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Met hod and apparatus for controlling at |east one
ventilation paranmeter of an artificial ventilator for

wao emsiopssd ng t he ung of a patient in accor danP€r/ws1o05/eu10741

plurality of lung positions The invention refers to a
nmet hod and apparatus for recording the status of an
artificially ventilated lung of a patient in

accor ¥mrbheodiand appamadiuist foaf domiggidsing aris laadt ong

VonP PR R BRSAREBF S P PR R OR g £

vengéhildging ﬂméliﬁﬁgaéfyaVSQEiéﬁﬁeﬂn|HBQoQ&aﬁce with a
patient in accordance with a plurality of |ung

positions. Furth®lwnedityhefi dpae positdians to a
met hod and an apparatus for controlling the change of
the position of an artificially ventilated |ung of a
p“atei enwenl%dxommeﬁyeimg toute tried hiogy emtd @pparadtsisasoumed
e S | [ t.nat_.t
SR DR g ol 2P a1y g e Lung of
lam‘patlxllendrr ichangeaidaa dey wa thosi plwadommtqﬁ July positions

|l e for uchanursm bed s ar tat an be
R RS Rty 2t PhERA gt et e o 5t HaEL one
h@nglltlladtllmal ;@)ﬂamet'éh[e otEr eat raim‘n:tlfofcmrv@rimrﬂgator for

failure, ,acute |l un (ALI) acute respirat
iRat e 130h o mt L Akeer 1y St GhsE el SR ikt in
Rlc@dlrelR® den wiltd tar epamerltltgvf oFevere) yddiltipatd erﬂlﬁﬂh@rmore,
the intensive care unit. ite intensive research

&hér inentdon tr\%e&&&@e? f“l‘? hrggand én rﬁﬁﬁaﬁﬁuﬁn§o§f

rcesﬁlrbau@mg itheuidhiagigeney amhe glddiltidfd et idtg patikithelly
short, _and | ong term out cqone of the patient. Wiile ,

dertdlered dnitid afor Sertaradi- e§°|¥a\‘F@Dd%’éﬁlgdé§%tgﬁ@@ to
e thilke VY denaldsamedi $oRder RN A PIOt8Es in a nursing

bed and that the position of the artificially ventilated
lung is movable or changeable by a position actuator. An
example for such a nursing bed is a rotation bed which is

rotatable by a rotation angle around its longitudinal axis.

The treatment of acute lung failure, acute lung injury
(ALI) and acute respiratory distress syndrome (ARDS) is
still one of the key problems in the treatment of severely
11l patients in the intensive care unit. Despite intensive
research over the past two decades the negative
implications of respiratory insufficiency are still
affecting both the short and long term outcome of the
patient. While different ventilator strategies have been
designed to treat the oxygenation disorder and to protect
the lungs from ventilator induced lung injury, additional

therapeutic options were evaluated.

Dynamic body positioﬁing (kinetic or axial rotation

-therapy) was first described by Bryan in 1974. This
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the lungs fromventilator induced lung injury,

addi tional therapeutic options were eval uated. Dynam c
whoag/opssd ti oni ng (kinetic or axial rotation tPET/EROP5/010741

was first described by Bryan in 1974. Thistechnique is

known to open atel ectasis and to inprove |ung

function, particularly arterial oxygenation in

pechajos ey i Mowvanko ARDSn Stadeckipmési endotat iloprove lung

tfta%rc%g%ni,s cﬁ"af‘@;[‘cﬁi‘%fﬁ Vg @BQiéE' @%@h&e-%%.Xe%n@ia\e%ents
nmethod i1t can even be seé prophyla |calﬁy in
pathe Ald o ARDSr afinheaktihetdndirbitenion skeerplyisf a non-

a0 U, redi sp 9. 1Lnj nd ARQg .. Lt coul d
SR SRRt Sy LI LBLNE 800 ARRRGr U SOW Eren v
corpl peatplonsaclanchdkely edincedtnhnte shogevalveradieasedth
%%H%Lnetic 5otation.ther§px L S startg early_ on.i

. d in the,
CUPEEISF LUt T Tat’of ©r edPABRY. PTRAL SPREFaSEULFEY Lnjury

appr AR nElt redute bhdeshowvastenesheofratrecbdanpoalmonia and
ventilation (i.e. airwa ressures .and tidal vol unes
FhdorRE oo s R iPRY R B8 SRelfael b rengit Tore:
dhayeaseah iMtlehsé vic caseathoh. tKenaplyC isokabir@dd ecarly on
t.herapy in the sense of the present invention i ,
i EPRICRE Of " peetht SEar, BEREEBA beat Al LhegaReut ic
hepusadhi My CORdLERIOtISe Of nfa8i $6ABEENBEURcABES 1 Whi h

rests._at .an esired, angle for a predeterm ned period
SFREARGE LD Goribr ot S TecPTaFS 3XEAI ROk ALFGY PRIUMSS) , the

respi bat efechdisiddl cveney1hsibhean@disbr iBubkanoc&ndtay on an
nobi lization of both intra -bronchial fluid (nucus)
aRFePALERst93Tal U uid from the | ower (dependent) to

t he upper (non- dependent) lung areas which wll

finally lead to an inproved nmatching of |oca

VeReitiLat ot HnPpefieniey. 1A 8ha senseqaéntbe present

XYEaRALION d NGHERSES MhihSei BEN 8paRYLTRRRKY rotation beds
which can be used in a continuous or a discontinuous mode
with rests at any desired angle for a predetermined period
of time. The general effect of axial rotation in
respiratory insufficiency is the redistribution and
mobilization of both intra-bronchial fluid (mucus) and
interstitial fluid from the lower (dependent) to the upper
(non-dependent) lung areas which will finally lead to an
improved matching of local ventilation and perfusion. As a
consequence, oxygenation increases while intra-pulmonary
shunt decreases. Lymph flow from the thorax is enhanced by
rotating the patient. In addition, kinetic rotation therapy
promotes the recruitment of previously collapsed lung
areas, thus reducing the amount of atelectasis, at
identical or even lower ailrway pressures. At the same time
now-opened lung areas are protected from the shear stress
typically caused by the repetitive opening and closing of

collapse—prone alveoli in the dependent lung zones.
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shunt decreases. Lynph flow fromthe thorax is
enhanced by rotating the patient. In addition, kinetic

WO 210809430 t her apy pronotes the recruitment of PCT/US2005/010741

previously col |l apsed |ung areas, thus reducing the
anount of atelectasis, at identical or even | ower
airway pressures. At the sane t ime now opened |ung
dreas Harle granected 3k om the sheady &inessct ppisdalibping
\AR £ 0 j and_cl osing-of
R o oy TPEREL deBohnchf Tiang® braune
penésnfraof H IrJurPapéol et2@) . No'l 8, eppl. y2kbrebibe 1998 it is

ositiqni ng beneficial, for | ppnary, function.i .
IIREPOY s pat o ot OY R 0P, LosF abygniAGh gnvolves a
ppnt2thouL2hidDWotidtien kmdOwahéopdseehheoki Betrbeation bed.
tation ther i.ch involves a,continuous i al
1% B b A G YL Be B f ROk oT: ThEe BEen
flaprdvidatt Hheokynetia€i st &t | pat i BREAPYitAPLAYEs rthe
gﬁﬁﬁgnation in atientg W t.h i npaired pul nonar

PGS Yard W 1 o3t - ¥+ R P E-pfifHBRALG Pulmonary
i Asufrfticiientyy antd agablt respbiabtobyydiskEess sSENdHeRRe
(ARDS§ . However, since the kinetic rotation therapy
ﬁ@&@ﬁ es a specially designed rotation bed it has not
been found yet that the kinetic rotation therapy
justifies a broad enpl oynent. Further, kinetic .
Jl“@f”&f’ieéfn tHetGH Y Maskbeehl @it TPE2bdon Ehesprdapauiegs a

kheat Banty RAIABALS Srot 4P1 &3 h¥aegHahakOhat! BBeh ¢Bund yet
reater than 45 degrees to one side to greater than 45
gé@iteéélet iRt ot Heetat e Eherasyninatefépel @ birpad.

Thes s yritAl | onmpar et ef 5, & £ AbELY 1 8ht FB@QaEE} has been

practise due to a lack of conjoint ventilatio .
stidémiogendsd) afchndandi wed aere¢simgntnparpmetens, typically

éhﬁ%h?%d%aéﬂHﬁ'f%%&ﬁéréé%@?i@ﬂa£”£9r885£88sh@8p858 side to
practitioners from

greater than 45 degrees to the other side, and 15 minute
cycle times. These rotation parameters are rarely altered
in practise due to a lack of conjoint ventilation
effectiveness and rotation activity information. Similarly,
the lack of conjoint information hampers practitioners from
taking advantage of the beneficial effects of kinetic
rotation therapy by reducing the aggressiveness of

mechanical ventilation parameters employed to treat a

rotated patient.

It is an object of the invention to improve the potentials

of the kinetic rotation therapy.

This object is solved according to a first inventive

solution by a recording method for recording the status of
an artificially ventilated lung of a patient in accordance
with a plurality of lung positions, the patient lying in a

nursing bed and the position of the artificially ventilated
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t aki ng advant age of the beneficial effects of kinetic
rotati on therapy by reduci ng the aggressi veness of

worewbanideal ventil ation paraneters enpl oyed toPCT/E81005010741

rotated patient. It is an object of the invention to

I nprove the potentials of the kinetic rotation

therapy. This object is solved according to a first
Lnugntisvewosabltki by lay wogiaciosdi axgcuet bogd Eompresodondi he
tge sta%us of an artificially ventilated lung of a
patPénti'n accordance with a plurality of |ung
positions, the patient lying in a nursing bed and the

position of the artificially ventilated|ung is_novable
Do Boei +TOHLS0; HaEoR Sadrhgiiedt i YHeL S Rt of 1Rg v “the
movi ng t hepasttibgi aldtpateit idatedid tgedY14H§ position,

position actuator to a defined |lung position, b))
determining the status of the artificially ventil ated

| ung, pand ge}ekRERL BigngH & tiAldISOfthibesprtE{bcial Y
ventilated lung in accordance wth the defined |ung

position. ASBbE+_EBENdIYRG r &6t di ng appar at us
according to the first inventive solution for
recording the status of an artificially ventil ated
lung 61 a PEFPEALNPYILAG istadUfurssi Mg et hihetdt Hance

with a plugahttyaebd URGPAS HQN EUPE | $86h 18 defined
following features: a ) a position actuator for noving

the artifiéhaplpogehtionated | ung to a defined | ung
position, b ) determ ning nmeans for determning the

status of the artificially ventilated |ung, and
A corresponding recording apparatus according to the first

inventive solution for recording the status of an
artificially ventilated lung of a patient lying in a
nursing bed in accordance with a plurality of lung

positions comprises the following features:

a) a position actuator for moving the artificially

ventilated lung to a defined lung position,

b)  determining means for determining the status of

the artificially ventilated lung, and

c) recording means for recording the status of the
artificially ventilated lung in accordance with

the defined lung position.

The first inventive solution is based on the cognition that
the change of the lung position of an artificially

ventilated lung also changes the status of the artificially
ventilated lung. Therefore, a reproducible recording of the

status of the artificially ventilated lung in accordance
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c ) recording neans for recording the status of the
artificially ventilated lung in accordance with the

waledosneded ung position. The first inventive soPCI/USI005/610741

based on the cognition that the change of the |ung
position of an artificially ventilated |lung al so
changes the status of the artificially ventil ated
Wirty. theedeffaned aungpradiidiire Iecoadrigdodbuthehich enables
status of the.artificiall entjlated |u in
A e Bee il 2 ERaaBE o 1Tl wBL Y ohEfst Cuprraa
out which enabl es a purposeful treatnent of the |ung

her nean Furt.hermare, the object is so|ved
NP Ro EhecdBHaT I VT e A FoRAbyS Lo a second
derknel vengotetiott ber = admrtdiNh@tméeasi 68€ controlling
vgnﬁila ion paraneﬁgr,of an artificial ventila or_f?r
PEntPREE G CaN SR ARG IRALAMT Tt *Y FungTbft4c1a
pahitenbtoRr Foeokeamse awilly amplawed fiyiff1uRgntilated lung
paositions, the patient lying in a nursing, bed and the
RdsPt Pahi6Rtt HE AFCPEPETS %%t?l%&‘éﬁafhﬁﬁ p§ lung
pewaklienky @nROopitientadtuaiPrin CONPEESING bbe sh&PShe
of: .a,) obtaining lung status information_which is
P2sed1i6R af FB&sertws 1siFdort iRp bl dE’d ofungdf i pspovable by

st pbes tebnt Betaklbl, Cicdnpr ied aledstapg ba.
accordance with a first lung position and a second
status of the artificially ventilated lung in

accor Q?Uceo%gtﬂn%?%&m@ﬁ ls4RG ROSIH # Hna i dn N1 89 1 8€pased

artificially ventilated ™ ung by the position actuator
to a defined Ptingepesi tiwen suppPowcemyd abdimes opfag first

| east one ¥eakLbabiomnRatamLal I AFcALdance WAt huhfein

defined lung position and in accordance wth the Tun

st atus i nfecgaridence with a first lung position and a
second status of the artificially wventilated lung

in accordance with a second lung position,

b) moving the artificially ventilated lung by the

position actuator to a defined lung position,

c) controlling of at least one ventilation parameter
in accordance with the defined lung position and
in accordance with the lung status information

related to said defined lung position.

