provided just before a
primmg'drain port 216. The port 216 is used for initially
lilluig thc circuit with a dialysatc solunon, mid to rcmove
used dialysatc fluid after, and in some instances dunng.
dialysis During dialysis, valve 2)5 may be used to replace
portions of used dialysate with high concentrations of, fbr
instance, sodium with replenishment tluid of appmpriate
concentration so that overall component concentration of the
dialysate is maintained at a desired level.

Thc dialysatc circuit is provulcd w&th Iwo pcnstal1&c

pumps 217 and 218. Pump 217 is used I'or pumping d&alyaatc
tluid to the drain or waste container, as &veil as for pun&ping
regenerated dialysate into the dialyzer Z03. Pump 218 is
used for pumping out spent dialysate front the dialyzer 203,
maintaining fluid pressure through the sorbent 219. and
pumping in dialysis fluid from port 216 to fill the system or
main&au& component concmitration ui Ihc dialysatc. In onc
cmboduncnt, thc motors of both thc pumps are cquippixl
with sensors to ensure thc motor shalt &s actually mIat&ng
when required

A sorbent cartridge 2)9 is provided in the dialysate circuit
202 The sorbent cartridge 219 contains several layers of
materials. each having a role in removing impuritie~. such as
urea and crcatuunc. Thc combuianon ol'hcsc laycrcd matc-
nals allows water suitablefor dnnkuig to bc charged uito thc
system lor usc as dialysatc fluid. It also allows clos&xi loop
dialysis 'I'hat is. the sorbent cartridge 2)9 enables regen-
eration of fresh dialysate from the spent dialysate coniing
from the dialyzer Z03. For the fresh dialysate flu&d. a lined
container or reservoir 220 of a suitable capacity such as 0.5.
I, S, 8 or 10 liters is provided.

Dcpcnding upon patient requircmcnts mid based on J
physician's prcscnpuon. desired qumiuucs of an infusatc
solution 22) can be added to the dialysis fluid. Infusate 221
is a solution containing minerals and/or glucose that help
replenish minerals like potassium and calcium in the
dialysate fiuid at levels after undesired removal by the
sorbent A peristaltic pump 222 is provided to pump thc
dcsirixl &urn&un& of infuwitc solution 221 to thc rxintmncr 220.
Ahcrnativcly, thc mfusatc solution 221 can be pumpcx) mto
the outtiow line from resemoir 220 A camera 223 may
optionally be provided to monitor the clmnging hquid level
of the infusate solution as a safety check warning of infusate
flov failure and/or function as a bar code sensor to scan bar
codes associated with addiuvcs to bc used in a ihalysis
proccdurc. Optionally,;m mnmonia sensor 228 may bc
provided.

A heater 224 is pmvided to maintain the temperature of
dialysate fluid in the container 220 at the required level 'I he
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tcmpcraturc of the dialysa(c fluid cim bc scuscd by thc
temperature sensor Z25 located just prior to the fluid's entry
into the dialyzer Z03. 'I'he container 220 is also equipped
with a scale 226 for keeping tnsck of the v eight, and
therefore volume, of the Ihnd in the container 220. and a
conductivity sensor 227, u hich determines and monitors the
conductn ity ol'he ihalysatc fluid. The txmducuvi(y sensor
22'7 provides an indicduou of Ihc level of sodium ui thc
dialysate.

A medical port 229 is pmvided before blood from the In

patient enters the systent for dialysis. Another medical port
230 is provided before clean blood from the dialyzer 203 Is
returned to the patient. An air (or bubble) sensor 231 and a
pinch clmnp 232 are employed in the circuit ui dctcxt and
pres cnt any mr. gas or gas bubb)ca from bcui retumcd to is
the patient

Priming, set(sj 233 is/are attached to the dialysis systent
200 that help prepare the systeni by filling the blood circuit
201 v ith stenle saline before it is used for dialysis. Primin
set(s) may consist of short segments of tubing with IV bn zo

spikes or IV nccdlcs or a rximbuianon ol'both prc-dttacluxh
One ol'orduiary skill in the ait would inli:r lbom thc above

discussion that the exempLsry tluidic circuits for a hentodi-
alysis andior hemofiltnstion system are complex. If imple-
mented in a conventional manner. the system would mani-
fest as a mesh of tubing and would be too complicated for
a home dialysis user to configure and use. Therefore. in
order Io make Ihc sys(cm simple and easy Io usc at home by
a paucnt, in onc mnboduncnt thc fluxlic circuits arc unplc-
mented in the form of a compact nianifold in which nxist sn

components of the tluidic circuit are integrated into a single
piece of molded plastic or niultiple pieces of nxilded plastic
that are configured to connect together to Iiirm a single
operative manifold structure.

