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DEVI CE *166166* The present invention relates to a blood circul23 MM 2005
assi st ancwodei2dzsd and, in particular, a blood circul ati onpessBsi/M2EE
devi ce capabl e of effecting counterpul sation. Cardiac assist devices can
help relieve the load on the heart and Increase cardiac output. One type
of cardiac assist device are those that effect counterpul sagfi A variety
of counterpul sati on_nmet hods have been described for the trgmummuwmquMUte
and end- AtBIGOREREULATIQN ASSIREANGEIDEEGE! i t s of counter

| nproved system c organ perfusion (notably the myocardi un) durissigs+di astol e
and left ventricular afterload reduction. In order for counterpul sation to
be effective, it is necessary to displace as large a volune of blood as is
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counterpul sator, extra ventricular assist devices and Latissimnmus dorsi
nyopl asty. As such they are very useful for a wide range of patients,
especi al |Gardine assishdevices calvhelg rliaverdhé lodsh bn théheaot anhg JindBeastesardiat! and

V. Aorti | kL Lyed by G auss 1,(1961) and
the 1 nt I CHEBBEOT e a¥% ddilch'ffh WosE I S ollspsiin AVBERY L [ s
usef ul nesf countarulsation tdethiars Hawvs beenuddseribeaf fos s trestmerd of bate anideive it s
usef ul ne -te [.abl ] ty. ice.is highly invasive,
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i nf ect i operusion hinotablygdité onymeapdiimptduring. diastofearanidc léfaryentriculan- afteribad
bal | oon : | ' ' Ies i I gnj fJ cant conmpl i.cati ons,
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i s non- atdsge atvoluyne ofdiidogd asis peaddticalile frogtibe tsystamjroarteriasr(hotbly thamdotd)@mte i s a
ri sk of ; ' I ' d r | al |l sation. As
Guch, 1 AR SEIRES AEHE Ao b RERA s R RIS il Blodianl e nose T
i ntensive care. Since the devel opnent of the | AB, direct nechanical
conpr essi f I o] i been devel oped
artor roged qpites'ihle WY pnbidofit AR, (BRY RLARESI0ES. 558 GREBIGET
unpr oven assistglavices god diatissimas gerst nveniasty. seguoh ithmbare veny useful for a wide
range of patients, especially those rated as NYHA (New York Health Authority) Gra_dés
Il and IV. Aortic counterpuisation was initially conceived by Clauss ' (1961) and the
intra-aortic balloon introduced in 1862 by Moulopoulos 2. Despite its usefulness ® the IAB
device has a number of shortcomings that reduce its usefulness and long-term viability.
The IAB device is highly invasive, requiring trans femoral catheterisation and provides
the opportunity for infection and thrombogenic complications. In particular, intra-aortic
balloon counterpulsation is associated with significant complications, notably,
thromboembolism, infection and leg ischaemia. Moreover the system is non-ambulatofy,
only suitable for short support periods, and there is a risk of balloon perforation leading
to gaseous arterial embolisation. As such, IABs are !imited to hospital in-patients,
particularly those in intensive care.

Since the development of the IAB, direct mechanical compression of the heart for
circulatory assistance has been developed after Hayward * and Fischer 5. However
these techniques are relatively unproven, highly invasive, expensive and inapplicable to
high-risk patients due to the possibly lethal trauma of surgery and the lack of any
immediate benefit, despite their need for such an effect.
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pul se-train stimul ated skel etal nmuscl e has been proposed as a nethod for
effecting counterpul sation either by wapping it around the aorta
(aortomyopl asty) or by fashioning pouches or shunts in comunication with
the aorta. For exanple, WO A-93/05827 discloses an inplantable heart
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present inventor has overcone the disadvantages of the prior art, providing
an The problem with these arrangements is that, in practice, the devices do not pump a

sufficient volume of blood to assist a patient. This is because the devices use stimulated
skeletal muscle and there is inadequate sustained power and suboptimal contraction
and relaxation times using muscle as an actuator. Furthermore, since the devices rely on
stimulated skeletal muscle, there is a requirement for a period of delay before the
muscle can be utilised effectively,.

Recently, counterpulsation methods employing indirect electrohydraulic actuation have
been disclosed such as in WO-A-89/04833. This document discloses a centrifugal or

- ferrofiuid type pump for the transit of the fluid drive medium. However, this document
does not disclose how the flow of hydraulic drive medium is reversed, which is important
for providing effective counterpulsation.

The present invention seeks to alleviate one or more of the above problems.

The present inventor has overcome the disadvantages of the prior art, providing an
implantable, minimally invasive extravascular aortic counter pulsator device which does
not require direct blood contact, may be used.for ambulatory purposes, and which
provides an Immediate benefit whilst minimising the possibility of infection or
thrombogenic complications due to the lack of direct blood contact.
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pump means may for example pump a gas or liquid (such as sterile water, saline or
other suitable fluid with viscosity characteristics 1Pas to 10° Pas) into the interior of the
peri-aortic jacket.

The pump means may, for example, be controlled such that the expansion of the balloon
interior of the peri-aortic jacket is subsequently followed by a shrinking (e.g. a relaxation,
restoration or correction to the original form) of the balloon interior to effect expansion of
the blood vessel.

Alternatively, the actuator means may apply a pressure upon only a part of the blood
vessel upon triggering by the control means, compression being effected by the blood
vessel being attached to a solid support (or adjacent structure) against which the
actuator means applies pressure. For example the vessel may be the descending aorta
which compresses against the rigid support of the spine (i.e. a vertebra) the actuator
applying pressure to the aorta which compresses against the rigid support for the spine.

The control means may comprise a pacemaker device (for example one manufactured
by Medtronics, Pacesetter, Telectronics or Vitatron) attached to the heart by sensor



actuator nmeans applies pressure. For exanple the vessel may be the
descendi ng aorta which conpresses against the rigid support of the spine
(i.e. a vertebra) the actuator applying pressure to the aor tZ3 WARcP05
conpresses against the rigid support for the spine. The control nmeans may
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immediate therapeutic benefit and therefore may be used with a wide range of patients
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end-stage failure in functional grades il and 1V, together with unstable angina patients

who are not suitable for routine bypass surgery.

According to one aspect of the present invention, there is provided a blood circulation
assistance device, for location around a blood conduit, the device comprising:

at least one inflatable bladder moveable between a contracted form and an
expanded form, for compressing the blood conduit to provide counterpulsation;

pump means in fluid communication with the at least one inflatable bladder for
moving the at least one inflatable bladder from the contracted form to the expanded
form, the pump means comprising a centrifugal impeller rotatable about an axis to effect
pumping, the impeller being moveable axially between first and second positions to
effect a reversal of the direction of pumping;



at | east one inflatable bladder noveabl e between a contracted form and an
expanded form for conpressing the blood conduit to provide
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Advantageously the fluid is a liquid, preferably having a viscosity of up to 10° Pas, more
preferably from 1 Pa to 10° Pas.

Conveniently the pump comprises a centrifugal impeller rotatable about an axis to effect

pumping.

Preferably the impeller is moveable axially between first and second positions to effect a
reversal of the direction of pumping.

Advantageously the pump further comprises first and second diffusers for receiving fluid
from the impeller, the centrifugal impeller being axially moveable relative to the diffusers
between a first position in which the impeller is in fluid communication with the first
diffuser and a second position in which the impeller is in fluid communication with the
second diffuser to effect a reversal of the direction of pumping.

Conveniently the pump further comprises first and second intakes for supplying fluid to
the impeller, the intakes being located such that, in the first position, the centrifugal



between a first position in which the inpeller is in fluid comunication
with the first diffuser and a second position in which the inpeller is in
fluid communication with the second diffuser to effect a revrdsaarRis he
direction of punping. Conveniently the punp further conprises first and
second intakes for supplying fluid to the inpeller, the intakes being
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i npel | erlm‘péllérﬂs fir Hlnﬁ SopimLmERRh \ﬁifh et first ieakki drftt ini e deRoRd Gosition, tRe second
posi tion, is in fluid communication with the second intake.
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Conveni efdnhder e firstahalsabdRy pispidder s are configured to be |ocatable
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one inflatable bladder is made froma naterial having a tensile strength

of fromARidrablptheimp Rrpf AfeidPpymp QuétPasdie deberiRadn US-A-5B48{458abl y 25 MPa.
Advant ageously the at |east one inflatable bladder is nade froma materi al

having a Mdulus at 100% el ongation of from2 to 6 MPa, preferably 2.5 to

5 MPa, nadvant 66u§h? fHal dormbrésidvRaearkeebrastises bl plurbiftg ofinflatabletbladers. nf | at abl e
bl adder is made froma material having a nodulus at 300% el ongati on of

from4 to 10 MPa, preferably 6 to 7 MPa, nore preferably 6.23 Mra.
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conpression  nmeans, the at |east one plate being | ocatabl e adjacent the

bl ood cofi8@xe %U@P'?%?O’Wﬁ'én the conpression neans is in its expanded form
the at |east one plate conpresses the blood conduit. Advantageously the
devi ce conprises two opposin | qcat abl e on eifher.si.de of .the
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Advantageously the at least one inflatable bladder is made from a material having a
Modulus at 100% elongation of from 2 to 6 MPa, preferably 2.5 to 5 MPa, more
preferably 2.64 MPa.

Conveniently the at least one inflatable bladder is made from a material having a
modulus at 300% elongation of from 4 to 10 MPa, preferably 6 to 7 MPa, more
preferably 6.23 MPa.

Preferably the device further comprises at least one plate connected to the compression
means, the at least one plate being locatable adjacent the blood conduit such that when
the compression means is in its expanded form the at least one plate compresses the
blood conduit.

Advantageously the device comprises two opposing plates, locatable on either side of
the blood conduit.

According to a further aspect of the present invention there is provided a blood
circulation assistance device for location around a blood conduit, the device comprising:



circul ation assi stance device for |ocation around a bl ood conduit, the
device conprising: 6 2 3 MAR 2005 solid state conpressi on neans m)veabl e
between a contracted formand an expanded form for conpressi 393 MAB 0% 0d
conduit to provide counterpul sation, control neans in comrunication with
the solid state conpression neans, the control neans being capabl e of
nmonitoring the cardiac cycle of an individual and triggering the solid
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rigid shel . Conveniently the outer extent of the outer cuff defines a
pl ane, the outer cuff conprising two portions connected by a hinge
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open confé%ura ositioning of the device about a blood conduit to
a cl osedadarglecirostrichve FQiT‘prteﬁ%'OGE %0 effect counterpul sation of the
bl ood conduit.

Preferably the solid state compression means comprises an array of compression
elements moveable from the contracted to the expanded form.

Conveniently the compression elements in the array are moveable to the expanded form

sequentially so as to effect peristaltic compression of the blood conduit.

Preferably the outer cuff has a substantially circular cross-section and is locatable to

surround the whole circumference of the blood conduit.



Preferably the outer cuff further conprises a clip for |ocking ?;f&{%o
portions of the outer cuff in the closed configuration. Advantage |§905t he

cross secW®9R/254 he outer cuff has an inconpl ete peri net erPQIdeBUE42500y t wo
opposi ng outer edges along the length of the cuff such that the device is

| ocatable to surround a portion of the circunference of the blood conduit.
Conveniently the device further conprises a substantially rigid panel
attachable to the opposing outer edges of the outer cuff such that the
rigid panel co-operates with the outer cuff to define the outer limting

ext ent t cAdvamtageoasipthe odtet Ouff is @gubstastially rigihaisell. Pr ef er abl y t he opposi ng
outer edges of the outer cuff are attachable to a bone such that the bone
co-operates with the outer cuff to define the outer limting extent to the

novenent oén\tdmmr:mwmlr owter eﬁtfam&gnﬁe ouﬁdwaﬂ‘t dmb Zé ylahéygh_d outereuff l;]tbmbﬂsing
conprises, a cushi on | ocat e between the blo conduit apgd t .
conpr essi WP RPRILORS sappegisd ﬁ?ycﬁ]h'ﬁge PREPeRAIGHIRT L%ﬁ&ﬁ’?"%‘é?‘i‘ tlhﬁgﬂ‘ec%ﬁif S on
?E?PS [IT_II\)/IVMEvééblé fremexpaehech & nfigﬂﬂ&tiorlﬁ:ﬁit?‘pt@@ftiet:ﬂhbbfﬂtvﬁdml j 'tsug:%ecgvd évg@uﬁl

efl on nown generic S ol ytetrafl uor oe en .