A corresponding controlling apparatus according to the
second inventive solution for controlling at least one
ventilation parameter of an artificial ventilator for
ventilating an artificially wventilated lung of a patient
lying in a nursing bed in accordance with a plurality of

lung positions comprises the features of:
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related to said defined lung position. A corresponding
controlling apparatus according to the second

WO pooé9439e sol ution for controlling at | east oOPEI/US2005/010741

ventil ation paranmeter of an artificial ventilator for
ventilating an artificially ventilated |ung of a

patient lying in a nursing bed in accordance with a

pl urabh)ty meahangoposbtiabdningoimunicsesdthes fiaafaurmstion which
of:a ) means for gbtaining |lupg,status informtion

ahi oh i 5 bagehSBRIabR) Bhorerib s SUTRROHHES: of 2
first statgsret thetastbfi ehal hytiefildil=tigd Jemgi latted lung

accordance.with a first lu osj.tion _and a second
status of tRe2SFOFRREFSI Iy hent it Iy Repicion and a

accor danceswtbhdassaeandofFuRge pasitiifOnbidl )y ardosi 1d©8d lung
actuator for noving the artificially ventilated, | ung

to a defindB PGRETPBEFEI BALNCR) SRR fiBinT R bF19hg

of at |least one ventilation paraneter in accordance

with the defined | ung position and in accordance wth,

the | Bhg sBaPBSifhPBr ABFIBRCOF ef e d Y0 hi /It Tkl cially

llung positienriThee8e¢AAg tBVENHME iRl Ut D pSshased,
on the cognition that the change of the |ung postion
of an artificially ventilated |lung al so changes the

statug)of hBgnar kbk fébﬁ‘ck%li?ﬁ?i At et g Wb e £&0ti1ation

be used for an optim zed ventiflation. Thereby, the

al ready knB@HaRPREri &nrarapreancerdpyh ddre iiefined lung
suppor t ed. ?WQEEiBﬁr Bhagkﬁf !axcoi‘aa%él T 444 e’r?é“i%ﬁ Status

according 1o the second I nventive sol ution consi
the fact thaforhatiop pesktednee laig dlgfinpd heung
rotation tBSE@Q!oh% relieved from superi nposed
pressures.

The second inventive solution is based on the cognition
that the change of the lung position of an artificially
ventilated lung also changes the status of the artificially
ventilated lung which can be used for an optimized
ventilation. Thereby, the already known kinetic rotation
therapy can be supported. More particularly, an optimized
ventilation according to the second inventive solution
considers the fact that the top positioned lung during the
rotation therapy is relieved from superimposed pressures.
For example, in order to reach the optimum of at least one
ventilation pressure during rotation, at least a second
status of the artificially ventilated lung is determined
and is compared with a previously determined first status
of the artificially ventilated Jlung, wherein at least one
ventilation pressure is controlled in accordance with the
difference between the first status and the second status

of the artificially ventilated lung.
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For exanple, in order to reach the optinmum of at | east
one ventilation pressure during rotation, at |east a

wG@emonss at us of the artificially ventil ated PCMyS1085/010741

determ ned and is conpared with a previously

determined first status of the artificially ventil ated
lung, wherein at |east one ventilation pressure is
tomthelrined ei, n thec obdacte iwi shlivkd dbﬁﬁﬁﬂthﬂﬁ‘b@t&ﬁ@@ird

the flrst status and the _second_status

SPepkaYe By VEEH Bred PRRGCROPE her Hordiod HeneEror ting
ithes ehued eaodottiengotsd taohhbifdanneemntii fec isol Ly i venthyl ated

oSi ti n|n et h d fgr co trolla & t he, chan of tqb q q
558t Pn 2024 i BP §ze%n Vi-&Bed ™t h ed an
Raki Pﬁts,lttlfb@ ﬁp&t |te1@t fa|ryulﬁ|g|c:nﬁl&ynkt;é51mg]_dlﬁﬂl amhq hies

pSItIO (0] the artificia ventl |l ate

PPahysaBie by'e Somrssebhding BRELEIbE Adtlisr, comprising

€BBPEicspRg oifhe steps of: a ) providing a periodical
control l'ing signal having a distribution of a
plurality of position periods and/or of a plurality of

anpl i kydesprbv)dgast kO étﬂ@diﬁ@lpeéht&@llq(ﬂguasl gjnaklb’ having
sai d periodical contro gnal . _A correspon

posi ti oni ng Qﬁﬁ&FéPH§19€cagd?n@lﬁéaﬁﬁ§%iﬂﬂwPQ%%R%ﬂﬁ\E?rlOds

sol ution fghd998t69|b'ﬁ9u£3§1€93899a9&ﬂhhﬁuﬂ9§'t'0” of
an artificially ventilated lung of a patient Iylng in

a nursing bed conprises the features of: a ) a

posi t ,on aEBH%S:B‘leEﬂ Eﬂénﬁbgﬂtwﬁ RESHY @y te g

artifircially ventil [ung, b ) neans for prOV|d|ng
a perlodlcﬁﬁré@dﬂﬁ@ﬂlPﬂgtgpéhahghavgﬁgla di stribution
of a plurality of position periods and/or of a

plurality of
A corresponding positioning apparatus according to the

third inventive solution for controlling the change of the
position of an artificially ventilated lung of a patient

lying in a nursing bed comprises the features of:

a) a position actuator for changing the position of

the artificially ventilated lung,

b) means for providing a periodical controlling
signal having a distribution of a plurality of
position periods and/or of a plurality of

amplitudes, and

c) means for controlling the position actuator by

said periodical controlling signal.

The third inventive solution is based on the cognition that
the parameters of the controlling signal which controls the
position actuator and thereby the lung position influences

also the success of the kinetic rotation therapy. An
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anplitudes, and ¢ ) neans for controlling the position
actuator by said periodical controlling signal. The

W biosao43pvent i ve solution is based on the cognP@T/082005/010741

that the parameters of the controlling signal which

controls the position actuator and thereby the |ung

position influences also the success of the kinetic

orateantt raramet efniisp cheano tpariameoerricd tde the movement
(o [ t Ve .peri.od ich s the

e or PR 8% W P Bk U g Bodrt 1 Pt Uiel no

afiasert iammoeememts iaf teme adinoeeticon Baclorn® disestbstilbgck to

ition. .A further. cognition.of the third inventive .
S o 0% R SHEAPT A THRENSTCEeGL g Tk Tt | hixd
Hotvatitdve erlapy otan sbé hengaeredhiafc the: raieteon of the

i od d/ th tation anplitude i s_not fixed but
1o & CAAHIOaI NG T AP YL AT O dBBEEMiRh ek ridifh Totation

petrdtddoanepoirodheThe thictish bhyentive S Wdwonitde but
secand inventive solution and the third jinventive .
TBIdf o Kt S A dFbPREUPH PhPERERtGEREMECH i an rotation
peefieiy.ed aspects described in the follow ng can be
applied to each of the inventive solutions. According

to one aspect, the nursing bed is rotatable around its

lrergitti udithahvaxis vandot i@ 1Basi then saebdal oindeh @ OS5 1ution
rotating the nursing bed around its |ongitudinal axis.

APfelthat TRy, 1pFensigPs§opusdrpl 6aphire tdmanlpigd iwich each

aehial, OrheopREireesedl hspbikkedeqbrfibdid im fidd 8h110wing can
cushi ons provided underneath the patient. According to
Ref gPPHdredagpecacht RE §BE hARYSRGATepE6SILUtPTIS reached
by a predeterm ned step size of the position actuator.

Alternatively, it is also possible that the
According to one aspect, the nursing bed is rotatable

around its longitudinal axis and the position actuator is a
motor rotating the nursing bed around its longitudinal
axis. Alternatively, it is also possible that the position
actuator comprises air-filled or fluid-filled cushions

provided underneath the patient.

According to a further aspect, the defined lung position is
reached by a predetermined step size of the position
actuator. Alternatively, it is also possible that the
defined lung position is reached in accordance with a feed
back signal of a position sensor measuring the actual lung

position.

According to a further aspect, the status. of the
artificially ventilated lung is a measure of a regional or
a global information on lung morphology and/or lung

function.
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defined lung position is reached in accordance with a
feed back signal of a position sensor neasuring the

wa@ewaad43bung position. According to a further BESPES1005/010741

the stat us of the artificially ventilated lung is a
measure of a regional or a global information on |ung
nmor phol ogy and/or |ung function. Regi onal information
@@@moﬁﬁlal&ﬁeﬂhﬁkdohrG&EEEBB a %p@cﬁ&ﬂb m&ehhmehungof a part

an be realjzed i ma t
S 100l B £ R o raa i B B g i g Rt iggs . 1ike
tt&r@@rl@pitmg@i) impddebhale ft@?n@fgm‘abhg’n (G Tt hefrl aogparted
sier t (0] taln e neasure n (0] as .
%Pé}?gﬁg"é’ deFTﬁeaéPg’aﬂreF&f?rf“ﬁélﬁélhé?&g Gf“ oflu?’ﬁeaﬂ?oleeaswr
en@btERe,| eng .meRp f&weoﬁﬁéa%‘&&&m@@fcs oFt GHEt Bkehange, but
features o f .the lung e. the anato and its

TR F‘leirééymﬁélleeé’§htaﬁéolruﬁ§ fiRctiherher é8Ps to the
dynam ¢ behavi our |ike ventilation and bl ood fl ow as
wel |l as to the nechanical behaviour of the |ung

AbGordingg MOs PROJOgHe red LaEEEC B e Uspdt FeabfieRe of the

artddf, i 6i @l | ¥ heentizhdl§d ahdng tisS s@nieasuie i@k tWRereas the
functlonallty with regard to the gl obal gas exchange

dﬂlrlqwéwnm@onm@rf@r@r omihei plvaamechdgsazagur like
qta%si%% L0l 8tRUMEIRY A8l %?Lll QRS +8X ¢han gl%cﬂfanlcal

some are nmentioned in the | owi ng. The status
@ﬁh@Wéquan@fCé@ebéU@gtern1ned on the basis of the C2
concentration of the expired gas over a single breath.
Such a nethod and apparatus are known fromthe
preeviriisigEico pe @ fatrerd agpeictat ithe 'sNettus bdvabieve

%@Eﬂ%‘iaﬁ%‘il@p% AGYS O 13RY TeZ e LG RESR! LaL on
functionality with regard to the global gas exchange of the
lung. There are multiple methods and apparatuses For '
determining global gas exchange of which some are mentioned

in the following.

The status of the lung can be determined on the basis of
the CO, concentration of the expired gas over a single
breath. Such a method and apparatus are known from the
previous European patent application "Non-Invasive Method
and Apparatus for Optimizing the Respiration for
Atelectatic Lungs", filed on 26 March 2004, which is

herewith incorporated by reference.

Furthermore, the status of the lung can be determined on
the basis of the hemoglobin oxygen saturation (SOz). This
can be carried out by means of a saturation sensor.
Advantageously, a feedback control loop controls the
inspiratory oxygen fraction (FiOz) at the artificial
ventilator such that the hemoglobin oxygen satufation (S02)

is kept constant and a data processor determines during a
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Atel ectatic Lungs", filed on 26 March 2004, which is
herewith incorporated by reference. Furthernore, the

wee@sasi3ed the lung can b e deterrti-Lned on tPET/DS®NST010741

of the henogl obin oxygen saturation (SO2 ) . This can
be carried out by neans of a saturation sensor:.

Advant ageousl y, a feedback control | oop controls the
bhsp@ﬁatﬂﬁyﬂmxwg&ma&r@m@s&mx@Fﬁqu ahet keuvaisei bifcithk

|I t.ar, such .t hat e _heno Qxy saturatiQn
f‘é& ﬁ dkeﬁltSplé:r?s oé:;’ ﬁ@engggagtﬁr ocg%ggf? Hh2h1 ey
@e@esmm@eiew@ﬂjmgﬁaﬂham@&empdwda abrwayepﬂessopenﬁngnbr

qurse of the &ﬁglled [ rator % n &

F é(@tou G Eﬁwoé@gar? ;}Uﬁ%ges |e{}‘€| ¢ apparatus
@@l &sywnd S riom NO/eJ@I/anm 4opemiingrhdichali ke bleaewd ltbsi ng of
t.he | un Such a nethod and apparatus are known from
WOCOGPRERFPINRY HRIST S S her ewi th i ncor por at ed by

reference. Furthernore, the status of the |ung can be
determ ned on the basis of the CO2 vol une exhal ed per
G hETme resu S emsttiddtSand  45Fardnds CaPe en G SERGREADCR

QOASAZE Adr WhiCld,SvBeLav Eﬁhhlﬂé@ﬁ?@faﬁﬁﬂt bYime. Such a
reference. Furthernore, the status the | ung can be

i REG GRPEE thEs BT ok aW® EAgm WRI 08424427 Al which is

aeRreent-HatinQdhr R & qg;&ggéy@%c%pparayus are known
fromWO 00/ 44427 Al which is herewith incorporated by

reference. Furthernore, the status of the |ung can be
g enhTi-Aedon thie s*%%%'u% Qfe tt@l%s%tn%f ikah B%f Td'e%'ermlned on

pressures 0 oxygen ﬁ . a nmet hod
éb@ab@tsw &fe tkl@omdftrl@lm SCOz | epnparbrakionl Such a method

%t :ng ARG derd %ﬁ”%r% Woa‘élét/%dz‘#”gﬁ”\ggx&%ﬁg%

durc enti |kat|on physi ol ogi scher Kenngr
bersgithp inggrpors3ed byogedldrencies herewi t h
i ncor por at ed by

Furthermore, the status of the lung can be determined on
the basis of the arterial partial pressures of oxygen paO;.
Such a method and apparatus are known from S. Leonhardt et
al.: "Optimierung der Beatmung beim akuten Lungenversagen
durch Identifikation physiologischer KenngrotBen"™, at 11/ 98,
pp. 532 - 539, 1998 which is herewith incorporated by

reference.

