Consol i dated Specification 24 March 2006 CARDI OPULMONARY LI FE SUPPORT
SYSTEM BY M N ET AL. CLAIM NG FOREI GN PRI ORI TY The applicant clains and
requests a foreign priority, through the Paris Convention for the
Protection of Industry Property, based on a utility npdel Ilcatl on
filed in the Republic of Korea (South Korea) with th§°’F?"Fﬂ‘e§l§je

Sept enber 25, 2001, with the utility nodel application nunber

10- 2000- 0032507, by CARDIOPULMONARY( SGFE! SUPRORICIB¥STENec| ar at i on)
BACKGROUND OF THE | NVENTI ON The invention relates to an artificial heart
for a patient requiring a cardiopulnonary life support in formof either
artificial heart inplantation or extracorporeal heart assistance. Mre
specifically, the present invengyopgriekat@s,  to a cardi opul nonary life
support systemthat substantially prevents blood clotting (thronbus) and
di ssol ution or destruction of red blood cells (hemolysis) fromoccurring in

bl ood vgsse! s of a heart %II G SRrES 'y& 051 assi stance. _FI G lis a
schematic view showi ng a od circulation in a

mammal or a hunman, wherein arrovvs i ndi cate direction of the bl ood
circul ation. A§h§h%ﬂﬂ %ﬁ%gglg#aams and requests a foreign priority,

through the Paris Convention for the Protection of Industry

Property, based on a utility model application filed in the
Republic of Korea (South Korea) with the filing date of
September 25, 2001, with the utility model application number
10-2000-0032507, by the applicant. (See the attached

declaration)

BACKGROUND OF THE INVENTION
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 supportrsystem that substantially
prevents blood cleotting {(thrombus) and dissolution or
destruction of red blood cells (hemolysis) from 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 blced circulation in a mammal or a human, wherein arrows

indicate direction of the blood circulation. As shown therein,



Consol i dated Specification 24 March 2006 the heart 2 includes two atriuns
above and two ventricles 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 left atriumand the left ventricle is |inked
to an aorta 10. Regular punping of the left ventricle “Pisiflseeaitohl ood
therein into the aorta 10 to deliver nutrition and oxygen to each capillary
vessel inthhehbady.2 Mrabhwheketwbdhetblaas sbdbhel £58 Oxygeentsidched urn
collected in the main vein that links to the right atriumto conplete a

bl ood ciresladi o kNeWGeas @ iSYebemabitedCtbolatiight 108 uRxygentiepl et ed
bl ood collected in the right atriumis released down to the right ventricle

and sent 1 oqeacdiing.1d N04ghkhe: pU IRNGIOKAY! B oLor gbl Ad gxygenat i on.

The bl ood xygenated i n th ungs I's rel ease roug rium
down to the left ventrigcle., Throrgh the bl oo irculation for . bl.ood
oxygenat i dn° a?%%n?ﬁg% g% %h%u{?rgﬁaﬁ/mclfr? c’sfﬂfgttﬁb%,clet%e VERSgSEdep et ed

bl ood is ¢converted to an oxxgen-rich bl ood . and coll ected back in the |eft

ventricl et R8I XY GEhAPFER 18t gbRF T ST % OfhBPP ek Ty SRS & epeat s
the systematic circulation in accordance with the regul ar punping which
gener at esPRRjeAnPet poleed. theyainelnho clled ae¥tant@nto véstivere serves to
prevent a reverse stream Each rhythmc pulse in the atriunms and ventricles
nutrition and oxygen to each capillary vessel in the body.

Meanwhile, the blood with less oxygen is in turn collected
in the main vein that links to the right atrium to complete
a blood circulation known as a systematic circulétion. The
oxygen-depleted blood collected in the right atrium is
released down to the right wventricle and sent to each lung
through the pulmonary artery for blood oxygenation. The blood
oxygenated in the lungs is released through the left atrium
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
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,

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



di ffers dependi ng on age, sex and physical condition. However, the heart
pul se frequency for an individual is regular in a 2 Consolidated

Specification 24 March 2006 stabilized condition. A standard per-ninute
80

heart pulse frequency is known to range about 100 to 140 for infan
to 90 for elementary school kids, 60 to 80 for young &l geeaicaian

adul ts,

and 60 to 70 for senior people Mal e tends to be | 8se G H p

ts,
ed
ul se

frequencysthenliesal eonkint general sthh@arsnpéleni bhiee bodyrt thels®re frequent
beconmes the heart pulsation for animals. If the body-surface area

l'ar ger thapeqhBg-body MRl Psﬁlgeeé‘ﬂaéét Olrbd)%%o'ﬁé FYFthefah ] gy at ed
and thus bl ood cirtcul ation should”be faster to conplenent the | oss

1 equency® ?2%%92%1@@%%%?%9%@1 Sohan g’sotﬁﬁ R odg,'&si's
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that drives _the artificial heart The heart alongmmnth | ungs i s the nost
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is
e
140 t
nntor

ver,

(0]

t he

shoul d remain notionless and enptied in order to conduct a precise

surgi cal peatieppehatbody, Thee chore, fremsederbagomee théetheary of the heart

Wi t hout

which the life does not |ast
pulsation for animals. If the body-surface area is larger than

the body volume, heat emission becomes further invigorated
and thus blood circulation should be faster to complement the
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 tolé0 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
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
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

infraction.



nore than five mnutes, an artificial heart or cardi opul nbnary assi stance
devi ce should be inevitably wutilized in such |ife threatening urgent
circunstances as a heart attack, a sepsis related shock, or a nyocardi um
infraction. 3 Consolidated Specification 24 March 2006 Many studies on
artificial hearts have been focused on bl ood punping “Weiedes Siseheatar f ect s
functioning of an artificial heart in a body. The | eadi ng conventi onal

arts regardi ngMaaytifudied dreants pMidilaibacaewsbhiet! yedesesdasy fo@pusi ng
each function of blood punping. FIG 2 is a view showi ng a conventi onal

car di opul BPH8E YourB\HE BhehNh & LeFRELY sPEMR-t 150 SHOWE &H%&%lrfltdlealr otary
punpi ng devi ce i ncl udes a bl ood storage a rotary type punp 12,

oxygenat ofed sy fﬂdaabéagﬂka@ 1ube: 44- o Iheo bl 06, ptorage e%&ré}fgges therein

a blood froma main vel a pa |en 0 ary serves to
transfer the.blood from.t torage 11 to the ox a 13 The .fl exible
tube 14 I?Jﬁgﬁgl?'ﬁﬁl lﬂeda&c; Fid%ae Tg ﬁey é)rl]rg)teg]r If‘i%usﬁ% A bl e

bl ood tube 14 is arc-bent by 90 degrees around the rotary bl ood punp 12.
A rot ati oh"RREFP1 18T B1Padi RETHIRSr ned from the arc-bent portion of the

tube 14 through the center of the rotary punp 12. A rotation arm16 is
engaged to t heF ot &t iienashigy shewimg a conventional cardiopulmonary

device using a rotary pump. As shown therein the rotary
pumping device includes a blood storage, a rotary type pump
12, an oxygenator 13, and a flexible tube 14. The blood storage
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
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
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
generate a stable, pulsatile blood pumping. Further, the
excessive pressure for the squeezing rotation tends to easily

