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1 DESCRI PTI ON EXTRACORPOREAL BLOOD ClI RCULATI NG
APPARATUS, CLOSED- TYPE VENOUS RESERVO R AND 5
EXTRACORPCREAL BLOOD Cl RCULATI NG METHOD Techni cal
Field [0001] The present invention relates to an
extracorporeal blood circulating apparatus utilizing
a dosed-type venous reservoir that is used for
storing 10 bl ood tenpor BESORIPTIGINSUr gi cal
operation on a cardiocirculatory systemrequiring an
extracorporeal circulation, a configuration of the

oo O R DD R Eh AR s,
surgi cal oper@tHeRrPiveE YN etid R@@@@;}Ry ¥ m t hat

requires an 15 extracorporeal circulati r the

pur pos esEXTRACORFOREALDBDOT B I RIELATING MEEIDI®f
vi ew and achi eving a nmani pul ati on of the surgical
operation sinply, a venous reservoir generally is

: I . extracorporeal circulation circuit for
@3@8}@?’;‘??@ oring blood froma body. Recently,

{60 N ThieQfte8ént 1B98n 110N Fe1a¥Es tS4h Qkﬁ%lcoxg)%%zﬁtﬂl&flfgpaﬁaﬁng
been incréased, so that an extracorporeal circulation
appsysusmtilidihg a cdosedHtypo sensiue teserveirtthet 3 wed fBAStoring
ng)grrequi red. [0003] Generally used venous
teBaragivioraysiHigjcal ioprErtion ar ¢ casdivaircylagory system

FFRGHB1e EE PRl on BRuficn. SRR R af B gsed-tme
Vot DbeSeAi L hnd Ral diraddp sFeal Bl&a%mﬂa&% BRFhbAPe

venous reservoir is excellent in a functio
Baskgirogndidrtbubbl es that are 25 nixed into bl ood,

show a bl ood storage capacity precisely. )
| ﬁ&%@i ) a spgicgheneration open saediparaiatry S@&tﬁaséyat requires an

TR e eI —
fitldeof iewdind aditeving Bladisidacidntof fBe YOAALS JpRESHEYDsimply, a
basi cal | y does not expose blood to outside air,

VNS reaerveir gennrally és useéd br anextraveripirealicirdudatioe circuit for
Eerr]r?pgrla?ﬁgir gkoerjng blood from a body. Recently, recognition of less invasive
surgical operations has been increased, so that an extracorporeal circulation
system with a small incursion into the blood has been required.

[0003] Generally used venous reservoirs are roughly divided into: open-type
venous reservoirs having hard outer shells; and flexible closed-type venous
reservoirs that have flexible outer shells and are closed. The open-type
venous reservoir is excellent in a function of removing air bubbles that are
mixed into blood, and can show a blood storage capacity precisely. However,
the open-type venous reservoir exposes blood to outside air, which is hkely to
cause an effect on the blood such as blood coagulation. On the other hand,
the flexible closed-type venous reservoir basically does not expose blood to
outside air, which causes a smaller effect on the blqod. However, the flexible

closed-type venous reservoir has problems of difficulty of showing its blood
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30 cl osed-type venous reservoir has problens of
difficulty of showing its blo 2 storage capacity,
renmoving air bubbles and the |1 ke. An exanple of the

- cl osed-type venous reservoir having a neans for

solving these problens is disclosed in Patent
Docunment 1. [00041 In the cl osed-type venous

rtseigeOtdpacityCle@s@dns Radulilled h ARHe Mkean A% SULGSle of the

wal | that forms a housing of the venous reservoir.
esedubypenrepens reswoipthaxing exneédms fomtselving these problems is

A4

.0vi ded. | h t [, d the d d '
isatbtebineHatst s Siamtim renber [t o a bl obd st of age

Q@EP ' ' ' . I n t.he bl
g P or ag g n?ﬁgr%nes r M&ﬂ g?ﬁ??%%vﬁpgg ??m%’%a’%%d %QF{]CF Il%g‘?r&??fgy an
augepwall thed forthe ailivhikig dFahk vehols 88sdr@birl NAls r g Wember

bl ood, 10 and the outflow port is used for . ejecti
nadeiof a flexide matemal srjrosideadyin Gecoriter wadk andjths tlozgd space

t i ded, ich i ed f I nj ecti d
o5 Rt FaBeh buafic septian PofibeF Fop AldpeecragadamBher and a
Lo . . . . . Li aui d
PR B BB o e A B B vt ano
ad] axetflowgp axit b @rodidedugihé heftdb paet Méeﬂ&opﬁftiodtﬁﬂng blood,
ampunt of the adjusting liquid to be stored in the

P8fue oudlpwaarhis wseshiov ejacsingthlngdd. Inrtlerefiymetaigusting
FRSY RS B TREE e SRR gt Sha
i i1 hanber .
FRetaeh ARBRRINGA £ vl AAIASALAE 205 Charber:
095D e By dajechia gkanlwjebiingrees dijuging I aashe thd Vidum0

ag&%nt of the adjusting liquid._ Patent docunent 1: JP
2806t pent Fitloregiest in degrolumesadiustingchbinber through the

AT RN —-
P A L
chanzane theyabimy ofitlik vdlanld &djusting chamber, and accordingly,
changing the capacity of the blood storage chamber. In addition, the volume
of the volume adjusting chamber can be known by measuring a transferring
amount of the adjusting Liquid.

Patent document 1:  JP 2000-299 A

Disclosure of Invention

‘Problem to be Solved by the Invention

[0006] As described above, the closed-type venous reservoir having the hard
outer shell has various advantages of enabling the easy measurement and the
control of the blood storage capacity and the like.

[0007] For example, the closed-type venous reservoir can decrease the blood
storage capacity to be sufficiently small. The reason for this is because, even
when the blood storage capacity is small, the configuration of the closed-type

venous reservoir does not allow the blood storage amount to be zero and does



[ 00071 For exanple, the dosed-type venous reservoir

can decrease the blood storage capacity to be
sufficiently small. The reason for this is because,

even when the bl ood storage capacity is small, the
configuration of the dosed-tgpe 30 venous reservoir

does not allow the bl ood storage anobunt to be zero

and does 3 not mx air into the circulating bl ood,

and thus .the bl pod storage capacity can _be decreased
s @iy air dptorthe cacnkating leod,iandithas é&s@%ﬂ stoage capacity can

N-type, V.enous - r VOir I t
BEHeie5 LI o' B b B3P s AR Or ey PR enons
EQERioiM\RiIsch ﬂ@%l@&ﬂ%r%&rcabﬁc@ﬁiéﬂrﬂﬁﬂ_mé‘bﬁ)ddhﬁorage amount
circulating blood. [0008] Mreover, in the case of '
iy b osedwhighemue awse aieteby niixed bajo throarewating bland.
filling amount of the adjusting liquid into the _
YOUOSTENRAE G | iddthe CABEIhe dBRdypeFchd i RIGVORDBYGI T Y
can be controlled directly and forcibly.
dontooltingal fillinigfannguntfaifithe adjuaimag htjuisk Inth theadjlumiei adgusting
ljqujd into the volunme adjusting chamber is kept. .
ebiEbémite bpd Siosas SraelyieaRdsmispicd ditss kgl orcibly.
. r | +
ARASHGHILly, (Fnt iif AfoulP ke i eAREa fito B volyme
h@juehiag gRarnber BIePH conRagthedlpad stoyaddycapaaitgichg be kept
rotational speed of a blood punp, but it is difficult
vondanit r On thaethserdeddsinghagase petity pe vEgousTiescrvoir, it
reasgn.for this is th e bl ood storage, capaci.t
acaly is Prsitlp o uBuist e aloehroREy eRRC R P ERganY o
f | | P
FREO A spRF obh BN ENTHD, Bkt i GIRQIER EHURI3E: Blbod storage
afwanetirect R00Ne reosmvior thik hetiex ticlobdstw@age bimeity '
circul ati ng apparatus using the,  conventi onal

atwely it ppldejemained vakeby #ia ratationsd spendseidbe dloadpump, but
e dr PG hs0eon S Y oRlrle Bl ol
RO SO
SRt 5 S AR pop B
%{@H&%@ﬁ@?%tePciIcl"i‘se%{i-%B'F ﬁzgﬁ&ﬁ‘i £eQURAY o, by

