WD 03/ 026723 PCT/ |1 B02/ 01259 CARDI OPULMONARY LI FE SUPPCORT SYSTEM BY M N ET
AL. 5 CLAIM NG FOREI GN PRI ORI TY The applicant clains and requests a foreign
priority,wotodoodargh t he Paris Convention for the Protecti orcafiBondes ry
Property, based on a utility nodel application filed in the Republic of
Korea (South Korea) with the filing date of 10 Septenber 25, 2001, with the
utility nodel applicagisroreiiRenary G2@08uBE8sRP Ofsdry t he applicant. (See
the attached decl aratton) BACRGROOND OF THE TNVENTION 15 The invention
relates to an artificial heart for a patient requiring a cardi opul nonary
life support in formof_ either artificial heart inplantation or
extracorporeal heart assistancgy JMif eSpecifically, the present invention
relates to a cardiopulnonary life support systemthat substantially 20
prevents blood clotting (thronbus) and dissolution or destruction of red

bl ood cells (henolysis) frorrRegd Fodidt e prPOREEY VESSel s of a heart patient
who receives its assistance.  FIG I TS5 aschenatic view showing a heart 2,

| ungs 4 and a 0 hE t i.n npggg! a rei,n arrows 25
i ndi cate direc?#%hgggléﬁgkgfgggmgi?gﬁlat oﬁﬁgig 5?3%%5% ggg%ﬁ%g’l WO

03/ 0267238%31@&&9%0%@1%&3 G 0ER §n FINEhUIRS AR 18H" L HITE ARQYE and two

ventricle

Property, based on a utility model application filed in the
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) ffom 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,



below. A main vein 6 is connected to the right atriumand the right
ventricle is linked to a pulnonary artery 8 The lungs are connected to
the | eft worodope7and the left ventricle is 5 linked to an @cmtigo2l@259Regul ar
punpi ng of the left ventricle pushes out blood therein into the aorta 10
to deliver nutrition and oxygen to each capillary vessel in the body.

Meanwhi | e, thdiendd @08 Whtludes X pgetuhs dddvkUBAd CObd 8fRG icidst he main
vein that links to the right atriumto conplete 10 a bl ood circul ation

known as apsy§t embhhen GilicUkatd eBanddteeq e¥y@anvdgntetad Bl 9nd 1¢el | ected in
the right atriumis released down to the right ventricle and sent to each

lung throughhit henpy:apoary 1ankenyed arpkieed QXY 9882y ionydhg,Rlsood
oxygenated in the lungs is released through the left  atrium 15 °down to the

left ventrjel &onuaughcbhenbl pog cich-¢uhat 1O Hon o B! 98@ 95%1%6%“ on al so
h d d Foo

known as a pul nonary circul ation, oxygen- depl ete IS converted

t he
to an ogyggﬂmzéopt&obgg%rtaan%@fkéﬁgtagggmw eft{&ge'rlggtga@?ﬁ]ﬂcﬁlee- The

oxygen-rich blood collected in't t 'ventric e systematic

20 circul aphgnd naceerdancs M:th ;the {yﬁeq%gafrtapwpw%emm gener at es

rhythm c pul ses. A valve in each atrium an ventricle serves to prevent a

ek S S S e
frequency &&gnﬁﬂllkndk%%dgﬁgo&SwfﬁQ%E@E é£&§%n:%QNQnO%ﬁgg6ggEﬁég%le802/01259
in the main vein that links to the right atrium to complete

10  a blood circulation known as a systematic circulation. The
oxygen-depleted blood collected in the right atrium is

released down to the right ventricle and sent to each lung
through the pulmonary artery for blood oxygenation. The blood
oxygenated in the lungs is released through the left atrium

15 down to the left ventricle. Through the blood circulation for
blood oxygenation also known as a pulmonary circulation, the
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

20 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



stabilized condition. A standard per-m nute heart pulse frequency is known
to range about 100 to 140 for infants, 80 to 90 for el enentary school kids,
60 to 80 woro3poarayy and m ddl e aged adults, and 60 to 70 frem/IBe1039 peopl e.
Mal e tends to 5 be less in pulse frequency than female. In general, the
smal l er the body, the nore frequent beconmes the heart pulsation for

ani mal s. Ik 1 he; Dody-siu:facs . ak e dnsiahar 9eF -t e hRgrPogy: ol ume, heat
em ssion becones further invigorated and thus blood circulation should be

faster to camplepents the 10.4qss eesildd RGof tOMhe heats giisssi@n. For

exanple, the” per-mnute pulse frequency ranges about 30 to 40 for

el ephants, , s?@ £62 &%nfe%rta‘iggsschojo‘iokita%'ﬁ@o f:Qr g ¢ #BRI fsin ARG 208410 300 for

rats. The pul se frequency in an artificial heart can be adjusted by

control |1 agcbhgalotal' 8 oo 2oMbofod AL AL Yesp1 5 »mee'acrehhgi ghal heart.

The heart "al'ong W th' lungs is the nost crucial organ that allows a living
body tfj% .”%'enﬁglsg %ﬁspdllsf e-fr'é‘gw@(& cnbHes8aaId, zﬁﬂ%hu@réﬁ,”a&r{é moti onl ess and
enptied in order to ‘conduct preci se surgical heart operation. Therefore,

consi der i ng.t e, 20y Tl [Xn0lnbhe HeBLL. AhoHe MehnLhe. | iTe does not

last nore an frve m dtesz an artifticial or cardi opul nonary
e R, MR TR Ve Sl gl ot o o
"yocardi“q%%5b23§r98£&é£} ﬁ%at emission becomes further invigorated
and thus blood circulation should be faster to complement the
10 loss resulting from the heat emission. For example, the
per-minute pulse frequency ranges about 30 to 40 for elephants,
90 to 90 for dogs, 140 tol60 for rabbits, and 200 to 300 for
rats. The pulse frequency in an artificial heart can be
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
20 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

o5 infraction.



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 i n wowWwa@ye723he | eadi ng conventional arts regardi ng pamiBéy/@mpz hearts
will be now briefly described focusing each 5 function of blood punping.
FIG 2 is a view showi ng a conventional cardiopul nonary device using a

rotary punp. Ag §boun,gher §n,thesf OLAr Yea PHOM NG BeY¥LCELIudgs a bl ood
storage, a rotary "type punp 12, an oxygenator 13, and a flexible tube 14.

