1 PULSATI LE AND NON- | NVASI VE DEVI CE FOR Cl RCULATORY AND HAEMODYNAM C
ASSI STANCE The present invention relates to a novel device for
circul atory assistance. 5More particularly, the invention relates to
a non- invasive circulatory and henodynaii c assi stance devi ce.

The circulatory system conprises a closed hydraulic circuit that is
under pressure and that is internally lined with endothelial cells.
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function will give rise to malfunction of the system,

with consequences that can sometimes be dramatic.
At present, there is no circulatory assistance
20 system in existence that seeks to conserve or to improve
this endothelial function.
Cardiac assistance systems are known that are used
for replacing heart activity in full or in part during a
surgical operation or in order to restore said activity
25 when the heart has stopped or is too weak. Such systems
are mostly invasive systems, requiring either a tool to
be inserted into a subject's body, said tool subsequently
being used to create pulsations, or a blood sampling in
the subject and treating the blood sample in a voluminous
30 machine outside the body, followed by injecting the blood
back into the subject’'s body. Under all circumstances,
present systems are expensive and complicated to
implement, since they reguire action to be taken by
specialists. Furthermore, those systems can only be
35 implemented on dedicated sites such as medical sites, and
under the supervision of qualified people.



2 Furthernore, existing systens having a conplex architecture,
whi ch makes such systens expensive to manufacture. Furthernore,
present systens serve for taking 5 general action on the subject's
body, generally on the subject's heart, and they are not suitable for
acting on different portions of a subject's body, such as for
exanple, the |legs, the hands, the face, etc. Thus, at present, no
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15 Another object of the present invention is to
propose a non-invasive circulatory assistance device for
preserving the endothelial function or for improving said
function when it has deteriorated.

Yet another object of the present invention is to

20 propose a non—invasive circulatory assistance device that
is of low cost, of simple architecture, and that is
simple to use.

Another object of the invention is to propose a
circulatory and hemodynamic assistance device that is

25 capable of being used on any portion of a subject's body,
such as for example the hands, the face, the legs, the
feet, etc.

Finally, another object of the invention is to
propose a non-invasive circulatory assistance system that

30 is more effective than cardiac assistance systems.

The present invention enables these objects to be
achieved by means of a non-invasive pulsatile circulatory
assistance device facilitating the circulation of a
volume of blood in the body of a subject, the device

35 being characterized in that it comprises:

a flexible multilayer structure for applying
against at least a portion of said subject’'s bedy, said



35 being characterized in that it conprises: a flexible multilayer
structure for applying against at |east a portion of said subject's
body, said 3 structure conprising a flexible inner |ayer beside said
subject's body and a nore rigid outer |ayer; and means for

pul sati ng connected to said multilayer structure in such a manner
that the assenbly conprising 5 the structure plus the pul sation neans
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15 circulation in non-invasive manner by applying pulsations
to a portion of a subject's body via a multilayer
structure.

The device of the invention is simple to use, one
only has to apply the multilayer structure to a portion

20 of the body, and then to use the pulsation means to
create pulsations that propagate along said portion of
the body.

There is no need for the subject to go to a
dedicated site in order to use the device of the

25 invention. The device of the invention may be used at
home, in a car, while walking or running, while on a
£light in an airplane, etc.

The multilayer structure may be applied to any
portion of the body, with the exception of sensitive

30 portions, such as, for example, the genitals or the eyes,
without requiring the modifications that are provided in
pulsatile accessories such as underwear with male sex
accessories (or pulsatile eye bandages). Thus, the
subject may apply the device of the invention to any

35 portion of the body such as, for example: the face, an
arm, a hand, a foot, a leg, the neck, etc. so as to
achieve circulatory assistance dedicated to that portion



pul satil e accessories such as underwear with mal e sex accessories (or
pul satil e eye bandages). Thus, the subject may apply the device of
the invention to any 35 portion of the body such as, for exanple: the
face, an arm a hand, a foot, a |eg, the?neck, etc. so as to achieve
circulatory assistance dedicated to that portion 4 of the body. The
device of the invention enables bl ood circul atory assistance to be
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15 In the arterial segment, the heart and peristaltic
forces drive blood flow in pulsatile manner with a
physiological pressure difference (between systole and
diastole).

In contrast, in the veins and the lymphatic vessels,

20 blood and lymph flow continuously under drive from
circulatory forces of different kinds provided by:
breathing movements (diaphragm, intercostal muscles);
muscular circulatory pumping; gravity: atmospheric
pressure; contact receptors; viscosity:; right heart

25 intervention (valves, atrium, ventricle, lung pressure,
vencus capacitance, pericardium).

Drainage of the veins is thus conditioned directly
by the forces that allow blood to return to the right
atrioventricular cavities at the time of diastolic

30 filling.

Good filling of the right heart {or pre-loading) is
essential for harmonious operation of the entire
cardiovascular system.

Increasing pre-loading improves muscular oxygenation

35 of the right wventricle. This depends more on diastolic
filling than on its own myocardiac coronary networks.

This gives rise to an increase in its contractile force,



30filling. Good filling of the right heart (or pre-loading) is
essential for harnoni ous operation of the entire cardiovascul ar
system |Increasing pre-|loading inproves nuscul ar oxygenation 35 of
the right ventricle. This depends nore of diastolic filling than on
its own nyocardiac coronary networks. This gives rise to an increase
inits contractile force, 5 thereby inproving the shear stresses
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Q artificially 1ncreases vascular resistance on the left
side, thereby having the effect of deflecting a greater
pulsatile volume into the pulmonary arterial circuit by
means of interventricular communication (IVC).
The shear stresses as increased in this way force
25 the pulmonary endothelium to produce more NO, thereby
immediately increasing the flow and the rate in the
pulmonary arterial tree.
As a general rule, any increase in resistance in a
hydraulic circuit leads to a malfunction of the injection
30 pump. That explains why increasing vascular resistance
(post-lcading) of the left side gives rise to malfunction
of the left ventricle, with any improvement being
possible only by lowering said post-loading ({(vasodilation
action of nitrides in the event of left infarction).
35 The right heart in a Fallot's attack thus
paradoxically gives rise to an increase in the left post-

loading in order to reduce its own post-locading! That



action of nitrides in the event of left infarction). 35The right
heart in a Fallot's attack thus paradoxically gives rise to an
Increase in the left post-loading in order to reduce its own
post -1l oadi ng! That 6 means that it has %0 hesitation in tenporarily
endangering the left heart in order to inprove its own henodynam cs,
and only subsequently inproves once nore the henodynam cs of the left
hear t (Tablemfﬁn?héhBBsgg bBz$ gt hesdi@bion in EemppEaghty in the
event of failtdanabrihg thghlefemdd:al dn birdegonvedhposed itwerageutic
schene consisgts in:. _ . . ncreasing. the vol f d by
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frequency (atthieahekpdikhabycehebridia IRt ieans dfabjyeal pabesrdkaasy
(electrical wbighwl atkep): I n both circunstances that
i ncreases shear stresses 15(vplu and rat%) obgained QY L aht
non- physi ol ogi cal *frePhBas™t ant t SN0 LTWEEAGHT € sP R Y o
Tabl e 1: R ghtnhedriedothaatomrerdfidrizd kéktrabeaktcvsahgue nmorerists
resi stance i.ght heart Left heart Low system c resistance Bad
henodynani cs1 Good henodynani cs Hi gh systenic_resistance
a) increéasing the volume of blood by intravenous
10 perfusion; and
b) increasing the heart beat frequency (atrial kick)
by chronotropic means or by a pacemaker (electrical
stimulation).
In both circumstances that increases shear stresses
15 (volume and rate) obtained by non-physicleogical methods,

and that is not without side effects.

Table 1: Right heart domination of the left heart wvia

pulmonary resistance

Right heart Left heart
Low systemic Bad hemodynamics? Good hemodynamics
resistance
High systemic Good hemodynamics? Bad hemodynamics
resistance
Low pulmonary Good hemodynamics | Good hemodynamics
resistance
High pulmonary Bad hemodynamics Bad hemodynamics
resistance

20 1 = Nitrides and right ventricle infarction
2 = Fallot's attack

Contrary to the generally-accepted concept, we
consider that the right heart dominates the development
25 and the hemodynamics of the left heart, beginning in
antenatal life. During intrauterine life, although the
right ventricle (RV) receives 2/3*% of the body blood



Good henodynam cs2 Bad henodynanmi cs Low pul nonary resistance Good
henodynam cs Good henodynam cs Hi gh pul nonary resi stance Bad
henmodynam cs Bad henbdynamcs 20 1 = Nitrides and right ventricle
infarction 2 - Fallot's attack Contrary to the general |l y-accepted
concept, we consider that the right heart dom nates the devel opnent
25 and the henodynam cs of the |eft heart, beginning in antenatal
life. During YotiRfn éfisn@alilfe ofakbhovging mnd igfhttheenioht| eepRidcle
recei ves 213rgscafn tihey hedpdehead comyotéedrssitrenealshstehithervelNss

and of the right ventricle retain | ow renodeli.ng.conpared with the
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10 that of the left ventricle (LV).
This can be explained as a result of two major
factors:
A. Cardiac: In addition to the characteristics
already described in the literature (spherical morphology
15 of the right ventricular cavity, distribution of fibers,
contractility axis, etc.), we stress the major role
played by the trabecular muscle that lines the inside of
the anterior face of the right atrium and most of the
ventricular cavity (excluding the septum and the
20 infundibulum). We emphasize the importance of this
concept in our new classification of the right heart
subdivided into five zones.
B. Extracardiac: Under the control of the accessory

forces specified below.

25 In particular, we consider that the breathing pump
possesses a direct effect on physiological control of the
circulatory system.

Extravascular physiclogical shear stresses that influence
the endothelial function

30 A. The respiratory pump "master" of the cardio-

endothelial system:

Like an accordion, the inflation/deflation movements
of the lungs give rise to external shear stresses on the
pulmonary vessels. Their impressive effects start after

35 birth, on taking the first breath, giving rise to an
immediate drop in pulmonary resistance and triggering

closure of shunts, beginning with the valve of the oval



150f the right ventricular cavity, distribution of fibers,
contractility axis, etc.), we stress the major role played by the
trabecul ar nuscle that lines the inside of the anterior face of the
right atriumand nost of the ventriculargcavity (excl udi ng the septum
and the 20 infundi bulum. W enphasize the inportance of this concept
in our new classification of the right heart subdivided into five,
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rom neighboring
15 organs. This may explain the pcorer prognosis for
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cancers of movable organs (stomach, lungs} and for tumors
of richly vascularized organs such as the brain, compared
with that of cancers of organs that are more stationary
such as the thyroid or the prostate.