I ClI Zln

[0010] The embodiments of the present invérition seek to provide an
extracorporeal blood circulating apparatus that easily can adjust a blood
storage amount to be most appropriate in each step of an extracorporeal
circulation with a simple configuration, by sufficiently utilizing the
characteristics of the closed-type venous reservoir that is capabl'e of easy
measurement and direct and forcible control of a blood storage capacity. In
addition, the embodiments seek to provide a closed-type venous reservoir to
be used for the extracorporeal blood circulating apparatus, and moreover, to

provide an extracorporeal blood circulating method using the same.



characteristics of the closed-type venous reservoir
that is capable of easy neasurenent and direct and
forcible control of a blood storage capacity. In
addi tion, the enbodi nents seek to provide a
cl osed-type venous reservoir3ao be used for the
extracorporeal blood circulating apparatus, and
noreover, to provide an extracorporeal blood
Mdagylfat SolyimePRsidetasi ng the same. 3a Means for
Sol ving Probl em [0011] In accordance with a first
g{f(ﬂqgtlnoe{ccb%r%%ﬁg?& ﬂé&va%PEétQﬁ the g?és%nt ﬁveﬁfinX,' #e is
n extracorporeal blood ciftcul ati ng apparatus
pmmdécbamgxtracorﬁomﬁbtopﬂecimﬂmhg agmeatuoi r having a
- bl ood storage chanber for storing blood and a vol une
adj usting chanber for storing an adjusting liquid
for volune adjustnent that are di sposed adjacently by
partitioning a closed space fornmed by a housing by
means of a flexible septum nenber; an adjusting
liquid tank for storing the adjusting liquid that is
connected to the volune adjusting chanber; and a
bl ood punp that is connected to the blood storage
chanber, the housing being provided with an infl ow
port for allowing blood to inflow and an outfl ow
port for allowing blood to outflow that respectively
communi cate with the bl ood storage chanber, and an
adjusting port for injecting and ejecting the
adjusting liquid that communicates with the vol une
~adj usting chanber, the bl ood punp being connected to
the bl ood storage chanber via the outflow port, the
adjusting liquid tank being connected to the vol une
adj usting chanber via the adjusting port wherein the
extra corporeal blood circulating apparatus further
conprises a supporting unit holding the adjusting
liquid tank so that a height of- the adjusting |iquid
tank can be varied, the adjusting |iquid tank and
the adjusting port are connected by a conduit menber
havi ng a configuration that can adjust a flow ng
amount, and the height of the adjusting liquid tank
Wth respect to the cl osed-type



venous reservoir is changed by adjusting a height of
supporting the adjusting |liquid tank by neans of the
supporting unit, whereby an anmount of the adjusting
liquid stored in the volune adjusting chanber is
i ncreased or decreased baseg on a difference in
hei ght of the adjusting |iquid, and thereby, the
septum nmenber is noved in the housing, so that the
capacity of the bloody storage chanber is changed.

ingh e SUSvORIRRY b BIBod R€orage chamber
cgeoﬁéﬁlrﬁ%h?s&g%ﬂeﬁ/ﬁ%%g@qa hoﬂizi ng I?gorm' ng a cl %sed_ ]
fRagEing bibedandt ovahane aiineingf drambs¢rofarngotihgauh adjusting
a volume adjusting chanber for storjng an adjusti ”9 S
liquidi fbr vodnmeoddjreioeet dbatnesst dispagedap a‘él‘?@bbb&cpam onmg a

&S%fl %%@'sﬁp%fsﬁ 514 bsTee By stetu St flesIa s member; an
SURCHRTEE 8 ot 8 Dok gt A, e o e

y&antd a9dsEi @ chambeRasides blasidpampatihtist cageptat tof the blood
I.njecting and ejecting the adjusting liquid that is -
givtagicddamiter; the Homsiignbeisg pasvided vﬁ%nmu i fdew eowi for ajlowing

th | ur dj usti nber. Th | d

bloogai iRileveanEyath f e et sispt tiRWERLBISad, o qifffow that
bl . hayr t adi ' .
e BTS00 58 S 18 i
égﬁ?ﬁﬁrs W%%igggag%ﬁ‘&%éﬁ’g %@l?é/atgﬁstﬁhﬁg’ﬁt]ﬁﬁﬁth@ﬂ cammuii&ites with the

ousing at a part facing the :
bbast stprstge chantber tharbdoddh eumyg teimgpcotneded to Hbe blood
outflow port may be di sposed so as 5  to comunjcate

| ~ viordget lebafbest vigl él@%mé Woipﬂfhgﬂ&]é\ﬁiﬁ@ﬁ_ng[ digut taple being
casr LR LB B AR XSt Lo aphgin
- SKEEULAIOA FIBRRCRENRNE Wpddifys ARALPCORBALIDPSipporting unit
confirguration; connectiTng e Inflow port of the

ﬁbﬁﬁﬁg he/ RGjushAR Aldprid &FAr sitattoheight obthe sdjustidg Hquid tank
art of an I'iving body directly or via_ another
- cembervariedn e adjugting liswid éankoand hec plivsting pept as epanected

by a conduit member having a configuration that can adjust a flowing amount,

and the height of the adjusting liquid tank with respect to the closed-type
venous reservoir is changed by adjusting a height of supporting the adjusting
liquid tank by means of the supporting unit, whereby an amount of the
adjusting liquid stored in the volume adjusting chamber is increased or
decreased based on a difference in height of the adjusting liquid, and théreby,
the septum member is moved in the housing, so that the capacity of the bloody
storage chamber is changed.

[0012] The closed-type venous reservoir in the embodiments



autotransfusing part of the living body directly or
via another nenber; filling a systemincluding the
adjusting liquid tank, the conduit and the vol une
adj usting chanmber with the adjusting |iquid;

adjusting a filling anmount ofjgt he adjusting |iquid

in the vol une adjusting chanber by adjusting a hei ght

of .t stln with respe to the

Sl § flotsing SRA Bk BLG plofese chamber for

| i t- . ..
Shanass &Wﬁ JBE‘?IPE&EH P o P I8 ERNAP Ajlsting liquid
€%t veheh®ad dﬁ@hn&hﬂﬂdt frief &yﬂ)@dekicﬁﬁ @dn@l%llf}g atitiohainle closed
of the conduit nenber after co ting the adj ust nent
Sipa% aro irsfl@w tport lher pklomn@btgorgttemﬂmmgﬁndhm lptfbeiv port for
rel easin he channel of .t condui t

;’ngaﬁh)qdom. ﬁ@ t&a} L%rf:. 1950‘1111 -fa thihquging so as to

RRE 8"l BFRABSH S BshlrofBRct, ERAG dffdng gore o

HjeHﬁh 'ﬁﬁdléj&iﬂh‘% &e%@%gnm@ @hzﬁﬁ‘s BrAEdSP adheltRusing so as
start bl ood” reroval ,” after conpl eti'hg the primng.

%meunfcatdﬁmﬂnt(EMe oolynd® hdjusfiag actaimitgert o Theeclosed space
configuration of the extracorporeal blood circul ating

apasarhst ugrt&torteldebﬁnboféw’eht sepipm ecrpbais e thevblaodo ﬁtorage

Fhaiesand it 7 W i iuRtofd SRR S Gt bR Bad avaiding channel
hirint PEFRR e FAIAR A by BIESPO A Seer 8l sucface of

QH@fh%ﬁEﬁ?l i &ta @amfacn{geﬂ@ bived-dtyRee iaaiter! 8ol low port
that a blood Storage capacity is capable of being

aindgbe oytitow pook wiaplbg digpmsed sblaed as necessary can be
utilized sufficiently, and the bl ood storage anount
in each step of an extracorporeal circulation easily
can be adjusted to be nost appropriate, with a
sinple configuration. Brief Description of Drawings 6
[0015] [FIG 11 FIG 1 is a perspective view show ng
a cl osed-type venous reservoir according to an
enbodi nent of the present invention.



