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structure for cardiopulmonary resuscitation of a patient and a compression/decompression

unit. The support structure includes a back plate for positioning the patient's back
posterior to the patient's heart, a front part for positioning around the patient's chest
anterior to the heart, the front part having two legs, each leg having a first end pivotably
© 25  connected to at least one hinge of the front part and a second end removably attachable
to the back plate, the front part being devised to receive said compression/
decompression unit arranged to automatically compress or decompress the patient's
chest when the front part is attached to the back plate. The compression/decompression
unit comprises: a pneumatic unit arranged to run and control the compression and
30 decompression; an adjustable suspension unit to which a compression/decompression
pad is attached; and a handle by means of which the position of the pad can be
controlled.
Defibrillation may be provided independently of and concomitantly with
mechanical stimulation. An apparatus combining means for mechanical chest
35 compression and defibrillation is disclosed in US 4,273,114 (Barkalow et al.).
US 6,312,399 B1 discloses a method for increasing cardiopulmonary
circulation when performing cardiopulmonary resuscitation by repeated compression and
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20 OBJECTS OF THE INVENTION

It is an object of the present invention to provide a non-invasive method of
re-establishing adequate circulation in a person under cardiac arrest which is more
efficient that prior known methods.

25 It is another object of the present invention to provide a means for-carrying
out the method.

Further objects of the invention will be evident from the following summary of
the invention, the description of preferred embodiments thereof illustrated in a drawing,
and the appended claims.

30
SUMMARY OF THE INVENTION

According to the present invention is disclosed a non-invasive method of re-
establishing adequate circulation in a person under cardiac arrest. The method includes
35 providing a breathing gas under positive pressure to the airways of the person and making
the person inspire and expire against the positive pressure of the breathing gas for a
period of time sufficient to establish a positive coronary perfusion pressure while
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container or gas line, preferably by a gas line putting the mask or intubation tube in
communication with the gas exhaust of the aforementioned reciprocating pneumatic
means.

25 A preferred compression depth is about 20% of the sternum depth, i.e., the
distance of the sternum from a floor on which the patient rests with its back. The sternum
depth varies in adult persons from about 175 mm to 260 mm; the preferred compression
depth thus is from 35 mm to 52 mm according to the Guidelines by the European
Resuscitation Council and the American Heart Association.

30 In the context of the invention it is important that the compression and
decompression be administered in a sudden manner, that is, the time from going from a
fully compressed state to a fully decompressed state and vice-versa should be small
compared to the length of a compression/decompression cycle, such as extending over a
period corresponding to from about a sixth of a cycle to about a tenth of a cycle. In other

35  words, the pressure curve in time/pressure diagram of the compression/decompression
cycle should approach a trapezoidal wave curve. A compression/decompression cycle
consists of a compression phase (CP) followed by a decompression phase (DCP). The
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portion of the compression phase (DNCP)and the first half of the static compression
phase (STCP). Particularly preferred is to provide pacing electrostimulation within a time
period of 0.10 to 0.15 seconds starting at the end of the dynamic compression phase
25 (DNCP).
It is preferred for the rate of mechanical stimulation to be from 80 cycles/min
to 120 cycles/min or 150 cycles/min, and even from 60 cycles/min to 200 cycles per min.
Preferably the period of time for exclusive mechanical stimulation is up to
180 seconds, preferably up to 30 seconds and more in the case of a preceding short
30 period of asystolia, such as an asystolia lasting from 10 seconds to 50 seconds, and up to
five minutes and more in the case of a preceding longer period of asystolia, such as an
asystolia of two minutes and more. According to observations by the inventor the power
required for compressing the breast to a given extent, such as from 30 mm to 45 mm or
even up to 50 mm, will decrease by 25 per cent and more from that required at the start of
35 compression within 20 to 60 seconds from the start of compression; the correct
compression maintenance power required for continued compression can be estimated by
measuring the compression resistance of the breast intermittently. It is preferred to
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According to a sixth preferred aspect of the invention the breathing gas
provided by intubation has a temperature below the ambient temperature, in particular a
- 25  temperature of 5°C or even 10°C or more below the ambient temperature.
According to a seventh preferred of the invention is provided a cooling
aqueous spray, such as cool saline, to the patient by means of the breathing gas, which
acts as a carrier.
According to an eight preferred aspect of the invention a medicament
30 alleviating the effects of cardiac arrest, such as the cardioplegic solution disclosed in
WO 02/11741, and/or assisting the re-establishment of circulation, such as a vasodilator
or adrenaline, is administered to the patient by means of the breathing gas and/or an
aqueous spray for which the breathing gas acts as a carrier.
According to the present invention is also provided an apparatus for
35 resuscitating a person under cardiac arrest, the apparatus comprising a reciprocating
means for mechanical stimulation of the heart; a means for the electric stimulation of the
heart; a means for controlling the provision of mechanical and electric stimulation over



