;e3et\t]| V6T\v'cWDO 03/ 026723 CARDI OPULMONARY FI FE SUPPORT SYSTEM BY M N ET
AL, 5 CLAIM NG FOREI GN PRI ORI TY PCT/ B02/ 01259 The 'applicant clains and
requests a foreign pxiority, through the Paris Convention for the
Protection of Industry Property, based on a utility node I ion filed
in the Rep¥ P3O2GR3 Korea (South Korea) with the filing dh?@ﬁ;g)%l%g& Sept enber
25, 20Cl, with the utility nodel application nunmber 10-2C00-0C32507, by the

applicant. (See the attached decl arati on) BACKGROUND OF THE | NVENTI ON 15
The invention rel ates GWEQPWNM’H’%EE%MH ent requiring a
cardi opul monary life support in formof,. either artificial heart
i npl antation or extracorporeal heart assistance. Mre specifically, the
present invention relates to a ggr}g]%‘fw,l nary |ife support systemthat

I !

substantially 20 prevents bl ood ing (thronmbus) and dissolution or
destruction of red blood cells (henolysis) fromoccurring in blood vessels

of a hearst pati ent who receMg_&_NEt@%gghs{,%ﬂFl G 1is a schematic view
showing a heart 2, lungs 4 on in a mamml or a human,

wherei n axrows 25,4 adi-¢at &, dbf e6ld aRaofedie chl 90d Citeulati-on,, AS shown

t herei n, ~rm~~m—2‘%‘éun%?’§3g‘f’%‘~tu Pt AR e B FBoR T o ;HIBOZIO 259 the heart

2 includes tyo At i:kaEpAQVEoAd L YR 26eNERE Girse bel BVt AnBBbOryein 6 is
connected to the right atriumand the right ventricle is linked to a

pul m)_nalry ar8h¥rid,, THSed WAIS 1AL Ei EPRMIRCE e54bd1a chbeod €filedtini tile and the | eft
ventricle is

Republic of Korea (South Korea) with the filing date of

10 September 25, 2001, with the utility model application number
10-2000-0032507, by the applicant. (See the attached

declaration)

BACKGROUND OF THE INVENTION

15 The invention relates to an artificial heart for a
patient requiring a cardiopulmonary life support in form of.
either artificial heart implantation or extracorporeal heart
assistance. More specifically, the present invention relates
to a cardiopulmonary life support system that substantially

20 prevents blood clotting (thrombus) and dissolution or
destruction of red blood cells (hemolysis) fz.;om occurring in
blood vessels of a heart patient who receives its assistance.

FIG. 1 is a schematic view showing a heart 2, lungs 4
and a blood circulation in a mammal or a human, wherein arrows

95 indicate direction of the blood circulation. As shown therein,

L

T

*G00002+




5 linked to an aorta 10. Regul ar punping of the left ventricle pushes out
bl ood therein into the aorta 10 to deliver nutrition and oxygen to each
capillary vessel in the body. Meanwhile, the blood with | ess oxygen is in
turn collected in the main vein that links to the right a&riumtg conpl ete
10 a bl oodWA B®2473t i on known as a systematic circul ation® THRY2/0125
oxygen-depl eted blood collected in the right atriumis released down to the
right ventricle and sent to each |ung through the pul nonary artery for

bl ood oxygerfaei BRI TTReiMOBES xRy SHETEY PROYhEEuRER e2tFitéssed t hrough
the left atrium 15 down to the left ventri\%e. _Throq?qﬁgﬁthevbjéood

ci rcul at i on PRSPV bPOBRE DY R Pal? GAPRFEE K HDORAS 45 9B E AT RaR! 1% cul ati on,

t he oxygen-depl eted bl ood.is cqnverted t.o an_oxygen-rd ch bl.ood and

col I ect ed b&R0F Verk&irts dovbtedcte? pﬁ%glo(r)l?(%ea)r{f-% F%hd'bjlg%%&u% 7lected in

the left ventricle repeats the,systematic 20 ¢cir at i i n_accordance with
the regul ar aﬁﬁnﬁ?rﬁbe%gcgo gté‘r?erlg%léesa%f:hw hanr}l%ctfé)%llge?g. ;’iggra C\gg :I:éri each atrium
and ventrdcl.g_serves VNt SEr&athe BAGR YWt hpig pulse in
the atri uéms l&ﬁge%\éﬁt ?%%Iogégdﬁ]’f lé‘?%lh%\é?eﬁn'g’ﬁnté on aae, sex and physi cal

condi ti on. gyt e ggpeNay Loraanvkpdi vidual is
regular in g%gﬁgg\%tog}%%g%%%gl%%}rﬁwéng%l259 stabili zedvcondi tion. A

standard perg @i DUt & hear bx s eof EaaUeRSH 1ias yk eyt anr angeocapout 100 to
140 for infants, 80 to 90 Tor elenentary school kids, 60 to 80 for young

and mi ddl e agedwtid t $heaBtbBOwh 6h AR sbosx ypmi 05 peapkea. cddleetéends to 5 be
| ess in pulse frequency than female. In general, the snmaller the body, the

nmore frequentn bese@s téenh heattlipissat icba fightaatmalns tol fdorphetdody- surface
area is larger than the body vol une, heat em ssion becones further

i nvi gor ated ablotdusi dohdatiei kookatdson syrhemdtbe digsuéatien.cBhpl enent the
10 loss resulting fromthe heat em ssion. For exanple, the per-mnute pul se
frequency ramyesnatpletsd WlpodocdPreceedpaihe, rightt st Oyt 68 dogs, 140 t 0160
for rabbits, and 200 to 300 for rats. The pulse frequency in an artificial
heart can bereddpsed etbwytediits sEERhFePRELF IR aPAoPRT 4 ABFDAYPhat drives 15
the artificial heart. The heart along with | ugys is.the goﬁ)é cruci al organ
that al | ows WIPRgh Agerydiroraryar Rt Fo4 Po9d PEYISHiReoRr ThERE°R%art shoul d
remai n notionless and enptied in order to cqonduc a&?éaﬁegi__sa r§Lu1;lgi cal heart
operation. THYPERIF 1gokRg JepPhdis hetAGedi BHIGEY B1° théCHedrt ™ wi t hout

car i opulFrori g FLEPE AL S BEOF L < ROT AP REVTY GhT G AT 266 (n such

car di opul'$ro be | nevi vy utilized in such
[ife threal gning UrdenL, cll CUIBLANGES 35 oA NGy BLidfke18nSERST S rel ated
shock, or a MySEardiaThr2s 1 Afraction. 3
oxygen-depleted blood is converted to an oxygen-rich blood
and collected back in the left ventricle. The oxygen-rich
blood collected in the left ventricle repeats the systematic
o0 circulation in accordance with the regular pumping which
generates rhythmic pulses. A valve in each atrium and
ventricle serves to prevent a reverse stream.
Each rhythmic pulse in the atriums and ventricles

differs depending on age, sex and physical condition. However,

25 the heart pulse frequency for an individual is regular in a
2




WO 03/ 026723 PCT/1B02/ 01259 Many studies on artificial hearts have been
focused on bl ood punping which nost affects functioning of an artificial
heart in a body. The | eading conventional arts regarding artificial hearts
will be now briefly described focusing each 5 function of bl oogl unpi ng.
FIG 2 is ¥0838%73howi ng a conventional cardi opul nonary BEVIR ﬁg? ng a
rotary punp. As shown therein the rotary punping device includes a bl ood
storage, a rotary type punp 12, an oxyé:;enator 13, and a fl exible tube 14.
The bl ood stitagézdd cbhdstorres At peandpid LT BOH T BRPEE Riievein of a
patient. The rotary blood punp 12 serves to transfer the Io%ﬂ fromthe
storage 11 freaueschximgénavpirolmngembaitekfPite b T415RkS the bl ood

storage 12 and the oxygenator 13. The f{ﬂ%i %I e_bl ood tub mllagd-lei S arc-bent
by 90 degr et® 8rfoarrirRatrBy AF)OH Hth ptipe P8 TF YRRGPK Poif "Shaft 15 is
radially formed fromthe arc-bent portion of the t 1 gh the center
of the rotaf9ehaapgtisr R 8§a‘f‘? gr? $'m°t6* s peenogf’ngeézl‘l?ateléa t%ﬁéggr %’ltéati on shaft

15 and two rotary rollers 17 ar a r oyh tQirafate in accordance
with thedr o]P%t]ie% shatt 'SJE.S.%r uéa%?:gga}ft%%oﬁé%a}l%t he 20 shaft 15 allows the punp

12 to serve_ta .make a.sequept | Zohg JRebats aheahong t he arc-bent
portion of f’ﬂagl eﬁbgh‘ifo \/\g%/ée?r{ortéﬂ%c%gqueezieng rotation of the punp 12

fails to geperatg a alahl Ga18Uli$atl )L 008 DI N0 s FaEddiethant he excessive
pressure fof e squeezing rotation tends to easily 25 lead to thronbosis

and henol ysi:ﬁeiﬂ%dérh@om&e'ﬂégﬁ)renﬁgsiﬂ $Rcofles AMDLO3E 026723 AGH | B02/ 01259
the rotary punp 12 is only usable for about 6 to 8 hours which

subst ant i al Ly hnk i cobiSc iaeph besdi amould e thmeert akicogpdemeitcele hear t
operation. FIG 3 shows a schematic cross-sectional view of a 5

convent i gnahosentasiiiugsd frlomocthephiept 2inisFhen c&otr ¢fampae. bthdod punp 21

i ncludes an input port (not shown) to receive blood froma flexible tube
(not shown) pepnmaniteculseaf reiqghbcntandes akantoll pat O gertelZpPhey el ease t he
bl ood fromthe blood punp 21, and an inpeller 23 having bl ades. The
rotati on speedc®B0lfor Hegs npci0l 891623 femanaphl ] &§Eie%P°dgﬁe3r98i fefif on a

patient. However, since the blood in the centr,i flugal bl ood punp 21
rats. The pulse frequency 1n an artificia eart can

adjusted by controlling the rotation of a motor that drives
15 the artificial heart.