[FIG 21 FIG 2 is a front view show ng the
dosed-type venous -5 reservoir. [FIG 3A] FIG 3Ais
a cross-sectional view taken along line A-A of FIG
2. [FIG 3B1 FIG 3Bis a crﬁss-secti onal view taken
along line BB of FIG 3A 10 [FIG 41 FIG 4 is an
enl arged cross-sectional view showing a rel evant

part of FIG 3B. [FIG 51 FIG 5 is a perspective

' howi | bl,0od [ | ati
R e A R N e A
[FIG. 61 FIG 6 is a perspective view show ng an
HO0T 51T exeorsowe] plogsulatinesnsdrt be cabodgments

.Us. tarti ' .. bl

AP PR Bl oo A5 h2 BB B e
sdlwenﬁs@ﬁbé@pédrﬁiglﬁaﬁ@unez;onﬁéém%eﬂfenﬁﬂ@w.p&k @Phe closed-type
circul ati ng apparatus when starting the '
evemnoas orsporaato a blasldreviovalipar eifan RoinpHid@y difedtlyGr Ha
ol r G cOB P Sl A0 (g Blowdmavie foen
AR o B TR AV L8 GG R SRR ting
PSfseirh didhdintRe aaﬁlsﬁﬁm%uﬂqai@M9ﬁwmaa@d arfll tAe@Solume
circul ating apparatus when increasing a 25 capacity
ofdjestingathamber vGth g@ladiustingdByuid; adjpstinge dilling amoswt of the
SRS G0 OB oo BB b ausimheahe o

DRSSk KERTEIaLe B 0l Voo lebbir pekghudit Gythat
etk bl poraea|chahided ntiyitivieat blogd apRage tasacityaippdShriie for

detached fromthe 7
priming before starting the extracorporeal blood circulation; closing a
channel of the conduit member after completing the adjustment so as to start
the priming by operating the blood pump; and releasing the channel of the
conduit member and holding the adjusting liquid tank in a position, with
respect to the blood removal part of the living body, that is lower than a
height of the adjusting liquid tank during the priming so as to start blood

removal, after completing the priming.

Effects of the Invention

[0014] According to the configuration of the extracorporeal blood circulating
apparatus of the embodiments of the present invention or the like, a blood
storage capacity can be measured easily and can be tracked in accordance
with a pressure change in a circulation path, and thus a buffer action can be
obtained_. Moreover, the characteristics of the closed-type venous reservoir
that a blood storége capacity is capable of being directly and forcibly
controlled as necessary can be utilized sufficiently, and the blood storage
amount in each step of an extracorporeal circulation easily can be adjusted to
be most appropriate, with a simple configuration.

Brief Description of Drawings
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extracorporeal blood circulation. [FIG 11] FIG 11
IS a perspective view show ng @ configuration of the
extracor poreal blood circul ating apparatus to which
ot her element is added. Explanation of reference
codes 5 [0016] 1 housing la, |Ib half 2 septum nenber
3 bl ood storage chanber 10 4 vol une adj usti ng chanber
J0o4) ow port 6 outflow port 7 adjusting port 8a
first bl ockade avoi ding channel 15 8b second
bl ockadEIGvHi FiGgl ishapaﬁipecﬁvakﬁi(ew ﬁﬁ%wiﬂgr 4 cldSed-type venous
ressure measurin ort 11 gas-liquid separator
r%éﬁ?ﬁvaﬁeaccgéﬁ%g & gaf)mb@mmﬁ thepresent mvengiopy

adj ust i | 7CkH anke21a adjusting Liquid, 22 bl ood
punp: 25 20 HaHG & Bat oo BuB Bibuti bt a e saqus
rREEBir- S| de tube 26 autotransfusion-side tube 27,

28 clanp 29 fine-adjusting port
[FIG. 3Al FIG. 3Ais a cross-sectional view taken along line A-A of

FIG. 2.

[FIG. 3B] FIG. 3B is a cross-sectional view taken along line B-B of
FIG. 3A.

[FIG. 4] FIG. 4is an enlarged cross-sectional view showing a relevant
part of FIG. 3B.

[FIG. 5] FIG. 5 is a perspective view showing an extracorporeal blood
circulating apparatus using the closed-type venous reservoir.

[FIG. 6] FIG. 6 is a perspective view showing an action of the
extracdrporeal blood circulating apparatus before starting an extracorporeal
blood circulation.

[FIG. 7] FIG. 7 is a perspective view showing an action of the
extracorporeal blood circulating apparatus when starting the extracorporeal
blood circulation.

[FIG. 8] FIG. 8 is a perspective view showing an action of the
extracorporeal blood circulating apparatus when starting blood removal and
during the blood removal.

[FIG. 9A] FIG. 9A is a perspective view showing an operational
process of the extracorporeal blood circulating apparatus when increasing a
capacity of a heart.

[FIG. 9B] FIG. 9B is a perspective view showing other operational
process of the extracorporeal blood circulating apparatus when increasing the
capacity of the heart.

[FIG. 10] FIG. 10 is a perspective view showing an action of the

extracorporeal bloed circulating apparatus when being detached from the
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30 syringe 30 31 auxiliary venous reservoir 8 32
punp 33 auxiliary systen1tube7.Descriptfon of the

I nvention [0017] In the extracorporeal blood

circul ating apparatus of the present 5 invention, the
conduit nmenber may be nmade of a flexible tube.
Alternatively, the conduit nenber may include a

%Msfptﬁ‘gﬂﬁb{)@gireefaﬁoﬁﬂ for changing a channel

cross-sectional area in a channel. [0018] It is

pr ef er §{BI@. 1HAIG. e ientpaspéedqirevbwihoadng hrcoufighiaon of the

apgar atus of the present invention includes a
17:3

prRgepldhloed aircwlatingappanaguate whishmthen elepentis added.

Lusting liguid that is stored in the adjusting
I ’tﬁ?ﬁ&ﬂ%’g’ C.’ﬂfe(;%li‘?ﬂc%‘? er, it is preferable that
{he14]l osed-type venous reservoir includes: a first

bl ockade avoi di ng channel form ng a space bul gi ng
outward thahousingrovi ded on an inner wall surface of
t he housiﬂ% ﬁt a part facing the blood storage
chanbeda, Hhd afe i nflow port and the outfl ow port
that 15 respective re disposed so as to
commn?‘cate %eqtﬁn% 3 81?‘?rst bl ockade avoi di ng
channeB. [00BQbd M ,@e¥@haniteri S Preferable that the
extracorporeal blood circulating apparatus of the
preseng i nvevdlimre adjoktidgshandbare- adj usti ng port for
injecting ang ejecting the adjusting liquid between
the adpusti BFPO%nd the 20 adjusting |iquid tank.
[ 0021] o Mor eoal‘?ﬂw;%&text racor poreal blood circul ating
appar atus of e resent invention can include: an

auxi liary veadjustihg@pestyoir for collecting blood that
is renoved fromparts other than a bl ood renoval part

of a |8&ing fitséMockadd avoblingdhepaek i ng device for

al | ow the blo that, is stored in the 25 auxiliary
venousg&?eserﬁ%f’?g?’.@&ﬂ#&ﬁo’r‘*’r{‘gCﬁﬁ’én?lnfI ow port of

t he clgused-téip%ntport

10 pressure measuring port
11 gas-liquid separator membrane
20 closed-type venous reservoir

21 adjusting liquid tank
21a  adjusting liquid

22 blood pump

23 adjusting path tube

24 support

25 blood removal-side tube
26 autotransfusion-side tube
27,28 clamp

29 fine-adjusting port
30 syringe

31 auxiliary venous reservoir
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venous reservoir. [0022] Moreover, the extracorporea
bl ood circul ati ng apparatus of_,the present invention
can include a supporting unit %mﬂding t he adj usti ng
liquid tank so that a height of the adjusting liquid
tank can be varied. 30 [0023] In the closed-type
venous reservoir of the present invention, it is 9
preferajy e tgﬁﬁng second bl ockade avoi di ng channe
form ng a space bulging outward is provided on the
inner \88 | surikdieryQdystdie thbesi ng at a part facing
the vol ume adjusting chanber, and the adjusting port
ildesnripigndfsbedanventiaronmuni cate with the second

IDRFE 35 e et oot Blond Cisbrlatiny Mhrmieuotbearceent
B EEUTo S cbhflie ermbel Blgs? b BIAACoRY BLALI o Mitematively,
shpaondoit menbeAne:y fvaludecn chased ddiesting homidOlol cBBflging a

the air vent port _so as to_separate the inflow port
shannplkcrgps-seatinnab area it awhanneb| ood st orage chanber

(OIS PR rsRimaBE s e e PpRonatant ot FsBSlgting apparatus of
MRt Bousint ihbor rP Rl RGP rdaB8tind R ESSUSLOIBASHAE M amount

porf is provi SO0 as to comuricate wt
sétlomddjuistinkgditmid thatisngosdbinndie adjQ6@dE; lifoidoaee., it
is preferable that the first bl ockade avoi di ng )
Epaﬁ‘ﬂqurgo‘f%%tﬁé @referabls thabthe clopediéyps wenpustreservoir

i ) 0 The. . bl d .
BRUAA0 2 AR ERAGhe TGl CPBARE FRlDe Bk beipgputand
flaak isproVRIRA dhShm thiferf WK isik@ich %Pﬁ:@ﬁo&é]ﬁﬁgﬁi%?ﬁ’énlg ﬁ%%;?g the

menber; and dosing the channel of the co
bloodastexagernhambrot endfthe beflowiperbynd the autflow poRAGhat
Moreover, it j.s possible to change the height of the
LPESHY el a}rﬁqiaﬂaopse GORR PBBBIICAtY Whthybher st blackade
%@(gﬂiﬂ%gyﬁgdto the bl ood renoval part of the living
ody so a

S to increase a blood storage capacity of a

Foe20] Blorbdier it'is peefePalily that thaektrAGrbRA blRINAlulating

apparatus of the present invention includes a fine-adjusting port for injecting

and ejecting the adjusting liquid between the adjusting port and the
adjusting liquid tank.