The bl ood %o%rdgg@aé%ﬁggéﬁ%%tw@f@t@ Ao ihiyont annmin Aelipy of a

patient. punp 12 serves to transfer the blood fromthe

storage 11.40.(he Quygeratal, 13:a7he dhiexl bLenlube d4 Lbgks,ng he bl ood

storage 1 enat or exi ble blood tube 14 is arc-bent

by 90 degrees Aaroqun éﬁﬁ,gj L2, & Rtatipnshaft 15 is

radi ally f%rr%r%e C?%%%‘%%gas;%f%éﬁ%&ggﬁl 0 o?stﬁ}a tube 14 t%fough t he

center of Ehe rotary pum. oq]r%ngiﬁgrot ation arm 16 is engaged to the rotation
rs

shaft 1 anutlimttlv?/tr)1 Potary r 17 are rotatably provided to rotate in

accordance wt he rotation shaft 15. Th t at_i-0 . 29 §gaft 15
d !
allows the pump F2 fo s8r¥et Sﬁ%krégg %%r&]ﬁeer%?lloa 2l gagééleé g rotation al ong

t he arc- begetvrj%%r tgist_?ggo% rtot';cea t u%glmé?é%ﬁ 'é'%"é@q\rﬁ%h Jtc%]lgn Eﬁq%g%%isg%%rot ation of

the punp 1 eher at'e e, pul sati i ng. Further,
the excessive pressure for. the s ezing r tion S ily 25 | ead
to thronbo3{¥Aifd ﬁgﬁﬁfyjsr?%lulér%st ﬁgbu%oxofgggaf%%gif r,&lttgg? ehe Bt

12, an oxygenator 13, and a flexible tube 14. The blood storage
10 11 stores therein a blood from a main vein of a patient. The
rotary blood pump 12 serves to transfer the blood from the
storage 11 to the oxygenator 13. The flexible tube 14 links
the blood storage 12 and the oxygenator 13. The flexible blood
tube 14 is arc-bent by 90 degrees around the rotary blood pump
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
generafe 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



4 WD 03/026723 PCT/1B02/01259 the rotary punp 12 is only usable for about
6 to 8 hours which substantially limts its application to a tine taking
surgi cal weawsw2@peration. FIG 3 shows a schenatic cross- PEFB@ERsYViI ew of
a 5 conventional centrifugal blood punp 21. The centrifugal blood punp 21
i ncludes an input port (not shown) to receive blood froma flexible tube

(not Shomih@@c’?ﬁ%@ﬁzﬁq‘\r&pplg 1d ght yalddiR fo@Bpeut BitoPhbu2d d dhel ease the
bl ood fromthe blood punp 21, and an inpeller 23 having bl ades. The

rotation speed: Ofti 19yt heni tpeldser p23; can Heradh usiied depegdi ng on a
pati ent. However, sinCe the blood in the centrifugal bl ood punp 21 becones

in contact ML 8l HRgr+t Be. 1N, surface of the blood bunmp 21 or
mechani cal surfaces of the inpeller 23, there nmay easily occur bl ood

clotting or bl %.di35§%wéi Nscrkmald cPAFSd LUBE oh S HanRgg Lncurrence on
red blood cells or blood platelets due to the blood clotting and

di ssol ugi Ogogbén&%%rl@a@%ei%g%tlr@ﬁéogm bh ngntrom e Rlaadh Idow in the

punp 21 an y how |l ong t ood has stayed in the punp 21. Also, the
stress due ba,the ;hboodef! gyiigwdeperm ned byohhe 20, cobablan fpeed of the
i npel | er 28" Jhgi t%e Ssperftéuofbthe (nechdﬁf@al sﬁrfaces, t her eby

rays i n Ut bRt et Pl Br OO e o e S R 15 Skl der in
the pump design.f $083r 25 LESS AU ¢hehs §&y FAGCLRLNE1 BLOYS iy
21, and an impeller 23 having blades. The rotation speed of

10 the impeller 23 can be adjusted depending on a patient.
However, since the blood in the centrifugal blood pump 21
becomes in contact with either the inner surface of the blood
bump 21 or mechanical surfaces of the impeller 23, there may
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



25 staying in the punp may |lead to thronbosis resulting from 5 WO

03/ 026723 PCT/1B02/ 01259 congel ation, enbolismor fibrin accunulation on

t he i nnerwosant@er of the punp. There may al so occur bl co@canBexiieid on or
red cell destruction due to a flow separation, a cavitation, or a solution
swirl which may be caused by the rotation of 5 the inpeller 22. Therefore,

the centridfagah ,bkod JHyoR 124 SAN: he iUt bkbagt FQbnachi Bh eghddme peri od
like the rotary blood punp. FIG 4 shows a conventional pulsatile blood

punp 31. As,.shawgether ging the puksat bl o um3d1 boeldides 1achag tube 32,
10 a pressure plate 33, "a plate support 34, a rotation body 35, and a drive

mot or  36. Tygeg%%ltl'"ﬁ)eestl‘?i%citﬁoﬂrc&\é ded ¥ s %é@é’é/i%n,(g@avsihtg\ﬁ@$n?-t each end

t hereof . The pressure plate 33 pressurizes the tube 32 for blood transfer.

The pl ate supparh 3 nor 4$18ndnyertd Gallsuashytthes dihg Bressure pl ate
33. 15 The rotaf%gﬁ ﬁ% y 35 ﬁ@lthrgaged tougllom?the pfgtglguppgrt 34 to

make a5veréﬂe<>%p§fféﬂ%g9aﬂhe% eENt. NgR: t e RNessYse Rk@t £ 33nt he plate

support 34 are owered according to the rotation body 35 driven by the

notor 36, the.bl j iseh f 1.0 t R i sed 20 the
bl ood i s sbuepbﬁ%ﬁgégig%t%osﬁ %eiguﬁ'ge&%gfl S od oHRE, ?ﬁ% ftﬂ“eg%ﬁrlé’gtai e bl ood
punpi ng. q?mever, the pulsatile blood punp 31 nay cause friction by the
contact of°tHhe rotation body and the plate support 34 to thereby underm ne

a stabilized FIG. 4 shows a conventional pulsatile blood pump 31. As

shown therein, the pulsatile pump 31 includes a bag tube 32,
10 a pressure plate 33, a plate support 34, a rotation body 35,
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 support
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

o5  drive motor 36 that drives the rotation body 35 may increase

6



reci procal novenent. Further, the reciprocal rotation of the 25 drive
notor 36 that drives the rotation body 35 nay increase 6 WD 03/026723
PCT/ | BO2/W0230267p3 essure for punping the blood to the oxygemasari2iher eby
incurring thronbosis and henolysis. FIG 5 shows a conventional dual

pul satile blood punp 41. As shown therein, the pulsatile punp 41 includes

| nput 5 %&%%%HggH%%?bmggghgsﬁTéxﬁfé%d4%o A odyyaub L¥al vese Ay 45',  and

(S]
out put val'ves alve I1s formed in"a correspondi ng one of the

ports. Thgﬁggggggg.ﬁké ggggug§§ ndlYARscase 42 that houses therein a

spheri cal erical body 52 has a groove 50 therearound and a

gear 51. 10 The- geak ﬁ%iSg?gﬁgﬁgtighghgﬁgggéélgéggg@qukgiggmbgger wal

of the punp casé 42 rane , covers the gear rack 53

and the gfﬁov‘zéghﬂé\%gﬁgﬁ%  Encapiisd i gh@ggutﬂ?clg{o%%vgnégtof’the body

52 and around a pu i Ak 0 a noto A tension applied to the

pul | ey 57 t oget her , Wi th the g ,of . d she rack 53
enabl e$ éxgﬁﬁtgﬁfné Wb&%ﬂ%ﬁ% 8?9?%e$£§ﬁ%#rcéﬁgﬁ%gﬁgéﬁggﬁﬁgrégy’the body

52 makes a h %%_gﬁ%ﬁéaﬁgg}hkeeggygqﬁgﬁlgglgﬁqgsgggnghogg in the bl ood

chanber 4G TH Sfsl Pl cafire Blood puip ST Subcfamiaify decresses
punps. HoweEr® PR ixﬁéﬁeﬁﬁﬁﬁg © ST égegkgﬁgf x%ggggg?gn?Jéﬁ%%g%dngigélle
for the rubber menbranes 49,.49 (A0L:LNG LRU: ANd QULPYE PSS are
spherical body 52 has a groove 50 therearound and a gear B1.
10 The gear 51 is engaged to a rack 53 attached to an inner wall
of the pump case 42. A rubber membrane 49, 49’ covers the gear
51, rack 53 and the groove 50. A belt 54 is carried in along
the groove 50 of the body 52 and around a pulley 57 linked
to a motor 56. A tension applied to the pulley 57 together
15 with the engagement of the gear 51 and the rack 53 enables
a shuttling movement of the spherical body 52, whereby the
body 52 makes a horizontal shuttle movement to pump the blood
in the blood chamber 48. The dual pulsatile blood pump 31
substantially decreases thrombosis and hemolysis compared to
90 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