The heart along with lungs is the most crucial organ that
allows a living body to maintain its life. However, the heart
should remain motionless and emptied in order to conduct a
precise surgical heart operation. Therefore, considering the

o0 vitality of the heart without which the life does not last
more than five minutes, an artificial heart or
cardiopulmonary assistance device should be inevitably
utilized in such life threatening urgent circumstances as a

heart attack, a sepsis related shock, or a myocardium

25 infraction.




becones in contact with either the inner surface of the blood bunp 21 or
mechani cal surfaces of the inpeller 23, there may easily occur bl ood
clotting or blood dissolution. 15 In particular, the damage incurrerce on
red blood cells or blood platelets due to the blood clotting and

di ssol uti oWVQ®03€REr mi ned by stress resulting fromthe bf%ﬂﬂqu"&é\? in the
punp 21 and by how | ong the bl ood has stayed in the punp 21. Also, the
stress due to the blood flowis determned by the 20 rotation speed of the
i npel | er 23 and Mapyt fleadiepern tartoficind hegta@nhess degpiiradsed (Fer eby
increasing possibility of blood damage. The tine ggriod Lg.mhich t he bl ood
stays in t heleshpwisirgarhishoses heaffeds T@CEifRits OF 22010 dnsi der in the
punp design. A shear stress sufficient to affect _the bloo 5 staying in
the punp mapepdadntd l?cerorrBB%iJfardé%%|%°Pﬁ5“‘%%°&?§5artﬁ/\668%?%é‘§723

PCT/ 1 B0O2/ 01259, congel ation, enholismor fibrin l.at i t he inner
surface of PRELPiFHGL PRf&ErE i g%wnhﬁlceuf];lybﬁqeosoc §§§§s@gfgﬁ@e%} red cell

destruction due to a_flow se arg;ion, a cavitation, or a solution swrl
whi ch may b&UREURd°hyP1%E PETRI%n of 5 the inpeller 22. Therefore, the

centrifugal bl oo u 21 can he utili QL ofad icHl hiegaperiod |ike
g Mﬂsﬁéﬁe%%hﬂkbgg%efqgli g!r@i%’pl Be

the rotary bl oo oWs conventional pulsatile blood punp 31

As shown the’é@&g% utsEﬁpr'r%aJairyep@dprs?lshwﬁlm&%m hag roube 32, 10 a
, a

pressure plate | ate support 34, a rotation body 35, and a drive

motor 36. The bag (Whec32 S uBEO\d Pesbanst brayeakveotangt talopmip at each end
thereof. Thé pressure plate 33 pressurizes the tube 32 for blood transfer.

The pl ate SURPQ 0:34enHPPONBS adfth FRixtibralthye dautThedsl dokestpregsure pl ate
33. 15 The rotation body 35 is threaded to allow the plate support 34 to
make a vestijaaktdRe preedln amiewenfromMersinhee iy e§supetpentieTB8 the plate
support 34 are |lowered according to the rotation body 35 driven by the

not or 36, thethkpasidesl diseHer gedvds om tirnstgbets P1aad WENtP2Ai sed 20 the
bl ood is supplied into the tube 32, thereby enabling the pulsatile blood
punpi ng. Hoverveage tle tpuireapikygersitesdt pufpe Fl srahle o ’r‘?il&f‘}‘%n by the
contact of the rotation body and the plate support 39 t, th%re y underm ne
a st abi | i zed:hedgliqudordragvieninf thEQrYIRARtoF e - et gjr %Ilerbof)g ion of the
25 drive notor 36 that drives the rotation ng¥e%%tg§¥khggg%gﬁg 6

tube 14 is arc-bent by 90 degrees aroun

15 12. A rotation shaft 15 is radially formed from the arc-bent
portion of the tube 14 through the center of the rotary pump
12. A rotation arm 16 is engaged to the rotation shaft 15 and
two rotary rollers 17 are rotatably provided to rotate in
accordance with the rotation shaft 15. The rotation of the

20 shaft 15 allows the pump 12 to serve to make a sequential
squeezing rotation along the arc-bent portion of the tube 14.
However, the squeezing rotation of the pump 12 fails to
generaﬁe a stable, pulsatile blood pumping. Further, the
excessive pressure for the squeezing rotation tends to easily

o5 lead to thrombosis and hemolysis in the oxygenator 13. Also,
4



WO 03/ 026723 PCT/1B02/ 01259 pressure for punping the blood to the
oxygenat or, thereby incurring thronbosis and henolysis. FIG 5 shows a
conventional dual pulsatile blood punp 41. As shown therein, the pulsatile
punmp 41 includes input 5 ports 43, 43", output ports 44, 44' |input valves
45, 45, aMP ®MREGEY val ves 46, 46'. Each valve is for rredP?T{ma?”@&%r espondi ng
one of the ports. The punp 41 al so includes a punp case 42 that houses
therein a spherical body 52. The spherical body 52 has a groove 50 there
around and &hgezatazy pur@ Jhés fRdy UPRblE fOF % &°2° PAERS 883 SR t ached to an
inner wall of the pu case 42, A rubber nenbrane, 49, 49' covers the gear
51, rack 53 sakgteMdadipolidise. it FEPLLIBFIPR Wl FLFF i(%8%4P%ng t he groove 50
of the body 52 and around a pu|ley 57 linked to a notor 56. A tension

appl i ed to tHEIpeRt &§asT ?pc?éth‘E}‘ 15 with the engagenent of the gear 51 and

the rack 53 enabl es shut tling novenment of erd cal -body 52, whereby
the body 52 nmake5'% ﬁoﬁ‘%"b%taafgl%%’ﬁat\‘ctlf:ecrrrogse?rée%%o?lgbp‘lyjlﬁpq‘pfﬁegbl ood in the

bl ood ch er 48. . .The.dual | sat i ds pupn. 3d,subsanthabhy decreases
t hr orrbosiaégbacr?(?vﬁg%cfnyaéi%%ggﬁggigdb%%o%%&@he rotary purrprgor ot hex pul satile

punps. Howey ghanigal BEeSnat &sHvRYSes rbeet e thbead except for
the rubber rfe réagg'élg?w, 49a' a?%y{ﬁe inSut and out put ports axe al so

exposed to I’_F(%Qﬁé"fﬁ@*ibgllér f @6 noWRkGHN MBYnSddtlel 4416 Wi ghliraurhonj s and
henol ysis. Further, the streamine formation 25 around the input and out put

ports in the, puiRpeharker 248&oc 481edse tWO NFA267@3 tRETHLBH2HOBR59 may | ead
to pressure |l oss which easily results in blood clotting or blood

di ssol uti on.21naaddint iepelldre28 ontviinged afipk ctlihenrairat ishr essedm§ serve to
el ongate the belt and this nakes it difficult to maintain stable pulsation
and bl oodo 5 freesspeEerARSosart be atimeead i depahdihmlonpd| &dtiepe- bl ood punp 41
substantial ly increases production cost due to nechanical requirenments for
the shutt| e Hovesrentsiotet Hee $phedigalthporpptaifuepd BLRENIPARY THE

| N\VENTI ON The invention is contrived to overcone the convergti onal

di sadvant agesecores dmdEomfiast withos} ehar Hie trempRekafe Phvaht e s to

D o el ot L s P ca it taces of fhe TpdiYer#P S LAH Faly Prevents

easily occur blood clotting or blood dissolution.

15 In particular, the damage incurrence on red blood cells
or blood platelets due to the blood clotting and dissolution
is determined by stress resulting from the blood flow in the
pump 21 and by how long the blood has stayed in the pump 21.
Also, the stress due to the blood flow is determined by the

20 rotation speed of the impeller 23 and by the asperity of the
mechanical surfaces, thereby increasing possibility of blood
damage. The time period in which the blood stays in the
centrifugal blood pump 21 is a major factor to consider in
the pump design. A shear stress sufficient to affect the blood

25 staying in the pump may lead to thrombosis resulting from
5




15 dissolution or destruction of red blood cells (henmplysis) fromoccurring
in blood vessels of a heart patient who receives its assistance. Another
object of the invention is to enable a heart patient to use the life
support systemfor a longer tinme period 20 in formof either extracorporeal
i fe suppoMO B2&8¥ gi cal i npl antation. A further object PSTHP1ptove
portability for an extracorporeal system application and to mnim ze the
size of the |life support systemto facilitate inplantation. A still further
object is toomgdkizenaemhgtins erpfibrini spcwglatisst QAt FRE I3 8ui val ent to
the systematic pulsation in a 8 VSO 03/026723 PCT/1B02/ 01259 |iving body.
To achi eve shefasov-thespwithe ot 8B s2l3heceH AL8pdIFSASry 19 e support
system according to the present inventjon co rLses a hou§gn defined by a

top side, achorioiplllegtragricl e taAdE LAY THREFEHEYI PIFEYY T Fi T

TSt and second

tubes are adjacent to each other in_the housi .L.r st and second
t ubes each RAV®R SUEAPULY 6$t‘m’a‘r‘f5‘ 2Ry ﬁﬁflsepcgr%?’. %i% ééjlqt%é:?%ét%fng nmenber is

attached_to _the housing, apd disposed b ' - segpnd tubes.
The al tePnaH‘?\dmﬁEﬁg%rr gioggffeeirso%éat’eﬁ/e g%%\ggggégfﬁgbﬁksﬁﬁgﬂd@fgcond t ubes.

