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ABSTRACT: We applied a recently developed method of following the time course of the intrapulmonary oxygen
partial pressureo(t) during apnea byHe MRI to healthy volunteers. Using two imaging series with different
interscan times during two breathholds (double acquisition technique), relaxafldie dfie to paramagnetic oxygen

and depolarization by RF pulses were discriminated. In all four subjects, the temporal evolyiignats found to

be linear, and was described by an initial partial prespyignd a decrease raie Also, regional differences of both

po andR were observed. A correlation betwepnandR was apparent. Finally, we discuss limitations of the double
acquisition approach. Copyright 2000 John Wiley & Sons, Ltd.
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INTRODUCTION A promising new approach to accessing the alveolar
space noninvasively lies in MRI of the lungs with
In the ventilated airspaces of the lungs, the partial hyperpolarized helium-3. Levels of nuclear polarization
pressure of oxygen is regionally and temporally variable. which are up to five orders of magnitude higher than
This results from differences in ventilation-dependent thermal (Boltzmann) equilibrium are achieved by optical
oxygen delivery, and perfusion-dependent oxygen uptakepumping of*He gas. Inhalation of polarized gas allows
into the blood. Clinicians routinely only measure the for MR imaging of upper airway3the tracheobronchial
resultantpo, in mixed expiratory or endexpiratory gas at systent,® and alveolar space? The diagnostic potential
the mouth, and in arterial and mixed venous blood (for a of this method has been demonstrated by various
review see Nunb. From these global measurements, groups!®*3
physiological models allow calculation of compartmental ~ The longitudinal relaxation tim&; of *He in the lung
poz values in the lungs. However, those values are only is limited to 10-20 s. The key factor is molecular oxygen,
model predictions for steady-state conditions, not true which, via dipolar coupling to théHe nuclei, causes
Poz existing at any point and time in the pulmonary rapid depolarizatiolf and hence loss of signal. This has
airspac€. Up to now, po, within occluded pulmonary  been exploited by Eberlet all® to compute oxygen
segments could only be measured by invasive m&ans. concentrations in animal lungs from magnitultée MR
Intrapulmonarypo, beyond the level of the bronchi could images. Values sampled from large alveolar regions
not be measured at all. correlated well with global endexpiratory measurements
from conventional respiratory gas analysis. In a subse-
quent work, Deningeet al1® made use of this relaxation

*Correspondence toA. J. Deninger, Institut fuPhysik, Universita effect to determine the local oxygen partial pressusg

Mainz, D 55099 Mainz, Germany; e-mail: deninger@mail.uni-mainz.de N @ phantom, a pig and a human volunteer. In order to
Contract/grant sponsorDentsche Forschungsgemeinschaft (DFG); distinguish more clearly oxygen-induced relaxation from

contract grant numberTH315/8-1. i7ati i

Contract/grant sponsorinnovationsstiftung des Landes Rheinland- dep0|anzatlo.n. .due to r"?‘d'o frequency (RF) pU|SeS'. a
Pialz. double acquisition technique was developed: two series
Abbreviations used: poy partial pressure of oxygen: RF, radio ©f Images are taken under otherwise identical conditions,

frequency; ROI, region of interest; SNR, signal to noise ratio. with only one parameter such as RF voltage or interscan
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time beingvariedbetweerseries A simplecomputation
basedon MR signal analysisyields the time-dependent
Po2. In Deningeret al.,*® the temporalevolution of poy
duringapneavasfoundto belinearbothin ananimaland
a singlehumanvolunteer;hence

Poz(t) = po — Rt (1)

holds,wherepg is the oxygenpartial pressureresentat
thebeginningof apneaandR is the decreaseate.In the
animalexperimentarelativeaccuracyof 3% and7%was
foundfor po andR, respectively.

In this paperwe report on the application of this
techniqueto a sampleof four healthyhumanvolunteers,
investigatingts reproducibilityandthe limitations of the
current double acquisition approach.We confirm the
linear approximationof po, given by eq. (1), and show
thattheinitial partial pressurg, andthe decreaseateR
are quantitatively consistentwith typical pulmonary
function measurementsn healthy subjects. We also
discussan apparentcorrelationbetweenthe parameters
po andR.

