WO 03/ 079921 PCT/ SE03/ 00510 DI AGNOSI S MARKER Techni cal field The present
invention is within the field of diagnosing 5 cardiac output in a mamal,
i ncl udi ngwoenso7Md2re specifically it relates to the use ofrca/SFazo@no gas
precursor as a nmarker, which is detectable via the expired breath from
said mammal . 10 Background of the invention Mnitoring the cardi ovascul ar
systemto determ ne nyocardial performance is of primary inportance in
patient care. Such nonitoring commonly begins with a 15 determ nation of
the heart rate and bl ood pressure of the patient. However, in the case of
patients who are experiencing severe cardiac difficulties, additional

di agnostic information about the qperatiqn of the heart 1is, often
urgently, needed. 20 One inportan am ning the candition of
the heart is the cardiac output (CO, as said paranmeter is associated
with the strength of the heart. More specifically, "cardiac output"is
generally defined as the 25 average of the total blood flowin the
cirulatory syB¢amigel fingidtine. Today the nonitoring of cardiac output is
primarily performed by nmeans of a thernodilution technique using a 30
flowdirected catheter (Swan-Ganz catheter). However, such a technique is
i nvasi ve, thefhptRiesent rigkenefon i Wikt Hade, F8AF 9k i 28RS 1R di ac
arrest beisng MRP34078923uP Gl SEGHRRPILO ireT@dBid vedry. highe Consequent |y,

the use thereof is ,ge erally Iinited to ﬁgecific clinical situations where
specifically 1t ‘relates to the use of a gas or gas

precursor as a marker, which is detectable via the

expired breath from said mammal.

10 Background of the invention

Monitoring the cardiovascular system to determine
myocardial performance is of primary importance in
patient care. Such monitoring commonly begins with a

15 determination of the heart rate and blood pressure of the
patient. However, in the case of patients who are
experiencing severe cardiac difficulties, additional
diagnostic information about the operation of the heart
is, often urgently, needed.

20
One important parameter in examining the condition of the
heart is the cardiac output (CO), as said parameter is
associated with the strength of the heart. More
specifically, “cardiac output”is generally defined as the

25 average of the total blood flow in the cirulatory system

per unit time.

Today the monitoring of cardiac output is primarily
performed by means of a thermodilution technique using a

30 flow-directed catheter (Swan-Ganz catheter).

However, such a technique is invasive, the potential risk

of e.g. hemorrhage, dysrhythmia or cardiac arrest being



the benefits far outweigh the risks. Furthernore, said technique is
expensi ve and conplicated and requires a 5 highly trained technical

per sonnelwolkeretore, there is a great demand for non-i nvaEmsEe3/omsehni ques.
One exanple of such a technique is a technique where ultrasound is
utilized to nonitor cardiac 10 output. Such a technique is disclosed in
e.g. US Patent No. 4,316,391. However, said technique is based on the
creation of m crobubbles to be ultrasonically inaged and &s.also very

i
expensi ve andteyut¥e Yp%?%%nn%?nﬁfﬁVanﬁ%Ci¥#% 159 MRREEC 151 Anot her
t echni que is gksetared 1imktedkeo Fspgecefia@al cliriMeakus tteat sowé Gaede ac
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techni que is techaigeethe expensive gusd eeRelidicedl ard requaresquid, e.g.
physi ol Og'Scalh§%{113’i‘etr$f'ﬁe@ett:§8$h£’@al bsd AgoRRae. by means of a gas

chr omat ogr aph. so this technique is conplicated and requires trained
personnel . 25 A specific exanple of still _another non-invasive technique
i s the techni Hrerdfeesosedera v d0zueapgienspd fonspopgByvaghy® docunent

al so contai ns (Y S f o] .dn_this_ technica
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conplicated and are based on neasurenen i nspired and rgggired gases.
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cardi ac output of a patient. Although an indicator is

creation of microbubbles to be ultrasonically imaged and
is also very expensive and requires personnel with
specific training.