In an embodioenl, Lhe 44l & SURRGHL: SYXSLERMJIIRPTE0RNI§e81800/al ve formed
in said eac I%JU and output port to prevent a reverse streamin the first

and second tHIQ s, and an oxygenator connected to the output port of the
first 15 tube and the i nput port of the second tube to convert an

oxygen- depl et ed pj0og £Bwan e¥¥@an-ibheh allesehileForod beip exl.per f or mance,
there may be further provided first and second bl ood storages. The first

bl ood st or aggeiss therees BetweaBsathee pxygenatorludad 4 heyityhet 3port of the
first 20 tube to tenporarily store therein the oxygen-rich bl ood oxygenat ed
in the opygangt&ysurthslazecsmdabploae: stppengeldd sacorhagdredoady 3%e output port
of the second tubelto tenporarily store therein the ox'y%en-depl et ed bl ood.
and a drive motor 36. The bag tube 32 is provided with a valve
(not shown) at each end thereof. The pressure plate 33
pressurizes the tube 32 for blood transfer. The plate sup'port
34 supports and vertically shuttles the pressure plate 33.
15 The rotation body 35 is threaded to allow the plate support
34 to make a vertical reciprocal movement.
When the pressure plate 33 the plate support 34 are
lowered according to the rotation body 35 driven by the motor
36, the blood is discharged from the tube 32, and when raised
20 the blood is supplied into the tube 32, thereby enabling the
pulsatile blood pumping. However, the pulsatile blood pump
31 may cause friction by the contact of the rotation body and
the plate support 34 to thereby undermine a stabilized

reciprocal movement. Further, the reciprocal rotation of the

25 drive motor 36 that drives the rotation body 35 may increase
6




In this construction, an initial squeezing of the 25 alternating nmenber on
the first tube enables the oxygen-rich 9 WO 03/026723 PCT/ 1 B02/ 01259
blood to partially punp out fromthe first tube through the first tube

out put port. A subsequent squeezing of the alternating nmenber on the second
t ube enabl 0 43193678k ygen- depl et ed bl ood to partially punpPOHIB'¥PBR t he
second 5 tube through the second output port while a restoration of the
first tube to its original shape enables the first tube to suck in as nuch
as punped opiedshesefaropunpiraughe tleoddi Fatthienpryagaeter v dtRAEEPA f urt her
subsequent squeezing of the alternating nenber on the first tube enabl es

t he oxygen- thairrifg bthoogbeslpaprtdi M} Ypifp out fromthe first tube through
the first output port while a subsequent restoratkor %f %Qe S§ cond tube to
its original shdfie.ehabhiows ¢ RO ¥eBEbHPuARet PUGRK  TH 48 as punped out

therefromt hrough the second input rt, .val ve. Th a s of the
car di opul mofkr \AS isP@W%LPﬁ‘ﬁS?fn's}gteeﬁggiact&ﬁai Re™® %ét h%&ﬁl?%\éegéﬁ%ﬁventi on are

numerous. Initially, the ntly alterpatinng i, p veggnt of the
al t er nat F’ngpﬁ’é?ﬂ)é‘ra'sﬁ%efefggp‘ﬁémfritfs%g’arﬁ ée{cn%%l& gggxgéss ggc']u&er%ti ally,

alternately, gently and_efficiently. r 01904 PHIRILH 1405 operation so that
the oxygenafdf P&€ %%aivggsh%’r ggsﬂr%izcg’dvgy‘% he repeat ed bl ood punpi ng,

t her eby substanti al l regsipd LOsW repceurb Hl aadociditidag £ t hr onbosi s)
and di ssol uFPSﬁeSc}'%°“8érs‘€$°3’8t?€rf ofbred bl 00 ucfe)l I's (henol ysis), which are

known as corrm}ag gaifsge4§fghgq;t BolRsMeRLrAal kesdreriegBiBbdgg52ssihet ance 25 of
conventional "artificial hearts. 10 WO 03/026723 PCT/ 1 B02/ 01259 Furt her,
the first a@?hégféyldbg&&bgﬁ i Lafprdnd 50 thefdaviubHesnd esgddreht. materi al and
the solid alternating nmenber is operatively provided between the first and
second t jgbeshbnyssdChn asSdngalgietiiwda stcxbb3 iazeactoohserarcinesr vt the 5
expected life span of the |ife support systemis substantially extended

Wit hout syst@mrephmsessni2. IAnraotshn habranhddal 4% r AaYssfgthedBeF and t he
first and second tubes are efficiently accommpdated w thin the housing to
al t er nat el y sanabdex 8acindotbodrpanpisdy bredstFoAsi AT 4RE 3 AL @nd second 10
tube in such a limted space that a significant system §J§%§‘ Qegrease i's

real i zed, fdmeegaopiee50fohrhbe e ik PBRATMBR T FHat¥r> i 8*E0 a pal m si ze
in an inplantation version of the present inyvent i@g 0%7%)0 a . partabl e size
in an extracor poretr 4§siAttEneson ARALAY T hE PHESEnt i AVenton. 15 Al so,
the gentle, pulsatile blood punping operatio cCcQ i she jtt.hi n the

housi ng 1 syidthekbe | 988RHE Ha o O Eie T 128X gli’ee (})coggtu a\eMleEglnd t he

gently alternating solid nmenher generates. saf &St gadyeh) aad pul ses
substanti al |% S&“ﬁg]r’a‘?g pgveEnge °5f ?rée h %?Ja aqhggt??, t'her eb(;/a% npr ovi ng

product 20 reljabjlity. re | t L Vo mbdEneakttd behgltnblme@ddpunpi ng
system adapt*i"ﬁj@’ ? g‘ag%/? &r'na lezI°§1/ %%t?g%queegzi ng mechgni smrequires |ess

el enents and, fuyrther sinplifdesgt hgoushaldulsitiie vleod grumphsl bl ood punpi ng
operati on, t%#gﬁyb{soqus?génﬁégl l'y deéar easi rlldg production cost, whereby a

surgical 25 nplant aljQnu@l.duies ienssPnosid synsBmineyoriye reedll zed, for 11

o0 the rotary pump or other pulsatile pumps. However, the
mechanical surfaces are exposed to the blood except for the
rubber membranes 49, 49’ and the input and output ports are

also exposed to mechanical surfaces, which may still incur

thrombosis and hemolysis. Further, the streamline formation

o5 around the input and output ports in the pump chamber 48, 48’

7



WO 03/ 026723 PCT/1B02101259 exanple, w thin about one and half tinmes the
medi cal bill charged for a | arge surgical hear operation. Al though the
present invention is briefly sunmarized, the fuller understanding of the

i nvention can be obtained by 5 the follow ng draw ngs, detail ed description
and append¥® 8102479 BRI EF DESCI PTI ON OF THE DRAW NGS ThBSHE!BIHYZ} her
features, aspects and advantages of the 10 present invention wll becone
better understood with reference to the acconpanyi ng draw ngs, wherein:

FIG 1 is amsghersttc miemausdoldssgwaidhegpeily &ﬁgel‘fa%dnabkwgd circul ation
ina mmmal or a human, FIG 2 is a structural view show p conventi onal
15 car di opulciobiaimg devbladudiptplatietary pidddopunie I‘—sP@t”g“‘?%s a schematic
cross-sectional view of another conventiopal car d*iéoguh nary device using a
centrifugal fstiobbmpany;stmess may $eaVe P RtMIEteyFvPE g:/)\irﬁg B ¥ urther 20
conventional cardiopul npnary devi.ce usin pul.satile bl.o np: FIG 5 is
a cross- sectiadpality fehf Sk hg WRISERET sftg{p?%éarulc%(ﬁ of haBfocd:

ventional cardi opul nonary
devi ce using a dual pulsatile blood.punp; LSpRoRELSRECti ve view
showi ng & cé’F&FB‘ﬁﬁ‘rrﬁEEiPy e oW PB%E??’%P@#%%%%%OMSQ bRk

41 substantially increases production cost due to mechanical

requirements for the shuttle movement of the spherical body

41.

10 SUMMARY OF THE INVENTION

The invention is contrived to overcome the conventional
disadvantages. Accordingly, an object of the present
invention is to provide a cardiopulmonary life support system
that substantially prevents bloocd clotting {(thrombosis) and

15 dissolution or destruction of red blood cells (hemolysis)
from occurring in blood vessels of a heart patient who

receives its assistance.

Another object of the invention is to enable a heart
patient to use the life support system for a longer time period
20 in form of either extracorporeal life support or surgical
implantation. A further object is to improve portability for
an extracorporeal system application and to minimize the size
of the 1ife support system to facilitate implantation. A still
further object is to realize a rhythmic pulsation

o5 substantially equivalent to the systematic pulsation in a
8



| i fe support system according an enbodi nent of the present invention; FIG
7 is a perspective view detailing a blood punp unit in FIG 6; 5 FIG 8 is
a cross-sectional front view of the blood punp unit in FIG 6; FIG 9 is a
cross-sectional top view of the blood punmp unit in FIG 6; FIG 10 is a

cr oss- sect MShEI02&RHe vi ew of the bl ood punp 10 unit in FPE/BEOENG 11 s a
schematic structural view of a punp drive unit in FIG 6; FIG 12 is a top
view of a link,unit in FIG 11; FIG 13 is a cross-sectional view of a nale
spline in 15%fed RPdYEI G 14 is a cross-sectional front view of the bl ood
punmp unit in FIG, 6 according anot her enbodi nent of the present

i nventi on; FI G ﬁ% alcg‘lﬁvgtt?l't?cf‘b?‘é d\‘?F'éWbS‘fj 8PHG8e pmp un|t 20 accordi ng

to anot her presen ention: .and, Fl S
cross- sect i ona ”1‘131”n\1/c;|nea JTlefe odc'y 2GRy E‘féﬁ ﬁesﬁtml LED

car di opul morars 1 7s SURRarT STyt 4 R PaboPAEIEE eyt em B0
according tq, @Qa@@l%' agfume%ss&ldﬁheygnwﬁ@tlm g98§r@tﬁu@§0rt body 62

having a side wall 64. The support is selectively provided with

handl es 66, £3 @dﬁﬂacre%lteagam Jtaemqi H1é %aspx%tahalﬂﬁafﬁm hQq i mprove
mobility 5 of the system 60. On the side wall 64 are attached first and

second bl 0odiezbAd AR s7dact hava 41 98P BERL mwsmgoul@uta;s&tanmxygenat or
78, which are |inked by ducts 80, 82, 84, 86, 88, 90. In this construction,

a general blaoedrsitiagmesbsedueattadhey tmdaet howiigly bhe diipbs&2 to be
connected to a 10 main vein of a patient, the second storage 74, the duct
84, the secdrtivéere®6 finst kedheesimigt iy s .t Mee dalcter®8t indencokggenat or 78,
the duct 88, the first blood storage 72, the duct 86, the first tube 94 in
t he housithg d4ermatelivhequheres8the Fibet codneetad tobes aorta of the patient.