[0021] Moreover, the extracorporeal blood circulating apparatus of the
present invention can include: an auxiliary venous reservoir for collecting
blood that is removed from parts other than a blood removal part of a living
body; and a blood ejecting device for allowing the blood that is stored in the
auxiliary venous reservoir to inflow into the inflow port of the closed-type
Venous reservolr.

[0022] Moreover, the extracorporeal blood circulating apparatus of the
present invention can include a supporting unit holding the adjusting Liquid
tank so that a height of the adjusting liquid tank can be varied.

[0023] In the closed-type venous reservoir of the present invention, it is
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[ 0030] Moreover, it is possible to decrease a
cross-sectional area of a chanpel that connects the
i nflow port of the dosed-type ‘venous reservoir and
the blood 25 renoval part of the living body, so as
to increase a capacity of a heart of the |iving body,
during the bl ood renpoval. [0031] Moreover, it i

'S
p@gegéllgbﬁe Uy APGLBRATISAR IR mﬁgg{%ﬁﬁgﬁ@g@ﬁg Q%pace bulging

t w th respect to

| @vterartlfigprovideAendht iohet Wall sadifacstoftHe hotsing dta¥art facing
during the blood renoval so as to decrease a vol une
dhesolume ashivsting chamber, andriheradjvstveg poft isaiisnused so as to
mai nt ai ni ng_a, .cross-seqgtional, 10 . area. of bl ood
CRaERicals SRt O Recoplorkade voidiae Shappeh
s . e . ) ¢

1002 0 hes 194 SERR SRR oy BP0
[daBRInMate oxith the firsthlpdasiebiveidiagvhavinde a

I ne-adj usting Eprt for_injecting .5 and ejecting the

f
892k Meraoveniitivetefrehle Hat adganstisigl separatendoembrane that
S5k 344 2 ) o RS VA5 ESSoFASSeE ho no ot
I R A AR e
adjerstthagnflbeniuet is ¢d@nR3ledochetloat stopagechahbeod

lrcul ati ng apparatus according to an 10 enbodi nent )
14963 ei{g?réf%% 1 qrahleghpt aareguae Msasmes partas provided

f . . 41 Fi k sty .
SB35 i e M APRL GO bR el ghppnct
¢o0md s Misteo i 4¥€ i s prafe? BRI that thé oSt KlotEXdes¢diing channel is

apparatus of the present invention wll be described
wmhed Bitereeguoove shEpEalong the hbuskvgs 1 is a

FRER b Sttt B BB RSB e cvention
fudtheRcdd %luaé%ﬁé a R S6 e ta\éQ;pch%ﬂﬁﬂ Iﬁgﬁnﬁﬁi{; Ud closing
FIG 3AIs a cross-Sectional view taken along I'rne

FhéclodnidlGf tRe canduitiemB&r by ﬁa@rcﬁﬁi&%ﬁg b6t dfeRalulé ByWa
taken along line B-B of FIG 3A [0035] This
a83bd- t ype venous reservoir includes a housing 1

[E?%] Oﬂloaregx%rfjit is possible to change the height of the adjusting liquid
tank to be in a higher position with respect to the blood removal part of the
living body so as to increase a blood storage capacity of a heart of the living
body, during the blood removal.

[0030] Moreover, it is possible to decrease a cross-sectional area of a channel
that connects the inflow port of the closed-type venous reservoir and the blood
removal part of the living body, so as to increase a capacity of a heart of the
living body, during the blood removal.

[0031] Moreover, it is possible to decrease the height of the adjusting liquid
tank with respect to the living body to be lower than the height of the
adjusting liquid tank during the blood removal so as to decrease a volume of

the blood storage chamber to be sufficient for maintaining a cross-sectional
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20 shell for form ng a dosed space, as shown in FIGs.
1 and 2. The housing 1 is foiﬁEd by conbi ning two
hal ves | a and I b, each of whi has an outer wall
made of a curved surface such as a part of a
spherical surface or a spheroid. As shown in FlGs.
3A and 3B, in an internal space of the housing 1, a

38 a . .
P o P O PSR i) DK P e Blps an
listchrgingr agoun bt thedeafter forushatettaistisadorgoreal blood

chanpber 4. The bl ood storage chanber 3 is used for
1.1y storing blood, and the volune adjusting

t

4 i d for..storing. liqujd for .
TOPEAE Mo Tet Hormo LR nReiEn Bila B ngnrtapitierting
B R RRLIRE bon FAPRE M kine L pRL ORE
akjustirechiogid tae k) landdnjdco nadejeet the hdjdsingliq@id by using a
i nflow por.t and_an outflow port_ 6 are provided so

syEnge N&y thedpeadinsing newt s astodine psd adillingganount of the

3 The infl d_for introduci
R NS AR RIS BB O o' ecting
00831 ThOextRR08Y6:RA] WRIH cﬁfcula&i‘na%%ﬂh&ué a%éor_a]déta{

. {
facing the volune adjusting 5 ¢ er 4, an adjus |0nagn
porbodiment pf tha phegenthivention widdee describdddstlowgvisin deference to
gjﬂecti ng the adjusting liquid for the volune
P¥Et&%ent . [0037] By injecting or ejecting the

ST T T ST —

€ vorume adj usting

8kl ustrbOeppsdl bloodpiraulating $pipak At thetyreSed i i@Veskion will
that is stored in the 10 vol une adi?]![,lstl ng chanber 4
be depenihpsiwitdh eeferancado F1GRel sept uRlGedtien mhrspective view
ther eby..changi t he vol une of. the vol une adjusting
RS 5 S e ot e bt oGP E NG tBABBRAEDY of

St . . . .
R o TSI RORE Vigh of e vy vemous rescryoir.
FoGbBAiinpertedsantiona] eixvethldehed bitg hinfehA 122601 IG. 2, andEIG. 3B

vol ume adj usti_ng chapber 4, the_septum 15 nenber 2 is
Hoy expspveclaentlodnwdaken mlengphies BiBof dH&h@A.i n a bl ood

E(idéﬁgi}’@ﬁéﬁc&%@&@yﬁeﬂ%ﬁgﬁ%i&e&vgﬁ rir?&%'?ie.tsr:]i (?115‘1)1(1)3 1 made of a hard
shell for forming a closed space, as shown in FIGs. 1 and 2. The housing 1is
formed by combining two halves 1a and 1b, each of which has an outer wall
made of a curved surface such as a part of a spherical surface or a spheroid.
As shown in FIGs. 3A and 3B, in an internal space of the housing 1, a flexible
septum member 2 made of a flexible material is provided, by which a bore is
paititioned into a blood storage chamber 3 and a volume adjusting chamber 4.
The blood storage chamber 3 is used for temporarily storing blood, and the
volume adjusting chamber 4 is used for storing an adjusting Liquid for volume
adjustment, which are separated by the septum member 2 so as not to be in
contact with each other.