According to a further aspect, the status of the lung can
be determined on the basis of the compliance of the lung,
wherein the compliance can be defined by the tidal volume
divided by the pressure difference between peak inspiratory
pressure and positive end-expiratory pressure (PIP - PEEP).
Definitions of the compliance are known e.g. from WO

00/44427 Al which is herewith incorporated by reference.

According to a further aspect, the status of the lung can

be determined on the basis of the inspiratory and/or
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reference. According to a further aspect, the status
of the lung can be determ ned on the basis of the

weovphysece of the |ung, wherein the conpli ancECTES20&010741

defined by the tidal volune divided by the pressure
di fference between peak inspiratory pressure and
positive end - expiratory pressure (PIP - PEEP) .
B&bﬁmhtbawsdQMahhar@anwaameeiamenbaowwherginfth&sé@
00/ 44427 Al Wi_t h 'ncg&gonated b

Parar bRDS PSRl B G OTE T P FOF SEpeer” PRE%SPAus
dﬁfﬁh&ehmmgddaﬁﬁhﬁid@tﬁmﬂlﬁ&dwonftbeehaﬁﬁﬁgoﬁabbe

ins dlorexpiratory nam ¢ _ai

(PO ZhORY - AREFERTE b E S Leht Bt b PelfB s acknoien oo
&% oih@od 0i0viddg 2or ess whe cthi ikeherewidhvided rbyrahed bgw
of breathing gases . Definitions of the resistance are
KRERASDSE from WD 00/ 44427 A | which is herewith

i ncorporated by reference. According to a further
aspect, the determned status of the |ung. s sensitive

PECORSHGSs Tor 2alvedingr dsR@CEpathe PRECATITRE psatus Of the

gorpensatRnshe icRangesnahqalvee anvdeadrspase Byade. The
sui tabl e adjustnent of the positive end - expiratory

pi8s d§r &0 PERPLIERd Spédie iChepPrat 6Ly 2pivesdaie depripfpace by

‘Aarsh%%brr%t %@%sac%n%p%%r %‘h‘és £Ssakevknawn-£Q 1ratory
etern1n|n changes of al veol ar dead space o

RrEisELERal ( ;EE«Péntamda@@édq aﬁgpma@ﬁra’aﬁrﬁéswéd PIP)
FaRALALE It dsN RTRIPALLEN Wt B 8a¢R0hheh detFrmlnlng

According to a further "aspect, the status of the |ung
cBageesr mifned ver latre dsasi speteelbdcanj ealtiifipedanve

N R N S R i W e ot

hembwingftion with each other.

According to a further aspect, the status of the lung is
determined on the basis of electrical impedance tomography
data. Such a method and apparatus are known from WO
00/33733 Al and WO 01/93760 Al which are herewith

incorporated by reference.

Furthermore, many other known clinical methods and
apparatuses of assessment of lung function, which may
combine both gas exchange effects and hemodynamic
efficiency measures, may be employed to determine the
status of the artificially wventilated lung. Several of
these include pulmonary shunt fraction, oxygen extraction
ratio, extravascular lung water, pulmonary vascular

resistance and compliance, and the like.
Furthermore, many other known clinical methods and apparati
of assessment of lung recruitment and mechanical function

may be employed to determine the status of the artificially
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i ncorporated by reference. Furthernore, many ot her
known clinical nethods and apparatuses of assessnent

w@Roosmmged uncti on, which may conbi ne both gas PRDOS299%010741

ef fects and henodynam c efficiency neasures, may be
enpl oyed to determne the status of -the artificially
ventilated lung. Several of these include pul nonary
ybuﬁﬂlﬁﬁ&@tﬂ@mg‘oxﬁ@eﬁeeincéudbomppami@ndeipw@Vaguﬁﬂaption

n ul S S| n
B e e R e o ST BT s S ~votune
bnmw&sclmmecw01mmtbddmaanmaappaeabur@fvaésm&snnmpldﬁnce
I recrué} t _and mechani cal function may be
é#ﬁ%gyédap ggggfﬁlne the status of the
artificiallyventilated lung. These include upper and
| ower inflection points of the expiratory and

inspiratory pressure -volunme curves, the point of
H&&b&@hn@fQ%S@f@ur%@b&”@s@@@ﬁ|l&héedéﬁ@&ﬁhnedn@tatus of the

ot hers. A rd|n further, aspect, det er mi ned
sratddcd Pgﬂﬁﬁéﬁgiﬁyﬂﬁéﬁ§|F§F8&d@€n§Yi§ FeEBrieg in
Qﬁc@r@@ﬁ@@t%ﬁthnt@%CQBQQG%?oWHhﬂgtH@fﬁ%bﬁﬁ&@@@dpﬁgltlon
defi ned Iung position. Preferably, the recorded data

Arefairablyy e ¥hgc €6FaAGPy 98 2a aser S4RPLANES 866PYFARILY on
aekhedeand the recordi ng apparatus according to the

first inventive solution can be used to provide a |ung
status information for the controlling nethod and the

@Rgt&%|b&@ﬂn@p&%EﬁbHSaﬁath@'%%chdh%%~%%@%&@tus according
i nventive .sol'ution and for the positioning nethod and

tRe thesifiireiti Agvapparvat 6olatéondicag e tsed fkpr grovide a

h BRENGIAE 1,30 Uid0Ra tASRO AN HEO PR XAIRGE ’m%thod and the
predeternmined differential step size is applied

cepéarddlipgt aprrkeaposi picoprdéngator the second inventive

solution and for the positioning method and the positioning

apparatus according to the third inventive solution.

According to one aspect, a predetermined differential step
size is applied repeatedly to the position actuator to
obtain after each differential step size a supporting point
of the status of the artificially ventilated lung until
such supporting points of the status of the artificially
ventilated lung have been determined over a predetermined

range of lung positions.

In order to increase the resolution of the supporting
points, the lung status information can be interpolated
between the supporting points in accordance with the
difference between two neighbouring supporting points.
Other interpolating methods may be used which are based on
more than two supporting points, e.g. the least square

method, by which a steady curve of the lung status
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obtain after each differential step size a supporting
point of the status of the artificially ventil ated

wO 0vg/0e4369 | such supporting points of the statPGT/OB20051@10741
artificially ventilated |ung have been determ ned over
a-predeterm ned range of |lung positions. In order to
i ncrease the resolution of the supporting points, the
Lufg retaativs icaihobratobar itan losrarmnttérep gl ratded elretineein range of

g@e s%on%Ein% points in accordance with the
" Pefence 58t ween two nei ghbouri ng supporting points.

O her interpol ati ng net hods nay be used which are

sed.on .nore -t han t suppaQrting .points, .e.g. th
S D AR 0 =y WA o By e U5EC Fe
logpig metzat usi rlfe@rsltafoin@a? v;éall‘lt inelte.kanaipa&dm@rz]t%rr E)Ife thed
predet.erm_ned ran 0 n ositigns. The t ai,ne
Iaﬁﬁg}fé%gyi i & ﬁéﬁ%ggé"’%e&% pdeeraiged range
b&agtunen@okehttionat iaekopaiaretey tofe ReA iihvehalihe

ventilated_| ung over the predeterm ned range of |ung _
FOLKIORs ZEESFdRRG Y0 3tthd edstord s Mpatitlilpd 198 peirgRcter is

Boehteicabley salchl east: ene Venly |aHen paRMERAiohSyields a
controlled such that the lung status information

VOBEE P& ONSmgeRed i tdiogt rvisdt ithie evedsegmined range of

Qh%%e:p@smtﬁ%glsr.a%%r%fbyl,U%%ep@.%i\ﬂiia‘%ﬂ%ns-r%%r eby. 1LR§ status
devi"ations of the lung status information over the

pRE@EMEAORe @ Vedn fa o P rieged epadinedo e neen ofe Luageppsd tions

h B¢ aprbyhRg the LRRLALS R IRl PR BREATRLEN i
?% accordance with t%@pg%?rggpghgingal négbésitig%.%llatlon
Befremedeiry any acgogidagice waitrhi [tdiel e yrespesicdangy aung

: et gr i f. h - r .1.0S

e R R S SR i
vafloemakiyo beo dert etrimé neande oof theng teesivt icomye to insure
maximum lung function as determined by the lung status

information over the range of lung positions.

According to a further aspect, at least one ventilation
parameter can be controlled such that the determined
changes of alveolar dead space- are compensated according to
the difference between two supporting points of the lung
status information of the artificially ventilated lung. For
this purpose, a characteriétic curve can be recorded for
the corresponding lung showing the relationship between
alveolar dead space on the one hand and the influence of
peak inspiratory pressure (PIP) and positive end-expiratory
pressure (PEEP) thereon on the other hand. Based on this
characteristic curve the peak inspiratory pressure (PIP)
and/or positive end—expiratbry pressure (PEEP) can be
determined for compensating any changes in alveolar dead
space. In order to consider additionally the rotation angle

by the characteristic curve, the status of alveolar dead
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According to a further aspect, at |east one
ventilation paranmeter can be controlled such that the

waledosomizsed changes of al veol ar dead space ar ePCT/US2005/010741

conpensated according to the difference between two
supporting points of the lung status information of

the artificially ventilated |ung. For this purpose, a
sphaeawserwiﬁiandubwePEE@ be ceterdddedonnt hecordarce with

Qr respandin showi_ng .the rel ati onship between
t§Fv€§u§? 5§g°§pg%ggoﬁosﬁ%lgﬁg ‘hand and the influence
of peak inspiratory pressure (PIP) and positive end -
Xpiratory pressur PEE on the_oth
TRt o A SR rLatas: dhie Oahde Renpedeo De 1EEd to
obfts piizat @hy Qb@i&@ﬂ&eﬁpbﬁ)an@@d/dﬂ tgl@s Ipbls\mlgﬁ’u? of an
expi_r.ato res yre (PEEP) can be determn r.
e B ER L eREhGe T T SO dadRd Eac Bl T
;Lﬂﬁr@art ike @@u@m@h addicbirenald ¥d h@er @hatidon naeake<by
t he characteristic curve, the status of al veol ar

sQeHddpRe e 2y §1SPIrpbakd L OPERP Ol rddidniode@OSHtiom periods

aaggerdarce wiliatihe ypby alidiv tfdelsUh@ sPesl bieORsovH@ed .
obtai ned lung status information can al so be used to

ThaEi ﬁaileb?hx@aééﬁlefjololll@d heAgE i6R Lle Opo&ihei basés a0h the

18hY Gitgicak! xn\é%%lalt%%d whi R %c Wa@'e@g ohO atthe ebhir chyo
i nventive solution. According to the third inventive

SSOPOEESRT ROANSST PBUES GA ot @ telusabitt fhef assartrshally
V@%Eh@g§e@nQﬁ%@ ot %c%b%ﬁ%hb%yw&&hagpkhkg@eiuﬁﬁspbgsp@lon

provdLded. Thi's can be carried out autonmatically on
andeabgsicongf stagusurg $het agtiidficimdtlivomentiidated lung in

a%%%%@la% lt%a%t W “ﬁ%‘?&\?f ?%%1‘%‘1‘ glt Sl 3:.LhESe, a

status of the artificia [ate Iung in
lao@ou@ahaélw tclanabfel pgpvuui@gi posichi essdgtsa fegcenespecific

lﬁh t% a%EStH% %E %hall%o%§%} B%%ﬁ%ﬁl%ggtrgl 51E%nal for

ance mn second "'ung p or “ex
the p051tlon actuator having a spe01flc position pearlod and

a specific position amplitude. Thereby, the controldling
signal‘for the position actuator is made up of a pJlurality
of curve pieces over the predetermined range of lung
positions which yields over time a distribution of position

periods and/or amplitudes.

Alternatively, the distribution can be compiled via a
user's interface -on the basis of a given set of pexiodical
controlling signals for providing a predetermined

distribution.