20 We explain this by the facl that any external

stimulation of the endothelial function accelerates

angiogenesis and thus tumor growth.

Another example: congenital malformations are

usually associated with a decrease during the initial

25 months of pregnancy in the amniotic liquid that isclates
the fetus from pulsatile waves propagated by neighboring
maternal organs.

(Centre Hospitalo-Universitaire, Strasbourg, France:
C. Stoll et al., Study of 224 cases of oligohydramnios

30 and congenital malformations in a series of 225,669
consecutive births, Community Genet 1998; 1:71-77.)

The principle on which the present invention is
based serves to subdivide the right heart into five
morphological zones (ventricular mass and thickness of

35 vascular walls) depending on response to shear stresses
applied to the endothelial walls. Sayed Nour et al.,



Simlarly, a difference between malign tunors and benign tunors nay
stem fromthe presence or -absence of a capsule that plays a
protective rol e agai nst the propagation of pul satile waves com ng
from nei ghboring 15 organs. This may explPain the poorer prognosis for
cancers of novabl e organs (stomach, lungs) and for tunors of richly
vascul ari zed organs such as the brain, conpared with that of cancers
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follows: Zomgelk,' ePEERBRES H%bﬁf‘hé %éfaem%lt%e%)éééeakébéédlén%e
r enodel ed I|tt|l§ bgfc]ause of the, absence of rhythmc forces. The
W

| ow pr essur e " ShFBE TP THIS Lorfé |“?k8n88rw%ﬁlé ?n‘FkHFe'H}?essof
accessordp ci rchatcater ¥/ 60 cbst( Fabtke 1)eft Ao rdcleeiwasent adebyndhe

atrioventricyldk GaVhi¥e trabecular zone). In this zone,
hemodynamics depend on the diastolic filling (pre-
loading) that is essential for feeding the right
ventricular muscle, in particular in its trabecular

20 portion.

- Zone 3: this is the interventricular septum that
maintains normal morphology te the left and to the right,
associated with it being vascularized by the interseptal
arteries. The hemodynamics of this zone depends

25 indirectly on those of the left ventricle
{vascularization in common) and directly on the shear
stresses acting to the right in order to lower the
pulmonary post-loading (which gives rise to a consecutive
hemodynamic improvement on the lefi).

30 - Zone 4: represented by the infundibulum with a
very large amount of remodeling resulting from the
magnitude of the shear stresses arising from the first
interseptal artery. The hemodynamics in this zone thus
depend on the shear stresses (volume and rate) and on the

35 extra pressure from the first interseptal artery.

Zone 5: represented by the arterial pulmonary
tree, & zone that is little altered, with a diameter-



10 where the venous return blood flow begins to be animated (rate and
pressure), thereby giving rise to noderate renodeling. The trabecul ar
muscl e here acts as a natural break, attenuatl ng the shear stresses

exerted on the wall, thereby enabling it 196 nmake do with a thickness
15that is 116th that of the left ventricle (which does not have a
| arge trabecul ar zone). In this zone, henndynam cs deEend on the

diastolic fi |t|k}1§d<n(e§,sepfeggaph@§;et%ttl?% e ftiedl 1FoRlrasl Agephical

right ventri caid ahatusel éarya pattsculBie |Hemdo§rnhmabecmhath29pmm¢ on.

Zone 3: this i t Lnt ai
nor phol ogy tc?ie etn%ﬁe gééﬁ?&f ﬁ%é%t%&péa sf%‘{:%l%a Hglc_i?%(@ (EJEEI ng
vascul ari zed yrnt ﬁésraﬁttér-gépwath aﬁ’ft%ﬁlf e%treﬁ‘f@shéﬁﬁéi}ﬁ‘éﬁi@§lbfw¥’m S

zone depends w2 d @dheeﬁ:ha Phed h@&%qﬁs tihe Rkl Vet akebeial _
(vascul ari zation in ectly on .t.he shear sté}? s acting

to the right B5F 631“5& atso I%ﬁ%nfi? R" o SitER 1685F: | 58T n
gives rise toexedorsetbti venbenoldymamt dlmodowenthe aortak. | eft). 30

Zone 4: representq‘qebglgggrbgﬁé@glwlm Vgctclés%o\fﬁrfojséégem AF04IY ¢ Of

renodeling resulting fromthe pagnitud ear stresses” ari sing
fromthe fir<tSenter %BPE]PeH“'t‘Jer%alW%dyﬁﬁnﬂ‘égt?ﬂnt?‘u %%one t hus
depend dit t hexamgaesst tessesl{vot ivre chdurat@hsandiontide 36 @xidm

pressure fromthe fts[;SL?' E'&exﬁaﬁ?é’t@e g{]ﬁet‘?{o}‘aerﬁoﬁo{aﬁrg?ﬂc@é’@é&%fzﬂl@y

the arterial pul mdnar ree,
di aneter- 10 thi é%n@?@eph C‘él?ﬂ@be‘—ﬁ)fs’ctwg\ﬂoa’l Heppagdens em nﬁgegse

i dentical toahkaksetyl ﬁbﬁ@eé!,elﬂ_s ca-lfh%éﬂ%@éﬂylﬂﬁﬁ‘tCﬁnté\rf@tﬁngmh
depend on va%%ul ar .resi stance %\/& ost - | oadi

e pag ek esL B 800 (SRR 2 EnAt e bl ARy e
tree nandges tiroubdrer thas ars eﬂrmsmrlei@sml@aésm pebmdnawfs jarxd in

conpl i ance, %‘f%@e%@%ﬂé‘l'&u?&?&e' V% tﬁt%ag% ‘EHEU&FeQE & epd-axd he,
aorta). The di st urba accessory forces ma\_?/ ive rise

nc
to endot hel i EFeﬁﬁPFﬁnﬁ??%ﬁve%%ﬂqsﬁn THOF ERT THBREPFRS, ¢
application pfressnrel Assidsicatriaotsns viryeihigh pressure for divers),

the troubles that are observed are associated with the
20 failure of the venous drainage pump (high wvenous
capacitance by lack of gravity in space and by being
compressed under water).
The same applies to the early development of
wrinkles in divers, and to severe facial edema at high
25 altitude {Siobhan Gill, Neil M. Walker, "Severe facial
edema at high altitude®”™, Journal of Travel Medicine,
Vol. 200815, Issue 2, pp. 130-13Z2, Internaticnal Socciety
of Travel Medicine).
Apart from those extreme conditions, edema of the
30 face around the eyes (swollen eyelids) is more apparent
in the morning after a long night’s sleep (sometimes
associated with headaches}, and disappears progressively
as activity is taken up.
This lymphatic congestion demonstrates that the
35 effect of reducing gravity on the venous return of the

face, giving rise to an accumulation of toxic substances



above, so as to namke the phenonenon nore understandabl e: In
Zone 1, which is strongly dependent on these accessory forces, it can
be seen that interfering with themgives rise to cardiovascul ar and
circulatory 15 troubles that are alnost }Hentical in astronauts and
in professional divers. In spite of the great difference in pressure
observed in those two circunstances %IOM/pressure for astronauts,
very high preSStr Rt aRn SYETronRe £ERRLTRALGHR, SLOVSPTeried af e
associ at ed w ¢dwdhoRDfdidcunatabng he venous drai nage punp (high

venous capacitanc ck.of grayi ins e a by bein .
conpr essed under 3%?%?%&’Tﬁg ggﬁ§¥5%%1i%% %ﬁ?%%éﬂggF%§u$85gF%Eﬁ%%t of
winkl es in dvers, faned areaséhet eafachxta eerdhaz ini gdu2sal tthede

(Siobhan & | lgriaid J¥ %ﬁbhep,d&é@ﬂ@rfbifﬂﬂéﬁidaée%% aheBh%emains
altitude", Journal .of Travel Medicine, Vol. 200815, |ssue 2, pp.

130- 132, | nt dFiEf1%nal Society of Travel Medicine). Apart from those
extrene conditi onParédemnd ' of £oheuBHf lavevrarasurtthet Meudygesst (80l den

eyelids) is fopq_i%faO%eBEobget‘bﬁ 'M%gt o Bul-R99q8590L ¢ S, Sl eep
(sonetines associ ated with headaches), an I Sappears progressivel y
as activity id'& H@GRityde of the bodyrgrey wpHkde beadngempaprd with

denonst red es theatretag ndbredf ethe Abod @ dud ing d188ViHY cRD1EHEN Ve BEed

return of the.fac LVi ise to an accunul ati on of toxic
subst ances %Tt%(?%fggnéég%ﬁé'syndrone, free radicals, slow ng down

of cavernous circGrgti 6AFeP HoNRIMFagE s aglsHadien, (FApspr tanadf

vascul ari zat ir@iyeaReadibasecfr €fe ta}i A ieakbebpt Bals | Pr okl d Sblhatthe

i
5 effect of gravity duri | on er1ods of sleep remains mnimal.
%ependg an £

on s r stresses assoclated with good venous

15 drainage. In children or newborns, the heart rate is
very high and sometimes twice that of adults (even when
asleep).

As a result, these shear forces are essential for
enabling natural acceleration of growth. With such a

20 flow, such a rate, and such a facial surface area,
children always have a smooth face without the slightest
sign of swelling, with satin skin even after very long
periods of lying supine.

The morphological difference between adults and

25 children thus plays an important role in explaining this
phenomenon.

Furthermore, in order to provide good venous
drainage, avoiding the side effects caused by gravity
during sleep, two other elements are associated with the

30 action of the accessory forces of circulation:

crying, which represents a major exercise of the
muscular pump in the face, thereby preventing venous
stasis; and
an almost non-existent neck (web neck) making
35 venous drainage even more dependent on the respiratory

pump.