25 tenperature of 5C or even 10C or nore bel ow the anbi ent tenperature.
According to a seventh preferred of the invention is provided a cooling

aqueous SPHIYeyAYEd3 @S cool saline, to the patient by m@’?@%’"ﬁ@gf{ eat hi ng
r

gas, which acts as a carrier. According to an eight pre of the .
i nvention a nedi canent 30 all eV| at| ng t the effects of cardiac arrest, such

th di I t d 741 / th
o ot abl LMD RO R LI OUAE o BE e bragiRiedh v Si‘ s
adm ni %st er‘r%bdng tﬁ&hﬂgrgatriﬁbt ﬁaystaﬁawemtrndulae fibrilatioh hag bges redwtéd otbyas‘;]/o @rqueous
OI‘ | C rea I N S CLS as OI‘ n 0 e
o count | UaRERgIoT 20 Th<E grash o PR PG SefiinlalB b Enen BERERELS assterin)
person undﬂmt@éfs@haﬁ aatrorrespondiﬁga/o&mﬂatraé olildcantpsri sSpositive doeongey peiidiory neans
for mechani cal stinul.ation of,

sti nul at i GFESHE. fizParfiedpr a PENEREOTEY péBH%l%Pf%ﬁlaetOﬁéB&%b'psmf? Rypferred
mechani calof 2B IHRS; evere mdte melféttedcms mnﬂﬂg W%&b&éﬁ&b%ﬁ&&&&@ﬁé&%‘éﬂ 6

time to all l ectric stinulati royi.ded once the ti er age- nmean
Vol e of. O A% ar AB ot s A ArCEng ByRAE Saf LORRARIERHITAro PRor () at | on
has been rfdlageds §aid EQPébﬁrandT@é&Jraéldf @Um;?ress‘éd &éatﬁﬁ@ega%ffobbr@oﬂln@aﬁeathlng
accunul ated in the left ventricle in case of erson or a

cor r espondaide $151 RaTeeN being ranupeitaiprisPled ‘ﬁ'ﬁbﬁhﬁltﬂﬁéh%‘ﬂ rtBti’éPSptb%rrqu@ﬁh&g ags

pressype, ddaudlAg hdarsndPa RRahS for @oRtPsIMitpthE pRéysliHShfARe BFISHG gagbromearg Hg,
nore preferred ~“of 15 nm Hg, even nore preferred 25 mm Hg or nore, has been

obt ai ned; tatheRefB@™I tube or facial mask or an other neans for adducing

breat hi ng gas UnderAc%ﬁﬁ fcPa hifitH pteferrd’a8BY& o@ihe%ﬁwntaﬁrtﬁéeoureaefa source of
conpressed breat hi ng or providing breathing gas to the person being

resusci t atcompeeaset &e lngn ges s designed e prayisie aas fer draingsthedeeipiogatingsmeans.
adduci ng means, ang; g &ﬂ?f@ﬂéd ffd?rth& p’reéénha%éala‘é tcﬁBS%éyétﬂe f plolfiry’ €at hi ng

gas provided to the cco 8 ninth preferred aspect of the
i nventhon mmasv@am@mtloncﬁt@ﬁam&@m (équ!ﬁ&@erg'@s to 20@ex¢lgmper my.. i1 ovi de gas

for drivi g%rﬂcm%r'i‘r'am %oqlggbwgbma}ggc Ié%] Wd?fn% Eed for the reciprocating

nmeans to capabl’e o rovi nlcal stlrrulatlon at a rate of from
60 cycles per nin t/tcczmmg:mmtrpwefamd gspeet of fher inventioarthé meanafimut 80 to

about 120 %Xﬁ!)lﬁr?geﬁ'n neorg@@?r? bf FBEL: mé%(f%ﬂ& gle@ﬁm sﬂm%lattlgﬂtcgn@{lgéﬂhﬁ%qe }9&‘: t of

t he |nvent|on con anic and
electric s:bntlmlhmgﬂmrpresmmofstbe btéwhlngegaspfawdedctmmer;maﬂmhg t he pressure of

t he b;&at hi ng gas p,{% ,fqd& éﬁél%\ﬁ n?ﬁb}egéc}}? gs%g?f@qﬁg%n@gnfi&n %%dgiti%/ﬁ@t h

preferred aspect of I'S
provided an administration means for administering to the person under resuscitation a

medicament for alleviating the effects of cardiac arrest, such as the cardioplegic solution
disclosed in WO 02/11741, and/or assisting the re-establishment of circulation, such as a
adrenaline or noradrenaline, vasopressin, cortisone, insulin, cyclosporin A, the

25 administration means being coupled to or integrated with the tracheal tube or other
breathing gas adducing means and being capable of producing an aqueous mist or spray
containing the medicament.

According to the present invention is further disclosed an apparatus for re-

establishing circulation in a person under cardiac arrest comprising a source of

30 compressed breathing gas; means for providing said breathing gas under positive
pressure to the airways of said person; pneumatic reciprocating means for mechanically
stimulating the heart of said person by repeatedly compressing and decompressing the
chest at a rate from 60 cycles per min to 200 cycles per min; electrical means for
providing electrostimulation in form of pacing and/or defibrillation to the heart; wherein the

35 compressing breathing gas is used for driving said reciprocating pneumatic means and
wherein the breathing gas vented from the reciprocating pneumatic means is used for
providing breathing gas under positive pressure to the airways of the person.
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than blood. It is furthermore within the scope of the invention to determine the optimal point in
time for an electrical stimulus to the heart within a cardiac cycle by empirically scanning
25 the effect of such provision at selected points in time over several cycles. In the case of
PEA there is, however, no reason for stimulating the heart in the QT-phase of the ECG. It
is also within the scope of the invention to provide the apparatus of the invention with an
ultrasound imaging device for visualizing the contractions of the heart; alternatively this
information can also be used for controlling the administration of electrical defibrillating or
30 pacing signals to the heart.