Pr eferabl\%’qq"'l%s ?P&S@‘é‘?l%%}/‘?@%gg‘{'%g@ e ?%‘"E%F’H‘ﬁ%\@nf‘%ééﬁ PE@A EB’Ethact ed
formto the expanded formin 10 to 200 ns, to remain in the expanded form
for between. 1 and 300 ns_and to return to the contracted formJn 10 to 400
e i or eMaBbu e guter Bt ReR ragiass d OB o BofR T s o ytste Siter

PCT/ GBO1/ e#PiRGnhd\elvsed edrfigurdtiont he device is capable of displacing up to 80
m of blood fromthe blood conduit when the conpressi on neans noves from

the contracted formto the expanded form about a bl ood conduit, preferably

bet ween 1RdyEntRjduél) the crots BbEHRH-of FRNOAEN RiftHAs é_mmc&hglefé sttt bdundaa
artificial blood conduit. Preferabl%strgﬁg rtificial bl ootgI conduit, is a

vascul ar RhGNP . OPRISIRA RO Y99S ARGy 8t the,cutf such that ha, Jeviea Jar s
from one ppstaple th RErr&iMina pbRion bftheWikdainferaibe of the blood conduit.

Conveniently the device further comprises a substantially rigid panel attachable to the
opposing outer edges of the outer cuff such that the rigid panel co-operates with the
outer cuff to define the outer limiting extent to the movement of the compression means.

Preferably the opposing outer edges of the outer cuff are attachable to a bone such that
the bone co-operates with the outer cuff to define the outer limiting extent to the
movement of the compression means.

Advantageously the device further comprises a cushion locatable between the blood
conduit and the compression means for cushioning the blood conduit when the
compression means moves to the expanded form.

Conveniently the cushion comprises a Teflon™ (known generically as
polytetrafluoroethylene (PTFE)) pad.

Preferably the compression means is operable to move from the contracted form to the
expanded form in 10 to 200 ms, to remain in the expanded form for between 1 and 300
ms and to return to the contracted form in 10 to 400 ms in order to effect
counterpulsation.



ol

Conveniently the artificial blood conduit is integral to the blood
circul ation assistance device. Preferably the control neans copmry&g 205

pacemakerwoQAlaifaat i vel y the punp nmeans. S _povvered el ectri gatioBo1/b4380
control neans conprising neans for nonitoring the current to the punp

nmeans. Advantageously the device does not conprise means to effect _
copul sation. According to another aspect of the present invention there is
provided a nethod of providing counterpul sation to the blood circulation
of an individual conprising the steps of: providing a blood circulation

assi stan ' r SN0 j S | e between, an
expandod Sua8ES P Ty dcjicids caBHR 87 olsBlacG ke, oy L GoSa AR B i ¢ 1
t'he conproesduibwher fivescorhgnession megns inoves fipnethsi cmntraﬁe? f$orfrr thé feaganded
contract r n n_outer cu urroundi ng at

| east a ggrr"i %@t%&l&ﬁ%&@m&éb&%ﬁg ,1%M@n8r48\mlo‘?frl?&°§n outer limting
extent to the novenent of the conpression neans; |ocating the ogter cuff
about a . it.in t individual  the cqnpression mnmeans being

bet ween t og'(‘)'gﬁ"gﬁ‘@ﬁ%'gr?mdtc°§ﬁﬂ'tfst?@ %ﬁrﬁ'%ql b&ﬁ@"ﬁr@ﬁi toring the cardiac cycle
of the individual; and 9 2 3 MAR 2005 WO 02/ 24254 PCT/ GB01/ 04250I ef](‘jecti ng
count er L.on. on e 0qd _condui t by operating the mechanica riving
nmeans tglﬂﬁ%@gb?%@ec%ﬁ%aégbgﬁﬂﬁﬁﬁg afvraaﬁw?'ﬁ%@i)ntract ed formto the
expanded form at diastole, the conpression neans thus pressi ngI aggi nstdt he
outer liygti X t of the ter cuff and.co essing the o] condui t .
Conveni e rqvéht?ﬁggﬁﬁ!gﬁﬁrgggrpﬂ@eb\{aggﬂa(:f:l?l.gﬁﬂaf}&er?fgorgscg\esqrgﬂgéﬁﬁ piteto
descri bednabthependr ef erably the step of locating the outer cuff about the
bl ood conduit conprises: noving the outer cuff into the open

configuration; positioning the outer cuff about the blood conduit; and
Conveniently the artificial blood conduit is integral to the blood circulation assistance

device.
Preferably the control means comprise a pacemaker.

Alternatively the pump means is powered electrically, the control means comprising
means for monitoring the current to the pump means.

Advantageously the device does not comprise means to effect copulsation.

According to another aspect of the present invention there is provided a method of
providing counterpulsation to the blood circulation of an individual comprising the steps
of:

providing a blood circulation assistance device comprising: compression means,
moveable between an expanded and a contracted form; mechanical driving means,
associated with the compression means, for moving the compression means from the
contracted form to the expanded form; and an outer cuff, surrounding at least a portion
of the compression means, and providing an outer limiting extent to the movement of the
compression means;

locating the outer cuff about a blood conduit in the individual, the compression
means being between the blood conduit and the outer cuff:

monitoring the cardiac cycle of the individual; and



noving the outer cuff into the closed configuration. Advant agigus!ﬁ% t he
step of locating the outer cuff about the blood conduit furth M wpi ses

the step Qfpodidref noving the outer cuff into the closed coigh@psiAlbsN:
| ocking the two portions of the outer cuff with the clip. Preferably the

step of locating the outer cuff about the bl ood conduit conprises:

i nserting the blood conduit through the opposing outer edges of the outer
cuff; and attaching the substantially rigid panel to the opposing outer
edges of the oeffestingceduinterpulsdtioh oinehevidded conduitvbyrapecatingf thehmebharichl

conduit ig.surrounded by the outer |limting extent define th ter
curf and GG A TG dios e ehPhemssion bl toBote SortAgiest Yo fo Bkt i ng
t hedO_ut er%xpahﬂﬁatfgm atMaé_.tblepdwecousrdpn'gssion rl’]pefammus pmsﬁn% ]icaggiﬁsgmda Iouteﬁ_
conduit through t 0Ssj n uter edges of the outer cuff; and attaching
the opposiM n&&r’&ﬁaﬁ‘gg&t’{ﬂ%Hfﬁ@"‘imi"%éﬂps ﬂﬂ%gﬁﬁogﬁﬂ'@q'tn the individual so
that the whole circunference of the blood conduit is surrounded by the
outer linmgting, tent defined by the outer cuff. and the hone, veni ently
Che" bone. CRNENRITY dhe ietnes 1368 MO OT A IRoD AR ERES B BRI BRI B0V an
alternative, the nethod further conprises the steps of severing a bl ood
vessel in_ the indi V{' du

| tQ provide t en t.he bl ood vessel and
HEt achi ngPereRal s slepieTloatindihe oufer i ahpitihe Blas Fondubeompraesact | ve end
of the bl ood veipeRig thé\duRAEFORIBE Ypbh Conffduiatibnt Ur t her conprises the step
of renoving a section of the blood vessel prior to attaching either end of
the artificial P%?'%H”Q:ﬁ'\?cﬂ&'itﬁt' cyﬁagﬂlétfhi’egﬁ’@étq%{)%uﬂ,éﬁ s of the blood vessel.
Conveni ent |y t fRvigtthe dufet ElfhRto e ERIska @8nfidiRatidnePs of grafting either end
of the wvascular shunt to a blood vessel in the individual such that bl ood

passes through the vascular shunt in parallel with the blood vessel.
Pref er abl xaVdiagddonaly fenstdptofi Beating! hadoMter ek abbut Re | 6B/ icdH@lit further

comprises the step of, after moving the outer cuff into the closed configuration:
locking the two portions of the outer cuff with the clip.

Preferably the step of locating the outer cuff about the blood conduit comprises: .
inserting the blood conduit through the opposing outer edges of the outer cuff;

and

| attaching the substantially rigid panel to the opposing outer edges of the outer

cuff so that the whole circumference of the blood conduit is surrounded by the outer

limiting extent defined by the outer cuff and the substantially rigid panel.

Advantageously the step of locating the outer cuff about the blood conduit comprises:
inserting the blood conduit through the opposing outer edges of the outer cuff;
and
attaching the opposing outer edges of the outer cuff to a bone in the individual so
that the whole circumference of the blood conduit is surrounded by the outer limiting
extent defined by the outer cuff and the bone.

Conveniently the bone Is a vertebra.
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Conveniently the nmethod further conprises the step of inserti n@@@n?@gti C
patch into the wall of the blood vessel to increase the dianeter 0 e

bl ood veawelo2/243vant ageously the bl ood vessel is the aorteqicBii®ezso

i ndividual. Conveniently the bl ood vessel is the ascending aorta.
Preferably the bl ood vessel is the descending aorta. Advantageously no
copul sation is perfornmed. According to a further aspect of the present
invention there is provided the use of a nmeans for effecting

count er pin 3ataligmagve. dhe impthod Hither cqm@nisasdf?; serp hseveringna blasdpresselsna
centrifugd irdiRRlal & pfvidet Bl éhddtuhe %ﬁbdf'awe%séloargf éﬁélrhirg;“&md?%nd éthtfe

i mpel I er bei ng noveabl e axial |y between first and second positions to

ef f ect aaﬂﬁ@\ﬁgbbaqi cenduitie agpspastiveand of thakisodyessal thi s specification, the
word "conprising” nmeans "including” or "consisting of and the word
"conprises"” neans "includes" or "consists of. 11 2 3 MAR 2005 WD 02/24254
PCT/ GB01Adyasiggeusinthe metherffugher eomprisesdharstepabf rereeing appectian of theat i s
mechani Cglooq @s?&yrﬁp?&gﬁé&ﬁgl eiﬁbpﬁha‘gi‘ ﬂ‘ﬁ@ diﬂbﬁoﬁt&nﬁbﬁﬁ%%%gagﬁfvg al),
or a hydraulic apparatus w Th nmechani cal conmponents. In I'S

speci fi centisaf theplagdveseridui t * neans a natural bl ood vessel; a synthetic or
artificial blood vessel; or other tubular structure for carrying bl ood.
The invention will be further apparent fromthe foll owi ng description, with
r ef er encE&ongeniently thec methody fuihed camipriges thehistapssofografting eilyeroéndeafirthe e

only, e ”@ﬁﬂéd@rﬁhﬁngfoga B &Eeﬁﬂ‘%g ALl %&c!l? 24 %iGdd Bé'és%%: tﬂﬂn@ﬁ %iag ﬁ ?nc €

devi ces, erein: ure I's a part longitudinal crossTsectiona
schemat | ¥aseuay sbentdn pacadel with the biaodossalssi st ance devi ce according to one
.enbodi ment of the present invention; Figure 2 is a radial cross-sectional
view of a blood circul ation assi stance device, in a first state, according
t o anot héreferaplithebraodsonduitis grideashvessehin the iodividBalgure 3 is a radi al
cross-sectional view of the blood circul ati on assi stance device of Figure
2 in a second state;

Conveniently the method further comprises the step of inserting a synthetic patch into

the wall of the blood vessel to increase the diameter of the blood vessel.
Advantageously the blood vessel is the aorta of the individual.
Conveniently the blood vessel is the ascending aorta.

Preferably the blood vessel is the descending aorta.

Advantageously no copulsation is performed.