EXPERIMENTAL

The productionof polarized®He at the University of
Mainz hasbeenreportedelsewheré’*°Thepolarized
gasis compressedndstoredin uncoated/esselsnade
of special iron-free glass (Schott Glas, Mainz,
Germanyyolume360-600ml, pressurex3 bar, initial
He polarization~40%at flow-rate8 x 10'® atoms/s).
Transportto the scanneitakesplaceinside a shielded
homogenous0.3mT guiding field. We use a gas
delivery devicé*°to reproduciblyadministera bolus
of *He into theinspiratoryairflow. For all experiments
describedhere, bolus volumes of 180—-200m! were
placedat the beginningof a normal inspiratory tidal
volume.

Study subjects

With Ethics Committeeapprovalandinformed consent,
imagingwasperformedn four healthyhumanvolunteers
(two malesof age24 and43years two femalesof age24
and 27 years). They were positionedsupineinside the
MR scanner,and breathing spontaneously>He was
administeredria a mouthpiece.The intrapulmonarygas
volume, in which the volume of *He was diluted, was
estimatedrom measurementsf the subjects’functional
residualcapacityandinspiredtidal volumes,andranged
between3 and 4.5 . During imaging, an inspiratory
breathhold (7 and 28-35 s for the first and second
imagingseriesrespectivelywasmaintainedwith anose
clampin place.

Copyrightd 2000JohnWiley & Sons,Ltd.

MR imaging protocol

All experimentswere carried out on a clinical 1.5T
scanner(MagnetomVision, SiemensMedical Systems,
Erlangen, Germany). A dedicated custom-built coil
(Fraunhoferlnstitut, St. Ingbert, Germany)transmitted
and detectedMR signals. Imaging was performedby
meansof a fastlow angleshot (FLASH) gradientecho
sequence with centric reordering, TR=11ms,
TE=4.2ms, field of view (320mm)?, acquisitionmatrix
81 x 128,andRF excitationamplitude5 V (correspond-
ing to flip angles of ~1-2). In order to suppress
influencesf gasmovementasinglethick slice covering
theentirelung (180mmin coronalorientation)wasused.
According to the double acquisition approach
describedn Deningeret al.,*® two imaging serieswith
differentinterscantimest,, 7> were performedfor each
subjectwith valuesof 7, = 15,7, =4 or 5 s,andatotal of
eightconsecutivescanseach.

Data analysis

Images were analyzed with the program NMRWin
(German Cancer Research Center, Heidelberg,
Germany).For image analysis,user-definedegions of
interest (ROIs) overlying peripheralparts of the lungs
were selectedto minimize effects of gas movement
during apnea from anatomical deadspace(trachea,
bronchi) into the ROI, and of gas movementdue to
cardiogeniamixing. Also, partsof thelungsin whichthe
projectionimage appearsinhomogeneousvere avoided
(e.g. the basal portions of the lung which contain a
projectionof the diaphragm).

In theseROls, meansignalintensitieswerecomputed.
In orderto resolvelocal variationsin po,, which canbe
assumedo be subtlein healthyindividuals,small ROIs
of a uniform size of 89 pixel (1.4cm?) were chosenA
noise correction of signal intensities was performed
following Gudbjartssorand Patz*°

The theory of oxygen determinationis describedat
lengthin Deningeretal.*® Briefly, the signalintensityA,
of the nth image(n=1, 2, ..., 7) is normalizedto the
initial image.Introducingfor simplicity a value

e

the oxygen partial pressurepos(t,), presentat times
thy'=n (t1+ 12) / 2, is computedvia

En(Tl) — En(T2>

Poz(t)) = po — Rty = ¢ E—

(3)
Here, ¢ denotesthe inverse proportionality constant
betweerpxygenpartialpressurén barand®Herelaxation
ratein secondsi.e. o, = po2 /¢. At bodytemperature,
avalueof £ =2.61barx sis to beused.
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Table 1. Subject data