[0036] On the outer wall of the housing 1 at a part facing the blood storage
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obtaining a function of changing the capacity of the
bl ood storage chanber 3 autommtically. That is, also
by increasing or decreasing aqgressure in a conduit
in which the adjusting liquid flows, in response to a
pressure at a 20 bl ood renoval part of a living body,
the capacities of the adjusting chanber and the

e AU Ga8akyB0ResL o TSI s s

nag eoinnguaichteawithetire blgodstuage ciambée3 adTusthfgw port 5 is
l'iquid, whereby the change of the capacity of the
prssddos idredpcing hlpase end thawubow povit ives¢diajecting blood.

fAr bl pcka oi ¢li ng_channel iS ovi ded al ang.
{Qh the B BHIF oF YR BrlSng I E baltdating b ot imeridting
f - . . . . .
BRI LUbCIGSMIMETRHP] id PRUMEE AR Ls ualffor dlfecting and
pgedting treadjustn gl idui d fdrsthderoliae hdpusstignk. at a part

the first bl ockade avoiding channel

di ng, t .ade. av
30037 Byiigsting geching sthe adivsting lupud der Heovelnms

B Q vided ,on a_si de opposi,te th
RS o AE i 15 LalinadisiingRRSRIS A fhroleh the
At o T Fanﬁxﬁ@ﬁnﬁopﬂfészfdjﬁﬁiﬁ‘%eﬁﬁﬂfd 6 tAQ'skortd i the
provi ded outside the housing 1 at.a part
volumee pdhditing dmmber 4 éxcrahgedooksde muvd thegeptbanagimber 2,
essure_neasyri ng device to the

T T T X
S, AU ST RSB TG ARE RIS, Moreoer

biyandinstinge stheniielt dlowd $eIVusther fihad tdPboskadRd or

avoi di ng channel 8a and the second bl ockade avoiding
eiestaskiredy wish pespeatdp yhevelune pdivstingrehzanber 4,dbiesgptum

t he |0§)d storage chanber 3_and the voﬂaurre adj tldwg
& h“z@ﬂvsiug AREIFIRAFT VI A PERSSUBT CRARSNBUZ NP
EReHlaont 8K fthh gggé&cﬁh"i‘gﬁﬁlg‘ﬂg%ﬂloﬂﬂ ARG 8 él?e[mey

t he second bl ockade avoi di annel nas a stri

shizining 4 fursctoansfiohian givg thdicaphiits of Whe bldwl storadeanber 3
froman inside of the blood storage chanber 3 or the
pBtametieal]sus tihag ierrlan by ucreasiol widectrasing etpressure in a
DRRHPAT R AR oA il R 388008 58K R %t
blood removal part of a living body, the capacities of the adjusting chamber

3
Ja

and the blood storage chamber can be changed. The volume of the volume

adjusting chamber 4 can be measured by measuring a transferring amount of

- the adjusting Liquid, whereby the change of the capacity of the blood storage

chamber 3 can be known.

[0038] A first blockade avoiding channel 8a is provided along the outer wall
of the housing 1 so as to protrude from an outer surface of the outer wall, and
the inflow port 5, the outflow port 6 and an air vent port 9 are provided
outside the housing 1 at a part corresponding to the first blockade avoiding
channel 8a. As shown in FIG. 2, a second blockade avoiding channel 8b is
provided on a side opposite to the first blockade avoiding channel 8a, and the
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groove that is bulging outward on the inner wall

surface of the housing 1. 15 [(P40] The infl ow port

5, the outflow port 6 and the r vent port 9 that

are disposed outside the first bl ockade avoi di ng

channel 8a communicate with the blood storage

chanmber 3. The adjusting port 7 and the pressure

MR aftNED orP @ dn 4L ' | i i
second bl ock gdaglda%)g?%bi%ﬁééméégﬁk ¢ ggtr%% g’?g atﬁlgdv(\)/lutt %de the

t heusiogunat agpristorrespohdideto the stoend blocRud®avbiddng Shannel 8b.
2§ used for introducing bl ood, and the outflow port 6

i SV fOBECFIHIE djPERIIUTg MEBBEINE deacata theamespare m@akering port 10,

O AR AR S TSRS b o
| 2 o tdout &?ﬁé&ntﬁh@vﬁﬂl bﬁmﬁ%%ﬂ%%&ﬂ?&ﬁéﬁ%@r& \4193 2

vicinity of the inflow port vent port
ol0039F | The B85t blogjemld avuidinhgsepanat 84 amdtheaseoridblcskade

covAtmecaegach sl KB Do %Saés&ééﬁ%%c?@h tharblond
[ ' . B [
PR G LRl Fhe VNG Aol ORI B o mmer wall

caafidedfitHe hoRanat DI WREDHAR firkt biRkade _ta%fgﬁ‘:i’% tBhfinel 8a and
3 ubbl es

them fromthe bl ood storage chanber 3, air
riheagcond blopk adelaveiding chammal &b, h amralstripe shapdwithl £6onstant
an he, bl ood, 30,effectively can be_ separated from
e@%ﬁilot ps, yyhen bgmypyie PGP ’é‘ﬁl‘felw@ thierhdeod storage

R T s A e S S
taveididehting 84 anditHe secdd DMotdde 1 RRAIHAMAnSHP BB rms a

chanber 3 and the volunme adjusting chanber 4, the
SEpeethad s brleing supwand antihe theerf wallsarfacdef therhdusing 1.

f dug Lo | flexibility, f ma

TOGRY s Bab b S Mey e (RRAERE Al titieont § that are
. i fi |l.ockade- .

N g et pokad SRR aRET! 1 BB MRgate with the

heo dssprage ahemidssr 2 iFhe adppaireasbrdy dofdetHdRissited measuring
surf of the housing 1 around the first bl ockade
ROh i‘? ﬁ&%&rﬁg%ﬂ’o%gﬁu%ﬁ@eéil@rsé@%ﬂogkadq aveiging cleinel 8b
ad, f i .ocked by 1h mb .
B AN S BB AR B RY b4 “EhahAEN e i

used for introducing blood, and the outflow port 6 is used for ejecting blood.

The air vent port 9 is provided to remove air bubbles. The adjusting port 7
1s used for injecting and ejecting the adjusting liquid.

[0041] FIG. 4is an enlarged view showing a vicinity of the inflow port 5 and
the air vent port 9in FIG. 3B. A gas-liquid separator membrane 11 is
disposed in a part where the inflow port 5 communicates with the blood
storage chamber 3, which is omitted from FIG. 3B though. By enclosing the
inﬂow_port 5 and the air vent port 9 with the gas-liquid separator membrane

11 so as to separate them from the blood storage chamber 3, air bubbles

- mixed into blood can be removed, and the air bubbles and the blood

effectively can be separated from each other.
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is formed by the first bl ockade avoi di ng channel 8a

is secured as a channel for aglomﬁng bl ood to fl ow

t her et hrough. The second bl ocKdde avoi di ng channe

8b gives a simlar effect so as to prevent the

adjusting port 7 frombeing blocked by the septum

menber 2. Herein, the second bl ockade avoi ding 15

c | . : . .

RRPF LR ops W B FESEORLkpde BN herBRl a8 gnd fhe second
Oslbyk autecantoiiding dhlagnkl 8btwillliecdadeibad oi Whea ledtpinethe adjusting
8a. [0043] FIG _ 5 shows a configuration of the

diquidde dlear sup the bbwdcstpmemhmgberam@d gheigolme adjusfing

el Th5 Bbo GUR GUGPEL 23 BhFed By FEF R Anf acriba sty
s BT AEKPIRS, PR IS RrcOar il B SFBEARTIRERR2 oo

circulating apparatus inc
\aeked intoetheroutflow3dribt hHoveeveboiece@ediisbdtbckade avoiding
configuration, an adjusting liquid tank 21, and a
bl%@aaeb%w providafhaloag the housme 1ithegaptyin member Lre

P AT AL (05 el DAL sk
rRSEHUE icharRelBy. 2 T]i&’ékdlnlg?t}?éj&ﬁ@bm%r@ alil ng@ﬁ%g from being

that iS a conduit 25 nmenber. An inl'et of
idegkeddyi thecep bent mantber 2 endut $pave apownd hebutfidve port 6 that

dosed-type vepous.reservoir _ 20. The adjusting liquid

eafemed by thesﬁwj}li@@cf@yavan@awé@mzh&a Hrrecured ps g channel for
i i j i QUi t ank ith reshect

ATk Sk A WO Sk BEBRREL channel

BY) givé e sivdilad éﬁ&tmo%léodoqﬁ@véﬁﬂm@éfgﬁgﬂﬁg ?uiam £orh Being
bei ng connected to a blood renoval 30 part of a
blagked bydly septwormenmbed 2t o Hdvein, the secondrilogkade ahading

FPARBE A B gt e resmle mpRFicey 3 adicasiisal ofect padicipnsly can
B TP SR P Tt BlecR R A AR b By

{06t )| BOC. pshpwa 2, confiigntrhtibn o kle@axtirh@poidhl dlood circulating
direction shown by an arrow Y_5 [00441 The adj usti

n
RPB@aFatus apeordingksthe prasent embedisent; wickais mmﬂglsmg
' [ that | N ted . ' { i t.h |
PR b oo P BRuRB R e sBErS Hreintresl Galtgfsation.
TRIPLSrAQTE66R] bl citiRafiflE Yphakeul2hBulHOS closed-type venous
reservoir 20 with the above-described configuration, an adjusting liquid tank

21, and a blood pump 22 composed of a centrifugal pump and the like. The
adjusting liquid tank 21 is connected to the adjusting port 7 of the closed-type
venous reservoir 20 by a flexible adjusting path tube 23 that is a conduit
member. An inlet of the blood pump 22 is connected to the outflow port 6 of
the closed-type venous reservoir 20. The adjusting liquid tank 21 is
supported by a support 24, and a relative height of the adjusting liquid tank .

