US 20130248449A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2013/0248449 A1

Kelly et al. (43) Pub. Date: Sep. 26, 2013
(54) FLUID AND AIR HANDLING IN BLOOD AND Related U.S. Application Data
DIALYSIS CIRCUITS (63) Continuation of application No. 12/237,160, filed on
(71) Applicants:Baxter Healthcare S.A., Glattpark Sep. 24, 2008, now Pat. No. 8,444,587
(CH); Baxter International Inc., (60) Provisional application No. 60/976,731, filed on Oct.
Deerfield, IL (US) 1, 2007.
(72) Inventors: Thomas D. Kelly, Highland Park, IL L. . .
(US); Marc S. Minkus, Bannockburn, Publication Classification
IL (US); Angelito A. Bernardo, River
o 51) Imt.CL
Forest, IL. (US); William P. Burns, (
Channahon, IL. (US); Robert W. A6IM 136 (2006.01)
Childers, Trinity, FL (US); Shincy J. (52) US.CL
Maliekkal, Glenview, IL (US); Matthew CPC ..ot A6IM 1/3643 (2013.01)
R. Muller, Lindenhurst, IL (US); Justin USPC et 210/646
B. Rohde, Des Plaines, IL. (US);
Michael E. Hogard, Odessa, FL (US) (57) ABSTRACT
(73) Assignees: Baxter Healthcare S.A., Glattpark An air purging method includes: (a) detecting a low fluid level
(CH); Baxter International Inc., in a blood circuit indicating a high amount of air in the blood
Deerfield, IL (US) circuit; (b) stopping a blood pump; (c) closing a venous
. patient line; (d) opening a blood circuit air vent valve and a
(21) Appl. No.: 13/894,020 drain valve; and (e) running the blood pump to meter air
(22) Filed: May 14, 2013 through the air vent valve and the drain valve to a drain.

s8] [C5T] [C37

= = &

o
o
=
i
(9]

Pd Pd Pd P P P
VDR VB4 VD35

O -open
® ~closed

Vent to Drain: Air Remioval; Blood Prime
Steps 1. 3 and 5 (Safe State)

> -open
30\‘ O-HT1 | OHRI p closed
Pump-DS 1
Arterial

Line

18
-z\ Patient OR
Recirculation

Connector

Venous
Line




US 2013/0248449 Al

Sep. 26,2013 Sheet 1 of 18

Patent Application Publication

aa-h

urel(
14"

aun
SNOUSA

10}08UU0S
LOBINOIDEY
HO Weled N
8l
SQY]
ve

pcoig
VA .QEsn_

vy [V ]
Td ()

w 40A

24
I

WRErs i

@ O heah

X aty

THaA

®J... del|
[

1ojesy
PN

4a-dwing

aun
[eLsuy

¥SA

pesop- o

uedo- <]

oy

(s1e1g Qes) G pue ¢ ‘| sdajg
alllld Poo|g JJeroway Jiy (UIBI 0] JUsSA

930N - [6EaN

YedA

>d Pd Pd b

(a0 [eaaA 1
<4 pd P

[z1s9] [0.82] 880 [980

| [#s2] [289]

[11sy] (689 [280] [¢S0] [esD) [180]

pesoo- ®
uado- O

| Ol



US 2013/0248449 Al

Sep. 26,2013 Sheet 2 of 18

Patent Application Publication

MO]4 BUilId/RUIES
Mmoj4 poolg

agA

J0JoauUU0) I
UOHEINOIDS Y a o4
N0 1BNed N e |8 Wi
8l a
SaY
¥e QF\H\:
poojg Ol
I duiny B I@m.,
W0y [AY
Trd @w ENEd)
Bidd 150
_M_w_w_% @~ 2o
_ vSiA A CIHA sqdung
paso)l- X _.m_I.onu—.:._O
uado- [><] v/om
geJ |
= oA

Z dalg Ui} 0} JUBA,

9ECA 690\ [ACA [e9OA [7ACA [lanA
rpe pd Pd Ppd P Pd

12180] loisal 1880] [9so] [¥8a] 28]
[1s9] [6s0] [zs9] [esa] e8] [1$o

Bmo_u-mwv
co%-o

¢ Ol



US 2013/0248449 Al

Sep. 26,2013 Sheet 3 of 18

Patent Application Publication

MO]d BWL/BUIES ~ - — - — - — - —
MO} POOIg =======mmmmmm=

aury
SNOUBp

SR}
LonenaInaY

HO Juaied
]
5av] |
143

-
e

v [QY]1

aaA

uel(

VEITAY (N
a1y Zl
Fot—v
®%.>
4
2¢ m : vmwo_o-®
®>mm_.> cmao-O
iy N0 0478 [14zen 1gA o
1esH
- T .®| D!_.< pin4
NAITA SZ8h |1528A doiy : 4q-duing
A = Iy

\\

0e

pasap- P
uado- [><]

98 J]

A
M0

ASA ® HA

=

3
WHG THHO

0

A

N G
(9

RAdITA

ag-dwng

 dels :ueIq 0} JUSA

Ga0A  [S90N  (AECA

690
pd Pd Pd Pd P4 Pd

¢ad-A  |18an

¢ Ol

[2139] [01s] 1889] [9s0]

[1S] 650! {4S0) SS9

EIRED
[£50] (189}




US 2013/0248449 Al

Sep. 26,2013 Sheet 4 of 18

Patent Application Publication

oRE)
uoienolnaY
d0 Wened

aur
[eLsuy

e

pasofo- P

uado- [><]

9g-J ]

agh )
ulelq
URICAY (e
a1y zh
[y
Col—
®%.>
79
m I @ _omwo_o-®
‘ ASTHA
os7g| [z _m.>® - uado-(_)
NI T (9 al pIni
. 7 0S78A {1528 ~  da-dund
vl | @ |® \® ®J1 el =
;W_, THTA i\ a1 W
g 1-g 7 =
m | m oY
0] | IHEA A
— 0SHLEA | ISEA \
—--0 Moo
Fd10A N e o
A gg-dwing >bd P4 P4 P4 P4 Pd

SaNBA JUSA IV Jama (Uleiq 01 JUS

[2:8a] Toisal Tesa]

[9s] T#50] T289]

[1sa] [6s2] [259]

[es0] [232] [189]

¥ Old



US 2013/0248449 Al

Sep. 26,2013 Sheet 5 of 18

Patent Application Publication

OR=ole)
UoNEIN2IINEY
MO Jusled

our
leLsly

om\\

pasop- prof

840

adA

UeId-AY

ulelq

cl

NIAAA

THAA

usdo- [><]

gg-J]

0S48A | B1EA

ROR

-dwing

Jojoele(] poojg BIXg :Ulel(] 0] JUSA

OECA  [680A
4 bt b

EG)
4 b

¢a0A (8 flaa
4 pd P

[z159] loiso]

[830 ]

[939]

[¥30] }259]

[1189] [6s0] [28971 [¢s9] [£32] [159]

pasopo-(X)
cwao-o

G Old



US 2013/0248449 Al

Sep. 26,2013 Sheet 6 of 18

Patent Application Publication

aur
SNOUBA

T0PRUlI0N
UONEINOIOaY
HO usied

SAY
¥e

INA
v (Y]
Wd ()

aur

aaA
ll@l@."' ules
vl UBIG-AY . o/\/
f A
®%.>
¢4
MO
042N {1428A _m.>® o
esH
1 J@ .@I aly pin|4
0SZaA {ISZ8N des] 1o dd-owng
a J— m m !
5 Y laig
% -9 1
LT gl : [
UONIN Z'0 IRI F1GA
poolg
-dwing J

[eUSLY

!