Par kl and" s forrmula known as the "rule of 9s" as applied to people
wi th third-degree burns denonstrates the magnitude of the body area
of the head conpared with 10 the remi nd%r of the body, being 18%in
children conpared with 9% in adults. Good sl eep encour ages
anabol i sm (repair and regeneration) of the angi ogenesis-apoptosis

process that depends on shear stresses associated with good venous
15dr ai nage. | n chfFBPERNEPAefbtRFS IhdNregi-ferazanes. v%?%/e M gtP and
sonet i nes twzesect Bat agtk adsidt $idavdedign saskaaptioAson vesabd , these
shear forces S for n ral a 0

o ont h. W th SBGGE3 30y PBI Eucro e entang BrsORth S AR ace
area, chil drddsghrays ﬁav‘éh% YRR T e @ wiERE Gt na hEosnagiemstcall gn

of swellimg, twutshg§aél 91§gl@oawaejblafﬂe@rrodyelramboegoesztégds of lying
supi ne. The nor phg{ ghcal di fference between adul cqjldren

n
thus plays an i npoPtEREIPLPR 99° Cﬁmﬁﬁut:ﬁl k%’ﬂ"o ho
Furt her nor e, kery aode; tonpt Oviicks goabngerdes dDal aageevawc_mghqrtg t he

side effects cays e BLAVSA Yo f Héﬁg:ls_ic%qato&pgrggb&ﬁ el grmnts are

associated wth t% %actl on of q{m accessor es_of cj rcul ation:
crying, whi cKeSégFaBeft ™ 2R ot %%ll'?é‘déf“gﬂ hB2 RSt aF 18P i n the
face, theyebyept-eyentiéngen@dmtanist aickiblagdwith systembd ldnmmBinamic

non- ext stent ggk, (web.Reck) ok ing, 35 agenauspdralnggs, uen mor e

dependent on eresprra nam in the
ot her zones, hZ@ﬁétQDFDOIZO‘ﬁé“»‘iIIOWSe depeaddiest Ehﬁe&eﬁ‘?l O F athfetagsm of

venous retur &%nbﬂla@n@xclreﬂ6@@nc§&frﬂ'v@s@@&ﬁ@996m@d@i:fI@@,t sif icxaha a
of the nyocagﬂ%i m or Qﬁgg% {ral for rratl on) can
15 To summarize, whereas under physiological
conditions, circulation accessory forces ensure venous
and lymphatic drainage, endothelial malfunction gives
rise to venous and lymphatic stasis that are responsible
for circulatory and hemodynamic troubles: signs of
20 tiredness (troubles of the immune system and inflammatory
response), early aging (troubles of angiogenesis-
apoptosis). It is from these observations that the
invention of novel circulatory assistance devices stems.
— put in after the last document
25
SUMMARY
1. In the event of failure of the heart pump: We

recommend applying shear frequencies that are higher than
the heart rate in Zone 5 (pulmonary artery), enabling to

30 create a vortex close to the arterial wall (rotational
flow with enerqgy dissipation under the effect of
viscosity - Bernoulli’s principle) without increasing
pressure {(Newton) so as to avoid the compliance or
stretchability of the pulmohnary artery (terminating in

35 Eisenmenger syndrome) or giving rise to a disturbance in
the long term in the monocellular arrangement of the

alveolar endothelium.



5 thus give rise to major henodynam c troubl es. Mintaining good
henodynam cs in Zone 5, which is a key zone, constitutes a condition
for achieving good overall operation of the circulatory system H gh
resistance in Zone 5 (post-loading) may ¥ ve rise to 10 retrograde
henodynam ¢ troubles with system ¢ henodynam c pressure reduction.
Acute or chronic pul monary hyperten5| on syndr ones depend on the |evel
of nitrogen nonoxiltie teder O68 ipnusesesinade @xfndel ergernal ot her

vvorgston sheagsuishlrtc.w.teﬁ) slj%E@msagZEemdMﬁ%% URRRY 1phyS| Qhoaﬂzﬁa't

conditions, cIr atlon.ac [y _Torces ensure vernous and, | ynphatic
dr ai nage, encf?)cﬁc‘neg £ pﬁ‘&ISF%ﬁi B%O‘Q‘T’%% r%?esth@a\fe 5GSusRaie n‘g‘h%ttl c
stasi s that ampgmdgpondivbbe Sbdewerrchamttdrey rmaimmdymantamr@lmlas
signs of 20 134edness iUl 5008 Lhgddmaie $Yshedhangs! glpmmatory

response), early aging (troubles of angi ogene3| apopt osl s)
from t hese oB¥ERFRAGONOMPREESLAR, | HVEHt iV 6t nerersei pharat toyces,
assi stance dempdsdstens. vehtpitular afi®pili®naast cdeeuienthad is

SUMVARY I of failure of the heart punp: W
recommend appa}lyj/rler?&} ﬁ%%rr%rgg%ﬂenm es that are higher than the heart
rate in Zone 5 (pél-nBRaitpeapveny)of epatsiledary 30skseanea anvardiex

cl ose torg¢ he rasdvar l(alst%hhuégmgiwml Jﬂeow%en%meggus@'a SAd PatHON

under the effect of .visco rnoul | i’ iple) w

i ncreasing prt é‘@f&%&l NEWE n?xg‘él‘g Eiosyé\F&rt?ntlﬁé Hﬁﬁpl BH%eC?JdarStOllC
stretchabi | i phastet hanptmDnatlye avterty oft eespiatitngyi hr83s ke sennenger
syndrone) or QicuRg-gige to a disturbance in the long termin the
nonocel | ul ar arrangenent of the alveal ar, endothelium 13 On
the contrary, if GSBCRENMBALHFLRIPIR: SigulabdPrsaiPasksysteGhsact i ng
remot el ylon Zoots], .as)i theufremaalciefs palysakl kasteousieds, tidaesfiear

frequenci es nust ;_rg%gggg{,ddg?esgower than the heart rate (not nore

than 5 50% in or to avo ess feed by neans of such external
conpr essi on, whi cA-wWBLRa i Yicrieasds ipvantt fchsarbtppeibere.o the shear

ventricul ar afgdepybEDgBAYratEL WY dlialpuilsadhin eagdyyvoyves | padediapted
to the needs of the endothelial system, depending on the

20 portion of the circuit that is concerned.

Applications

The inventors have discovered that the device of the

invention may be used in a multitude of applications, all
25 associated with the endothelial function.

The inventors have discovered, for example, that
aging is in reality the consequence of a disturbance to
the endothelial function implementing a process of
angiogenesis-apoptosis interdependency, having as early

30 signs wrinkles or gray hair that appear specifically in
those portions of the body that are the most vascularized
(face and head). This aging is a natural phenomenon
associated with the progressive slowing down of the
process whereby dead cells (programmed cell death or

35 apoptosis} are replaced by angiogenesis, and it is
particularly accelerated each time secondary factors

(infection, ischemic syndrome, traumatisms, X-ray or UV



2. In the event of circulatory risks in a normal 10heart
(astronauts, divers) the frequencies used for the pulsatile suit
shoul d be synchronized with the diastolic phase, except in the event
of respiratory troubles or tachycardia.jébncerning peri pher al
circulation (masks, socks, 15boots, ...) the frequencies nay be

faster than the heart rate w thout any dange ally, in
the event of-QﬂQ%QFLPQVIGﬁgen?ﬁ%t%Tﬁ%QYHQﬁqmﬁéségfééﬁeFB?eﬁn%Qt ial

pul satil e devicesiane (ad@pigdatdoy thendieeds ahmizhe spdobmpl i al
system depen%gggoggt&h t28 ortion of the circuit that is concerned.
Appl i cati ons é rnvéntors have discovered that the device
of the invention Aggolbdingetioian aadudntiaasdusofeappricati bhe, detices

associ at efd wigteh ttheelﬁaéﬁwshl athd Lﬁmts!zgﬂon meanxhﬁa N¥ENLQL St BV
di scovered, for ex

aging is in realit e consequence of
o Gh ot it bancONETERE BHUBEREPR dft (i P pirnt FAGC Ao prarbos. of
angi ogenesi s- apoptodaSalne&aﬂﬂm@ndeﬁmm;thaamag as early 30signs
wrinkles or gray haﬁgtgheélggﬂeﬁqu§qﬁ%ﬁt% ?§|¥ahﬁ those portions of

the body that are the nost_vascul arize and head). This aging
is a natural phendnBAbA BeLREIRE &P Wil st e §r 853E0 0S| @ igidown
of the priocessawber eby dead cells (programed cell death or

35apopt osi s) ar e 1 egl aged. by, ANg10GAES S A0 L o] SoRALL] Gl A

accel erated each tine secondar factors I'on, Tsc
syndrone, traudkilsner a&re&twwetﬁﬁ applieddi ati on, degenerative

Syndrone) affect the &@d?é@eeffﬂhélﬂﬁﬁénQﬂoﬁ|ﬂﬁyaﬂﬁﬁﬁﬁiyeﬁﬁgﬁkéﬂﬁbr
| mune SyStegkaggggggn ﬁélﬁgért rate and means for measuring the
15 breathing rate.

The device of the invention may comprise means for
modifying, adjusting, and selecting the rate at which
pulsations are generated by the pulsation means.

The pulsation rate may be determined as a function

20 of the subject's needs. 2Animal experiments undertaken by
the inventors make it possible to distinguish between the
following situations forx fegulating the pulsation rate as
a function of the state of the subject and as a function
of the zone of the body on which the multilayer structure

25 of the device of the invention is applied:

in the event of failure of the subject’'s heart
pump:
in Zone 5, the pulmonary artery zone, the
theory described in the earlier "Microth" patent and

30 publication as confirmed by experimentations show that it
is necessary to apply a shear frequency that is faster
than the heart rate, enabling to create a vortex clecse to
the artery wall (rotational flow with energy dissipation
under the effect of viscosity ~ Bernoulli's principle)

35 without increasing pressure (Newton) in order to aveid
the compliance or stretchability of the pulmonary artery
(terminating by Eisenmenger syndrome) or long-term



According to an advantageous feature of the device 5 of the

i nvention, the pul sation neans nmay be adapted to generate pul sation
at arate that is a function of: data relating to heart rate; data
relating to breathing rate; Hata relating to the
subject's state of health; 10and/or data relating to the body
portion on which said nultilayer structure is applied. The device of
t he i nventi ondh@y e S dgngoperellulapeneianiaayerite ofeahe rate
and neans foraIeasiHd Rthddt@el3uhreat hing rate. The device of the
invention may conprise e for, nodifyin dj usting, and selecting
the rate at which pul sat ilaéhgr geﬁéﬁ%r%/ﬁ e‘%%@1 ‘Jt%é‘cﬁul%élat%%ﬁ ﬁeahse."
The pul sati oron dtlee mendes deséem nedgasia fhandidmm oF0pofisthele

subj ect’' ssneegdsey, LY 1Bl HRXRBE! t L Rv.eqLo e
it possible tq distin e s \;\!zg%é?&hée&i?ﬂolliﬂogwﬂ r?tg%sﬁs?%é‘??\élnggf%%’w

regul ati ng -t NE'PuIES PG Ltatetss 2etuRARVH 0% kd $hst Beart Hate,
subj ect and as ad unrclaivoddobxthenabneomfrddie Bodhadn inbireBséheshear

mul til ayer st : ey of the Jnventi i.s applied:
in the event %‘%‘icéfela%ir %J%eif%%déﬁg guﬁ%@g J'ésu]‘nearé'tn p%%%%“%ary SR in
Zone 5, the pilatordr plareeyycyereoaded t heory described in the

earlier M croth" -pabentiaadldfopybii&alicdn o3 aCobkhbedeb¥e, . qg.