3He bolus/ml MeanSNR of 1stimage
Studyno. Sex Age Seriesl Series2 Seriesl Series2
1 m 24 185 174 38 38
2 m 43 204 199 20 20
3 f 27 199 201 32 29
4 f 24 208 194 17 11

Equation (3) mathematically eliminates flip angle
depolarization.The calculationrelies uponthe assump-
tion of an oxygenpartial pressurenhich decrease a
linear way during short periodsof breathholding.The
validity of this approximationhasbeendemonstratedh
previousexperiments® The time courseof po; is thus
characterizedompletely,at leastearly duringan apneic
period,by aninitial partialpressurgy andadecreaseate
R. Oncetheseparameterareknown,theflip anglex can
be computedby correcting the intensitiesfor oxygen
inducedrelaxation.

Surfacerelaxationby lung tissueis not consideredn
this analysis, becausea previous investigatiod® has
shownthis effect to be negligible comparedto oxygen
inducedrelaxationandflip angledepolarization.

Errorbarswerederivedaccordingo theempiricallaw

AA oc gL 704 (4)

describedn Deningeret al.*® (o: noiselevel of image,
L: ROl sizein pixel).

Figure 1. Lung image of human volunteer (study 1), and
location of analyzed regions of interest (ROIs). In this
particular case, the trachea is filled with polarized 3He (and
therefore visible) due to partial expiration prior to breathhold
and imaging. Results of intrapulmonary oxygen concentra-
tions in the respective ROIs are listed in Table 2
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RESULTS

In all four subjects,image acquisitionwas completed
successfully and without adverse events. While the
volumeof the ®*He boluswasreproduciblewithin narrow
limits (+7cm®, see Table 1), the volume of °He
distribution in the lung could not be controlled with
similar accuracy,becauseboth the lung volume at the
start of the testinspirationand the tidal volume varied
betweenacquisitions.Both parametersare difficult to
duplicate during spontaneousbreathing. Even equal
inspiratory volumes can still result in rather different
physiological conditions if the residual lung volumes
prior to *He inhalationvary. Therefore,imagesof both
serieswere checkedfor equal appearancef the lungs
(i.e. size of lungs, distribution of intensities,position of
diaphragm).

Accordingto this criterion, threevolunteerswereable
to breathereproducibly,whereasin one case(study 4),
the lung imagesof both serieswere not alike. In the
following, results are described separatelyfor each
subject.

Study 1

The lungs of this volunteerwere imaged with interscan
timesof 1 and5 s, respetively. Theaveragesignd to noise
ratio (SNR) of a single pixel was38 for the first imagesof

P, [mbar]

0 5 10 15 20

Figure 2. Exemplary plot of local intrapulmonary oxygen
partial pressure evolution in the lungs of a human volunteer
(study 1). The ROl is situated in the cranial left lung (no. 1 in
Fig. 1)
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Table 2. Results of study 1

ROI no. Po (mbar) R(mbar/s) 72 (p.d.f) « (degrees)
1 140(06) 1.9(0.3) 1.25 1.8(0.1)
2 141(06) 2.1(0.3) 1.21 1.6(0.1)
3 142(06) 1.6(0.4) 1.60 1.5(0.1)
4 150(07) 1.9(0.4) 111 1.2(0.1)
5 156(07) 1.7(0.4) 0.49 1.1(0.2)
6 156(09) 1.8(0.6) 1.47 1.4(0.2)
7 158(08) 2.5(0.5) 131 1.6(0.1)
8 153(07) 2.1(0.4) 1.16 1.3(0.1)
9 148(07) 1.3(0.4) 0.58 1.4(0.1)

10 155(09) 1.9(0.6) 0.37 1.1(0.2)

11 178(08) 3.9(0.5) 1.09 0.7(0.3)

Mean (standarddeviation) 153(11) 2.3(0.7) 1.3(0.3)

Regionaloxygenpartial pressurgg, in volunteerl (male 24 years).The ROIs aredepictedin
Fig. 1. Listedarevaluesof initial partialpressurgy, oxygendecreaseateR, ;2 p.d.f.of linearfit,
andflip anglex asdeterminedrom the = 1 s series ROl sizeis 89 pixel (1.4cn).

eitherseries(seeTable 1). Eleven user-afinedROIs were
analyzd, the location of which is shown in Fig. 1.