According to a further aspect of the present invention there is provided the use of a
pump means for effecting counterpulsation on an individual, wherein the pump
means comprises a centrifugal impeller rotatable about an axis to effect pumping,
the impeller being moveable axially between first and second positions to effect a

reversal of the direction of pumping.

in this specification, the word “comprising” means “including” or “consisting of” and the
word “comprises” means “includes” or “consists of”.
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Figure 4 is a radial cross-sectional view of a blood circul ati % a\f%jﬂ%ﬁnce
device in accordance wth another enbodi nent of the present i \1. A A
Figure 5 Mwoaxee84 al cross-sectional view of a bl ood circulRiT/GRIEEZS0St ance
device in accordance with anot her enbodi nent of the present invention;
Figure 6 is a radial cross-sectional view of a blood circulation assistance
device in accordance with another enbodi nent of the present invention,
with a dashed |ine showing a part in an alternative position; Figure 7 is

a radial B oddisscsRaciigaionyi emeshanical] o SeanS, cAPRATANYS athatstisncmesE@: i n

accor dancgledtrbmedittidif (ingiiBing| soNBist&RE &lB&rdMédhaRical)NgeR hpdragny agpéfﬁfdsem a,
with a dashed line showing a part in an alternative position; 12 2 3 MAR

2005 WO With meshanicalicompenema>50 Figure 8 is side view of a bl ood
circul ati on assi stance device in accordance with another enbodi nent of the

present invention, wth part cut away; Fi gure 9 is a side view of an aorta;
Fi gure 10N thissspaciieatiane plosd eongpisoneans @ DRkl blpodovesselaasyntaetic eeartiiddr di ng
to one epjadivaBed; &fotﬁé??uﬁlﬂé?%ﬁﬂ&mké‘fb?eéﬂrﬁg? bReat ed on an aorta; Figure 11

is a side view of a blood circulation assistance device according to one
enbodi nent of the present invention in another |ocation on an aorta; Figure

embodi ment of the present invention in another _ _
anot her — CHBAA Ao Wit H0r SpbBienf OB R TRISYHAg KRstpioRC VR TR o

cr oss- sectheogagompanyingf drawings: whicheshswdi hieway oif example ondntembaginants or;
Figure 14,i ggqm' ' dsfitn ke bincul ation

assi st ancgé'csiségfl%ﬁ 0 %h@ nglﬁgfggfrﬁnﬁﬁﬁé st he&%r%geht'%ﬁgﬁt fon in a first
position; Figure 15 is a schematic view of the portion of the blood

circulatip i$h Yibi S0utiRalha senerflatidvi erduldtRR;
Figure 16 @sﬁqﬁr e S_Et?%ﬁb?u?'gglt °r8r a%% IPC_)?' gn isnt r aail aor_'ta\fvcs&%g‘?‘lﬁ%%nﬁéﬁét%ﬂanpl e
1; Fi gur eassistagcendeyieasagpording fiopane agakgstimentyof fie presert-imvantiod; count er pul sat or
i n accordance

Figure 2 is a radial cross-sectional view of a blood circulation assistance device, in a first

state, according to another embodiment of the present invention;

Figure 3 is a radial cross-sectional view of the blood circulation assistance device of
Figure 2 in a second state;

Figure 4 is a radial cross-sectional view of a blood circulation assistance device in
accordance with another embodiment of the present invention;

Figure 5 is a radial cross-sectional view of a blood circulation assistance device in
accordance with another embodiment of the present invention,;

Figure 6 is a radial cross-sectional view of a blood circulation assistance device in
accordance with another embodiment of the present invention, with a dashed line
showing a part in an alternative position;

Figure 7 is a radial cross-sectional view of a blood circulation assistance device in

accordance with another embodiment of the present invention and a vertebra, with a
dashed line showing a part in an alterative position;
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wi th one enbodi nent of the present invention in Exanple 1; Figure 18 is a
pressure time curve neasured on a cardiovascul ar sinul ator in BE3aMpR €0052;
Fi gure 19wios02&4pfdessure tinme curve neasured on a cardi ovaseQI/&BoED4260 at or
with intra- aortic balloon assistance in Exanple 2; 13 2 3 MAR 2005 Figure
20 is a pressure time curve neasured on a cardi ovascul ar sinmulator with
extra- aortic counterpul sator assistance in Exanple 2; Figure 21 is a part
| ongi tudi nal cross-sectional, part schematic view of a blood cj rcultﬁti on

assi st andedWBA BSidecdew af Aglacd QrcHigHomassitaMEanss N secerdants wil gpother
i nvent i ongmBEdimBhCt % gresérit ifvenidh alitFpabarn a@el onal view of the embodi ment

shown in Figure 21. Referring to Figure 1, a blood circul ati on assi stance
device 1, in particular, an extravascul ar counterpul sator device,

accor di ng:ibﬁre@g aeéﬁé)ﬂgﬁ%%n‘&%ﬂé'he present invention is provided. The

bl ood ci-rctlation assistance device 1 conprises an actuator neans 2
conprising a peri-aortic jacket 10,11. The peri-aortic jacket 10, 11

conpri sesg; ; i bk i ld,éw‘f‘é b oy and a
rel ati velli/"‘:’tr’i":é ?gﬁﬁﬁgggg%%’(t%ﬁ g@ogulflﬁuﬁbh%?glsﬁﬁclgat ab eagﬁ{gﬁgﬁbl%% s of
annul ar cerpkediment of dne priegentdnvestian agategdipiAan a0ita; out er ci rcunf erence of the
ascending aorta 20 of an individual. The inflatable bladder 10 extends
parallel to the longitudinal axis of the aorta 20. The infl atable bl adder
10 is filFigdarewill s @ sideivievt Df enhblaod eitsuiation cassistanse ndevieso aegerding dof ofrem
(shown i i | 14G A i elatively | ow pressure
and an e%@%ﬁ@%%‘?f)m ﬁe&ﬁri‘ntgﬁ\/e:nﬁgnﬂéﬂu%d&i%daﬁgﬁk arﬁe gﬂtai vely high pressure.
The fluid is a liquid or a gas. In the enbodinents in which the fluid 12

is a liqukd,d ' [ e. pAee [ ' of
the 1101 doVE 12 5% sf Al of & o lpy Mt EheearcB el aorbind ' b

vi scosi t yerobodiment of iheipresertdnventien; ncr eased, if required, by the addition
of polysaccharides. The cuff 11 is also of annular cross-section and is

| ocat ed about the outer circunference of the bladder 10, extending

par al | el [Figutent3 |so ipingliedingl|cress-sectonal ivieva et 8 durther emthndiraentcofithg prasest

i nflatablg blipdder 10 and the cuff 11 are substantially cylindrical and

coaxi al ly surround the aorta 20. Furthernore, the inner circunference of
the relatively

Figure 14 is a schematic view of a portion of a blood circulation assistance device of one
embodiment of the present invention in a first position;

Figure 15 is a schematic view of the portion of the blood circulation assistance device
shown in Figure 14 in a second position;

Figure 16 is a pressure output graph for an intra-aortic balloon in Example 1;

Figure 17 is a pressure output graph for an extra-aortic counterpulsator in accordance
with one embodiment of the present invention in Example 1;

Figure 18 is a pressure time curve measured on a cardiovascular simulator in Example
2;

Figure 19 is a pressure time curve measured on a cardiovascular simulator with intra-
aortic balloon assistance in Example 2;
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rigid cuff 11 defines an outer extent to the novenent of the inflatable
bl adder 10, the inflatable bladder being unable to nove outmardly of the
outer extent even when in the expanded form The actuator ﬁ%Q@
conprises punp neans 30 attached (i.e. connected) to the |nter|or 0 %e
bl adder 10 of the peri-aortic jacket by a connecting tube 40. Thus the
punp nmeans 30 are in fluid comrunication with the interior of the bl adder

10. The blis 4 srebliite ZWCUWI’(@SQM% F AR ENA2E MU NGIth3ExtRE- €
attached y a |l ead 31 to Pace Er control neans 50,51. The pacenaker

control apEiEeouRisiRiisataassisiaNce i ks?MBlS %nd a sensor 51, the pacenaker

bei ng configured (i.e. program"red) to trlgger at di astole so as to effect
aortic (;ounter ul sation of the bl ogod vess the s

at t ached 'g¥eid ﬁ@éFttb”%tH&G?'a‘fP?ﬁ %%ﬁ@%a'( thlem?gﬂ’ﬁ”e ﬁﬂocg?' at'f’g

nmoni t or 3dartahee dedce a¥Edr8ing tda Asrther eMBodiarient aithé pmsjeauheénuba, aicced around
the ascending aorta 20. such that the bladder 10 and the cuff 11 surround

t he whol e circunference of the aorta 20. The other conponents of the bl ood

circul atmgm re @256 & radi§Iecresvseeond Qicdhosfahe embodimient sHowh indiguré ams  wi thin the
body of the individual which positions will differ from person to person.
The sensor 51 nonitors the cardiac cycle of the individual and

comuni Cﬁéféﬁ'lnbhtos th"lfr@r Rk Bldodt eirdutionagsyiadiase Yevicdt 1,diragfactiolarn ahhe
cardi ac cycl e, } pacemgker 50 sends a,signal to tp errﬁr@ rﬁeans 3 I n
r espons EXIGVasY aélifﬁ‘ﬁFer PRIOn GRYICReArROrdRd e £AROEIM AN ESERh t he

connect llﬁ%frftlb!ﬁﬁ’s fbvﬁjgdlgﬁé (bldddecmcm;alha’ﬁ absihﬁag(::éig%e 1 Q@ohiprises an raea.[ealtdlg Lhe

pressure of the fluyi. in the. i t adder seguent t he

Tt Aeans 2GaEPHSing fert sy IAckolin T oo orgomicdaskel 10 ok fEabtes o1 1

-tl)-he ' St Siﬂ @{(’| ?ﬂﬁé&ﬁ'ﬁfr?h?’téreﬁallé@ﬁor ﬁlafiﬁerllﬂite@l?f ﬂO@hdaa; ré!aBﬁV%Ty hgnmmngeg ext ent
eyon i C e inflata not . expan ec

out er | iUl tnthe 4 I@tqpij%lg@ggerlég 98%”'3 §'tse?t|?é‘ ?’Fﬁsésr F%P{elaof t he
cuff 11 st ﬂ’?@@lﬂéﬁc#dﬂ\ﬁvﬂér@h&’e of th@sSas@@mmmgaa@mawgo bh@n awivieuat OThd inflatape

enmbodi rrent s the aorta

i n ot herPlagdRs JQiexsNds pafq{lgl ngggng&”eq' g%'(lélf ﬂ?r rél#%q@ q‘%&é}ie b'ﬂagv\hereas
predet er 1§ REMeANithASIQE 101 4R, is Hdveable betivsd g cohtpectad rmt(BRovirarerigier 50
sends a 1) in which the fluid 12 is of relatively low pressure and an expanded form in which the

fluid 12 is of relatively high pressure. The fluid is a liquid or a gas. In the embodiments in

which the fluid 12 is a liquid, it may be a mineral oil, water or the like. The viscosity of the

fluid is up to 10° Pas, preferably between 1 and 10° Pas. The viscosity of the fluid 12 can

be increased, if required, by the addition of polysaccharides.

The cuff 11 is also of annular cross-section and is located about the outer circumference
of the bladder 10, extending parallel to the longitudinal axis of the aorta 20.
Consequently, the inflatable bladder 10 and the cuff 11 are substantially cylindrical and
coaxially surround the aorta 20. Furthermore, the inner circumference of the relatively
rigid cuff 11 defines an outer extent to the movement of the inflatable bladder 10, the
inflatable bladder being unable to move outwardly of the outer extent even when in the
expanded form.

The actuator means 2 also comprises pump means 30 attached (i.e. connected) to the

interior of the bladder 10 of the peri-aortic jacket by a connecting tube 40. Thus the
pump means 30 are in fluid communication with the interior of the bladder 10. The pump
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further signal to the punp neans 30. In response to this furtheé) shid&nal,
the punp neans 30 punps the fluid 12 through the connecting tu of
t he i nfl Av@I02/24254 adder 10. This decreases the pressure ofPGIHeBG/MEH 12 in
the inflatable bladder 10 and the bl adder noves fromits expanded formto
Its contracted form Because of the inherent resilience of the aorta 20,

the aorta returns to its initial form after having been conpressed, as the

bl adder 10 ret ns t ntracte rm Th sens r 51 con

noni t or t"l‘f“ea"@ |a<£% %Wf\%d}y fh apng? vieqpage S‘)"8| é%‘?%segb ?’H T&Eove

descri be%a@érﬁé}@%ohﬁolrrﬁmtmlnprfhés 2 paddhifakeéOs> andt’\@ %8.435%5’%6%@04250

In sone enbodi nents, the means 30 do not (ﬁctlvel rr&:c)) the fluid 12
a u¥n

out of t Meing genfigurasd él%l a@@@mmdMenr@a@r 5t Qlasteler § r@§ &ffegt pprgic

cont r act edyhtefplilsation lohase bldaab@@Bsap absmet bamsoa tear Baihg | ditekhédIto Rhe helfte Of
the aorta 20 automatically turns the | adder 10 to the contracted form

once t he Bligs tf?éﬂ?n%(r@b'“lé%ﬁ@ iR er%m)mpnﬁorfthw%rd@? CYFRt 0 the bl adder 10.