Here, each duct 15 is forned of a flexible material to facilitate bl ood
f1 owi ng In an embodiment, the life support system further

comprises a valve formed in said each input and output port
to prevent a reverse stream in the first and second tubes,
and an oxygenator connected to the output port of the first
15 tube and the input port of the second tube to convert an
oxygen-depleted blood to an oxygen~rich blood.

For a better performance, there may be further provided
first and second blood storages. The first blood storage is
formed between the oxygenator and the input port of the first

20 tube to temporarily store therein the oxygen-rich blood
oxygenated in the oxygenator. The second blood storage is
connected to the output port of the second tube to temporarily
store therein the oxygen-depleted blood.

In this construction, an initial squeezing of the

25 alternating member on the first tube enables the oxygen-rich
9




t heret hrough. To see a general arrangenment of each elenent for the life
support system 60, the first blood storage 72 is forned between the
oxygenator 78 and the first tube 94 via the ducts 20 88, 86 to tenporarily
store therein an oxygen-rich bl ood oxygenated in the oxygenator 78. The
second bl o¥P &02¢73e 74 i s connected to the second tube BEVAY'YR: duct 84.
The second storage 74 tenporarily stores therein an oxygen-depl eted bl ood
that flows therein fromthe main vein via the duct 82. 25 Wen the life
support syst@fP80-9 B2apbiRliledPEmr QupatioBntha £1irsiiubs bpeousd Beer/ | B02/ 41259
requiring an extracorporeal heart assistance, an oxygen-depl eted bl ood
flows in thriddgh T FuRvB2thath ngﬁe@uﬁétcﬁﬂ’?ééf’é% YFotBemain vein of the

patient and i.s oxygenated in the oxygenator 78..1ln cordance with a
punpi ng oper’ FB’r‘F}/ onme rh8ﬁs§}‘?gsgg‘?ndt %Bg%x Ehlg?g‘%‘,e oxygen-rich bl ood

flows out through th uct, .80 that is. 1.9 b onnected to an_aorta of the
patient. Thé’xﬁfggr%_ic}neéﬁgggga%ogﬁ ?on pflﬁél%ggsﬁ%%p 7 gi%ro rigr\l/%r?eﬁéncg not or unit

92 that i i o] i .. The i i S..defined by a tc
si de 98, 5:1 %gtbfg%gé}dé i%%%eiag}{gnﬁgg%@i%oner wgggiépﬂgfégi%%lgﬁl g(,% 8, y9 andIO

10 specify GQUSE{ UG OB Qo §tploqqg_iwmhalge Behapk 'R0t thechid € support
system 60. As shown therein, the first and second tubes 94, 96 are provided

adj acent to gagheiothefs hllch R PesHdNGut! 6he JEB-dni £BEoRRdLIBLEORSk t ubes 94, 15
96 each have an input port 94a, 96a and an output port 94b, 96b. An

al ternati ng impEbaIort04aive dins peser rbeivsequehasduebesmP4s e and attached to
the housing 76 so as to alternately squeeze the first and second tubes 94,
96. That i s,altbenstiirer maibetgomenbelirif4 uberaredliee thar dbxyfdnyridlr ust each
tube 20 94, 96 in a sequential or an alternating order in accordance r with
t he not ono umilbo8x« paetialdiventhy cconfronl tize Higetd fulmwthrowhdtimut of the
first and second tubes 94, 96. Preferably, the alternating nenber 104 is
solid in a Siheticgabuthape whihe agubeeauantnee shorbeion 08 thaypesendl so shaped
in a capsule type 25 with a solid formation. The first and second tubes 94,
96 are 15 bwpe(0BY GX6723i PaRl Bo2foepadles fksr p§LAd §RRY Wnaustibst antial |y

parallel with each other ,
in as much as pumped out therefrom through the second input

port valve.

15 The advantages of the cardiopulmonary life support system
according to the present invention are numerous. Initially,
the gently alternating reciprocal movement of the alternating
member squeezes the first and second tubes sequentially,
alternétely, gently and efficiently for blood pumping

20 operation so that the oxygenator becomes less pressurized by
the repeated blood pumping, thereby substantially decreasing
incurrence of blood clotting (thrombosis) and dissolution or
destruction of red blood cells (hemolysis), which are known
as common side effects to most patients receiving assistance

o5 of conventional artificial hearts.
10



in the housing 78. The life support system 60 further conprises valves 106,
108, 110, 112 each of which is a one-way valve to allow a single 5

di rectional streamtherethrough. The valves 106, 108, 110, 112 are
sequentially fornmed in the input and output ports 94a, 94bT 96a, 96b to
prevent a MEBO3E2%treamin the first and second tubes 9%¢ RIVRE  he bl 0od
flows into the first tube 94 through the first input port 94a in which the

first input 10 valve 106 that |s_a one- val ve di.sposed_in the first
npat port 94 BREURS” H RvEF Ch ARaa P eI Te T TS Cfube 04 Al S0, the
bl ood 1 Pkt P8 R4yt Eol SR pALOLAD i be Lol gt port 040
possi bl e rewver : f i .80 -k theski 94.
Li kew se, thlgé §§%§%“I&Q’?E}SJ§‘O"%’§§ lﬁt&g?ﬁ ?%ef%g;étgn Iai ﬁ%ﬁ%§%5%FQSGa prevents

a reverse steamy 0nLhe SeG0Nd Aube, P 8RSk A1heisecaRd enwdput valve 112 in
the second output port 96b serves to prevent a reverse streamfromthe duct

90 linked t @xphetQXYLRNSHOE of 8hbNti@eti@pet spc0ddi{ BEBsObhtibniprder to
i nprove efficiency of the sequential punping operation in the housing 76,
the |ife supp@ehdsy siteid G0 sgbbém ideplude®na. t1badauppa,t thdd that is fitted
bet ween each tube 94, 96 and the inner periphery 102 of the housing 76, The
25 tube suppattrdddngsSmémiyerednd rthae §otdtd apatsesrdoal ks Gre WO 03/ 026723
PCT/ 1 B02/ 01259 substantially spaced fromthe alternating nenber 104. At
| east, each etfibeigonlyi sacdi®datdd wilkhtinnleebodsirerttocahteauiaselwt h t he
al ternating nenber 104 becones protected fromthe tube support 114. Nanely,
the solid tubebseppchtblrpd plmpd ngoreSation fer |tégsfigategentsegenrdvati on of
the alternating nenber 104 but serves to stabilize the punping operation in
t he housithg tPbedis siel a Admitedispree dharaR SapN$E1@anor S¥aaf fub® 94, 96.
Sel ectively, the tube support 114 may he fornmed of either substantially
solid. materdesFedte &SstARZRMT afy e?‘%/’&?lﬁ’lér%laef’f’%‘f?nt?ﬁaa irst and second
tubes 94, 96 are each fornmed of a_.flexible materj al. Furtheri each tube 94,
96 may be fJPRBEUITIAETpBHIEP kFEWR T:FCwtt PRhEPRETEZE R (4F "8 RRmmal  body i n
terns of eitt}e%ha surglin,é:all J2per at ioon or, a pé) ileys!tz Ii n'gazralti on. 15
Sel ecti vel y,°t & P8 and 'Second truBes §4° may be formed of silicon.
According taq rjals i Stle, j st . ond tubes 94,
96 are eacheé(l%ggg?%g{zg%/? As%ﬁé%%ﬁ%%%%F%/idr%egtggﬁgggf%gein?sl%%gtﬁﬁgf shape after
bei ng squeezed Rysd hexal %%{ﬂ%t,lp@gs%@@@rbl%ggép&%ﬂe bHEUQY En Usabi ity of

, a

the life support system the i nput port or the second tube 96 and

the out put REELLIMENEErwiltMnfinesSholdibe Sspdnpach Joabardtidy eggh the top
side 98 of the housing 76. That i9, the output port 94b of the first tube

94 passes t hheughedibeet sl debO8 anadtidhgentliypaiitpotdtiay 96hidf t he second
tube 96 passed through the bottom side 7.00 17

member generates safe and steady blood pulses substantially

similar to those of a natural heart, thereby improving product

20 reliability. More importantly, the artificial blood pumping

system adapting the alternately tube-squeezing mechanism

requires less elements and further simplifies the overall

structure for the blood pumping operation, thereby

substantially decreasing production cost, whereby a surgical

25 implantation of the life support system may be realized, for
1




f VO 03/ 026723 of the housing 76. PCT/1B02/01259 Inportantly, the
alternating nenber 104 serves to generate an artificial rhythm c pul sation
substantially simlar to the natural blood punping in the heart of a |iving
5 body. Specifically, an initial squeezing of the alternat] er 104 on
the first W§BOY2Enables a blood to partially punp out ?ﬁg&%/ﬂ@g%b, rst tube
94 through the first tube output port 94b. A subsequent squeezing of the

al ternating nenber 104 on the second tube 96 enabl es the B’HIgd to partially
punp 10 out ekamiet heitddoopboutupaeomnd hardligheRet R @AY LS “out put port 96b
while a restoration of the first tube 94 to its, original shape enables the
first tube O¥atgsdsiiek 3 Aaage ANl FEAPEPRSGE T ef rom t hrough the first

i nput port valve 106. And, a further suhsequent .s ezl.n he
alternating 15 rfefB8RIA R EHE T HFET" t\The’ D relr?gg?e% 59%?%'0d to