According to the present invention is also disclosed a facial mask provided
comprising a disposable flexible plastic tube which is directly or indirectly connectable to
the downstream side of a valve manifold pertaining to a reciprocating compression/
decompression device for resuscitation driven by compressed breathing gas.

35 Furthermore, according to the present invention is disclosed a disposable

endotracheal tube provided, at its proximal end, with a flexible plastic tube, which is
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explained in nore detail by reference to a preferred enbodiment illustrated
by a drawi ng. DESCHM™SAUSR OF THE FI GURES 15 In the drawi ng,
Fig. 3 is a flow sheet of an ECG diagnosis comprised by the method of invention,

and of available therapeutic choices in consideration of the diagnostic result;

Fig. 4 is a schematic representation of the driving and control of the apparatus of
25 the invention, in form of a block diagram;
Fig. 5 is a schematic representation of the driving of the pneumatic reciprocating

means and the pressure control of the breathing gas vented from the
reciprocating means to be provided to the patient's airways at a positive
pressure, in form of a block diagram;

30 Fig.6 is a diagram illustrating the provision of mechanical compression over time
to an adult person and the concomitant provision of pacing or defibrillation.

DESCRIPTION OF PREFERRED EMBODIMENTS

35 EXAMPLE 1. Apparatus for re-establishing circulation in a person under cardiac
arrest. The apparatus for re-establishing circulation in a person under cardiac arrest
according to the invention is illustrated schematically in Figs. 1a and 1b. It is based on and
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pl astic tupad4Js provided with a adhesive material to make (not shown) it adhere to the skin. This

causes the breast to be physiologically decompressed during the ventral direction phase

of the reciprocating movement. The pressure of the oxygen gas leaving the chambers 8, 9
of the pneumatic cylinder is controlled, that is, kept about constant at a desired positive

25 pressure by means of the breathing gas pressure control circuitry illustrated in Fig. 5
which is described in more detail below. From the outlet valves at the manifold 12 the
breathing gas is conducted through a flexible tube 14 to a facial mask 15 disposed over a
central portion of the patient's face comprising the nose and mouth, and having an outlet
16. Thereby the patient is continuously provided with fresh breathing gas, if so desired

30 under a slight positive pressure. The provision of breathing gas at a fully controlled
positive pressure by the arrangement of Fig. 5, is particularly important if the breathing
gas is administered via intubation; when administered by means of a breathing mask the
control circuitry in Fig. 5 can be partially or fully dispensed with if the pressure in the mask
is controlled by the width of the outlet of the mask or in a similar manner.

35 - Adjacent to the pad 5 is disposed a front (breast) electrode 17 which abuts
the breast of the patient and is secured by an adhesive. It may be also or additionally held
against the breast by a spring or similar elastic element attached to the yoke 3. It is also
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el ectrode %’Z nto the face of the pad 5 facing the breast of the patient. A

second, k) el ectrode 18 is nounted on the upper (inner) face of
t he back plate 2. The electrodes 17, 18 serve as ECG el ectrodes and as
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25 communicating via a channel extending longitudinally through the wall of the flexible tube.
An endotracheal tube of this design is marketed by Laboratories Pharmaceutiques
VYGON, Ecouen, France under the trade name “Boussignac adult entdotracheal tube”. It
is important to provide a tracheal tube having a breathing gas channel lumen which is as
wide as possible in relation to the outer diameter of the tube, such as comprising 90 per
30 cent or more of the tube area in a transverse section.
In case of active decompression to a physiological decompressed position
(that is, by avoiding over-decompression) a vigorous flow of breathing gas trough the
tracheal tube into the lungs is observed. This gives rise to a positive pressure of about 8
mm Hg (at a breathing gas flow of about 15 L/min) in the heart when decompressing with
35 the Lucas® device compared with a negative pressure from zero to about -5 mm Hg in the
case of passive (manual or other) decompression. If the flow through the tracheal tube is
increased to about 25 L/min the positive pressure at decompression rises to about 15 mm
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breast conpressi
- mechanical compression/ decompression. Intermittently ECG diagnosis 205 is repeated to

monitor the effect of the treatment and to form a basis for further therapeutic decisions.
In case of ventricular fibrillation compressions with or without physiological

25 decompression and defibrillation 206a will be administered until the return of spontaneous
circulation (ROSC). Thereafter compressions 202 will be continued to be administered,
optionally accompanied by pacing 206b. A suitable defibrillator which can be incorporated
into the apparatus of the invention is the Heartstart FR2 AED (Leardal Medical A/S,
Stavanger, Norway).

30 In case of asystolia/PEA compressions 202 with or without physiological
decompression will be administered in combination with pacing 206b at least until ROSC
is observed but preferably for a substantially longer time such as, for instance, until the
patient is under hospital care.

Depending on the circumstances, such as the presence or absence of

35 persons capable of carrying out intubation 204, the patient will be intubated or not.
Intubation 204 may be used to administer pharmaceutical agents to the patient, such as
an aqueous solution of potassium chloride. It is also feasible to provide this or other



soon as possible after the onset of arrest. Initially the conpressions 202
may have to be given by hand. Wen the apparatus of the invention has been
nmount ed eyp béw/1paBs ent 10 nechani cal conpression is | MEBESEy/@ ARt ed. At
the same tinme or shortly thereafter thejoneasurenent of the electric

activity of the heart is started by neans of application 203 of el ectrodes
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therapeuti ? th edc agnosP ic result of each step to permit to the user to initiate the most adequate
treatment in a specific situation. During defibrillation 310 the medical personnel involved

25  must not touch 310 the patient.