Referring to Figures 2 and 3, another enbodi nent of bl ood C|rculat|on
aSS|stance device 1 is shown. As In the previous enbodinent, the b

ci rcul at iBsastespeiertic iacket is) Plagegnarousthe rascanding Aqria 20 sigh r*hal_tdh@)f

annul ar  giRRier $Eahd He @1 1%0?&5@1% e Whél@fd‘ rc%fe?érﬁé onﬁe Qaﬂé‘ ber The other
cross-section. In this enbodi nent the inflatab 0 and the cuff 11

each comsPmpenents of tf@rmo%éwt%cqssm@zdevm %reﬂ@ﬁaé%w wtabler ROsitigng
second WA e bR or 16 Hehickibl wh nsi vl ek frof pBreeh thprdon! Jheand

second secti ons . ab er 10 an the cuf
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second S%ftﬂeﬂﬁh%eﬂr%ker]é’o @&Qhé‘s@él@@rﬁr%dca%raé ?él@&ﬁe %@cé&hﬁ&*ﬁtﬂsérﬂs% siged1  edge

of the first and second sections of the cu 11 adjacent the first
| ongi t udi te the pimpyneans;30. An Fespepsia "89&9"&' ihe FP'—&E“R)F@@PEI@Q P&H]P&é'?ﬁﬂ'u'@ Ag

second | aRygi, gt tHenadnriEfiftuba- 40T BRd .ﬁtsltﬁ@wma%uéblaadéﬁmqm ineR&sig! theP 18,
one end of ich is rotatably attached to the edge of the second section

13 of t h@ressHre qfl‘“%ﬂj"ﬂc"@rif‘ t'i‘?]@ﬂg@é’l?rﬂa‘l‘%dﬁ GBP?PéiueBFlééRe inflatabig-Rladder

rel easablngovekifRmlits 8ot MRIhI6 Htsxpandadt fbfm. PRE irfabrUircUiferbndeSof'tRé at abl y

attached cuff 11 defines an outer limiting extent beyond which the inflatable bladder 10 cannot
expand. Because of this outer limiting extent, the bladder 10 presses against the interior
of the cuff 11 and expands inwardly, thus compressing the aorta 20. In some
embodiments the aorta 20 is completely occluded by the compression whereas in other

embodiments, the aorta 20 is only partially occluded.

After a predetermined period of time, but also during diastole, the pacemaker 50 sends a
further signal to the pump means 30. In response to this further signal, the pump means
30 pumps the fluid 12 through the connecting tube 40 out of the inflatable bladder 10.
This decreases the pressure of the fluid 12 in the inflatable bladder 10 and the bladder
moves from its expanded form to its contracted form. Because of the inherent resilience
of the aorta 20, the aorta retums to its initial form, after having been compressed, as the
bladder 10 returns to its contracted form.

The sensor 51 continues to monitor the cardiac cycle of the individual and, at diastole,
the above described process is repeated.
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to the edge of the first section 12 of the cuff 11 adjacent the $eﬁ 200
| ongi tudi nal break 15. The catch 19 is provided with a series % A&g 54

i n which woeoazdsr end of the |oop 18 may be engaged. |n tPOTsGROt®d2HONMENT ,

an additional pipe (not shown) is provided to connect the first and second
sections of the bladder 10 in order to ensure that the two sections are in
fluid comrunication with one another and can be pressurised. In use of

t hi s enbodi nent 17 is rel ea ing th h19 from
Lhe® cut 1 S0 AmPBHIIENis 19 BUPB ReaTS SLxaq ok sctively s T i 12 PUbGRY 1

any of thpbisgr Bléddaﬂwo WherP thes btdaaer no relifnd b RS dnFhatbe féhﬁ)th tHesEi gur e
3. The first and second sections of the blg der 10 and the cuff 11

are then §W9ﬁ€f"l9ﬂ§rth%le?feﬂtH@tem%@éesiﬁre qftheAQsay20 quiniatinaly fetdwsitee ance

device 1 heqhsemd B tAe entPacied fbrd dHc8 M MEHS feahs %%eb@ééwﬂmﬁbt@ﬂhml@ﬂ 3
MAR 2005 WO 02/ 24254 PCT/ GB01/ 04250 the first and second sections 12, 13

are swungintate bladgerA@r to surround the blood vessel. The clip 17 is then
secured by rotating the |loop 18 over the catch 19 so that the |oop 18

engages In one of the lugs 24 and then rotating the catch 19 towards the
cuff 11 Refardngstodrigyme 2iassh3, apotheremppdiment oft blaed rirculationassiséancedayviee shown

in Figur 913% gQS@H”A?rIrPEHeSBfe'v%ﬁs ¥mBdafndttOnd bl Ogircdlétldnhﬁéhlﬁéﬁ&cﬂﬁﬁbea*f has

been descri Iin relation he previous e I ment he advant age of
such enbo@emprises apfinfiaiable hladeer 30 oharnulay prosstaechion sdrrounsed by euff hbelsoneed

to be sevgf Sﬁhdhé} &Bgﬁéeétﬁﬁafrftrﬁé"@m%&lﬁﬂw eCiHh&: n%b@%lé&&ér%ﬁﬁ&tﬁaagtgg%'

sur r oundi ng vesse sonme ot er enbodi nent bl a
and cuff @achhcemprise firsl jandi seeond; segtionn 12,542 osrpasetedi b dirsh GHQSSQCQHGI | ow

the bl OOdlo\ﬁ;Algft&Hﬁluéltb'r s 8t ?ﬁ\.&elrﬁ%\é{ %QCHI of fhel¥ist MMPESDnd e ?gd]%

vessel ver ese enb her neans are prov secure
the two stheiniiaiable h’qdﬁéfiz@%@&‘eﬁ%ﬁt‘é Wlséﬁaﬁﬁﬁtl@ hawnearﬁen&%@darrﬁm% of
t he mveg&étgn a circunferential tie such as a nylon band, or surgical
wire are used instead of the clip 17.

The first and second sections 12, 13 are connected by a hinge 16 attached to either
edge of the first and second sections of the cuff 11 adjacent the first longitudinal break
14. A releasable clip 17 is provided adjacent the second longitudinal break 15. The
releasable clip 17 comprises a loop 18, one end of which is rotatably attached to the
edge of the second section 13 of the cuff 11 adjacent the second longitudinal break 15.
The releasable clip 17 also comprises a catch 19, one end of which is rotatably attached
to the edge of the first section 12 of the cuff 11 adjacent the second longitudinal break
15. The catch 19 is provided with a series of lugs 24 in which the other end of the loop
18 may be engaged.

In this embodiment, an additional pipe (not shown) is provided to connect the first and
second sections of the bladder 10 in order to ensure that the two sections are in fluid
communication with one another and can be pressurised.

In use of this embodiment, the clip 17 is released by rotating the catch 19 away from the
cuff 11 and rotating the loop 18 so that it is no longer engaged in any of the lugs 24. The
clip Is then in the released state shown in Figure 3. The first and second sections 12, 13
of the bladder 10 and the cuif 11 are then swung apart about the hinge 16. The blood
circulation assistance device 1 is then placed around a blood vessel in an individual and
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Wth reference to Figure 4, another enbodi nent of the present ifﬁentign S
shown. The blood circul ation assi stance device | conprises an f MAR £8P e
bl adder XPo@hnaapul ar cross-section surrounded by a cuff gbl/@héifeSo
annul ar cross-section, as in the previous enbodinents. As I n the previous
enbodi nent, the bladder 10 and cuff 11 are split into first and second
sections 12, 13, connected by a longitudinal hinge 16. In this enbodi nent,
first and second plates 25, 26 are provided, attached to the inner
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ar ound a, ﬁLOOd Ivessek3 &s dfscri bed in relation to the previous enbodi nent.
However, PG HPYCURRIBEMERE  the i nner circunference of the bl adder 10 is
slightly smaller than the outer circunference of the blood vessel that the
devi ce surrounds. Thus the bl adder does 17 2 R 200 WO 02/ 24254
boT/ coo1) AR aee oh S mbadingis ot he iR o afa et 1o FIRGY vespel dips 4L, o
and seconiefltabesevidred ffordenjoestt the bload dirsulatibnesssistariel devickel suffoahding of

t he bl OOﬂB%/E@%glgésT e bl ood vessel thus sits between the arcuate first and

second p When the bladder 10 is noved into its expanded form
the first and second plates 25, 26 are pushed inwardly by the bl adder 10

t the blood l..ln oth ts, the worki f thi
2ronet ot B et RFRPRS SR8 sl B AR ol ATST e Sl hafanh ("
enbodi mersesond sections 12/ 13 toallow theesibmticiratidtion dsbistdpice Wideice J:lOtodﬁaelatheg OIhawi0

I nents, the, er

an annul ar._crpss:. section., For exapple, i.n so enbod

oo RS Biacdass Howgups E e arimbeRneTie Shebmeann ale PrRYRYRE e
out er cufsecu® thetwo adctineun thd Elosdd stdtde Foil Bxamisie eirv $arge BMbbUignents &, the
further enb%?i ment, of ft he.pr.esent i nvention,is showr,. dn this .egb di_nment,
the bl ood ATHEN ELrOTeI8aYel i Aeh 8%, MYEN P3DG, Y, SUEGIER yHire 21| 4S8 (SEP36| Ot e
10 surrodnelelip 1y a cuff 11. However, in this enbodi nent, the bladder 10 and
t he cuff

With reference to Figure 4, another embodiment of the present invention is shown. The
blood circulation assistance device 1 comprises an inflatable bladder 10 of annular
cross-section surrounded by a cuff 11 also of annular cross-section, as in the previous
embodiments. As in the previous embodiment, the bladder 10 and cuff 11 are split into
first and second sections 12, 13, connected by a longitudinal hinge 16. In this
embodiment, first and second plates 25, 26 are provided, attached to the inner
circumference of the bladder 10. The plates 25, 26 are located opposing each other,
each one in the centre of one of the semi-circular cross-sections of the first and second
sections 12, 13. The first and second plates 25, 26 are arcuate, the arc being coaxial
with the cross-sections of the bladder 10 and cuff 11 and are each connected to their
respective section of the bladder 10 by a short stem 27,

In use of this embodiment, the blood circulation assistance device 1 is located around a
blood vessel as described in relation to the previous embodiment. However, in this
embodiment, the inner circumference of the bladder 10 is slightly smaller than the outer
circumference of the blood vessel that the device surrounds. Thus the bladder 10 does
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11 are not of annul ar cross-section. Instead, the bladder 10 and the cuff
11 have a cross-section having the shape of around 270 of arc ofy M | ﬁie
Thus the gy@9s2488+tion of the bladder 10 and the cuff 11 hﬂgwgﬁoy@@gﬁp ete
perimeter, conprising only around three-quarters of a circle. The

I nconpl ete section of the perinmeter is bounded by two opposing edges 28,
29 which extend along the length of the blood circul ati on assi stance

device 1. In use of this enbodiment, the bl ood circul ation assi stance

devi ce 1 net tantaat de blood vesselidirgctly. tristead, thesfiret any secondi pigtesms B6 poajectessel

Lo oppos| P GEE =545 G e, Bxipn bl i pRGHCHasSH. o0 BliahoieURUEER, "5
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t h I t I A t
Shoc e hgpaaet B BeTieshtn o i S e lfel sbatRl Shstimbih;
identical to the previous enbodi nent except that a planar panel 3l is

i ded t bet d th t es 28, 29.
The. bl oou ™ S8U8 SletiE' SHARIRRRI=oIBlraRs" dRcsder et BBFE I it Gossina
(I; ng ; Gé é . ;) sectm:a Eombtxamﬂe tih eomr@hb&ﬂmii:r&s MBb %gddatéﬁ% i® e@PbﬂB a?mfﬁ@é wrappeddcI
on er Si ur.e e positio er
70 1 - t e el Aund Shebiosd candilbaire thESBL Aiftss SRl oxrount e tlecer 10 o
parti cul ar errbodi ment, the bl ood vessel 20 is inserted between the two

opposi ng es 28, 29 of the blood c on assistance device 1, with
t he panel ""?ge?ﬂﬁ@&.’e Ehé Wy emgo "Ee'%{ hﬁtﬂ’%ﬁﬁ%d"‘ﬁﬁ‘“@%d’h shpwn. @ thigo
opposi ng egwedindt, tA tﬁdbda&rcmétloﬁ%ulﬁfénb@Ge@ib@qdcdfﬁpﬁéﬁs alinffatablet Ibl@ddErOOd

ci v oul at 1 90 sEReIEa i 5e HowgaruB S smeotimen s Biaddar i ang o8 0

stapl es on1cdréeot o8 amdulaCerodsedertior: dhstead, othet Bladdurotdl ane thelcuff 011 Ravegn
cross-section having the shape of around 270° of arc of a circle. Thus the cross-section
of the bladder 10 and the cuff 11 has an incomplete perimeter, comprising only around
three-quarters of a circle. The incomplete section of the perimeter is bounded by. two
opposing edges 28, 29 which extend along the length of the blood circulation assistance
device 1.