21 with respect to the closed-type venous reservoir 20 can be adjusted. A

flexible blood removal-side tube 25 for being connected to a blood removal

part of a living body is connected to the inflow port 5 of the closed-type venous
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23 is configured so that its channel cross-sectiona
area can be varied. For exanple, if the adjusting
path tube 23 is made of a fle 4bl e tube, the channe
10 can be cl osed, opened or partly closed by
narrowi ng the tube by using a clanp so as to vary

t he channel cross-sectional area. Alternatively, the

. . . . on th
Fobol 20, s ROGTETI AR BB LA M A A
tloaibie hutsteassfasivhadakule 26 f66din2SoRnE@ed tb Ant he
channel thereof. 15 [00451 Moreover, the adjusting

langetiransfasingopant is todested heas onilet opthe blood puimy 22, in which
%@e, a scale,. fo msa%?rin an_anmount of the
Blioddiowath 7 dimeqtion Showay oy an AFFOP & n. [ 00461 By
i P . . . : o
0 T ARG RO HOBEERL IR Uiy, pajsting
Adhitb 21 a¢hat iguhjbctandn® djeotddwittsRepéct!td thBSoldRe adjusting

bl ood remgval part of the living body, that is, a
chamberdoé the clesediypovendns regpriit 2‘@ | Theadjusting path tube

9% Sttt S HhAL A0 P AREeL e P dhbb Py e Jrieg.  For
bRHHBRS §OHR acﬁﬁ%{iﬁ?ﬁﬁfﬁ tudd'88 ??)i;fad%'b? agffégggl@ tgp@ba{e éhannel

r
I's noved, so e capaclity of the or age
cimbb elosdd, apeadil ustpadtlyldodeddoyveitiowing thdeubeyiing a clamp
adj usting 25 chanber 4 before starting the bl ood o
50 8% Iygaiysthecdhamnel cxossresiensl argac hAlgenagvelyde adjusting

' f bl ood hanb 3 be .k .
FREfDS el e { fentR B RAE St drt A R e et Pigtine
ﬁféﬁfﬁﬁffoﬂva@iﬁ% ¢h&atHSnRd] drbSs-¥QlionBl Qfea ¥9h Hg% in the

adj usting chanber 4 can be neasured by a change an
clreune] thesfeof.he adjusting liquid 2 la that is stored

hebLBbRa1 8 bl bl P Pl inindcns mpenping porion.
BEHREMOR T e plaRtaE AF Uil b1 AP RIRHE Havia 210

dter&l therbie dosed-type venous reservoir 20 is shown
f’gn cross section for easy interpretation. In

0dpt iBnchanging acpesitiomgt suppeutinedtheaadjnsting higuid ok 21 by
%k&%lpgﬁt)&g@dﬁéﬁgﬁ% 8? ﬁ%%&]ﬁlﬁ%%%l 1 asd%gnl? rfltllvtr{t Irglv,pect to the
blood removal part of the living body, that is, a difference in height of the
adjusting liquid 21a is adjusted, whereby an amount of the adjusting liquid

- 21a stored in the volume adjusting chamber 4 can be increased or decreased.

Thereby, the septum member 2 is moved, so that the capacity of the blood
storage chamber 3 is adjusted. If the volume of the volume adjusting
chamber 4 before starting the blood storage is measured previously, a change
of the capacity of the blood storage chamber 3 can be known from a change of
the volume of the volume adjusting chamber 4. The change of the volume of
the volume adjusting chamber 4 can be measured by a change of an amount
of the adjusting liquid 21a that is stored in the adjusting liquid tank 21.
[0047] An extracorporeal blood circulating method using this extracorporeal



10

15

20

25

30

5 al so are connected to the circul ation path, but
they are omtted fromthe fi? res. [0048] Firstly,
operati onal processes and actions before starting the
extracorporeal blood circulation will be described
with reference to FIG 6. Wen using this dosed-type
venous reservoir 20, an appropriate anount of, 10 for

a N y -
Pt 3RO Pl B AGR MAIRAILE F1G. 6 0 10,
iHiedeisli the ddsdvghereneas vedeiridir 2045 BROwA iARGods R ction for easy
adjusting liquid tank 21. Before starting the '
antarpeeiapione alln lgdddion, ovhite b atrybrg outhan extrasurpogeal blood

et o, b riRes R el E ol ko Aer 35 the like
AR BBleh @A, TRl FR, o thoy JR7RENbed from the

fighseantial ly the nmaxi num vol une. Thereby, the

i&ﬁ)njm menber 2 may be in contact with the inner
4815 fixstlye opgratioaahpresenspsiandhactiongdeforesdapling the

SRS Ca 5 e AR R o b et it aeligenso FIG- 6.
Wh& uBRCHAS BloSY R e tRAVRSEr Ry 26 NAT a¢%rropgiralt?n amount of,

channel cross-secti‘onal area 20 required ng
fdragxample, b @hyaiologichlcalinesoheterens tlye alfistiaglirddizia is
e . bl ood starage.chanber. 3. In this state, the
gﬂﬁéé@iw%%lﬁnﬂ&'é@&@q olgrr pdimstipgchanher daand thre
. cor-aqr.ealo€i R ation,.s em j ncl udi ng,the
P RURYBRR 21 s S BRuRE IbE Tl G PERE g,
bbb, WO IMEGRAREN Kok 2175 digiha iBh kit
sol utai on. 25 ?}5‘%23‘? x%l?ta%%ezrlgtsi onalsg%ﬁlggggglés and .50 as to
fltthernslunendgusting chipmher 4exith abeagprstalg lquid®1a sufficiently,
irculation.will be described wth reference to FIG,
thereby adjysfing the valpme adiysting shamber tebave sshsipsiially the
- V. R
PRIl Vbl fhe. [ Ekcb G et in EfURE 258 A YR EORRAR with

titt] isierngall batfhde bBthe Rdudingihghagdgeestheléad Storde chamber 3.
operation of the blood 30 punp 22 is started in this
1eia, theadjushaenkisprifonaed ad thatopmivimunl charreliigcluding

é%ofii%’t&gﬁé d Weaﬁv%gijﬁg cﬁlauolggl éf!l,ot\f\fa@ gs,tahcrh%lljl%%l E:lhoess —%legtggnal area
required for priming that will be carried out subsequently, is secured in the

blood storage chamber 3. In this state, the adjusting path tube 23 is blocked

with the clamp 27. An extracorporeal circulation system including the thus
formed blood storage chamber 3 that functions with the minimum capacity is
filled with a priming solution.