FIG. 3 is a schemauc of onc embodimcn( of an cxcmplary ss
mamfold 300, uses) with a hemodialysis system. Rcfi:rring to
FIG. 3, tube segments 358 arc bonded ui(o the tximpact
manifold 300 A number of ports. such as C 305 and D 306
are provided in the manifold, which connect with tubes
external to the manifold to allow the flow of various fluids do

in and out of the manifold. In one embodiment, various
sensors. uicludiug opuca 1 sensors liir scnsuig blood ical agc,
mr bubbles, mid/or occlusion arc auachcd to, and around,
prc-dciincd areas ol Ihc mmnliilil ln Ihc prescn( ex nnplc,
the system is configured for a saline rinse back. ('onven-
tionally, a saline rinse back, which serves to flush the systent
with saline. is performed by detaching a tubuLar se ment 358
that connects the dialysis blood circuit to the patient at
Coilllix'Imit 351 allil atldCltiiig IliC Iilbilldr sCgilii:1st 358 lo iI

salinesourcc 302 via connection pout(s 352 and 353 Tlus o

corn cntional approach has disadvantages, hov ever, uiclud-
ing the breaching of a sterile connection It should be
appreciated that the connection points can be any fornt of
coiutection, including luer connections, snap fits. needleless
inserts, valves. or any other form of fluidic connection.. z

Another approach to a salute rinse back uicludes connect-
ing tlm salute source 302 via coiuiec(ion pond 352 to
conmx(ion pout( 353, wlulc mainimmng Ihc coiuiec(ion Io
the patient. While it avoids breaching the sterile connection,
it exposes a patient to a saline tluid flow that niay contain air sn

bubbles. Because no air bubble detector is typically present
in the tubular se ment 358 between the point of saline
conmx(ion 353 and Ihe point of connec(ion Io Ihe patimi(
351. there is a dmigcr that an cxccssively large air bubble
isould form and. because (herc is no mechamsm ui detect ss
such an air bubble and infiirni the patient, enter the patient*s
blood stream, causing substantial injury

Altcma(ively, a prcli:rrcd approach Io performing a salute
rinse back is to maintain the blood circuit connection
between the patient and the dialysis system via tubular
segtnent 358. ivhich connects to the manifold 300 at port('05

and the patient at coiutection point 351 and fluidically
connect the saline source 302 to the mamfold 300 at port D
306 Wi(h thc patient still fluidically connected to Ihc
dnilysis system, saline is penni(tcd to flow, by gravity or
applied pressure, into the manifold 300 via port D 306,
which is adjacent to port C 305. 'I'he salme flow serves to
tlush the manifold 300 ivith saline and, in particular. to tlow
out of the manifold 300 via port C 305, through tubular
segment 358. and into the patient vin connection 351. An air
bubble dctcctor is present ui region 354, proximate Io purl
C 305 When thc maru fold 300 is utstallcd ut the controller
unit and therefore adapted to detect air bubbles in fluid tlow
exiting port C 305. saline exiting the manifold 300 and
toward the patient will be monitored for air bubbles, via the
air bubble detector in re ion 354. Ifan air bubble is detected.
an alarm will sound, thereby signaling to a user thethe or she
should cithcr discoiuicc( from thc system or extract thc air
bubble, using a syruigc, from access point 310 This method
and system maintains a sterile connection while still nioni-
toring and alarming for the presence of air bubbles

Once an air bubble is detected, the user (such as a
clinician or nurse) is required to move the air bubble to a
difl'erent part of the tubing, v.here It can safely be removed.
Typically, Ihc bubble is positionixl under a uccdlclcss purl
udinc on thc tubing. such as access poutt 310 for removal.
In existing systems, a push-hold-release mechanisin is pm-
vided fiir nxiving the air bubble, which comprises a button
tint the user presses, holds or releases a repeatedly to niove
the bubble is moved forward or backward until it reaches the
desired position. In tins mechanism. typically the amount of
movcmcnt ol thc iur bubble is dctcrmincd by thc user via Ihc
length of time thc button is held down. When Ihc user
dc(crnnncs thc movcmen( is enough, Ihcy re)case thc buIton.
'I'he tasks ofkeeping the button pressed for the correct length
of time, releasing hold at just the right time and choosing the
opposite motor direction and repeatin steps if the air bubble
hns one too far. may prove tedious and complicated Iiir a
user. Further, if (hc user is a patient or an elderly person, (hcy
illiIy'iol lieve. (lie ilcxtciltv'r 1)ic rcdctloii Illlliw llcci:swing Io
move thc air bubble;mcuratcly

linis, push-hold-release mechanism is complicated fiir
users wlxi may not be very precise. may be distracted. or
may have cogtifive impairment such that they can*t hold
and release correctly. A simpler and more accumste mecha-
nism would bc, Ihr example, a onc-press-onc movemcn(
mcchaiusm. such that prcssuig a button once moves Ihc
bubble by a specdic;mioun(. pressing the buuon again
moves the bubble again, and so on

I'he task of accurately positioning an air bubble is sini-
plified in the system of present specihcation by automati-
cally positioning the nir bubble close to the desired location
for removal, as soon as thc air bubble is dctec(cd. Thcrcafter.
thc user is only required to make small incrcmcn(al ad)us(-
ments to bnng (hc bubble to the exec( posiuou for removal.