25 around the input and output ports in the pump chamber 48, 48’
7



al so exposed to nechani cal surfaces, which may still incur thronbosis and
henol ysis. Further, the streamine formati on 25 around the i nput and out put
ports i n wbhe3fpeaTp3 chanber 48, 48 7 WO 03/026723 PCT/ | BORCGAB&I 1250y | ead
to pressure | oss which easily results in blood <clotting or blood

di ssolution. In addition, the continued friction and stress may serve to

el ongate the belly apdothisirdakas ihidi fddsault rLou@d ntainoshiabl e pul sation
and bl ood 5 pressure. Al so, the conventional dual pulsatile blood punmp 41

substanti al} ¥y r%?Sﬁ?o@%%%%toilﬁﬂiSQ.StIrfilé%ldELQiHR,Cht?fﬂi calhtihgayi rements for
the shuttl e noverment of the spherical body 41. 10 SUMVARY OF THE | NVENTI ON

The invent EQDcéi%ngg%rgyf&%}g\ag,vggwgec& Q?oﬁ?é‘iygr\fﬂeo%@lt di, gaguant ages.

Accordi ngly, an object of t resent i1nvenfion is to provide a

car di opul FRDRLY 1l h@efﬂg L SyRlaL f Natsubshanl L ald Yor eveys bl ood

clotting (thronbosis) and 15 dissolution or destruction of red blood cells

(hennly§is%reggéyg.o%ﬁgggi 0 | D, R 9ad yessgls Pui1dheart LPaLh §RimpMo

receives its assistance. Another object of the invention is to enable a

heart at i Jf f.Qr | i 4 eriod 20
P hg;gtﬁlﬁté;eagﬁg?gg lhcr%aggpppqrobuéx%mosc& afe LNGELL 4 18 per i

in form of I porea i'Te support or surgical 1nplantation. A

further oblgel, ]S 0.l PREOME, RAGLARLIIoerEAt oAMIRXLLAGREBOL Gla;SYSt em

applicatio “hd TG Woni T ze
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 blood clotting (thrombosis) and

15 dissolution or destruction of red blood cells (hemolysis)
from occurring in blood vessels of a heart patient who
receives 1ts 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
anextracorporealsystemapplicatimnandix;minimizethesize
of the 1life support system to facilitate implantation. A still
further object is to realize a rhythmic pulsation

25 substantially equivalent to the systematic pulsation in a

8



of the life support systemto facilitate inplantation. A still further
object is to realize a rhythmc pul sation 25 substantially equivalent to

t he syst ewatodm2qas sation in a 8 W 03/026723 PCT/ | B0O2/ 01289/1Bb3/0a$9g body.
To achi eve the above-descri bed objects, the cardiopulnonary |ife support
system according to the present invention conprises a housing defined by a
top side, aiboig amdya a rear side, and an inner periphery. First and second
tubes are adjacent to each other in the housing, and the first and second

tubes each haveramdiipwt paEtavdick-aRsepimud PBkkrsANp@l ternating menber is
attached to the housing and di sposed between the first and second tubes.

The al t er nabrafpopEmeraryl0i ad seppatelyssaueszas dihg £ sk grdsgeond tubes.
In an enbodi ment, the life support systemfurther “conprises a valve forned

in said eathvémpidn abfp OIS PLUE RATdingt @ AMRMEN aa- LK ehSe Sts@ayR i n the
first and second tubes, and an oxygenator connected to the output port of

the first 35-ddibeiard the airna%e@%ér_iqa‘hetrpe §§£9@daﬁdJQ8cBHd%\é§” an

oxygen-depl eted bl ood to an oxygen-rich blood. For a better performance,

there may bee fausubentntowadedochis st and nacand bhood ot gt ages, The first
bl ood storage is fornmed between the oxygenator and the input port of the

first 20 tubeordd u8EROERER Havid BRCLAANGT Blb et Dia By 48RELECH, A 09d
oxygenated in the oxygenator. The second bl oo storagg I's
alternating member is attached to the housing and disposed
between the first and second tubes. The alternating member
10 alternately squeezes the first and second tubes.

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 bloocd 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



connected to the output port of the second tube to tenporarily store
therein the oxygen-depleted blood. In this construction, an initial
squeezi ngwofoswhe2®5 al ternati ng nenber on the first tube ecahBexoitive
oxygen-rich 9 WO 03/026723 PCT/1B02/01259 blood to partially punp out
fromthe first tube through the first tube output port. A subsequent

squeezi ng bfoédieo ahtretaal i ngimpesher o the sesonddyebenenabl st he
oxygen-depl eted blood to partially punp out fromthe second 5 tube through

the secondfotdtputubeoblitphit | gom . estabeddumtolqubbeifd rst dhdbe to its
original shape enables the first tube to suck in as nuch as punped out

t her ef r om ahteotigh ihdenbibst o Pt sPEsd Ibéeendf g ther subsequent
squeezing of the alternating nmenber on the first tube enables the

oxygen-ri chxjdebleed dredpsl sb@ldoy pR#m 10Ut k@M Ehe: o she tdhe ihr ough the
first output port while a subsequent restoration of the secon tube to its

originab shafd enall.esthbessesand dyhe %&@%ﬁﬁlei R 3SsPUELL: A%, Rynped out

t herefromthrough the second i nput port valve. 15 The advantages of the

car di opul meRariy dsicf eusdpRONt sS¥ 8t €M a1aceapdi B d R PEESENt Javention are
nunerous. Initially, the gently alternating reciprocal novenent of the

al ternating, JIRMDER SAWGEEESs thepbhr $ic aRdrsecond fuhes seguantial Iy,
alternately, gently and eff|C|enFIy for bl ood punping 20 operation so that
the oxygengt il %%%Q”@§L%§§%&Qﬂﬁ%ﬁgfigﬁﬁéé@ﬁent squeezing of the
alternating member on the first tube enables the oxygen-rich
10 Dblood to partially pump out from the first tube through the
first output port while a subsequent 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.
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,
alternately, 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

25 of conventional artificial hearts.
10



t he repeated bl ood punping, thereby substantially decreasing incurrence of
bl ood clotting (thronbosis) and dissolution or destruction of red bl ood
cell s (hewolog®2@&?3 whi ch are known as comon side effect #CraBommERs%pati ent s
recei ving assistance 25 of conventional artificial hearts. 10 WO 03/026723
PCT/ 1 B02/ 01259 Further, the first and second tubes are forned of a
flexible, resiFugrtematbri airanckitcheesohd thddsearat Fagnd®MEern i S
operatively provided between the first and second tubes in such a

si nplifiedflstabid, zesi comstnacéionl thathkhe13 sexpested ikd ggpan of the
|ife support systemis substantially extended w thout system repl acenent.