experinmentati ans. Svh%W tlgat it.is n c%s]sa.rﬁy to a%gflé ? shear frequency
that is fastér t1Han the he8PPPat 91 EHBITHg o ¥PEALERE VST t ex cl ose
to the artery(widhoutr ceationasidié ovffsatslenerigy difssipatodHntheder the

ef fect of Vi sfSaYise, BesRedhbhts HF idiGidHse) 35 wi thout increasing
pressure (Newton) in ord%{l%t%avoi d the conpliance or stretchability
r

of the pul nobnary artery FALEHY BIPSS d8nkeRGer BFRTF o )P%r
| ong-terih 15wicktreonbandewbdtht tiee minodelllivl phaaer angespntfef the

al veol ar endfRglhYRY troubles or tddhfdi&«dgYi ce is used to act on
e é

Zone 1, i.e. on the venous system e.g. in the formof pulsatile 5
trousers, the shear fr éqﬁ%n‘é%j/h%sﬁe Sdr ZPebe BIESRELIhaM IHTe
heart rate, beickg,aboubob0$) ofhé herdignicy abe, beorasté® BV dhe

cuL e e MRS, PACANAL kA SHPR e GRaces cerleedl g @

20 * with normal subjects having no cardiac or
circulatory illness, e.g. sports men and women: even if
athletes are capable of adapting to their venous return
(in accordance with the Frank-Starling law of the heart):
l) it is always recommended to monitor diastolic

25 synchronization if circumstances make that possible, as
in a gym or a massage; 2) with users such as those
warming up before matches or jogging, regular inspections
envisaged by heart specialists in order to set out the
rules to be applied by the sports man or woman.

30 To summarize, it is essential to maintain regular
medical contact in order to take the appropriate choices
as hemodynamics improve: in the event of heart failure,
the frequency should be adapted to the needs of the
endothelial system depending on the zone in question

35 without synchronization, unlike other applications where
there is no heart disease.



10 for circulatory troubles of a normal heart, e.g. mcrovascul ar
angi na, diabetics, or hypertensives (w thout cardiac side effects),
side effects of the nenopause, astronau or divers:

the frequency used in Zone 5 needs to be“15synchronized with the

di astolic phase, except for breathing troubles or tachycardi a;

on ot her peripheral zones,  pu|satile sks, socks, or boots, the

fZBeq_u;aRcy mnélnbe E?s?s?agﬁh‘gui?ffmﬂ%ﬁéﬁte #fhéﬁﬁlgﬁ%/;gaf;b%r; and
Wi nor veubjient Rapavomgr ive ca eocomprtaiagofyrstlyness,

€.g. sports %ﬂe@:@grv‘ﬂg%ﬁ"s SP{%M&I%% *Hs%tre%oa%‘é&&@@a@ét@%%ellﬁ%@jlmé N

to their venous return (Ih accor ce wth the Frank- g [aw of
the heart): ZIPei 1spg’ &l RAysleek onindfd ¥ o 2f0APEor NEH8RE ol YRLINT,
25synchr gni zgkz@s bf €héCheBEaNcas: Mk ankattopORsABhEin@Shddl i@l XHE Of
a nmassage; 2) g%h u grs suc@ as_those warfrri ng Eg ge{ore t ches or

j oggi ng, regdlar Fﬁég PP ot A ISRy TREaFF L s Pt Y U i n or der
to set out tpelsakésentvabe apm iBhdpionhefspoet srnaproroiwiieaee 3BT

sunmari ze, | titleﬁseéléﬁéﬁ&ﬁﬂxgt&n B A M:%ggkaaee@%f@éd contact in
order to take the,aggrogrl ate choi ces as henodynanmics inprove: in the
event of heaf€lfAPOFRIPEhe frequency shoul d be adapted to the needs

of the andot hel i ahdsystegesiependithg dnnklre lagae nay qoesbiiose 3Rt
W t hout SY“CE‘LEQQ%ZGB' Q“poif‘@ié%ect%&%rf,aBpEB%‘E%,OBé%M‘Qﬁea there is no
heart disease. 6 n a particular enbodf nent, the device of
the inventi oRiREGPREARF i $la FIUHE LEHFANEPNGORERGE I YA BRI or neans
enabl ing a usepjkersel ekin daid o el-all vestidet bReusSEtes Doy Calaist ate
such as age, h‘erlight R ghl'_gr 5Set te ofecteg% hgargOretg.Ve means for
measuri ng heSPY 14t BEHAY %reaa%%l g rate, aﬁd H% ns Tt c\é'I cul ating
the pul dati oaubatanas &o¥f iarnliigatdforote sridpsebhect hesekidnttdiovals
dependi ng onsQRe RA%cAREE-RiLdaiier.m ned rel ationships.
10Advant ageously,Tt he ‘i nner | ayer TRy, co ri se. at Ieb t on aoporti on
thereof, a cavity BYE ne evice O e invention enables one or
more bilclogical or cosmetic substances to be applied, and
enables them to diffuse over the underlying portion of
20 the body in uniform manner.
Under such circumstances, the multilayer structure
of the device of the invention may include an opening
enabling the cavity to be filled with a substance. While
the device of the invention is in use, this opening may
25 either be connected to a supply of substance via
connection means, or else it may be closed in sealed
manner by closure means, said cavity being prefilled and
then serving also as a supply of substance.
In a particular embodiment, the multilayer structure
30 may include an admission opening for admitting a
pulsation fluid coming from the means for pulsating
between the inner and outer layers, and the means for
guiding the pulsations, comprise a gelatinous and/or
granular fluid between said outer and inner layers,
35 performing a progressive propagation of each of the
pulsations in the wvenous return direction along the



m croporous wall for putting into contact with the subject's skin and
a wall beside the outer layer, said cavity being arranged to receive
and/ or convey a l1l5substance for application to said subject's skin

t hrough said m croporous wall. Thusl7 t he device of the invention
enabl es one or nore biological or cosnetic substances to be applied,
and enables themto diffuse over the underlying portion of 20 the
body in unif@eiher Wedéedguen ehichnshanuedilayernsitribayee is
structure of éﬁp&ﬂ@ylce of the |nvent|on may i nclude an openi ng

enabl i ng the cavi e fille th a supstance. Wiy le the device

of the invention % qu: g, tPhFSPBEEh?%Jga%%N 55 &iEnePvERtiBRAnetR®d
to a supply ofelafiistearscervigzacohaecfioid meEande aonghdiaett ifnaynbe

closed ing se%@&ﬁ%rme;tebxag@syé@w Ahe Zcﬁi;:t%_rc@é'yte¥ Qﬁp thgfﬂﬁér' ed

and then serving also as a sSupply
embodi ment, t4¥SHi tilayer structure 30 may include an admi ssion
openi ng for adm ttimng Fipkksabionoh | &if dICOPUIGiem hBenApanse f or

pul sati ng bet ner. and outer. Iayers and the neans for
gui di ng the pt \,'\:ﬁ%l“t |l%%s}ngc§rrpﬁl CYREt 3T nous and/ or granul ar fl uid

bet ween said outer éln@nlenmétl¢a§7@$%rw313rfperfor m ng a progressive

pr0pagati@n of eachp@bnkhecpuUbsabtoasidd 18 VeROHSh et VESe ShE L P
al ong the glBé)szlrbtlon of the body on which the nultilayer structure

is applied. g8 8 pattFcul arity of the invention, the
gel ati nous or granukadebkbigdhbayotees cont mamﬂcntmngnsslﬁnpmm:ad e

| ayer bet“eeQe%Q%v%EEeEol@M@rff@§%§igaﬁd¥uyla ¥eLt ructurel N @ first
versi on of the pu sati on nmeans sation nmeans nmay conpri se: a
pneumat i ¢ reservo#he compression means may be mechanica and may be

135 actuated directly by the subject or by an optlonally
portable external source of energy.
In a second version of the pulsation means, the
pulsation means may comprises:
a prefilled pneumatic reservoir: and
20 * a leaktight connector connecting said pneumatic
reservoir to the flexible multilayer structure;
the assembly comprising the reservoir, the
connector, and the structure constituting a closed
circuit for the pulsation fluid; and
25 said pneumatic reservoir being arranged in such a
manner as to be compressed and decompressed by a force
exerted by saild subject.
This exerted force may be exerted by the subject
directly by clamping and unclamping the fists when the
30 reservoir is placed in the user's hand.
The force may also be exerted by pressure/suction
created by at least one shoe worn by the subject striking
a suxface, e.g. while walking or running. Under such
circumstances, the prefilled pneumatic reservoir is
35 placed under or in a shoe of the subject so that when the
subject exerts pressure by bearing on a foot, the
reservoir is emptied of the fluid it contains and the



10 nmeans for conpressing said pneumatic reservoir in rhythm c manner;
and a |eaktight connector connecting said pneunatic reservoir to the

flexible multilayer structure. The conpressi on nmeans nay
be mechanical, and may be 15 actuated dilPectly by the subject or by
an optionally portabl e external source of energy. In a second

version of the pul sation nmeans, the pulsation nmeans naé conprises: a
prefilled pnédide ésré8apobrd; 1nfl e aulddlavght SEBRRke¥Yr thereby

connecting S@bﬂeﬁaﬁdﬁgtthﬁF§&ﬁi@ﬂﬁ_§qﬁ1ﬂm&gfkﬁéibhbjﬁﬁttf$35&588
structure; t.he ass conpri sin the reseryolk { he .
connector . aRESPRETS: Plorlr el eBhom i g A ier ek &l Fori Has Thmid
pul sation fl dindecaad 285tai thpmuitstliayaresérusitprpel figrefwarrpedine

such a nmepnerpasphaukercenpissseshand deconpressed by a force exerted
by sai d subject. i xerted force my be exerted by the

Th
subj ect directly BY &l BABFHGR LT GIRACHST g EHE PRSYER bfor $HRFVOLE,

30reservoir ikhepkacadctort hendisgre Sllkaridble multiTagef osweucyralmsy be
exerted b I - CLi C e a a 0 t he
Y PLERgHEe(BUCLi O glgéée \Agﬂqéﬁ, mgp%ﬁ $hr Q}@arﬁé:i)@g%gndg?{:l

subj ect striking a surface, ) King _or runnin such
ci rcunst anced@YeheSHEBFLRFR@ LY HEUTRIES redEPTofPr | ReBLY pfAde PYridEr
or in aighoesabjkhe.subject so that when the subject exerts pressure

DN ne 8 £ ORI SR T, L e
t her eby a hood for placing over at least a portion of the i
subject’s face.
In addition, the flexible multilayer structure may
15 comprise a pair of trousers.
Advantageously, the flexible multilayer structure
may comprise a jacket.
The flexible multllayer structure may alsoc comprise
one or more gloves or glove portions for applying to at
20 least a portion of the subject's hand and/or wrist.
Furthermore, the flexible multilayer structure may
comprise a boot, a sheoe, or a sock. Under such
circumstances, the pulsation means may be incorporated in
the sole of the becot, shoe, or sock, such that the
25 pulsations are created by the subject walking or running,
with the pressures being created by the foot bearing
against the ground giving rise to progressive inflation
of the multilayer structure, and with raising the foot
giving rise to optionally progressive deflation of the
30 multilayer structure. '
The multilayer structure may comprise:
pulsetile underwear elements such as corsets,
stockings, ..., etc. e.g. used for treating cellulitis,
or troubles with sexual relations in man and woman;
35 + pulsatile rings for applying to the lower or upper
limbs of diabetics and hypertensives; and



generating a pul sation, and when the subject rel eases pressure on the
foot, e.g. by raising the foot, the fluid injected into the

mul tilayer structure is returned into 5 the pneunatic reservoir.