0e

pasop- o
usdo- >

oe-J |

YSA

4RO 1 LIHO

o:\

g pue G ‘¢ ‘| sda)g auwiid poojg
|eAowisy 1y :elaydsouny 0] JUaA

68d-A  |9aaA

VA0 80A a0 [iEdA
pd P4 Pd Pd PdC P

e <>

[2180] [0is9] 1850 [99]

[750] 1289

[1180] 1689 [2S0] |s89] [€s0] [189

pasojo-(X)
:mo_o.O

9 9Ol



US 2013/0248449 Al

Sep. 26,2013 Sheet 7 of 18

Patent Application Publication

MO} SUW/LIES — - —
MO} poojg ===~

JORET)
uonenolnay
O jusiied

S
¥e

A
WY [OY ]
Wd (d)

— (O —F———= e

an

N
¢l

UelCrA

: ) A

g 1A

aur
[eLiepy

\

0e

pasof- P
uado- [><]

8| i
S
N
TN 9l
LOIN 20 H :%m
poog X
~dwng Dl.g.mJ
W
&ddd e
mw @ 37
oA hen @ ki
WO TILHO
o:\\\

9c-J ]

5
0528

¢

S JopeaH
5767 Y oy
- des) 5

l-d

038N
el
0S-L8A

|®|

s-dwnd

Z dels :e1sydsowy 0} JUaA

990\ BECA [vEOA BTN [8CA [v8aA
pe Pd Pd Pd Pde P

12180] lovsol 1880} [esol [¥8a] [z80]
1S9l 1830] 1280} 1689) [£s0] [1s9]

pasojo- ®
uedo-(_)

L Ol



US 2013/0248449 Al

Sep. 26,2013 Sheet 8 of 18

Patent Application Publication

g
MOJ BUILE/BUIRS ~ - = - = - = - = IlQ'T ureiq
MOl POOJg ~====m===m=m=- vﬁ UBITAY . /.\/m P
aur Lo > [ M
Ted | T - A
-~ zd
gy . v0wo_o-®
m || (SAga do-()
bt [N 032N [HEEN I8 el
i ® 18)ea}
S 1O B a,mm?_m.mm.\, = e ardun
JREI) - ® i ! des| e a d
uofjenodiooy . wm><.>m, A { mw ] Yy
4O Joned N ) 2 .
i1 e Jh | B SREL
m oL HFL =L [
1 . ZM@ GOV
R _ poolg-duing ,IIGMJ SOV
Rasrecay A _HL
W@y M gt B L\
sup b1 LT @l@@l
eUBLY I TTA N N e
\ ¥S A ASALY HoA 5g-dung Pd Pd Pd Pd P4 P4
05 WHOTIHO
pescio- P
usdo- [><] ol \A w mU_H_
[2189] [0180] [880] [980]

# daig assydsouly 0] JUSA

[1150] [es0] [£89] [<s9]

[#80] [2S9
[£89] [1s0]



US 2013/0248449 Al

Sep. 26,2013 Sheet 9 of 18

Patent Application Publication

aan

————( —fE——— uelg

JORULITY
uonenoLney
d0 Juaied

aur
[eUSLY

om\\

pasojo- prof
usdo- [><]

9¢~J]

vl UBIFAY NN
f 4
v llO%.\/
U der| £ cd
ny |35 b nomowo,®
] | ABCA
A7 hgr 0328 (1478 _m.>® o uodo-(_)
HoHE)— X awy
aanyn [ NAAIOA y v_ﬁu_ Ja-dwng
X L |deiy
N S [ 8] 1A Y
vl | B
8l |8
JEE] -
U 20 :(ﬁ/ o
00d
(-
Wises 1
v/om
Fd A 690\ |69\ [R0A [eAdA [gAan |igan
HA g P4 Pd pd P4 Pd P4
HHO
. [21sa] Toisa] 18s9] T9sa] [¥sa] [z$0
9 delg ‘areydsouly of uep 05 [659] 75 50 5] 0



US 2013/0248449 Al

Sep. 26,2013 Sheet 10 of 18

Patent Application Publication

aaA
MO[ I = e e e !Ovl@hIIV Uleiq
MO SUG/UIIES — - « = -+ = - - - vﬁ UEIGAY /\/Nv

Y- T '
mw><.> O%.>
zg
¢ coﬁ%_mm.o 5 nomo_o-®
, ABCA
028 [HzEn g oo uedo-()
1 J ®I aLy _oH_:_n_:
[ORENV ) — 0SZaA IS8 deiy i = 4g-dwng m
uonenaliney w > Y @Jw I = |
¥O slEd S ] .J< Q|2 v
g F_m Nt
. D=
T al e N
ve UOJOIN 2°0 H S 041gA| | LA dOnyn HEL 0Ly
T e om% = Sy QA
] Y 0S8N | 158 RO y
W0y [OV] S |®|I®I_| L\
EE

W-d (@)
aun |_mm_|®|

A —
Loy L ba0 aCh CA JGaaAn [Zadh ea
oA uen@mn  sedung b P P P P P4
WO TLLHO
pasop-
oo > E 0l 'Ol
[2159] [0150] T8so] T9sa] [¥so] 1289

daig
£ 015 -a1aldsouly 0} 1us, W] [650) [50) [650) [E50) [180)




US 2013/0248449 Al

Sep. 26,2013 Sheet 11 of 18

Patent Application Publication

ad-A
————X)—ROE———» uiaig
wf T A,
oul
m:o:._m> & D._>¢ lie MW%.>
rAS mm@ 3 dei] z€ Z-4
ez | [l o
& g ATA
JIAT| B = L1 8 0278 {478 190
JojesH
ASQY{SAY] et e P . @l awy oy y
L dBAYA Xy 0SZEA 1528 o~ 4q-dung
FREN%) ® del =~
LONRINDIIeY m WA B ® ® 'd L =
40 Jsied N SEAVA| =
G 1-g ~
8l coW_H_E AR
Y @@ INTO o | ||
e ogn| | an
5 poo oF —
-dungd i 0En | BE \!
WY [QY] e -5 N
aur] =) @. "
[eUeLY @ "a IaA bacA [Gadn [rean feecn Jeadn
” v o @un sadung pd P P P DA P4
08 PO T1IHO
pesop- o
usdo- [><] oLl A
m'H = o= <= o= o= < <
9 oUr UIRI BIXg -01eydsouny 0] 1UsA 30 [o18a] 18307 [980] [¥%0] [2%0]

(18a] 1689] [280] [989] [£59] [189]

pesio-(X)
usdo- O

Ll Ol



US 2013/0248449 Al

Sep. 26, 2013 Sheet 12 of 18

Patent Application Publication

QA
4 S L 1/ T'e
Bf) UeidAd /\\/N_~
Cm
aur ]
SnousA Nd I ®m9
4 i1 N_,_m ﬁ vmmoﬁ-@ ,
- LA ASCEA
>OM\%§ wze [lrzan _m,>® — uedo-(_)
r A 4 A AMWV D..—n(
To[08UU0N NBAITA 0SZa8h |S7gA " PN 4a-duing
lmv el
uone[nhalinay o} ®| mwv 11 L
s ARy N Sanyn | | 0
gL [ B | |8 v:m
S UOKIA 70
el —
al
Ve o o gl | e
...i...'. pooilg 0Cd ™ I@f\
o -dund i g 01 | leh A
™Y QY] |.®||®|_!
Trd () G [REN v/om
aun d -
UsLY mmu Oy E ) 980\ [ECA PBOA [CBOA JeAG [iEan
\ YSA >m.>® HA Sq-duing pd P4 Pd P4 Ppd Pd
e PHO THIHO
pasojo- P
oo A ¢l 9Old
oLl
lll“’ — < <= [ < > < [e-]
o [2180] laisal 1eso] Tesal [¥80] 12s9]

Z SaUIT JUsA Iy sleledag :a1aydsoLuly 0) JUsA

(18] 16s01 {250] [gs0] [€s0] [1so]




US 2013/0248449 Al

Sep. 26,2013 Sheet 13 of 18

Patent Application Publication

aur
SNoUS/\

A

JIA
ASQY ISQY]
TIRENVS)

HO Jusied
SdY

UONEMNoIaY 4{
8l

der|
Iy

gLy

AT NAAICA

aaA

|||®||@PI|III._

ueiq ﬁ{\/m_\

UEIGAY

® d0A

¢4

.IAMW

TNHTA

SEAVA

oA

W07 [QY]
T
i)

pocig

aur L——
eURNY

\\

0e

s

pasolo- P
uado- [><]

o |

YSA

0FIGA| | 118N

0S8 [ 1518A

g-dwnd

02 |1 42gA 1A aLy Jolesy
ow pini4

L

m@é.\/

4a-dwng

dery

080\ 680\ [vAO [eAaA [eacA
pd P4 Pd Pd P4 »

LEaA
<

g pue ¢ ‘| sdeig sWild poojg 28D

lerowsy 4y :Beg suljes 0 JUsA

[0180] [859] 19so] [sa] [2zs0

1180] [60] [780] [559] [£S0] [1S9]

pasopo- ()
uado- O

€l Old



US 2013/0248449 Al

Sep. 26, 2013 Sheet 14 of 18

Patent Application Publication

MO|{BUlES — - = — - — - —
MO POO|g ==m===mmmmme

uelq ql\/m_‘
aaA

X VY
®%.>
Z-4
I ﬂ ® Umwo_o-®
1Tl ABOA
od7a| [lHzan g uedo-(_)
JgjesH
NIQA [ *4 P 9| aw PN d
UOIIBIN2IINSY _ 0 1 “_MW_D.> Y mw WV Y]
HO weed HE m = g
i
E _- ----- -
_L.. o o aL [
O ] poolg oa@i @
v [O7] -duing ] .-B ™%
-
v @ EYS 0c
aun - d i
Uy O e 990N [G0A [PACA JESCA [eOA |aah
\ YSA >w,>® HA s-dung b4 pd Pd Pd P4 P4
0c NHO THHD
pssofo-
usdo- [><] .
P 2 Pl Ol
e _