I n additiohs ¢peratdveernatongddekimiveandthder frigtStanandeses@nd.ydbes are
efficiently acconmpbdated within the housing to alternately enabl e each

bl ood punpingswperasinpl f dred hethivt $izendcseeondeidd dHdre the such a limted
space that a significant systemsize decrease is realized, for exanple,
from a Tonvepditanal i febphgerfatios 1Sz upoat Ralsiesi Z8shPs @ani mphant ati on
version of the present invention or to a portable size in an

extracor poseadn@sS St AGGE MeItsOReplatdierpresgentadnveM i ene 15 Al so, the
gentle, pulsatile blood punping operation acconplished wi thin the housing

i n syst empilegRrbhhahé@e Ofand heef Fexdiblgqabkosg,d uhgs and .t he gently
alternating solid nenber generates safe and steady bl ood pul ses

substanti afyicisin¥illasctombdpse Lhviandat thahheanly +Hhel by, dvmrovi ng
pr oduct
enable each blood pumping operation for the first and second
10 tube in such a limited space that a significant system size
decrease 1s realized, for example, from a conventional
refrigerator size to a palm size in an implantation version
of the present invention or to a portable size in an
extracorporeal assistance version of the present invention.
15 Also, the gentle, pulsatile blood pumping operation
accomplished within the housing in systematic combination of
the flexible blood tubes and the gently alternating solid
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
11



20 reliability. More inportantly, the artificial blood punping system
adapting the alternately tube-squeezing nechanism requires |less elenents
and furthwo osiongbks fies the overall structure for the bl o®dTBoI12TY
operation, thereby substantially decreasing production cost, whereby a
surgical 25 inplantation of the life support systemmay be realized, for

11 WO 03/ 026423 cPCH {802/ Q1259 onE X 11 ek e £ dhouleqgeaiapdh hal f tines
the nedical brll charged for a |arge surgical heart operation. Although

the pr esenéhé'lr&\égn%gpnailsalgei efib-y i sk Zedperd i Ul | er understandi ng of
the invention can be obtained by 5 the foIFowi ng draw ngs, detailed

descript i on_and;apgegleth. Gl.aldth: BRLER: DESALPTLEN:OF JifndRAMNGS These

and ot her features, aspects and advantages of the 10 present invention

Wil | beconfn(gb% § L undenstagd: whtde thef S1RNES hocih@a65PRPMY KRY drawi ngs,
wherein: F % ?sra schemat | é}ﬁ‘@\;“ ew show ng aohe%rt, eI ungs and Qg bl ood
circul ation ing,npamml,0r,:a0uneDi . HG Rsk$ige S Uetunaheh&yv showi ng a
convent| on‘grf fg ca?‘(rir(?opu wrrlor?ar'y ge%ﬂ:e usfsngllgtrot ary g?(%g% %%Vnp; FIG 3
is a scheng]t_a;ignscr oss-sectional view of another conventional

car di opul nobnary ‘devi ce using a centrifugal blood punp; FIG 4 is a
structural view showi ng a further

BRIEF DESCIPTION OF THE DRAWINGS

These and other features, aspects and advantages of the
10 present invention will become better understood with
reference to the accompanying drawings, wherein:

FIG. 1 is a schematic view showing a heart, lungs and
a blood circulation in a mammal or a human;

FIG. 2 is a structural view showing a conventional

15 cardiopulmonary device using a rotary blood pump;

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



20 conventional cardiopul nonary device using a pulsatile blood punp; FIG
5is a cross-sectional view showing a still further conventional

car di opul worsange7devi ce using a dual pulsatile blood punpPCIEBE/G25% is a
perspective view show ng a cardi opul nonary 12 WD 03/026723 PCT/ 1 B02/ 01259
i fe support system according an enbodi nent of the present invention; FIG

7 is a perspectdNg ovi-ew detridddigrdd n! 90 deriiim ridhitt ofi Bh&ElEeintdS FIG 8 is
a cross-sectional front view of the blood punp wunit in FIG 6; FIG 9 is a
cross-sectignale;tgp view of the blood punmp wunit in FIG 6; FIG 10 is a

cross-sectional side view of the blood punp 10 unit in FIG 6; FIG 11 is

a schemati ¢ strygbural o\ gut obe o PUTD: & k8o Unht o P1EdEoufp LG 12 is a
top viewof alink unit 1h Fl 11; FIG 13 is a cross-sectional view of a
mal e spline iy 13 .FIG 6; FIG 14 is a cross-sectional front view of the

bl ood punp™ unit in FIG 6 according to another embodi nent of the present

Inventipn; FIG. 8 is a cross-sectional front view of the blood pump

unit in FIG. 6;

FIG. 9 is a cross-sectional top view of the blcod pump
unit in FIG. 6;

FIG. 10 is a cross-sectional side view of the blood pump

10 unit in FIG. 6;

FIG. 11 is a schematic structural view of a pump 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 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



FIG 15 is a structural view of a blood punp unit 20 according to another
enbodi nent of the present invention; and FIG 16 is a cross-sectional top
vi ew of twe obload3 punp unit in FIG 15. DETAI LED DESCRI PPCONBQA17$9E
PREFERRED EMBODI MENTS 25 As shown in FIGS. 6 and 7, a cardiopulmonary life
support 13 WD 03/026723 PCT/1B02/ 01259 system 60 according to an

enbodi nentsfcchr 66e8tcdMeRL ik8Nani &8ldidesne stppedenodyve2:havi ng a side
wal | 64. The support body 62 is selectively provided with handl es 66, 68

and roll e{&lmetsoafﬁ@plo&t;%@df@@tmildgta{ ARG 1911 rgar oves MRibi-ty 5 of the
system 60. On the side wall 64 are attached first and second bl ood

storages 7hghayl 42 @sbiond- fiuwam yheust Ned/ Oi tANEand O66JeB8t &4 78, which are
| i nked by ducts 80, 82, 84, 86, 88, 90. In this construction, a general

bl ood streamicss $equerbEal | yavRde -t ough Lhe Wuehp82vt andpg16epnected to a
10 main vein of a patient, the second storage 74, tﬁe duct 84, "the second

tube 96 i not hechousidly 660, oh hehdUghe 911t B 2 AXVGeRAMAH FBssd BRgduct 88,
the first blood storage 72, the duct 86, the first tube 94 in the housing

94, and the duef 11804t S bE FNRRCT 84, Lo mo@%tlﬁf)o}flowﬁ@aﬁd egtq Here, each

duct 15 is formed of a flexible fmaterial to facilitate bl ood fl ow ng
theret hr Ouaqh-oxl}gsﬁs@ﬁé %n%@c}qa&@q@zﬁw@atbgfd@@&h 88l e8ENtg 4 Oggthe life
, the b ge f d

support system first ood stora 2 1s fornme

88, 90. In this construction, a general blood stream is
sequentially made through the duct 82 to be connected to a

10 main vein of a patient, the second storage 74, the duct 84,
the second tube 96 in the housing 76, the duct 90, the
oxygenator 78, the duct 88, the first blood storage 72, the
duct 86, the first tube 94 in the housing 924, and the duct
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
betweeﬁ 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



bet ween the oxygenator 78 and the first tube 94 via the ducts 20 88, 86 to
tenporarily store therein an oxygen-rich blood oxygenated in the

oxygenat ow003/026fbe second bl ood storage 74 is connected treTiIB&/@etond tube
96 via the duct 84. The second storage 74 tenporarily stores therein an
oxygen-depleted blood that flows therein fromthe main vein via the duct