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



two rotary rollers 17 are rotatably provided to rotate in accordance with
the rotation shaft 15. The rotation of the shaft 15 allows the punp 12 to
serve to nmake a sequential squeezing rotation along the arc-bent portion
of the tube 14. However, the squeezing rotation of the punp 12 fails to
generate a stable, pulsatile blood punping. Further, H@mm%§4 g%
pressure for the squeezing rotation tends to easily lead to osis and

henol ysi stha ddeaoxygapaldrisldn1Al soable Gunsabbdat ectoSpemnﬁr@amlwm 24
March 2006 the rotary punp 12 is only usable for about 6 to 8 hours which

substant i §ﬁﬂ>¥t£h€1£§1yt $i@PPs1 £8L1 9Pl PcRcibier b aki Dgme SUERI £Gl heart
operation. FIG shows a schematic cross-sectional view of a~ conventi onal

centrlfuggu giggg gggPtZ&e g%? gentrifugal blood punp 21 includes an input

port (not to recei froma flexible tube (not shown)

connect ed to a_rjgh riu n ort rel ease the blood from

t he bl ood puon£§ gaggoﬁﬁn%n%§??%?£g g@?ﬁgs%?gh%%aiT%%eVo? tfon speed of
the inpeller 23 can be adjusted depending on agpatlent However, since the
bl ood i n tHeVeRkirRF LGA" M dodu ﬁgmzq P B e d HenCEBREAERIFL EH 9D her t he

inner surface of the blood bunp 21 or nechanical surfaces of the inpeller
23, therebrwny 2kasitudee@n Bnevd ebstt i(Agt orhevebdt @i e g dr.ood

from a flexible tube (not shown} connected to a right atrium,
an output port 22 to release the blcocod from the blood pump
21, and an impeller 23 having blades. The rotaticon speed of
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
easlly occur blood clotting or blood dissolution.

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
rotation speed of the impeller 23 and by the asperity of the
mechanical surfaces, thereby increasing possibility cof 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

staying in the pump may lead to thrombosis resulting from
)



In particular, the damage incurrence on red blood cells or blood platelets
due to the blood clotting and dissolution is determ ned by stress
resulting fromthe blood flowin the punp 21 and by how | ong the bl ood has
stayed in the punp 21. Also, the stress due to the blood flowis
deternmined by the rotation speed of the inpeller 23 &P(HO"W "T c%g,goerity of
the nechani cal surfaces, thereby increasing possibility of % damage.

The tine @@ﬁg@ﬂatﬂowl@Ihbéhﬁsrbl@pdfﬁbﬁyﬁ 4 Bcbigl a €LH rbh ugad bheed punp 21
is a mjor factor to consider in the punp design. A shear stress

suffici enguwa@éf@@ttﬁéﬁ &m[poo%e%aaﬁgg}gawot@@c@yma@a/ digad, it Q sidyy ombosi s
resulting fromb5 Conso ed SpecificCation 24 March 2006 congel ati on,

enbol | Sm gr [ el acClyul ALIQNQN (e FIETe SYacs of J ggg%[% Ther e

may al so occur Issolution ~of red cell estruct'l on o a'flo
separ ati on, Vi tatl on,, or a soluti n Swirl may cause by the
‘otation Of 2 @H%@ﬂ%wnz]z WA aHF e R T 21 can
be utlllzedfor alimted tine perlodllketherotary bIood urrp FIG 4
shows a c%@éﬁtﬂ%r Ral sEteTf Prood surprBiifngal Wi PHEPefh Cahe

pul satile punp 31 includes a bag tube 32, a pressure plate 33, a plate
support 34e wtibtzed divbedy 188 tedandma periednbibe @6 THeaadgtadse 32 is
provi ded with a val ve

pump.

FIG. 4 shows a conventicnal pulsatile blood pump 31. As

shown therein, the pulsatile pump 31 includes a bag tube 32,

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.

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

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

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



(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. The rotation body 35 is threaded to all ow
the plate support 34 to make a vertical reciprocal novenent. Wen the
pressure plate 33 the plate support 34 are |owered a@efﬁ‘i’"éﬁ‘e%%ef‘f@a“g?e
romthe

rotation body 35 driven by the notor 36, the blood is disc afﬁ%@

tube 32, gpdsuwhes f@iSpﬂm?iﬂg Hhe0og) b&d StPPthedok P§éndher | Ubee Sadoy t her eby
enabling the pulsatile blood punping. However, the pulsatile blood punp

31 may caysenirighi ORrbdHes CONYacin9fysPe, rotation body and the plate
support 34 to thereby underm ne a stabilized reciprocal novenent. Further,

body 35y 1 nEiach B ebnsol ran Bl SpBE Rl R M R S0 csour o
el ya1 sEE- 't SBOE S5 Donvent tOR At DR AT O ERe ATRC 41 As
shown therein, the pulsatile punp 41 includes input ports 43, 43', output
ports 44, PaAts 43put3val FEPUS PIUELS 44ndtdut pttPWalXAds’S66,4%6'45 Each val ve
is formed in a corresponding one of the ports. The punp 41 al so includes a
punp caseadd ehbpuhovustves hdbei 46a. shhehi cal veody Exrmahein a

corresponding one of the ports. The pump 41 also includes a

pump case 42 that houses therein a spherical body 52. The

spherical body 52 has a groove 50 therearound and a gear 51.

The gear 51 is engaged to a rack B3 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

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 blocd

in the blood chamber 48. The dual pulsatile blood pump 31

substantially decreases thrombosis and hemolysis compared to

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

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



spherical body 52 has a groove 50 therearound and a gear 51. The gear 51
is engaged to a rack 53 attached to an inner wall of the punp case 42. A
rubber nenbrane 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 notor 56. A tension applied toChdd ﬁ%@yﬁgg

es a

together wth the engagenent of the gear 51 and the rack 5 hEHA

shutt|ingmapvearat c 8f ptbgsspher bsal whody &2siwheredylthein botdyod2 makes a
hori zontal shuttle novenent to punp the blood in the blood chanber 48. The

dual pul Séi!;u?iﬁgoe? Byaﬁd%&is%ﬁ?&ﬁ%&%i aiﬁya%@fﬁféﬁ,estﬁg@&ﬁ@fme@nd
henol ysis conpareéd to the rotary punp or other pulsatile punps. However,

t he mechaPi cgJC.surfa es are ex o%%dvteot%helghoogee]?cee t I,é)raﬁtcp%hirubber
menbr anes” 495491 N4 The |npu3’an§ outpu? po??s a % ar'so expose& to
mechani cal surfaces, ich may still incur hr onposi s and henpl ysi s.
Fur ther - BRESS! § Lot £ ALCEDF By i B P52 A ARLS | RHS Brr GO LPRTL S i 1 the
punp chanber 48, 481 Consolidated Specification 24 March 2006 may lead to
pressur e PH83SYAE chAbagi | he esententirm bothakimthsatd lor 1BIosst RS ol ut i on.
In addition, the continued friction and stress nmay serve to elongate the
bel t and 4hisibstekdsidldiihfireabest prodiat adn ctsgbbeeptd swtdhemiard bl ood
pressure. Al so, the conventional dual pulsatile blood punp

requirements for the shuttle movement of the spherical body

41.