EXAMPLE 5. Apparatus control and driving. The principles of apparatus control and
driving are illustrated in Fig. 4. The apparatus is controlled by a microprocessor (CPU)
420 comprising a data storage means in which appropriate software is stored, such as

30 software for digitalizing electrode signals, software for comparing the digitalized signals
with signals representative of various types of heart activity, and software for controlling
the pneumatic and electric means of the apparatus. The control unit 410 is powered by an
internal power source 440, such as a rechargeable battery. The control unit 410
comprises a user display 450 for reading electrode measurement and other data. It may

35 also comprise a voice interface 460 by which standard instructions to the personnel may-
be given by the CPU 420 such as, for instance, instructions regarding the need to replace
the breathing gas source, etc.
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EXAMPLE 6. Endotracheal tube. An endotracheal tube suitable for use in the invention
25 isdisclosed in WO 94/00174. It comprises a flexible plastic tube, a flexible tubular tip
made of molded material axially joined to the flexible tube, and an inflatable balloon
consisting of a tubular sleeve positioned on the endotracheal tube and the tubular tip and
communicating with a balloon inflating/deflating system near the proximal end of the
endotracheal tube, the inflatable balloon and the balloon inflating/deflating system
30 communicating via a channel extending longitudinally through the wall of the flexible tube.
An endotracheal tube of this design is marketed by Laboratories Pharmaceutiques
VYGON, Ecouen, France under the trade name “Boussignac adult entdotracheal tube”.

EXAMPLE 7. The diagram in Fig. 6 illustrates the provision of mechanical compression
35 overtime to an adult person and the concomitant provision of pacing or defibrillation (PC,

pacing electro-stimulation; DF, defibrillating electro-stimulation; CP, compression phase;

DCP, decompression phase; DNCP, dynamic portion of compression phase; STCP, static



nodul e 470 including a transforner. An ECG anal ysis function is integrated
inthe defibrillation and pacing nodule. Suitably a conmerci al
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6. Endotrac eal An endotracheal tube suitable for use in i nvention
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7. The dia \ a ression
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defibrill aLUGAS((BRR onpmiﬁbmlaebeshmk (860 dinvas given dGan de-goingi dohgréssipn. The

el ectro-stinmul |on o] n DNCP,
cynan o poP RN P atystalE P e ARl R3E  SRUS G MR AT M SRR St er
PCT/ SE2( 104iD@8S 4€en. Mechanical compressmn was continued until the frequency had risen to 90

25  per min at 12 min. The device was then turned off. Within 1 min the pulse weakened and

the oxymetric value decreased from 100 to 70. Compressions were again administered,
the patient moved to a stretcher and carried to the ambulance while continuing with
LUCAS-CPR and CIO treatment. At arrival at the hospital's emergency unit (at about 25
min) the pulse oxymetric saturation had increased to 100%. An arterial needle was put

30 into the radial artery and a central venous catheter was put in place by using Seldinger's
technique via the external jugular vein. Blood gases showed that arterial oxygenation was
better than normal (PaO, = 49), pH 7.45, PaCO, 3.5. Base excess —1. The device was
now turned off. The patient has sinus rhythm with a frequency of 90, and she keeps a
blood pressure of 110/70, mean 90. The patient was taken to the intensive care unit and

35  put under close observation for 24 h. No signs of myocardial infarction were observed. -
The patient was stable and fully conscious. Next day she was taken off emergency
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given to further illustrate various el enmengs of the invention. Case report
no. 1. Wwnman, 73 yrs. Had a coronary bypass surgery 5 years ago and a
myocardi al mnhltrrrmgi afterdoneareek ingormdlahieagieodas sent igme. Cna eoritrd] 1 Mmdrite later

fol |l ow ng,v\hndl ﬁatlons 10 of time relate to the tinme of collapse). A

physi ci an ré present found no pal pable pulse. He started CPR
-at once (15 chest corrpre55| ons and 2 nmouth-to-nmouth inblow ngs per mn). An

anbul ance th a cardi o |, mo [ citat t eam rive .mn. The

S oed s he Gt BaroTf Ros2 N aBs I8 B Bt PR B e bl geRlerly i g 72

nmn L he %Cci_nbnﬁhg:ataadamai@hfuempﬁeaturbldﬂ-ﬂ?C?An ngbufﬂﬂée Reriviedrdt ahanﬁt 5 fan rThe

| nt ubat e VI 3. a trachea tu SI.gha t t he

oxygen chanﬂ%enpwa? Wi"‘f’ 'ﬁ?es\lﬁdeﬁ%'ﬁﬁ%i”@a SFS"'%%?@%@%W*‘@L%&FV) ®t ube of the

tLUgASTM devitalfaeycal&a lat Qf-3f ?i&ﬂf per mm;c Thevesrep&ratued ofthe ipatiént vids 220102 TB@lbﬁfdfgnaC
upe as conti puous | Nsu atllon o (0)¢ en e