lil(i 4 is a diagram illustrating the mechanism of air
bubble detection and removal in a hemodialysis systein 40(),
accordin to one embodiment of the present specification.
Referring to Flfi. 4, during hemodialysis treatment. an
ar(coal blood linc 401 is used to carry unpure blood from Ihc
pa(icn( 410 Io Ihc ihalyzcr 402. A pcrwtal(ic pump or blood
pump 403 draws Uic paucnt's artcnal unpure blood along
the arterial line 40) and pumps the blood through dialyzer
402 In one embodimenn the blood pump is connected to a



US 12,285,554 B2
10

pump control 400, which controls the direction;utd flow of
the fluid (blood) through the pump. It niay be noted that
pump control refers to the software and alaorithm used to
drive the pump motor to achieve the expected fluid rate In
one embodiment, the pump control mechanism is control)ed
by loss-level software. or firmware. which nms on the
controller and rccavcs inputs from thc GUI. Thc aintrollcr
and GUI hai c beat carlicr dcscnbcd w iih rclbrcnce to FIG.
I It may be appreciated that the puinp control algorithnt
may be a simple one, which defines the speed of the ntotor ic

(in RPKI) to achieve a desired tlov mate (in ml/ntin. for
example). or it can be a complex one taking into account
non-linearities and other factors that afl'ect the flow rate. In
onc cmbodimatt, 1hc pump motor is a stcppcr mid it is
controlled by a scncs of pulscs. As intown m thc art, each is
pulse min es the stepper motor one step. In one embodiment,
an encoder is provided on the motor which is used for
feedback and error detection.

Purified blood flow s dov nstream from the dialyzer 402
and back to the patient t)trough a venous blood line 404. An zo

mr bubble dctcctor 405 m placcxl in the downstreum path, in
order to promptly dctiwt any air bubble thur may unsc before
it enters into the patient's blood stream. A pinch clantp or
pinch valve 410 may also be eniployed in the circuit to
prevent accumulated air from being retunted to the patient.
It may be noted that the pinch valve (also known as "Venous
( 'lamp") is a safety feature that is used in the case of a)amis,
pov:cl IBllurc, and 0(hcr Bllotnalous sccnarios. It clBIllps thc
icnous lute shut to prcvait air bubbles from rcaclung thc
patient in these scenarios.

An access point or a needleless port 4t)6 is provided in the
venous line tubing, from where the air bubble can be
removed. In certain embodiments, the access point/port may
be used to administer medicine to the patient.

llic hemodialysis system 404 fiirthcr compnses a display is
40'7 having a GUI, as dcscnbcd eerier with rcferciwc to
FIG. 1. hi onc embodimait, the displuy 407 compnscs a
touch screen capable of accepting tactile inputs from the
user. I'urther, since it is important that the device be easy to
use, especially in a home setting. maximal use of colors and so
the touch screen is pmvided for the application. In one
cmbodimcnt, thc touch screen allows nniltiplc user input
conliguranons, provides mulnplc language capability. Bnd
can bc reidily scen at night (particularly with brightncss
controls and night-vision colors) In one embodiment. v hen
issuin alarms. alerts or reminders to the user. the CIUI
provides visual as well as audio signals.

Thus, if an air bubble is detected by the detector/sensor
405. mi audible and/or visual alarm is issued by thc CiUI.
Thc alarm is issued under instructions from the mam control o

unit or controller (as mcnuoned eerier with refi:rcimc to
lil(i. I). which receives input from the air bubble detector
'I'his alarm signals to the user that they should either
discoiutect from the system or extract the air bubble.

It may be noted that the pinch clamp 410 protects the . s

patient, but also prcvaits thc tluul from moving dunng mr
recovery. Thcrcforc, thc components in a hanodiulysis sys-
tem arc ordered such that when the flual is movuig ut normal
course the hubble sensor is first in the stream (after the
dialyzer). followed by the pinch clamp, and hnally the sc

patient. This ensures that v hen a bubble is detected. the
pump is stopped and the pinch clamp is activated. The pinch
clmnp scrvcs as a sufi:ty mcchamsm such that cvcn if thc
pump f uls to stop, thc pinch clmup prcvcnts 1hc bubble from
cntcring the patiait. When thc flllid is bang moved lbr ss
bubble extraction, the pinch clamp can be opened to allow
the fluid to move 'lo ensure that the bubble does not reach

thc pa(tell( when thc pillch clBInp 1s opcll, thc extraction
point is placed upstream of the bubble sensor