82. 25 Wenfheihi f8 SURRAELrSYSELMRArt SaaPRidedet 058 patient 14 WO
03/ 026723 PCT/1B02/ 01259 requiring an extracorporeal heart assistance, an

oxygen- depl,gted-bLons 44 as oan £t Brouah heuductn82:tdates 1o be connect ed

to a main veéin of ?he patient and is oxygenated in the oxygenator 78. In

accordance w1t hoan LR R PREEANAR 0B thB Jalk8A0USINGs By kRBLOXYgENaLt ed,
oxygen-rich blood flows out through the duct 80 that is to be connected to

an aorta .qf ' Idhe rpugpd rafdPn Hitn $LAY,A6 1S
driven bylglﬁggg?gﬁﬁﬁgeég'?ﬂag IS %ﬂ?ﬁﬁgﬁt to th% H%ng2§%76. OThe housi ng

76 is gef ii?g%hg%é?@é;séﬂ—% Sfésqgﬁg,é’ ogygéa&g&r@,sbsé;?éﬁﬂric%l% @lmowner

peri phery 10 specify construction of a blood punping

mechani SmoQJTt %E?o%%t{ eth%“@tBQHS&W%%a migoto'%% %QHW@CEQ&'"@A Nn aEP@afi rst and

second tubes are provi ded adjacent to each other 1 n the housing 76.
The f11St and;3EE0NM DGS9y 2n 90 RACH :BAYE, Alnd ML Y 6942, 962 and
put port "94b, b.” An~al ternati ng nenber 4 1s di sposed between the
tubes 94,,,96.anG, AL E3C0EE LR 556 H1QUSL G378 50 A5 ch0 ALl NAYE!Y
The housing 76 is defined by a top side 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 or an alternating order in accordance
with the motor unit 92 to efficiently control a blood fl‘ow
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

o5  with a solid formation. The first and second tubes 94, 96 are

15



squeeze the first and second tubes 94, 96. That is, the alternating nenber
104 serves to partially thrust each tube 20 94, 96 in a sequential or an
al ternat iwg odfekge3 i n accordance wth the notor unit 92 t @cafiBixiiess |y
control a blood flow in and out of the first and second tubes 94, 96.
Preferably, the alternating nmenber 104 is solid in a spherical shape. The

al ter nati ng; f@¥er 2104ndm¥nbesabsoasthianed bhiral Lapsike syPe Ahewi th a solid
formation. The first and second tubes 94, 96 are 15 WD 03/026723

PCT/ | BO2/ 0259,¢ IHoRgahd Vyedl i gned and substantially parallel with each other
in the housing 78. The |life support system 60 further conprises valves 106,

108, 110, 112 eﬁfﬁcﬁl%e‘é’ﬁ%ﬁ@r{%y@t@ﬂ%‘d"@Mrﬁ’ﬁéﬁ/@o&ﬁrﬁéés@Wa@véE']Q)'G‘? 5
di rectional streamtherethrough. The val ves 106, 108, 110, 112 are

sequenti al{yg f 945 10N dhe F HRYEL 8Nda QHEPHEY RANLS +348 10041263, 96b to
prevent a reverse streamin the first and Ssecond tubes 94, 96. So the

bl ood fd ows; {d1i0 dhe ELEsdm tiuhe o84 obBhoughe the vEkr 8661 s, pakt, 94a in

which the first input 10 valve 106 that is a one-way val ve di sposed in the

first in t - ; - f i t ube 94.
A so tho b1 e O e B S B et et out put

port 94b i gwhi tB%bfwsgreQ}MU% %bgﬁséoﬁc%%t inl 8n@ PNEsay val ve

bl ocks a possible’reverse stream fromthe 15 duct 80 into the first tube

94 L1 keW 5€od1G B8CO0E, 18Uk, VAL YR obLO £ Bud NBReeRRdeL DUt It 963

prevents a rever )
94 through the first input port 94a in which the first input

10 valve 106 that is a one-way valve disposed in the first input
port 94a blocks the reverse stream 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



stream fromthe second tube 96 and the second output valve 112 in the
second out put port 96b serves to prevent a reverse streamfromthe duct 90
| i nked t owbDhg/osrgyenat or 78 into the 20 second tube 96. IPETABRZI12$%

i nprove efficiency of the sequential punping operation in the housing 76,
the life support system 60 also includes a tube support 114 that is fitted

bet ween eatfbsitibe ia94 RAdrtbe tHNel] eehkPhes nck@2roloshenhousi ng 76.
The 25 tube support {1 is formed in a solid material and 16 WO 03/ 026723

PCT/ 1 B02/ 022, sHbgtamd pblvyispaaed f1ompbhenaldennatinaJmabes 104. At
| east, each tube portion 116, 118 that mekes direct contacts wth the

al ternati ng JrerRr 2104-heconEmepbetetd £dbdd At Reordshe stiRROhe114.
Nanely, the solid tube support 114 does not 5 in the | east prevent

activation. e t0gpatt arnatiyHeE1ENRE K344 Bule §@5§@§t b9 45580 hioze the
punpi ng operation in the housing 76 despite the flexible characteristic of

each tupe i%th%@ea@%?&&éﬁ@h%ti%@@ié:ﬂ@% SUPROLE rdk BY S f QpEed Of

either a substantially solid material or a substantially rigid 10

material. pthe kit and seeomnd tt%*g%gﬁunrgpf;i%gz@?éwtf&?ﬁnf%Q@%u‘%‘ln@ flexible

material . Further, each tube 94, Of ormed of a polyner "known to
vel | har Moy 22 Jpikh 8. I5TI) RO Ao dBaR 107 o LIET + 805 W A 63l. operation

or a bodily inplfantation. 15 Selectively, t irst and second tubes 94, 96
may be f0r§g¥¥ctively, the tube support 114 may be formed of either a
substantially solid material or a substantially rigid

10 material.

The first and second tubes 94, 96 are each formed of a
flexible material. Further, each tube 94, 96 may be formed
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 being
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

25 96b of the second tube 96 passed through the bottom side 100
17



of silicon. According to such a material characteristic, the first and
second tubes 94, 96 are each elastically, substantially restored to its
ori gi nal wbap®2eb: er bei ng squeezed by the alternating nPcyaBo2t@4s9 20 To

i nprove 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 t hrofigthd heodsdpgsirde 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 25 96b of iMeesend,t uhe Q6ecpassesy thunpeghibhesdatdsomssi de 100 17 WO
03/026723 PCT/1B02/01259 of the housing 76. Inportantly, the alternating

menber 104gsgsmase o sgenelata aRyahhid igialatiByt babs pulisation
substantially simlar to the natural blood punping in the heart of a

living 5 bedyilSpee thealdtyradniiddid %@hpﬁ&ﬁ%ﬁzﬁﬂtg nebrthe aligrnating
menber 104 on the first tube 94 enables a blood to partially punp out from

the first pobde. Spddirrauahiihed Ensti i URRQRULRHY oPUhe 90 A SuRsequent
squeezing of the alternating nenber 104 on the second tube 96 enabl es the

bl ood to pashbed o aPUAPHO roub: fu bhessaoond tyhe, H6othough jthe second
tube output port 96b while a restoration of the first tube 94 to its

origi nal %&%ﬂ?oﬁﬁabkgﬁTﬁﬁ@fiii§&uﬁ§@ﬁ:gﬂr%@gﬁQ%%GkﬂﬁﬁztHthnﬂ%%tpunped out
n

therefromthrough the first input port valve : , a further
subsequentsauepd NG Qlipkbgudlt T RALLAEy of the alternating member