[z1s9] Toisal [8so] fesa] [#80] 1250
[11sa] [689] [259] [esa] [¢s0] [159]

Z daig :Beg sules 01 Usp




US 2013/0248449 Al

Sep. 26,2013 Sheet 15 of 18

Patent Application Publication

uelq g2l
aah
UB.O-AY
o Td T e
¢4
| Tl Ummo_o-mwv

AGCA
0478 _z.Nm.\/ _m.>® usdo-(_)

- layeeH
NIICA 1 - ALy pini
NOREN) 0S8N [1STEA o1 = 4g-dwng
uonenalney w 1 H_MW,_D.> T ® @Jﬁ Iy
O Justed .ﬁwr z . .
5] 2 N IT
ST Wy A oA | En -
OWA pooig om.i 5 it -
W [OF -duind ] .-B , GHEN | SIEN Y
Tv-d [@ll@l_
pod a0 0c
our J -2 mw i
LSy mM O e 990\ [s6Ch [AGA Jeaan JeAG |eaA
\ ) NSAS HA sa-duing pd Pd Pd Pd Pd P4
0c LEHO THHO
pasoa- -
uedo- > .
oz Gl 9l4
[z1s0] [oiso] 18s0] Tesa] [#80] [zso]

 daig :Beg aules o) JUsA

[1139] [659] [£80] [s9sa] [eso] [1so




US 2013/0248449 Al

Sep. 26,2013 Sheet 16 of 18

Patent Application Publication

MO|4 BUIES — - = - = - = - =
P L) R ——

aur

snouap, [
z€ mm@ @

=d

==
Ao
K<

JORutIoD

UoRNOIINSY

HO juied
)

SOV b

Y

\/

AN
- s

0c
pasclo- P

usdo- [><]
9c .u\

ueld ﬁ/\lmﬂ.

VXA

NHTA

(\I@F

0ddrs
o5

N0

o0~

FAdHEA

4+-L8A

R JojesH
HOrH ALY oy

IS48A

sq-duing

¢ dejg :Beg auleg o) e

SAeTA

del|
Iy

4@-dwing

98CA  [SA0A  [rEdA

¢80\ fed0A
4 bd b

pasoo-(X)
cmao-O

91 9Ol



US 2013/0248449 Al

Sep. 26,2013 Sheet 17 of 18

Patent Application Publication

ueiq a(\;mr
aaA

EIThY
) Wd W —

SNoUBA
ce cmmo_o-®
I e uedo-()
. lsjean
NS [SCY] XHawy g )
Py 3 o BT
I O [0}
A N GA Y iy
MO usied Hm: 3 -4 :
a8 _ A 7l
SV, . Il ||
Spizs S O18A| | 18N dOAFA
I A [olelelts| X
WY [Q7] dund 1A | IS 4
Tvd () I@I_z v/om
125 .
aury i
[euspy 00 (8CA  [PEOA  EECA  ZE0A  [1EaA
\ S 4 pd Pd Pd Pd P4«
0¢
pasop- po

= @va o Ll Ol

= Nﬂmo Enmvo wmw @Muo «m..@-u Nmuu
SOAlRA JUSA Iy Jemad Beg sules o) Jusp __:mo__ “mwo“ _Two“ "mwo" "mmo_ “Fmo_




US 2013/0248449 Al

Sep. 26,2013 Sheet 18 of 18

Patent Application Publication

Pasol- o
uado- [><]
aulm .
SNOUBA S DE W
rA% m m@ @ des|
= o Iy
c
TR 2
NSOV ST
Joj0auuoy
uoneINaASY
HO JusiEd Hw_.
509
| ¥
A
Qv [QV]
Wd
e @
aur
[eLaly
om\
—
JRUIBILO7)

suruos Jeyi0 Beg sulies o) Jusp

ureig HI\/N_\

A

o

agA
g ____gé
®%.>
z-g
ALl () Aaah
0478 [1HZEA IgA .
RS aLy
Y X pini4
Sz ST | L 4q-duing
o e
Iy
ITl
oA} | 1A
0SEA | 1858 b \
bedA [se0A [AcA [EEOA RedA |idaA
sg-dwing bd Pd P4 P4 Pd P4
[2159] Tovsa] T8sa] Tesa] [¥sa] [zs9]

[1159] [680] [80] 1¢s9] [eso] [1so]

pasopp~(X)
cmao-o

8l Ol



US 2013/0248449 Al

FLUID AND AIR HANDLING IN BLOOD AND
DIALYSIS CIRCUITS

PRIORITY CLAIM

[0001] The present application is a continuation of U.S.
application Ser. No. 12/237,160 filed on Sep. 24, 2008, which
claims priority to and the benefit of U.S. Provisional Patent
Application Ser. No. 60/976,731, filed Oct. 1, 2007, entitled
“Fluid And Air Handling In Dialysis Circuit Air Removal
System”.

BACKGROUND

[0002] The examples discussed below relate generally to
medical fluid delivery. More particularly, the examples dis-
close systems, methods and apparatuses for dialysis, such as
hemodialysis (“HD”), hemofiltration (“HF”’) hemodiafiltra-
tion (“HDF”) automated peritoneal dialysis (“APD”).
[0003] Due to various causes, a person’s kidneys can fail.
Renal failure produces several physiological derangements.
It is no longer possible to balance water and minerals or to
excrete daily metabolic load. Toxic end products of nitrogen
metabolism (urea, creatinine, uric acid, and others) can accu-
mulate in blood and tissue.

[0004] Kidney failure and reduced kidney function have
been treated with dialysis. Dialysis removes waste, toxins and
excess water from the body that normal functioning kidneys
would otherwise remove. Dialysis treatment for replacement
of kidney functions is critical to many people because the
treatment is life saving.

[0005] One type of kidney failure therapy is Hemodialysis
(“HD”), which in general uses diffusion to remove waste
products from a patient’s blood. A diffusive gradient occurs
across the semi-permeable dialyzer between the blood and an
electrolyte solution called dialysate to cause diffusion.
Hemofiltration (“HF”) is an alternative renal replacement
therapy that relies on a convective transport of toxins from
patient’s blood. This therapy is accomplished by adding sub-
stitution or replacement fluid to the extracorporeal circuit
during treatment (typically ten to ninety liters of such fluid).
That substitution fluid and the fluid accumulated by the
patient in between treatments is ultrafiltered over the course
of'the HF treatment, providing a convective transport mecha-
nism that is particularly beneficial in removing middle and
large molecules (in hemodialysis there is a small amount of
waste removed along with the fluid gained between dialysis
sessions, however, the solute drag from the removal of that
ultrafiltrate is not enough to provide convective clearance).
[0006] Hemodiafiltration (“HDF”) is a treatment modality
that combines convective and diffusive clearances. HDF uses
dialysate flowing through a dialyzer, similar to standard
hemodialysis, to provide diffusive clearance. In addition, sub-
stitution solution is provided directly to the extracorporeal
circuit, providing convective clearance.

[0007] Most HD (HF, HDF) treatments occur in centers. A
trend towards home hemodialysis (“HHD”) exists today in
part because HHD can be performed daily, offering therapeu-
tic benefits over in-center hemodialysis treatments, which
occur typically bi- or tri-weekly. Studies have shown that a
patient receiving more frequent treatments removes more
toxins and waste products than a patient receiving less fre-
quent but perhaps longer treatments. Studies on HHD have
shown a reduction in anti-hypertensive medications while
restoring normotension. Randomized trials on long daily

Sep. 26, 2013

dialysis have shown a reduction in left ventricular hypertro-
phy, which is a surrogate marker for improved patient sur-
vival. In addition a patient receiving more frequent treatments
does not experience as much of a down cycle as does an
in-center patient who has built-up two or three days worth of
toxins prior to a treatment, providing much better quality of
life. In certain areas, the closest dialysis center can be many
miles from the patient’s home causing door-to-door treatment
time to consume a large portion of the day. HHD can take
place overnight or during the day while the patient relaxes,
works or is otherwise productive.