In use of this embodiment, the blood circulation assistance device 1 is located
surrounding a blood vessel by sliding the blood vessel through the incomplete section of
the bladder 10 and cuff 11, between the two opposing edges 28, 29. The blood
circulation assistance device 1 is of a size such that the bladder 10, in its contracted
form, fits snugly around the blood vessel. Thus there is no requirement for the blood
circulation assistance device 1 to be hinged or for there to be additional securing means
to hold the blood circulation assistance device 1 in place since it is held In place by
friction alone.

A variation of this embodiment of the invention is shown in Figure 8. This embodiment is
identical to the previous embodiment except that a planar panel 31 is provided,
extending between and attached to the two opposing edges 28, 29. The blood vesse! 20
is thus surrounded by the inflatable bladder 10 and cuff 11 on one side and the panel 31
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effected as has been described in relation to the other enbodi nents of the
i nvention, the dashed |ine showing the position of the bl adder 210 MAR 2086
expanded woweR425he advantage of this particul ar enbodi netCT/GBalEes50l t i s
relatively easy to secure the blood circulation assistance device 1 around
a bl ood vessel without the need to sever the blood vessel. Furthernore,
the whol e circunference of the blood vessel is surrounded by the bl ood

circul ati on assista evi ce so that fher a ter effic cy in
he  conpPBdas Aiher si08 ffa FAUS &, Inessesioivot Rertatdar il ha, pgandad tor

previ ouskhowe B¢ iH®isheaaghoent is shown in Figure 7. In this enbodi ment,
the blood circul ation assistance device 1 is identical to the device of the

previ ous enbodi nent except that no panel 31 |s provided. Furthernore, the
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28, 29 of the circulation assi stance device 1. 0si ng edges
28, 29 éﬂtuﬂﬁ@- Qilﬂﬁ ﬁtapie%ereothﬁ@meam& Savaterpyisatinn Qfeflh?etthq{j v§§selb£é) Btthedhi ng,
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vessel 20 Is then e been descri I'n relation he ot her

enbodi meRashest hn@w@owmgemg iPQﬁthl't w‘eth@l biadder 10 indte %ﬁ@WQﬁidot"heT h@cﬁﬁVﬁWéﬂe of the
bl adder %Ptrhé‘p%ﬂﬂ?ulﬁ%@%géiﬁ\efnﬂs%aﬂt‘?s ?ﬁ?étfv@@ sg/ztgaéé@ultehme bl élrc%li]atzon

CO- Operate to Ine an outer limtin restrailn t e outward
expansi ofsdistapcesdeyige 1cweundDbipRdNes mpm@lm@dztsosecyﬁr thedlepdhwrisel. 10 i n

order top,ARERRRS, ﬂgg%ﬁlé 'cﬁétﬁﬁ\ﬁ?]é % bfood! sanistsJ»?froQﬁ@éBdb)Yﬂ?Slbodzo In
sone alternative e ment s circu tlon assi stance device | is
at t ached AN assiEtanNCe deviss drotthal heidiis AiBater STIRENCY e CEMPRSSIBITf cbr &
32. Ref effd HBod@¥ésbP2d;i gure 8, a side view of a further enbodi nent of the

pr esent I nventi on

A further variation of the previously described embodiment is shown in Figure 7. In this
embodiment, the blood circulation assistance device 1 is identical to the device of the
previous embodiment except that no panel 31 is provided. Furthermore, the blood
circulation assistance device 1 comprises two inflatable bladders 10 whose position in
the expanded form is shown by the lines 10'. In this embodiment, the blood circulation
assistance device 1 is attached to a vertebra 32 at the two opposing edges 28, 29 of the
cuff 11. Thus the vertebra 32 co-operates with the cuff 11 to define the outer limiting
extent beyond which the bladder 10 may not expand.

In use of this embodiment, the blood vessel 20 is inserted between the two opposing
edges 28, 29 of the blood circulation assistance device 1. The two opposing edges 28,
29 of the cuff 11 are then attached to the vertebra 32, by stitching, suturing, clips,
staples or other means. Counterpulsation of the blood vessel 20 is then effected as has
been described in relation to the other embodiments of the invention, the dashed lines
showing the position of the bladder 10 in the expanded form. The vertebra 32 and the
cuff 11 co-operate to define an outer limiting extent and restrain the outward expansion
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s showmn, with the bladder 10 and cuff 11 cut away for clarity. Un this
enbodlnent the blood circulation assistance device 1 conprlsegftMéR2m5
coaxi al | y“éamwg@u bl adder 10 and cuff 11 as described i n RATEGRBNOIRSUS
enbodi nents. In this enbodinent, the blood circulation assistance device 1
additionally conprises a cushion 33 wapped around the blood vessel 20.
Thus the cushion 33 interposes bet ween the bladder 10 and the bl ood vessel
20 in orde | pod vessel . .20 und eated 0 sion. The
cushi on 351 8 BUERERE T pbrier i Poiemes IRVFIOFSEEX PEFPRTSFHOR 00 e BoBBTe8Tol i <
enbodi menzg, i nstead of the cushion 33, a synthetic patch of, for exanple,
DacronTMis grafted into the wall of a blood vessel in order to increase
the dianeter of a section of the blood vessel. The bl ood circul ation

assi st ancip stpd aweraaatme eﬁtb@dinieﬂteatr%dblaéd)uiﬂdjléﬁbrﬁas‘sﬁiéndé“déﬁcet T’ Staened
vessel and counter t|on s effe accordance with the previously

descri bedi°ShHoH Bé@ﬂg@'f%?tgﬂﬂ@ﬁ VEFtebIa32. b ood vessel has an

i ncreased di arreter, |t contains an increased volune of blood. Thus when
t he sectlon of blood vessel is conpressed an increased céhantlt of blood is

di spl acedRefeEGAYY & Fiawre 8,3 sideyime o disines empodisness @f dhe ergsent; laypntion

assi st ancig shewhC®ith the bitaeN 1@ aRY lcBf1a dR e foP elahiielry thid éfnba@iﬁfﬂﬁf qhet he
synt hetic pat01 increases the resilience of "'the bl ood vessel whic

i ncr easesblpe@ ciEgylation aesieigace devicauh camplisesatheospaxially armapged B\agdethto and he
bl ood vesggt 1hags aaéérﬂfeadmhmbd,%waas ehibodRRArS.N In’ HHid BmBdImaNt, t tHeSblood

enbodi nent, an entire section of bl ood vessel 1s renoved and replaced by
a synt het ‘F'ES‘ulﬁ“af' @ssigtance devige di ngﬂ@ﬂ@'l%ﬁ?%@%t?a%@éwﬂeﬁﬁ weapped grqupd the

| ocat ed aﬁ:@b@deséaezeyﬂmethbccugﬁ.aﬁ bs'nﬁter%gé‘é bEfive f-tftﬁébla%léf“i@'élﬁ&'hfeaé

I ndeed, in certain enbodinents, the circul ati on assi stance eV|ce 1
i s provi deasseh 26, iner $"Pft oy prptect é%tb!?@ﬁl‘@sﬁﬂo%‘a undes eepasted campiggsipRpIhe

| ayer, mm@ﬁ,mg,ggtdpéa mgggq-omepe?@hm&rbg@on@r afted into the existing ends
of the natural blood vessel. These procedures are particularly useful when

the section of natural bl ood vessel in question is diseased and 20 2 3 MAR
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enbodi nents, it is not necessary for the der 10 and outer cuf
have any #@aRie.oPagpaf ifgg'(aﬁe@mtasth@ Melhqﬁragbmd. veggel in order to increase the

diameter of a section of the blood vessel. The blood circulation assistance device 1 is
then located around this section of the blood vessel and counterpuisation Is effected in
accordance with the previously described embodiments. Because this section of the
blood vessel has an increased diameter, it contains an increased volume of blood. Thus
when the section of blood vessel is compressed an increased quantity of blood is
displaced. Therefore, this procedure enables the blood circulation assistance device 1 to
counterpulsate more effectively. Furthermore, the synthetic patch increases the
resilience of the blood vessel which increases the effectiveness of counterpulsation in
situations where the blood vessel has suffered hardening.

In certain variations of this embodiment, an entire section of a blood vessel is removed
and replaced by a synthetic graft. The blood circulation assistance device 1 is then
located around the synthetic graft in order to effect counterpuisation. Indeed, in certain
embodiments, the blood circulation assistance device 1 is provided with an integral
synthetic blood vessel as its innermost layer, which synthetic blood vessel can be
grafted into the existing ends of the natural blood vessel. These procedures are
particularly useful when the section of natural blood vessel in question is diseased and
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hi nge 16 descri bed above) in order to fit over the bl ood condui§3bﬁ Y606
they are inserted between the ends of a blood vessel. In sone enbodl nents,
t he synt heOioe/2¢psaft has a | arger internal dianeter than tFcI/6BEN(4250 Of

bl ood vessel that it replaces to increase the volune of blood that is
contained in the graft and thus increase the volunme of blood displaced by
each conpression of the blood circul ation assi stance device 1. In sone

enbodi ments of the invention, the outer cuff 11 conprises a plurality of
separ at e MYgtf iNpRRY. €3se,| be semavarelnithpase emhbodimentsnibdsiinet mesessesy farf ﬁhepl eces
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shaped unit a par ar section o 'S acﬁleved
in some dmmdme@chmmnmsng ofithedhions citculation @ssistancaidavicecif fs 11 of
differing sizes and shapes, one of which is selected because It fits the

bl ood vessel of a particular individual. In other enbodi ments, neasurenent
of the i HisemeugMbodimendsl of dbg dhventior, tmd@uprecuﬂpéi aRompeises aamﬂJralltgskniped
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t he bl osannestekin saﬁﬂssby interpcbmamnblatadmuﬂgns t Fhaisahe eutar duff t1cars be
nbtac) L shipd o eRnds 6 ot 2 e SRl ey 4 bl Yainh e BB, YRGS o0
10 i s pl alews theoblead ichreulationoassistandeai devined! 4o beﬂw@eebbn bwbﬂ quinduitsswhich
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of the proce ures escri us a-series o Sec ions

bl adder Yolumes of iplaadutedeeimplanied. respect ive cuff piece. Although the
efficiency of conpression of the blood conduit is reduced in sections
whi ch are not surrounded by a cuff piece, the overall effect of the cuff

pi eces i {ndegdr incsme embodimaits nerarticulated sestignscareirequired henaubs dwdentradui t
and  coughfr Bl 9344 prardrmeki 38 % SMapEE unitto fit a particular section of the aorta 20. This
is achieved, in some embodiments, by having a range of preformed outer cuffs 11 of
differing sizes and shapes, one of which is selected because it fits the blood vessel of a
particular individual. .In other embodiments, measurement of the individual’s blood vessel
are made pre-operatively, and a shaped outer cuff 11 is manufactured (for example,
using a computer-numerically-controlled milling machine) specifically to fit around the
blood vessel. Thus, in these embodiments, the outer cuff 11 is uniquely fitted for the
blood vessel of the individual.