15
Another technique is disclosed in Klocke F.J. et al.
“Measurements of Cardiac Output Using Improved
Chromatographic Analysis of Sulfur Hexafluoride (SFg),
Respiration Physiology, Vol 30, No 1-2, pp 99-107. Said

20 technique is based on the use of a gas marker dissolved
in a liquid, e.g. physiological saline, the detection
being made by means of a gas chromatograph. Also this

technique is complicated and requires trained personnel.

25 A specific example of still another non-invasive
technique is the technique disclosed in WO 00/42908 (=EP
1 152 688). This document also contains an extensive
survey of background art in this technical field, to
which reference is also made concerning related art.

30 However, the technique and apparatus disclosed in said
document are rather complicated and are based on

measurements of inspired and respired gases.



injected into the blood, the nethod is based on the use 5 of an indicator
solution and at | east one catheter, the determ nation being nade on the
basi s of woaohamyelin a value of said indicator in the paPCErsEIx00510

bl oodstream Primarily, the nethod in question seens to be based on the
thermal dilution technique. In other words, the 10 principle is another
than the principle behind the present invention and it is also rather
conpl i cat ed, msfedehdENES &g ARIELASE dPTod e g Of=m6 t1 Medofise) 15

Di scl osure of the invention The present invention is primrily based on the
finding thatwhiean dididIdsssra rrgatdlcghsartdn an rempetathys i foy ad@trﬁmsmlng

i njection sai aS| dete iat e ir breth 20f omsal nmal
and is di rectcll car re&q réell (e o tﬁgldtc%oru(ﬁ ac’ou u]tca(w of the
mammal in quelsij@ted I’hntQi hﬂ‘[e lercdﬁ titee gaEcHEl Use based dsmrtkteé de the
transport of bl ood between the right ventricle and the |ung. Thus,

measur i ng5t he it eHRataT oiogisiah ik 5 8ait éﬁq%r%ﬁmﬁ??lﬁm%
mammal over tidw,.Lhe gard \a/:\?heenrg#’tnpéﬁe D i MYULored yi s pattern of

the found concentrati on. I nstance nitrous oxide i1 s used as said
gas in 30 thraslum;oﬁssaalcﬁemrei‘ntcaiﬂc&maﬂdme; e riemdy’ srim]ldm@smms t her eof
can be detected. rarg1r I n ot words, the present er/egél on, enabl es the

dl
use of a new Hoifid I]Iyrré kiee(fﬁ"ﬁ'ﬁ Ihi PSS PhpiSFwS tv% 2Eh-Thvasi ve

and does nottAaugferay HISOHH trdchihipatiredehadd WR-@3/ 042921
PCT/ SEO3/ 00510 4 In addition thereto, the new technique is very sinple and

cheap, ad0t hareinginlyg ois anatdive HAn bnaedarame Rekind W erni nations
by highly CO@%%§¥Ht(¥nJéﬁE{Eﬁiand it is also rather complicated, as

is generally the case for the prior art methods.

15 Disclosure of the invention

The present invention is primarily based on the finding
that when administering a gas to a mammal by intravenous
injection said gas is detectable via the expired breath
20 from said mammal and is directly, or indirectly, related
to the cardiac output (CO) of the mammal in question. In
other words, the gas is used as a marker for the
transport of blood between the right ventricle and the
lung. Thus, by measuring the concentration of gas in the
25 expired breath from said mammal over time the cardiac
output can be monitored via the pattern of the found
concentration.
When for instance nitrous oxide is used as said gas in
30 this way as a detectable marker, already small amounts
thereof can be detected rapidly. In other words, the
present invention enables the use of a new monitoring
technique which is rapid as well as non-invasive and does
not cause any discomfort to the patient.
35