[0008] Another type of kidney failure therapy is peritoneal
dialysis, which infuses a dialysis solution, also called dialy-
sate, into a patient’s peritoneal cavity via a catheter. The
dialysate contacts the peritoneal membrane of the peritoneal
cavity. Waste, toxins and excess water pass from the patient’s
bloodstream, through the peritoneal membrane and into the
dialysate due to diffusion and osmosis, i.e., an osmotic gra-
dient occurs across the membrane. Osmotic agent in dialysis
provides the osmotic gradient. The spent dialysate is drained
from the patient, removing waste, toxins and excess water
from the patient. This cycle is repeated.

[0009] There are various types of peritoneal dialysis thera-
pies, including continuous ambulatory peritoneal dialysis
(“CAPD”), automated peritoneal dialysis (“APD”), tidal flow
dialysate and continuous flow peritoneal dialysis (“CFPD”).
CAPD is a manual dialysis treatment. Here, the patient manu-
ally connects an implanted catheter to a drain to allow spent
dialysate fluid to drain from the peritoneal cavity. The patient
then connects the catheter to a bag of fresh dialysate to infuse
fresh dialysate through the catheter and into the patient. The
patient disconnects the catheter from the fresh dialysate bag
and allows the dialysate to dwell within the peritoneal cavity,
wherein the transfer of waste, toxins and excess water takes
place. After a dwell period, the patient repeats the manual
dialysis procedure, for example, four times per day, each
treatment lasting about an hour. Manual peritoneal dialysis
requires a significant amount of time and effort from the
patient, leaving ample room for improvement.

[0010] Automated peritoneal dialysis (“APD”) is similar to
CAPD in that the dialysis treatment includes drain, fill and
dwell cycles. APD machines, however, perform the cycles
automatically, typically while the patient sleeps. APD
machines free patients from having to manually perform the
treatment cycles and from having to transport supplies during
the day. APD machines connect fluidly to an implanted cath-
eter, to a source or bag of fresh dialysate and to a fluid drain.
APD machines pump fresh dialysate from a dialysate source,
through the catheter and into the patient’s peritoneal cavity.
APD machines also allow for the dialysate to dwell within the
cavity and for the transfer of waste, toxins and excess water to
take place. The source can include multiple sterile dialysate
solution bags.

[0011] APD machines pump spent dialysate from the peri-
toneal cavity, though the catheter, and to the drain. As with the
manual process, several drain, fill and dwell cycles occur
during dialysis. A “last fill” occurs at the end of APD and
remains in the peritoneal cavity of the patient until the next
treatment.

[0012] In any of the above modalities, entrained air and
other gases are a concern. Entrained air can cause inaccura-
cies when pumping dialysate for either PD or HD. Entrained
air can cause a reduction in effective surface area in a hemo-
dialysis filter when it accumulates on the filter fibers, leading
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to a reduction in the effectiveness of the therapy. Entrained air
entering a patient’s peritoneum during PD can cause discom-
fort. Entrained air entering a patient’s bloodstream during HD
can have severe consequences. Even though the patient may
be protected from an air embolism in some HD equipment,
there have been situations with removing the air from the
blood in which the patient has had to throw away the extra-
corporeal circuit, resulting in blood loss and cost. Accord-
ingly, a need exists to provide an apparatus that ensures that
entrained air is removed from dialysate or blood prior to
delivering such fluids to the patient.

SUMMARY

[0013] The present disclosure may employ level sensing
and coordinated pumping and valving algorithms to control
the fluid level in an air trap. In addition, the present disclosure
allows the system to flow either gas or fluid (saline and/or
heparin and/or priming solution and/or dialysis solution and/
or blood and/or etc.) out of a fluid circuit directly to a fluid
drain and/or fluid vessel (i.e. saline bag and/or priming bag
and/or dialysis solution bag and/or container). Also, the
present disclosure allows the system to flow gas out of a fluid
circuit directly to atmosphere and fluid (saline and/or heparin
and/or priming solution and/or dialysis solution and/or blood
and/or etc.) out of a fluid circuit directly to a fluid drain and/or
fluid vessel (i.e. saline bag and/or priming bag and/or dialysis
solution bag and/or container).

[0014] The method of controlling level and removing air
described above has advantages in the areas of priming and air
trap level control. Currently air trap level control is a manual
process. Prior to the therapy, the operator must connect a port
onthe air trap to a luer connection on the instrument. This port
connects the air trap to a compressor on the instrument. This
in turn allows for lowering or raising the air trap fluid level
through level control switches on the instrument. If the opera-
tor does not make this connection securely, blood can flow up
through this port and into the instrument during the therapy
placing the patient at risk for blood loss and/or blood con-
tamination. In other devices the patient attaches a syringe to
the extracorporeal circuit to try to draw air out of the circuit.
Because of the pressurization of the circuit blood loss can
occur if the tubing is not closed properly after withdrawing air
and there is also the risk of blood contamination during the
manual procedure. The present disclosure eliminates these
risks because the level control mechanism does not require
the operator to make any connections.

[0015] During prime, the operator must monitor the fluid
level in the air trap and manually raise this level to remove air
from the extracorporeal circuit. During therapy, the operator
must continue to monitor the fluid level in the air trap. If the
operator fails to properly maintain the fluid level and lets this
level drop to where air is able to pass through the air trap the
patient is at risk for an air embolism. The air trap level
changes with changes in fluid pressure, making frequent
monitoring of the fluid level in the air trap important. The
present disclosure removes both of those failure causes by
using automatic level sensing to determine when action needs
to be taken to raise the level and uses pump and valve con-
figurations to automatically purge the air.

[0016] In addition, the present disclosure allows the prim-
ing solution from the extracorporeal circuit to be dumped to
the drain. Currently the priming solution is either returned to
the patient or purged to a waste container. Each of these
methods have risks. If the priming solution is returned to the
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patient, it may return harmful substances that were released
from the disposable kit and/or dialyzer during the prime, to
the patient. If the priming solution is sent to a waste container,
there is a risk that the patient may lose a significant amount of
blood ifthe operator does not stop the purge at the appropriate
time. With the current method of sending prime solution to a
waste container, the operator connects the arterial bloodline
to the patient’s arterial access site. The venous line remains
disconnected while the instrument draws blood from the
patient and displaces priming fluid from the venous line into
a waste container or rinse bucket. If the operator fails to stop
the blood pump and connect the venous line to the patient
when blood reaches the end of the venous bloodline, signifi-
cant blood loss may result.

[0017] Itis accordingly an advantage to provide improved
systems and methods for the removal of air from dialysis
systems.

[0018] Additional features and advantages are described
herein, and will be apparent from, the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0019] FIGS.1to 5illustrate various steps for a method and
corresponding system for venting air to drain.

[0020] FIGS. 6 to 12 illustrate various steps for a method
and corresponding system for venting air to atmosphere.

[0021] FIGS. 13 to 18 illustrate various steps for a method
and corresponding system for venting air to a bag, such as a
saline bag.

DETAILED DESCRIPTION

[0022] The systems described herein include common
components (unless otherwise stated), such as the following
dialysate valves: V-AVD-P, which is a primary dialysate air
vent valve; V-AVD-S, which is a secondary air vent valve;
V-BI, which is a balance chamber or balance tube inlet valve;
V-B1-F1, which is a balance chamber 1 fresh inlet valve;
V-B1-FO, which is a balance 1 fresh outlet valve; V-B1-SI,
which is a balance chamber 1 spent inlet valve; V-B1-SO,
which is a balance chamber 1 spent outlet valve; V-B2-FI,
which is a balance chamber 2 fresh inlet valve; V-B2-FO,
which is a balance chamber 2 fresh outlet valve; V-DD, which
is a dialysate drain valve; V-DR, which is a dialysate recircu-
lation valve; V-DBY, which is a dialyzer bypass valve; V-DI-
PRE, which is a dialysate/infusate predilution hemofiltration
or hemodialfiltration valve; V-DI-VEN, which is a dialysate/
infusate postdilution hemofiltration or hemodialfiltration
valve; V-DI-FIL, which is a dialysate/infusate inlet to the
filter, and V-AV, which is an airline vent valve.

[0023] Common blood valves (unless otherwise stated)
include V-AVB-P, which is a primary blood vent valve;
V-AVB-S, which is a secondary blood vent valve; V-SA,
which is a saline to arterial side of blood circuit valve; V-SV,
which is a saline to venous side of blood circuit valve; and
V-H, which is a heparin valve.