[0049] Next, operational processes and actions when starting the
extracorporeal blood circulation will be described with reference to FIG. 7.
Firstly, the adjusting liquid tank 21 is disposed in a position, with respect to
the closed-type venous reservoir 20, that is lower than the position of the
adjusting liquid tank 21 in the case of FIG. 6. An operation of the blood
pump 22 is started in this state, then the extracorporeal bicod circulation is
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direction shown by an arrow Z. [0050] Next,

oper ati onal processes and act ilgns when starting bl ood
renmoval and during the blood Fermoval will be
described wth reference to FIG 8. The 5 clanp 27
is renoved fromthe state showmn in FIG 7, and then
the adjusting liquid 21a can be transferred fromthe
v, | Li.GUi.G -
SR Pt 4R W HARTRY ol 1AE bRH Bk S in o
rdig@Entin skl bpfant fi@otviZ/i ng body and the adj usting
I|qU|d tank 21. As a result, the septumnenber 2 is

t805al Byexs omraﬂ:mtal processasvantl aetdons wheh |svantglghid9d removal

and éo Al %ﬁﬁé’l the@?e‘gﬁjﬁéora gfl%g ’%B%Pcé’tte J&e& The
i %ﬂgeﬁ & re%ﬁeﬂ%&ﬁ%h@’éﬁt%%@lﬁ ngaiti‘l@%l they the adjusting

'ation, a position o um ne

dirarnd €d ai candncathdsfeereddrom dre vdlhﬁrewdjusﬁﬁg &hambe@q to the
t he extracorporeal circulation system thereb

adesting fapitetandaphdist § pegssune difiference befveesn removal

&dﬁrﬁgf’ PR R ) U 2t Rng g d BB 2T A g esult, the

%)tmtrﬁgm|%§ 938 Eﬁoveﬂfbyt RS0 R ORI ARd from the h\rllnl%body and

racor por eal circulat’ion system and a tar get va

diIoWshmto thebhiodystofagevh amlsrd, therahganchanier thd, cdpatity of the
may be adj usted as ap ﬁroprlate during the

é}l@qda%tarw dnmbeidd Prrag e arrapupgepl Negd circulation, 2

SR Yo BBy 5 2y A RRLE % BoAIBEY Nieflpinternal
&)@E@.&ﬁﬁ@% the e'iln%o e@&r&aauﬁh@@ste% t}é@@bﬁ@djusung the

respectively show the cases of opérating wt
drphateof thedtlhod storagé) GEQJ]nblen Stahdonmdieablf. t ’Ehe hetghtd)f the

SO i Wt b o 450 i e e

toE ﬁlrgglolégtdn . o aé)gsttg%ﬁtogpc\%lner € nglea aﬁgkwdé fﬁ{g‘ Fgalue of the
dapskifynof tH51vbd stbrhfe chamiBee B, bibe o554 SdfuRTE& apbropriate

is noved toward the bl ood storage chanber 3 side in
tmqom@waéhh@dtmmﬂm@ adj usting i qU| d

to- nsferred, thereby. decreasi ng th
B0 1] N A SR ok s S iR sing appcity fea Bart of a
krafgtdbé& PLEE bk RebBsh &t 2th AlreFRUE tggﬁ aid' 8. FIGs. 9A
ected fromthe venous reservolir returns
antld)B bespeotlyely show the cases of operating w1th different methods.
[0052] In the case of the method shown in FIG. 9A, firstly, the adjusting

liquid tank 21 is disposed in a high position so as to transfer the édjusﬁng

et

Liquid 21a into the volume adjusting chamber 4, in a state where the clamp
27 is not used (not shown in the figure). The septum member 2 is moved
toward the blood storage chamber 3 side in accordance with an amount of the
adjusting iquid 21a to be transferred, thereby decreasing the volume of the
blood storage chamber 3. As a result, the blood stored in the blood storage
chamber 3 is ejected from the venous reservoir 20, and returns into the body,

thereby increasing the capacity of the heart. When the blood storage
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30 thereby increasing the capacity of the heart. Wen
the bl ood storage 17 chanber .3 is set to have an
appropriate capacity, the statlé thereof is

mai nt ai ned by bl ocki ng the adjusting path tube 23
with the clanp 27. [00531 In the case of the nethod
shown in FIG 9B, a part of the blood renoval-side

LeHAIRG 4 B Q3 hRURE R arp Fla B Barf i G U st FGRER
iﬁﬁﬂtﬁhﬁdﬂ%ﬂbﬁbﬁi@@&&ﬁﬁf@ﬁﬁ%%a% tulless SASE the WRRHFDY.

the adjusting liquid 21a is transferred fromthe
d0p58k ilngheldageofitheamiet2dd sndvon i &1 GobBe pedf o thigigood

chanber 4, The septum ne r is moved toward the

Hiegyy f’i‘ts}ﬂea'g‘g’e&%’ahgﬁé\ﬂgwgg g& tﬁﬁ 284901 tRj dasrease a channel
f dj ing. i id 2l.a transferred .

s onbl Brl) 5By o oS B oo oo chaggher 31

cheerdieed Swhiehy thRsatljhistihf tiqaid@ 2t 54 fhadfdred i8m the adjusting

bl ood storage chanber 3 is ejected fromthe venous
depad yank 220ntathe ydumeadjusting chambeody, Theesepbym member 2
l.ncr easi I.n the case

iR EEeEarcue %&%@lé_ I‘f’ge %ﬁ%&e dRtaegondgacy Fadan
AR of8E pdfleifliahld" ROuAANeredd, RIS IARATE Bl
aohute of\tienblobd shbregd chhallngs. chiadessult, theéod Kored in the

have an appropriate capacity, the state thereof is
ask gprage dhamberk ingjected fremjthe tviengup zedervoib €028ndyeturns

5uhe ety IS0y iiditinR RS bl iheipagt. | Bdhe case
WiRie RRE 'Bﬁ)oﬁeﬁeﬁ‘}tfmgidé)ﬂibetéﬁcﬁa%%ﬁ;hgf l&ﬂf‘remova% Dart of the

extracorporeal blood circulation w e descri
Wwiving Bédy, #f @nrebe solved by GncdsinBhth eadipasity od the Huad as

deckaiion A5 hbblefovs s e Favo n

W hY o AR _
FPBAE Ao chP R e Beliifel BRI i e
adjustine1oh thABBY3 Ky tihdahhie WISER WhHEMSIn 20 tBe ABMEN though.

toward the blood storage chamber 3 side so as to
H05dd aEmallye opertativn ab prodessds aotla@Sorst whagdentmddached from

. In thig state, the justing_path tyuhe 23 is )
Hie,Reeiohihe HERarniia) oo ruteuos mellde detcubpd weith
Peofd & ith F4GAHHON The J(ﬁﬁ%ﬂ@hﬁgld tank 21 is disposed in a high
position so as to decrease a flowing amount of the blood pump 22. Thereby,

the adjusting liquid 21a is transferred from the adjusting liquid tank 21 into

‘the volume adjusting chamber 4, and the septum member 2 is moved toward

the blood storage chamber 3 side so as to decrease the volume of the blood
storage chamber 3. In this state, the adjusting path tube 23 is blocked by
the clamp 27, and then the extracorporeal blood circulation is terminated.
[0055] FIG. 11is a perspective view showing an extracorporeal blood
circulating apparatus that is constructed by adding further elements to the
exﬁracorporeal blood circulating apparatus with the above-described

configuration.
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[00551 FIG 11 is a perspective view show ng an
extracorporeal blood circul aiéng apparatus that is
constructed by adding further elenments to the
extracor poreal blood circul ating apparatus with the
above-descri bed 30 configuration. 18 [0056] A first
additional elenent is a fine-adjusting port 29
10056]d gdfifAraddigon Adilembh e $BhB-ddRRiESport ™ pr vided for the
adj usting lLiquid 21a can be injected and eject ec? y
aidlslwtlwpaﬂlotuhea?&.hél‘he adruatingdiquid 2parchn 2@, injdeeedhyd ejected
I ne-adj ustin filling anmount of the adjustjng. ]
by b5 30 h fhe b aBistiE R 79, heirbefing adiisting a filling
239 - 1 I ' uxi |4 ar
clircu ta({fitg‘%%g stﬁlﬁdh'ﬁﬂr@%icﬂ lﬁlg&l?n?% glll}ll;r(]% a?ﬁ?%mv%ﬁ %gl%er 4.
{06571V 3 decdd anditiorll BRenddat 15N th%a Eculb@idAkystem
reservoir 31, which is shown in a sinplified manner,
igcladingpmn aixiligys vengpe resemoeis 3leset v pump 32. t Bhe auxiliary

auxiliary vengus reservoir 31, an Xjliary system,
PERR P DA LoBPER 15 S00NE ek TRl B tuIeaciS sty pical
CBSPUG YO TRBAES o o Uk BBl Vet S YR BR'SY, an

nesitiarpisystain twhedd heaitkcted fobeolladtinvbleed ithit &f reniired
é}losed-type venous reservoir 20 via the punp 32, and
0

Hopars ether than the blaokiremavyl naniof the byirgoidy. 3 Thies
| ied into the clgsed-type nous reservoir :
FRRgsE pn herebud: ASE iR e B e e e the
1058 d-GHieA drftfs W S&18 b D vianffdeqyﬁxgﬂ%zoﬁjg&'b?%%&%t&&f' the
adjusting liquid 2 I'a are carried ouf by changing the
wexifary vénoureresdywst B ds bupplied irgolkha tloasd-type venous reservoir

g¢:cordi ngly changing a difference in height, but it
‘SO i s possible to enploy a configuration where the

' J f -adj ust i ligmid 2.1
05D R LM bR A e Sk P e
nflowngn deitidw BH LKL AdRBEnS 188l 935 dr8EaPMbd BMt H?icﬂgnging the
the punp so as to increase and decrease the volune

highhef Blecadjusting digrud banto 81 add dacordingly dtanging askfference
bl ood

lbfheldéhé?’g‘g :’1{ glgﬂtég %ta’ﬁﬁi r r‘iionr?gnltﬂ%&ej Lﬁe%%agyﬁgé 'g{h %Yaiiz,ere the inflow
Sl POSHRYW GO £HL¥EREHYRED 240D ATbHD 9 'sﬁﬂ'gqiquid tank 21

and the volume adjusting chamber 4 are carried out by using the pump so as

to increase and decrease the volume of the blood storage chamber 3. In the
latter case, it is required that, during the extracorporeal blood circulation, the
adjusting liquid 21a can be transferred freely between the adjusting liquid
tank 21 and the volume adjusting chamber 4, and the height of the position of
the adjusting liquid tank 21 can be set appropriately.