104 on the second tube 96 enables the blood to partially pump
10 out from the second tube 96 through the second tube output
port 96b while a restoration of the first tube 94 to its
original shape enables the first tube 94 to suck in as much
as pumped out therefrom through the first input port valve
106. And, a further subsequent squeezing of the alternating
15 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



15 nmenber 104 on the first tube 94 enables the blood to partially punp out
fromthe first tube 94 through the first tube output port 94b while a

subsequenwormdmeeeant i on of the second tube 96 to its origipcaliBeabi9 enabl es
the second tube 96 to suck in as nmuch as punped out therefromthrough the
second input 20 port valve 110. FIGS. 11, 12 and 13 each show a nechani sm

t 0 act uat gdrae 1eal ternnattngsneapes . 1dk tAp Sshwbrt hes eirnchd Raaktfe support
system 60 further includes a shaft 116 having a top portion 118, a md

portion 1206 apd-& o1 P dHeantd ke TBe sihaf bs, 2h1df ipvreopAected to
the notor unit 92 and substantially 18 WO 03/026723 PCT/ 1 B02/ 01259

parallel tedhe tuhes1P4atidnedheot Ope ROrtd R t148 Bénddre 1923f bngl16 is
rotatably attached to the top side 98, the md portion 120 is fixedly

attached tid herablepsatidg 13enbetadddhy selshenbot §roHO L 0B 122
rotatably passes through the bottom5 side 100 of the housing 76, whereby

an angul arsilRchiBbosal thd HRLLRY 96, the 2hef bn1dk anablesithe-al ternating
menber 104 to alternately squeeze the first and second tubes 94, 96. As

shown back.ddathb@ 02GnAspaPPank Phali 124l 51 fRd g hetweanibhe
alternating nenber 104 and the md portion 120 10 of "the shaft 116. That

I's, the suppantphate: %Aqu%&éng?eff%%‘tt N8aMsd-HY B0 180, ofg the shaft 116

fixedly to the alternating nenber 1 I'n order to actuate the shaft 116,

tsggogld)t or unit 2s92nLReldides; 2 E'?f%t.oio,l?aésu@pgﬁﬁ%l%ft%t 954 128.roklL§t and

between the alternating member 104 and the mid portion 120

10 of the shaft 116. That is, the support plate 124 extends from
the mid portion 120 of the shaft 116 fixedly to the alternating
member 104. In order to actuate the shaft 116, the motor unit
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

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



gears 130, 132. The decelerator 126 is connected to the notor 15 126 to
noderate a torque fromthe notor 126. The first gear 130 has a base 134
and gear weaBl2636, and the second gear 132 has a base 1®8Tdanrek/@gesx 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 theeﬁgggm rge@le 2331 Ass0MMEeabNg o 142, extends Ifd o the second
gear base 138. Meanwhile, male and female splines 144, 146 are detachably

provi ded bgsween ithe shafiheldS-sd ghe somnacki g thedcddzecthal is, the
male spline 144 in FIG 8 is attached 25 to the bottom portion 122 of the

shaf t 116,350k £et aghabl ¥o+19: WO 03/ 026223 RGTHHB0R( 03258 tengemed to the
femal e spline 146, in FIG 11. The female spline 146 is linked to the

second gegﬁdbﬁéc?ex]a’ﬁ?edvb? the £oeckipg 139d s1423nvSe-dde.d ahat i onal torque
generated by the notor 126 and noderated by the decelerator 128 is

converted, gguégr%eaalg;%eslrr%@apa 19621 n a%e&agﬂcé nigecodancetwith the first
and second gears 32. Specifically, the first and second gear teeth

136, 140 @ésoﬁag}%largrmd 14p a8 QEff{@aCM Otk?é@@l:@t 208N AP Of the

angul ar reC|pro rotation. For a reliably detachable engagement between

the mal e heisd e 5l LDes. ddthcolflehdln dhe MBLERLNG, t&etNmay be shaped

in a safety Fornatlon as shown in FIG : I's reconmended that teeth

148 in eagh, 3pLLIOE Hithe IS PE &gaﬁsgoégn @Btm&g.uba£ Ak 9MBTY -

, 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 member 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
20 200 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



The al ternating novenent of the alternating nenber 104 is preferably

i npl emented in a horizontal direction between 15 the first and second
t ubes 94,w063/03¢123 al t ernati ng nenber 104 rmay be provi ded PCA/IBOZM125% | Nng
ellipsoid to realize an alternate di agonal squeezing on the first and
second tubes 94, 96 as shown in FIG 14. In FIGS. 15 and 16, a

car di opul reREaLY thif pSHPObUaSYS0 4N 2282200068 i BY #Wianot her enbodi nent
of the present invention is provided in a decreased fornmation in size to

fit for itsequenkgbeal, inplariavhones/B1sheowa,t hespims theddihectsupport
system 200 i ncludes a housing 202, first and second tubes 204, 206, an

al ternati ngigRmgesn20fy athbhat 1Ml a0d cstobagenkhpedS2and 2oeecond bl ood
storage 212. Each tube 204, 206 has input 20 WO 03/026723 PCT/1B02/ 01259

and out put portg s204@ne 204b: A00R, s2O6yeaah Qv b cspeeanptial |y

i ncl udes val ves 212, 214, 216, 218 therein to allow a one-way Streamin

and outs ofsdhe tHbesi 204 020fenflsPH1bbE . fiisStsbagdh 3 agerdd@ serves to
tenporarily 5 store therein an oxygenated bl ood. The second bl ood storage

212 t enporghi It)ém%%s?gﬂl? derebn ane fxywen: depbehegplaed p1Shart ducts
220, 222, 224, 226 may be provided depending on requirenents. A solid tube

support 228 4,3 HAEPBhL AL wesn HALh 226uRe, 304 200180 e dIRET oRer i phery
228 of the housing 202 10 to stabilize t%e bl'ood punping operation in

gggor danc@:e\@futir}emtehﬁsalﬁ s6 1At k08 RIRLIr 2886 WRI £y B Acdiedata a shaft

tube 204, 206 and an inner periphery 228 of the housing 202
10 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
15 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
20 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

25 system according to the present invention are numerous. First,

21



via an extension 232. In this construction, the angular reciprocal rotation
of the shaft 230 enables the alternating nenber 208 to 15 alternately nake
a hori zonwalo3meareezi ng on the first and second tubes 204 pPCT0802/01259
Accordingly, the first tube 204 regularly punps out the oxygen-rich bl ood
through the first output valve 214 into an aorta of a heart patient and

concur rentine thatoxrgerrdepl g edcbpoethi Rotbigeseoonthd abe- 206120 partial ly
fl ows out through the second output valve 208 for blood oxygenation. Then,

t he oxygenadnesthlse@dekbonshd i@ sthend fddstndt WhBe20&kedientabliifor the
squeezing of the alternating nenber 208. The advantages of the

car di opul nPnainhdtch €, sypROT 249 éYSi@ﬂ@ﬁE%yDEGEnglééutﬂuﬁ prgsent invention
are nunmerous. First, 21 WO 03/026723 PCT/1B02/ 01259 tﬁé gently

al ter nat i ngpdRGi 0§38 tHEY @ABNYxRfenb b r AddRiRaAt 1 8gs p%%gbafizsw%?zes the
first and second tubes sequentially, alternately, gently and efficiently

for bl ood meEgat@@@Jl@t&d%mr{ghaﬁhém;yogmg%@ft&ram@@é@f%a%%§
pressuri zed by t he repeated bl ood punping, thereby substantially

decr easi ngind e @nse Wfodel 806k GIngt t g3 dViQTbes s sandudissekution or
destruction of red blood cells (henolysis), which are known as common side

effects t Odémﬁlu&q[oineBtfsré@%@io\éhngeﬁs.ssgﬁteﬁ\BQﬁsiQ)f, GRRENL tonalwartificial
hearts. 10 Second, the first and second tubes are fornmed of a

as common side effects to most patients receiving assistance

of conventional artificial hearts.