ar ound

In other versions, there is no direct connection between the cuff pieces. In use, the
bladder 10 is placed around the blood conduit and a series of cuff pieces are placed
around the blood conduit and the bladder 10 in accordance with any of the procedures
described above. Thus a series of sections of the bladder 10 are surrounded by a
respective cuff piece. Although the efficiency of compression of the blood conduit is
reduced in sections which are not surrounded by a cuff piece, the overall effect of the
cuff pieces is sufficient to enable effective compression of the blood conduit and
counterpulsation to take place.
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2 3 MAR 2005 WO 02/24254 PCT/ GB01/ 04250 Referring nowto Figures 9, 10 and
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ascendi ng aorta 21 which | eads fromthe heart (not shown) and the

descendi ng aorta 22 |l eading towards the rest of the body: Referring to
Figure 10, in sonme enbodi nents of the present invention, the bl ood
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In some other embodiments of the invention, shown in Figure 11, the blood circulation
assistance device 1 is located surrounding the descending aorta 22. Because the
descending aorta is longer than the ascending aorta 21, it is possible for the blood
circulation assistance device 1 to be longer, e.g. up to 60 mm long. Furthermore,
calcification of the aorta may occur if the blood circulation assistance device 1 is located
surrounding the ascending aorta 21 which is avoided if the blood circulation assistance
device 1 is located surrounding the descending aorta 22. l

A side view of a further embodiment of the present invention is shown in Figure 12. In
this embodiment, a vascular shunt 34 is provided on the descending aorta 22. The
vascular shunt 34 comprises a hollow tube made from, for example, polyurethane or
Dacron™, either end of which is grafted onto the wall of the descending aorta 22, one
end distal to the other. An aperture in the wall of the descending aorta 22 is provided
beneath each graft so that blood passing through the aorta 20 passes not only through
the descending aorta 22 but also through the vascular shunt 34. Accordingly the blood
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beneat h each graft so that bl ood passing through the aorta 20 pasggs noéﬂﬁ
only through the descending aorta 22 but al so through the vascul AR A0S
34. AccomnOomgb4ess he bl ood 22 2 3 MAR 2005 WO 02/ 24254 PCIFCIBGRO14250 f | ows
t hrough the aorta 20 in parallel with the blood follow ng through the
vascul ar shunt 34. In this enbodinent, the blood circul ati on assi stance
device | is located around the vascular shunt 34. Thus, in this
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nanely thg synthetic vascular shunt 34. The bl ood circulation assistance
device 1, itself, is substantially the sanme as In the previous
enbodi ments. I n use, this enbodi nent operates in a simlar manner to the
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outer cufnfy bRt 6HIPE St %FEQSJUY?sSﬁHLe%H ISEHE] a nd-gﬁhﬁ'leffogo%ﬁtc?ﬁguit,

counterpulsation by torcing blood out of the vascular shun ; :
advant ag®&antely the sypthaetic vascular ehwd 3dnthe blooddiraulationeassigianaeadevideuhitsalfy can

be made LQUMIARGAPHE SaRB%RIn e BYs BABORRRED Of the aorta 20. This

all ows for easier -access od conduit when the blood circul ati on
assi stance device 1 is fitted and allows for the blood circul ati on

ot L > ¢ | : . .
each comi 458) (€ epbddrié opcrdheln &I RENRE: 1 300 BEECIF acbirlq °
ci r cul at iepbagiiments.aTharefarsy it cesponse [to signelsocarneemingitheptardiac whythm &othel  of
bl ood when,:t: i S . . f
Chi s enbaidis, el 10 B bvedno (EHRIEERAN0 16 odlahall roffl KB Gl 1
| ocat ed Preasing againsidhriouter cuffind apd compsessing the vasoylatishiut 34t This gifettsr war d

cond 1 RSB b GATBLBANLOR ik (BSRAnEnt 34 ond bl ood
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si mul taneously. Indeed, in certain enbodinments, the blood circulation

assi st angpedfihfigd of s YREAHAEMBIUIAENtIE tdtEhe VQSTRA sASntXY LdH BORRlgeUn t-

considerably longer than any one section of the aorta 20. This allows for easier access
to the blood conduit when the blood circulation assistance device 1 is fitted and allows
for the blood circulation assistance device 1, itself, to be longer and so displace more
blood at each compression. Thus, in some versions of this embodiment, the blood
circulation assistance device 1 is long enough to displace up to 80 ml of blood when the
vascular shunt 34 is compressed.

A further advantage of this embodiment is that the blood circulation assistance device 1
can be located about the vascular shunt 34 outside the body under straightforward
conditions and then the combination of vascular shunt 34 and blood circulation
assistance device 1 is implanted into an individual simultaneously. Indeed, in certain
embodiments, the blood circulation assistance device 1 and vascular shunt 34 are
formed as an integral unit.

In some further variations of this embodiment, the vascular shunt 34 has an interior
diameter that tapers from one end to the other. in some embodiments, the distal end of
the vascular shunt 34 has a narrower diameter than the proximal end but in other
embodiments the proximal end of the vascular shunt 34 has a narrower diameter than
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In sone further variations of this enbodi nent, the vascul ar shg&é,ﬁﬂ ﬂﬂﬁ*jg an
interior dianmeter that tapers fromone end to the other. In s

enbodi nrenw) 0¥Hes54i stal end of the vascul ar shunt 34 has 2PUTAGBWE250

di anmeter than the proximal and but in other enbodiments the proximl end
of the vascul ar shunt 34 has a narrower diameter than 23 2 3 MAR 2005 WO
02/ 24254 PCT/ GB01/ 04250 the distal end. The effect of the tapering of the
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ci rcul at i vascylasisbunrti@de device | conprises an outer cuff 11 being generally
tubular in formand having a central |ongitudinal |unen 35 through which a
bl ood vessel 20, or other blood conduit, may extend. The lunen 35 is

nar r onest Referdng new torkigee thea lengitadinal cross-aectionalayipwosti adilead, cirgwationne

di anet : ' . ‘ T |
hus. or | parg s i PSRk ity Kb embaBftient or hefyartich s shuupt
recessed $heblaagacirculation wssistance wetliset 1 gomphsescam puter sufft Hie beinaf geperalign ¢ wo
ot ovi dod. CREF 1P for Beteing'd eoifal HRUIGRGNGREN 35l T & lodResss. o7 e
enbodi nen2@, onatberleed gonsvit, BBy extenide Ite fumem 85 jisinprromnestat Bither endiof the

i ; . _
cepar at of 311 o 't REPl of BpeRhiriE 68 sag upiRter e TRAS el ¢f 95'Bidc
connect i ngonduitewhich it surpundsd Salisagrippirtgsthevidoatheonduit £0. Ibe igrercesatiercof the
directl : i nf I; d hd
cach of ¢ Rl SUERENRIER ik il i WeF aP R e’ B I QU YY 160 ECY
each bl addpposing sies [ofiithe cufintiniat the broagesthsadtion ofitie Wireen 85, arepiovidedye

when it Hperofs SBAST IBSARGES wk birip WLeRe O I e SRUCftE (b ipehlRE |

resi des wBbhdh lead to the pump means 30 via a connecting tube 40 that bifurcates from the
pump means 30 to connect separately to the two apertures 36, 37. In other
embodiments, no connecting tube 40 is provided and the two apertures 38, 37 connect
directly to the pump means 30.

An inflatable bladder 10 is provided over each of the two apertures 36, 37, on the interior
of the cuff 11 such that each bladder is in fluid communication with the pump via its
respective aperture 36, 37. Each bladder 10 is moveable between a contracted form
when its intemal pressure is relatively low and in which each bladder 10 resides within
the recessed section of the lumen 35 and an expanded form (as is shown in Figure 13)
when the intemal pressure is relatively high and in which each bladder extends into the
central lumen of the cuff 11, thus compressing the blood vessel 20.

In use, the pump means 30 drives fluid through the apertures 36, 37 at diastole in order
to increase the pressure within the two bladders 10 and move them from their contracted
form to their expanded form in order to compress the blood conduit 20. Subsequently,
the pump drives fluid out from the two bladders 10, through the apertures 36, 37 to move
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t he recessed section of the lunmen 35 and an expanded form (as is shown in
Figure 13) when the Internal pressure is relatively high and i @ 3wWiaRH08Bach
bl adder axbezdgsinto the central lunen of the cuff 11, tIRCT/GROIYMLISI Nng
the bl ood vessel 20. In use, the punp nmeans 30 drives fluid through the
apertures 36, 37 at diastole in order to increase the pressure within the
two bl adders 10 and nove themfromtheir contracted formto their expanded

formin order to conpress the bl ood conduit 20. equent | the
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expanded their contracted formthus rel easi ng the conpression on
the bl ood conduit 20. In this way, counterpulsation is effected. It is to
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even nore ers are prov ar oun bl ood conduit
pr ef er r ecgmbnslimaents, thmefmm, fprewaravenymare iaddemsre1@ a@oprawleegramnr\qletae blaogt t he

bl add h

bl addor 5 GPGuPES IS pRhdy HoRlmd WHR 4 HRrGING oFbRAR ARy profed e i
20. In ertthaﬂﬂelmamesspaced leiquidistantiytareund maeblocmif ¢anduib 0 solthatdbe bigddersag@ers 10
are fabri 3?'{"%{ %?%%dg%%ﬁhém"gl gxng%gme%goagoﬁwaﬁ%t material suitable for

I npl ant a nment s e material is resilient. For
exanple a flexible polyner filmsuch as poI y ethethyl ene terephthal ate

PET) i h
((31 " )ne:'; pcsﬁ‘?ﬁj% rdﬂpﬁgg%f‘?ﬁfgqméﬁﬁaﬁ Sth@ﬁnfﬁbl tﬁ’éﬁde?loﬁ off 10RPé lféB’rfca@dC as

nes Silicones or stic St omers are used in
ot her entxmmrﬂtmble.t faiguey resistente tatarial suwlwé@reﬂmmanthe@plm@nﬁollm GRMegy

range of t t o 0 35
vPa. " pr o s, e HRElIIE roshlefe. iR Bhofipfld R poimid Al et 35 2B, o1,
el ongat i ceihetbylem tarephthalated (BEWPis usqsir l@fmembgdlmetnts or rgsdienhelasses of
pr ef er abl Th 3 ??énln gﬂgﬁ Gaydy 10
MPa, pr enyerﬁ"f')é3r45 %&aeﬂ%g@ggbﬁr@e %@"F/aen%%;yg er aEP'g:? S'% ?QF% sone
enbodi nenngthetrhmbpdmem%llbﬂ & me@mmabﬂ'lebﬂa@d@'rf@sm lewingdange efatealai ded
properties. The tensile strength is between 15 and 35 MPa, preferably 20 to 30 MPa
more preferably 25 MPa. The Modulus at 100% elongation is between 2 and 6 MPa,
preferably 2.5 to 5§ MPa, more preferably 2.64 MPa. The Modulus at 300% elongation is
between 4 and 10 MPa, preferably between 6 and 7 MPa, more preferably 6.23 MPa.

In some embodiments, the inflatable bladder or bladders 10 are made from a braided
structure or fabric to restrict strain and control when in the expanded form.

Suitable materials which may be selected for the fabrication of the bladder 10 are listed
in the following table.

25



structure or fabric to restrict strain and control when in2thgarxgesnded
form Suitable materials which may be selected for the fabrication of the
bl adder 1HOAP#24sted in the following table. 25 2 3 MUCTEBH/MIN02/ 24254
PCT/ GB01/ 04250 Material or Chem cal classTradenane poly

et hyl enet er epht hal at ePET t her nopl asti c el ast omer sSTPE' sSant opr oneTM pol y

ur et hanesPEUEst aneTM si | i conesS| | asti c(r) oriented pol yet hyI enebr ai ded

nonofil g moodrmerts—of—tirs—trvent otter—ctiff—11
|s fabri cai%iegﬁ us| |§irmi!|”§%§%§ plastics or netallic aﬁT@ghéﬁ ?)r oved for sjuch
use. Pr dfpoiyadihylenstenephthetiate i aI haBEThe followi ng properties. The tensille
strength 7 pref erably 76 . ahe Bl exural

Modul us thé‘rﬁoé@gﬂfﬁqasttcﬁn%ga mor b Wﬁ?eferabl y 2.8 to 3§§Pt ne nor e preferabl y
3.1 GPa.| meangtharesof suitabl e rraPEi:h als are listed |Esta|hm"4t abl e bel ow.