personnel. No bl ood sanpling or any other nore or less 5 conplicated bl ood
or flow neasurenents are needed. In addition thereto, detection of e.g.
exhal ed rwDroe®92DXxi de is very accurate and can be nmade wpPCh/SEn3mS& and
even existing nitrous oxide nmonitors. For instance, such 10 nonitors are
avai l abl e i n anaest hesi a machi nes, which nonitors may be used as such or
easily converted into nore accurate nmoni4ors. The nonitoring can also be
automati zed. 15 The invention is onggreat orIance in connectl %h

care of very 1P IPHRERS FHELIW of W?"heteﬁ N A sk ) Ve Ry We‘]‘?
anaest hesi a (chegier ygantherd enslVef @armst aspeaat | hye imeeaie@smy\her e the

patient is anaesthetized and ventiylat i nvent
enabl es 20 a v]esrlilawgl(irrpt_fer”f1 n}%rlljsé %ﬁa%?%@g%@%é%&éflt%gﬁg%r roﬂt: ﬁg
surgery. O heperdgretk. dfo dmlmti/amru{g]emgmqm anie orhemnthere stroulebs be

appar ent 0 %%ﬁ%é& b £5hd ot her & i d etV % r&Snd&aey t he

description be More specifically, according to a first aspect of the
present invention, there is provided use of a gas or gas precursor for the

manuf act ure Ofn?adm:I&iitﬂgeﬁ@@@,t d@&e@cf&l B RgNa! | exi@ld@dni©row®ni t ori ng
cardi ac out put i ncludin wher e i.d noniforing agent

is a di agnos‘i’}F’jc‘%F ?JSF a‘é%’@btéa%?lér%%% 3 dt‘haerl d%ese% s“t”g'f% SHEDT 4T or
i ntravenous usesn saxtiktgasy heltpwd cuode anomiators, Bod bestanasedsweh such

an anoun th g% %Fﬁ ing 19}@ fr e manmal
in quesill on. [9%%%%%7%%21 %@O%/]O‘lb%l 5 né%%ﬁné%)&ggégs ‘@E\q%}gdl tion to
a gas whi ch imonidcetraibhay be auserk axpsud WF Al kY PORVEEFRe@| intRe
invention is yore accurate monitors. The monitoring can also be

automatized.

15 The invention is of great importance in connection with
care of very ill patents in cardiology (heart diseases)
as well as in anaesthesia (surgery)and intensive care.
Especially in a case where the patient is anaesthetized
and ventilated mechanically the present invention enables

20 a very simple technique adaptable to the existing major

routine surgery.

Other objects of or advantages with the invention should
be apparent to a person skilled in the art after having

25 read the description below.

More specifically, according to a first aspect of the
present invention, there is provided use of a gas or gas
precursor for the manufacture of a monitoring agent for a

30 diagnostic method for monitoring cardiac output in a
mammal, including man, wherein said monitoring agent is a
diagnostically acceptable gas in the gaseous state
adapted for intravenous use, said gas being of such a
nature, and being used in such an amount, that it is

35 detectable via the expired breath from the mammal in

question.



applicable also the use of a gas precursor, i.e. a 5 substance that is the
source of such a gas in connection wth the diagnostic nethod referred to.
Bot h t he wa3amd2t he gas precursor should be diagnosti calrcy/seop@pi@abl e. 10
The gas precursor is preferably a volatile liquid, i.e. liquid which is
readily vaporizable at a relatively low tenperature, e.g. below 70C or
even bel ow 40C or 30C. 15 The gas is thus5adm nistered intravenously.
Preferably injection is made itno the right atriumbut it nay also be
possible to make the adm nistration in a peripheral vein. 20 As was said
above, the gabn uststerasverd®niinraddiagentte m s ordbrle el sv décetable esent

nvent i on i 5 deg eGhabl o feq Uee 2P £56k DX GaldhdT O e SRORBL ok s fuest | on.