[0024] The above valves are all volcano or cassette type
valves in one embodiment (pneumatically or electromechani-
cally actuated). The following valves can instead be pinch
valves or clamps: V-DB1 through V-DB6, which open and
close supply lines to solution bags 1 to 6, respectively;
V-ALC, which is an arterial Line clamp (fail safe); and
V-VLC, which is a venous line clamp (fail safe).
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[0025] The systems each include temperature sensors, such
as: T-DC, which is a dialysis solution preheat temperature
sensor; and T-DH, which is a dialysis solution heated tem-
perature. The systems each include pressure sensors, such as:
P-DO, which senses a pressure of fluid leaving the dialyzer or
filter; P-AL, which is an arterial line pressure sensor; P-VL,
which is a venous line pressure sensor; P-PPB, which is a post
blood pump pressure sensor.

[0026] The systems each include optical sensors, such as:
for balance chamber 1, O-B1-T1, transmitter 1 transmits to
0O-B1-R1, receiver 1 for end of travel; O-B1-T2, transmitter 2
transmits to O-B1-R2, receiver 2 for end of travel; O-B1-T3,
transmitter 3 transmits to O-B1-R3, receiver 3 for end of
travel; O-B1-T4, transmitter 4 transmits to O-B1-R4, receiver
4 for end of travel. Balance chamber 2 has the same set of end
of travel optical sensors. O-HT1 is a heparin transmitter that
transmits to O-HR1, heparin receiver to look for heparin
instead of blood.

[0027] The systems each include other sensors, such as: CS
1 to 12, which are capacitive sensors for sensing the presence
and/or orientation of the solution bags. AD-AL, which is an
arterial line, e.g., ultrasonic, air detector. AD-VL, which is a
venous line, e.g., ultrasonic, air detector. AD-HL, which is a
heparin line, e.g., ultrasonic, air detector. BSD-VL, which is
a venous line blood/saline, e.g., optical, detector. L-ATD,
which is a dialysate air trap level sensor. L-ATB, which is a
blood air trap level sensor. BLD, which is an e.g., optical,
blood leak detector. ADS-A, which is an arterial line access
disconnection sensor. ADS-V, which is a venous line access
disconnection sensor.

[0028] The systems also include a drain relief valve RV-
Drain and check valves CK-ATB for blood air trap, CK-PRE
for prefilter infusate and CK-VEN for venous infusate.
[0029] The systems also include a filter, F-VL, which is a
venous line macro-aggregate filter and other components
such as ATD, which is a dialysate air trap and ATB, which is
an air trap for blood.

[0030] The above valves and sensing areas for the above
sensors can be placed in one or more disposable pumping
cassette. For example, the systems can employ dedicated
blood and dialysate cassettes with integrated air traps. Suit-
able configurations for cassettes with air traps are disclosed in
co-pending patent application Ser. Nos. 11/865,577, entitled
“Dialysis Systems Having Air Traps With Internal Structures
To Enhance Air Removal”; 11/865,583, entitled “Dialysis
Systems Having Air Separation Chambers With Internal
Structures To Enhance Air Removal”; 11/865,552, entitled
“Dialysis System Having Air Separation Chambers With
Internal Structures To Enhance Air Removal”; and 60/976,
731, entitled “Fluid And Air Handling In Dialysis Circuit Air
Removal System”, each filed on Oct. 1, 2007, assigned to the
eventual assignee of the present disclosure, the entire con-
tents of each of which are incorporated expressly herein by
reference.

1. Vent to Drain

[0031] Referring now to the drawings and in particular to
FIGS. 1105, in one primary embodiment a dialysis system 10
and corresponding method vents air to drain. System 10 can
accomplish at least two tasks with the vent to drain option: (i)
venting air that accumulates in an air trap ATD (air trap for
dialysate) or ATB (air trap for blood) during prime or through-
out the course of a therapy and (ii) purging extracorporeal
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circuit priming solution, e.g., saline, to drain (as opposed to
returning to the solution to the patient).

Vent to Drain

Purging Air that Accumulates During Therapy

[0032] The air purging method of system 10 determines in
one embodiment when it is necessary to remove air from the
air trap, e.g., via an automatic level sensor L-ATD or L-ATB
associated with air trap ATD and ATB, respectively, or via
operator intervention. System 10 begins the air removal pro-
cess by establishing an appropriate flow path from air trap
ATD or ATB. The flow path from air trap ATD to drain 12 will
be via dialysate circuit 20. The flow path from air trap ATB to
drain 12 will be via blood circuit 30. Once the relevant flow
path is open, system 10 displaces air from the air trap ATD or
ATB, generating a pressure in the air trap that is higher than
the pressure of drain 12. System 10 continues to displace air
from the air trap ATD or ATB until automatic level sensor
L-ATD or L-ATB, respectively, senses that it is no longer
necessary to do so. Or, an operator visually determines that
enough air has been removed from system 10.

[0033] One example of purging air from blood circuit 30 to
drain 12 is illustrated in FIG. 1. Here the extracorporeal
circuit level detector L-ATB detects a low fluid level. System
10 stops blood pump (PUMP-Blood) and dialysis solution
pumps (PUMP-DF, PUMP-DS). System 10 closes venous
patient line clamp V-VLC, saline valves V-SV, V-SA heparin
valve V-H, and extracorporeal air vent valves V-AVB-S,
V-AVB-P in extracorporeal circuit 30. System 10 opens air
vent valve V-AV and drain valve V-DD near drain 12.

[0034] System 10 then begins running PUMP-Blood clock-
wise, while metering air through the air vent valves V-AVB-S
and V-AVB-P. Air vent valves V-AVB-8 and V-AVB-P alter-
nate in a chamber-lock type manner. First, vent valve
V-AVB-P is opened allowing air to pressurize the line up to
vent valve V-AVB-S. Then, the valve states are reversed,
allowing pressurized air trapped between the vent valves
V-AVB-S and V-AVB-P to be released to drain 12 via air vent
line 14. One of the vent valves is thus closed at all times, and
the valves alternate at a rate related to the rate of PUMP-
Blood.

[0035] The extracorporeal circuit level detector L-ATB
may be used in combination with a blood leak detector BLD
(see FIG. 5) to ensure that the blood level does not fall too low
and to detect when the blood level has overfilled blood air trap
ATB. When blood leak detector BLD detects an overfill,
system 10 stops PUMP-Blood and closes extracorporeal air
vent valves V-AVB-S and V-AVB-P, closes air vent valve
V-AV, and closes drain valve V-DD. System 10 then opens
venous patient line clamp V-VLC and saline valves V-SV,
V-SA orheparin valve V-H if appropriate and restarts PUMP-
Blood to push an appropriate amount of blood from air trap
ATB to the patient, lowering the level in the air trap, and
allowing fluid in vent line 14 sensed at BLD to fall back into
blood from air trap ATB. Dialysis solution pumps DF and DS
are also run at the same rates they were running before the air
vent to dialyze blood that is being pushed through dialyzer 16
during the level lowering process within air trap ATB.

Vent to Drain

Purging Extracorporeal Priming Solution to Drain

[0036] System 10 begins a blood prime process after extra-
corporeal circuit 30 has been primed with priming fluid (sa-
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line, heparin, dialysis solution etc.). For blood prime, system
10 assures that the patient has been connected to the system or
accessed. First, system 10 communicates circuit 30 with
patient 18 flow path. System 10 then flows blood from patient
18, through the circuit 30, including air trap ATB, to displace
priming fluid out of system 10 to the fluid drain 12, until the
extracorporeal circuit is sufficiently primed with blood, e.g.,
using a blood detector BLD and/or flow sensing and/or a
recorded number of pump rotations sufficient to completely
remove priming fluid and/or a total time spent pumping suf-
ficient to completely purge circuit 30 of priming fluid.
[0037] FIGS. 1 to 4 illustrate in detail how system 10 per-
forms blood prime venting. In FIG. 1, system 10 performs a
first step in which it is in a safe state following extracorporeal
circuit prime with all valves and patient line clamps closed
and all pumps stopped.

[0038] At step 2 in FIG. 2: (a) an operator establishes vas-
cular access with a venous patient line 32 of blood circuit 30;
(b) the operator establishes vascular access with the arterial
patient line 34 of blood circuit 30; (c) system 10 prepares for
blood prime by opening extracorporeal circuit air vent valves
V-AVB-S and V-AVB-P, dialysate circuit air vent valves
V-AVD-S and V-AVD-P, and drain valves V-DD and V-DR;
(d) system 10 runs fresh dialysate pump DF in the clockwise
direction as shown in FIG. 2 until the blood saline detector
BSD-VL detects blood. System 10 can also run fresh dialy-
sate pump DF longer, so blood moves beyond the blood saline
detector, e.g., using a total number pump strokes as the indi-
cator to finally stop dialysate pump DF. This operation pulls
blood from patient 18, through venous or return line 32, to
blood saline detector BSD-VL, displacing priming fluid in
venous line 32 with the patient’s blood. Negative pressure is
applied by priming fluid being pulled through air vent line 14
and blood air trap ATB. Any air is pushed to drain via open
valve V-DD.