et or - onamBUAneR PRI Bt Phorsd Dleionst skishtd fo bR e iba LWGRSTY of

1009 vere  QRAGL Vo S¥ngbipeiirts SdpuMIS e RUSISN GtBRAE ARG RatioA b dAY

good skin circul ation. Good pul ses coul d be palpated in the carotid
artery Hhd theqatient m#@@%%anotﬂa'ﬁ'ﬁ@cmeresa@m RAtieNt the was ipfubated with an

was seen t OBQ@&R{@ chiid Sﬁ&CI’@ bib/the QA @nd AF tHR Hibe e@lfablléhle!@‘ﬁr donRe&titRy the

defibrillation shock (360 J) was given during on- 0|n nm%e55|on
pati ent tur Ae@eashanesliof thegube tertheoxygsn gxhagsidiag o é{"esﬁ-HGéS gevien Wlh?HOV&

frequency ofoiie BYG oleHé d@&e#ﬁcﬁ&hte&%hﬁi&' ;Fa%EnPﬁHH)é Eﬁéb W%%ﬂﬁg&\‘/ﬁ%@&@g

until the frequency h risen to m n at

t hen tur nedoﬁﬁ'fo 5 Wft'ﬁlnn Goad FPP'QGWG"%‘F abab@rmdpm'n thﬁéa@kl9@§§m dheal ue
decreaspg f ar@nmgs fuanz& rtddITHERS KR AgHe0RERo m&p@ﬂfq,ﬁgré%%w%% takérh&“rﬁ&' ent

noved to a tretc or cand carried 1o the ambul ance e continurng w
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turned 20 f . tehperatate ever thabliowing $ hauys. Witeni week hercoglddraye tife @pital fidlys he
keeps a bl pressure of 110/70, nmean 90. The patient was taken to the

i ntensi ve ci‘?‘%"unit and 35 put under close observation for 24 h. No signs of
myocardi al infarction were observed. The patient was stable and fully

consci ous. ggéé réjpa P he3vﬁ t4%kyer£]. @gllgpseége in$id'Stfice at 10 o'clock in the morning. The

heart ambulance was called immediately, and arrived at 4 min. Up to then no resuscitation

25 had been started. The ambulance personnel consisted of 2 paramedics and a driver. The
chief paramedic-immediately checked for a pulse in the carotid artery with a negative
result. Compression of the skin produced a pale spot indicating circulatory arrest. The
patient was immediately placed in the LUCAS™ device and mechanical chest
compression was started within 30 sec. The ECG showed the patient to be asystolic. One

30 paramedic lifted the cheeks of the patient to keep the airway free, and started ventilation
with a Rubens self-expanding bag connected to the oxygen exhaust channel of the
Lucas™ device, insufflating the Rubens bag with about 15 L per min of oxygen. The
Rubens bag has a pressure safety valve controlling the pressure in the bag not to exceed
30 cm of water column. In this manner the patient was ventilated with 100% oxygen at a

35 compression/decompression frequency of 100 per min. A pulse oxymeter placed on the
fingertip showed good pulses with 98% oxygen saturation. Ventilation was then given
more aggressively which made the saturation rise to 100%. The ECG indicated the patient
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Sovi co P e Wil SR Sitithet it R P B8R a0y R Ao v s ey gl The
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Vent 1 af 6dva8 SSNSoB U9 Babioc PE=SiEe Bl Feh PR dconpiess Bt HUR R daRy of
100 per mere fe-Blartee adreqiehey ofl0BCaSH e gadémaker function activated. When arriving
at the hospital the compressions as well as pacing were stopped. The ECG now showed a
heart block grade Iil and a pulse frequency of about 35. Compression and pacing (at 100
25  per min) was immediately re-started. The arterial pressure quickly rose to 120/80 while full
oxygen saturation was obtained. The patient was taken to the operating theatre and
provided with a transvenous pacemaker in the right ventricle and one electrode in the right
atrium, upon which internal pacing was started. During the insertion of the pacemaker
electrode the device was working at 100 compressions and 100 beats per min. After the
30 permanent pacemaker had been implanted as indicated above, the compressions and
pacing by the Lucas device were stopped. The patient was now in a stable condition with
a pacemaker rhythm of 100 per min. He was taken to the intensive care unit and put in a
ventilator until next day. After extubation he was fully awake but totally amnesic in regard
of the incident. After one week he left the hospital fully intact.
35



fingertip showed good pul ses with 98% oxygen saturation. Ventilation was
then given nore aggressively which made the saturation rise to 100% The
ECG i ndi cated the patient WO 2004/112683 PCT/ SE2004/ 000712 16 to be still
asystolic. Now the pacenmaker function of the LUCASTM devi ce was acti vat ed,
and the heart paced during each conpregsion. Pulses in the carotid artery
soon could be easily felt. At the start of resuscitation the patient's
pupils were dilated but now becanme constrict. The conpressions were

st opped, onl . ker function was 5 retained. Since the pulse
started tgﬂ\%éﬁﬁéeﬁéw;ﬂ@aﬁﬁ%&gtur ation to fall the device was started again
whi ch nmade oxygen saturation immediately return to 100% An anbulance wth
an anaesthetic _team,(physicjan and. u.rse% arrived about,7 nm.n later to see a
wel - oxygenat &d antt REHETCIoF caffiDiele ol Hert 44 5oBRE L SPEIORWPRIAY a 100
conpr essi eestiscitatiendoprpessonpBSmpesingtt N and a pacemaker ECG with a frequency
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st opped, EsohReheRftsiiy a PASurhatid drieshit'tb récigroBate BB corhpfe8sihg an@xygen