Alternatively, the distribution can be compiled
automatically in advance or online and can follow & known
probability distribution or can follow a biologic
variability. For example, the human's heartbeat follows a
characteristic biologic variability which can be scaled and

adapted to provide for the described purpose.
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| ook- up table can be provided which assigns for a
specific lung status information a correspondi ng

w@ovsod36si gnal for the position actuator haviPQI/ES2005/010741

specific position period and a specific position
anpl i tude. Thereby, the controZLling signal for the
position actuator is nmade up of a pZLurality of curve
pi eces over the predeterm ned range of lung positions

Lch yiel ds over. td a distributi.on of_ .posi t.i.qn
e By B e A iUty e/ 1T pecone
cipgiarrdnit ibgn retfie desmceoni [tée ficd lawisey 'spdditfardaaderrs) in
%%% ZﬁSiS of a given set of peariodical controlling

sigﬁ s for providing a predeterm ned distribution
Alternatively, the distribution can be conpil ed

tomgtically in _advance_or gnline and can follow a
%ﬁ' nﬂprobﬁ%PWﬁt?“d???PP&ﬁtP n2oPUESANEoPEGWAgcording to
bi ol ogi ¢ vaheabinlkihyiohgr exanple, the human's
heartbeat follows a characteristic biologic
variability which can be scal ed and adapted to provide

fraly.t e desebivied pukpesexGhbet B actesandoheat¥i@®or in a
of the invention will becone apparent by reference to

the fol | owPRG1LEPBERLI BRELEASN i n which Fig. 1 shows an
exanpl e of a nursing bed according to the invention,

Fi.g. 2 shows a first exanple of a position actuator in _
&1For i3zont &hopssithpoflreitgexamphews ft Re PPisiét caxamletor in

of a positggnaggbqg%g@ bBsapigpgul ated position, Fig.
4 shows a second exanple of a position actuator in a
hori zontal position,

Fig. 4 shows a second example of a position actuator in

a horizontal position,

Fig. 5 shows the second example of a position actuator

in an angulated position,

Fig. 6 shows a schematic monitoring screen for the
method for controlling at least one ventilation

pressure,

Fig. 7 shows an alveolar recruitment maneuver during

kinetic rotation therapy,

Fig. 8 shows the titration process after a successful
lung recruitment maneuver has been performed

during kinetic rotation therapy,
Fig. 9 shows an artificial ventilation of a lung by

controlling the PIP and the PEEP in accordance

with the rotation angle,
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Fig. 5 shows the second exanple of a position actuator
in an angul ated position, Fig. 6 shows a schematic

worwshosbng screen for the nethod for control | POYUSL005/010741

| east one ventilation pressure, Fig. 7 shows an

al veol ar recrui tment maneuver during kinetic rotation
therapy, Fig. 8 shows the titration process after a
Stice.esisf ul dhungs ree crahietrreritc memnetoari nas dreem when

performed durin i,netic r tion, t py, .Fig..9 .
shows an arctqqﬁlg%l;lllr\?er?ﬁel %t&i%or?néjf Egﬁlr%r%ngg the rotation
control | i ngydie Rldcard nghe oPEER.i 1®,accor dance with

the rotation angle, Fig. 10 shows a schenatic
nmoni toring screen when controlling the PIP and PEEP

dtirg .ngL 1 he shatwas it01e eclseraseord RYE toads), Jpa®0,, Fhgd pHa
11 shows the neasyrenents qf paq2, pa 2 and pHa
during t he S&Y Lc’éh%‘ti&t“ie&ﬁct Hr O %qi—’iaé?y'lf%oms

t he measurenment of conpliance during kinetic rotation

t her apy. Fitsgl. 1 shows an exanple of a nursing bed
dcor ditg e Gh arEiserertRd ffr S9p Wedcro Aysing

nount ed sugh diatc idot@dn Jpe thetdrd around its

| ongi tudi nal axis, as indicated by the arrow 102. The
rotati on angle is changeable by a position actuator

103, whighis £onLald1ed Sy 2 rﬁﬂ:@fr% B t3 dQbg i to the
patient 105 is fixed on the nursing bed 101 and is
At tei 4 yheemuy sitned e tHE viehtiduitiord 108:h THt it can
RRSTAON AL tALAL L G P& SOHL Ol L0 PYad N S by
the arrow 102. The rotation angle is changeable by a
position actuator 103, which is controlled by a control

unit 104.

The patient 105 is fixed on the nursing bed 101 and is
artificially ventilated by the ventilator 106. The position
actuator 103 can be controlled by the control unit 104 such
that the patient is turned resulting in a defined lung
position of the artificially ventilated lung. The lung
position refers to the rotation angle of the lung being 0°
if the patiént is lying horizontally on the bed, which
itself is positioned horizontally. Measurements of the lung
position can be performed-by employing a portable position
sensor attached to the patient's thorax and connected to
the control unit 104. The nursing bed 101 shown in Fig. 1
allows also to determine the rotation angle of the
patient's lung through a measurement of the rotation angle

of the nursing bed 101.
The status of the artificially ventilated lung can be
determined by a variety of methods using a suitable

measurement device 107. The measurement device 107 can for
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that the patient is turned resulting in a defined |ung
position of the artificially ventilated |lung. The |ung

w@omsnism refers to the rotation angle of the PCNYS2005/010741

being O if the patient is lying horizontally on the

bed, which itself is positioned horizontally.

Measurenents of the lung position can be perforned -by
@nqalnqgﬂimgisae gm“tiaakﬂwkp-d taiimwas_,eqsms:mnas:hembrtstitmmn of

tlent S _thorax and ect.ed to cont rol .
B3 DialSdd o o ST e PR DiRne dng, expired
to@ sd etlaran meed tﬂ‘lﬁ)m Ottt |art1a‘hgjleajofvetrtteurmimemd dddusgrpnine

t hrough ,a ne nt of the rotation an
s e il AT Y s  dinine the
\eaatid sateenl ﬂhmgumagﬂ dem deitterar ned dyr fomasd ectg/nmtfnuously or

met hods, usji.n sui t.abl measur enent dev e 7. Th
Rt et e TP i, e SRS S G giethods
ald WM RIEISEINGse LonSid taft e afutdeaexpyiwsh gaslownd

the volunme of the inspired and expired gas obtai ned
fromthe artificial ventilator to determ ne the status

of theddingatihe Jeasy el S 4 AdRiIANE drhets diS s of
of the lung can either b e performed continuously or

spor adif¥cal aPngePFReliringtpbsrt PSR eEx4RF ¥t @ single

met hogs-d-0- HletR{dH Re nidie =t BHriép a‘if atﬂha:dé”hgcéirl&cﬁinVeﬁom the
bel ow The status of the lung is determ ned on the

basi s F3¥ AR rOER {eoic aptrldiGad i oot '&N@%@Séd’%é@eté\%ﬂr
a Si NGl MR £ RUYH 13 nTBLRR 13RI RRRATAIUS A, KNnown

fromthe European pat ent d{;Fllcatlon Non - | nvasive

Vet hodh teree Apparatiomdsdh Gpthad Amg & Memdspl (i oich is
for Augl agH o] fe'd %rdy Q.8 March 2004, which
e

i's herewth I ncorpo At e ference. The status of
the lung is determ ned on the basi s of

- The status of the lung is determined on the basis of
the hemoglobin oxygen saturation (SOz). This can be
carried out by means of a saturation sensor.
Advantageously, a feedback control loop controls the
inspiratory oxygen fraction (FiO;) at the artificial
ventilator such that the hemoglobin oxygen saturation
(SO;) is kept constant and a data processor determines
during a change of the airway pressure from the course
of the controlléd inspiratory oxygen fraction (FiO;)
an airway pressure level which corresponds to alveolar
opening or alveolar closing of the lung. Such a method
and apparatus are known from WO 00/44427 Al which is

herewith incorporated by reference.

- The status of the lung is determined on the basis of
the CO, volume exhaled per unit time. Such a method
and apparatus are known from WO 00/44427 Al which is

herewith incorporated by reference.
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t he henogl obi n oxygen saturation (SO2) . This can b e
carried out by neans of a saturation sensor.

w@dwaneageous! y, a feedback control | oop cont redBHUS1965/010741

inspiratory oxygen fraction (FiO2 ) at the artificial
ventilator such that the henogl obin oxygen saturation
(S@2) is kept constant and a data processor determ nes
duri nghe dtaige off tiie diuneay sprdessamel fgdorart ehec drssies of

of the.contrall inspiratory_o en fraction i, C
an ai r%v\h/aey eﬁlréétslsoﬁa?le ({bévgpnﬁﬁlr%ﬁa)%gpéssgﬁ s %t gegg\?gofag?i
openi rgpraralue sy klosl myof Whhe d Ampl2 Sudh whiret hicd

and appar at, are known fr WO 00/ 44427 Al which is
her ewt B TR FOTSR P 15 oI e < Chre st at us of

the lung is determ ned on the basis of the CO2 vol une

exhal per_ ynit time. Such a nefhod and apparatus are
enoan T A U0 AT AR SR o e ba¥is of
| ncor pevaated )i dleferanica. prie i ust Axided Igatg.i Such a
determ ned on the basis of the endtidal CQ2

conceMS &% RIS FRP A atéth SdF Sand URharts -arE RhGHt et
from WO Q0/Mp4AZ il ruMy Glerl Bl Ibdinc enpmieat ed by

reference. - The status of the lung is determ ned on
the b3S SITAD garatalt iprdsisy ST Whapgeirher

pag2. xQueRydFEitnodand apparyf ussHar e kymwn fadmPich is
Leonhardt et al .: "Optimerung der Beatnmung beim

akut eREmaGeRy drsEgde rdthach dvderfisranag - on

physi ol ogi scher Kenngr dben", at 11/98, pp. 532 - 539,
1998 which is herewith incorporated by reference. -

The stf@custeftushefl iy ilsindetier et mimactherbddiss kefsis of

the C%%@idﬂﬂﬁifyhéé“%flﬁﬁéIMﬂﬁﬂadhéfgiﬂxyﬂgiéﬁ%ﬁif&ﬂ%e can

be defined by the tidal volume divided by the pressure
difference between peak inspiratory pressure and
positive end-expiratory pressure (PIP - PEEP).
Definitions of the compliance are known e.g. from WO
00/44427 Al which is herewith incorporated by

reference.

- The status of the lung is determined on the basis of
the inspiratory and/or expiratory dynamic airway
resistance, wherein these resistances can be defined
as the driving pressure difference divided by the flow
of breathing gases (cmH,0/1/s). Definitions of the
resistance are known e.g. from WO 00/44427 Al which is

herewith incorporated by reference.

- The status of the lung is determined on the basis of
electrical impedance tomography data. Such a method
and apparatus are known from WO 00/33733 Al and WO
01/93760 Al which are herewith incorporated by

reference.
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be defined by the tidal volune divided by the pressure
di fference between peak inspiratory pressure and

WQ@omENI4369 end- expiratory pressure (Pl P - PEEPCT/US2005/010741

Definitions of the conpliance are known e.g. from WO
00/ 44427 Al which is herewith incorporated by
reference. The status of the lung is determ ned on the
basis of the inspiratory and/ or expiratory dynam c

LT resistance, wherein hes re i stances can, be .
itk Pla" S8LTRRRER  FlgeRrBodt, 824t ToranReTy: Orabaoppatient
thelfl ow désbﬁceaehr nglgasesmcnsHZ@/xb/la)LnedDehielnietatfoes in
of the.r nce are Kk o&gﬁe.g fromWO 32/44427 Al
VRPER € ﬂé e vt RSPRGoPporaCed 16 TFEf ér éncé - The
status of the lung is determ ned on the basis of
el ectri cal inﬁedance t onogr aphy data. Such a net hod

c UZRSwWN from WD 00/ 33733 Al and WO
01/937 60 A | which are herewith incorporated by

reference In the follomnng an exanpl e of a treatnent
Atthe EQF?E&P“WPPHIBePﬁg cﬁﬁbé@J%ﬁFéﬁ fPrrepéhe expected

expl-abngd bmersea t ei-ekBuRr € ddgkailinBy oftans ohingh8isease
figures 2 - ecrui t ment _Maneuver At 0 rotation

alﬁa‘reeeeebfﬂ §n§d PscBH2@bovRIP hes expectefif heiepthy high

Cé@ébégPﬁﬁﬁsﬁér%n%@%@eB@eQQaQ% Rethungidhsease
bet ween 15 and CnH20 PIP is set sufficiently

hi gh above PEEP to ensure adequate ventil ation. Then
rofahi pprhgigharkedysEaeh . lEQ%h‘§u9§eﬁgdoﬁ%ﬁ@ﬁaggbgrately

while It is nmoved Into the upward sition
i met basingipomaviedniatgl eheauwepmh vesiitépease of the

With increasing rotation angle, a stepwise increase of the
PIP starts 5 - 20 breaths prior to reaching the maximum
rotation angle, PIP reaches its maximum value (depending on
the lung disease between 45 and 65 cmH,0) at the maximum

rotation angle.

Having crossed the maximum rotation angle PIP is decreased

within 5 - 20 breaths.

After each lung has been recruited separately (by rotating
the patient to both sides) in the above manner, PIP is
adjusted for each lung separately to maintain adequate

ventilation.

PEEP Titration for Finding the Closing PEEP

After a recruitment maneuver, PEEP 1s decreased
continuously with increasing rotation angles. The status of

the artificially ventilated lung is recorded continuously.
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PIP starts 5 - 20 breaths prior to reaching the
maxi mum rotation angle, PIP reaches its maxi num val ue

w@ dpemisng on the |ung di sease between 45 andP@BUSWBE/@Q0741

) at the maximumrotation angle. Having crossed the

maxi mum rotation angle PIP is decreased within 5 - 20
breaths. After each |ung has been recruited separately
(E&iyarbiragi@’g ahgipahi BAEPt atbet hosatésh BngilhecdbOVe PEEP
ne PP i dj ust r_each_Lun a

e T a| T % “é egvgnt ng mﬁ’ﬁl’:’ﬁu% FPaP%oEﬁgf Xn&?e PEEP

Fot A0l ri@eth@dﬂ:@dlhg PEEPCAHQ@r (@B ¢ @sdutt ¢ Nent Ir&nmjvﬂgns for

PEE decr sed conti nuousl h,increa

it T el beBSer gl R B vy Re "L PPRTk  Fyonats the
Viesita 1 &bEdPEEIBgJ.BSréé@ﬁdéddalﬁdnwum%ob?lzig&:éalbégg at a
iven, PEEP at a rotation angle o , Wi e .
e eery Rt ChE ReRr R 5okt ba HhaRenbERR: Wiple
hﬁmme@h@ypétlénﬁ mH3qthpr eerdur eidie) PEEPf iBOrstigasd in

al veol ar col | apse occ in_any of the abov
atEE heY e BFOE?SF‘EEP%S tEcBPdEdIRAAEREI PTBEC’lar

léts:neqs@@ cObtrnupUShy b@ the Qb@VéOIé&ﬁﬁQtLbl nghwheavatl of
0. Wiile turning the patient to the other side PEEP is

RERR etB | Phemeksheahainipr Badtar and fhe pptigng gasturned
fycalwveohar col | apse occur in any of the above

signals, the |level of PEEP is then kept at this val ue

and the patient is turned back to 0. If no collapse is

@@Sr%‘tc@hépéét aki ?Qeé@ﬁkeaef OroEQﬁBhOSﬁ H!éeéfloanghe
2 are carried out reduced PEEP | evel s un I gns

FIrefedere? torPdpseadcaprrrind Pé@eﬁtof—”eﬁEEPdaPEWﬁl égpvels
LS Lol gRSeo PCEYhSoh 8t BEN1 BT d8HLEOr ThBC1evel of PEEP

at which this collapse occurs is then recorded for the
respective side. The PEEP will be increased continuously to
the previous setting when at 0° while turning the patient
back to 0°. If due to a hysteresis behaviour of the lung
signs of a lung collapse are still present, a recruitment
maneuver will be performed at this stage to re-open the

lung as described above.