[0039] Atstep 3inFIG. 12, system 10 returns to a safe state
by closing all blood and dialysate valves and patient line
clamps and stopping all pumps.

[0040] At step 4 in FIG. 3, system 10 prepares for comple-
tion of blood prime by opening extracorporeal circuit air vent
valves V-AVB-S and V-AVB-P, dialysate circuit air vent
valves V-AVD-S and V-AVD-P, arterial patient line clamp
V-ALC, and drain valve V-DD. System 10 starts PUMP-
Blood in the clockwise direction as shown in FIG. 3 and runs
the pump for a specific number of pump strokes or a specific
period of time until blood travels from patient 18, through
arterial line 34, dialyzer 16, and a portion of venous line 32 to
blood air trap ATB. System 10 can also run PUMP-Blood
longer so blood moves into the air trap ATB, provided system
10 can verify that blood does not leave blood air trap ATB
during the rest of the priming process.

[0041] Atstep 5inFIG. 1, system 10 returns to a safe state
by closing all valves and patient line clamps and stopping all
pumps. All saline has been removed from blood circuit 30
except perhaps for a small amount between blood air trap
ATB and blood saline detector BSD-VL. Again, any air is
pushed to drain via valve V-DD.

Vent to Drain

Alternative Vent Valving

[0042] Referring now to FIG. 4, secondary air vent valves
V-AVD-S and V-AVB-S for the dialysate circuit 20 and extra-
corporeal circuit 30, respectively, have been removed to

Sep. 26, 2013

reduce hardware. The vent to drain and priming fluid to drain
sequences above may be performed using the reduced vent
valve arrangement of FIG. 4. To increase safety, a blood leak
detector BLD may be added to vent line 14 upstream of the
singly used air vent valves V-AVD-P and V-AVB-P. Since
system 10 is closed to drain, it may be possible to eliminate
both the primary and secondary vent valves.

Vent to Drain

Extra Blood Detector

[0043] Referring now to FIG. 5, to prime the extracorporeal
circuit 30 to a greater extent, a blood detector BLD can be
placed in the post-air trap air vent line, between trap ATB and
vent valve V-AVB-P or alternatively between valves
V-AVB-P and V-AVB-S. In FIG. 5, dialysate pump DF is
shown pulling saline, as described shown in FIG. 2, in turn
pulling blood to the added detector BLD. Blood could be
drawn alternatively to detector BLD via PUMP-Blood via the
process of FIG. 3. An advantage in either case is that more of
the air trap priming volume or saline is sent via drain line 14
to drain 12.

Vent to Drain

Fluid Use Efficiency

[0044] Tt is also possible in the vent to drain system 10
embodiments to maximize fluid use efficiently by pumping
dialysis solution to prime the extracorporeal circuit. Here, a
suitable path of valves is opened to allow fresh dialysate
pump DF to pump fresh dialysate into dialyzer 16, and
through the hollow fiber membranes of the dialyzer, into
extracorporeal circuit 30. In this manner, system 10 can
remove air from circuit 30 to drain using dialysate instead of
requiring an extra priming fluid, such as saline. The dialysate
can then be replaced with blood as shown above, so that the
dialysate volume is not delivered to the patient.

Ii. Vent to Atmosphere

[0045] Inanother primary embodiment shown in FIGS. 6 to
12, the system 10 vents air to atmosphere. System 10 can
accomplish at least two tasks using the vent to atmosphere
option: (i) venting air that accumulates in the blood air trap
during prime or throughout the course of a therapy and (ii)
purging the extracorporeal circuit priming solution to drain
(as opposed to returning the priming solution to the patient).

Vent to Atmosphere

Purging Air that Accumulates During Therapy

[0046] In the vent to atmosphere embodiment, system 110
determines when it is necessary to remove air from the extra-
corporeal or dialysate side air traps ATD and ATB via auto-
matic level sensors L-ATD and L.-ATB and/or operator inter-
vention as discussed above. System 110 begins the air
removal process by establishing an appropriate flow path
from the air trap ATD or ATB to atmosphere. Once the flow
path is open, system 110 displaces air from the relevant air
trap ATB, generating a higher than atmospheric pressure in
the associated air trap and/or generating a lower than air trap
pressure in the atmosphere, e.g., drawing a vacuum on the air
trap. System 110 continues to displace air from the air trap
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until it is no longer necessary to do so (as determined by
automatic level sensors L-ATD or L-ATB and/or via operator
intervention.

[0047] FIG. 6 illustrates an embodiment of system 110 in
which venting to atmosphere can be accomplished. System
110 differs form system 10 primarily in that system 110 has
connected drain vent valve V-AV to atmosphere through a 0.2
micron filter instead of connecting it to the drain lines as in
system 10. All air is vented through dialysate vent valve V-AV
to atmosphere through this filter.

[0048] In one sequence, the extracorporeal circuit level
detector L-ATB detects a low fluid level. System 110 stops
PUMP-Blood and dialysis solution pumps DF and DS. Sys-
tem 110 closes venous patient line clamp V-VLC, saline
valves V-SV and V-SA, heparin valve V-H, and extracorporeal
air vent valves V-AVB-S, V-AVB-P and opens saline valve
V-SA. System 110 then slowly runs PUMP-Blood clockwise
(as oriented in FIG. 6), drawing in blood while metering air
through the air vent valves V-AVB-S and V-AVB-P and
through open valve V-AV and out the 0.2 micron filter. One of
the vent valves is closed at all times as described above to
ensure that no outside air contacts blood.

[0049] The extracorporeal circuit level detector L-ATB
may be used in combination with a blood leak detector BLD
(see FIG. 5) to ensure that the blood level does not fall too low
and to detect when the blood level has overfilled blood air trap
ATB. When blood leak detector BLD detects an overfill,
system 110 closes extracorporeal air vent valves V-AVB-S
and V-AVB-P, opens venous patient line clamp V-VLC and
saline valves V-SV, V-SA or heparin valve V-H if appropriate
and restarts dialysis solution pumps DF and DS and Pump-
Blood at the same rates that they were running before the
venting of air through trap ATB, vent valve V-AV, and 0.2
micron filter.

Vent to Atmosphere

Purging Extracorporeal Priming Solution to Drain

[0050] System 110 begins a blood prime process after
extracorporeal circuit 30 has been primed with priming fluid
(saline, heparin, dialysis solution etc.). For blood prime, sys-
tem 110 assures that the patient has been connected to the
system or accessed. First, system 110 communicates circuit
30 with patient 18. System 110 then flows blood from patient
18 through the circuit 30, including air trap ATB to displace
priming fluid out of system 110 to the fluid drain 12 until the
extracorporeal circuit is sufficiently primed with blood, e.g.,
using a blood detector BLD and/or flow sensing and/or a
recorded number of pump rotations sufficient to completely
remove priming fluid and/or a total time spent pumping suf-
ficient to purge circuit 30 of priming fluid.

[0051] FIGS. 6 to 10 illustrate in detail how system 110
accomplishes blood prime venting to atmosphere.

[0052] In step 1 at FIG. 6, system 110 is in a safe state
following extracorporeal circuit prime with all valves and
patient line clamps closed and all pumps stopped.

[0053] Instep 2 at FIG. 7: (a) an operator establishes vas-
cular access with the venous patient line 32; (b) system 110
prepares for blood prime by opening extracorporeal circuit air
vent valves V-AVB-S and V-AVB-P, dialysate circuit air vent
valves V-AVD-S and V-AVD-P, and drain valves V-DD and
V-DR; and (¢) system 110 runs fresh dialysate pump PUMP-
DF in the clockwise direction as seen in FIG. 7 and until the
blood saline detector BSD-VL detects blood. It is also be
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possible to run the fresh dialysate pump DF longer, so blood
moves beyond the blood saline detector BSD-VL using total
pump strokes as the indicator to stop, for example.

[0054] In step 3 at FIG. 6, system 110: (a) returns to safe
state by closing all valves and patient line clamps and stop-
ping all pumps; and (b) the operator establishes vascular
access with the arterial patient line 34.