SUMMARY OF THE INVENTION

The invention is contrived to overcome the conventicnal
disadvantages. Accordingly, an cbject of the present
invention is to provide a cardiopulmonary life support system
that substantially prevents blood clotting (thrombosis) and
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
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 life support system to facilitate implantation. A still
further object is to realize a rhythmic pulsation

substantially eguivalent to the systematic pulsation in a
8



41 substantially increases production cost due to nechanical requirenments
for the shuttle novenent of the spherical body 41. SUMVARY OF THE | NVENTI ON
The invention is contrived to overcone the conventional disadvantages.
Accordingly, an object of the present invention is to provide a
cardi opul nonary |ife support system that substanti al [Cgspifateg ﬁ@“g;ood

clotting (thronbosis) and dissolution or destruction of red BI°00d cells

(henol ysi ) vihgopb@gcurring in blood vessels of a heart patient who
receives its assistance. Another object of the invention is to enable a

heart patientypoaispolbechil S, sypPRELcoYsLEEpicds] onger time period in

form of either extracorporeal e support or surgical 1nplantation. A

further object IS i npr.av, ortabil |t r n_extracorporeal system
oppl | cat | oncanab TEh IRl Rios REPERTE Shte iR bRl SEr TR PeRass
facilitate inplantation., A still further ohject is tq realize a rhythmec
pul sat i on%iﬁ%@‘fh‘ﬁ’f‘i%“}%}fl@&ﬁ 91 BHL 1D IERENEF R B AR TR Spiitsat 6T HHRva 8
Consol i dated Specjfication 24 March 2006 |iving body. To achieve the
above- des2rid Dhjoctadd eRe inggrdPeptPRBAYEr yF1Te aUpprraongd ftudmsaccor di ng

to the present
are adjacent to each other in the housing, and the first and

second tubes each have an input port and an output port. An
alternating member 1s attached to the housing and disposed
between the first and second tubes. The alternating member
alternately squee?es 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
tube and the input port of the second tube to convert an
oxygen—-depleted blood to an oxygen-rich blocod.

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
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 construétion, an initial squeezing of the

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



i nvention conprises a housing defined by a top side, a bottom 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 have an input
port and an output port. An alternating nenber is attached to the housing
and di sposed between the first and second tubes. The Caflswiéq*egﬁaerﬁi ‘ggwenber

alternately squeezes the first and second tubes. In an enmbodi nent, the life

support system fargdedia Cofpungesud Yabwether fedst Nowigd dreaaiy He and
output port to prevent a reverse streamin the first and second tubes,

and an oxygepat Pf,E0RRLeSt€0ob P L NE QUL PUL,ORF L sQfelbenfispthd ube and the
i nput port of the second tube to convert "an oxygen-depl eted bl ood to an

oxygen- ri g, bl.ood, L £of .4, DELLET . PEr L OLORACEunL NEL g, By D, Turther provi ded

first and secon or ages. TSt ood Storagée’'is forned between

t he oxygenator and the i nput rt of the first tube_ tot orarily store
Lhor of L RaY B8 Sere L Ferd oo TS paaidtad Y RiTReCHhy GETALTIS SHRe Ehcond

bl ood storage is connected to the output port of the second tube to

t enpor ar i FyPe stoFeughered nSe¢ndxSigEntapt et eth bl . rast et sl ot r uct i on,
an initial squeezing of the alternating nenber on the first tube enabl es

t he oxygebheithrot Cotmpltidatted ogpadinbilcahepa erdbMs chhe(ligrst tube

to suck in as much as pumped ocut therefrom through the first
input port valve. A further subsequent squeezing of the
alternating member on the first tube enables the oxygen-rich
bleood te 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.

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
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 cof red blood cells (hemolysis), which are known
as common side effects to most patients receiving assistance

of conventional artificial hearts.
10



blood to partially punp out fromthe first tube through the first tube

out put port. A subsequent squeezing of the alternating nenber on the
second tube enables the oxygen-depleted blood to partially punp out from
the second tube through the second output port while a restoration of the
first tube to its original shape enables the first tuﬁeﬁmﬁ@4%F€%$£$ as nuch
as punped out therefromthrough the first input port val ve?* "R he

subsequent squgezhag, oththeiratt gennatengnaeiBEsOAre heothegt oEuhe enables
t he oxygen-rich blood to partially punp out fromthe first tube through

the f'r5§lQH£FEé F%@élrMynt%thﬁﬂpéngEPEhé%ﬁhgkﬁék9§r9£tiﬂg R tube

to its original shaft enables the second tube to suc punped

out theref [ og éh{ﬂ,‘»g@l B;g «fcc%‘é’ bR en pcor{ae nféa;{ e advantages, of the

cardlopulnnn st'em accor e presen |nvent|on are
NUMer ous. |n|t|aIIy,

. entl rnati ng rec rocal novenent of the
Al ternat | iy Shehbers ya%ﬂbéﬁ%dm%t%?ﬂr L A R iR et ke ol

alternately, gently and eff|C|entIy for bl ood punping operatlon so t hat
the oxyge®éPoftBRddrhesSPead o ipkls dufie,2dPpyTt thyé feapbatse 1388 d- Juipi ng,
t hereby substantially decreasing incurrence of blood clotting (thronbosis)
and di ssotxténdedrvwidestt usy$oem ofep bacdhend. cbBh | addhenehystlzsd, which are
known as common side effects to nbst patients receiving assistance of
conventi oabteandtingimémibenrssd 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 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.
Also, the gentle, pulsatile blood pumping operation
accomplished within the housing in systematic combination of
the flexible blood tubes and the gently alternating sclid
member generates safe and steady blood pulses substantially
similar to those of a natural heart, thereby improving product
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