In a particular enbodi ment, the pneumati¥®reservoir, the connector,
and the flexible rrultllayer structure may constltute a one- pi ece
unit, when for exanple the nulti-layer structure constitutes a boot
for bei ng worn by ‘'t lyel@sgsseeries, e.9. ThHe YHeeXidyime ofubhi Epger

structure mayb#al ecqm;rrt%@a@lh@o‘gr{ﬂlég aC| ng over at least a
portion of the su In addition, the flexible

e
nul til ayer- struct Erb 3}‘?508%??%&5 i et Ghsetiere 1s
Advant ageousl|provikied kexiobténnubtvé ayersstirlectadreudayoceonPs s 5€t dnce

j acket . as%bflﬁ,g@o%ﬁl 'L.iglf@/ aps ﬁf&%%r &£M8Y o g%ﬁgceoma one

or nore gloves or glove_portrons plying to at east™ a por'tion
of the subj ect®id REFETRAY/ 6PTRF SNy at leasi ghedHsrdlty hef fdexids=

mul tilayer Stafdﬂbtﬁdrlﬁgn'&)é 6A0PHES€edi MP AU Laid :fb@eea@h arsoskda vider
such circunst 158%n thgang 8%t{',(he eans may .be i.n orgorat ed in the
sol e of the 1530 Sh r Sock,  stich ciehgat etﬁ'g 3895BFU4E T bons are
created by the suBFé@ﬁ?dmgkmgyw angiriieny aspiech tliethe esswrmsidai ng

created fiy th@efr@ol sbgabiN8e@oRi Mist- ﬂd\ﬁ‘asﬁ%%@l%%h@g éif&ﬁia&or
progressive |nfla§E|on of the Itlled?/%str rai si ng

Dot oot ot viahs TPEaBCe o SHETBNG T3 ot ds ELUES4LEY abF HOTHLATb 502
mul tilayer stsubdeoteés Bhéy huthe |aymmkely wompre sty : conpri se;

pul satile underwear ¢ gkeggﬁgu?§%cﬁ OC‘ICE %%%51 aSEPECEIPOS 1y 1ei] ;{I ons

e.g. used for treatin Itis 'es Wi th sexua
in man and \AﬁﬁéHCtSSGpEPEa%PH’JeWEiW foélr sappl Pragien ehesaisher or
upper |irths ehbdeabeti bsdpndsdpeasteisines coapdisify LY AEGASSOri es,
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pul satile ci PBGRAt bRyeBss?RY ance Sassenbly covering several portions
of a subject's bodymeans for pulsating common to said pulsatile
structures, said means for pulsating being connected in
20 leaktight manner to each of said multilayer structures
such that,
the assembly being characterized in that said
pulsation means are adapted to create pulsations between
said inner and outer layers of each of said structures by
25 means of a "pulsation" fluid, each of said pulsations in
each of said portions propagating progressively in the
venous return direction in said porticn of the subject's
body when said structures are in place on the subject's
body.
30 Other advantages and characteristics of the
invention appear on examining the detailed description of
a non-limiting embodiment and the accompanying drawings,
in which:
Figure 1 is a schematic representation of an
35 example of multilayer structure implemented in the device
of the invention;



said assenbly conprising at least a plurality of devices according to
any preceding claimfor each of said body portions, each of the

devi ces being independent. According to yet another aspect of the
invention, 10 there is provided a non- i Afasi ve pul satile C|rculatory
assistance assenbly covering a plurality of portions of a subject's
body, the assenbly conprising: for each of said portions, a flexible
mul tilayer structurElgérea%p+$c%lﬁQh?mﬁ$¥§aF§P§6FPF6ﬁth@ns%ﬁcﬁ

15subject’s Q@(ﬂ}éoléabdlﬁélﬁyétmﬁ GHET Iy palaek! exi bhe muner1dyaser
besi de said Sﬁgﬁ-‘ % %ﬁnﬁ and 2& nore rigid outer |ayer; and

nmeans for pul® gt 80 r90"%at’d pul satile structures, said neans
for pul sating bei ngftgnnectedsia mmlmh‘epnaﬁﬂetatmlem of said
mul tilayey SEBH%E:H%§§O§%&ﬁf@tserv1ng theragsenbhysPeids in

characterize sal d pul sation nmeans are adapted to create
pul sati ons bECHEER2EAPH Vh%rc%fhﬁfltfutoér thgy ELgu5E €ach of said
structures by 25 rembgupé & ipul satheartikl wegresastatiosayfl a module

pul sations i % gaﬁgt%mffﬂrgg pé)r%llo&stt %roggggt,l ng progre53| vely in the

venous retur i réction 1n’ sai i'on of fhe sub{ect S body when
said structures arefFiguptazelnm t&@%&'}lécﬂf%rﬁ%@li} aBbhen Hef a

advant ages aﬁdl@ﬁﬁi@étﬁééétéﬁ%@ :Jdi:%nltfi\bﬁnt BAR appear on exam ni ng
the detail ed descrlgtlon o) nbodi ment

no%chem;flc r nta o %% r
acconpanyi ng draw n %Ha FPotire 5 FJs b e remiit
representati ofi phlaat8be eteeoyderofoimihi iayentsenucture inpl ement ed

in the device of {he sjoyem ion, theZQan%'nQ_uLBE grbéu@ewt@_r}@édfous and
representation of a console sujtable creati ngl pul ses

mul tilayer sPFOEEEFRIBE HPGUre-aL: mo"ements CERfutet P sp%f"sccﬁ%réﬁ C
repr esentsat i amgeﬁlam%ﬁmm@mhmdubackefvomgtme) exmaetmmlﬂssatl ons

in conbinati f h&eF [ag £ g Qur i sl@ps%%tsl c
representati gﬁwglk&g %%ﬁé%%ra%eter&r#&rh na 2 %satﬁ)% rate;
non-aggressive compression forces or reducing the veno~

lymphatic capacitance usually stagnating in subcutaneous
tissue, circulation in the liver and the spleen, or in
20 the face.
Several examples of the device of the invention are
described below.
In all of the examples that are described:
- the propagation axes of the "pulsatile waves" are
25 determined so as to conserve the natural and
physiological directions for draining veins and lymph
vessels;
+ the pulsatile forces may be produced by a system
that is pneumatic, electronic, hydraulic, or even
30 independent, using the force of the subject; and
+ the back portions that are normally not inflatable
in order to protect the spine from trauma, may be
modified in versions that are designed to perform body
massage while conserving essential safety features.
35 Figure 1 is a schematic representation of an example
of a multilayer structure implemented in the device of

the invention.



Figure 5 is a schematic representation of a 10pul satile hood of the

i nvention; and Figure 6 is a schematic representation of a
pair of pulsatlle trousers of the invention. The device of the
i nvention produces harnoni ous and progrééblve rhyt hm c novenents over
all or part of the 15 organi sm by bringing blood back fromthe
extremties towards the heart at the nonent of diastole. It produces
non- aggr essi ve corfgtees¥iléd lpgecestroptieriukdhghove vanslignpaali c
capaci tance u§¢m§ﬁﬂgé§zngnatlng i n subcutaneous tissue, circulation in

the liver and the spI een in_20 Several exapp| es of
the device of the ifvent} Sﬁ &?@eﬁeiﬁfl%aecgeboeq G\ SrHRSEEF Bf‘t?’ﬁgg
exanples t hate &y e rdepnenbedpolyhee phapagatdtnx axes ;of the "pul satile
waves" arg 25 deternj %@1@003§e§0159@§q0@ Iﬁar&% %"i*t yr %Egi‘@dm?terlal

physi ol ogi cal _directjons for drainihg velns and vesse
the pul sati| &Forlesingy *he ProBagRE &y of scmpéﬁ%saafl F3VPReERIER TS
el ectroni c, hydy dulsiice of elenb3fyndependent, using the force of the

subj ect ; and Bhﬁngg%% ?9%héoﬂ§(&bﬁfron] t%&gghgyang%}atl%P%%ed

inflatable in order to radire e no
in versions tﬁiakldale@abéépgnédpvbsiﬂé? @rm@@dlyremggagéomrmagate

conservilg egseredlsivahot iofv@@@é’rﬁ% H’e%'iatg%e thel fadusghegmdic
representation _of. gn exa Ep % #ﬁy r ,structure inp u% nted in
e Gevi co o uirdotRogRaTonex S5y for 0t fRiTniRll | F&IEPF 7 ULFTRE 100
shown in Fi gwesselsonpr kbesbodarperinem lay ehitd2 seidesofuaine asti c
material, e.gpgiqenrengn QﬁéygégéﬁﬂﬁﬁhXJQEﬁéw,-1t11§ §s§ (g guger

| ayer 104 nade of a rlg material_Tor E gat 1 on of
conpr essi on WFe L2 YRAL I8N MDY s HRIse ﬁér8689°“a o dralnl%ﬁlthe
i nt er mediat e viedyer ah@6tbent mhphangi @ wwedsatlisndgs thkud tdreqaddn ngr as

pul satil e pr%%%ggeiﬂaygggpep{ppagate

The multilayer structure 100 also includes an
additional layer 108 comprising a space 110 of
biocompatible material and including a microporous wall

20 in contact with the body and suitable for being filled
with a biccompatible and/or biological fluid via a
connector 112. This microporous portion is in direct
contact with the skin. During pulsations, the substance
contained in this layer 108 is applied to the subject's

25 body by passing through the microporous portion.

The outer layer 104 is connected in leaktight manner
to pulsation means (see Figure 2) for creating pulsations
in the multilayer structure 100 via a connection port
114,

30 In order to cause pulsations to propagate
progressively along the body portion on which the
multilayer structure 100 is applied, the intermediate
layer 106 includes a substance of varying consistency,
that is gelatinous, granular, etc., and distributes each

35 of the pulsations progressively along said multilayer
structure in the XY direction.