Accordi ngly, e gas s be used 1Tn_such an anount that the
concentrat i oreRPRErerle mide iR Of catIP S rRFFRSC PR manfaldi s

det ect abl g byg§her £lesd regh©ass NN t Ssurcd Vbt Cahdly 4 Nyss nBansohh@ctisen of 0.1
- 10 nL of gas, péefg}gabl t eof , especially when using N20 as

1-5 L the
said gas. How&¥ O%%%H?e’?léo‘ia’é‘?ﬁ%/r er®ined by a person
Zkilled inlthe art such that the detection is 30 adapted to the detecting
evice utilized. neral | y_thi may_ nean_th a_de tion level in the
range of 1 tég%%(c)?h%p?ﬁ? salé?n%ﬁaeaqgs Aﬁnf%%%]fg%é%esn}g?% (ﬁyﬂx?he characteristics
of the gas ordgagnossipakLyraocepaablhot be specified in exact figures, it
shoul d bg easy for a person skilled in the art to screen candidates for

gases or gas precursors w thout undue WO 03/079921 PCT/ SEQ3/ 00510 6
experi nent al kKJaasPToPgr 2Rr t he pEaferallg preelatbletiquid, i.e.

liquid which is readily vaporizable at a relatively low

temperature, e.g. below 70°C or even below 40°C or 30°C.

15 The gas is thus administered intravenously. Preferably
injection is made itno the right atrium but it may also
be possible to make the administration in a peripheral

vein.

20 As was said above, the gas used as a monitoring agent in
accordance with the present invention is detectable in
the expired breath from the mammal in guestion.
Accordingly, the gas should be used in such an amount
that the concentration thereof in the expired breath from

25 the mammal is detectable by the desired gas monitor.
Typically this means the use of 0.1 - 10 mL of gas,
preferably 1-5 mL thereof, especially when using N;O as
said gas. However, a proper amount is easily determined
by a person skilled in the art such that the detection is

30 adapted to the detecting device utilized. Generally this
may mean that a detection level in the range of 1 to 2000

ppm is aimed at.

Although generally the characteristics of the gas or gas
35 precursor can not be specified in exact figures, it
should be easy for a person skilled in the art to screen

candidates for gases or gas precursors without undue



di agnostically acceptable and is of such a nature that it is detectable in
the expired breath fromthe mammal in question. Guidance in this respect
fol |l ows fwomsw®2b fol |l owi ng exanpl es of useful gases andPGaSEPS/@SUF SOr S:

- Nitrous oxide (N20) : - noble gases, e.g. argon, krypton and xenon; -

| ower hydrocarbons, e.g. ethane, ethene and acetylene; 10 - sul phur

hexafl uoride (SF6); and - fluorinated | ower hydrocarbons or hydrocarbon

derivatives, &ferMMatdl a:d 02l 241 0o r‘é‘sgtﬂ}ﬁ‘é'%a% St Cdla ASp SEMPF & i aNe
(=fluoronethyl-2,2,2-trifluoro- 1-(tritluoronethyl)ethyl ether. 15 Nitrous
oxi de i s espetiagngstpredelnbiecepicaiokelianf tis obcterhl aspricerofthate it

i nvention, or,_express i n, e t S i :
nonitoring aglesnta(?nto?c%aebg}%glnlggﬁ% %%d f%fé%o%iggér?%ﬁég}%ﬂ? I Zlcn out put
in a mmal, quedtibmg clidawde cinitshibs hagnosticbldws afceptabd e gas or
gas precursor _in the gaseous state for Jintravenous use, said gas being of
such a n&t urfeel kriti 0 SHERATRERE | Af SURPE Wh aRRMtANT 1BRS IRTFUTLRE BTt abl e

via the expi red_b_rl\gleg%lj%o&{@g WZ@B!I in 25 question. As to preferable

enbodi ments of sai'd nonitoring agent reference is nmade to those preferable
enbodi nents whi ch ndlslve dgsds presenteeydm, danAsodh ehdvtdnéhe use descri bed
30 above. Thus, such preferabl e enbodi nents should be applicable also to
the nonitoring agefRwegerhydroihongnct Her dpaee, ofthereian@ntion is
represented by a a[r% erg)é_ nonitoring cardiac output in a manmal, 35