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



10 Consolidated Specification 24 March 2006 Further, the first and second
tubes are forned of a flexible, resilient material and the solid
alternating nenber is operatively provided between the first and second
tubes in such a sinplified, stabilized construction that the expected
life span of the life support systemis substantlalIyCme%ﬁéﬁéﬁdmﬂwﬁhout
systemreplacenent. In addition, the alternating nenber and "PIy&°FS r st and

second tubgsmaie ﬁiﬁhfhe%&ut a@ﬁ@rﬁmaﬁ@ﬂfvurhw the hewstang $011
alternately enable each blood punping operation for the first and second

tube in sy Q ed space L 1 &P gnific stem size decrease is
real i zed, ré%éaﬁ%% d ?ro E%ventlon % éﬁ%?%%erator size to a palm
ati.on ver5|on resent .inv iqn or t.o portable

size in an inp t

size in an x%fg%%?%% BAT %%%?§?%nc 7 ¢%| r%%ﬁbﬁﬁ§¥¥¥ T3 aﬁlﬁbeﬁtlon

Al so, the gentle ul satil e bl ood punpin eration acc IS W t hin

t he housi F]g ]s]f’s‘F EREETS T %lnﬁaf’g gg)%fl%vteﬁ'@”fqrbﬂaﬁllé ka%?‘?fﬁ%’ and t he
gently alternatlng solid nenberdgenerates safe and steady bl ood pul ses
subst ant i B¢ yfokipving dpavhose  ofebahbedrdespetption RRrRBPPIREYI ng
product reliability. More inportantly, the artificial blood punping

system adapaimg.the alternately tube-squeezing nechanism requires |ess
el enents and further sinplifies the overall

BRIEF DESCIPTION OF THE DRAWINGS

These and other features, aspects and advantages of the
present invention will Dbecome 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 conventiocnal
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
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;

FIG. 6 is a perspective view showing a cardiopulmonary

12



structure for the bl ood punping operation, thereby substantially decreasing

production cost, whereby a surgical inplantation of the Iife support
system may be realized, for 11 Consolidated Specification 24 March 2006
exanpl e, within about one and half times the nmedical bill charged for a

| arge surgical heart operation. Although the present iCPr\?@#Pﬂeid4éqvcifIC§é°rbri efly
summari zed, the fuller understanding of the invention can B PA ned by

the fol | oy ng Qﬁlﬁw@ss dedRi d &b Hesed | p | b AthapPeete Jraigde BRI EF
DESCI PTION OF T DRAW%IGS These and ot her features, aspects and advant ages
of the pigsgptilpvention will become better understood with reference to
t he acconpanyi ng draw ngs, wherein: FIG 1 is a schematic view show ng a
heart, lungs a a. bl ood circulation.in mal _or human: FIG, 2 is a
Srructur al vi oh ORGP EERIER §ERa o ap BRDBEP oh ki Hen TR Hitng »
rotary blood punp; FIG 3 is a schematic cross-sectional view of another
convent i ohal Fg rdﬁbpul nonary device using a centrifugal blood punp; FIG 4

is a structural view showing a further conventional cardiopul nonary device
usi ng a pul sat ifll& -bBoigtla cross-sectional front view of the blood pump

unit in FIG. 6;

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

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

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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



punp; FIG 5 is a cross-sectional view showing a still further

conventional cardi opul nonary device using a dual pulsatile blood punp;

FIG 6 is a perspective view showi ng a cardi opul nronary 12 Consol i dated
Specification 24 March 2006 |ife support system accordi ng an enbodi nent of
the present invention; FIG 7 is a perspective view &e'ls@f‘ﬁ‘epﬁlgci@aggg ood punp
unit in FIG 6; FIG 8 is a cross-sectional front view of e bf%Cod punp

unit in FhEstén 60Gc8otk8ing CtOSSn S&abbANRENT OPF Vi L& St t gy dh©D6h punp
unit in FIG 6; FIG 10 is a cross-sectional side view of the blood punp

unit in Fll%l@deglaﬁsu%o!ﬁ: Bo8 G NG 3t LUCT MK §)2 1M1 8W. Ofn@ Qrive
unit in FIG 6; FIG Is atop viewof alink unit in FIG ;. FIG 13

crovs. SectoaRaP2 L ant Ve oh e Y BBy SR NERET 1A Eed 6 o8 ko ding to

anot her eggfgéggnh)%% %Qgi Eggggtportability and to improve mobility

of the system 60. On the side wall 64 are attached first and
second blood storages 72, 74, a blood pump housing 76, and
an oxygenator 78, which are linked by ducts 80, 82, 84, 86,
88, 90. In this construction, a general blcoed stream is
sequentially made through the duct 82 to be connected tc a
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 94, and the duct
80 to be connected to an aorta of the patient. Here, each duct
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
between the oxygenator 78 and the first tube 94 via the ducts
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.

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



invention; FIG 15 is a structural view of a blood punp unit according to
anot her enbodi nent of the present invention; and FIG 16 is a
cross-sectional top view of the blood punp wunit in FIG 15. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS As shown in FIGS. 6 and 7, a
cardi opul monary |ife support 13 Consolidated Specifi c&t’ns'@#ﬁtedﬁwc'wpmh 2006
system 60 according to an enbodi nent of present invention AR Es

support b?é'&fuﬁl_zlﬁ@véﬁ'geﬁt§é<§|§rﬁ’>‘@féa§4hegf‘@ SHPPOFdncdodyn 62 is sel ectl vely
provided wi th handles 66, 68 and rollers 70 to facilitate portability and

to inprov I t S i titached
first andgxgg%%n%é%]f%g%ds@g?gﬁeéf%golﬁ%ﬂﬂ%%dageu\r%l to% ralcgrgk%%g Sgnd an
In this

whi ch ked b
ot Tab® colnglr 8 G adtH PEARL 2rEda Bhen8in®hs oflliendled 1\ LTS

82 to be connected to a rrg n vein of at| en%, t he second stora%e 74, the
CH%?I%{ &'

duct 84, RHISEIYFEPEHHE 98- i bR 13 Gfy 6D R rRIHRIY gpe At
oxygenator 78, the duct 88, the first blood storage 72, the duct 86, the
first tubbhoahe nhewelmeulsndtioe oxiEERAHE Hu QXY B Pe RiGmidtlews o an

aorta of the patient. Here, each duct is forned of a flexible material to
facilitateubl todofidlowiing duct 80 that is to be connected to an aorta

of the patient. The pumping operation in the housing 76 is
driven by a motor unit 92 that is adjacent to the housing 76.
The housing 76 is defined by a top side 98, a bottom side 100,
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,
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
94, 96 in a sequential or 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

with a solid formation. The first and second tubes 94, 96 are
15



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 88, 86 to tenporarily
store therein an oxygen-rich blood oxygenated in the oxygenator 78. The

- lidpged Gpegificpti
second bl ood storage 74 is connected to the second t GBESEIGeglcsipe duct

84. The second storage 74 tenporarily stores therein an oxygen-ﬁd%pleted

bl ood t hatiféawsy el @hdd faremstube thmitn aveiyp¥iralt Be gueh Sch Werdt he life
support system 60 is applied to a patient 14 Consolidated Specification 24

Mar ch 200§nrgggiﬁg@gi§€ ¢gtracorporeal heart assistance, an
oxygen-depl eted blood flows in through the duct 82 that is to be connected

to a main vel “%Ré e QBEESP% s;{klf{oéﬁ 60°9) 4 P%onjﬁgi%%% ?ﬁi’QEQafo%r /8. In

accordance w th a punpi ng oper ousl e oxygedrat ed,
oxygen-ri bl.qad ws .ou hrough the duct 8Q that is to_be cannected to
o S0t o 087 a1 M I g’ SRR o B8 TUEY s heir PR Thsr AgFe S <

driven by a notor unit 92 that is adjacent to the housing 76. _The housi ng

76 i s def FhEFCHYOR2E 0P EFHR YTttt st res AP a8 ndl%beri phery

102. FIGS. 8, 9 and 10 specify construction of a blood punping nechanism
of the |ilt2ayspoeauspsiemn BRomedhowie hepeitnand output ports 94a,