Rcfi:rring simulumcously to FICi 2 und FIG. 4, in onc
embodinient, the hubble sensor 231, 405, which may be of
capacitive type, optical type or any other type suitable lor
the application is positioned 10 to 20 cm downstream of a
dialyzer 203. 40Z and 10 to 20 cm upstream ofa pinch clamp
232, 410. In one embodiment. the air hubble sensor is placed
2 to 5 an downstream of a pressure sensor Z12. In another
cmboduncnt, (hc air bubble saisor m placixl upstream of a

pressure sensor ZIZ. In one embodiment, at least one extmsc-

tion port 230, 406 is positionnl 10 to 20 cm upstream of (hc
bubble sensor 231, 405 and 10 to 20 cm downstreain of a

duilyzcr 203, 402. In onc embodiment, thc extraction port is
placed 10 to 20 cm upstream of a pressure sensor 212 In

another embodiment. the extraction port is placed 10 to 20
cm downstream of a pressure sensor 21Z

FICi 10 illustrates exemplary distances between various
components of thc dialysis circuit. uccording to one embodi-
ment of the specification. Referring to FICi. 10, extraction
port 1002 is placed about 10-20 cm downstream from (hc
dialyzer 1(N)1. and hubble sensor 1003 is placed about 10-20
cm further downstrcmn from flie extraction port 1001. Thus.
in one embodiment, the bubble sensor 1(HI3 is placed at a

distance ol about 20-40 an downstrcmn lbom thc ihalyzcr
1001.

It may be noted the minimnm distance the bubble sensor
can be placed from the extraction point depends on a mmiber
of factors. For example, the distance should be enon/3 to
afloss a user with average dcxtenty to success('ully move thc
bubble to the extraction point. This v ould mean that the
distance bctwccn the bubble sensor and the extraction pout(
is at least 1.5-3 5 cm Another factor is the response time of
thc bubble sensor imd tlm mnount ol tune (skat to stop thc
puntp after detection. I'aking into account the speed at which
the fluid is moving at the time of the detection. 1.5-3.5 cm
again is the minimum distance A person of ordinary skill in
the art would. however, appreciate that 10 cm is a more
reasonable lower bound. Further, lhr users who are cldcrly
or dexterity impaired would be more comfortable with a
slightly larger distance. such as up to 20 cm. It may also bc
noted (liat a 10-20 cm distance is also rcasonablc from (hc
bubble sensor to the other components, as it would be
ditficult for a user to maneuver an extraction syringe in the
region if the components are cramped

FICi 5 shosvs an exemplary CiUI screen 500 which is
displayed on the dialysis device sshcn an mr bubble is
dctiwtcd and an alarm is issunl. Screen 500 also optionally
displays insnuctions 501 to guulc thc user to procccd I'urthcr.
'I'hus, the user may be asked to inspect the bloodline for air
and connect a needleless syringe to the venous bloodline
port. In one embodiment, the instnictions are accompanied
by a suitable graphic to illustrate where the requisite port is
and hoss to connect 1hc syringe for extraction.

In onc cmbodimcnt, thc GUI scrcai displays a '*Riwovcr"
icon or button 502 to facilitate the process of mr bubble
removal. Referring to 111(i. 4 and lilfi 5 simultaneously,
when the user presses or touches the "Recover" button, the
system controller issues a set of instructions causing the
pump control to run the blood pump (shown in FICi. 4) in a
rcvclsc direction. 111 B illi'CO(loll opposlll thc collvcn110nal
flow pathway, causing thc blood from the venous lute to flow
buck towards (hc dialyzer. As thc fluid flows ui a rcvcrsc
direction, the air hubble is drawn close to the access point or
port, which is located npstrealn towards the dialyzer Once
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the air bubble is a( the access port the user can pull back on
the needleless syringe to remove the air, as per the instnic-
tions displayed on the (iUI

It may be noted that the (iUI also provides the user also
an option to "Discontinue'* the hemodialysis treatment by
pressing an icon or button 503. if the user is unable to
rcmove the mr bubble In onc cmboduncn(, thc sys(cm
autonui(ically runs the blood pump ut d rcversc direction. as
soon as an air bubble is detected

In one embodiment. when the user presses the "Recover'* Io

icon. the blood pump is nin ui the reverse direction. until the
bubble reaches substantially close to the extmction point or
port. In an embodiment, the pump is run in the reverse
direction for a spcciiicd time perioik OpIionully. the spcci-
Iicd time period is 12 siwonds. IS

As soon as the pump is stopped, in one embodiment, the
(iUI displays another set of icons to the user Fl(i 6

illustrates an exemplary set of icons that is displayed on the
CIUI screen according to one embodiment. when the pump
stops running in the reverse direction. 20

Rcfcrring to FIG. 6, thc cxcmplary se( ol'cons 600
includes naviga(ion bu(tons winch, in onc emboduncnt,
represent movement such as reverse arrow "&" 601. forward
arrow "&" 602, fast reverse arrow "«" 6f)3 and fast tilrv ard
arrow "»" 604 1'hese buttons help the user to make incre-
mental adjustments and precisely position the air bubble
under the desired port. Thus, for example pressing the "e**

bu(ton may allow the pump Io run in Ihe revcrsc dirac(ion
such that Ihc air bubble 1 ~ moved a shor( dis(ance (such as
around 3 mm). In one embodiinent. the motor is nut at a lo
defined and acceptable rate to the user Similarly, the "&'*