partially punp o fromthe fjrst . u the filslqtiipe out put
port 94b whthe fé‘liiﬁf)élé‘ ﬁéﬁ?ar}dég‘lgo?éat%?%nl%g?kﬁ]o& gg%g%do%t{)%te% oits
original shaft bl es the secon SUECK | pacdeqas punped out
t her efror‘cht%L‘Su‘gqﬁ%f’ﬁ%ngsec%rgﬁﬁg‘fsr{p(éte&%%f‘eggrg?éé\?%?\gggriId&dalngGS. 11, 12 and 13
each show acrirelc_:hsani smto actuate the alternating nenber 104. As shown
therein, th&fite support system 60 further includes a shaft 116 having a
top portion 118, a md portion 120, and a bottom portion 122. The shaft 25
118 is connected to theppBiObeEeidTIOR ondusubmivamtBal |y 18 WO 03/ 026723
PCT/ | B02/ 01259 paral | el ~To the tubes 94, 96. The top portion 118 of the
shaft 116 is rotatadal yndbtachedatorddeasprtsiatel 88varttegesiaf pbetion 120 is
fixedly attached to the alternating nmenber 104, and the bottom portion 122
rotatabl yy pgseesnt hraughtidre bollomesose deetfer ofundheshersi WEEF6, wher eby
an angul ar reciprocal rotation of the shaft 116 enables the alternating
menber 104 trerfakémfenabetie squempaniine diawipgmndhegednd t ubes 94, 96. As
shown back in FIG 10, a support plate 124 is fornmed between the

al ternating nmenbéiGl04 ignd sHEMAtHC G 8iPvEPg 20" tr ht ¥ HafP11 6. That

is, the support plate 124 extends fromthe nmd portion 120 of the shaft 116
fixedly to thdlapd erigapidgiofeiber "e3al |97 8r'98¥P Yo actuate the shaft 116,
the notor unit 92 includes a notor }26,, a_decel erat or 128, first and second
gears 130, 132. THE-dedd & atBtctisali § ¥ ofherdd®t & 1'ie mtor 15 126 to

moderat e 15a tccétrr lijgpgfm%magcgr/] eder\rrri)tcg rus:|3.2n(<5;' aTJ.ho%:afrlyrBQ‘ltoo%eBﬂmp:

FIG. 3 is a schematic cross-sectional view of another

conventional cardiopulmonary device using a centrifugal

blood pump;

FIG. 4 is a structural view showing a further

20 conventional cardiopulmonary device using a pulsatile blood

pump;

FIG. 5 is a cross—-sectional view showing a still further

conventional cardiopulmonary device using a dual pulsatile

blood pump;

25 FIG. 6 is a perspective view showing a cardiopulmonary

12



130 has a base 134 and gear teeth 136, and the second gear 132 has a base
138 and gear teeth 140. The first gear base 134 is connected to the
decelerator 128, and the first gear teeth 136 is rotatably connected to the
second gear teeth 140 20 of the second gear 132. A connecting rod 192

ext ends fr®aaMes72econd gear base 138. Meanwhile, male aﬁﬁ”?@ﬁ%?@’splines
144, 146 are detachably provi ded between the shaft 116 and the connecting
rod 142. That is, the nale spline 144 in FIG 8 is attached 25 to the

bot t om por t ildfie ER@rokt t S5 temapecorPdnamy FEPagHBity °1o 1 RE2831 026723

PCT/ 1 B02/ 01259 engaged to the female spline 146, in FIG 11. The fenale
spline | 46 iiovéntdlad to the second gear base 132 via the connecting rod

| 42. So the rotational torque generated t.ne_not 1 der at ed by
the decel erator ¥28-i’siTaRrESPEALLE &he"‘s‘?% AP F g%??ocrzg%r%]%g?ati onin
accordance with the first and second gears 130, 132. Specifically, the
first and séébﬁH3géﬁr teeth 136, 140 are each fornmed in an arc rack to

enabl e generation_of the _angul ar _reci r tdOPd L85 duke! | ably
det achabl% engagénént® b%ﬁ%‘g’ *t ﬁgcwngﬁg%gki;e‘%laedﬁp?i nes I§4,§i 10 146,

the matchin ng{thgy ?e shaped in a safety formation as shown in FTG 13.
It is reco ed' t'hat teeth 148 in each spline 144, 146 be formed in an

irregular alignnent. Jhe aldeLaalidg HRY &ERNWi& oEhthableshating member 104
is preferably inplemented in a horizontal direction between 15 the first

and second tyhes; 941c96¢; The alternating menber 104 may be provided in a
slanting ellipsoid to realize an alternate diagonal squeezing on the first
and second tubes 4. 96ias showhsket fdnGl shde tiewdG8he PlogAduns, a
cardi opul monary |ife support system 20 200 accordi ng to anot her enbodi nent
of the pr@sesditi ovenig.os;is provided in a decreased formation in size to
fit fox its surgical inplantation. As shown therein, the |life support
syst em 200 i ncl udes.al hassa reph202t 16 istsecturd lsetohafta b8P 47478206, an
alternating nmenber 208, a first blood storage 210, 25 and a second bl ood
storage 212.uBachntiiss 204, 206 has input 20

FIG. 12 is a top view of a link unit in FIG. 11;
FIG. 13 is a cross-sectional view of a male spline in
15 FIG. 6;

FIG. 14 is a cross-sectional front view of the blood pump
unit in FIG. 6 according to another embodiment of the present
invention;

FIG. 15 is a structural view of a blood pump unit

20 according to another embodiment of the present invention; and

FIG. 16 is a cross—-sectional top view of the blood pump

unit in FIG. 15.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 As shown in FIGS. 6 and 7, a cardiopulmonary life support
13



WO 03/ 026723 PCT/1B02/ 01259 and out put ports 204a, 209b, 206a, 206b each of
whi ch sequentially includes valves 2|2, 219, 216, 218 therein to allow a
one-way streamin and out of the tubes 204, 206. Also, the first bl ood
storage 210 serves to tenporarily 5 store therein an oxy ood. The
second bl o¥P ®{%¢7ae 212 tenporarily reserves therein anggﬂgégﬁggtpleted

bl ood. Short ducts 220, 222, 224, 226 may be provi ded dependi ng on

requirenents . A solid tube support 2%6 is faormed between tei\arclzh t ube 204,
206 and an PHAE™ FRra¢reAy2% 6P THECHBHIL: ﬁ’g BH G t8VStabl'i ze the bl ood

punpi ng operation in accordance with.the alternati 8 which is

at t ached tolacjs’-f?z?fstafgﬁp%%%ﬁﬁyesgtlé%vslingna 232° wﬁgat%sfﬁgﬁgégﬁgﬂ on, the
angul ar reciprocal .rotation of the shaft..23 t 4 ernating nenber
208 to 15 akgﬂrétéf’ys%ael?gl‘é&f?’o ir§‘61n gl &'}s%huglggﬁﬁ% g%'tﬁ% irst and second

tubes 204, 2060 ACGRN BELNbbE okt shiiliuhearRDdo iegubas kknbliiys out the

oxygen-richrB roug e T1rst output valve 214 into an aorta of a

heart pali enf aTaH”éd ?9%1&&”’66?*3& ¥hd N8 aexuaens depkel et daeaosi st ddie second tube
206 20 partially Ffows ouf thr ough the second out put valve 208 for bl ood

oxygenationg . Ihen,1bB8 Sotagest ed hlpad thbewspuntt otibEnd iT6stadibe 204 to
wait for the squeezing of the alternating nenber 208. The advantages of the

car di opul MORAr ¥xJdch@t SHPQT tth2Eh ay6temKkasasy dunys tam,t B2, @deseht invention

are nunerous . First, 2i WO 03/ 026723 PCT/1B02/ 01259 the gently

al t er nat i ng ggeceé@r aaathimvenentuafiobhe gkteralabilogd member squeezes the
first and second tubes sequentially, alternately, gently and efficiently
for bl ood puephestiepéyabidn thootdtattne hduadx Pgehatsr cheeeties Fess pr,
essurized by 5 the repeated bl ood punping, thereb substantiglly decr easi ng
i ncurrentte okiblodad of ct PehyetHhEbALBSPES rdadrstbl tPf S ®Yest ructi on of
red bl ood cells (henolysis), which are known as conmmopn sjide effects to nost
pati ents reddevierpndssiles Hécan dhec BAVERGI dhalthsr 87FF A%l “Hearts. 10 Second,

the first and second tubes are forned of . a f%ﬁxi?l €, resi“ egt mat eri al and
the solid alaxggeratiary”Reder WSt §fer s TLF3F BEET FER BEE ween "the first and

second tubes in such a sj !ifLed stagigl ized, constructi ng t he
expect ed | i fcspdfy et Flé‘!?ﬁ faP8 ubhaft o S8R sdbsﬁan | afEi y
80 to be connected to an aorta of the patient. Here, each duct
15 is formed of a flexible material to facilitate blood flowing
therethrough.

To see a general arrangement of each element for the life
support system 60, the first blood storage 72 is formed
betweeh the oxygenator 78 and the first tube 94 via the ducts

20 88, 86 to temporarily store therein an oxygen-rich blood
oxygenated in the oxygenator 78. The second blood storage 74
is connected to the second tube 96 via the duct 84. The second
storage 74 temporarily stores therein an oxygen-depleted
blood that flows therein from the main vein via the duct 82.

25 When the life support system 60 is applied to a patient
14




15 extended w thout systemreplacenent. Third, the alternating nmenber and
the first and second tubes are efficiently acconmopdated within the housing
to alternately enabl e each bl ood punping operation for the first and second
tube in such a limted space that a significant 20 system.size decrease is
realized, ™Ws03@@ddbl e, froma conventional refrigerator By o/t pal m si ze
in an inplantation version of the present invention or to a portable size
in an extracorporeal assistance version of the present invention. 25
Fourth, thergpriting goukshrddosrprodt hsarpias§iofdicari 8h 22 WD 03/ 026723

PCT/ 1 B02101259 acconplished within the housing.in, syst i.c.conbi nati on of
the flexi bl exygesoder Rherd Hdogantt FraPiEY rg‘rQFi ﬂ'b(ytsgﬁrgﬁ%r%ﬁer gener at es

safe and steady bl ood pul ses substantj al | imlar.to th f, a natural
heart, ther*éweiq?ﬁfla‘a*i%?gt?nad‘t?&w%l%‘% ?}é%?é?’?’t%ﬁt ﬁdf%%,ox?'%l?%%tdlfici al bl ood

punpi ng system adapting, the_alternate uhe:rs [ N,.SM requires

| ess el ement® B yl?FP%'é‘?r ?Ie 4 FF%%rc{%éow\%gpa?qllﬁlgﬂrgggtoggg oryrn t he bl ood
punpi ng gperation, therehy subst ' d Si oghusls on cost,
wher eby sb?g‘fl'i?aflo?sﬁﬁ}gagt%ét%oen O%P%%é%ff%%%%p%?% é&};?gm may be realized,

for exampl e, i bl noRR0! aone sanchiaht {4 BBScAfieoBdl Galanbidieachar ged for a

| ar ge surgi ca eart operation. Although the invention has been descri bed

in 15 considerghl e dedai | the thudaher 8Ga Lt on GO kak et ngr vedisver si ons
t hereof , ot her versions are possible by converting the aforenentioned

constructi ogy; Jhehefonesod D8 S ®2PEnAS 14 hajaoumantbameshaldingolé.be |im ted by
the specification specified above and the appended clains. 20 23 WO

03/ 026723 PRt H3A240178% Mt iries 6} ai tipdsidk: 98, a bottom side 100,
10 and an inner periphery 102.