[0055] Instep 4 atFIG. 8: (a) system 110 prepares for blood
prime by opening extracorporeal circuit air vent valves
V-AVB-S and V-AVB-P, dialysate circuit air vent valves
V-AVD-S and V-AVD-P, and drain valves V-DD and V-DR;
(b) system 110 runs PUMP-Blood in the clockwise direction,
and the fresh dialysate pump DF in the clockwise direction as
shown in FIG. 8 at the same flow rate for a specific number of
pump strokes or period of time until blood flows through
arterial line 34, dialyzer 16, and a portion of venous line 32
until reaching air trap ATB. Pressure sensor P-PPB can be
used to indicate when one pump is running at a higher flow
rate than the other. It is also possible to run the pumps longer,
so blood moves into the air trap, provided that system 110 can
verify that blood never leaves the air trap during the rest of the
priming process. A blood-saline-air detector can be installed
between V-AVB-P and V-AVB-S to further optimize priming
solution removal.

[0056] In step 5 at FIG. 6, system 110 returns to the safe
state by closing all valves and patient line clamps and stop-
ping all pumps.

[0057] Instep 6 at FIG. 9, system 110 prepares to clear the
dialysate circuit side of the air vent by opening the air vent
valve V-AV, dialysate circuit air vent valves V-AVD-S and
V-AVD-P, and drain valves V-DD and V-DR.

[0058] In step 7 at FIG. 10, system 110 runs the fresh
dialysate pump L-ATB-DF in the clockwise direction, pump-
ing fresh fluid from air trap ATB and pulling air into the trap
via air vent line 14 and vent valves V-AVD-8 and V-AVD-P
until level detector L-ATD in the dialysate circuit air trap ATD
indicates a certain level. System 110 can alternatively accom-
plish this step by running dialysate pump DF for a specific
number of pump strokes or period of time until fluid is com-
pletely removed from the dialysate circuit air vent line 14.
[0059] In step 7 at FIG. 10, system 110 runs the fresh
dialysate pump L-ATB-DF in the clockwise direction, pump-
ing fresh fluid from line 14 and pulling air into the trap ATD
via air vent line 14 and vent valves V-AVD-8 and V-AVD-P
until level detector L-ATD in the dialysate circuit air trap ATD
indicates that there is no fluid in air trap ATD. System 110 can
alternatively accomplish this step by running dialysate pump
DF for a specific number of pump strokes or period of time
until fluid is completely removed from the dialysate circuit air
vent line 14.

[0060] In step 8 at FIG. 6, system 110 returns to safe state
by closing all valves and patient line clamps and stopping all
pumps.

[0061] During the therapy, if air gathers in the top of air trap

ATB, valves V-AVB-P and V-AVB-S are alternately opened
so that air is shuttled out of the air trap without allowing any
blood to escape and vented through valve V-AV and the 0.2
micron vent filter.

Vent to Atmosphere

Alternative Vent Valving

[0062] Justlike with FIG. 4 for venting to drain, system 110
can be modified to remove secondary air vent valve V-AVB-S
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from blood circuit 30 and V-AVD-S from dialysate circuit 20
to reduce hardware, which can also be performed by adding a
blood leak detector BLD in vent line 14 upstream of the
primary vent valves V-AVB-P and V-AVD-P to sense any
blood that may enter vent line 14. Since venting is done to
atmosphere, at least a primary vent valve should be provided
at the blood and dialysate air traps ATB and ATD.

Vent to Atmosphere

Extra Drain/Air Vent Lines

[0063] FIG. 11 illustrates that system 110 can alternatively
connect air vent line 14 running from air traps ATB and ATD
directly to drain line 12, similar to the vent to drain system 10.
Unlike system 10, which provides an extra vent to drain valve
V-AV forboth air traps, system 110 uses vent valves V-AVD-S
and V-AVD-P to control flow from dialysate air trap ATD to
drain 12. Valve V-AC is provided as a vent valve for blood air
trap ATB, which provides a second vent to atmosphere option
using vent valves V-AVB-S and V-AVB-P and a 0.2 micron
filter.

[0064] FIG. 12 illustrates that system 110 can alternatively
have separate air vent lines for the dialysate and extracorpo-
real circuits, allowing the circuits to both vent at the same
time. In FIG. 12, dialysate air vent line 144 runs to drain 12,
while blood air trap ATB vents directly to atmosphere via vent
line 145, valves V-AVB-S And V-AVB-P and a 0.2 micron
filter.

Vent to Atmosphere

Extra Blood Detector

[0065] In an alternative vent air to atmosphere embodi-
ment, to prime the extracorporeal circuit to a greater extent, a
blood detector BLD (see FIG. 5) can alternatively be placed in
the post air-trap air vent line 14. An advantage here is that
more of the air trap fluid priming volume can be replaced with
blood before treatment.

Vent to Atmosphere

Alternative Method

[0066] Referring again to FIG. 6, in a further alternative
embodiment, vent to atmosphere system 110 maximizes fluid
use efficiently by pumping dialysis solution to prime the
extracorporeal circuit 30. Here, a suitable path of valves is
opened to allow fresh dialysate pump DF to pump fresh
dialysate into dialyzer 16, and through the hollow fiber mem-
branes of the dialyzer, into extracorporeal circuit 30. In this
manner, system 110 can remove air from circuit 30 to drain
using dialysate instead of requiring an extra priming fluid,
such as saline. The dialysate can then be replaced with blood
as discussed above, so that the dialysate volume is not deliv-
ered to the patient.

Vent to Atmosphere

Fluid Use Efficiency

[0067] It is also possible in the vent to atmosphere system
110 to use dialysis solution to prime extracorporeal circuit 30
as discussed above with vent to drain system 10.
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III. Vent to Saline Bag

[0068] In a further alternative primary embodiment shown
in FIGS. 13 to 18, system 210 vents to a bag such as a saline
bag 36. Here again, system 210 can accomplish at least two
tasks: (i) venting air that accumulates in air traps ATB and
ATD during prime or throughout the course of a therapy and
(i1) purging the extracorporeal circuit priming solution to
saline bag 36 as opposed to returning the solution to patient
18.

Vent to Saline Bag

Purging Air that Accumulates During Therapy

[0069] System 210 determines when it is necessary to
remove air from air trap ATB and ATD (via e.g., automatic
level sensors L-ATB and L-ATD and/or operator interven-
tion). System 210 begins the air removal process to by estab-
lishing an appropriate flow path from the air trap (extracor-
poreal ATB, dialysate ATD) to the saline bag 36. Once the
flow path is open, system 210 displaces air from the air trap
ATB or ATD by generating a higher than saline bag pressure
in the air trap ATB or ATD and/or generating a lower than air
trap pressure in the saline bag 36. System 210 continues to
displace air from the air trap ATB or ATD until it is no longer
necessary to do so, for example as determined by automatic
level sensors L.-ATB or L-ATD and/or operator intervention.
[0070] FIG. 13 illustrates system 210, which vents air to
saline bag 36. When extracorporeal circuit level detector
L-ATB detects a low fluid level of fluid within trap ATB,
system 210 stops PUMP-Blood and dialysis solution pumps
DF and DS. System 210 closes venous patient line clamp
V-VLC, saline valves V-SV, V-SA, heparin valve V-H and
extracorporeal air vent valves V-AVB-S and V-AVB-P.
[0071] System 210 then runs Pump-Blood clockwise,
while metering air through the air vent valves V-AVB-S or
V-AVB-P. Either valve V-AVB-S or V-AVB-P is closed at all
times for safety. The valves alternate in a chamber lock man-
ner, which can be cycled at a rate related to the blood pump
rate. This action pushes air to saline bag 36.

[0072] The extracorporeal circuit level detector L-ATB
may be used in combination with a blood leak detector BLD
(see FIG. 5) to ensure that the blood level does not fall too low
and to detect when the blood level has overfilled blood air trap
ATB. When blood leak detector BLD detects an overfill,
system 210 stops PUMP-Blood, closes extracorporeal air
vent valves V-AVB-S and V-AVB-P, opens venous patient line
clamp V-VLC and saline valves V-SV, V-SA or heparin valve
(V-H) if appropriate; and runs Pump-Blood and dialysis solu-
tion pumps DS and DF at the same rates they were running
before the air vent action. Such action pulls air saline from
bag 36 into trap ATB, which pushes blood from the trap ATB.