Mat eri al sﬁir em cal cl assTradehane Titani um cpTi Silast
VitalliJmirAlV6eVi tal | i umrM Pol yet hyl eneUHMAPE, HDPE, BE'?%I ypr opyl enePH

poly et ryirielntad eolwih!lm at ePET pobmldbdm}dneiﬂarnmtepht aDmeeﬁ‘BTM pol y

car bonat'efR& |JUI Y etiret Jun—pnuncl 5 IJUI ¥y ethreretheriete ™

pol y- net hyl et hacryl at epMVA pol y phenyl sul phonePPS
In embodiments of this invention, the outer cuff 11 is fabricated using medical plastics or

~ metallic alloys approved for such use. Preferably, the material has the following
properties. The tensile strength is from 70 to 80 MPa, more preferably 76 MPa. The
Flexural Modulus is from 2 to 4 GPa, more preferably 2.8 to 3.4 GPa, more preferably
3.1 GPa. Examples of suitable materials are listed in the table below.

Material or Chemical class Tradename

Titanlum cp Ti

Vitallium = TiAIV6 Vitallium™

Polysthylene UHMWPE, HDPE, PE

Polypropylene PP

poly ethyleneterephthalate PET

poly butyleneterephthalate PBT

poly carbonate PC

poly ethersulphone PES

poly etheretherketons PEEK - | Vietrex PEEK ™

poly-methyl methacrylate pMMA

poly phenyisulphone PPS

poly urethanes ' PEU Bionate ™ Corethane ™
Pellethane ™

poly amides PA Nylon

poly oxymethylene POM Delrin ™

Polystyrens PS

The properties required for the material from which the cuff 11 is made depend on
factors such as its intended location, and the volume of blood it displaces when the
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such that the baftery can be recharged % ocating an external coil
i
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enbodi nent s i nvention is shown schematically and will now be
descri be(ﬁqumﬁprbgfntﬁe dladder 40 prassgs against the cuff 11 to compress the blood conduit

more efficiently.

In embodiments of this invention the pump means 30 is a mechanical pump powered
from a battery. The battery is connected to a coil, which is also implanted within the
individual, just beneath the skin such that the battery can be recharged by locating an
external coil adjacent the intemal coil and transferring energy between the two coils by
induction.

In Figures 14 and 15 a pump means 30 in accordance with certain embodiments of the
invention is shown schematically and will now be described. The pump means 30 is a
radial pump and comprises an electric motor 60 linked to a rotatable axle 61. At one end
of the rotatable axle 61 is attached a circular radial centrifugal impeller 62 . The impeller
has intakes 63, 64, adjacent its hub 65, on each side. One intake 63 leads from a
reservoir 66, the other intake 64 leads from a holding tank 67. A washer 68, 69 is
provided on each side of the impeller, adjacent a respective intake 63, 64.

~ The impeller 62 is axially slideable from a first position (shown in Figure 14) in which one
of the washers 68 blocks the intake 83 from the reservoir 66 but the intake 64 from the
holding tank 67 is clear and a second position (shown in Figure 15) in which the other
washer 69 blocks the intake 64 from the holding tank 67 but the intake 63 from the
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its 63 from the reservoir 66 and the diffuser to the holding tank 67 are closed . Thus the
impeller 62 drives the fluid 12 from the holding tank 67 to the reservoir 66. Since the
holding tank 67 is in fluid communication with the bladder 10, the pressure of fluid 12
within the bladder 10 is kept relatively low and so the bladder 10 is maintained in its
contracted form.

At diastole, a signal from the control means 50 results in the electromagnet 70 sliding
the axle 61 such that the impeller 62 moves to the second position. The impeller 62
continues to be rotated by the axle 61 in the same direction. Now, however, the intake
64 from the holding tank 67 and the diffuser 72 to the reservoir 66 are closed and,
instead, the intake 63 from the reservoir 66 and the diffuser 73 to the holding tank 87 are
open. Accordingly, the impeller 62 drives the fluid 12 from the reservoir 66 to the holding
tank 87, increasing the fluid pressure in the holding tank 67 and, therefore, the fluid
pressure in the bladder 10. Thus the bladder is moved into its expanded form.

Subsequently, but still during diastole, the control means 50 signals the electromagnet
70 to return the impeller to its first position and the process is repeated.
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This is possi
to be changed in order to change the direction of pumping. This is possible because the

pump means comprises a radial pump and linear actuator integrated Into one moving
part. Longitudinal displacement of the radial pump results in alignment with either an
inlet or outlet manifold. In this way, high dQ/dt and extremely rapid flow reversal of fluid
to and from the bladder 10 can be achieved with an extremely compact pump means 30.

Furthermore, the pressure in the holding tank 67, and thus in the bladder 10, can be
maintained for extended periods of time. This has the effect of causing a powerful,
sustained compression of the blood conduit about which the bladder 10 is located to
result in effective counterpulsation. In particular, a pump of this type is capable of
causing the bladder 10 to move from the contracted to the expanded form in between 10
and 200 ms; maintaining the bladder 10 in the expanded form and the blood conduit
compressed for between 1 and 300 ms; and returning the bladder 10 to the contracted
form in 10 to 300 ms.

A further advantage of a pump means 30 of this type is that the monitoring of the cardiac
cycle of the individual to whom the blood circulation assistance device 1 is fitted can be
measured using the pump means. This employs the principle that the current drawn by
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In some of these embodiments of the invention, the current monitor 74 Is provided in
addition to the pacemaker 50 and sensor 51 that have been described above in order to
serve as an integrated control means. However, in some other embodiments, the
pacemaker 50 and sensor 51 are not provided and the current monitor 74 is the sole
control means. In these embodiments, when the blood circulation assistance device 1 is
started, the current monitor 74 does not have any starting data as to what point in the
cardiac cycle has been reached. Accordingly the current monitor 74 initially signals the
motor 60 to effect several test pumps on the blood vessel and measures the current
during these test pumps. in response to the variation of the electrical current to the
motor 60 during these test pumps, the current monitor 74 calculates the position reached
in the cardiac cycle and operates as has been described previously. While the initial test
pumps may not be at diastole and therefore may not cause counterpulsation, they are
relatively few in number and do not cause any undesirable side-effects.

A particularly preferred pump means 30 is an Affeld pump which is described in greater
detail in US-A-5,348,458, which is Incorporated herein by reference.
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dead space and leading to further improvements in the dynamic response.

In some embodiments, a pacemaker 50 and a sensor 51 are not provided. Instead, the
cardiac cycle of the individual to whom the blood circulation assistance device 1 is fitted
is measured by a pressure sensor attached to the blood vessel on which the device 1 is
located. The pressure sensor is located adjacent to the outer cuff 11 on the blood vessel
and measures the pressure of blood in the blood vessel over time. The pressure sensor
is connected to the pump means 30 and, when the pressure sensor detects that the
cardiac cycle is at diastole, the pressure sensor signals the pump means 30 to effect
pumping to cause compression of the blood vessel.

In some embodiments of the present invention, the blood circulation assistance device 1
does not comprise a bladder 10 and pump means 30. In these embodiments, a solid
state compression means and mechanical driving means are provided. In certain
embodiments these comprise piezoelectric materials or electrostrictive materials (i.e.
materials that contract in response to an electric field) such as electrostrictive polymers.
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of radially inwardly extending conpression elenents 80. The conpression
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In use, the blood circulation assistance device 1 is located around a blood conduit 20 as

has been described in the previous embodiments. Thus in certain embodiments, the
outer cuff 11 comprises two separate hinged sections in order allow fitting of the cuff 11
about the blood conduit 20. Prior to diastole, an electric current is not supplied to the
compression elements 80 and thus each of the compression elements 80 is in its
contracted form as shown in Figure 21. At diastole the pacemaker 50 supplies an
electric current to each of the compression elements 80 thus causing the compression
elements 80 to move to thelr expanded form. As each compression element 80 moves, it
contacts and compresses the blood conduit 20. The current is maintained for a
predetermined length of time, thus maintaining the blood conduit 20 in a compressed
form. The pacemaker 50 then stops the electric current to the compression elements 80,
in response to which compression elements 80 retumn to their contracted form and
release the blood conduit 20 from compression. The process is then repeated in order to
effect counterpulsation.

The advantage of such solid state compression means is that they are considerably
more efficient in compressing the blood conduit than embodiments in which a bladder 10
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elements 80 are actlvated sequentlally to cause peristaltic compression of the blood
conduit 20. This provides a pulsatile motion to the blood in the blood conduit 20 as it is

compressed.

It is to be appreciated that, in these embodiments of the invention, it is advantageous
that the compression elements 80 expand as much as possible when they move from
the contracted to' the expanded form. This ensures that the blood conduit 20 is
compressed as much as possible and a large volume of blood in the blood conduit 20 is
displaced. It is known in the art to provide a flat strip that comprise a layer of
piezoelectric material and a layer of another material such that, upon the application of
an electric current, the layer of the piezoelectric material expands relative to the other
layer causing a bending of the layers and a linear extension of the strip. The distance
that the strip extends upon the application of an electric current can be increased if the
strip is initially wound into the form of a helix. In this form, when the electric current is
supplied to the piezoelectric material, the helix expands axially a distance greater than
the linear extension of the flat strip. Furthermore, the helix can, itself, be wound into a
larger helix whose axial extension on the application of an electric current is even
greater than the axial extension of the initial helix. This process can be repeated many
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EXAMPLES
Example 1

Typical early prototype devices described above have been evaluated in a series of in
vitro models operating under static and dynamic modes 7 using a cardiovascular
simulator equipped with an artificial aorta ® (supplied by Institute of Biomedical
Technology Hydraulics Laboratory, University of Ghent, NL). The blood circulation
assistance device under test was an extra-aortic counterpulsator having two inflatable
bladders. The extra-aortic counterpulsator had a length of 50 mm, internal diameter of
33 mm and a total bladder volume of 15 ml. The extra-aortic counterpulsator was
capable of displacing 20 ml blood at each compression. The results summarised in the
table below from the static model were compared with the performance of intra aortic
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expansion in order to conpress the blood conduit sufficiently can be nade
by constructing the conpression elenent 80 froma piezoelectric strip
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ext ensi on upon the IO plication of an electric current. Further detajls of
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WO A- 01/ 47318, (GB-A-2322232, V\OA—Ol/ 47041, US-A-6111818, US-A-5215446,

US- A- 518620 US—A—4633120; ?Wﬂ?él /9,:1 S-1A- 6109852,

WO A- 92410916, and WO A-99/1 . I'n enbogl rre%bts ot ﬁ?’é prdasent invention,
the bl opd circul ati on assi st a(Areahmmld@ﬂ alone] is generdglly sufficient
to assi ?ﬁ; c-vdoat-s—ct atton—by—pffectrng—counteryul sati on.

Ther ef ot e 5%1*' | onal _assi st aﬁ%”;e3 for the | ndividupl's blood|circul ation
(such as lﬁcﬁ)pasfsmdl(om’rﬁparisonpt azaal I y requ 1@3 oncp34.8e bl ooq circulation
assi st aRgedeviee—i—has—beep i gptranted—BEXAMPEESExanpt-e Typical early
pr ot oty)g f)eégncf,ees descri bed aﬁ%de have been evalupted in a seri es of In
vitro DE&lr@aomrawntyypmmwrr 56.at1c and dyegm c npged 7/ using a

car di ovasett-ar—stmHt-at-er—equi-pped—w-th—an—artH-etral—aerta— (supplied by
Institute of Bi onedi cal Technol ogy Hydraulics Laboratory, University of
Ghtent N(t)lls Tdne»ehhcimi Wit ﬁe:sbééﬂht@ﬁhe%?v&rmtle gﬂv:tmmglacwmd Balloonawsted
extra-aortic coypter sat or ving two inflatabl e adder s

oxt 1 a- aofispEosS Al B R ot eaifipolfhresiian wherea? th et spuniP sl of
33 mm andls[:lateﬁ adniyp | 200 dair of/cmwme ofif edéh rdompTé&uthmramé | theC eptré-abidig! sat or

capab of ds | acin bl ood at each ressi o The results
summrl ggauq ﬁrpyhe.@ orpac Ilygprowdes a greater percentage c%nP\ge in pegusmn per m %

blood displaced than the intra-aortic balloon.

The pressure output graphs of these experiments are shown as Figure 18 for the intra-
aortic balloon (IAB) and Figure 17 for the extra-aortic counterpulsator. As can be séen
from the pressure graphs, the extra-aortic counterpulsator causes an increase in
pressure at diastole to a similar extent as the intra-aortic balloon.