FIGS. 8, 9 and 10 specify construction of a blood pumping
mechanism of the life support system 60. As shown therein,
the first and second tubes 94, 96 are provided adjacent to
each other in the housing 76. The first and second tubes 94,

15 96 each have an input port 94a, 96a and an output port 94b,
96b. An alternating member 104 is disposed between the tubes
94, 96 and attached to the housing 76 so as to alternately
squeeze the first and second tubes 94, 96. That is, the
alternating member 104 serves to partially thrust each tube

20 94, 96 in a sequential orx an alternating order in accordance

!

with the motor unit 92 to efficiently control a blood flow
in and out of the first and second tubes 94, 96. Preferably,
the alternating member 104 is solid in a spherical shape. The
alternating member 104 may be also shaped in a capsule type

295 with a solid formation. The first and second tubes 24, 96 are
15



1. A cardiopulnmonary life support system conprising: a) a housing defined
by a top side, a bottom side, and an inner periphery; 5 b) first and second
t ubes adj acent to each other in the housing, wherein the first and second
tubes each have an input port and an output port: and c)_an alg rnating
menber att MhB3@24733 t he housi ng and di sposed between the ??ngy'ﬁﬂ’second
tubes, 10 wherein the alternating nenber alternately squeezes the first and
second tubes. 2. The |ife support systemof claim1 further _conprising a
solid tube $ipporty hligned mcf wabptattiglésdpredbel #AGR 1328 her peri phery
of the housing. 3. The life support systemof claim?2 wherein the

al t er nat i ngipettreonging’fd. 20 4. The life support systemof claim3

wherein the output port of the first_ tub asses_thro op side and
the output port ote fﬁcéi %‘é‘?ﬁ?ﬁ&.?Yﬁﬁgmpeé)sg%%h@ﬁrcgﬁﬁﬁl?%Segggf%%r%)és'i de of the

housi ng. 25_5. The |ife support. Syst f i j hg1dirst and 24
WO 03/ 02672%%&??8@‘%&Gfﬁgé’%s"éhclgr%fdl %gég %&eﬁﬁmﬁgtaép?gﬁ ?Sheg substantially
paral l el \with _each other : [ UPRRS Lo xSt egs 0f10d,ahin 5 wherein the
Prret and b damaniPmrent, tAOS el RRRM La s B0t D e e

Y SuPPOr b 19YSLol ALatl Al Soltiel o Bnd iphd k84 odcgegsoEdotabes are cach

formed of a e l1fe support systemof claim7 wherein the

fi I‘_St and S%%deQ%é‘lb?%bagcﬁ P&EL,&Q@@ tdbesSse Ftrddi€ il ERe SEippAr tngyst em of
claim8 wherern the first and second tubes are each el astically,

substanti al 415416830786 6. idstaeigicral £Ehapents the Beistgtsbeieezed by the
alternating nenber. 10. A cardiopulnonary |life support system conprising:

a) a housi n@sdefiidiet e @itop ispde,parthdtd omwhdchedve 20rst daputind an i nner
periphery b) first and second tubes adjacent to each other in the housing,
wher ei n {ohe Walkvst1mnthaetondoteey esicte dbaresad iinnphe fHHsE 1@RHTan out put
port; c) an alternating nenber attached to the housing and 25 di sposed

bet ween t he ddrtsp4andoskeone trapesse 25ream from the first tube 94.

Also, the blood in the first tube 94 may flow out through the
first output port 94b in which the first output valve 108 that
is a one-way valve blocks a possible reverse stream from the
15 duct 80 into the first tube 94. Likewise, the second input
valve 110 in the second input port 96a prevents a reverse
stream from the second tube 96 and the second output valve
112 in the second output port 96b serves to prevent a reverse
stream from the duct 90 linked to the oxygenator 78 into the
20 second tube 96.

In order to improve efficiency of the sequential pumping
operation in the housing 76, the life support system 60 also
includes a tube support 114 that is fitted between each tube
94, 96 and the inner periphery 102 of the housing 76. The

25 tube support 114 is formed in a solid material and
16



WO 03/ 026723 PCT/ 1 B02/ 01259 wherein the alternating nenber alternately
squeezes the first and second tubes; and d) a valve fornmed in said each

i nput and output port to prevent a reverse streamin the first and second 5
tubes. 11. The life support systemof claim10 further c ising, a) a
solid tubeWOPRH 3 fitted bet ween said each tube and theﬂaﬁﬁ%?b%%?iphery of
the housing; and i0 b) a shaft substantially parallel to the tubes, wherein

the shaft has a top Eortion xotatably attached to the %&g %%de’ a md
portion fixeerstantiathedPeecd FEH e Aat FHP THBATET™Cant’ S 66t t om portion

t at abl [ th h the, bott ide 15 t hqusi b
2ngul ar T coLPRTAPAFbIAEF GIPGHOR HASs Ml CATRBESS PRE el CNFaTThg menber 1o
| ternat el first t ubes. WE t
alternately s%e%eﬁﬁlgl%ﬂétgg%rp%%%e?ceg(?f%ecér?%%tprggeé‘ged Tgn!ife suppor

syst em of cl'& F1sing: or adjacént to the housing

b) @ decel ecqt o, goanPg gdyge HhecADLON: o ale OBofd sk BRAMmdYi ng 2 gocr

base connec e décelerator) wherein the first gear is rotatably 25

t to. t t : [tle QL2 . lif
connec 99 ?relrifjl?%f f«lc]ﬁasréci %gl%n]; a\é@19§é£@ng?th€qlit @Q@é% RSpks. 10he life

support Sys urther conprising a second gear having a gear

.base att aChEgt tQ LR gpg{:%l@ﬁé?ﬂwpmpﬂd@eoﬁéﬁftﬁon \Mﬂeﬂ@é motBengecond gear
is 5 rotatably engaged to the first gear. 14 . The life support system of

clai m 13 whepeid A tebtge $PbiNfel shiiard ri ot ihiethaidrobuporas, og6 of the shaft
by a base thereof, and a fenale spline is fixed to the second gear 10 base
by a base t Be1gefivaryer gid tibe smpberisplldneay dedbbarekdabf eighgaged to the
femal e spline. 15. The |ife support systemof claim 10 wherein a support

pl at e ext endsbftabibhey ndad ipondtiegnabfont e sebetfantiaMdediy9id to the
alternating nenber to stabilize the angular reciprocal rotation of the

al t er nationgmaesatbisrl. 16. The |ife support systemof claim 10 wherein the
first and second tubes are linearly aligned substantially 20 parallel wth
each other. 17. The flikfe Qﬂ§p§RRQFds¥§¥?ﬁn 4+ 8 & FFtwheY B hofht first and
second tubes are each elastically, substantially restored to iés ori gi nal

shape after fhekhgle qaseztal biupthehe earh dribst Phy Ifefipere Fome

of a polymer known to well harmonize with a mammal body in
terms of either a surgical operation or a bodily implantation.

15 Selectively, the first and second tubes 94, 96 may be formed
of silicon. According to such a material characteristic, the
first and second tubes 94, 96 are each elastically,
substantially restored to its original shape after belng
squeezed by the alternating member 104.

20 To improve usability of the life support system 60, the
input port 96a for the second tube 96 and the output port 94b
for the first tube 94 are each formed through the top side
98 of the housing 76. That is, the output port 94b of the first
tube 94 passes through the top side 98 and the output port

o5 96b of the second tube 96 passed through the bottom side 100
17



WO 03/ 026723 PCT/1B02/ 01259 18. The |ife support systemof claim 10 wherein
said each valve is a one-way valve to allow a single directional stream
therethrough. 5 19. The life support systemof claim 10 wherein an initial
squeezing of the alternating nmenber on the first tube enaelﬁﬁug %Jood to
partially P33 fromthe first tube through the firstt¢l i put port,
wherei n a subsequent 10 squeezing of the alternating nenber on the second
tube enables the blood to partially punp out fromthe second tube through
the second CEbEPOUPFE Polt while a restoration of the first tube to its
ori gi nal shape epabl es e first. . tube fo suck i s_much as punped out 15
t her ef r om t hr ougH"RH af’ii‘lb%’t J-C?‘ﬁpaultteﬁg??En\?afn\?léﬂ?e%lgrge?enrvgsfﬁort her subsequent
squeezing of the alternati . i ¥ st : s the blood to
Sartial 'y paRB-GUE PoRrEHACHT SRTFIBE FEatel abbrReERarhy

roug irst tube output port

uhi 1€ @ SubsQQUent JCHOLatLaN PloddGuiAGANth kHD%eA0: 8 4 higverg gl nal shaflt

enabl es the second tube to suck 1n a as punped out theretfromthrough

the second iRRYt UL BhYE, 20.inTheal iskBeSHRRPbE XSLAMBRRLEhgi M 10
wherein theb%u pu‘c{&rZS:L portﬁ,of thlé1 fi?stshtﬁbeﬂ%gsses t hr ough th% top side

and 28  WO,R3LE2G0%3oPCHe! $024042R9 ot e aBUER W bPEsd t8fpdfteasegond tube
passes through the bottom side of the housing. 21. A cardiopul nonary life

support SystRmbCUmPELSHh RGe Hra} taibBoustRgowef tnedibyt aubopuspbde, a bottcm
a rear side, and an inner periphery; b) first and second tubes adjacent to
each ot her igdrthesahousisngseqieet esquetchend i sStthanal izecehithd meeberzach have an
i nput port and an output port; 10 c) an alternating nenber attached to the
housi ng and idid4sposied dmtondernbes Enzisiesabie bécohdotnarssalitherebn t he
alternating nenber alternately squeezes the first and second tubes: d) a
val ve fotoredutnfsem ccheashconthubarRf shtrpuah poet saprdot e WSEPUE rever se
streamin the first and second tubes; and e) an oxygenator,K connected to the
out put port Rekrtt b fuhide @ wseternticReot hgt thott toPet3fet8etidhd tube to
convert an oxygen-depl eted bl ood to_an 20 oxygen-rich blood. 22. The life
support systoEgerat| HiaRe2andlee nere EoRdt itSPRCS iFPsTUHNd” s 8HE™ bl 0od

storages, wherein the first bl ood storage is..forned between the oxygenator
and the i np@S PBURRS tOUSf tlf'ﬁ’éeff‘f’?‘sﬁh’iodlﬁg *(falbe tféﬁﬁgr]é}ﬁu?yp‘\é\ftorvgaf’ﬁerei n the 28