602 button may be used to run the pump such that the air
bubble is moved a short distance (such as around 3 mrn) in
a forward direction Still further in the example, navigation
buttons *'«" 603 and '*»" 604 may be similurly used Io run thc ls
pump and move thc air bubble incrcmmitally further in thc
icvcrsc or forw did ilirccdioil, but lor a greater distaiicc (silcll
as around 6 mm) Also. the mate at which the air bubble
moves by pressing any of the nevi o ation buttons is a defined
and acceptable rate for the user. It may also be noted that do

range of movement of air bubble on pressing a particuklr
naviga(ion but(on depends on Ihc specific applica(ion and
the type of dialysis system bourg used, and some embodi-
men(s may require morc priwisc and tine con(ml ol Ihc range
of iuovement In some embodinients, the range of incre-
mental movement vanes from I to 2 cm In other embodi-
ments, such as non-dialysis devices where the present
mechanism may be employed. the range of movement may
be as accurate as I to 2 mm. It may be noIed (hat limi(ing
the range of movcmcnt misurcs that mi air bubble does not o

mole Ioo far, and mitigates Ihc risk of liinna(ion ol'morc mr
bubbles

It may be noted that symbols such as "&'r "&" are used
here for simphcity and any symbols or words may be used
for display on the CiUI, so long as they can be easily . a

comprehended by a user and serac the purpose ofnaviga(ion
for Ihc mr bubble.

In onc embodimen(, another buuon or icon is provided
that allows a user to resume treatinent after the air bubble
has correctly been positioned In the present example. tlus ao

purpose is served by the "Done" button 605.
For resuming treatment in one embodiment, the CiUI

displays a no(her screen wi(h the status of Ihc air bubble. I 1m(

is. whether thc bubble lrds been rcmovcd. FIG. 7 displuys
onc such exemplary GUI screen 700. Rcfcrruig to FIG. 7, as
after the user safely extracts the air bubble fmm the access
point. they can press the "Resume" button 701. Pressmg the

'*Rcsumc" button 701 indicates to Ihc sys(cm that Ihc air
bubble is renxlved from the venous hne and it changes the
status 702 accordingly If a user is unable to extract the air
bubble, they can choose to discontinue treatntent using an
icon or button 703 provided for the purpose. A person of
ordinary skill in the art would appreciate that in case the air
bubble has no( bien rcmovcd properly at thc dcsignatcd porL
it is dc(cc(cd agiun by thc mr bubble detector (as shown in
liICr 4)

lil(i 8 is a flowchart illustrating the process flow filr air
bubble detection and reiuoval, according to one enibodiment
of the present specification. The steps in the flowchart are
executed by the controller of the hemodialysis device.
Rcfcmng Io FIG. 8, when mi air bubble ui the venous lute
to thc pa(icn( is dc(ac(cd ui 801. a signal w sen( by Ihc
detector to the controller. ivhich then issues an immediate
alanu to the user via (iUI 'Ibis is shown in step 802. 'I he
(iUI also displays instnictions to the user regarding how to
safely remove the air bubble. TTie user is given the option to
choose "Recover*'03, ivlfich assists v ith air bubble
removal or "Discon(muc*'04, which stops thc dialysis
tres(mcn( (809). These options have bixn explained wirlicr
with reference to lil(i 5 When the user chooses "Recover",
the controller issues instructions to automatically run the
blood pump in a reverse direction in order to place the air
bubble near the extraction port This is shown in 805.
Subsequently. if required the user may incrementally adjust
thc position of thc air bubble usuig navigauon buuons
provided on Ihc GUI, as shown ut step 806. In one embodi-
ment, v hen the user presse~ a button filr incremental adjust-
ment, the pump is moved for a predetermined period of tiine,
at a specific rate 'I'his enables the movement of the bubble
for a precise and specihc distance It may be noted that tlus
mechaiusm eliminates the onus on the user to be precise.
Evra»f Ihc user presses a bu((on too many times and moves
thc bubble too lar ahead. they can usc thc rcvcrsc movemcn(
to move Ihc bubble back if rcquircd.

Once the user is able to successfully extract the air bubble,
assisted by the instructions provided by the (iUI. and as
determined in step 807, the user may choose to resume
treatment, as shown in step 808. It may be noted that the
method of cx(rac(ing the air bubble employed in Ihc pre«en(
svstcili coillpilacs Usiilg a synngc au»cited 10 tile pot l io pill
out thc bubble. Tlus method is known in thc art Io work
consistently across tubing sets. machines and users when an
air bubble is placed ivithin a short distance. which in one
embodiment. is approximately an inch fmm the extraction
port. If however. the user is unable to extmct the air bubble.
they can choose Io discontuiuc Ircauncnt, as shown ui a(cps
807 mid 809.