i ncluding man, whitc npri'ses adm ni stering WO 03/ 079921 PCT/ SE03/ 00510 7

10 - sulphur hexafluoride (SF¢); and
- fluorinated lower hydrocarbons or hydrocarbon
derivatives, e.g. volatile inhalation anesthetics
such as sevoflurane (=fluoromethyl-2,2,2-trifluoro-
1- (trifluoromethyl)ethyl ether.

15 Nitrous oxide is especially preferable.

According to a second aspect of the invention, or
expressed in another way, there is also provided a
monitoring agent for a diagnostic method for monitoring
20 cardiac output in a mammal, including man, which is a
diagnostically acceptable gas or gas precursor in the
gaseous state for intravenous use, said gas being of such
a nature, and being used in such an amount, that it is
detectable via the expired breath from the mammal in

25 question.

As to preferable embodiments of said monitoring agent

reference is made to those preferable embodiments which

have been presented in connection with the use described
30 above. Thus, such preferable embodiments should be

applicable also to the monitoring agent per se.

Still another aspect of the invention is represented by a
method of monitoring cardiac output in a mammal,

35 including man, which comprises administering



intravenously to said mammal a nonitoring agent as defined above and
nmonitoring the expired breath fromsaid mammal by neans of a gas detector
to det ectwDle/og®gt therein. 5 Also in this case all preferabisEosadsodi nent s
are applicable which have been descri bed above in connection wth the
use. 10 The gas nonitoring device, or detector, to be used in connection
with the present invention could be selecfed anong previously known gas
detectors used in other . connectjons or easily nodified therefrom 15 As
concerns the HEtERYSHHSHoveR 7314 B3 HL %iW%ﬁﬂEor%ﬁﬁnﬁ%F?ﬁe?%rabIy be
utilized to nakeised ealbdrad did ryasitosimpttll rexgl yed Xpreadh wieom pessd ng

the lungs. T i.ent | de i nh l.e f 1 es until a
st eady st at et}?%mrg‘ﬁ ali er&é%ﬁ%r%ft%e%%s%%l% Z%é%(?%% %ﬂ%éd%l n the

bl ood. An adsthéesin.e.g. soda linme, can be used to adsorb the carbon

di oxi de ard sone oxygen gas can be added to counteract hypoxia. In the
case of nitrous oxide an equilibriumthereof is 2 ,t%ﬁicall created
within 2 mindb20 Thethbefast et eietrrpkls rF‘I‘kPR/‘g’rr% l§/Sp"f”c’)%orti onal to
cardi ac out puippBOcdibke tiieDEly hsvé hvdemhdds & Eoddi Aigo0e CL Scahn@ctinsral

rate, mass bal ance_cal cul ati ons show t hat substantially all injected N20
is elimnated by br8at%hy. If ventilation is low or rebreathing is
performed, the concentration of gas is increased until it equals the 35

arterial Bl 00gho FULL Ny (hLELEdGRBEN! G SaddiEc il TG Yo Y£09US, b! 00d and

reaches the sys c circu e operation st opped when a
saf e equil i bréemnest en 081 ti7oole PCT?SED3IWoFIDion could be selected

among previously known gas detectors used in other

connections or easily modified therefrom.

15 As concerns the detection, however, a closed circuit
should preferably be utilized to make sure that the gas
is not directly expired when passing the lungs. The
patient should inhale and exhale for a few minutes until
a steady state is obtained where the gas is evenly

20 distributed in the blood. An adsorbent, e.g. soda lime,
can be used to adsorb the carbon dioxide and some oxygen

gas can be added to counteract hypoxia.

In the case of nitrous oxide an equilibrium thereof is

25 typically created within 2 minutes.

The level of detected gas in inversely proportional to

cardiac output.