10 progressively towards the heart in the natural and physi ol ogi cal
direction for draining veins and |ynph vessels in the body portion on
whi ch said structure is applied. In the description below, it is
assuned that the natural and physiologi@% direction for draining the
15 veins and the lynphatic vessels is the direction XY as shown in

Figure 1. The nmultilayer structure 100 al so includes an

addi tional |ayer fBEUEEnpridi A YPRIdSE FRPIEFSPIaESABaPT PR AR 1%
and i ncl udi ngfaanconepaeosasamwat hg 2001 suicianisact bet bréheetiotly e

sui table for (M} il j hpcomatj bl e and/ or bi ol ogi cal
fluid via a g%ﬁ%é%?&?El%gF$#%P€Qﬁg¥$éﬁqroﬁ%ggo}fion is in direct
contact with the FRencopeelagsdlsteyons) RigarsuBscamptigent ai ned in

this layey 108 is.appbhelmi©ié heeSabieGt '29227i00dy hytRagsingid hr ough
the m croporaous por er layer 1 #s connect in

Lon. . Th t 04
| oakti ght mangr’ foEbirdatiah TeanevedEture OF Lot inatisl 2

pul sati ons i watke:mahdi | ayer structure 100 via a connection port 114. -

30l n order to cause,p i i
body por tion on whi 3h”%ﬁ§*%§f?‘?i+§%&%gstr%‘é’?uf“"éﬁ%%%@?%%%? e e

i nt er nedi at e TREPEVO1862PAcE YRS of S len aulsE 1gKeyi AEreoneTe iy,
that is igel ati nouShegleakt bfht etennectd @Gicgt isbubrseeted Sbraftiherr

| sat i olols Lyel ' |Ltil t in i
Gi'rooti on, " 3ga1e88LYE Yo ROCARdbeed o TaT ECHHE it RS
exanpl e of asééﬁ§épéeehg%4ing pul sations to be created in the

mul tilayer structgpe gRSumdt it R rloithe00ons ! Be 200 sHoven j N Mrgur e
2 conprises: 5- a pneumatic reservoir 20% %bhled with afluid, e.g. a

fluid thl%t i §PPHBP U7 C gaBTOUS o1 quite, SRS O e

remove, or replace inert fluid.

The pneumatic reserveir 202 may be compressed
directly by the subject. The reservoir may be compressed
by the subject squeezing it in the hand.

In an embodiment, the pneumatic reservoir 202 may be

20 placed under a shoe or under the subject's foot.
Pulsations are then created merely by the subject walking
or running.

The conscle 200 may also include one or more means
for compressing the pneumatic reservoir 202 in rhythmic

25 manner. The compression means may be actuated and
controlled manually or by means of a contrel module.

Figure 3 is a schematic representation of an example
of a compression module 300 for compressing the pneumatic
reservoir 202. The compression module 300 has a battery

30 302 powering a motor unit 304 connected to two plates 306
and 308 that form between them a space 310 for receiving
the pneumatic reservoir 202. When the motor unit is
actuated, the plates 306 and 308 move towards each other
and apart from each other in rhythmic manner. Each

35 approach of the plates 306 and 308 creates pressure and

each separation creates suction.



- a leaktight connector 204 connecting the pneunmatic reservoir
202 to the flexible nmultilayer structure 100. 10The | eakti ght
connector 204 is connected directly or indirectly to the connection
port 114 of the nultilayer structure 10023 The pneumatic
reservoir 202 may be prefilled. The pneunatic reservoir has a port
206 serving to add, 15renove, or replace inert fluid. The
pneumati c reser voi Fiope ﬁa}sbé eshpnassedreprerainatipnt bé subpdeie

The reservoi rfgmydde eammnessad legQ§l§be§g§ ezing it in the
hand. I n an enbodi nt(ﬁ%ﬂe gﬁg ?a % reservolir 2 may be 20 pl aced
under a shoe or u ubj’éc %Eﬁrm¥ﬂﬂ%ﬁﬂﬂ §t&P8 tREAYEr G4t ed
merely by trupqmnjiaHS\ﬂahbamg oateudategtor 402, Ehéreandthg 286emay
al so inclgde Qne Qo MfR MBaRSELL SANPE &Sl g Ade re%mﬁ!;cdat%

reservoir 202 in rhythnlc 25 manner. ‘The conpressi on neans
act uat ed and &ttidid é®*manual Iy or by means of a control nDduIe
Figure 3 is a schen&mmcsmepéesenh@&ltﬁl6& &Hbfﬁﬁbﬂ@be OkudhCYPESSSI ON

nodul e 300 fa r n pn 2
conpr essi on ﬁ%é&%ﬁgﬁg%%ﬁageémggttgr %é %ﬁVélaﬁg gaﬁﬁFﬁ? uhtt 304
connect ed tC)hﬂﬂ?ﬁﬂﬁﬂ%&@rSGGBEﬂdJSOB that form between them a space

310 for y@ceiving t&%eD&%Hﬁﬁléﬁcée&er% rsidP2ctWenchhgsEQF unit is
act uat ed, the Ia es ﬁﬁﬁ d 308 move t owar ds eacg ot her and apart

from each ot ff mERTheErt B §§Ihppﬁ8 ch of the plates
306 and 308 createstpeessuteoandfeauhkzﬁpamatmmﬂchrEHEemuBtmiéynr 23

Figure 4 is gSehemgbi §phepse, %fgd(n1 of a nodule for determ ning
t he pul sation fre&uenc e nodul e 400 for determ ning

pul sation frequendy cBRpFIEBRLS Fhawn ihifd ayeeedPly Eb?sealfkﬂlé'%\t hi ng

rate 15 means comprise a touch screen 406.

The module 400 may also include a database 408
connected to a computer program 410 that responds to the
inputted data to determine a pulsation rate that is
appropriate and that issues a control signal 412 for

20 controlling the compression module 300.

There follows a description of various pulsatile
elements of the invention.

Figure 5 is a schematic representation of a
pulsatile hood 500 of the invention. The pulsatile hood

25 500 comprises a face mask 502 and a collar 504 made with
the multilayer structure 100 as shown in Figure 1.

The mask 502 has decompression holes 506 in the
eyes, the mouth, the nose, and the ears regions. A
connector 114 connects the pulsatile console 200 to one

30 or mere connection ports 114 formed in the outer layer of
the face mask 502. Each pulsation delivered propagates
progressively from the connection port 114 downwards and
towards the heart along a main propagation axis
represented by arrow 508. A horizontal axis represented

35 by arrow 510 represents the path of pulsatile waves
towards the cavernous circuit.



5 detector 404, and data input means for receiving data relating to:
the state of health of the subject, such as for exanple good health,
risk of right heart failure, left heart failure, etc.; 10 the

corpul ence of the subject, such as, for 2éxarrpl e: height, weight, age,

etc.; and the portion of the body on which the multilayer
structure 100 is agpl i ed. ] In the examal e shown_in Figure
400, these input I5enByRsPeshd?R seld toddie S@skerV4065 IRELFHRRAC 400

may al so incliddela dat abaset48Bl comestedi @catdORPLLEr opr Oigs atedd 0

that responds.. to.the in ed data.to det.erm. | sation rate that
i's appropri af%sgﬁé ?ﬁ%%ééuﬁ% %e%oon H}tﬂ%lsslaggﬁa% %‘ng?gs 338 thédeck
control ling tiwe comppeéessanemndul e 300. There follows a

s lgn o senbgnoad selialamng daptylons
1 gu | S .S | S Pul s | .
nvention. IS TEURLEAPTF et RBbHE SEEDT Do ed0 PAR e FHRRe 52 St i
col l ar 504 made tiet latheandl the aysrk st ructivr @otB0passsddwaga m i gure
1. The mask 302 .hag,deganpressi on. halgs C%%?OT%EEQ’G ﬁﬂg%aé}ggsdﬂ)%

the nose, and the“ears regions. A conhnecto connects t
pul satile cokd§l §°208rt 80HNPBRH IFor@RGrireRPoRNPBRREC 114 f or ned

in the auter shayat-onff zabeoh agd mas kaadnEachhpuheahéont detdaatied

pr opagat es prr%greessi vely fromthe connection port 114 downwards and
towards the heart along a main propagation axis represented by arrow
508. A hori zont al Thgi bop@éprbsemasd 3% Hpldowdngsioneepersent s t he

path of pul satile.wavgsih Onasdsi drhe aINaYS aghHr ebbhirird the sidthe

eye portion 512 of the mask 502 is inflatahle [ittle or not at all.

The back por 18RCE14BroRTe: Haaic s 16 NSRS rgfoRd TR pEITrTRN cat i | o

massage 16f t bérmecksi synonpbetzdafigthy diastole, reducing lymphatic
and venous congestion;

a secondary function: improving the hemodynamics
of the blood circulation of the cavernous system acting
on headaches or loss of memory, etc.; and

20 » improwving cutaneous circulation by nitrogen
monoxide increasing and accelerating abscrption and
penetration of existing cosmetics such as skin care and
anti-aging substances.

The inner layer of the mask 502 may be modeled on a

25 Dbioclogical mask or it may be made of biocompatible
material, being adapted to the shape of the face and the
neck. The inside surface may be microporous for
diffusing fluids of a cosmetic nature towards the skin,
with or without varying the temperature of the substances

30 or fluids used, depending on indications.