Thus, Ihc system and mc(hod of prcscnt specifics(ion
involves tv'o main steps to correctly position the air bubble

I ) an automatic movement by the system to mitially niove
the air bubble to a position estimated to be near the
extraction port; and

2) a manual atc71 whcrc the user presses the li&rwardr
backward bunons, and rcpcats if rcquircd, Io posi(ion
thc air bubble accurately in rcla(ion Io thc dcsircd porn

In one embodiment, filr the automatic ntovement in the
first step, the pump is nui at a specific mate for a specific
period of time. It may be appreciated that the rate at which
the pump runs needs to be slow enough such tlmt the hubble
cohesion is mit broken and thc bubble docs no( thsintcgmtc
or brcak up. Thc rate or spccd of pump also depends on Ihc
dimensions mid conligura(ion of the tubuig that the bubble
will travel in Iior exaiuple, if the tubing is rounded or looped
near or around the port. slightly faster nate is allowable In
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onc cmbodimcnt, Ihc opcraluig rale of lhe pump ranges
bet&veen 20-100 ml/min, for plastic tubing that i ~ around &4&"

thick, assuming that there is no looping in the tubing. It
should further be appreciated that the pump should be run
for a time sufiiclent to have the bubble travel from the
bubble sensor to the extraction port in accordance with all of
the aforcmcnuoncd distances bctwccn the bubble sensor and
the extraction port

In one embodiment. upon activating the automatic niove-
ment or step movement of the pump, the pump is run for u lo

fir t period of time of the order of 2-15 seconds, and at a rate
of around 20-60 ml/min, and then terminates for a period of
time. Tlus allows positioning of the bubble sufiiciently close
to Ihc port where il can bc cxlractcd by Ihc user. II may bc
no&cd thai the rulc und the pcnod of lunc for wluch Ihc pump
is run is selected depending on the dialysis circuit and to
achieve a balance such that it is neither too ~low such that
the user gets impatient or annoyed, and neither too fast such
that there is a rial the bubble disinte ratin ~ into mlcro-
bubbles. 20

II may further bc nonxl that parucular &ubing &ypcs nu&y

allow sightly faster rate for the pump to operate or nu&y

require it to be sloiver i&or example, if the interior of the
tubing is smooth, a faster nate can be used A cornmated or
rough interior on the other hand, niay require slower rates in
order to prevent the bubble from breaking up.

In one embodiment, the pump is only nm in a reverse or
backwards dirccuon (opposite the direciion ol blood liow).
In other cmboduncnts, thc pump is run ui multiple move-
ments i&or example, the pump may be nui back«sard for u &o

period of time, then forward for a short tinie 'I'his would
help coalesce "micm-bubbles" surrounding or traihng the
main bubble. One of ordinary skill in the art would appre-
ciate that the sequence and number of fotward/backward
moicmcnls would depend on Ihc apphcal&on, and any corn- is
bination of such movements may bc used so long as they
scrvc Ihc purpose of lhc particular applmation. Further. thc
rate (speed) and dunstion of each niovement may also be
determined and customized, depending on the application

In one embodiment, during the second step. the user ls so
allowed to press the forv ard/back navigation buttons a
lunited iuunbcr ol'mcs. Tlus is to prcvcnt lhc bubble from
travelling back to lhc patient Il may bc apprccialed &liat thc
actual limit of Ihc number of limes a user can move thc
bubble fonvard or backward would depend on the conhgu-
ration and geometry of the tubmg ln one einbodiment where
tubin geometry ls complex, a limit based on the detected
bubble size is determined. Thus, for example. a larger or
longer bubble has a lower number ol forw;ud/backward
button prcsscs allo«cd, lo prevent a possibility ol lhc tail o

cnd of lhc bubble makuig &ts way back into thc patient.
Another factor in determming the number of times a user

is alloived to move the bubble forward or backv ard is the
original speed at w hich the pump was runnin, before it was
stopped because of the bubble detection. For example, if the . 1

pump is running ut a high spccd aml is abruptly stopp&xl
when an air bubble w deum&ed, thc bubble nu&y brea) up uito
scvcral micro-bubbles. In this case. a lower niunbcr of
foi&vardl&ackward movements are allowed, in order to pre-
vent the micro-bubbles from entering the patient sit

In one embodiment, for more sophisticated and demand-
in applications, additional sensors are employed along the
tubing near the port to dclcrnunc lhc rale and duration lor
w luch thc pump is au lomaucally run whmi an mr bubble is
dctcc&ed. hi onc cxmuplc, when the bubble passes lhc lirst ss
sensor in the series, the pump is slowed down. 'I his would
alloiv, fiir example, for the micro-hubbles surmunding the

main bubble lo coalcscc mid also ensure thc maui bubble
does not frag/neat froiu there on 'I'he slower speed would
also allov; the next sensors in the series to niore accurately
detect the start of the bubble and thereby position it niore
accurately under the port.