94b, 96a, 96b to prevent a reverse stream in the first and
second tubes 94, 96. So the blood flows into the first tube
94 through the first input port 94a in which the first input
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 cutput vaive 108 that
is a one-way valve blocks a possible reverse stream from the
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 wvalve
112 in the second output port 96b serves to prevent a reverse
stream from the duct 90 linked to the oxvgenator 78 into the
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

tube support 114 is formed in a solid material and
16



the first and second tubes 94, 96 are provided adjacent to each other in
the housing 76. The first and second tubes 94, 96 each have an i nput port
94a, 96a and an output port 94b, 96b. An alternating nenber 104 is

di sposed between the tubes 94, 96 and attached to the housing 76 so as to
alternately squeeze the first and second tubes 94, 96@E¢ﬁﬁiﬂg§r%5%e
alternating nenber 104 serves to partially thrust each tube i in a

sequent i abkuBstaft 841 BY NS4 HGd OF £leh tile aETOS HiaEENg Whdtbé herodt okt unit 92 to
efficiently control a blood flow in and out of t%e first and second tubes

94, 96. Pi@é@f?gﬂ}aych hBe ngh%gge%iélﬂ@, MBI 1044l 8s S &kd A SRhgr i cal

shape. The a nati ng nay be al so shaped in a capsule type

with a solid,fogmmlion., Jhe, ik shand geoo cdoxﬁeLg)%)S/rogclA'ectge% Fopl Tne

Consol i dat ed Speci fTcation i near| i ghed an
substanti al | arallel with each H%gr i,n the housin gg. he |ife support
Syst em 60CFEE REI A s XAl Yo d HhogoL L getiSa FPPPEE 4AHAGTS Mitch | &' &
one-way valve to allow a single directignal streamtherethrough. The
val ves 1080 tosleasd pravenypetigghdsry af 15he slisdnph ingerempef 4 out put
ports 94a, 94b, 96a, 96b to prevent a reverse streamin the first and
second t ubes BAvedH.toSetehélbkeothd mweing opelretfionsint il ha@s ity ough t he
first input port 94a in which the first input

76 despite the flexible characteristic of each tube 94, 896.

Selectively, the tube support 114 may be formed of either a

substantially solid material or a substantially rigid

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.

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.

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

96b of the second tube 96 passed through the bottom side 100
17
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the solid tube support 114 does not in the |east prevent

act i vat i opemper We0&lareithat Eagsherbes IDLnapliesservesod ot sirabitiiiazd wt he

punpi ng

operation in the housing
pump out from the first tube 94 through the first tube output

port 94b. A subsequent squeezing of the alternating member
104 on the second tube 96 enables the blood to partially pump
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
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
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

118 is connected to the motor unit 92 and substantially
18



76 despite the flexible characteristic of each tube 94, 96. Selectively,
the tube support 114 may be fornmed of either a substantially solid
material or a substantially rigid 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 polynmer known to well harnonize with &mﬁﬁﬁﬁgﬁfﬁﬁg% in
terms of either a surgical operation or a bodily inplantation.

Sel ecti vepyralhel fid sheanthse@adobubase 34p 96 fayn A d erneide <Bfarki | i con.
According to such a material characteristic, the first and second tubes

94, 96 aregach 8azhibad! L¥eachbaStARAtbY £ &3 Ygediha his il  shape
after being ‘squeezed by the alternating member 104. To inprove usability

o 1o L FasHEreLieBiotAma0icd N (NP o0rl- S0, et pponld ube 96
(op e 52 Sliile feuelns 16, Thal L Lhe oulnut port 84,0t Lfe Tirs

second tube 96 gassed t hrough the_bottom side 100 17 Consol i dated
Speci fi cati9fn 199 ®Arthe oS brot her NORRTHRY 78! FPPoOFAnt¢SirEPRal

alternating nmenber 104 serves to generate an artificial rhythmc pul sation
subst ant i aptgtion of the shaft 116 enables the alternating member 104

to alternately squeeze the first and second tubes 94, 96.

As shown back in FIG. 10, a support plate 124 is formed
between the alternating member 104 and the mid portion 120
Qf 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
126 to moderate a torgque 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
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

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



simlar to the natural blood punping in the heart of a living body.
Specifically, an initial squeezing of the alternating nenber 104 on the
first tube 94 enables a blood to partially punp out fromthe first tube 94
through the first tube output port 94b. A subsequent squeezing of the
alternating nenber 104 on the second tube 96 enabl es CP'P?@'dﬁdﬁg?gl:ﬂnggg
partially punp out fromthe second tube 96 through the secon P tibe out put
port 96b whihged treesheriadndre sbltihe 46 stintrilte 94.tThd Femaleiginale shape
enables the first tube 94 to suck in as much as punped out therefrom

through theefisstidiitccpeht ¥akyed b ARG 132f Yihheke WM%
squeezing of the alternating nenber 104 on the first tube 94 enabl es the

bl ood to t4i 29 | t i h fid st tube
outpat peetiLi] o RUEPOHL L BRI fordid MerdhaR ot b R KOO 126 50 1D

its origi S e,second_t ube to suck _in.,as nuch as punped
out the?e?ﬁénﬁ?ﬁ%%ﬁgﬁgg%g E%goﬁ C?n%5?£oﬁo}$§vﬁfv%oﬂﬁ%F£%$G§9 A1, 12 and 13
each show a chanismto actuate the, alternating nenber 104. As shown
Cherein, PREUIRF o SORRTa | SPEREhono h i EHRFSHES W ANEhAHESE Fithavi ng
top portion 118, a md portion 120, and a bottom portion 122. The shaft
118 i s cohfeeRddasds B30 nd3%- BREE1IDRCaARYY s st AhtPhaland s8cepdsiaat ed