Hemodynamic improvement occurs in two stages:

immediately by reducing the stagnant venous
capacitance synchronously with the dilastolic phase. The

increase in the rhythmic diastolic wolume improves

35 ventricular contractility, lowers pulmonary post-loading,
and improves the overall heart flow rate; and



5The hood 500 provides non-invasive pulsatile circul atory assi stance
for treating veno-lynphatic stasis of the face and the neck. It is
worn pressed against the face and the neck. Its tw conponents, the
mask 502 and the collar 504 operate in r&gular and rhythmic 10
synchroni zation and in harnmony with the heart-breathing rate. The
hood al so has the follow ng functions: a main function
restoring and repai rfithghehd ogigdéesnf ebrr @f i neh ddtehainidgthedlialinct i on

Iby aﬁpl ying Zflﬁﬁftijcﬁl By qsawgasyaghé@@&lzesitﬂégsmdsdi as]gol e, reducing
ynphatic and venous congesti on; _._a,secqndary function:
i mprovi ng the henpdynani ?dBFlPHep?ﬁEmﬁP%g%QﬁﬁhﬁiQ%ﬁséﬂgtHQ EQVRT nous
syst em act i ngexarafeatdacinegs or | oss of nenory, etc.; and 20 inproving
cut aneousgci rcul ati on hy gRit9980 [ d isn -

! S 880 JOLX %ﬁ;lec%cé;nt%%ﬁ.és gggegrdlac

accel erating absorption and penetration snetics such as
skin care andhftiCoEgeSd SsRBSFaRt el the correspopddnpnasehemier of

the mask 502 wvemyritenyndel ed on a 25 biological nask or it may be nade

of bioconpati bl e rial., sheLn Qggged to the _shape_of _.the face and
the neck. The insi_é%gﬁr a%g hagc%e m cr dporous 8?98Pf?5s?rﬁf%ﬁtﬁ s
of a cosneti PHAAFLE St SNarESTEhe0G ket the invginthoor without varying

.thg. te{rplecr ature ogrhbhgpggbﬁmaceﬁo@%ﬁ chdlicfi')&p%@_%g’ tléspsaﬁéf%é)n

i ndi cati ons. ynani c_i nptove oceurs .in st ages: ,

i medi ately b Ve&u@?gé Pﬂgp§?%g {k QRﬁiﬁﬁ?tcgﬁﬁ FPaﬁchéyndﬁ?dﬂﬁﬁély
with the di astegisiionpbdsthe Theveémciaasdlien tiroaselygt KD cddi mst didw: a

vol ume i nprovgs3porentr igybar contractility, |owers pul monary

post - | oadi ng, and |ggroves the overall heart flowrate; and
Pulsatile waves start from the boot portions 606

15 coming from the pulsatile console 200. Each pulsation
then propagates towards the heart along an axis
represented by arrow 608.

In addition to the system described above for the
pulsatile hood, this system provides utilization that is

20 both restorative and prophylactic:

restorative concerning endothelial malfunction by
virtue of shear stresses encouraging angiogenesis in
paraplegics or patients presenting a fracture of the
femur; and

25 - prophylactic by preventing coagulation troubles
associated with endothelial malfunction in sensitive
people, e.g. while remaining stationary for a long period
of time, e.g. on long-haul flights, lying prone for a
prolonged period after an operation, and periods of being

30 kept stationary during accidents,

In a particular version, the pulsatile trousers may
have a first layer in contact with the skin through
personal garments.

Modifications of the back portion may be envisaged

35 for massaging the spine.

Communications between the various portions
(trousers, belts, legs) are coordinated and synchronized



25 inthe long term inproving the endothelial function by

i ncreasi ng shear stresses: reduci ng post-1|oadi ng by
causing NO to be excreted; and 5 stinul& i ng the

angi ogenesi s-nyocar di ac cardi ogenesis p $cess in the correspondi ng
ischemc territory. Figure 6 is a schematic representation of a

pair of pulsatile trousers 600 of the invention. 10The pulsati]e
trousers 600 "ddipdiestrdg porsor} 2wy %@YbépPrB&HPPBnegﬁﬁctéﬁhTHHbt
portions 606;nbM1hbuswaHS|on of the invention, the trousers 600 do

not have a m Crolo%@ggﬁ%%ﬁé manner & %%'s%% 'eet%"aééﬁ éz tyfrom

t he boot portions com n satl e conso % Each
pul sation th@wlﬁﬁﬁéégaﬂé§k?bmaP%k§QWﬂiQNﬂﬂd?rgﬁéwgnéﬁ:aRF%S¢%bb%sented

by arr0W5508boots, pulshBidddildads t ridhe nsiksie® dempltbe do@hame ifor
the pul satile this system provides utilization that is 20 both

hoo
restorative EH&%prophylactlc restorative concerning endotheli al
mal f uncti on by vi At gempi.eshepulstiridss esiiegnomeyr agsngbangbogiamesilyy i n

parapl egi cs Qi sRALh $RLSAPRESENTA %&eftr aguli ‘at@ﬁet Beohegps; and 25
prophyl actic by preventing coagulation troubles associated wth

endot hel i al REFaRéLPoALPRES et iRFSFédPre sheeg: WHRERE rE#&h ni ng
stationarly fefirauhengnpesj oth of first embgdimenkongabRubuidaigiies,

| ying prone fggaﬁbgk%%gﬁg é’%dé{dat%fé %rlt%nd88§E§E{282%?fQ§tio%{l ods of

bei ng 30kept ary” during accl E ar version,
t he pul satl | @eBP8usets ﬁa§fe¢\%ms enfqdigentay einphechnt artlien earse

skin throughmggr senakegarBM L of the pulsab®dhf b§abiense HimdigiPagk
portion may 3; envzsag ? 35for massagi ng the spine. Comruni cations
P SPoFET oRslt

bet ween the i bt
The pulsatile suit may be used for massage purposes.

Such a suit considerably improves the fatique associated
with endothelial maifunction as a result of troubles
concerning apoptosis—-angiogenesis equilibrium as a result
of an inflammatory syndrome, a deficit of the immune

20 system, or a disruption of nitrogen monoxide excretion.

In a moedified version, the pulsatile suit may
include an additional layer in contact with the skin,
thus facilitating the delivery of cosmetic substances
(for skin care, tonicity, etc.).

25 The propagation of pulsatile pulses is synchronized
from a plurality of distal origins, such as pulsatile
boots or pulsatile gloves.

Each pulsatile assembly may be used separately as a
function of the subject's needs.

30 In a closed circuit, the pulsatile suit may be used
by divers, astronauts, sports men and women, and athletes
enabling performance to be improved immediately in
physiclogical manner by secretion of catecheclamines,
while also providing long-term improvement in the

35 development of muscle mass by angicgenesis.



(trousers, belts, legs) are coordinated and synchronized 26 with
di astole so as to avoid any tourniquet effect in the inguinal fold.
In the sane manner it is possible to envisage a pulsatile jacket,
pul satile undergarnments, pulsatile 5 boo¥s, pulsatile gloves, and

i ndeed a conplete pulsatile suit. A conplete pulsatile suit may
al so be obtained by assembling a hood, a jacket, pulsatile trousers,
pul satile gl oves, fulmear idns! sges. méMderosidsh tiGdin cwms padsesilén

a first enmbodisksds @aGlY Rl 8328 $EAB YndBh D6 BFS0CIHat ekt h
dedi cated pul satjon, neans. In a second enbodi nent, single pulsation
nmeans may be ‘glyejoe 019119 of the pul sation assenblies naking up the
pul satile suit. 15 mulssdtillee ssuiitt mapypbev ke d fadrstimgeage each

ur poses. s Suc |t GRS ' o} . fatd_ g i at ed
\F/)vi tﬁ endofvJ helil},)a ?r}agllt#cuncti og%gghgxpgg%l[‘tﬁg% %d:bg]uefb es %%ﬁ%é?ﬁlgf%é and
apopt osi s- angritRinEs e legieiShr PERFA¥: a result of an inflanmatory

syndrone, a deficit znd hediemuaengozs;yfsa@%asﬁr@ cq_ir%%gﬁ:bg Qé,;(l:es:
nitrogen nonqxi d retion, .ln,a nodified versian e ,satile
Sui ¢y 1 ol ife oa e Buat "o ER% 5 G P G LK PR L hus
facilitating tFRsadidl wagiey shatosadute Substenmes cabeciskhnnecand,

toni ci ty1p et Gncowdalee ibepadat LeRuph P& i RUIA2E3heSmoment of
synchroni zed om g pl ug@lei ti}flvo;:l di st al gt%gltg%ggéuqh as pul sat |?e
boots or pul sat39€"§l'oves: SnELRR Y L i eyl yORay®e used
separ at el y asfcd Yownoi emoofirbhpssabj sudi s tneesds.
pathological indications: right ventricular
failure, chronic pulmonary hypertension, astronauts,

15 divers, varicose veins, paraplegics, orthostatic

syndrome; and
comfort indications: massage parlors,
fitness, gym, long-distance air travel;
Zones 2 to 4 depending on diastolic filling and

20 rate: the combination may enable subjects suffering from
severe heart pathologies to maintain this physiclogical
function in the long term; and

Zone 5: pulmonary arterial tree: the suit lowers
resistances and improves the endothelial function.

25 Bach pulsatile device of the invention is a non-
invasive circulatory assistance device that serves to
reduce progressively the stagnant veno-lymphatic
capacitance. By increasing the pre-loading, the device
of the invention improves cardiac contractility, thereby

30 lowering post-loading and giving rise to an overall
hemodynamic improvement. In the long term, the shear
stresses produced by the pulsatile device of the
invention serve to restore and preserve the endothelial
function. It transforms the supply of blood (64% venous

35 capacitance) and the endothelial mass into a natural
emergency exit in the event of hemodynamic and
circulatory failure. This more physiological and low-



30ln a closed circuit, the pulsatile suit may be used by divers,
astronauts, sports nmen and wonen, and athl etes enabling performance
to be inproved imediately in physiological nmanner by secretion of
cat echol am nes, while al so providing | orf -terminprovenent in the 35
devel opnment of nuscle nmass by angi ogenesis. 27 Sports nen and
wonen may provide their, own pul satile forces using,gloves and

cl enching th€°§FSF§FEBP Bdof p@@&?e?ﬁ(ﬁﬁﬂqﬁingTWQrg&8é5¥i?%dsuit may
provi de assi sicate@itg eadhis appki cdricertredhdapgesdi ngdobt$heand also
subj ect’ s henpdynayi ¢ and bi ophysical needs, nanely: Zone 1
dependi ng on accessory circul atory forces: the pulsatile suit

i mproves henodynalRESrpyliel therimeidssngs watkedinhhedreduelet he

venous capacizbhaneedasdrife8NeRaFOes MeAd show ghvtRctDat hendhgart at
t he nonent of.dLgstoIe. Tae invention may be of benefit for the

fol | owing t wo8ré6dps sFPPALTYAtTons: pat hol ogi cal indications: right
ventri cul ar failure, chronic pul nonary hypertension, astronauts,
15di vers, varicose veins, paraplegics, orthostatic syndrone; and
confort indications: massage parlors, fitness, gym |ong-distance air
travel; Zones 2 to 4 depending on diastolic filling and 20 rate: the
conbi nati on may enabl e subjects suffering from severe heart

pat hol ogies to maintain this physiological function in the long term
and Zone 5: pulnonary arterial tree: the suit |owers

resi stances and inproves the endothelial function. 25Each pul satile
device of the invention is a non- invasive circulatory assi stance
device that serves to reduce progressively the stagnant

veno-| ynphati c capacitance. By increasing the pre-loading, the device
of the invention inproves cardiac contractility, thereby