10 Second, the first and second tubes are formed of a
flexible, resilient material and the solid alternating member
is operatively provided between the first and second tubes
in such a simplified, stabilized construction that the
expected life span of the life support system is substantially

15  extended without system replacement.

Third, the alternating member and the first and second
tubes are efficiently accommodated within the housing to
alternately enable each blood pumping operation for the first
and second tube in such a limited space that a significant

20 system size decrease is realized, for example, from a
conventional refrigerator size to a palm size in an
implantation version of the present invention or to a portable
size in an extracorporeal assistance version of the present
invention.

25 Fourth, the gentle, pulsatile blood pumping operation
22



flexible, resilient material and the solid alternating nenber is
operatively provided between the first and second tubes in such a
sinplifieaposwadd i zed construction that the expected |ifPeTgpeniofo t he
|ife support systemis substantially 15 extended w thout system

repl acenent. Third, the alternating nenber and the first and second tubes
are effici antdmyplaictenhodabad thiet iius itnlyei haysitegat 0c @nenBat &h enabl e each
bl ood punping operation for the first and second tube in such a limted
space t hat tize silgniifdleablodd sysiseamadi #ee deotegseltsrdaaligzediidor exanpl e,
froma conventional refrigerator size to a palmsize in an inplantation
versi on ofmériee proesentteaventd andostdapiyabposd ab) BsesSk@Bstdht@Rhlly

extracor poreal assistance version of the present invention. 25 Fourth, the
gentl e, pusiatidmetbltiodepufpimguepehakiren t122% 89 084026 £33 RETHIB02/ 01259
acconplished wthin the housing in systematic conbination of the flexible
bl ood tubese&idbitiieygently alternating solid nenber generates safe and

st eady bl ood pul ses substantially simlar to those of a natural heart,

t her eby i nprovimigpr,odnetark iffeki abidiioby. plmiditky s{beeribibbt ch@l Hal ood
punpi ng system adapting the alternately tube-squeezing nechani smrequires
| ess el emeatiserrang fut ibhers gidqlinti mscidie savee ghl r& nuet W fen st he bl ood

punpi ng operation, thereby substantially decreasing

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.

20
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10 production cost, whereby a surgical inplantation of the I[ife support
system nmay be realized, for exanple, within about one and half tinmes the
medi cal bwblo3ob&eyed for a | arge surgical heart operati oRCTABOM@Riph t he

i nventi on has been described in 15 considerable detail with reference to
certain preferred versions thereof, other versions are possible by
converti ngihd heisafcdmamedat ioned construction. Therefore, the scope of the
invention shall not be limted by the specification specified above and

t he appended clamidexdi2Bu2doMP3/1626723pRET/o/BR2A032H1iMhat is clainmed is:
1. A cardiopulnmonary life support system conprising: a) a housing defined
by a top side, @ botfBEUSIEEdedted &) & WO s P&E) PSS YE o shYe f iarst and
second tubes adjacent to each other in the housing, wherein the first and
second tubes each havenasrigyubbnpeyt and an output port; and c) an
alternating nenber attached to the housing and disposed between the first

and second tubes, 1Giwkerehd ihendl tapBatidhdmies aktersaaisl vn squeezes
the first and second tubes. 2. The life support systemof claim1 further

conprising a solidthebgosspRor inbi-biediihetrmeen sahds&ashy tubssand

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



15 the inner periphery of the housing. 3. The life support system of claim
2 wherein the alternating nmenber is solid. 20 4. The life support system
of cl ai myowhee@en the output port of the first tube pas®es/iBiwaagph t he
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 claim4 wherein the
first and 24 \Mad34026i428 FKel/1iBO2L 01 209 greacendstubeisaiare |inearly

al i gned substantially parallel with each other. 6. The life support system
of claim5 whengidaithe {iitsteandothesecond tubes are each forned of a
flexible material. 7. The life support systemof claim6 wherein the first
and second tubes are each forned of a polyner. 10 8. The |life support
systemof claim7 wherein the first and second tubes are silicon tubes. 9.
The life sgpporinesystemn@poatas B inberaiaint Herdresth andrisecend tubes are
each elastically, substantially 15 restored to its original shape after

bei ng sglueezed dutonth@uBkt e Natdarg PEARES .0f10. rAccap i opwrppary life
support system conprising: 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

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 silicon 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:
aj 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,
25



t he housi ng,

and an out put port;
25 di sposwo mBeeareen the first and second tubes,

wherein the first and second tubes

each have an input port

c) an alternating nenber attached to the housing and

25 WO 03/ @267B®/01259

PCT/ 1 B02/ 01259 wherein the alternating nenber alternately squeezes the
first and second tubes; and d) a valve fornmed in said each input
port to prevent a wR¥eesSe Hd edfetrAathey hichStrantcsecardy 5 tubes. 11. The

life support system of claim 10 further conprising:

and out put

a) a solid tube

support fitted betweghesadd acKittdbeandnddona tapes; peid phery of the
and 10 b) a shaft substantially parallel to the tubes,
the shaft has ai)t opapealv®rrdraieat abl ¥aidkhashathuto ahbectiopusigiar a md
portion fixedly
rotatably passing tBeosgHvdnitea ReieeRess e a5 ©f hehei fuishage ddaar eby an
rotation of the shaft enables the alternating nenber
to altesnately squeegsethe first and second tubes. 20 12. The |ife support

housi ng;

angul ar reci procal

system of claim 11 further conpri sing:

attached to the alternating nenber,

b) a decelerator connected to the notor; and

10

15

20

25

11.

12.

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

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
of the housing, whereby an angular reciprocal
rotation of the shaft enables the alternating
member to alternately squeeze the first and second

tubes.