Specification 24 March 2006
teeth 136, 140 are each formed in an arc rack to enable

generation of the angular reciprocal rotation. For a reliably
detachable engagement between the male and female splines 144,
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
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 1ife support system
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,

and a second blood storage 212. Each tube 204, 206 has input
20



parallel to the tubes 94, 96. The top portion 118 of the shaft 116 is
rotatably attached to the top side 98, the md portion 120 is fixedly
attached to the alternating nmenber 104, and the bottom portion 122
rotatably passes through the bottom side 100 of the housing 76, whereby an
angul ar reciprocal rotation of the shaft 116 enables‘%ﬁ%“%@ﬁ?ﬁgaﬁ%ng
menber 104 to alternately squeeze the first and second tubes 62506, As
shown backntno&tfut 1Porasseppart2p4bt e2084, i 306Brarch betwetsht he
alternating nmenber 104 and the md portion 120 of the shaft 116. That is,

the suppogtqgpbateail?d extendssf+oed he1a) prtapg, 1B afhdheshaft 116
fixedly to the alternating nenber 104. In order to actuate the shaft 116,

the motora¥fibh o98ntDELydee: 801 Aadd00y 2 dECeher aloLs 126 fh66! and

second gears 130, 13 The decelerator 126 1s connected to e notor 126
to noderate a §orque fr t he, nmotqr_126. T%;OLirst ear . 130 has .a base 134
and gear teet h}q%%f eta %%Pﬁgtssggﬁg %%%Jfagel Sgrge%ag% Woarr?dﬂglé’ar teeth
140. The first gear base 134 is connected to the decelerator 128, and the
first geaftO¥ectPriSH iah CHFYACRLF T BRREEr edlEoSTRRNS RIARA GefiradSet h 140
of the second gear 132. A connecting rod 142 extends fromthe second gear
base 138.2h2ahoIPPearihy er @Rl ¥edel ke spin s cpgenAB et ed dtlasshbl y
provi ded between the shaft 116 and the connecting rod 142. That is, the
mal e spl i Blectddduat$1220,8 222 ,.at2R4ch@@6 meythe ottt owepatdperiiiRP aof t he
shaft 116 and detachably

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



19 Consolidated Specification 24 March 2006 engaged to the fenal e spline
146, in FIG 11. The fermale spline 146 is linked to the second gear base
132 via the connecting rod 142. So the rotational torque generated by the
notor 126 and noderated by the decelerator 128 is converted to an angul ar
reciprocal rotation in accordance with the first and C8®® pﬁ§§§§6130

132. Specifically, the first and second gear teeth 136, 140 are each

formed i ntha gurt Inaektéonenahl e ecgaenerall aovehehbe mogylAr: grecigimgcal
rotation. For a reliably detachable engagenent between the nmale and fenual e

splines 11ﬂémbeﬂl4§aiuégge§aﬂ@@' BYr&eelNd NBYcbed sbaped soqdesefetyy formation
as shown in FIG It is recomended that teeth 148 in each spllne 144,

146 be foéﬂFQrfraT%té‘I'{ ng':'ig &'ng’g&enfﬂﬁeﬁ%??ﬁé%nﬁu@g@ nt of the

alternating ne refera di rection
bet ween thg fi irst an ng tubes 9%5 ; terpnatin qggﬁr104 may
be provi d&d FAc3Y S |hr‘?§ Fi Peei oo % ﬁcoi“ee SEPtRT WAY &t Agoial
squeezing on the first_and second tubes as shown in FIG,k 14. In

FIGS. 15 and “RPeaShPdPEpR IR Y/ Iﬁhreée?dpﬁ‘d?‘f‘té%%%%ﬁryﬂﬁ?w ng to

anot her enbodi nent of the present invention is provided in a decreased
f or mat i onin@usreece P f ploperclestingr Girembiass|santadi dhsspbushenun her ei n,

the life support
destruction of red blood cells (hemolysis), which are known

as common side effects to most patients receiving assistance
of conventional artificial hearts.

Second, the first and second tubes are formed of a
filexible, resilient material and the solid alternating member
is coperatively preovided between the first and second tubes
in such a simplified, stabilized construction that the
expected life span of the life support system is substantially
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
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.

Fourth, the gentle, pulsatile blood pumping operation
22



system 200 i ncludes a housing 202, first and second tubes 204, 206, an
alternating nenber 208, a first blood storage 210, and a second bl ood
storage 212. Each tube 204, 206 has input 20 Consolidated Specification 24
March 2006 and out put ports 204a, 204b, 206a, 206b each of which
sequentially includes valves 212, 214, 216, 218 ther iV SLHHR one- way
streamin and out of the tubes 204, 206. Also, the first bl ood storage 210
serves toatenpplashky wisthore thiseheiiaing ox pyetamad ikl oodbidThei secahd bl ood
storage 212 tenporarily reserves therein an oxygen-depl eted bl ood. Short

ducts 220£h222}eR281e2Bbooaytbibepr anidede dgpenliyNngl 08rn& €OG T €HBIES. A
solid tube support 226 is forned between each tube 204, 206 and an inner

peri pher ymdgBeof gt her Hodisi ir LA L@ eahabbibdg Liesdd aqd, LU NG 1gper at i on
in accordance with the alternating nenber 208 which is attached to a shaft

otation ST CtRE ShaTTSRes amycet ROTEEt e MReRRRth Sl L o

alternatelélna e.a,_horizontal squeezing on the first and second tubes 204,

206. Accor |ﬁ% §}1Fﬁé 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 concurrenFth?héjﬁkﬁgéﬁfééﬁﬁét%ﬁo%ﬁdﬁ@mﬂﬁmiﬁ§3§§@0%@aﬁﬁb%926@

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 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
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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partially flows out through the second output valve 208 for bl ood
oxygenation. Then, the oxygenated blood flows into the first tube 204 to
wait for the squeezing of the alternating nenber 208.01Qﬁm%9%§%&(ges of

t he cardi opul nonary life support systemaccording to the pr=metizodsnvent i on
are nunerous. First, 21 Consolidated Specification 24 March 2006 the
gently alternating reciprocal novenent of the alternating nenber squeezes
the first and second tubes sequentially, alternately, gently and
efficiently for blood punping operation so that the oxygenator becones

| ess pre¥bati iedcBpimedeisepeat ed bl ood punpi ng, thereby substantially
decreasing incurrence of blood clotting (thronmbosis) and di ssol ution or
destruction of red blood cells (henolysis), which are known as conmmon side
effects to nodt cpadieptdmpagslyilhgeasiPprahc6YSEEMCcEORVEKREFHREF artifi ci al
hearts. Second, the first and second tubes are fornmed of a flexible,
resilient material apd the salid alternating ' ratively

menber js_ope
provi ded bet weén t AePPPFLPIaAGELIBEGNBYt BbESP PhYSuch EOEFgﬁl?fg%d,

stabilized construction that the expected life span of the |ife support
systemis substantiall xt end Wi hout systemreplacenent. Third, the
al ternating nenberagﬁnghen%nggggﬁaﬁggand

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,
wherein thé 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;

c) a solid tube support fitted between said each
tube and the inner periphery of the housing; and

d) a solid 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.
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tubes are efficiently accommodated wthin 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 system size decreaégﬂh§mg$ghhgﬁd f.or
exanple, froma conventional refrigerator size to a pal m sizzeatieo@n

i npl antation version of the present invention or to a portable size in an
extracor poreal assistance version of the present invention. Fourth, the
gentle, pulsatile blood punping operation 22 Consolidated Specification 24
March 2006 acconplished within the housing in systematic conbi nati on of

the flexibl e Bheodifebeyrandtt kysgent bf sleémnat whgrsohi dhenméabet gener at es
safe and steady bl ood pul ses substantially simlar to those of a natural
heart, thereby inproving product reliabilit Fifth, the artificial blood
punpi ng syst eRPEdEFEPRE FH@esaPFérﬁéP@PﬁlﬂuBélgﬁﬁéeﬁPﬁétﬁﬁéﬁéﬁ#§nlreqU|res
| ess elements and further sinplifies the overall structure for the blood

punpi ng operati e subst anti ally decreasi ng production cost,
wher eby a surE Eﬁpleﬁp E%a??& F%Fﬁe life support system may be

realized, for exanple, within about one and half tinmes the nedical bil
char ged for a large surgical heart operation

3. The life support system of claim 2 wherein the first
and second tubes are each formed of a flexible

material.