As mentioned earlier. the incremental movements pro-
vided by thc navigation buuons enable shor& runs of Ihc
pump. For example, prcssuig '*&" moves thc bubble by I cm
along the tubing to the left and pressing "«" would inove it
by 5 cm along the tubing to the left 'I he actual length of the
movement (distance travelled by the air bubble) depends on
the eometry of the tubin /port. For example, if the port is
20 cm ln diameter, the I cm movement may need to be
conligurcd to a longer mcremcnlul moicmcnt that corre-
sponds lo each navigation button.

It may be appreciated that the length or dunstion of
incremental movements associated with each navigation
button also depends on "usability" or ease of operation fiir
the user. For example, if pressing "&** moves the bubble by
I cm and pressin "«" moves it by 50 cm. that would make
thc process of precisely positiomng the bubble very ddlicull
and fruslraling for Ihc user. Thus il is unporlant lira& Ihc
relative magnitudes of the movements associated with the
navigatmn buttons are reasonable. In one embodiment. the
present system maintains a ratio in the range of I 2 to I 4 fiir
the short ("&") and large ("«") distance movement of the air
bubble enabled by navigation buttons. It may be appreciated
that a ratio of less thmi 1. 2 or morc that 1.4 would make Ihc
process cumbersome for lhc user.

In one embodiment of the specification. the niechanisni
does not use arrows or nevi ation buttons such as "&"

Instead, there is a sin le button representing a "Recover"
function. explained above v ith reference to FIO 5. In one
embodiment. &vhen the user presses the button. the system
sunply nms thc pump in reicrsc direction for a spccilic
pcnod of tune &uid al a spccilic rate In one embodiment, Ihc
button is allow&st lo bc press«0 once

In one embodiment, parameters such as specific rate and
the specific period of time for ivhich the pump is mn on
pressm the "Recover" button, are empincally determined
depending upon the application. The rate or speed of the
pump is chosen such tlu&t it moves the bubble quickly
enough so Ihat it is nol fruslralingly slow for thc user, and
ycl not fast enough such lhal Ihc bubble dwintcgcatcs wlnlc
moving In one embodiment. the time period for which the
punip is n&n is detemiined based on the length of tube front
the air bubble detector to the extraction port. Thus, for
example if the total distance from the sensor that detected
thc bubble to thc port is about 16 inches, lien lhc tune pcnod
for wluch Ihc pump is run simply tnirrcsponds to how long
it tal cs thc pump Io move a bubble for tlrat &hstancc. In onc
application involving a portable artificml kidney device, the
punip is oui for about 12 s at 40 ml/min. 'I'lus duration and
speed are empirically detemiined to be adequate to achieve
the purpose of positioning the air bubble close to the
cxlracuon port for ihc givmi dcvicc conliguration. In Ihc
givmi application, tins moves thc bubble lo within an inch of
thc port.

lil(i 9 is a diayan& of exemplary liardware architecture
for one embodiment of the dialysis system Referring to
FIO. 9. the dialysis system comprises at least one processor
or controller and a memory for storin progranunatic
lnsliuclioils whlcll, v,'hei& cxcculcd, co&&linn&lira&caw&lb J
software application layer 905. Thc sofiwarc apphcalion
layer 905 inlcrfaccs with a master txintrollcr 910 thol &s in
data comnn&nicatimi with a plurahty of field program&nable
gate arrays responsible for controlling various pun&ps, sen-



15
US 12,285,554 B2

16
aors, and salves (Control FPGAs) 915 mid ui duta conuuu-
nication ivith a plurality of field program&nable gate arrays
responsible for monitonng the operation of various pun&ps,
sensors. and valves for failure states or states which exceed
accepted operational parameters 920 (Safety FPCIAsl

Control FPCiAs 915 execute hardware instructions for
controlluig lhc operation ol all system components, uiclud-
ing pumps, sensors, mid valves. Bnd lrtmsnuuing slate inlor-
matinn of the components to both the controller 910, ivluch,
in turn. processes the information and passes certain data for &o

further processing and/or dispLsy to the application layer
905, and the Safety FPCiAs 920, which monitor the state
infiirmation for an alarm condition, such as an operational
parmnctcr cxcccdin or not mccung one or more predefined
llircshokl values. ls

Pfhere the Control l&P(IAs 915 generate data indicative of
an alarm condition or generally indicative of a need to
terminate or suspend opemstions, the controller 910 or appli-
cation layer 905 may issue one or more conunands to
terminate operations. Independently. however. the Safety io
FPGAs 920 rccc&vc the data and mdy directly issue com-
mands. or othe&wise cause, lhc opera&&on of onc or morc
valve~, pumps, or sensors to terminate, suspend, nr other-
wise change state 'I'he Safety! P(IAs 920 may do so after
receiving data directly from the ('nntrol l&P(iAs 915 or
independently if directly instructed by the controller 910 or
directly instn&cted by the application layer 905. By bavin
the Sali:ty FPGAs directly rcccivc &tata Ibom lhc Control
FPGAs 915 and instrucuons from thc application layer 905
and controller 910, with no mediating layer in betv een, the io
system can effectuate a shutdown, suspension. nr other
moditication in state in response to an alarm cnndition or
user instu&ctions more rapidly and reliably.