A typical example of a regional oxygen partial
pressureevolutionis depictedin Fig. 2. Valuesof po»
are plotted as a function of time. The linear decreaseas
apparentA similartime coursewasobservedn the other
ROlIs, albeit with regional differencesin both initial
pressurg andoxygendecreaseateR. Resultsor pg, R,
the 2 of thelinearfit per degreeof freedom(p.d.f.) and
flip angle o are compiled in Table 2. The mean
(+standarddeviation)of pg is 153(11)mbar.For R, the
respectivevaluesare 2.3(0.7)mbar/s.

The dataof Table2 showthathigh or low valuesof pg
are oftenfoundwith, respectively high or low valuesof
R. Indeed, it is interestingto investigatea possible
correlationbetweenthe two parametergFig. 3). Using
linearregressioranalysisa Pearson’'sorrelationcoeffi-
cientof r =0.78is obtained.

Study 2

Thissubjectwasimagedwith interscartimesof 1 and4 s.
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Figure 3. Correlation of oxygen decrease rate R and initial
partial pressure pg in studies 1-3. Values of Pearson’s
correlation coefficient are also listed

Copyrightd 2000JohnWiley & Sons,Ltd.

Theinitial SNRof bothseriesvas20 (Tablel), which,in

this case,was attributed to a lower grade of nuclear
polarizationof *He thanin study 1. A total of 12 ROIs
wereexaminedTheir distributionis givenin Fig. 4, and
correspondingesultsare listed in Table 3. The lower
SNR producedlarger error barsand, consequentlyless
accuratditting resultsthanin studyl. Mean(SD) values
of pp and R are 146(17) mbar and 2.0(1.1) mbar/s,
respectively.The correlationbetweenthesevalueswas
evenmorestringentthanin studyl (r = 0.85;seeFig. 3).

Study 3

This volunteerwas examinedwith interscantimes of 1
and5 s. Meaninitial SNRwas32in thefirstand29in the
secondseries(Table1). Elevenstandardsize ROlIswere

Figure 4. Lung image of volunteer 2 and location of ROIs
(see Table 3)
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Table 3. Results of study 2

ROI no. po (mbar) R (mbar/s) 72 (p.d.f) o (degrees)
1 171(18) 2.8(1.4) 0.54 1.7(0.3)
2 163(18) 3.2(1.3) 0.38 1.6(0.2)
3 117(16) 0.1(1.2) 1.14 2.0(0.2)
4 132(17) 0.4(1.4) 0.82 1.6(0.2)
5 150(16) 2.8(1.2) 0.79 1.7(0.2)
6 160(19) 3.4(1.4) 0.50 1.6(0.3)
7 130(16) 1.6(1.2) 1.27 2.0(0.2)
8 134(13) 0.9(1.0) 1.66 1.9(0.2)
9 155(13) 1.9(1.0) 0.92 1.7(0.1)

10 134(13) 2.3(1.0) 0.48 1.9(0.2)

11 163(12) 2.8(0.9) 0.74 1.6(0.2)

12 147(13) 2.1(1.0) 0.25 1.7(0.2)

Mean (standarddeviation) 146(17) 2.0(1.2) 1.7(0.2)

Regionaloxygenpartial pressureo, in volunteer2 (male43years).TheROlsareshownin Fig.
4. ROl sizeis 89 pixel (1.4cm?).

analyzed (see Fig. 5 and Table 4). Means (standard
deviation)of 153(13)mbarfor po and1.6(0.8)mbar/sfor
R were found. The correlation betweenR and pg is
describedoy a valueof r =0.82 (Fig. 3).