4. The life support system of claim 3 wherein the first

and second tubes are each formed of a polymer.

5. The life support system of claim 4 wherein the first

and second tubes are silicon tubes.

6. The life support system of claim 5 wherein the first
and second tubes are each elastically, substantially
restored to its original shape after being squeezed by

the alternating member.
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Al t hough the invention has been described in considerable detail with
reference to certain preferred versions thereof, other versions are
possi bl e by converting the aforenentioned constructio t he
scope of the invention shall not be limted by the spg?f%gggﬁégﬁﬁgpecified
above and the appended clains. 23 Consolidated Specification 24 March 2006
What is clainmed is: 1. A cardiopulnonary |ife support system conprising: a)
a housing defined by a top side, a bottomside, 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,

wherein the output port of the first tube passes through the top side and
t he out put port of the second tube passes through the bottom side of the
housi ng; 7¢) aPs6RrdirpHemenppyr L ifpt FEBPPELWEEA TSR §OBREASIPEBe and t he

i nner periphery of the housing; and d) a solid alternating nenber attached

to the housing, and dj sposed hetwee he first and second tubes, wherein
the al ternati A meAePOarrEr Haterga by = top afde, “E°BSEeon) *E red

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) a solid tube support fitted between said each
tube and the inner periphery of the housing;

d) 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:;

e) a valve formed in said each input and output port
to prevent a reverse stream in the first and
second tubes; and

f) a shaft substantially parallel to the tubes,

wherein the shaft has a top portion rotatably
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squeezes the first and second tubes. 24 Consolidated Specification 24
March 2006 2. The |ife support systemof claim1l wherein the first and
second tubes are linearly aligned substantially parallel with each other.
3. The life support systemof claim2 wherein the first ~an ANBa006 t ubes
are each forned of a flexible material. 4. The |ife support system of
claim3 wherein the first and second tubes are each fornmed of a polyner. 5.
The life support systemof claim4 wherein the first and second tubes are
silicon tubes. 6. The life support systemof claim5 wherein the first and
second tubes are eathaehadt tcakhy, tepbstidnati al hyd pestopedfisedlg ori gi nal
shape after being squeezed by the alternating nenber. 25 Consoli dated
Specification 24 March 2006 7. A cardiopul nonary life support system
conprising: a) a hatskebedetpnélebglicrpptindenenbpsit anf a behkomsi de, and
an inner periphery; b) first and second tubes adjacent to each other in

portion rotatably passing through the bottom side
of the housing, whereby an angular reciprocal
rotation of the shaft enables the alternating

mempber to alternately squeeze the first and

second tubes.

8. The life support system of claim 7 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

connected to the shaft.

9. The life support system of claim 8 further comprising

a second gear having a gear base attached to the
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t he housi ng,

and an out put port;

wherein the first and second tubes each have an input
c) a solid tube support fitted between said each
and the inner periphery of the housing; d) an alternatin

port
tub

er. attached

- - - 'J! i -
to the housing and disposed between the first and secon%hfﬁiégﬁﬁ%%%ereln
ng nenber alternately squeezes the first and second tubes;

the alternati

a valve forned in said each i nput and out put port
streamin the first and second tubes;

to the tubes,

wherein the shaft has a top portion rotatably 26

Consol i dat ed $péctiom patitaon 24 Maeckh2@@6 ahetachedthe tkeohdpgshade,
portion fixedly attached to the alternating nenber, and a bottom portion
rotatably passing through the bottom side of the housing, whereby an
angul ar reci pidcaltatgbati engapeché&oshsrt fanall sathe alternating menber
to alternately squeeze the first and second tubes. 8. The life support

systemof claim7 further conprising:

10.

11.

12.

The life support system of claim 2 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 base by a base thereof, wherein the male

spline is detachable engaged to the female spline.

The life support system of claim 7 wherein a support

plate extends from the mid poxrtion of the shaft

fixedly to the alternating member to stabilize the

angular reciprocal rotation of the alternating member.

The life support system of claim 7 wherein the first

and second tubes are linearly aligned substantially

parallel with each other.
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to prevent a reverse
and f) a shaft substantially parall el

amd

e

e)

a) a notor adjacent to the housing;



b) a decelerator connected to the notor; and c) a first gear having a gear
base connected to the decelerator, wherein the first gear is rotatably
connected to the shaft. 9. The life support system of gl aimM.8sLurtkher
conprising a second gear having a gear base attached to the Ritarionsol i dat ed
Specification 24 March 2006 bottom portion of the shaft, wherein the
second gear is rotatably engaged to the first gear. 10. The life support
systemof claim9 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 basé3by Zhsaddfeheupobrtwhessen vhechalia 7sphemeinsttet &chabl e engaged
to the female spline. 11. The life support systemof claim7 wherein a
support plate extends fromthe md portion of the shaft fixedly to the

al ternati ng néRblefeCONSt BPESz 8 EhBACANGERET LFad LY r o8 HPSEBPAEPSAYO t he
alternating nmenber. 12. The |life support systemof claim7 wherein the

(L0 o ond Sseontoihes et Liea ol gned.sveet auihg Lyuedseal L' v T

each ot her.

the alternating member.

14. The life support system of claim 7 wherein said each
valve is a one-way valve to allow a single directional

stream therethrough.

15. The life support system of claim 7 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 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
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24 March 2006 13. The life support systemof claim7 wherein the first and
second tubes are each elastically, .substantially restored to its original
shape after being squeezed by the alternating nenber. cldsal§edibdi§ Support
systemof claim7 wherein said each valve is a one-way val vawmbenzadel ow a
single directional streamtherethrough. 15. The life support system of
claim?7 wherein an initial squeezing of the alternating nenber on the
first tube enables a blood to partially punp out fromthe first tube
through the first tube output port, wherein a subsequent squeezing of the
al ternati ng nBWiSEr a8n PUR@eds e86nd hegsd reRabhesughe theoddrss paputal |y punp
out fromthe 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 asP2ELCIALSFr dHPETCSPeti FREAPFPONSUDFCREPRR S086°A4EA 28 punmed
out therefromthrough the first input port valve, wherein a further

subsequent sq Zi ! Lt ernating, megber. _on the first tube enables
the bl ood to%gng?gF?%aﬁéﬁg %ﬁ#%FFoﬁPt%EGf??EFttEB%etﬁPSE%ﬁSt gefirst t ube
out put port while a subsequent

blood to partially pump ocut from the first tube

through the first tube 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.