Continuing with an open lung condition, the PEEP is set 2
cmH,0 above the known closing pressure for the side for

which the lung collapse occurred.

Thereafter, PEEP is reduced in the way described above
while turning the patient to the opposite side for which
the closing pressure is not yet known. Once collapse occurs
also for this side, PEEP is recorded and the lung is

reopened again.

Controlling the Ventilation Parameters during Rotation
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respective side. The PEEP wi |l be increased
continuously to the previous setting when at 0 while

wao eoosiosmged he patient back to 0. If due to a hyRCEHUS®NF010741

behavi our of the lung signs of a lung collapse are

still present, a recruitnment maneuver wll be

performed at this stage to re- open the |lung as
dﬂﬁn&&UEﬂVHm@VéetébmihedihgemEEEPano@pepsbupgessure of each

con [ t he EP is.se O above the

G e ol D5, o388k PR RRRRR I N ongoing

e i sApisen oglell ¢ eda kTher eattethaPEEREPS negducEdlils bbeow the
escrib d above whj |l e turni the patient to the

IS P esteT f DPEWRRCH DRE EFobTRgSpFBSsure i s not

yet known. Once col |l apse occurs also for this side,

PEEP i s _recorded and.the lung is reopen ai n. .
OGO THHG TS GeRPH ADFBnMYr XAsVera EUFP% rotation angle

Roipidandit erahavhsgddat ernenedot-be BEEEnQOEbaa&‘z@on therapy
pressure of each side, PEEP will be_ adjuste
#ﬁﬁﬁ%$yaﬁﬁtﬁdﬂﬂét%ﬁgGPﬁﬁlPHP&Fﬂanfﬁﬁ@iQrﬁ§%Pn§° breath

S exd et REER never thal hsrbel-ewctheckavehs an@e_@}@@ Eeétus
each one of the sides. Since PEEP and_conpliance

WY 3 $9Cee FBRBEFoRf aRfPeaalf Girtienty H?@tﬁéé&éé lung in

Yﬂﬁﬁﬁéoi@'vgﬁfiﬂﬁté0£ﬁé'ﬁatﬁﬁﬁEaBMfEh81Eﬁ¥§&swﬁ&@e keeping
adj usted conti nuously from breat br eat

dcictr darekune s hvihielai pf @?éﬁéédbéﬁﬂﬁén o& 16r|1§tnl§ﬂ<at bedy
qnd ssecond status of the artificially ventilated

lung in order to ventilate the patient sufficiently
whi |l e keeping tidal volunes within a desired range of

%ﬁf%%grﬂgﬁbbogf @@Pgﬁ%essEHEEhQEgDE% vb&yphgw Vﬁlu%e

pressures are at very ow val ues al ready,
adviszdy e 1o heahe PePaduhsehhe bot leave PIP constant but

adjust for changes in compliance by adjusting the
respiratory rate (RR). Then, RR is adjusted continuously
from breath to breath in order to ventilate the patient

sufficiently while keeping PIP constant.

It has been shown that the wvariation of the rotation period
improves the effect of the kinetic rotation therapy even
further. For example, the following modes of variation can

be applied:

- Sinusoidal variation with wave length between several
minutes to several hours with set minimum and maximum

values for ration angles, speeds and resting periods.

- Ramp like variation within certain boundaries with
ramp periods between several minutes to several hours
and set minimum and maximum values for rotation

angles, speeds and resting periods.
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adj ust for changes in conpliance by adjusting the
respiratory rate (RR) . Then, RR is adjusted

w@oovsiomieusl y from breath to breath in order tBCT/US2005/010741

ventilate the patient sufficiently while keeping PIP
constant. It has been shown that the variation of the
rotation period inproves the effect of the kinetic

rot at iRemddme raguyd aviemn fabbeliera Foveexaaphevaihe at a single

fol |l ow ng -modes_of. vard ati op, can be Lied: = .+ .
S nusaida T v AT T whheT e BBt ularianitiyy) wite
m nut esngdlol teelessy dbethorrrs 30 $ ht se2 00% noffumeandseauenoem of

val ues_for, ration |l es, speeds apd restin eriods, Lo
Rt Bl i P S e RRe R S RoBo B P EBER, PERpabi ity
ranp perdtaddodtetove are tsievet ad . g 0% eSot b0Sevefalthouhssen

and set nini m and maxi nrum val ues for rotation

angl e$**%¥pectis’and resting peri ods. Random vari ati on

about a given nean value at a single |evel of

variabjlity (i.e. biologic variabilit wi.t h ,
Sl § S el P HOURE o bOR DR tea bR cEo o echnical
magni tapge-afcidl scppsaimy efhé reond Be URhHGENT poMAbabl birky

di stributjon between e.g. 0%to 100% of its chosen

nmean VRIHEUL SRMFEYIYEy can be deternined according

to techni cal approaches covering the whole range from
allowed mnimumto maxi num - Distribution of rotation,
par anetiettsr i i @fusse Rt bP1 bPRT 3EESFS. CRR RAadPeieatlan or
to theyptafiom period the rotation angle, the

rotati on speed and the resting periods can be vari ed.

In order to adjust for variable rotation angles, speed

3hd addition to the rotation period the rotation angle, the
rotation speed and the resting periods can be varied. In
order to adjust for wvariable rotation angles, speed and
resting times, a mean product of angle and resting period
etc can be defined, that needs to be kept constant. For

example:

- While rotation angle randomly varies about a given
rotation angle, resting periods are adjusted to keep
“the product of angle and time approximately constant

at a given rotation speed.

- While rotation angle randomly varies about a given
rotation angle, rotation speed is adjusted to keep the
product of angle and speed approximately constant

while no resting period is applied.

Fig. 2 shows a first example of a position actuator in a
horizontal position representing the initial position. The
schematic drawing depicts the patient 201 lying in the

supine position. As defined in medical imaging, the patient
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resting tinmes, a nmean product of angle and resting
period etc can be defined, that needs to be kept

W@ ovshass? For exanple: Wile rotation angl e re€musi095/010741
vari es about a given rotation angle, resting periods
are adjusted to keep the product of angle and tine
approxi mately constant at a given rotation speed.
Whiﬂeokedahbmfﬁnmﬂmhéaﬁﬂ@ujythasiEheabmghtalghgemR) is on

rota n an tat spe d is .ad] ee

ERsad s toR i ol pbr SRR maPS) S h 1) s on
whiel & ightr h&tndlgsj&% |@@I }rsg app) i @i 1Ei gheZﬁéh@WS( )I is
first exanple of. a ition ctu tor in_a horizonta

OBt n CPBbSEt 1516 RV TRST 1 BRep6EPTon. The

schematic drawi ng depicts the patient 201 Iying in the
supi ne posktlon As defined in nedic¢al |pa

gat PERILS PEoIRFed ¥1 ot heSPRBECTEADS PR n%’ﬁh%ngi%ﬁﬁﬁs

(aB):olrs,u@@ the dief tihaswk sbsleceh Fkge aall9ndetL_hLeabFﬁ_‘ied to
| ung |s on the right hand side og ,

Pﬁélﬁééﬁt @Hfﬁi§1F&33%éﬂr%%%tP%FF§laﬁd tomards t he

front. It should be noted in this connection that the

nmet hods .according to the invention can be equallg wel |

apsl Padiestpaits e‘g‘iﬂan VPR | FUPRerpiBHeSPEERER0ROZThEhich

E%&%%@tthr%é)@iﬁkéﬁbﬁhéﬁ§99®§'ngo&“éﬁaCQOgOZTh@chﬁlr—
covers three air - cushions 203, 204 and 205. These

susbdehison®e I3Wg AP uied dedo t bhe hélxeﬁeérﬁmswéoéoefothe
%%s%@%%a bea%e aﬁ?ﬂé‘éé&“fﬂ tﬂléhhér*ﬂ%h%amt Bbsition of

p03|t|on of "the nurS|ng bed a mediumalr
phes syre inghdoed rwigrless uneédmﬁmt ﬁerapreswghu ofibe2edr

%»%s%ﬂ‘}ez% Gaf be; adk it £9h by283¢08bhoLnHNbhseLhiehe

y punping air into an
adjusted by a control unit either by pumplng alr into an

alr-cushion or by deflating an air-cushion. Obviously,

other fluids than air could be used as well.

Changing the air pressure in the air-cushions 203, 204 and
205 in a particular fashion leads to a rotation of the
supporting surface 202 and hence to a rotation of the
artificially ventilated lung. By simultaneous measurements
of the rotation angle of the artificially‘ventilated lung,
i.e.rthrough an attached position sensor at the patient's
thorax, the rotation angle of the artificially ventilated
lung can be adjusted to defined positions. Alternatively, a
defined lung position can be reached by a predetermined
step size of the position actuator, i.e. a predetermined

air pressure within each air-cushion.

Fig. 3 shows the first example of the position actuator in
an angulated position resulting from a specific setting of
the air pressures in the air-cushions. Compared to Fig. 2,

in this particular example the air pressure of the air-
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air- cushion or by deflating an air - cushion.
Qobvi ously, other fluids than air could be used as

wowdos/09@hangi ng the air pressure in the air - PCUFOSINS010741

203, 204 and 205 in a particular fashion leads to a
rotati on of the supporting surface 202 and hence to a
rotation of the artificially ventilated |ung. By
shﬂhhbaneoeshaea$Mkﬁﬂmmnwenﬁdxtkhécmfmipneaﬁgke of the air-
art fICI y.ventilate thro h an attache
BhehiPBnS0UnaEs Bt e StiERI T et T naF opbEFRRCe of
angl eiefctibaishnt ifoxcirdd wawnttdvaéed. | ung can be

adjusted to defined positions. Alternatively, a

defined lung position can be reached by a

phedetesningdist ep rHtze idn tde Posi $hPPosEI Wt Shirfhcg. 302
a predetermned air pressure within each_air

BBEhFBRS EPg2 FOSRGION R fietaBkafpfLablyt Fentilated lung.

REsHEELAB19Gt UALOIF B PN atied PEsEiheNpEQSHELADES in its
froma specific setting of the air pressures in the

Bprizopahi BRE1tESFpared to Fig. 2, in this

particular exanple the air pressure of the aircushion

303 has been | owered, the air pressure of the
BigeudhPBAYS02 FESAst Perkhanged, Panitioe affuator in a

H6§§§Hh%a9f pbB& tAldr 5 Qi 30y Nage bfﬁftiélsﬁgsﬂ—f_‘bﬁ The

results in a rotation of the supporting surface
arbiematisd ci Araviscatdami ofs ttHee @patieetat Py Sbféhngl atle‘dhe

%gﬁgne'\'ﬁbb%%%’aé 'Zfeﬁ 306508 &%Ec?fﬁt?iﬁﬂ Qdelg

Ins"Inits horizonta p03|t|on
second exanple of a position actuator in a horlzontal

g
stpanbedospt tbe dsadef i4(6H o the messingthbed. ofh&i §rame 403
%pcggfgeegksat by® d WAL SHPPOLEL 080 88" £RE€0802t 1on
actuator according to signals received from a control unit.
A rotation of the frame 403 results directly in a rotation
of the patient and hence the artificially ventilated lung.
By simultaneous measurements of the rotation angle of the
artificially ventilated lung, i.e. through measurements of
the rotation angle of the frame 403, the rotation angle of
the artificially ventilated lung can be adjusted to defined
positions. Alternatively, a defined lung position can be
reached by a predetermined step size of the position
actuator, i.e. performing a predetermined number of steps

using a step motor.

Fig. 5 shows the second example of a position actuator in
an angulated position, resulting from a specific setting of
the position actuator. In this particular setting of the

position actuator the left lung of the patient is elevated.
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attached to the frame 403 of the nursing bed. The
frame 403 can be rotated by a notor which represents

W0 b@s5pes64 i on actuator according to signals reP€i/usm05/010741

froma control unit. A rotation of the frame 403

results directly in a rotation of the patient and

hence the artificially ventilated |lung. By

§h&ubUQpemm3ngea&mfenen5©Zﬁandmihﬁnﬁﬂamm 208l ef othéhpursing
reifici ventilated lung, i.e. through

ﬁggsuFSngﬁF§ 5Pt9ﬁ88rotat|on angl e of the frane 403,

t he rotatlon angle of the artificially ventilated |ung

can b usted to, defjped positions. Alternatively, a

G28r nBa PhAS posPEnSREELn . BE g e oy e fetnoa

mb@debambmed;ngt ap $eastoforteharenqsﬂa@ibmcpﬁ@s@ﬁre'L
erf gg a predeterm ned nunber of ‘ste

LeB LRG0T 326 GOCE CHBVATHHE SBodHtE ekbnp Lo bR L aventilation

B9SitbhoAnaghbuatl 0F tReaRIBNGHA G POSLE | H8, wEES ugg. aﬁ
froma specific setting of. the position actuator.
?ﬁﬁ@PﬁﬁrpﬁcélBPY§éP%PﬁbcéﬁltQR¥RR£u%?%ﬁF%&Fh%PontE%e

bett ehbngnofotrhe opathenbnl-si &l evaded.skkgasiuppeid | Istmz signal
surface 502 and the frame 503 of the nursing bed are
BEPHCEER&Ee dNCFPFYIB s AR %R et nE? TR nohite oY phges of the
@@@eeﬂhteomhﬁe %ﬁhggo%%re%tl%@}deldﬂqrata leasty one
ventilation pressure | ayed are both the input of
frerainpLecSas teEnPVRAL 1:51@ srgﬁsqaélmqrh ¥ ke oPft heepl P

and the i BEED a8 wehlrag %ﬁanﬂiﬂ@ Mt@t@&ﬂ%ﬁ%@gl ¢al

out put information of the ient in formof the on -

Hepéctpdp isi Faal.. 6Thér§‘>\99’21 digphalaghegd ebopes £ae values of -

%Eége@osagggcgg@n EﬁéebalgﬂﬁsWﬂhPe§h@fpf@e AP, PEE? and

ahd are plotte na circular coordinate’
SpStemrnvee ohkaiwtdt formandlee gespbhaisdmg farciasisy

ﬁg?b%hﬁﬁ%@lgEnQo Eﬁg 595%“6¥1fﬂgﬂﬁﬁféﬁcular rotation angle.