106. And, a further subsequent squeezing of the alternating
{5 member 104 on the first tube 94 enables the blood to partially

pump out from the first tube 94 through the first tube output

port 94b while a subsequent restoration of the second tube

96 to its original shaft enables the second tube 96 to suck

in as much as pumped out therefrom through the second input
20 port valve 110.

FIGS. 11, 12 and 13 each show a mechanism to actuate the
alternating member 104. As shown therein, the life support
system 60 further includes a shaft 116 having a top portion
118, a mid portion 120, and a bottom portion 122. The shaft

25 118 is connected to the motor unit 92 and substantially
' 18



WO 03/ 026723 PCT/1B02/ A 259 oxygen-rich bl ood oxygenated in the oxygenator,
wherein the second bl ood storage is connected to the output port of the
second tube to tenporarily store therein the oxygen-depl eted blood. 5 23.
The |ife support systemof claim22 wherein an initia~ s ' f the

al ternatind ﬁB@?yon the first tube enables the oxygen-?#@ﬁﬁgF%gg to
partially punp out fromthe first tube through the first tube output port,

10 wherein a subsequent squeezing of the alternati er t he second
t ube enabl eB2¥Hdedx\RyEhe FupeRféd AR 1?89 ﬁgfif%ﬂ Fggﬁg%‘% Sl}a%;%r om t he

d tube_thr h th t whil A [ 4 f the first
Cube Lo | USiHP igi PolsSRApe ERaIh o e Tt 8% oBe WE HERCHEE s much ac
puped out ther el LONLLIY Qo L 1 8L JiBUa PO Ylateacpherel n @ further

subsequent ernati ng menber on the first tube enables

the oxygen- ulgqaotl?:lt% :j &9 RAr £f|r|o¥a9é% Qubsdd AMbhSh frheShottdhe through the

first output por € a Subsequent restoration of the second tube to

its ori gknahié@ fdo SRAULENGSFEONMhelrdBE 4D aBl6lar RedfpiBsal as punped out
t herefrom t hrough the second input port valve. 24. The |ife support system

of claim 22 fusdhel o HHal difR0i1625n@1cd SRé iad thukecisyppnnderfidd ed bet ween
sai d each tube 30 WO 03/026723 PCT/1B02/ 01259 and the inner periphery of

t he housi ngicagitthade Shalhesabshantimitl ynpaseabhel tubest d, t96bes, wherein
the shaft has a top portion rotatably attached to the top side, a md
portion fixedly & atbaghadktin Fhe. abt ex sappont weabeid4 dred farhest t om porti on
rot atably passing through the bottom side of the housing, whereby an

angul ar recbpteesal thet altemaoing embhafliOfpabl v whe rdatéepat?thg nenber to
alternately squeeze the first and second 10 tubes . 25. The |ife support
system oft clodi the24hd fir Lh6r Toabpsi sthegsurpord pARter 1atipak®ifts £5°% he housi ng;
b) a decel erator connected to the notor; and 15 c) a first gear having a
gear base cthaedtatbutdoni@0gécdieettirilanhisresiiy ttoh"é’ef‘?lrtserm@ghrfg is rotatably
connected to the shaft. 26. The |ife support system of clain1%§ further
conpri si ng Zlemhe%é@éndhgéé‘?erh’é‘?/iaﬁ@u%tegég? PaLE Hby TS PhE" bot t om

92 includes a motor 126, a decelerator 128, first and second
gears 130, 132. The decelerator 126 is connected to the motor
15 126 to moderate a torque from the motor 126. The first gear
130 has a base 134 and gear teeth 136, and the second gear
132 has a base 138 and gear teeth 140. The first gear base
134 is connected to the decelerator 128, and the first gear
teeth 136 is rotatably connected to the second gear teeth 140
20 of the second gear 132. A connecting rod 142 extends from the
second gear base 138.
Meanwhile, male and female splines 144, 146 are
detachably provided between the shaft 116 and the connecting
rod 142. That is, the male spline 144 in FIG. 8 is attached

o5 to the bottom portion 122 of the shaft 116 and detachably
19



portion of the shaft, wherein the second gear is rotatably engaged to the
first gear. 27. The |ife support systemof claim26 wherein a nale spline
25 is fixed to the bottomportion of the shaft by a base 31 WO 03/ 026723
PCT/ 1 B02101259 thereof, and a fermale spline is fixed to %Qﬁ B%%ngd gear
base by a M8t eof, wherein the male spline is det achably“&daged to
the female spline. 5 28. The |ife support systemof claim27 wherein a

support plate extends fromthe_ md_portiaon of .t shaft fj y to the
al ternat i ngm@‘éﬁﬁél’totfdlesﬁ%il?isfélF%égghéﬂlF§|G'rléc!jrg‘f‘oge 2P0 ggg%n of the

alternating nenber. 10 29. The |life support ste f |, wherein the
first and g‘ééoﬁa higed toxERe SREQTT YA | ﬁgdlié/ugé arpr}m‘t%i ) ‘Jrrﬁé%’af*?l lel with
each other. 30, The |jfe support.syst o i i e first 15
and second %Ghad? a8 glfcﬁmé#po P c%?%g] e%Lgé&bg%h‘M‘ﬁéﬁéf_‘ 120

Stica restored to'its original shape after

bei ng squeezed by the alt af | l1.083 ek upport system of
g 59 \/\A‘Féﬁ’jef“ﬁge%]éa&fdeg%ﬁg &%/a TEDE 128315 HhGetide tURR y

claim 30 0 ve 1's a one-way valve to allow a single

directiopal streamf VQEQJE' 32 TheotddReswipotic SYsbemmal clai m 31
wher ei n hean&%lﬁg‘{@ep%?)%g%%}lt e first tube passes through the top side and

25 the out pyf. pard.Of 1dae 139C R ct ehenngsses tirseugl ddwndeariD 03/ 026723
bottom si de of the housi ng. PCIT/1B02/01259 33. The |ife support system of

claim 21 wherginitge fdor ste ledbr £diimput ipairt aks dawkbeo corbéeted to an aorta
of a 5 mammal body and the second tube input port is to be connected to a
Mai N vein ofeddiatABATER tHeoshsulwherehyrodml oxtafennddpret eeliskdad from the

main vein i s oxygenated and regularly punped out into the aorta. 10 15

detachable engagement between the male and female splines 144,
/

/‘ [}
- 10 146, the matching teeth may be shaped in a safety formation

as shown in FIG. 13. It is recommended that teeth 148 in each
spline 144, 146 be formed in an irregular alignment.
The alternating movement of the alternating memnber 104
is preferably implemented in a horizontal direction between
15 the first and second tubes 94, 96. The alternating member 104
may be provided in a slanting ellipsoid to realize an
alternate diagonal squeezing on the first and second tubes
94, 96 as shown in FIG. 14.
In FIGS. 15 and 16, a cardiopulmonary life support system
o0 200 according to another embodiment of the present invention
is provided in a decreased formation in size to fit for its
surgical implantation. As shown therein, the life support
system 200 includes a housing 202, first and second tubes 204,
206, an alternating member 208, a first blood storage 210,

25 and a second blood storage 212. Each tube 204, 206 has input
20
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and output ports 204a, 204b, 206a, 206b each of which
sequentially includes valves 212, 214, 216, 218 therein to
allow a one-way stream in and out of the tubes 204, 206.

Also, the first blood storage 210 serves to temporarily
store therein an oxygenated blood. The second blood storage
212 temporarily reserves therein an oxygen-depleted blood.
Short ducts 220, 222, 224, 226 may be provided depending on
requirements. A solid tube support 226 is formed between each
tube 204, 206 and an inner periphery 228 of the housing 202
to stabilize the blood pumping operation in accordance with
the alternating member 208 which is attached to a shaft 230
via an extension 232.

In this construction, the angular reciprocal rotation
of the shaft 230 enables the alternating member 208 to
alternately make a horizontal squeezing on the first and
second tubes 204, 206. Accordingly, the first tube 204
regularly pumps out the oxygen-rich blood through the first
output valve 214 into an aorta of a heart patient and
concurrently the oxygen-depleted blood in the second tube 206
partially flows out through the second output valve 208 for
blood oxygenation. Then, the oxygenated blood flows into the
first tube 204 to wait for the squeezing of the alternating
member 208.

The advantages of the cardiopulmonary life support

system according to the present invention are numerous. First,

21
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similar to those of a natural heart, thereby improving product
5 reliabj_.lity.

Fifth, the artificial blood pumping system adapting the
alternately tube-squeezing mechanism requires less elements
and further simplifies the overall structure for the blood
pumping operation, thereby substantially decreasing

10 production cost, whereby a surgical implantation of the life
support system may be realized, for example, within about one
and half times the medical bill charged for a large surgical
heart operation.