2]
channel o? whi ch was connected to the oxygen exhaust tube fromthe LUCASTM
devi ce. AdeeXVBERSING Hi¢ BRrSOMS Cher per min was provided at distally of the

Boussi gnac t ubg hhgyidfor bbiafiisBling BidBtric SiMulti6A HSfedhedft; conpr essi on was
increased to 15 120 per mn while continuing pacing at 100 per mn. After 5

m n pacing wasasingpetnit dacoordivatingnihecadmipistration;oemegharicaicand elecBio per
mn. Now %rir%hﬁﬂgn kWA HBa dvir f?'teféo%ﬁéée&%( c@'ﬁio?ﬁ%na@? JABEcifBiBn iy d be seen.
An arterial needle was placed In the radi al & tery, he conpressi ons were
di sconti nued, meanarforasupplying prasesriaadcbreathingsgaB0tonthespareeh's TUngs quingent was
ut on a r i I J : : tate 20
ont | nut ng ERSTSE o e s SEinBlar HRaCkEHafid, THARGE o SPRGAERE SHOEINE, T ¢
br adycar dioperatessom lasgasy add wheseinlthe nidane dopsuppblingethegpresswrized dsedthiag 60.

Conpressiaons (100 per m .were re-started a fregyency .of 100, and the
pacenmker SARFeTRBs e of Bbtis R 4f SadeR e preura iR ol he
conpressions as well as pacing were stopped. The ECG now showed a heart

bl ock grade 111l and pul se frequency, of about 35 essi on and paci ng
(it 100 35 per 2 ) THRSYPRILG! GaET | VeSTeiraPedntiohu i AHIer ZOTRrEeS ah o

qui ckl'y r apglyéie UhaGbBassdssing thelstate ©F Mg Pesoh'd MHtlaktoduritSthe doatseesk. théhe
patient was taken to the operating theatre and provided wth a transvenous
pacenaker CRIHIQRUMONAYY resusAation) e and one el ectrode in the right atrium
upon which internal pacing was started. During the insertion of the

pacenmaker el ectrode the device was worKi ngggt 100 conpressions and 100
beats per nin. 3Aftefhehsysempephaplgimt Facwhenesdy thed dralysis mpPéntied ads

i ndi cat ed prgg?rdpoﬁfarﬁ%gyr@e}gngme@nd paci ng by the Lucas device were
e

st opped. 'Fe pa was now I n“a stable condition with
4, The system of claim 2 wherein the control unit comprises a program

for automatically modifying steps in the course of the cardiopulmonary resuscitation
in response to assessments made by the analysis unit.

5. The system of claim 1 wherein the means for supplying pressurized
breathing gas to the person's lungs comprises means for disposing medication in the
breathing gas for administration to the person.

6. An apparatus for resuscitating a person under cardiac arrest
comprising:



a pacemaker rhythm of 100 per mn. He was taken to the intensive care unit
and put in a ventilator until next day. After extubation he was fully awake
but totally ammesic in regard of the incident. After one week he left the
hospital fully intact. 35 17 The invention clained is: 1. A systemfor

adm ni stering steps in a course of carggopul nonary resuscitation to a
person, conprising: a chest conpression device for adm ni stering nechani cal
stinmulation to the person's heart using a pneunatic drive unit to
reciprocate a rod for conpressing and deconpressing the person's chest; a
nodul e for adm nistering electric stinulation to the heart; a control unit
for coordi nati agetipecating meahs &rinsechahicakestinautationl of timehedrect ri ¢ stinul ati on

to the heart over the course . of th ar di | rpnary resuscitation; and

means for supplajpﬁﬂ"spfpég?tﬁﬁ??%swgﬁﬁ?ﬂ %gtﬁgﬁggﬁo the person's lungs during
the course of wheeans @Brawmltrgmngrtye [eeVisog bﬁhie@ﬁ?niwéﬁrﬁi léle_biﬁie swrr]mmi c dri vg
unit operates on,a gas, an erei.n the nmeans for supplying the pressurize
br eat hi ng VEEAMRG LS 108’ ¢RENGMIMIRHON, © BEGROVEedAaL B (8L PHE PG dr i ve
unit. 2. TopwidESHRitinsHR heech yhtained N1) the thbidtagelihdan WIGMRE of RJEAN | ses an
analysis unit for assessing the state of the person's heart during the

cour S of It {ie TightraN P M RETPOR & ESYSIPlE Hasrbees. reTHest P @b last 50%al#h 2
wher ei n t RRnaRalay ibMiatBh thak bedR re&!c%etﬁyomééﬂét%%}w@@%%M&aﬂff%o@e- 4. The

system of claim2 wherein the control unit conprises a program
aut onat i cdlasyageyaiuiaieddn dhepeft ivantrisle elbthesperspn.t Aed d4) @i BRRItiveoAeIEDary

r esusci tatd'e sioh?rﬁﬁ%?@shbﬂ' assessnents nmade by the analysis unit. 5. The
system of clarm erein the' nmeans for supplying pressurized breathing gas

to the person' @ neans fooagducigs breathing fes uiidepprasagrentedtheaairwaysi of thee

br eat hi ngp% nf or admnistration to the person. 6. An apparatus for
resuscitath né) a4 person under cardiac arrest conprising: 18 a reciprocating
nmeans for nechanseaate sificomméssed brieathiveg basifor, proxidingpibsedtiing tdas t©l thet ri
stinmulation of the heart. contral L&Rg t he pr oa/i si on of

e han carPesin et (ERECitatdt S RMER i n Gk 2Buueing ks A

a means for controlling the pressure of the breathing gas provided to the
person, wherein the source of compressed breathing gas is designed to provide gas
for driving the reciprocating means, and wherein the gas for driving the reciprocating
means is the breathing gas provided to the person.