As can be seen from Fig. 6, when the nursing bed turns the
patient towards a negative rotation angle, the wvalue of the
SpO, signal increases substantially, whereas the value of
the Sp0; signal decreases, when the patient is turned

towards a positive rotation angle.

This variation of the SpO, signal relates to constant
values of the PIP and the PEEP. Without changing at least
one of the ailrway pressures the evaluation of the SpO,
signal of the patient during a rotation would only
represent a diagnostic goal. Therefore, Figs. 7 - 10
represent the effects of controlling at least one

ventilation pressure on a physiological output information.
Fig. 7 shows an alveolar recruitment maneuver during
kinetic rotation therapy. Before the recruitment maneuver

starts at 0° rotation angle, the PEEP is adjusted above the
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depicted in Fig. 6 through the dashed |ines for val ues
of - 45, 0, and 45. The values for the PIP, the PEEP

wW@nws8pBR can be obtained fromthe graph usi ngPERUS2005010741

perpendicular to the axis of the particular rotation
angle. As can be seen fromFig. 6 , when the nursing

bed turns the patient towards a negative rotation
angketethealvablerotlbbeén§pPreisgnade | (dmwasetng on the lung

ubstantially, rea e val of ,th O si gnal
AL ERe3R. bRt b hnn 1o a  BaL PRTIRE £ oPhEd TSRS o
pogifiicientol/ahtigh apgie. thbi sEFE it s 10fe tdde SPEER
signal relates to constant values of the PIP and the
ﬁE%ﬁ?lﬁFﬁﬁaut changing at | east one of the airway
pressures the evaluation of the SpO signal of the
atient during a . rotation would only represent a

NxdRGsthe §EErUiTREPE! BRESVERFs tIE PHI e pi eS¢ he

ehieebsecaf seent Eahti BY AbnkeasinPmientdd alofivle are re-
pressure on_a . physiological output information. Fig

POSRGHs #RiAPvabl hher 8aFGi tABM thdUvE? urtagntained at a

KieReti ¢or @kabl @Rt Hekapy reBehare d heid et tfeen. The
maneuver starts at O ftotation angle, the PEEP s

agagieacatote pREékpdctedaarvedihe MBI hricdsupesitive
p [ t.hpe dl.S : .
FAEPERY BRgilavEC Lo 0o SR S e e D B oo

IS set su
eppere lagdgqiat eetéavetativon. abmdsty alle surstinpesed

roth LS .St i.Se. i.ncr. :
PRRSHst 0B BrLtelt SRLSS PR B LBt e
tihe isamevedménthet PEERpivs radmpmisditniethat a | evel to
keep the newly recruited lung units open. The

recruitnment is applied towards the maxi ma of the
pogi exeepdrdthhesheguatpeeinotetEisen cnpili¢ (RIER edmerstart 5 -

5BebE%%%%%tE¥§or to reaching the maximum rotation angle and
the PIP reaches its maximum value (depending on the lung
disease between 45 and 65 cmH-0) at the maximum rotation
angle. Having crossed the maximum rotation angle the PIP is

decreased within 5 - 20 breaths to its initial wvalue.

After each lung has been recruited separately (by rotating
the patient to both sides) in the above manner, PIP can be
adjusted for each lung separately to maintain adequate

ventilation.

Fig. 8 shows the titration process after a successful
alveolar recruitment maneuver has been performed during

kinetic rotation therapy.

Due to the hysteresis behaviour of the lung, the values
obtained for the PIP and for the PEEP during the alveolar
recruitment maneuver are too high to further ventilate the

lung with these airway pressurxres once the lung units have
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upper lung is relieved fromal nost all superinposed
pressures. Therefore, each lung is opened separately

wWORi05094369 | S noved into the upward position. FRECT/US2005/010741

exanpl e the stepw se increase of the PIP can start 5 -

20 breaths prior to reaching the maxi mumrotation

angle and the PIP reaches its maxi nrum val ue (dependi ng

@N%ﬂheebwmgt@bse&ﬁﬂsbehwgeneéﬁ amdh65:ﬂm¢$¢éd s@st@matically
AU, & t|on rosse

ré?jploﬁ ngﬁgrﬁﬁéoglpr°§e§§Cr Sed W lﬂéiEP 03 fln the
hﬁﬁﬁhhmlwalMES ifloirt ithle PEE®Re £oAf tspie ceiaitic | miga tiasn beegles

CFUIt rotati t patlent 1o pot
ot BB SeE g rer SrBI P10 Lo Rt B f Gt Cher
emﬁlllumgo&em@@an;@w canMBientsaitn sadegil e assié | ’@Iﬁé@@ values

shows the titragtion process ,after successfu
s b Faft R CORERORTar RaE Sosh TR T fRSLred tidal

dliur@ Ki netic rotation therapy. Due to the hysteresis
behavi our of the lung, the val ues obtained for the PIP
and for the PEEP during the al veol ar recruitnent

MRNeWWeh ahe FligQ BhgRnko piipr Lher thentidm extderddnded,
with these airway pressures once the lung units

rapdisadd vr d&r @@tré&dsmés OPRey LePeH 56 Pee Fudiuk@d per minute,

Poale Rt beah! magg%lang)ft he et Iﬂort%ttll% RIgeeSsugd hergoal
is to obtain the m ninum val ues for the PEEP for

dideirtiion pracess Brgies whih WeGreysuang Kéwp BIP au@dgor the
AP0l APER L 2FFQ N § f%BEh%&tﬁ%ﬁE'a%tgo%éﬂﬁifgggaCf@ngetowards

set slightly above these values and the PIP can
agisisgtiae aoteitdiongangleke @efgcle@@rtea dal - vBlemethe A s

%ﬂﬂﬂ%lcﬁa&ﬂ v%ﬁtﬁggtgppl%ﬂ% Ege ﬁg&aﬂ§dﬂﬁgd1nltlal

typically | perlo one “st ep- mnse reduction per
mosdttéon, i.e. ° rotation angle, the PIP and the PEEP are

set to their initial values. The PIP and/or the PEEP are
reduced again once the artificially wventilated lung is
rotated towards negative rotation angles (procedure 2). As
an example of a physiological feedback parameter the oxygen
saturation signal SpO,; is shown in Fig. 8A as a dashed
line. The oxygen saturation remains constant during the
entire rotation cycle (procedure 1 + procedure 2),
indicating that no significant collapse occurred. Thus the

titration process has to continue.

In order to increase the likelihood of a collapse of lung
units, each subsequent rotation cycle starts with lower
values for the PIP and for the PEEP. Fig. 8B represents a
further rotation cycle of the titration process. The oxygen
saturation signal SpO, remains again constant during the
rotation cycle shown in Fig. 8B, indicating that the lowest
values of the PEEP reached at the maximum rotation angles
are still too high to result in a significant collapse of

lung units.
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towards both maxi ma of the rotation anplitude. The
titration process begins with decreasing the PIP

w@nasov43she PEEP when rotating the artificial | BCT/US2005/010741

ventilated lung towards positive rotation angles
(procedure 1 ) . Wien the artificially ventilated |ung
is returned to the initial position, i.e. 0 rotation
angle, the PIP and the PEEP are set to their initial

alues. The P.and/ or. the PEEP are once
e M ne G S P Hren gl e SEEY (v e
Ip@g?ﬂdrvr@d Glesfidren canglees iy cmed tmree;tZ)ro;]cAts_cam exem®l s
a ph Iogl al feedhack .par ter the oxygen , |
Shelrbits o ﬁ i R A PRglegk 4 Pekhbye
Ixiorte.tlﬂme a@?@ﬂ@@sﬂ agwl lﬂe@l’dcﬁ_@lgr emel PEEPONghratedlFd D), the
the entire rotation cycle (procedure 1 + procedure 2 )

OXVIF e KA AHED 7d KiegniHOeaRfO¥s| R apREldtdeiy df form of

Ehuysdufte itdnt.r @inicen tPriec 8%S iRAS oho he@nblerke i ddh®f #8Ed, no
to increase the likelihood o f a col llapse of |ung

e Te FORUSHESBFUOT ThEt ALTHR Yo pere ssirart S 5f thprformed.
Iro\ee pRYA ¥eS el onke nd %oa%@efgblhﬁewﬁggpthﬁigva@%%tlon of

represents a further rotation cycle of the titration
FO6C €37 ISP & 38R Gér oFatSh@Ei o f PSRk ghas ee@r deeinig fied

%@f@ SRSt afe @lérl'l%%steh %ﬂe%ts%treoeoey% gel% & H 9.

B, |nd|cat|n [flowest val ues
ﬁf@é@ﬁé@natantgﬂ@ mikieniprhtrgtdono R rangises f@rre psﬁsitlmorotatlon

[ 10 sresylt; s g2 significant collapse of |ung
Eﬁ%?g A urtﬁeF reduction of the PIP and the PEEP has

been performed before commencing the next rotation

t%%ni%%w%ﬂe pa%genﬁcbag& thﬁ'n%ﬁ%hgaggiéﬁnpééﬁtlon,

p03|t|ve Fotation angl és and reducing t
(ipreoc@dumetatiion Bhgl@xygem Pafupatl chesPERA Bpgset to

%B%W% %r&%&%%ﬁl%glh%sfo&me oxygen saturation signal SpO;

recovers to its initial value. As indicated in Fig. 8C a

hysteresis effect is usually present.

When turning the patient to negative rotation angles the
PIP and/or the PEEP are reduced in order to identify the
collapse pressure for negative rotation angles (procedure
2) . The oxygen saturation signal SpO, remains constant,
indicating that the value of the PEEP reached at the
maximum negative rotation angle is still too high to result
in a significant collapse of lung units. Consequently, the
titration process at negative rotation angles has to

continue..

A further rotation cycle starting once more with lower
values for the PIP and for the PEEP is shown in Fig. 8D. As
indicated, collapse pressures for positive and for negative
rotation angles can be identified according to the

procedure of Fig. 8C. The collapse pressure for the
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a reduction. Once this variation has been identified,
no further reductions of the airway pressures are

w@easov4sedl. The PEEP corresponding to the poi neCTHIS2905/010741

the variation of the oxygen saturation signal Spg2 has

been identified represents the coll apse pressure for

the particular rotation angle. The titration process

foors itdyiet invee arttdtoat iaoiy langlees respbindiiakedo When vialdrud ngl ready
t atient bhack taowards.the initial position, i.e. O
POEARPSR ARag t G PP ARNFhG PELENE, Soldebeg Fisfeure
doirgithal nealatdse Hoeagiygeansgakuyr ati on signal SpO2

recovers to its initial value. As indicated in Fig. 8C
a hysteresis effect is usually present. Wen turning

nlFe epati=&ithdt @ ee@atrive takatodn apRel 83 ckharRsP rand/Wsitive
the PEEP are reduced in order to identify the coll apse

FrEs SGPe YR FofRbiee PBPAEF0R &RGIFEL TEERECBAGEE VAT

e ooxy ggn tAFYIat iT0Rcsugnab Br02aHe RUENSuE0Nst 8der to re-
i ndi cating that the value_of the PEEP reached at the

RRLF MY Y&t "hdCht £odLargre dardnp) theod ifrgh ien

@Skl sl.N g Fediiifdneanbegolrbarsacel al YRIoBBNLSy procedure
nsequently, the titration process at negative
CoPabesRTEN GISEs Sifag vt 8 Lé6adynderingathgr thEratdpat iRFPcess

BYeke t%teawlrl%p%réc%reg%%ewfbh}_ bawes val ues Laent he
PIP and for the PEEP is shown in Fig. 8D. A's .
idgncatéed. coihigpse phessases fidr pusi tove Awategresis
BRAALH Ve Qlath@n | €g; hdegt kb c

to thé progédﬁpg &%%%Vg§l§%? $Eelggglg%%gqﬁggsgéggn%3¥a to
Plee posiseinte wheratthen patgret der tegpeddiagkt sot A€ \eldiethe
PeEeady a0 0801 Bi8yi8hs L3LLONE! (LaANLNG-

colTapse pressure for € negative fotation angle.

Once the lung is fully recruited again, the PEEP levels are
set for the positive and negative rotation angles
separately according to the collapse pressures as
identified before. A safety margin of i.e. 2 cmH,O is added
to each collapse pressure. Eventually, the PIP can be

adjusted according to the desired tidal volume.