30 The theory is that when breathing occurs at a normal
rate, mass balance calculations show that substantially
all injected N;0 is eliminated by breathing. If
ventilation is low or rebreathing is performed, the
concentration of gas is increased until it equals the

35 arterial blood. Further injected gas enters the pulmonary
venous blood and reaches the systemic circulation. The

operation should be stopped when a safe equilibrium is



8 reached in order to avoid |oading of gas in peripheral tissues. Sone

| oadi ng of gas does not nmatter nuch but the cal culations should then be
based on was@rfber ence between baseline and steady stet pcarseEesntesat i ons of
gas. 5 The operation is generally started with a bolus injection to fill
the lungs and the breathing circuit wwth gas, and thereby to reduce the
time required until steady state is achi&ved. A precise dosing of the

bolus is not 10 required. the contrary the gas_adnmi njstratjon fo]low ng
t her eupon Shﬁw}@lﬁ%ﬁ%‘?c%ﬂtqw*%goﬁﬂﬁ&f'ﬂl%sa%o?f%)é MPFEig. 1is

a graph show tissoes t c3omy Posdidd ¢N2Ys cmeemaotatmanc &ersush thue @i er
ntravenous L eetlon, of salgh@3%nedif Badda LRl Ol o PALALAG, out pul
y'sta nira prg

ver sus stead e ‘conce ion o of one guinea 7 and 20 Fig. 3
is a plot of ketwher Raspline exnrd ssteadilystatateoneyncent yens obf ofaN20 f or
anot her guinea pig. Exanple 25 The invention will now be further decribed

inanon- limting way by the foll ow ng working exanple. Pure nitrous oxide
was inj ect ed TR reRFRIUSPY 1D IRAMER 1D Y1 HPR Wothus® opobua - inFeei i eivd
foll owed by 30 aghn ni Shé afiuedhs Gdnd the Wrddtth SR DAGPEE Wi thilgas A ared osed
circuit with C02- adsorber 1 n the formof soda, |i and V\éthasmall

addi 1] on of OGP -3 TIMFT o THE RTER SR i1} | Seer OB aate 1o
nitrous oxi deadlsievedr e prem sdeddailyy vvia Eheilbedis aig fistom t he | ungs
while uSLBO ALSLAA OGRS By ERD'ddM M IIASE SO, Se Ol 1 B A US

oxide in’t
thereupon should be properly controlled.

Figure
The accompanying Fig. 1 is a graph showing monitoring gas
15 (N,0) concentration versus time after intravenous

injection of said gas;

Fig. 2 is a plot of cardiac output versus steady state
concentration of N,O for one guinea pig; and

20
Fig. 3 is a plot of cardiac output versus steady state

concentration of N,O for another guinea pig.

Example

25 The invention will now be further decribed in a non-

limiting way by the following working example.

Pure nitrous oxide was injected intravenously to guinea
pigs in a bolus of 0.1-1.5 mL and followed by

30 administration of 1 mL of the same gasper minute. A
closed circuit with a CO,-adsorber in the form of soda
lime and with a small addition of oxygen (0.3 L/min) to

the system was utilized.

35 Thus, nitrous oxide is cleared from the body via expired
air from the lungs while using a rebreathing system. By

continuous measurements of nitrous oxide in the expired



WO 03/079921 PCT/ SE03/00510 9 air a pattern for said clearance is
obtained. A steady state is soon reached and said steady state describes
t he nomewD osfoeg92t he concentration in the rebreathi ng systemSEnsodsgual to
those of the small est gas exchanging parts, 5 i.e. the alveoli. The
concentration of nitrous oxide in the alveoli is at an equilibriumwth
the nitrous oxide concentration in the p&l nonary artery. The result is

initially shown in Fi 1, fro 10 can seen,that an
equi | i bri um d* 2D RA %”crhi‘jé?/"e %%?W%%t%&ta*ﬁe‘h gf\31 FHWF g 3.
one can see té@t@b@&amtf@ﬂ@@ta&ﬁﬂysﬁdatamaﬁam|®a§1s<meilse5 e di ac

out put. As has be SCr i bed abov t.he eveI e
proportional g ar q-é%n otu chncl% ratlo}{ %ower hilg% %i% ation of