- [0059] Since the volume adjusting chamber 4 is separated from the blood

storage chamber 3 by the septum member 2, blood is not contaminated.
Thus, it is not required to sterilize the adjusting liquid 21a to be filled in the
volume adjusting chamber 4, however, considering a rare case where the

septum member 2 is broken, it is preferable to use a sterilized isotonic
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tank 21 and the volune adjusting chanber 4, and the
hei ght of the position of 25 e adjusting liquid
tank 21 can be set appropriatefy. [0059] Since the
vol une adjusting chanber 4 is separated fromthe

bl ood storage chanber 3 by the septum nenber 2,

bl ood is not contam nated. Thus, it is not required

T T
§O060] A Phien@p furh 3 BmBRs & PRRHBHIYE 13046 64 WA tEREP hahas

is broken, 1t is preferable to use a sterilized
fleathahty pi€ssuse redistamcs and exselemtyoredsdglity larslor ezample,

B3 oSN RANEAEER, bol3tetrauomp Bleng R thp Peapde used
' :6) | ent ibility, and f

I hshaar BB B IS E L™ ol vorerin, o o

Pove/] e Acadiduny fetiyhRREn fiiflehidn! bk @xGBoRRHrEZE00®

Industrial Applicability [0061] According to the
pireskatiton; thhas can onntrahadloodstorage abuht toble most appropriate
cir.cul atj.on that can cqntrol bl cod storage ,anoyn
Bpdian st ey sandeobtamed droughons Al abBE o befare

] . . .| . ar
SR, S Mope R LER T PSR I bl fhus can be
bpplied dséfally toan dardédbrpordal dibodseiculating apphAratus.
extracor poreal blood circul ati ng apparatus. 20
CLAIMS [1] An extracorporeal blood circulating
apparatus conprising: a closed-type venous reservoir
havi ng a bl ood storage chanber for storing bl ood and
a volune adjusting chanber for storing an adjusting
liquid for volume adjustnent that are disposed
adj acently by partitioning a closed space forned by a
housi ng by neans of a flexible septum nmenber; an
adjusting liquid tank for storing the adjusting
liquid that is connected to the volune adjusting
chanber; and a bl ood punp that is connected to the
bl ood storage chanber



t he housing being provided with an inflow port for
allowing blood to inflow and an outflow port for
all owi ng blood to outflow that respectively
communi cate with the bl oog, storage chanber, and an
adjusting port for injecting and ejecting the
adjusting liquid that conmmunicates with the vol une
adj usti ng chanber, the EIL&MSpunp bei ng connected to
t he bl ood storage chanber via the outflow port, the
adjusting liquid tank being connected to the vol une
[1]  Andpdrecoipgreghbindé ciradilafingapparadijsueompnigingor t,  wher ei n
t : [ | &t i .
ARy aRARIEEH 0P h A, 6l Do cRRRAL ! Foing bloog and
a volumgdjdiksting ghbmben tr tstarlngsan etijasting liniidyFar \wlurpd adjustment that are

. o L1 qui e, Custi _
cispose SRy NI Sl SBpRE 6L O o SRSk B g o
septum meméel;t nenber having a configuration that can

GG 1A Ao PETRAY neP it 1S € LortiSBieg tp e volume
adjusting/ehapuerranger voir - i s changed by adj usting a hei ght of
' ' ' ek LA ans of the
aﬁ%ﬂrﬁﬁ%aﬁﬁﬁoﬁﬂ%i&r E@gegk&gﬁgodégggqﬂ%%eadj usting
the gausing being dbrpvided avith odru inioerdpars far redlowinigalibed té énflow and an
' . di.ff > in .
outow LAFTEESHINEE JES! SESEHSPTER AR fh [EEFIGEAE e oo
storage shniben @odtaer adjestimgvieatt for injectingoasd wigctisg theadjustirg liquid that
commun} %ththvol‘h% ﬁé&%ﬂg cﬁth%ﬁge champer is changed.
rea 00

e extracorp circul ati ng appar at us
thecbloed puryp beinglcahngcted taitbe bloodisksagecchamber viaehd outflow port,
. of arflexihle.. extr eal -
AU il KRGS UARI Rl 89
adjusting past, conduit menber conprises a channel adjusting

wiFdih e x5 c%ﬁ)r?r%T %F%d'&ﬁ@aﬁi?%ratﬁé ml'e? g%%%%@la supporting

area 1 n a channe e or por ea

unit holdinigrtbe pdivsting lapiddani sxthata beighhef the adinstingriguidifiiamht eamtss varied,
1-3, conprising a measuring portion for measuring an
amount of the adjusting liquid that is stored in the
adjusting liquid tank. [5] The extracorporeal bl ood
circul ating apparatus according to claim1, wherein

the closed-type venous reservoir conprises:
the adjusting liquid tank and the adjusting port are connected by a conduit member

having a configuration that can adjust a flowing amount, and

the height of the adjusting liquid tank with respect to the closed-type venous reservoir
Is changed by adjusting a height of supporting the adjusting liquid tank by means of the
supporting unit, whereby an amount of the adjusting liquid stored in the volume adjusting
chamber is increased or decreased based on a difference in height of the adjusting liquid, and
thereby, the septum member is moved in the housing, so that the capacity of the bicody

storage chamber is changed.

[2] The extracorporeal blood circulating apparatus according to claim 1, wherein the

conduit member is made of a flexible tube.

[3] The extracorporeal blood circulating apparatus according to claim 1, wherein the

conduit member comprises a channel adjusting portion for



a first bl ockade avoi ding channel form ng a space

bul ging outward that is provided on an inner wall

surface of the housing at a part facing the bl ood

storage chanber; and the ifnflow port and the outfl ow

port that respectively are disposed so as to

communi cate with the first bl ockade avoi di ng channel .
changinp @] chéhpelexdtsseseotiQeal asda iblaabdnmealr cul at i ng appar at us

according to claim1, conprising a fine- adjusting

port for injecting and ejecting the adjusting |iquid
[4] et metmotﬂmeaid:jlmm tiroglatiag tapaamtumecco&ﬂmgum ang ohé @fiicthims 1~3,
compriskgga;pg%stlnn gl;od'\ Scr"rfeéglgrfn?g%ﬂ imouérﬂﬁ;g' rcul léstmg%qu:d that is stored
in the adjustiniliguid tednous reservoir for coll ectl ng bl ood t hat

is renoved fromparts other than a bl ood renoval

part of a living body; and a bl ood ejecting device
[5] Ther eaﬂrdacmw)mgalt bieod | crodiatitaipparaisoa@adrdimg tdiesiaim 1, wherein the

ALY Menous reservoir to inflowinto the inflow

closed—tﬁpg ¥

LHah %oé@r{sﬁfﬁe Venous reservoir.
a first blockade av0|d|ng channel forming a space bulging outward that is provided on

an inner wall surface of the housing at a part facing the blood storage chamber; and
the inflow port and the outflow port that respectively are disposed so as to

communicate with the first blockade avoiding channel.

[6] The extracorporeal blood circulating apparatus according to claim 1, comprising a fine-
adjusting port for injecting and ejecting the adjusting liquid between the adjusting port and the
adjusting liquid tank.

[7] The extracorporeal blood circulating apparatus according to claim 1, comprising:

an auxiliary venous reservoir for collecting blood that is removed from parts other than
a blood removal part of a living body; and
a blood ejecting device for allowing the blood that is stored in the auxiliary venous

reservoir to inflow into the inflow port of the closed-type venous reservoir.