Fig. 9 shows an artificial ventilation of a lung by
controlling the PIP and the PEEP in accordance with the
rotation angle.tBased on the collapse pressures for
positive and for negative rotation angles, as identified
according to Fig. 8, a curve for the PEEP as a function of
the rotation angle can be established. The shape of the
curve, having in this particular example a smooth.
curvature, can be chosen freely, provided a safety margin
is realized in order to keep the PEEP above the
corresponding collapse pressure. The curve of the PIP as a
function of the rotation angle follows directly f£rom the

corresponding PEEP value and the desired tidal volume.
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After having identified the coll apse pressures for
positive and negative rotation angles a recruitnent

wOoraiwenyss9 according to Fig. 7 needs to be carrPeduUs2o05/010741

in order to re open lung units which coll apsed during
the titration process. A s nmentioned before, such a
re- openi ng procedure can becone necessary already
during the titration process once the coll apse

ressure _for,aon i de ;h b identified. This i.s,the
BRI IAngGiusl B8’ Ro¢r Bl EoBRETI BurSBPEERE PENGRS
reitgnd oof angig dal bapsewegntliswest dobanpopseénbliwkenttihetion
ient is turned back to 0 and the.PEEP is raised to
o T avrEios BB DX Goin SR BT RSOt e oA PRy TaTains
cbulstop ntte i hgd tagarbLat BeoPEEHPcl evehslar atsehef eamehe ime,
oSi ti and negative.,rotation angles ar at el
Biee5PaihG L6VERE BOFFAPLE pTocitr efoRsthRoRLFf PUd the PEEP,
nbeflang. oAesatiekyeABAghNigf présert Cahd26nhiksdaddeddt @idal
each cqllapseﬁgressure. Eventually, the PIP can be

VRA{HSt éF CERPUPAY to the desired tidal volume. Fig. 9

shows an artificial ventilation of a |ung by
controlling the PIP and the PEEP in accordance wd_th
Fige A&t &CWs angrecrahisd werihereny| ap56Spr B88Hr es

cbok reagiibigve nang@rbonnpegald verk ot @bt 9AgaRgkbesotd8ion cycle
identified according to Fig. 8 , a curve for the PEEP
agsocgdingcticofier PheTh6t MYPeRRYFEoRaATOENe PIP, the PEEP,

a8ell 2plel $Red. e SHSPE-OT HN& NG a BNk NohdTe T4 S
particul ar “"exanpl e a snooth.. curvature, can be chosen
ifeagigalptevicbed afsdfiety trargin is realized in order
to keep the PEEP above the correspondi ng col |l apse
pressure. The curve of the PIP as a function of the
Byotanitgelangbethel PdRsadit etit¢ yPEEBnatherding to the

rotation angle it is possdible to keep the oxygen saturation
signal SpO, constant durimag a rotation cycle. This is in
contrast to Fig. 6 where tthe oxygen saturation signal SpO,
decreased with increasing rotation angles, i.e. due to the
collapse of lung units. This collapse is prevented within
the cjirtificial ventilatiom shown in Fig. 10 by controlling

the PIP and the PEEP accoxdingly.

Fig. 11 shows the measurerments of pa0O,;, paC0O,, and pHa
during the kinetic rotation therapy. As it can be seen,
pal; improves continuously during the kinetic rotation
therapy. The rotation period was switched during kinetdc
rotation therapy from 8 to 16 rotation periods per houx.
Having a mean ventilation frequency of 10 to 40 breaths per
minute this results in 50 to 250 breaths per rotation

period.

The schematic drawing of Fig. 11 is derived from an

original on-line blood gas registration by the blood gas

30



10

15

20

25

30

35

correspondi ng PEEP val ue and the desired tida
vol unme. Controlling the PIP and ttie PEEP as a function

wo@Rooshes3sot ati on angle in this wa; | eads to anPOpUsva$/010741

ventilation of the lung. The oxygen saturation signa

SpQ2 remains constant during the rotation cycle while

at the sane tine, due to the | owest possible val ues

fonlyherPPRrandetle (PERRetmackungigheNewcdinbeenFKonoifsa
resent the de ired_ti vol u hiev El

DR LRl 2 knints Fbioatban £y tbdTasktundg treds biflarone

¢aRDSOl whngisherBhPedndnt bi euPEERgdbedngmpheyd otjati 8rrvo

cle according to Fig. . Th resentat,ion o he.
Spb v ErES Rgker "dnurrndspdeiine n P lbRec Buegene "Rot A€ 1on
éﬁb&bb??aaggﬂﬁfngLdGIPitﬁl+BQ°thwh1QédEhg méan ByO,
gontro in e an the P cordiln
COBRDVSH BHBEaSPPURL Y GuEAEE P BaBeEiRotakabeAn therapy,
@@bgr@lé@no§¢ﬂﬁﬁété§cﬁr@@@@t@nmeQMVVQBu@ FOs@lt Dy from

ycle. This is i,_n caontrast to Fig. 6 where the oxygen
§HFH%§9|SﬁesP@ﬁé?n§péﬁﬁmd88ﬁeéégﬁ %PtﬁthEFQ§§|n5he

betatinaniangkesicbis. tlde rhett Reatobh-apsecobiiyngentilating
units. Ttiis collapse is prevented within the

§P€|P?@#ﬁptvéﬁtPpﬁtﬁéﬁesﬁéﬁﬁslﬁOFpﬁ megephpLéBRELIPI £RY

Eﬁ%rgbgn%n?abg%fagﬁ%%%rﬁmy verfl Q-athh S hows g8 ent at
nmeasur enents of paq2, paCO 2, and pHa during the

khgepit8erofateon therapy. A s it can be seen, pag2

I mproves continuously during the kinetic rotation
therapy. The rotation period was sw tched _during
Hiigdous pedationathdpipy theoml@odo 986 pBRAVEHR PerpoBst

%g%ehgﬂp 1H§8kﬁgt§oHEQBo&%”Eh%aEbQQt BEQHEPgﬁgg%eéQ tBe

breaths per mnute this results in . .
osathenpenglet athenvpetiiddtor settings and their final

effect on gas exchange. The registration shows, however,
the influence of the rotation period on the mean paO, and
its oscillations. As stated above, in this particular
example the rotation period was switched from 8 to 16
rotation periods per hour. While paO; increased, the
amplitude of the oscillations was considerably reduced,
indicating that the individual and time dependent
influences of the sick lung and the normal lung are

minimized.

It becomes obvious that a link between at least two of the
factors rotation angle, ventilator settings, and

physiological output variable is needed.

Fig. 12 shows a measurement of the compliance during the
kinetic rotation therapy. As expected, the compliance
improves during the kinetic rotation therapy. As explained
above, the fentilation parameters are adapted accordingly.

It should be noted, that the range of the rotation angle
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The schematic drawing of Fig. 11 is derived from an
original on- line blood gas registration by the bl ood

w@awangdyrer Paratrend (D anetrics, H gh NewcobP@BEDS1085/010741

of a patient suffering fromadult respiratory distress

syndrone (ARDS) who is treated in a nursing bed

enpl oying a Servo 300 ventilator (Sienens Elens,

sBolvnainSheden)l2. rRptratsienrt sawgllys onangetafpben - B2gher values
2 agz inproyes contlnuousl durin

PR G e ST aE o S nar Soy s arbdt iy afek"de

capeand id meqnlvabue resulting fromturning the patient

fromone side to the other. The oscillation- reflects

the fact that artificially ventilating the patient at

Taee csinge me.ems iko dbepraredefisect ifu@ o oh NPE ovh@g rpag2ion

than a i aII Lven ilatin e pati ent er
=Bi4e: W EEBar Skt ene DB GRE2 angPgaieon
ad@&é m@blgbwengnythlenfo@rlmamm@ ghowt ithe wehahhonghap 0°
Etmeen t he rgtag@on angl.e, the ventil ator settln%
RhaCERBI PPAILRAI TEPT EOMPGT 2G5S SechEmRes The almost half of

ikeghstitabioRashewst DOwWewehitilhe ahgfildensg ehet PBtient is
rotation period on the nean paq2 and its_oscillations.

tArgedt kegd 4BovBe fRitAPd ﬁ’@lst%téGPalE‘%x%on%tfiFéon angle,

thet ablpn i BBkk0d nWas 1 sWist ehed fHeQthg ti%éﬁlﬁg:@é&o(}alue and
peri ods per hour. Mhllet@@ increased, the anplitude
n

CORtiREeEsEP LRPIONS R8s prgdeabl j-5 degeead towards

nbgatg%l @atya%nt B%g'l%@' Virgale ?ﬁlaﬁ@e depenRdent i s
| uences of the sick | ung and the normal |ung are

tﬁmppﬁaz:afdmaxtlmb@c@ﬁes66bvnr@@§ttll@at amdieak beteenpatient is
tLeagh E‘é’BkOftgt *Eﬁyf aaLRLHr @B@H‘t%na%% o VEOLLL aLgr aggle,

settings, si ol ogi cal" output variable I's neede
the compliance decreases continuously but remains

significantly above the value at the previous zero-degree-
transition. As kinetic rotation therapy continues, the
compliance values follow a similar pattern as described,
however, the incremental improvements per rotation cycle
become smaller and it is apparent\thatv a certain saturation
of the therapeutic effect has been reached. For the sake of
an even further improvement of the lung function,‘a
superimposed active therapeutic intervention like an
alveolar recruitment maneuver by mearmas of a ventilator

should be applied.
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Fig. 12 shows a neasurenent of the conpliance during
the kinetic rotation therapy. A s expected, the

w@eovplodanre | nproves during the kinetic rotatiPeCI/US2005/010741

therapy. A s explained above, the ventil ation
paraneters are adapted accordingly. It should be
noted, that the range of the rotation angl eshown in
Fig. 12 represents only oneEladespl e. Hi gher val ues for
the rotation angle, i.e. +90 or even nore, can be
chosen if required. The conpliance is displayed as a
1f unckreesrainghretnbat ifon aagbgdlﬂbeﬁhéhetaathﬁndfiam

t ur ned tomards +62 rotatio g %follog&n t he bold
i neaFEOML.CLEL L BePRAIAGEAE 6UPoPt PORORNGTY) the

conphitabegafeer Rasasat plakapstyhakf 10hgi psstinitdmd, the
value at 0 rotation anglLe, A s the patient is t ur ned
backPRbiERE FMFPgaanésPPFéﬁng bedr ghdt FBf BRI 1emect the

conphi-aneecipeigasentevaReheyYand thembikhbak MR} Uue B8H8ition
continues to inprove as the patient i s turned towards

negaBfFeaEetat Fenrahgiey. tirResEerpl PAAce reaches its
tenporary maximumat - 62 rotation angle . As the

patient is turned back to the initial EO§IéI%P a D%Y h
steontiHuybudy ythe

but rena'§8s§£98hf58985£¥ra98V§ &Qflﬂéhufuﬁ§;tﬂﬁ%ltlon,

previ ous zero- degree - transition Ki ne
rotation therapy continues, the conpliance val ues

f0|'8x%nta E&kﬁin@ﬁﬁeﬁhg 3, f65ChLEDEfe Q?ﬁ@&i?c1§fﬁ&

incre I mprovenents per rotation cyc ecomne
smal | er amentilatedppangntanfiat a certain saturation
of the therapeutic effect has been reached. For the
sake of an even further inprovenent of the | iang
functi on, racsugengnpbsedtattsveft hbeapeufftcially

i ntervent{ gn, Ly ke an, alveol ar L echubLeNt ANSIYSLe PYnea

lung position.

2. Recording method according to claim 1, wherein the
nursing bed is rotatable around its longitudinal axis
rand wherein the position actuator is a motor rotating

the nursing bed around its longitudinal axis.

3. Recording method according to claim 1, wherein the
position actuator comprises air cushions provided

underneath the patient.
4. Recording method according to one of the claims 1 - 3,
wherein the defined lung position is reached by a
predetermined step size of the position actuator.
5. Recording method according to one of the claims 1 - 3,

wherein the defined lung position is reached in
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shoul d be applied.Cains 1 . Recording nethod for
recording the status of an artificially ventil ated

wo evgopf3em patient in accordance with a pl ural PEYUST005/010741

6

7

| ung positions, the patient lying in a nursing bed and
the position of the artificially ventilated lung is
noveabl e by a position actuator, conprising the steps
of . acromownng twhéhaet ifkedi Bbkk séghhﬂapédeiungsbyibhe

p05|t|on actuator .to def| ed I ung PAsi

ot ePRERPRgERs ot b8y BnGr “PRa%ar EPPECBERIy Do at ed

l'ung, and c ) recording the status of the artificially
ventilated.l u ccaordance with the defined |un

poot Frantasnd RetBel ReCRERREa SEcord: Ry FdvSI aHhrEs, 1 - S,
wher eharthe mheskngtbedoifsthet atrabifé canduyd véﬁtllated lung
Iongltudlnal axi s and wherein_the p03|t£gg act at or

a not8r @r BEECHRG P%e 2naFSi R beGTafodnd Pts £ormatisn on
| ongiLtiudi ABkpasil 5gy3 andReeondingg fagichiadnaccor di ng to
claiml , wherein the position actuator conprises air

cushi ons provi ded underneath the patient. 4

Recordibgtdiaghadtaeeordtbgdiagone ohet be &l rr@lé,lms31 - 5,
, Wherein the defined |lung positign.is reached

o1 edBPEERi o6t 855156 0BT PRSI oA A8t iEeaFi15ted lung

Recordi ggmeekhed agcend ranteieng1akyt hetel at8Fatd-t3 the
, Wherein the defined |lung position is reached
inacéépééﬁcéaﬁn?ﬁcéaﬂéédogaehesﬂﬁﬁﬁl of a position

sensor measuring the actual lung position. 6 .