Although the invention has been described in

15 considerable detail with reference to certain preferred
versions thereof, other versions are possible by converting
the aforementioned construction. Therefore, the scope of the
invention shall not be limited by the specification specified
above and the appended claims.
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5 b) first and second tubes adjacent to each other in

the housing, wherein the first and second tubes
each have an input port and an output port; and
c) an alternating member attached to the housing and
disposed between the first and second tubes,
10 wherein the alternating member alternately

squeezes the first and second tubes.

2. The life support system of claim 1 further comprising
a solid tube support fitted between said each tube and

15 the inner periphery of the housing.

3. The life support system of claim 2 wherein the

alternating member is solid.

20 4. The life support system of claim 3 wherein the output
port of the first tube passes through the top side and
the output port of the second tube passes through the

bottom side of the housing.

25 5. The life support system of claim 4 wherein the first and
24
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7. The life support system of claim 6 wherein the first and

second tubes are each formed of a polymer.

10 8. The life support system of claim 7 wherein the first and

second tubes are gilicon tubes.

9. The life support system of claim 8 wherein the first and
second tubes are each elastically, substantially
15 restored to its original shape after being squeezed by

the alternating member.

10. A cardiopulmonary life support system comprising:

a) a housing defined by a top side, a bottom, a rear
20 side, and an inner periphery;
b) first and second tubes adjacent to each other in

the housing, wherein the first and second tubes
each have an input port and an output port;
c) an alternating member attached to the housing and

25 disposed between the first and second tubes,
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11. The life support system of claim 10 further comprising:
a) a solid tube support fitted between said each tube
and the inner periphery of the housing; and
10 b) a shaft substantially parallel to the tubes,
wherein the shaft has a top portion rotatably
attached to the top side, a mid portion fixedly
attached to the alternating member, and a bottom
portion rotatably passing through the bottom side
15 of the housing, whereby an angular reciprocal
rotation of the shaft enables the alternating

member to alternately squeeze the first and second

tubes.

20 12. The life support system of claim 11 further comprising:

a) a motor adjacent to the housing;
b) a decelerator connected to the motor; and
c) a first gear having a gear base connected to the

decelerator, wherein the first gear is rotatably

25 connected to the shaft.
26



1, 310%& -, 11109 - V9 -1 V' -1 V' - ' -
Tyt obes ()i st () 3l d0 10 PR 00 T
109 () IR QEWRKUCYONGENT I g
[rdv4 11'S 10%r& ()-T 10 10 _ nexzyzzz
L) TR (L5108 (0 S 0, g0 )

109 () - TAn
100 ()T 5.0, 112183 5,301 SR L) A0 ho 20:005 conprising

15108 L0 ()1 951008, )2 SY 40| (OHIOEe(Srcachea ¢
109&' ()-s! S10%& ?) <b’21 fCeCddddEr gﬁl lggloqyé%e(a tached to the bottom

1%00/;{&( §) 16%00@0@10@39%6( Eh88t 1 Q%&£ )ir @hO%Eedohasddam'ic) -d e\ eeeeeeer dV7

10! $° 510%8' () - S&330Ukn ) - SIebRUEL § )enSf £109R 963 eef $gagggdEdV7 1
gl09%&' ()- @O0%&' ()-S109&' ()-&L0Y& () - @OY& ()-s! SL0% ()-ghOhHi iwjjdEDV7
14. The life support systemof claim 13 wherein a male spline
is fixed to the bottom portion of the shaft by a base
thereof, and a female spline is fixed to the second gear
10 base by a base thereof, wherein the male spline is

detachable engaged to the female spline.

15. The life support system of claim 10 wherein a support
plate extends from the mid portion of the shaft fixedly
15 to the alternating member to stabilize the angular

reciprocal rotation of the alternating member.

16. The life support system of claim 10 wherein the first
and second tubes are linearly aligned substantially

0 parallel with each other.

17. The life support system of claim 10 wherein the first
and second tubes are each elastically, substantially
restored to its original shape after being sgueezed by

25 the alternating member.
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valve is a one-way valve to allow a single directional

stream therethrough.

19. The life support system of claim 10 wherein an initial
squeezing of the alternating member on the first tube
enables a blood to partially pump out from the first tube
through the first tube output port, wherein a subsequent

10 squeezing of the alternating member on the second tube
enables the blood to partially pump out from the second
tube through the second tube output port while a .
restoration of the first tube to its original shape
enables the first tube to suck in as much as pumped out

15 therefrom through the first input port valve, wherein
a further subsequent squeezing of the alternating member
on the first tube enables the blood to partially pump
out from the first tube through the first tube output
port while a subsequent restoration of the second tube

20 to its original shaft enables the second tube to suck

in as much as pumped out therefrom through the second

input port valve.

20. The life support system of claim 10 wherein the output

25 port of the first tube passes through the top side and
28




1179 "10% & ()-@ 10% & ()- LTL0% & ()-,
%gooﬁz)/&'&(%; @éjo;/o' & ()-L10% & ()-uu/ vl vwyvdEuv? 11 T

6 & gl0% & ()- @ 10% & () -, -10% & () - &+10% & () -, $10% & () - Sv-w. W
wOwsu WX 1LS10%&’ () - SLO0%& ()~ ! S10%& () - 10%& () - _% ,},9"?' ZJSE)')'"! '
&4F10% " & WO WPz 22 {dEUVT 1LsSYA0%& ()- $g100@& ()- oo
MLOY%&' () - SL0%&' ()-S10%& ()-S, 109%& () - M{K{{{ II1]11aSE7 1 10}} 10}}

10}}!s410%} & () 0%&: 0% S) 108 ' 109 Zl~=

01} hons 11" S e f Tt ot 8
9 ‘() -~~~6s 1

109% () - @®10%&’ ?’ftg?—‘i %f SPEOBR Y5 100& () - @ 10%& () - xnbC 1

10}}10% ()- 10 10 10l 9610%&' ()-s+10%& () - @L10%& ()-! 10%& () - O{ F{ Y7TnbC

21. A cardiopulmonary life support system comprising:

5 a) a housing defined by a top side, a bottcm, a rear
side, and an inner periphery;

b) first and second tubes adjacent to each other in
the housing, wherein the first and second tubes
each have an input port and an output port;

10 c) an alternating member attached to the housing and
disposed between the first and second tubes,
wherein the alternating member alternately
squeezes the first and second tubes;

d) a valve formed in said each input and output port

15 to prevent a reverse stream in the first and second
tubes; and

e) an oxygenator connected to the output port of the
first tube and the input port of the second tube
to convert an oxygen-depleted blood to an

20 oxygen-rich blood.

92. The life support system of claim 21 further comprising
first and second blood storages, wherein the first blood
storage is formed between the oxygenator and the input

25 port of the first tube to temporarily store therein the
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23. The life support system of claim 22 wherein an initial
squeezing of the alternating member on the first tube
enables the oxygen-rich blood to partially pump out from
the first tube through the first tube output port,
10 wherein a subsequent squeezing of the alternating member
on the second tube enables the oxygen-depleted blood to
partially pump out from the second tube through the
second output port while a restoration of the first tube
to its original shape enables the first tube to suck in
15 as much as pumped out therefrom through the first input
port valve, wherein a further subsequent squeezing of
the alternating member on the first tube enables the
oxygen-rich blood to partially pump out from the first
tube through the first output port while a subsequent
20 restoration of the second tube to its original shaft
enables the second tube to suck in as much as pumped out

therefrom through the second input port valve.

24. The life support system of claim 22 further comprising:

25 a) a solid tube support fitted between said each tube
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b) a shaft substantially parallel to the tubes,
wherein the shaft has a top portion rotatably
attached to the top side, a mid portion fixedly

5 attached to the alternating member, and a bottom
portion rotatably passing through the bottom side
of the housing, whereby an angular reciprocal
rotation of the shaft enables the alternating
member to alternately squeeze the first and second

10 tubes.

25. The life support system of claim 24 further comprising:

a) a motor adjacent to the housing;
b) a decelerator connected to the motor; and
15 c) a first gear having a gear base connected to the

decelerator, wherein the first gear is rotatably

connected to the shaft.

26. The life support system of claim 25 further comprising
20 a second gear having a gear base attached to the bottom
portion of the shaft, wherein the second gear is

rotatably engaged to the first gear.

27. The life support system of claim 26 wherein a male spline

25 is fixed to the bottom portion of the shaft by a base
31



1109 +109%& () -

110%& () -

1! Py) 10%&’
0409 () -!
1s! S10% & (

113, 10%& ()-M,
f10%& ()-)>zI ~P

$9109%& ()-sS3"10%& ()- gLl0%& ()-s10%& ()- 10%& ()- KrdV7

10 10 10! $L5109& ()- S&3109& ()- S/ 109& ()- s-glO%& () - >z[ <dV7
1f YL09&' () - 109& () - ! 510%&' ()-1s109& ()-!s109%& ()-!S109& ()- (zX6dV7

Sy

) 109&' ()-Y

?7&?() n'A>10%&'() nl F>10% (& ()-nQ rs4

- 10%& ()-1) 100/%5%% (b)y aaggséajth%}g’g@,sa&e/fgél(n) Eﬁé‘q{ﬁe( Lpline is

10

15

25

28.

29,

30.

31.

32.

detachably engaged to the female spline.

The life support system of claim 27 wherein a support
plate extends from the mid portion of the shaft fixedly
to the alternating member to stabilize the angular

reciprocal rotation of the alternating member.

The life support system of claim 28 wherein the first
and second tubes are linearly aligned substantially

parallel with each other.

The life support system of claim 29 wherein the first
and second tubes are each elastically restored to its
original shape after being squeezed by the alternating

member.

The life support system of claim 30 wherein said each
valve is a one-way valve to allow a single directional

stream therethrough.

The life support system of claim 31 wherein the output
port of the first tube passes through the top side and

the output port of the second tube passes through the
32
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tube output port is to be connected to an aorta of a
5 mammal body and the second tube input pcrt is to be
connected to a main vein of the mammal body, whereby the
oxygen-depleted blood from the main vein is oxygenated

and regqularly pumped out into the aorta.
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