N20 is in thele'g)mquaal ytcarttfmsye of h@lmlighﬁalrl&&st tdas ceraliarg bug ALt dbr e
speci ficalsly,; Fg éh@@l\?eélhz‘?w ﬂqé"éﬁn&%ﬁ’%o&%ﬂ'@&%@%xuﬁ@aﬁwed

with the therm)dl lution nethod, 20 and the concentrations of N20 after
steady state T® %Je‘éﬁp]ﬂeajcfhe%ﬁ I5 fEHehtPHHR 1R dihomiaress vife%ised for

guinea pig 1 anekbentwrgkidherabycidepdiddeigptatdry concentrations at steady
state. Cardiac output was manipul ated by nmeki ng the guinea pig hyper and
25 hypovolem c. The black line in the diagrans show a |logarithmc

regressi ons dried yisesuld idneinpd totd el smaﬂurianﬂ?ﬁtgﬁ As Caombehseenitthere is

go(r:\i/gﬁ[lgﬁglreléé%egg@ur%%nt oaft cardé c ou palgrﬁ %@y%f%é; ég(%g/ Oggclio
10 CLAI MS within two minutes. In Fig. 2 and Fig. 3. one can see the
above-mentioned steady state concentration versus cardiac
output. As has been described above, the level of N0 is
inversely proportional to cardiac output. That is, the
15 lower the concentration of N;O is in the pulonary artery,

the higher is the cardiac output.

More specifically, Fig 1 and 2 show a plot between
cardiac output, measured with the thermodilution method,

20 and the concentrations of N,O after steady state has been
reached. Different administration rates were used for
guinea pig 1 and 2 and thereby the different N,O
concentrations at steady state. Cardiac output was
manipulated by making the guinea pig hyper and

25 hypovolemic. The black line in the diagrams show a
logarithmic regressions analysis of the plotted

measurements.

As can be seen, there is a clear correlation between
30 steady state concentrations of N,;O, and conventional

measurement of cardiac output.



1. Use of a gas, or gas precursor, for the manufacture of a nonitoring
agent for a diagnostic nethod for nonitoring cardiac output in a manmal,

i ncl udi ngwb ogmm9o2mwherei n said nonitoring agent is a

di agmoIISECHOISYO

acceptable gas in the gaseous state adapted for intravenous use, said gas
bei ng of such a nature, and being used in such an anount, that it is

detectable via the expired breath fromthe 10 nmamal

in question. 2. Use

according to claiml1, wherein said cardiac output is nonitored in
associ ation with cardiology, anaesth&#d intensive care. 3. Use
according to any .ongeofoft ke qarsgced @@scmbmrsoif) \fhar eihe Seiroh fgas ure

nitrous oxide. accor.ding to _an e of | said gas
is a noble gas, préL%%ZratrﬂO?lg:r glzc)lr?g 3 t Tor ;delng sg)t 2(:'I\ann\egq%ccor ng to
any one of clains hoiteng rca20isa @ugwtl graadl mmnaﬂydrmg
preferabl y et hane, ,gf hgpg Qi AGRLHY %%lt@‘rlH%e aReeer didng to any one of

a

clains 1-2, wherein said gas _is sul phur_ hex

| uori de.

7. Use according to

any one of clains Piagngweidad l28ccepiagds Fagcdfsdhe ga8qqufuistats. Use

according to clai maBaphesy Q'dl- S@itdahviction® uged shlidigaatrd dPWH such
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injected into the risghietaiddalme vh& Mbm fecapiing daparda tfhorf reonditdgnost i ¢
met hod faqr, nonitori ng albdl% Gt RuL, in a mammal, including man, which is

a diagnostically acce[:rﬁ

GaSSor C'gas precursor in the gaseous state for

i ntravenous 2. Use according to claim 1, wherein said cardiac

output is monitored in association with cardiology,

anaesthesia or intensive care.