7. The apparatus of claim 6, wherein the means for controlling the
provision of mechanical and electric stimulation comprises the means for controlling
the pressure of the breathing gas provided to the person.

8. The apparatus of claim 6, further comprising an administration means
for administering to the person under resuscitation a medicament for achieving at
least one of (1) alleviating the effects of cardiac arrest and (2) assisting the re-
establishment of circulation, the administration means being coupled to the gas
adducing means and being capable of producing an aqueous spray containing the
medicament.

9. The apparatus of claim 6, wherein the positive coronary perfusion
pressure threshold is about 10 mm HG.



over time to allow electric stimulation to be provided once at | east one of
the follow ng conditions has been obtained (1) the tinme average-nean vol une
of blood in the right atriumof the person at asystol e has been reduced by
at least 50% (2) ventricular fibrillation has been reduced by at | east
50% (3) 20 mM or nore of blood has apggunmulated in the left ventricle of
the person, and (4) a positive coronary perfusion pressure threshold; a
means for adducing breathing gas under pressure to the airways of the
person; a source of conpressed breathing gas for providing breathing gas to
the person being resuscitated coupled with the gas adduci ng neans; and a
means for contnol | i Mhe tdppapates ofiraaimf 61 vbetsire dhédipogitige scoporary dedfusiont he
person, wherein the sourc f.conpr,essed breathing gas is designed to
provi de gggess*:@rt‘\&ersm@daaﬁﬂ@t 1rsg'?ﬁ'lqg'#g’cati ng nmeans, and wherein the gas for
driving the reciprocating neans is the breathing gas provided to the
person. 7. The apparatus of .claim 6, erein the neans for controlling the
provi si on of r’rég'hanﬁ-s%lap&ﬁ@t%? OSCE Ly é\"{]?"’ﬁﬁfe&? it p@éﬁﬁ?i%oé%”acr}‘]ep SR8 for
control | i peessttethreshBRIUS @b8ilit 25 nPHEariMdie. gas provided to the person. 8.
The apparatus of claim6, further conprising an adm nistration nmeans for
adm nistering to the person under resuscitation a medi cament for achieving
at | east one @b (1AnalppgMitdd fdiFelddRpRéHiRG ERcuttiondh Aérsah 'uBdbr dtbiakt?)
assisting the re- establishnent of circulation, the adm nistration neans
bei ng cou@rrest GAr$ggas adduci ng means and bei ng capabl e of producing an
aqueous spray gQat,RlelifR8moRsssed B4R bs: 9. The apparatus of claim6,
wherein the posi tlhveechor'(.)Iﬁar fepe‘rj% usﬁ%ﬁ S’pressure__t hreshol d is about 10 mm
HG 19 10. Theeappiorarogdiog saldbraatbingugasrusidar pesitiyeopresswe te theaieways
per fusion ofp{??é?%ne threshold is about 15 mm HG 11. The apparatus of claim
6, wherein posi'tive coronary perfusion pressure threshold is about 25
mm HG or nore. ph@umalic egujprocdting rheansr fer esdchbhicslly stonuatinguthet heamt ofitha per son
under cardiac ,arrest.c rising: a source of conpressed breathin as;
reans {or P50 B frpeesEl BindieRfing 2pd dekfieressb8he Fa35 ot e el oflc
ai rways efcledpep@inuitento 200 cycles per minute;
electrical means for providing electrostimulation to the heart of the person,

wherein the compressed breathing gas is used for driving said reciprocating

pneumatic means and wherein the breathing gas vented from the reciprocating

pneumatic means is used for providing breathing gas under positive pressure to the

airways of the person.

13.  The apparatus of claim 12, wherein the means for providing breathing
gas to the person comprises one of (1) a facial breathing mask and (2) a device for
intubation of the person's airways.

14. The apparatus of claim 12, wherein the pneumatic reciprocating
means comprises a pad disposable so as to abut the breast of the person, and
wherein said electrical means for providing electro-stimulation comprises two
electrodes, a front electrode to be applied on the breast of the person, the front
electrode being positionable adjacent to said pad of the reciprocating means, and a
rear electrode disposed so as to be abutable to the back of the person.



pneumati c reciprocating nmeans for nechanically stimulating the heart of the
person by repeatedly conpressing and deconpressing the chest at a rate from
60 cycles per mnute to 200 cycles per mnute; electrical means for
providing electrostinulation to the heart of the person, wherein the
conpressed breathing gas is used for dig ving said reciprocating pneunmatic
nmeans and wherein the breathing gas vented fromthe reciprocating pneunatic
means i s used for providing breathing gas under positive pressure to the
airways of the person. 13. The apparatus of claim 12, wherein the neans for
provi ding breathing gas to the person conprises one of (1) a facial

br eat hi ng mask1@and T2 apparatusosd daim 14, mthebsit ittt elettrichlempeans ton' povddingiays. 14.