Example 2

In this example, the intra-aortic balloon used in Example 1 was compared with a single
bladder extra-aortic counterpulsator under dynamic conditions. The extra-aortic
counterpulsator had a length of 50 mm, an intemal diameter of 33 mm and a total
bladder volume of 40 ml. The extra-aortic counterpulsator displaced 40 ml of blood on
each compression. The intra-aortic balloon and the extra-aortic counterpulsator were
signalled to compress on altemate diastoles of the simulated cardiac cycle. The results
of the experiments are shown in the table below. Furthermore, pressure time curves
measured on the cardiovascular simulator are shown as follows: without circulation
assistance (Figure 18); with intra-aortic balloon assistance (Figure 19) and with extra-
aortic counterpulsator (EAC) assistance (Figure 20).
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As can be seen on comparison of Figures 19 and 20, the extra-aortic countsrpulsator
was capable of effecting similar increases in pressure at diastole as the intra-aortic
balloon. Accordingly, this example shows that the extra-aortic counterpulsator is able to
effect counterpulsation to an extent sufficlent to have a positive effect on a patient in
need of such treatment.
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of the experinents are shown in the table below Furthernore, pressure tine
curves measured on the cardiovascul ar sinulator are shown as f IMARs2005
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conpar i SO“”MQulo;Fdeér@Q et &l Qﬁlﬁ’sté’l@; belilBéh Birhp Bsshedrich Gn& GaHY ﬁ]r@MbW&é?&mgéM’es
capabl e of effect] nlg simlar Increases in pressure at diastole as
i ntr a- aoriheek’ Am.Heart J. 63 p669 (1962)
3 Mundth3 E D., Assisted Circulation in Gibbon’s Surgery of the Chest, Editors Sablston DC
and Spencer F C, Saunders p1490-1514 (1983)
4 Hayward M P et al; supra WO 92/08500
® Fischer E 1; Ann.Thorac.Surg., 60, p417-421 (1995)
8 Carpenter et al ‘Myocardial Substitution with a Stimulated Skeletal Muscle: First
Successful Clinical Case’ The Lancet p1267 {June 1985)
7 Segers P, Dubois F, Wachter De, Verdonck P ‘Role and Relevancy of a Cardiovascular
Simulator’ Cardiovascular Engineering, 3, p48 (1998)

8 Verdonck P University of Ghent, Institute of Biomedical Technology Hydraulics Laboratory.

37



bal | oon. Accordingly, this exanple shows that the extra-aortic

counterpul sator is able to effect counterpul sation to an extent sufficient
to have a positive effect on a patient in need of such treaglgen%%zgu‘é 2 3
MAR 2005 WO 02/24254 PCT/ GB01/ 04250 REFERENCES 1 Clauss R H J orac.
Cardi ovasc. Surg. 42, p447 (1961) z Moulopoulos S D at al; 'D astolic

bal | oon punp assistance and early surgery In cardiogenic shock' Am Heart
J. 63 peeAIM®O62) 3 Mundth3 E D., Assisted Crculation in G bbon's Surgery
of the Chest, Editors Sabiston D C and Spencer F C, Saunders pl490-1514
(1983) 4 Hayward M P at al; supra WO 92/08500 Fi scher E I;

Ann. Thorac. Surg., 60, p417-421 (1995) s Carpenter at al 'Mocardi al

Subst i [ it h a .Stinul d, Skel I | e; First f.ul i ni cal
Caser  The Lars ORI ReShisnes ey Y Woaipn arti @ REEHL b, Foer donci
P ' Rol e deviteRehgriaingy of a Cardi ovascul ar Simulator’' Cardiovascul ar f
Engi neering, 3,,.p48 (1 P University of CGhent  |nstjtut

51 omed cal - TeAHSBT0gYF Iiath HESHRL S vaRaR e B St B e S gL ” A

bl ood ciexpahded formafos cornpressing éhe iWeod Eanduit ée prtovide oaumermhlsatiblh;olod (t:)otndui t,

h d ’ .I . . b I ween a
e Sev e SR A n B SR ARRc b8k SRS E R P Shecr °,
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punpi ng,eﬁe[&ga iré’(}é?éell Sfthg%iir@&iaﬁodf%%mp%g?m ally between first and second

posi tions . o
control means in communication with the pump means, the control means being

capable of monitoring the cardiac cycle of an individual and triggering the pump means
to move the at least one inflatable bladder to the expanded form at diastole; and
an outer cuff, surrounding at least a portion of the at least one inflatable bladder,
providing an outer limiting extent to the movement of the at least one inflatable bladder,
the at least one inflatable bladder being locatable between the blood condluit and
the outer cuff such that, in its expanded form, the at least one inflatable bladder presses

against the outer limiting extent of the outer cuff to compress the blood conduit.

2. A blood circulation assistance device according to Claim 1 wherein the pump
means is connected in fluid communication with the at least one inflatable bladder by a
substantially rigid tube.

3. A blood circulation assistance device according to Claim 2 wherein the
substantially rigid tube is less than 20 mm long.

4, A blood circulation assistance device according to Claim 1 wherein the pump

means is located adjacent the at least one inflatable bladder such that the pump means
is directly connected to the at least one inflatable bladder.
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bl ood ci E&ﬁﬁwﬂhbé’ﬁbn@ﬁuﬁhﬁ % odnﬁ kg€ according to Claimé6 wherein the punp

means fur rise second i ntakes for supplying fluid to the
i npel ler, the

8. A blood circulation assistance device according to any of the preceding claims
wherein the pump means further comprise an electromagnet for sliding the impeller
between the first and second positions.

9. A blood circulation assistance device according to any one of the preceding
claims wherein the pump means are an Affeld pump.

10. A blood circulation assistance device according to any one the preceding claims
wherein there is a plurality of inflatable bladders.

11. A blood circulation assistance device according to Claim 10 wherein the inflatable
bladders are configured to be locatable symmetrically about the axis of the blood

conduit.

12. A blood circulation assistance device according to any one of the preceding
claims wherein the at least one inflatable bladder is made from a material having a
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i nt akes being |located such that, in the first position, the centrifugal
inpeller is in fluid comunication with the first intake angc{)n t he second
position, the inpeller is in fluid conmunication with the s Ri Mke.

8. A blood circul ation assistance device according to any of the preceding
claims wherein the punp neans further conprise an el ectronmagnet for
sliding the inpeller between the first and second positions. 9. A bl ood

ci r cul at feosileastsaingtraofcieond e Bito @5ada mefegatiiyo 2@ iy 30 MPz0énd here prterdblip@s cl ai s
wherein 'S{'E’g punp nmeans are an Affeld punp. 10. A bl ood circul ation

assi st an devi ce according to any one the preceding clains wherein there
is a plurality of inflatable bladders. 11. A blood circul ation assistance

devi ce aggor dj tpo Claim 10 erein the inflatable bladders are .

cont  gur B 1 o g e’ SsaliEich Bl skl ey pas o T s

condui t . cldiths whéremothecatr lsabttadne inflatables bladder deviade f@oc ar tiategak havimy aone of

t he precgdi | &4 rej t, Le ne'fltg.l‘} er i s nmade
from & ripanr AR SRR &R 2008 MeRereBae LA fo o rbrndd 1o 35
MPa, pr eprefessttly 288 MBa.30 MPa and nore preferably 25 MPa. 13. A bl ood
circul ati on assi stance device according to any one of the preceding clains

wherein the at | east one inflatable bladder is nmade froma material having
a Mdul 6 atAlldosd eirauiationi assisséander denie aocBdivgdp anyebre abltye Drécedimgs MPa,

rocor ol ngafis ahdref (i M Rastne Bl b6 s Wb ld (AP LERTE HANES
i nfl at abinedWladdel00% ateng@tion coh feomed do i 1 MRavi prgfesablynid td (7's MiRa, 300

el ongat i f o 10 MPa, preferably 6 to 7 MPa, nore preferably
6. 23 Waﬁﬂ%&q@éb%@%@é\(ﬂﬁé.ci rcul ati on assi stance devi ce according to any one of

the preceding clains further conprising at | east one plate connected to

the at |gast @ 'fL %}Qje g%%e : d-batt | ft i Q.

| ocat abl géadj azzkg%(%dqtc rgdl Soésﬁ%n ul P e\g%égﬁcﬁa' Gmﬁ]eanrﬂpgné) of tfe %%('%gmg
claims further comprising at least one plate connected to the at least one inflatable
bladder, the at least one plate being locatable adjacent the blood conduit such that when
the at least one inflatable bladder is in its expanded form the at least one plate

compresses the blood conduit.

16. A blood circulation assistance device according to Claim 15 wherein the device

comprises two opposing plates, locatable on either side of the blood conduit.

17. A blood circulation assistance device according to any one of the preceding
claims wherein the outer cuff is a substantially rigid shell.

18. A blood circulation assistance device according to any one of the preceding
claims wherein the outer cuff has a substantially circular cross-section and is locatable to
surround the whole circumference of the blood conduit.

19. A blood circulation assistance device according to Claim 18 wherein the outer
extent of the outer cuff defines a plane, the outer cuff comprising two portions connected
by a hinge perpendicular to the plane such that the outer cuff is moveable from an open
configuration for positioning of the device about a blood conduit to a closed configuration
for the device to effect counterpulsation of the blood conduit.
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opposing outer edges of the outer cuff are attachable to a bone such that

t he bone,go- rat | - u C : ' LMt ing
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outer edges of the outer cuff are attachable to a bone such that the bone co-operates
with the outer cuff to define the outer limiting extent to the movement of the at least one

inflatable bladder.

24, A blood circulation assistance device according to any one of the preceding
claims further comprising a cushion locatable between the blood conduit and the at least
one inflatable bladder for cushioning the blood conduit when the at least one inflatable
bladder moves to the expanded form,

25. A blood circulation assistance device according to Claim 24 wherein the cushion
comprises a Teflon™ pad.

26. A blood circulation assistance device according to any one of the preceding
claims wherein the pump means is operable to move the at least one inflatable bladder
from the contracted form to the expanded form in 10 to 200 ms, to remain in the
expanded form for between 1 and 300 ms and to return to the contracted form in 10 to
400 ms in order to effect counterpulsation.

41



i nfl atabl e bl adder. 24. A blood circul ation assi stance device according to
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the preceding clains wherein the blood conduit is an artificial blood
condui t.229. Ablslodatirculaticn hesistanceadaiicst zncoirgeioi Claina 28 ovhereiy theoar@iicialm 28

wherein conduit is a vascular shunt. 30. A bl ood
ci rcul att};lgﬁd g('ssidlugt'scélgge%ﬁ\#ggmaccor ding to daim29 wherein the di aneter of

the vascul ar shunt tapers fromone end of the shunt to the other end. 31. A

bl ood ci ggcul 0, to 30
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assi st antbe VaeGulal’éhUBQtap@rSlinooodna:emdzuﬂthe smmtmmesatlzmmddew ce according to
any one of the preceding clainms wherein the control neans conprise a

pacemaker. 33. A blood circul ation assi stance device according to any one
of claind!.1 t4 biiod gitesiation ashistapaendleriea @scordingdosmy corel efcClaincalB o 30he

control WHEHBH théE gﬂffil:‘r%i H8odES it is integral to the blood circulation assistance device.

32. A blood circulation assistance device according to any one of the preceding

claims wherein the control means comprise a pacemaker.

33. A blood circulation assistance device according to any one of claims 1 to 31
wherein the pump means is powered electrically, the control means comprising means

for monitoring the current to the pump means.

34. A blood circulation assistance device according to any one of the preceding
claims characterised wherein the device does not comprise means to effect copulsation.

35. A blood circulation assistance device, for location around a blood conduit, the
device comprising:

solid state compression means moveable between a contracted form and an
expanded form, for compressing the blood conduit to provide counterpulsation,

control means in communication with the solid state compression means, the
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state co resiiihon Ig{aatnf bei ngd |.ocat abl e betlvve%nb't etbl 00 cand it atnd t he
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38. A bl LI i assi stance device according to C aim 37 wherein the
conpr ess?ogﬁprg%ge'(?rﬁé%@é{eﬁ%'the array are noveable to the expanded form
sequentially so as to effect peristaltic conpression of the blood conduit.
43 37. A blood circulation assistance device according to Claim 35 or 36 wherein the
solid state compression means comprises an array of compression elements moveable

from the contracted to the expanded form.
38. A blood circulation assistance device according to Claim 37 wherein the

compression elements in the array are moveable to the expanded form sequentially so
as to effect peristaltic compression of the blood conduit.
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