30 lowering post-loading and giving rise to an overall henodynam c
i nprovenent. In the long term the shear 9('s;tresses produced by the
pul satil e device of the invention serve 4 restore and preserve the
endot helial function. It transfornms the supply of blood (64% venous
35 capaci tanceg and the endothelial nmass into a natural energency
exit in the S of henmobdynam ¢ and circul atory failure. This nore

physi ol ogi cal . ansh+ DwWas 28 GOt samef T i ScePpabl ¢ Hfs1 et Idevice

bidit talit d. | licable to children, adults, an
TS0 ant aror508 180 f Y RTEL | 8o BRRG EE0 R el AT T 4 T e Bk he

5 above- descridedl Exanpdes]¢diats shody partie cddatrce osthd ntdgrterized
enbodi nent s. . I -inhvasive pulsatile circulatory

assi st anf():]e dlerbiztgbé%éo%/%%%&%a%i litating the circulation of a volune
of blood in a subjextfkepdule mpkt danere Heiugtwhar (0A@r i Zed applhatg
it conprisesigainst at add&Xidl g midd | yes, &l ré%%fé& (é%d},ors id
appl yi ng against at |east a portion of said subject’s bo ﬁ% sai da
structure conpriSiHg LIRS DI i hinere ks iy Iregel kg beside
subj ect' s bagyi daneils) @ s heiE il ef rhewerr (g6 utldands ydeansy £0f
pul satiﬂg (200, 300, 400) connected to said nmultilayer structure
(100) in sucaﬁl% manner that the assenbly conprising the structure

pl us the pul sati on mesars fcr Imakddtghtg @D ,cr3Et,i N Pul S&in art saves

bet ween 155@%& DNEre & ter y ﬁ(lé&% and 104% by nmean f_.a
fluid referred to as la%p%us_atrldo%"ﬁ%su lsaird i i%ar%/aer}n%s rFthhcatturt_ehe
i ncl udi ng n@eﬁ‘ﬁseffihﬂrif gmnlﬁlfﬂgﬁle"zﬂ:lﬂtﬁ M@M%mﬁm§:fm lesgivaly in
the venous neddHd i NecdionyHiowads I iy d8)1ofasaid ZRsUbiest
body al ogg said portion of said subject's body
1 said 'inner and outer layers (102 &dnd 104) by means of a
fluid referred to as a "pulsation" fluid;
said multilayer structure including means for
guiding each of said pulsations progressively in the
venous return direction towards the inside of said
20 subject's body along said portion of said subject's body
when said structure (100) is placed on said portion of

said subject's body.

2. Device according to claim 1, characterized in that it
25 further comprises means for determining a pulsation
frequency as a function of:
data relating to heart rate;
data relating to breathing rate;
data relating to the subject's state of health;
30 and/or
data relating to the body portion on which said
multilayer structure is applied.

3. Device according to any one of the preceding claims,
35 characterized in that the inner layer (102) comprises, on
at least one portion thereof, a cavity {(110) between a

microporous wall (108) for putting into contact with the



when said structure (100) is placed on said portion of said subject's
body. 2. Device according to claiml,_ characterized in that it

25further conprises neans for determni nﬁoa pul sati on frequency as a
function of: data relating to heart rate; data relating to breathing

rate; ) data relating to the subject's state of health;
30and/ or subJegk a5 ref R | #ydto Yhel borsidorthoncwhe inlayesai srid

mul til aye(r]I S(ﬁ&\tl_lﬁttjdl’eli@%&ﬁ@iﬁ@?arﬁané@&i@fhﬁ@@@{t @é@n&ﬂof@ox@@%%)
the preceding cl al nms char erized in tha e inner |ayer

coreri ses, o%“%?t?%%%tg%ﬂea% Jr‘?%?nl?l?wfr%osr?léa %&?/?Gt’?/t(sil%}jlrbe’f%w}é
m croporous swld 1O8)pdosuputalhg(ldep. contact with the 30
subject’'s skin and a wall beside the outer layer, said cavity (110)
being arranged to receive and/or convey a substance fpr applicati on
to sai d subjectPevike reedwolighg st do i on ohordusr st ¢ r{498)in Sthatt it
Devi ce accorg | Al r [ ' It e CONPY4SE

openi ng (112%n1ﬁgﬁ£%%|ﬁ?%1%ﬁ£y?%£?{ 1%%—? %Mﬂt#}gé S%J}Eest ance%fsgllgﬂ
openi ng (112y1Beihg® B IsEFEn $XEk ORI HAnNE2 byowmhsc Yered | bsi ng
in use. 10 IsalPeMjloe moadding fica@dyrone-fsihe 1 aeadi ng cl ai ns,
char actﬁ]i zed in that the nultilayer structure (100) includes an
adm ssi opening (114) for admtting a pulsation fluid com ng from

t he nmeans f dr. fdwsiate rag:c(czﬂﬂbngi%ftq/n?gmﬁéﬁe:ﬁ nﬂ[ﬁ Iim‘eéte)jﬂrej d layiaiss,
ol at | nous. i AP e E Ol Bl GaR AOEP e R TR00 r «
(102 and 104ngerdsst rhganigroigre sabarei oy oplalghlt | forr fdreldothirgf & he
pul sati ons idh e MaNotS) LAY et A 20 010 A3l b StdMCY €200)
(100). 15 between the inner and outer layers (102 and 104), and the
means for guiding the pulsations comprise a gelatinous
and/or granular fluid between said outer and inner layers
(102 and 104) performing a progressive propagation of
each of the pulsaticns in the venous return direction

20 along said structure (100).

6. Device according to claim 5, characterized in that the

gelatinous fluid is contained in an intermediate layer

(106) between the outer layer (104) and the inner layer
25 (102).

7. Device according to any one of the preceding claims,
characterized in that the pulsation means (200, 300)
comprise:
30 * a pneumatic reservoir (202);
» means for compressing (300) said pneumatic
reservoir (202) in rhythmic manner; and
a leaktight connector (204) connecting said
pneumatic reservoir (202) to the flexible multilayer
35 structure (100).



6. Device according to 'claimb5, characterized in that the gel atinous
fluid is contained in an internedi ate | ayer (106) between the outer
| ayer (104) and the inner |ayer 25(102). 17, Device accordi ng to any
one of the preceding clains, characterized in that the pul sation
means (200, 300) conprise: 30a pneunmatic reservoir (202%; means for
conpr essi ng %80%)3‘”5%1? P PFRUFERY ct? ey voRe ¢D0oRdaims rhyEdintc manner;

and ch@rdeekti ghd LONELE Of hé 204) s £OINE Ghd s S@bHp PNSLIMBL I C
reservoir (202) to the flex{ble nultila%/er é structure (100). 31 8.
Devi ce according td afy ' Uhetof LFEFHECATt 6262 créffActerized in that

t he pul sati on nmeansa cospktibsght e pmeci®dt i ¢204£secomondct 202)sabad

a | eaktight o] 4 onn | id S5pneuy i C reservoir
(202) 1ot hd TR Ere TaT T Syhr e+ Dokt ey 1ot IBtd Sl PRI R e
conpri si ng tHeruesersof ¥0¢R202), the connector (204), and the

structure (100) c@f@tgéégrw;gyac&hﬁfgif%%gtré%rwﬁp& {1 0fhe

fluid; and 10said pneunati c Treservolr being arranged in such a

manner as t BT ebs)t) arh et essed ity ol §OF ceorsie by a

sai d subj ectglosed %idRvi€ereceisimal s i Mg characterized in
t hat t[}]re 15reservoir, the connector, and tpzeogl xiple nultil ayer
struct ut® (100) cohst iRRE S Bhet PTectothi t202)1 R i T IS dithg to

any one of theclprecedimgy dains,behaomotesdeddand dd@dmpihes $deXiple
mul tilayer struyctur lztoeg]dloog‘) £onprd hood (500) for placing over
at least a portlon%":f t he subj el(r:%)'és\??e];%%'
9. Device according to claim 8, characterized in that the
15 reservoir, the connector, and the flexible multilayer

structure (100) constitute a one-piece unit.

10. Device according to any one of the preceding claims,
characterized in that the flexible multilayer structure

20 (100} comprises a hood (500) for placing over at least a
pertion of the subject's face.

11. Device according to any one of the preceding claims,
characterized in that the flexible multilayer structure

25 comprises a pair of trousers (600).

12, Device according to any one of the preceding claims,
characterized in that the flexible multilayer structure
comprises a jacket.

30
13. Device according to any one of the preceding claims,
characterized in that the flexible multilayer structure

comprises a glove.

35 14, Device according to any one of the preceding claims,
characterized in that the flexible multilayer structure

comprises a boot or a sock.



11. Device according to any one of the preceding clains,
characterized in that the flexible rrultioi?syer structure 25conprises a
pair of trousers (600). 12. Device acc ing to any one of the
precedi ng clains, characterized in that the flexible nultilayer
structure conprises a jacket. 30 13. Device according to any one of
t he preceding clainms, characterized in that the flexible nultilayer

structure conprises-tngovee Shlldat DYi CEr a6ToHr SNG4 9: sy ane of the
precedi ng cl ai haracteri zed ij; thft t he_fl exi

ns le multilayer
structure co §§r¢§%}§y EPEOt LY A Rotié gy ci%.p%%l-‘?rﬂﬁ/a%%v% Pt
circul at ory lasdy Stsancd assanbly loolrey | cige e e ded yiroftpor titons of a
subject's bo%prsfg%assenbl y being characterized in that it
5conpri ses: or each of said portions, a flexible multilayer
structure for applifticaclorrSaial pareiviond, saitleuld)eetisl hiokhyer

sal d Struct Wi (pid St dod] S0 &, T4 &lad RYRI- DR der sal th
d I an nmeans for

subject's body and a nore rigid 10outer |ayer;” and _
pul sating cotlftlo S pul THtd | T B¢ UEiredP 5 dnpd shsorbeans

bei ng connectratk N d waktdghitdaraiel b pacth Sfosd) hrimld idewerrigid

structures, ar]cg creating %ﬁsati ons between said inner and outer
151 ayers of Oeua%c;fa%ealf’d uctures by neans of a fluid referred to
as a "pul sation" flmgahs efoh pfl sai ihegtaemian eso i sxcd didbuigs aeidns f or

gut i 10 eaClh il AL P SEL) AT ALOOSE R NELd 1, i vepals Tt
portion of Sataktsigdjtedtamdrodye et sali dsasitd uotluriel yk00)stimqiwoed on
sai d portionf salf i SHPIRAtsat RYUY between said inner and outer
15 layers of each of said structures by means of a fluid
referred to as a "pulsation" fluid;
each of said structures including means for guiding
each of said pulsations progressively in the venous
return direction towards the inside of said subject's
20 body along said portion of said subject's body when said
structure (100) is placed on said portion of said
subject’'s body.