Vent to Saline Bag

Purging Extracorporeal Priming Solution to Drain

[0073] The blood prime process of system 210 begins after
the extracorporeal circuit has been primed with priming fluid
(saline, heparin, dialysis solution etc.). Blood prime assumes
that the patient’s blood access has been connected to the
system. First, system 210 establishes the appropriate flow
paths accomplished with the illustrated (FIG. 13) system of
valves and clamps. System 210 then flows blood from patient
18 through the appropriate flow path (which includes air trap



US 2013/0248449 Al

ATB) to displace priming fluid saline bag 36 to other contain-
ers. System 210 then switches the flow path to continue to
displace priming fluid until extracorporeal circuit 30 is suffi-
ciently primed with blood. System 210 can determine if the
blood prime is complete using a blood detector, flow sensing,
or a recorded number pump rotations and/or a total time spent
pumping. As with system 110, vent to bag system 210 does
not need an extra vent valve V-AV provided with system 210.
System 210 replaces vent line 14 with saline vent line 44.
[0074] FIGS. 13 to 16 illustrate in detail how blood prime
venting to saline bag 36 or other bag can be accomplished.
[0075] Instep 1 at FIG. 13, system 210 is placed in a safe
state following extracorporeal circuit prime with all valves
and patient line clamps closed and all pumps stopped.
[0076] In step 2 at FIG. 14: (a) the operator establishes
vascular access with the venous patient line 32; (b) the opera-
tor establishes vascular access with the arterial patient line 34;
(c) system 210 prepares for blood prime by opening venous
patient line clamp V-VLC and saline valve V-SA; and (d)
system 210 runs PUMP-Blood in the counterclockwise direc-
tion as seen in FIG. 17, pumping blood from patient 18,
through venous line 32 until the blood saline detector BSD-
VL detects blood. System 210 can alternatively run the
PUMP-Blood longer so blood moves beyond the blood saline
detector BSD, e.g., using total pump strokes as the indicator
to stop.

[0077] Instep 3 at FIG. 13, system 210 returns to the safe
state by closing all valves and patient line clamps and stop-
ping all pumps.

[0078] In step 4 at FIG. 15, system 210 prepares for blood
prime by opening extracorporeal circuit air vent valves
V-AVB-S and V-AVB-P, dialysate circuit air vent valves
V-AVD-S and V-AVD-P, arterial patient line clamp V-ALC,
and drain valve V-DD.

[0079] Instep 5 at FIG. 16, system 210 runs PUMP-Blood
in the clockwise direction for a specific number of pump
strokes or period of time pulling blood from patient 18,
through arterial line 34, dialyzer 16 and a portion of venous
line 32 until blood reaches the beginning of the air trap ATB.
System 210 can alternatively run the PUMP-Blood longer so
blood moves into the air trap ATB, provided that system 210
can verify that blood does not escape air trap ATB during the
blood priming process. The addition of a blood saline detector
BSD as illustrated in FIG. 5 would facilitate this process.
[0080] Instep 6 at FIG. 13, the system returns to safe state
by closing all valves and patient line clamps and stopping all
pumps.

Vent to Saline Bag

Fewer Air Vent Valves

[0081] Referring to FIG. 17, secondary air vent valves for
the dialysate circuit V-AVD-S and extracorporeal circuit
V-AVB-S have been removed. Primary vent vales V-AVD-P
and V-AVB-P function primarily to maintain safety and may
be used in combination with blood leak detectors BLD’s as
has been described herein. Since system 210 is closed to
saline bag, however, it may be possible to use no vent valves.

Vent to Saline Bag

No Post-Pump Line

[0082] Referring again to FIG. 13, system 210 does not
need separate pre- and post-blood pump saline lines (holding
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V-SV and V-SA) to the saline bag, so the post-pump saline
line (holding V-SV) can be removed. Here system 210 uses
the air trap fluid line 44 to also function as the post-pump fluid
line.

Vent to Saline Bag

Extra Blood Detector

[0083] As with system 10 in FIG. 5, to prime the extracor-
poreal circuit 30 to a greater extent, system 210 can add a
blood detector BLD in the post air-trap air vent line running to
saline bag 36. An advantage here is that more of the air trap
priming volume can be sent to the saline or other container.

Vent to Saline Bag

Other Container

[0084] Referring to FIG. 18, the vent container does not
have to be a saline bag 36. Vent line 44 can run instead to a
different container, such as a used supply bag or a dedicated
vent container.

[0085] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:

1. A blood priming method comprising:

(a) running a dialysate pump to pull blood from a patient
into an extracorporeal blood circuit in a first direction
thereby displacing a priming liquid to a drain until or
after blood is detected in the extracorporeal blood cir-
cuit; and

(b) running a blood pump to pull blood from the patient into
the extracorporeal blood circuit in a second direction
thereby displacing the priming liquid to the drain until or
after blood reaches an air trap in the extracorporeal
blood circuit.

2. The blood priming method of claim 1, which includes
displacing the priming liquid during (a) and (b) by flowing the
priming liquid through a line connecting the extracorporeal
blood circuit to the drain so that the priming liquid does not
pass through a blood filter.

3. The blood priming method of claim 1, which includes
pulling blood through a venous access during (a) and pulling
blood through an arterial access during (b).

4. The blood priming method of claim 1, which includes
opening an air vent valve to drain to allow the priming liquid
to run from an air trap to drain.

5. The blood priming method of claim 1, which includes
detecting blood during (a) via a blood presence detector.

6. The blood priming method of claim 1, which includes at
least one of: (1) communicating the dialysate pump with the
extracorporeal blood circuit via an air vent line; (ii) running
the dialysate pump for a number of cycles or for a given time
after blood is detected in the extracorporeal blood circuit; or
(iii) running the blood pump for a number of cycles or for a
given time after blood reaches the air trap.

7. A blood priming method comprising:

(a) running a dialysate pump to pull blood from a patient

into an extracorporeal blood circuit in a first direction
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thereby displacing a priming liquid to a dialysate circuit
until or after blood is detected in the extracorporeal
blood circuit; and

(b) running a blood pump to pull blood from the patient into

the extracorporeal blood circuit in a second direction
thereby displacing the priming liquid to the dialysate
circuit until or after blood reaches an air trap in the
extracorporeal blood circuit.

8. The blood priming method of claim 7, which includes
displacing the priming liquid during (a) and (b) by flowing the
priming liquid through a line connecting the extracorporeal
blood circuit to the dialysate circuit so that the priming liquid
bypasses a blood filter.

9. The blood priming method of claim 7, which includes
pulling blood through a venous access during (a) and pulling
blood through an arterial access during (b).

10. The blood priming method of claim 7, which includes
opening an air vent valve in each of the blood and dialysate
circuits to allow the priming liquid to run from the air trap in
the blood circuit to an air trap in the dialysate circuit.

11. The blood priming method of claim 7, which includes
detecting blood during (a) via a blood presence detector.

12. The blood priming method of claim 7, which includes
communicating the dialysate pump with the extracorporeal
blood circuit via an air vent line.

13. The blood priming method of claim 7, which includes
at least one of (i) running the dialysate pump for a number of
cycles or for a given time after blood is detected in the extra-
corporeal blood circuit; or (ii) running the blood pump for a
number of cycles or for a given time after blood reaches the air
trap.

14. A blood priming method comprising:

(a) running a blood pump in a first direction to pull blood

from a patient into an extracorporeal blood circuit
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thereby displacing a priming liquid to a container (i) for
a number of pump cycles, (ii) for a given time, or (iii)
until or after blood is detected in the extracorporeal
blood circuit; and

(b) running the blood pump in a second direction to pull

blood from the patient into the extracorporeal blood
circuit thereby displacing the priming liquid to the con-
tainer (i) for a number of pump cycles, (ii) for a given
time, or (iii) until or after blood reaches an air trap in the
extracorporeal blood circuit.

15. The blood priming method of claim 14, which includes
displacing the priming liquid during (a) and (b) by flowing the
priming liquid through a line connecting the extracorporeal
blood circuit to the container so that the priming liquid
bypasses a blood filter.

16. The blood priming method of claim 15, wherein the line
is a saline bag line.

17. The blood priming method of claim 14, which includes
pulling blood through a venous access during (a) and pulling
blood through an arterial access during (b).

18. The blood priming method of claim 14, which includes
opening an air vent valve to the container to allow the priming
liquid to run from an air trap to the container.

19. The blood priming method of claim 14, which includes
detecting blood during (a) via a blood presence detector.

20. The blood priming method of claim 14 which includes
at least one of: (i) running the blood pump for a number of
cycles or for a given time in the first direction after blood is
detected in the extracorporeal blood circuit; or (ii) running the
blood pump for a number of cycles or for a given time in the
second direction after blood reaches the air trap.
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