8Recordlng nmet hod according to one of the clains 1 - 5

1

, Recording method accordlng to one of the claims 1 - 7,
wherein the determined status of the artificially
ventilated lung is recorded by a computer in
accordance with the corresponding defi ned lung

position.

Recording method according to one of the claims 1 - 8,
wherein the steps a), b), and c) are repeated with a
pr@determined differential step size of the position
actuator until the status of the artificially
ventilated lung has been determined over a

predetermined range of lung positions.

0. Controlling method for controlling at least one
ventilation pressure of an artificial wventilator for
ventilating an artificially ventilated lung of a
patient in accordance with a plurality of lung
positions, the patient lying in a nurs ing bed and the
position of the artificially ventilated lung is
moveabte'by a position actuator, comprising the steps
of:
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wherein the status of the artificially ventilated |ung
is a nmeasure of a regional or a global information on

wo evg/osssphol ogy and/ or lung function. 7 . RecPeTUSZP05/010741

nmet hod according to one of the clains 1 - 5, wherein

the status of the artificially ventilated lung is a
nmeasure of the functionality wit h regard to the

gl obal) gasbérdnange lohat bealtusgingormRédondiwhg oretilsodased

according to_one qf the clai S S reid _t
ot or m nodaPat 4S2cF Che. ARPPRrEiRAl posliE Pt autrush
i s recordedahysaocompat ertifiatedilgareatiilbiechéung in

correspondin %gfi ned kung position. 9 . .Recarding

met hod acE5FATAG ES Bh& of £h&ESE dAE POSIE 10N F8Fern

t he stepssacpbnd bthtuandfctheanetrigpedtéd ywiviehtdlated lung
pr edet er m,ned differentia% step siiglg f the p%sition

act uat or gft PCCPREALESt T8 &t RECRPE fgPaPrpLtion,
ventilated | ung has been determ ned over a

predeterm ned range of | ung.positions., _10. ntrollin

et hG0 f OFCEAR: G AG AL LEABSt YoREFatERst Hga DY The
pressure gbsamiaht bbktahabrvest bl akddinker 1vert dotitien,

an artificially ventilated lung of a patient in
accordance with a plurality of lung positions, the

pati ent | yiongron1angubsi A& bedsandnkheepesitiamnobrikeure
artificially ventilated lung is noveabl e by a position
act uat or , 1€oRFEOrspRGet Wetst &ps Srfanpdogi@ioniteg itdrg and

status i nfigr gRlb@AaWoChits hased @y akalea@stntfé@mation
supporting points of a first status of the
artifici alfleyafeft tragadd dggingd lung position.

11. Controlling method according to claim 10, wherein the
lung status information is obtained by applying the

recording method according to claim 9.

12. Controlling method according to one of the claims 10 -
11, wherein the lung status information is
interpolated between the supporting points in
accordance with the difference between two

neighbouring supporting points.

13. Controlling method according to one of the claims 10 -
12, wherein at least one ventilation pressure is
controlled such that the lung status information
yields a homogeneous distribution over a plurality of

lung positions.

14. Positioning method for controlling the change of the
position of an artificially ventilated lung of a
patient, the patient lying in a nursing bed and the

position of the artificially ventilated lung is
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accordance with a first lung position and a second
status of the artificially ventilated lung in

waewenggnce with a second |ung position, b ) nPWI/OSR00FIE10741

artificially ventilated lung by the position actuator
to a defined lung position, ¢ ) controlling of at
| east one ventilation pressure in accordance with the
def i nethdrngegplesity @n cand dgapcactiorgl ancel i drh ddieidtung
st at us infarnatiqg}relatedﬁé? sai d defined |ung

n 'h

posi t i TAPTE M ¥4 od according to claim

10, wherein the lung status information is obtained by
appl ying the recardi ng_nethod according .to claim9 .. .

12. t r oSG HHeth 64 Pe?df&cﬂdglﬁ?é % e @ngimaving
10 - 11, wherdistdibiding ot af gsurdlortdOpdsSition periods
i nterpol at ed tween the supporti oints jn
accordance%ﬁ#%%ﬁl? & Wx§£a§§P%%&¥des'

nei ghbouring supporting points. 13. Controlling nethod

according to one qof the clains 10 - 12, wherein at,
| east Bne VERGEACHIRY Fhes Qase Hio% St tidd UG ithat

the |ung stRiSdiRAr BRI Miields i@hanogeneous
di stribution over a plurality of lung positions. 14.
Posi tioning nethod for controlling the change of the

posi t iy iafi A RS Wdindlddeentdd ated-1409 10f, diherein the
patient, the patient lying in a nursing bed and the
posi t iBrf eFl el oy tlis icami i heds eHE |aatetfy Uhginterface on the

i schangeall &y & iGRIH esRongt NG PR don A 10rng
conprising the steps of: a ) providing a periodica
cont r #1999y -5si gnal havi ng

16. Positioning method according to claim 14; wherein the
distribution is compiled in accordance with lung
status information which is based on at least two
supporting points of a first status of the
artificially ventilated lung in accordance with a
first lung position and a second status of the
artificially ventilated lung in accordance with a

second lung position.

17. Recording apparatus for recording the status of an
artificially ventilated lung of a patient lying in a
nursing bed in accordance with a plurality of lung

positions, comprising:

a) a position actuator for moving the artificially

ventilated lung to a defined lung position,

b) determining means for determining the status of

the artificially ventilated lung, and
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a distribution of a plurality of position periods
and/or of a plurality of anplitudes, b ) controlling

w0 b@spes6d i on actuator by said periodi cal contP@I/U52905/010741

signal. 15. Positioning nethod according to claim 14,
wherein the distribution is conpiled via a user's
interface on the basis of a given set of periodica

contrat)l i ngrestaqiiirgy .mekbrs Fosi trienm i metticd sccorsdia the
to claim14, wherein-the distribution is caonpiled in .
accordance%ﬁ%%ﬁ%%ﬁ%}%ﬁzﬁ?ﬂ?%%ﬁ%ﬁ#m&%%%%'i%§?9%915§%&mth
on at | easttiemalesfiipat tiurgy podsitsiaf. a first status of

the artificially ventilated lung in accordance with a

first lung position and a second status of the

ard . fine}caiﬂ@in@mpﬂﬁaaﬂaé Lﬁtg:dm%@@owcd&rmm Ih,f avherein the
secon un sition. 17 . Recordi ng. apparatus, for, ,
¢ ecor A b RIGES THLAEARET 135908 | 3E % ortfd sinal axis
lung efnd wpaddeit dhd nebdit oSt gk hedid m agsesdanseating
with a plurality of lung positions, conprising: a ) a

posi t i R G5t FHEHHY the HRI¥E Jaﬂaily axis.
ventilated lung to a defined lung position, b))

deternining neans for determining the status of the _

ardi f iRGTL Ve RN AT T AL LRI )t e sl idh ny/ nediRrein the
for recoydiingh theod@tciptheeardidiGiallonhs provided
ventilated lung in accordance with the defined 1ung

posi t iBiHerrsatfe dditlinRft dpar at us according to claim

17, wherein the nursing bed is rotatable around its

| ongi tudi nal axis
20. Recording apparatus according to one of the claims 17

-~ 19, wherein the defined lung position is reached by

a predetermined step size of the position actuator.

21. Recording apparatus according to one of the claims 17
- 19, wherein the defined lung position is reached in
accordance with a feed back signal of a position

sensor measuring the actual lung position.

22. Recording apparatus according to one of the claims 17
- 21, wherein the status of the artificially
ventilated lung is a measure of a regional or a global

information on lung morphology and/or lung function.

23. Recording apparatus according to one of the claims 17
— 21, wherein the status of the artificially
ventilated lung is a measure of the functionality with

regard to the global gas exchange of the lung.
24. Recording apparatus according to one of the claims 17
- 23, wherein the determined status of the

artificially ventilated lung is recorded by a computer
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and wherein the position actuator is a notor rotating
the nursing bed around its |ongitudinal axis. 19.

wRe@sngli3ng appar atus according to claim 17, wheCEUS20051€10741

position actuator conprises air cushions provided
underneath the patient. 20. Recordi ng apparatus

according to one of the clains 17 - 19, wherein the

def i ned davwyrdeasid ivinch sthree anhedk dporad ipree did eimadeding
step size ,of the position actuator. 21. Recording
appaﬁﬁFﬁgnéHbording to one of the claims 17 - 19,
wherein the defined lung position is reached in

ccordance with a feed back signhal of a posjiti.on .
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- 21, wherein the status of the artificially i
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23. Recording apparatus according to one of the clains

17 - PEED WRSSIH ef Qtel B Bredte@mingd ciagy of lung
ventidgatied g is a nmeasure of the functionality with
regard to the gl obal gas exchange of the lung. 24.
Recor di ng apparatus according to one of the clains 17

2'6.2,3'Cdﬂl@’cﬁjﬂ.ﬂd’]ea&%ﬂﬂﬂéq%ﬁtc%ﬁ&ﬁlfﬁkg at least one
artificially ventilTated lung is recorded by a

conputesyin adcicuy s Wi e Ph e cottridsipoiadi riteef ateair for

| ung i '-n%'f:gan saef@%gd& BRPafARUS rding 4o 4

one of the clal’ 17 - ) %m%ﬂwqpmeﬁmm mﬁ

di f f eredniterd] Istiapw sty ed iningipld éxbd dpeadorgidancse theth a

POSi&{l‘H} ¥ Y Ipddie Sl U pd eyt ficially

vent i até@gl négias d'p SR prilidy

a) means for obtaining lung status information which

is based on at least two supporting points of a
first status of the artificially ventilated lung
in accordance with a first lung position and a
second status of the artificially ventilated lung

in accordance with a second lung position,

b) a position actuator for moving the artificially

ventilated lung to a defined lung position,

c) means for controlling of at least one ventilation
pressure in accordance with the defined lung
position and in accordance with the lung status
information related to said defined lung

position.
27. Controlling apparatus according to claim 26, wherein
the lung status information is obtained by using the

recording apparatus according to claim 25.
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been determ ned over a predeterm ned range of |ung
positions . 26. Controlling apparatus for controlling

W@rooseas69 one ventil ation pressure of an arti fPCT/E52005/010741

ventilator for ventilating an artificially ventil ated

lung of a patient lying in a nursing bed in accordance

with a plurality of lung positions, conprising: a)

nmeans for obtaining |ung status information which is
rting paints of a

sed_on.at -l.east two .S 0 first .
?t%at u§ OO e A% iafﬁpc"’}raﬁuﬁo‘i;s VR T B T s ot the claims
accor @ance 2M,t lwreeddirrs tt Heurgarpp st ttd tars andf arrsseicioord is
status _of th rtjficiall entilated lung in .

SCoor SRES AL REGHET diE FHSHTar D B st i on
act uatoicoralanByy iwigH hardifietealdey nearddmtiagb | ung
to a defi E‘%d | ung positian, means for controlling

c
of at "PEEIR e Rk iHHRRY Ol Dr % in accordance

with the defined |ung position and in accordance with
the lung status information related to said define

d ,
Pdng HOSHE 01187 SRESHTOH M APt At W% ol M 1olaims

cl ai mz6,- wher it Adig, |dnd st Usnd NFHBLd b Soressure is
obt ai ned by using the recordi ng apparatus according to
cl ai mc2ntr®licshtswih ithp lapdi Aty ottt ng f o-oHel Ot

the claig® 26 hotbgahesel e ding §t alsSr a plurality of
inforfmation is interpol ated between the supporting

poi nt $UNY REEGrtdeite with the difference between two

nei ghbouri ng supporting points. 29. Controlling

apparatus according to one of the clains
30. Positioning apparatus for controlling the change of

the position of an artificially ventilated lung of a

patient lying in a nursing bed, comprising:

a) a position actuator for changing the position of

the artificially ventilated lung,

b) means for providing a periodical controlling
signal having a distribution of a plurality of
position periods and/or of a plurality of

amplitudes, and

c) means for controlling the position actuator by

said periodical controlling signal.

31. Positioning apparatus according to claim 30, wherein
the distribution is compiled via a user's interface on
the basis of a given set of periodical controlling

signals.

32. Positioning apparatus according to claim 30, wherein

the distribution is compiled in accordance with lung
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26 - 28, wherein at |east one ventilation pressure is
controll ed such that the lung status information

W@ c@bas13a9 homogeneous di stribution over a pl urdT/U$200$/010741
| ung positions. 30. Positioning apparatus for
controlling the change of the position of an
artificially ventilated lung of a patient lying in a
nur si ngtdeds tofiprinaitngn ahich pesbhisen aat wat deabar two

changi ng the position. of the artificially ventilated

| ung, B pﬁﬁggggfg?lﬁngP%iﬁg%érsgr§88F8 Iogo%bFolling
si gnal ahaiif hgial dlystenbiaibandofluagplivr akicbydahce with a
positipn periods and/or of a . plurality of anplitudes,
bod ¢ STRRE LOR3, BRSAEIoR) pRig”ehe okl AATH: Bkt Shchy
sai d pertobfichhitonteatliingesi goaly. i31lacPesidtinesi REth a
apparatus according to _claim30, wherein the
distri%%??%% gngoﬁBFFEHOQFa a user's interface on the
basis of a given set of periodical controlling signals
. 32. Positioning apparatus according to claim 30,
wherein the distribution is conpiled in accordance

with lungstatus information which is based on at | east
two supporting points of a first status of the
artificially ventilated lung in accordance with a

first lung position and a second status of the
artificially ventilated lung in accordance with a
second | ung position.
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