The life support system of claim 11 further comprising:

a motor adjacent to the housing;

a decelerator connected to the motor; and

a first gear having a gear base connected to the
decelerator, wherein the first gear is rotatably

connected to the shaft.
26

wher ei n

and a bottom portion

a) a notor adjacent to the housing;



c) a first gear having a gear base connected to the decelerator, wherein
the first gear is rotatably 25 connected to the shaft. 26 WD 03/026723
PCT/ 1 B0O2/W023926728. The |ife support system of claim 12 fuwcCThBe2/@espri si ng
a second gear having a gear base attached to the bottom portion of the
shaft, wherein the second gear is 5 rotatably engaged to the first gear.
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.secwdd igeasupddribasethy &f hasent herofthewhesgpnidirey mal e
spline is detachable engaged to the female spline. 15. The life support

system of cl ai my 1 csharidar aaSHppos tgeapl Bh e extandsd fuomhkheotidh porti on of
the shaft fixedly 15 to the alternating nenber to stabilize the angul ar

reci procal rotapbeiiddf ofthenal drlermat g reebaie sdbondhged:t figs support system
of claim 10 wherein the first and second tubes are linearly aligned

substantsially 28cpamakl ehgwgdd wacheObhest gkdr.The |ife support system of
claim 10 wherein the first and second tubes are each elastically,

substantially restored to its original shape after being squeezed by 25
the alternating nenber. 27

14. The life support system of 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 memberx.

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

20 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 squeezed by

25 the alternating member.
27



WO 03/ 026723 PCT/1B02/ 01259 18. The life support system of claim10
wherein said each valve is a one-way valve to allow a single directiona

st ream t hwoaBle©@eyh. 5 19. The life support system of cl aiPeTaBo2Mies%ei n an
initial squeezing of the alternating nmenber on the first tube enables a
blood to partially punp out fromthe first tube through the first tube

out put port, wherein a subsequent 10 squeezing of the alternating nenber on
t he second tube enables the blood to partially punp out fromthe second

tube through theesecandubpbe tosy Ptém RO tc1whikl €0 avhdRStOKAE HOBa &k the first
tube to its original shape enables the first tube to suck in as nuch as

punped out 15 thegefsom bhs owgh vaheef t6sd11dwpHt s Pofite vakkerivherein a
further subsequent squeezing of the alternating nmenber on the first tube

enabl es the bl gedet® RRLEALbYgUNM out fromthe first tube through the
first tube output port while a subsequent restoration of the second tube
20 to kts original shaft enables the second tube to suck in as nuch as
punped out therefromthrough the second input port valve. 20. The life

support systemrgt cf @& Buifowhelgidint Be OUi Ut o RBePOIt Lf ihheidirst tube
passes through the top side an 28 WO 03/026723 PCT/ 1 B02/ 01259

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



the output port of the second tube passes through the bottom side of the
housing. 21. A cardiopulnonary |ife support systemconprising: 5 a) a

housi ng dwDioameb7y a top side, a bottom a rear side, an@CanBIAI12FI

peri phery; b) first and second tubes adjacent to each other in the

housi ng, wherein the first and second tubes each have an input port and an

output port; 10hg)odphdl berhabt nghdeydhendattise et theohgustmg and

di sposed between the first and second tubes, wherein the alternating
menber al t er naggt yom SQUeeZesSthhendddist.and second tubes; d) a valve formed
in said each input and output port 15 to prevent a reverse streamin 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- dephet ed biapdu0m8Ha2P PXpOeRpbbeR Hjaed c2RprThendi fe support
systemof claim21 further conprising first and second bl ood storages,

wherei g the fi aft bl 9Qd s 1 8 0d@ae d S Hfy0k MEsh Retween tha pxygepaior and the
i nput 25 port of the first tube to tenporarily store therein the 29 WO

03/026723 PCT/ 1 BO2/ 01259 5 n@Xy9eilidd C hekk 90d-pxygenat ed in the oxygenator,
wher ei n

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.

22. 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
29



the second bl ood storage is connected to the output port of the second tube
to tenporarily store therein the oxygen-depleted blood. 5 23. The life
support swetoaeep3 cl aim 22 wherein an initial squeezing @®@CTHB&/@ki%er nati ng
menber on the first tube enables the oxygen-rich blood to partially punp
out from the first tube through the first tube output port, 10 wherein a

subsequent squegziyeg-ef ch ha calt &frddaRedMTERE ox@ychBoseGARGtiube enabl es
t he oxygen-depleted blood to partially punp out fromthe second tube

through the seg@nsk@HPYLop@rdtoMiigke AchbrstOfed e otibguf igost tube to
its original shape enables the first tube to suck in 15 as nuch as punped

out therefrom tr eHghsébend ithdle EBPHEmpdRQAIE 1¥ak¥ere WHRIRIR 8né urt her
subsequent squeezing of the alternating nenber on the first tube enables

the oxygen-riglyBbaodet0oRas thabhy punp out fromthe first tube through
the first output port ile a subsequent 20 restoration of the second tube

to its priginal shaft enables the second tube to suck in as nmuch as punped
out therefromthrough the second input port valve. 24. The |ife support

system of £{ ai %%hiyémgf SURUESERGE c28i@) 28 WiRkkdnt Mbe Suppert fitted
bet ween sai d each tube 6)MD 03/ 026723 PCT/1B02/ 01259 and the inner

periphery of t@%u@@9§hagéfaﬂgzalternating 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
30



b) a shaft substantially parallel to the tubes, wherein the shaft has a
top portion rotatably attached to the top side, a md portion fixedly 5
attached wo oBloes7ad t er nati ng nmenber, and a bottom porti onPCatiBo2iiky passi ng
t hrough the bottom side of the housing, whereby an angul ar reciprocal
rotation of the shaft enables the alternating nenber to alternately
squeeze the first am@dsesenthnetd petthglber?mf The hofi€isyppedt system of
claim?24 further conprising: a) a notor adjacent to the housing; b) a
decel erat or comyect edshert heuwmizoriaang graQ)led tbrshe ge@Meshavi ng a gear
base connected to the decelerator, wherein the first gear is rotatably
connected to the shahtre26. cHheHadrkensuppardey pyst esn ofotltaibm;25 furt her
conprising 20 a second gear having a gear base attached to the bottom
portion of the shafrtubre®itv the seposihgear mi8 pootadraixegngaged to the
first gear. 27. The life support systemof claim26 wherein a male spline
25 is fgxed to the betkenepots ite afittheashad ndaped, base a IbtW03/ 026723
PCT/ 1 B02/ 01259 thereof, and a fenale spline is fixed to the second gear
base by a base thergokrivhergidtahe pad e rgpkhpsuys trdebachablsiqengaged to
the femal e spline.

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



5 28. The life support systemof claim27 wherein a support plate extends
fromthe md portion of the shaft fixedly to the alternating nenber to

st abi | i zewDla/02q7gul ar reci procal rotation of the alternatcagBooeay . 10
29. The life support system of claim28 wherein the first and second tubes
are linearly aligned substantially parallel with each other. 30. The life
support system ohecéat ma28 alfenela shenti 1strixds whdnhsaecbidtghes are each
el astically restored to its original shape after being squeezed by the
alternating nebdes b3k bEke théseypppetesysimefeckpi MSQ wherein said
each 20 valve is a one-way valve to allow a single directional stream

t her et hrough. 32etddteadliyf ensupporio syst esmodfe JAaiime31l wherein the out put
port of the first tube passes through the top side and 25 the output port
of the second tube passes through the 32 WD 03/026723 PCT/|1B02/ 01259
bottom side of the housing. 33. The life support system of claim21l wherein

the first 28uberioatpife paidbors bpstn e@nBestad 1 aaraer has@bpdrt 5 mamal
body and the second tube input port is to be connected to a nain vein of

the mamal bodyplaterahyntiberrOxygenmidepbet esh Jroede fyramt e dmin vein is
oxygenated and regularly punped out into the aorta.
to the alternating member to stabilize the angular

reciprocal rotation of the alternating member.

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

parallel with each other.

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

member.

31. The life support system of claim 30 wherein said each
20 valve 1s a one-way valve to allow a single directional

stream therethrough.

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

25 the output port of the second tube passes through the
32
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bottom side of the housing.

33. The life support system of claim 21 wherein the first
tube output port is to be connected to an aorta of a
5 mammal body and the second tube input port is to be
connected to a main vein of the mammal body, whereby the
oxygen-depleted blood from the main vein is oxygenated

and regularly pumped out into the aorta.

10

20
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