The above examples are merely illustrative of the many
applwdtions of Ihc syslmn of Ihc present invention. Ahlxiugh is
only a fcw embodiments of the present mvcntion have been
dcscnbcd hcrcin, &I should bc understood lhul Ihc prcscnl
invention might be embodied in many nther specitic forms
withnut departing fron& the spirit or scope of the invention
Therefore, the present examples and embodiments are to be do

considered as illustrative and not restrictive, and the inven-
tion may bc mod&lied witluu the scope of the appcndcd
clat&us.

Pfe claim
1. A method of opemsting a hemodialysis system compns-

in a saline source. a hrst sensor. and a manifiild, wherein
the numilbld has a Iirsl pon mid a scmond port, a lube
scgmcnt w ith a Iirsl cnd conncctcd lo lhc Iirsl port and w&lh

a second cnd connected lo a patient, Ihc me&laid compnsuig
fluidically connecting the saline source to the second port,
causing saline to flow front the saline source into the

manifold tluough the second port and flow out of the
manifold tluough the hrst port:

usuig a controller in conumuucauon w&th lhc Iirst sensor,
dctccluig mr in thc saline bclhrc dic saline flows out of
thc manifold lluough Ihc Iirsl port, and

using a controller in conimunicatinn with a pump and
based on whether air has been detected in the seine,
causing the air to automatically be moved proximate to „„
an access point on the tube segment. wherein the access
pout& is upstrwun from thc second mid of lhc tube
SCgii&C&ll.

2. Thc method ol cia&m 1, wherein Ihc lube so~non& is
bnnded into the manifold

3 Thc method of elena 1, whcrcui thc Iirsl sensor is an air
bubble dctcctor, and wlmrcin lhc Iirsl sensor &s position&xi
proximate the first port.

4 The method of claim 1. further comprising sensin
blood leakage using a secnnd sensor, wherein the second
sensor is attached to the manifold.

5 Thc method ol claim 4, further compusuig scns&ng
occlus&on usuig a third sensor. wherein thc third sensor is
attached to the manifold.

6 The method of claim 1, wherein the saline is caused to
tlov using gravity

7 'I'he metlmd of claim 1. wherein the salme is caused to
flow by applying pressure.

8 Thc method of clmm 1. further compmsuig general&ng
an alarm based on said detection of the air

9 Thc method ofclaim 1. whercui poor to said cxlracluig.
lllc Bii is nlovcd &11 incrclucnls of a prixh:I&&lcd BI&loan& diid
positinned pmximate the access point

10. I'he metlxid of claim I, further comprisu&g n&aintain-

ing a connection bet&veen the patient and the hemodialysis
system throu+ the tube segment wlule the saline flows into
and out of the manifold.

11. A method ol'performing a saline rinse back procedure
ui a hemodialysis system, wlmrcin thc hcmod&alysis system
lnchalcs a nlaliilokl ha& iiig a I&Is& port dial d sccoild poll, a
tube segment connecting the fin;t port to a patient. a source
of saline, and an air bubble detector positioned proxiinate
the first port, the method compnsin:

connectin the saline source to the second port:
causing saline lo enter the mani(old Ihrough Ihc sixond

purl (rum the salinesourcc Bnd exit Ihc manilold
lhrougll dlc I&is& polt,

using a cont&'olla&'&1 co&&linn&I&cation ivfth thc Bii'ubble
detector, detecting an air bubble in the saline before the
saline flows out of the manifold through the first port:

usm a controller in conumufication with a pump, causin
thc air bubble (o bc automatically pos&t&oned proximate
Bi& dCCCSS pc&ill; Bill

extracting thc air bubble Ibom thc access point, whcrcin
the access point is on the tube scg&Bent and upstrean&
fron& the patient

12. The method of cLaim 11, ~herein causing the saline to
enter and exit the manifold v ithout requiring the tube
scgmcnt lo bc dclachcd from Ihc pal&cut nnd auachcd lo Ihc
saline source.

13. 11&C i&loll&Cd OI Cia&111 11, V 'hC&C&11 ll&C I&ISI port aud &lie

second port are adjacent tn each other
14. 'I'he metlxid of claim I I. further comprising extracting

the air bubble using a syringe.
15. The method of claim 11, wherein the tube segment is

bonded into thc manifold.
16. Thc method of elena 11. further compnsing scns&ng

blood Icakagc using a second smisor, whcrc&n thc sixond
sensor is attached to the manifold.

17. 'I'he method of claim 16, fi&rther comprising sensing
an occlusion using a third sensor, wherein the third sensor is
attached to the manifold.

18. Thc method of claim 11, further comprisuig caus&ng
thc saline lo enter and exit Ihc ma&ulold duc to grav&lv.

19. Thc method of claim 11, further comprisuig caus&ng
the saline to enter and exit the manifold due to an application
of pressure

20. The method of claim 11. further comprising generat-
ing an alarm based on said detection of the air bubble.
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