l6. The life support system of claim 7 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.
17. A cardiopulmonary life support system comprising:

a) a housing defined by a top side, a bottom, a rear

side, and an inner periphery;
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restoration of the second tube to its original sh

of the first tube passes through the top side and

aft enables the second
tube to suck in as nmuch as punped out therefromthrough the second i nput

port valve. 16. The |ife support systemof claim?7 mhegg&mwkpgmgg%gyt port
t he out puds mpedoosof t he

second tube passes through the bottom side of the housing.
cardi opul nonary |ife support system conprising: a) a housing defined by a
top side, a bottom a rear side, and an inner periphery; 30 Consolidated
Specification 24 March 2006 b) first and second tubes adjacent to each
other in thebhousifagstwaadesrcrhd tilbsts addasevbdndot abeb otheh have an

i nput port and an output port; c) an alternating nenber attached to the
housi ng and di sposed between the first and second tubes,
al ternati ng menber thPt BPHELBPy vE§LedReshEnELFFEsANEngeSeRENEPABes; d) a
to prevent a reverse

valve fornmed in said each input and output port

streamin the first apd second.tub$5' e% an ,oxyg
output port of theS2FirB8RVEuBE &REUFhBOFhpaPdpott

ShFbihe

con

PgE

17. A

wherein the

E

ected to the
ond tube

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 t

ubes;

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

to prevent a reverse stream in the first and

second tubes;

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 oxygen-

rich blood; and

£) first and second blood storages, wherein the

first blood storage is formed between the

oxygenator and the input port of the first tube

to temporarily store therein the oxygen-rich
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to convert an oxygen-depl eted blood to an oxygen- rich blood; and f) first
and second bl ood storages, wherein the first blood storage is forned
between the oxygenator and the input port of the first,tube,stBcaton
tenporarily store therein the oxygen-rich 31 Consolidated Speektizxati on 24
March 2006 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-depleted blood. 18. The life support system of
claim17 wherein an initial squeezing of the alternating nenber on the
first tube enabl eblrhd oxygenateéhibl 6bd pyypanefakl ywpanpiouthefromthe
first tube through the first tube output port, wherein a subsequent

squeezing of the alternating nenber on the second tube enables the
oxygen-depl eted bF86APHoPHAPEI SFPY2EENMPSoGP P PRERPENECSERBNAYEEBE t hr ough
t he second output port while a restoration of the first tube to its

ori gi nal shape enables the first tyb 0 suck in as_much _as_punped out
t herefrom throughp9ﬁ§ P?rELeiﬁS&PnéofPE$aﬁ9eFemﬁ8F8Fﬂyg ?ﬁ?FEer
subsequent squeezing of the alternating nmenber on the

therein the oxygen-depleted blood.

18. The life support system of claim 17 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,
wherein a subsequent sgueezing 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 as much as pumped out therefrom
through the first input port wvalve, wherein a further
subsequent squeezing of the alternating member on the

first tube enables the oxygen-rich blood to partially
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first tube enables the oxygen-rich blood to partially 32 Consoli dated
Specification 24 March 2006 punp out fromthe first tube through the first
output port while a subsequent restoration of the secefeiddPSeciitdioni t S
original shaft enables the second tube to suck in as nuch azmptrg®d out

t herefrom t hrough the second input port valve. 19. The life support system
of claim17 further conprising: a) a solid tube support fitted between
said each tube and the inner periphery of the housing; and b) a shaft
substantially parallel to the tubes, wherein the shaft has a top portion
rotatably at PaERe@Uto trr® tog Sigel &ukiedtpspuobnthexédiryt abtabked to the
alternating nenber, and a bottom portion rotatably passing through the

bottom side of the hqusing, whereby an angul ar reciprocal rotatjon of the
ohaf t enabl es PORE HPEafndt FHESS9UEHHs SEFAALaT 18PeOrt FESt SEROTS4RFCh 2006

menber to alternately squeeze the first and second tubes.

to its original shaft enables the second tube to suck
in as much as pumped out therefrom through the second

input port valve.

19. The life support system of claim 17 further

comprising:

a) a solid tube support fitted between said each
tube and the inner periphery of the housing; and

b) a shaft substantially parallel toc the tubes,
whereln the shaft has a top portion rotatably
attached to the top side, a mid portion fixedly
attached te 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
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20. The life support systemof claim19 further conprising: a) a notor

adj acent to the housing; b) a decelerator connected to the notor; and c) a
first gear having a gear base connected to the decel epalfawes WRERN the
first gear is rotatably connected to the shaft. 21. The | i f2emstyzpor t
system of claim20 further conprising a second gear having a gear base
attached to the bottomportion of the shaft, wherein the second gear 1is
rotatably engaged to the first gear. 22. The life support system of claim
21 wherein a male spline is fixed to the bottom portion of the shaft by 34
Consol i dat ed Speci PPBREFORC 24tREPERe2P06THCPASethRefebst and a fenal e
spline is fixed to the second gear base by a base thereof, wherein the
mal e spline is detachahly engaged to the fenale spline. 23. The life
support system of 5?5Pﬁ92§u9ﬁ rein a support plate extends fromthe md
portion of the shaft fixedly to the alternating nenber to stabilize the
angul ar reciprocal rotation of the alternating nenber. 24. The |life support
system of claim23 wherein the first and second tubes are linearly aligned
substantially

20. The life support system of claim 19 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

connected to the shaft.

21. The life support system of claim 20 further comprising
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.

22. The life support system of claim 21 wherein a male

spline is fixged to the bottom portion of the shaft by
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parallel with each other. 25. The life support system of claim 24 wherein
the first and second tubes are each elastically restored to its original
shape after being squeezed by the alternating menber. cJailRNsaat ed
Specification 24 March 2006 26. The |ife support system of 28Mathwend@5
wherein said each valve is a one-way valve to allow a single directiona
stream t heret hrough. 27. The life support system of claim 26 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. 28.
The life suppérbaggstémrepicl anm a7 famadei artheef ipsfixedb&ootibfut port is
to be connected to an aorta of a mammal body and the second tube input
port is to be connected to n vein of the_mamral bodﬁhemhereby t he

a i
oxygen- depl et EF“BP6odFro FﬁeggaﬁnbééﬁntP§reB§ygEH§F8&na r@gdfarly
punped out into the aorta. 36

spline is detachably engaged to the female spline.

23. The life support system of claim 22 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.

24. The life support system of claim 23 wherein the first
and second tubes are linearly aligned substantially

parallel with each other.

25. The life support system of claim 24 wherein the first
and second tubes are each elastically restored to its
original shape after being squeezed by the alternating

member.
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26.

27.

28.

Consclidated Specification
24 March 2006

The life support system of claim 25 wherein said each

valve is a one-way valve to allow a single directional

stream therethrough.

The life support system of claim 26 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.

The life support system of claim 17 wherein the first

tube output port is to be connected to an aorta of a

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.
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