Th : im.12 wh int ' [ cat i
conpr| sosSEepaaUmIEOR 4B iebcs 2eeahs Bh aPAFHED RO REShUPLYSng
wher ei n s ajedtrédedcarid conldutedns tHeoECGramalydinggmé&argct ro- stinul ati on conpri ses

two electrodes, a front electrode to be applied on the breast of the
person, the front electrode being positionable adjacent to said pad of the

reci procating m@.aHSTh@ra%garatmse%lr cRAIRCH2 OdRerdirs MRS QAcHy Reqlchcheofabalgabl e to
the back of the person. 20 15. The apparatus of claim 14, wherein the
el ect ri caPlegliigas M&aANHr d§i dRoRtoladecta ofdlownuthet | Baavencyudefs eegamieal f or

anal yzi ng c5abteabBRetombrdsednup by said el ectrodes and conducted to the ECG
anal yzi ng nmeans. 16. The apparatus of claim 12, wherein the pacing frequency

of said electrical neans is controlled to follow the frequency of

mechani cal  cogpr esﬂ,@géﬂé‘rﬁ%pdf?gagﬂn%, t\»ﬁ%reiﬂ_ e Br‘é%ﬁ'ﬁ?é pﬁse Blovided 13! thé

wherei n the breathing gas provi to ai rways o person has been
used for dirvaysnef thépersiooinaatbeen ueed for doising the preumsatic regiprotatisgppwans.us f or
resuscitating a person under cardiac arrest conprising: a pneumatic drive
unit that reciprocates a rod for conpressing and deconpressing the person's
chest, wherei n18.he Aneapparatusdrfor eesuscitafirg da i pasoby undernaediae dardgstat hi ng
gas; and a_det.achable nmeans for admi nistering a portion of the breathing gas
consumed FBYPENYing the drive unit to the airways of the person at a
positive presauprewvgtic arivemanipethaddretiprdcatdsnud aodr foroeémpdddsinghanappar at us

of claim géorx\grggseiing tﬁg ip%rs%rn%aglbeisrt],gwﬁgrseini awea;gnéuenfliastitc gl’?\%) unit is driven by
compressed breathing gas; and

a detachable means for administering a portion of the breathing gas

consumed for driving the drive unit to the airways of the person at a positive

pressure over a time period of 1 minute or more.

19.  The apparatus of claim 18, wherein said breathing gas is at least 50%
oxygen by volume.

20. The apparatus of claim 18, wherein said detachable means is one of
(1) a facial mask, (2) an endotracheal tube, and (3) a tube for exotracheal intubation.

21. A system for administering steps in a course of cardiopulmonary
resuscitation to a person, comprising:

a chest compression device for administering mechanical stimulation to the
person's heart;

a module for administering electric stimulation to the heart;



oxygen by volunme. 20. The apparatus of claim 18, wherein said detachable
neans is one of (1) a facial nmask, (2) an endotracheal tube, and (3) a tube
for exotracheal intubation. 21. A systemfor adm nistering steps in a
course of cardiopulnonary resuscitation to a person, conprising: a chest
conpressi on device for adnmnistering ngchanical stinulation to the person's
heart; a nodule for admnistering electric stinmulation to the heart; 21 a
control unit for co-ordinating the adm nistration of mechanical and electric
stinmulation to the heart over the course of the cardi opul nonary
resuscitation; an analysis unit for assessing the state of the person's

heart during tdeontes Wrtefop tolohdingtigdihe tidniiRisRaton” eSmeechdraddl tihd eb&riei n t he
control unit conprises a gér)(}ﬂram for automatically nodifying steps in the

cour se of Stmdator {9itae near A¥erthe cawgs of therGastopHmeparydRrsesdtBtic sessment s made

by the analysigy léﬂia!é'sis?‘uﬁﬂt REraBssekSihg SHE MtiteNer tHeCPardbhaeredi AafiRy Mg 9as to
the person's lungs during the course of cardiopul nonary resuscitation,

wher ei n t eRUres 8§ the: gaigdiopslmenany desussitation, wherain ik icentie\wnilecepeisesiag on a
gas, and i IR BRI MhND i bZ r i &%%,recycles
t he gas ué‘gglcdt?‘%qgigrggte ltaﬁneg ﬁ\oﬂggi%{é e\'/q (@ié%gg{SbT ett%yg%rgmpgpnc alm 21,
wher ei n t resusgitation insregponsei to assessarants made byl ithayanalysie oot @od/ anal yzer. 23.

The system of i i ARR05hihar i e i
br eat hi ng gas @%%ﬁ&#gpé@ﬁg?@ﬁ%ﬁgeconprF'tsqg§ar§rg[§ﬁls1¥ o%%%%@% géﬁﬂ%di cation
in the btheatdursegofgeesdibpulmmarniesusaitiatiom whereingh@ ehestrcompression device

is a pneumatic device operating on a gas, and wherein the means for supplying

pressurized breathing gas recycles the gas used to operate the pneumatic device.

22. The system of claim 21, wherein the analysis unit is an
electrocardiogram recorder/analyzer.

23.  The system of claim 21, wherein the means for supplying pressurized
breathing gas to the person's lungs comprises means for disposing medication in the
breathing gas for administration to the person.