3. Use according to any one of the preceding claims,

15 wherein said gas is nitrous oxide.

4. Use according to any one of claims 1-2, wherein

said gas is a noble gas, preferably argon, krypton

or Xenomn.

5. Use according to any one of claims 1-2, wherein

20 said gas is a lower hydrocarbon, preferably ethane,

ethene or acetylene.

6. Use according to any one of claims 1-2, wherein

said gas is sulphur hexafluoride.

7. Use according to any one of claims 1-2, wherein

25 said gas precursor is a liquid.

8. Use according to claim 7, wherein said liquid is a

fluorinated lower hydrocarbon or hydrocarbon

derivative, preferably sevoflurane.

9. Use according to any one of the preceding claims,

30 wherein said gas is injected into the right atrium.

10.Monitoring agent for a diagnostic method for

monitoring cardaic output in a mammal, including

man, which is a diagnostically acceptable gas or

gas precursor in the gaseous state for intravenous

35 use, said gas being of such a nature, and being

used in such an amount, that it is detectable via

the expired breath from the mammal in question.



35 use, said gas being of such a nature, and being wused in such an anount,
that it is detectable via the expired breath fromthe mammal in question
WO 03/ 07992138®DbLSEO3/ 00510 11 11-Mbonitoring agent accor @cmgEd®omsh@i m 10,
wherein said cardiac output is to be nonitored in association with
cardi ol ogy, anaesthesia or intensive care. 5 12. Monitoring agent according
to any one of clains 10 and 11, whereinslaid gas is a gas as defined in
any one of clains 3-6. 13. Monitorin aggnt accordi ng to any one of clains
10" and 11, wheréi-MoZdt@TGRY FE&Qsr 86FTE1RT tquica 3L o TFeéd i n anyone
of clainms 7 and 8. sk4dManirddlaicnguagertt iaceer thenghand taxyedna of cl ai ms 10-

13, wherein said intravenQus _use. s injection i i atrium 15.A
met hod of nDnitoriﬁ§S€§ﬁ§%§8no&95&t%ﬂ#@&o%§ﬁ¥ﬁlgkgf§ ?%%JﬁgFﬁg man, which
conpri ses admi ni st enitegsiivet carenously to said manmmal a nonitoring agent as

gefined g a”Y_gQ?M%%i%b¥i%5 %%e%&df%%b¥éiﬁ £ o2k QNG RA HXiY ned
reath from said mammal by ~“neans of a gas detector to detect the gas
therein. 20 16. A néfifod lac¥bediedd Beid gam 15, awlidéh dss defddedoin any
moni toring cardi ac opidt it cAsses ated with cardiol ogy, anaesthesia or
ptenstve care. A1 ATeLiad scsord ng Lo aay gae ol AN AR
any one of clainms dndlll, whereim Saiid igelsr arecosrsoadisniss tlriatuich aiss
injectioq& nto thed%&%%%daﬁg %%&one of claims 7 and 8.
14 .Monitoring agent according to any one of claims 10-
13, wherein said intravenous use is injection into
the right atrium.
15.A method of monitoring cardiac output in a mammal,
15 including man, which comprises administering
intravenously to said mammal a monitoring agent as
defined in any one of claims 10 and 12-13 and
monitoring the expired breath from said mammal by
means of a gas detector to detect the gas therein.
20 16.A method according to claim 15, which is used for
monitoring cardiac output associated with
cardiology, anaesthesia or intensive care.
17.A method according to any one of claims 15 and 16,
wherein said gas is detected quantitatively.
25 18.A method according to any one of claims 15-17,
wherein said intravenous administration is

injection into the right atrium.