Study 4

Two serienf imageswveretakenwith interscartimesof 1
and5s. SNRwasmerely17 and11in thefirstimagesof
each series. The major flaw of this particular double
acquisitionserieswas,however thatthe volunteerfailed
to reproducenertidal volumewith sufficientaccuracyto
satisfy the requirementsof the analysis.Consequently,
the lung imagesand, in particular, the position of the
diaphragm in both series, look very different (for
demonstration,see Fig. 6). Analysis was therefore
restrictedto cranial partsof the lungs,which are hardly
alteredby differentlevelsof inspiration.Within six ROIs
Figure 5. Lung image of volunteer 3 and position of ROIs (seeTable 5), means(standarddeviations)of p and R
(see Table 4) were163(20)mbarand2.3(1.4)mbar/s respectivelythe

Table 4. Results of study 3

ROI no. Po (mbar) R (mbar/s)  7? (p.d.f.) o (degrees)
1 159(10) 1.9(0.6) 0.38 2.2(0.1)
2 159(10) 1.2(0.7) 0.33 1.9(0.1)
3 176(10) 3.1(0.6) 0.92 1.9(0.1)
4 141(09) 1.4(0.6) 1.25 1.9(0.1)
5 156(11) 1.2(0.7) 1.55 2.0(0.1)
6 148(12) 1.1(0.8) 1.77 2.0(0.1)
7 154(10) 1.2(0.6) 0.48 2.1(0.1)
8 129(11) 0.5(0.7) 0.93 2.3(0.1)
9 145(10) 0.9(0.6) 0.94 2.0(0.1)

10 148(09) 1.9(0.6) 1.26 2.0(0.1)

11 167(11) 2.8(0.7) 0.77 1.9(0.1)

Mean (standarddeviation) 153(13) 1.6(0.8) 2.0(0.1)

Regionaloxygenpartial pressurgo; in volunteer3 (female27 years).Datacorrespondo ROIls
in Fig. 5. ROI sizeis 89 pixel (1.4cn?).
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Table 5. Results of study 4

ROI no. po (mbar) R (mbar/s)  #?(p.d.f.) o (degrees)
1 177(22) 2.2(1.6) 0.44 1.5(0.3)
2 188(18) 4.2(1.1) 0.32 1.6(0.2)
3 166(19) 3.2(1.3) 0.84 1.6(0.3)
4 137(22) 0.0(1.5) 1.80 1.8(0.3)
5 165(22) 2.4(1.6) 0.84 1.8(0.3)
6 143(21) 1.8(1.3) 1.34 1.8(0.3)
Mean (standarddeviation) 163(20) 2.3(1.4) 1.7(0.1)

Regionaloxygenpartial pressurgo, in volunteer4 (female24 years) referringto ROIsin Fig. 6.
ROl sizeis 89 pixel (1.4cm?). Cranial ROIs only wereanalyzed.

comparativelylarge uncertaintiegesultingfrom the low
SNR. Since the amountof inspired room air was not
alike, however,intrapulmonarygas compositionwithin
both serieswasdifferent; hence resultsare questionable
(seeSection4).

DISCUSSION

This study of healthy humansubjectsshowsthat *He-
MRI-derived measurementsf regional intrapulmonary
O, andits time courseare well reproducibleif certain
methodologicactriteriaarefulfilled, suchasuseof high-
grade hyperpolarizationaccuratereproductionof *He-
inspirationand breathhold limitation of the analysisto
theinitial 30—35s of a breathholdandthereforea careful
choice of interscantimes. The oxygen concentration
measuredt the beginningof a breathholdpy) is in good
agreementwith alveolar po, valuesdeterminedby the
multiple inert gastechnique(MIGET): Wagneret al.?*
calculatedvaluesfrom 80 to 163 mbarfor normalyoung

Series 1

subjectdbreathingroomair. Onehasto takeinto account,
however that Wagneret al. computesteady-statéevels
of alveolar po, Whereasthe parameterp, of our
techniquereflectsan oxygen partial pressurewhich is
preseninstantaneouslgfterinspirationof freshair. This
explainsthe somewhahigherpg valuesin our study,the
individual meanvaluesof which rangefrom 146to 163
mbar.

The assumptionof a linearly decreasingoxygen
concentrationduring apnea,which is implied in our
method of analysis, may require some discussion.
Contraryto what would be expectedf alveolocapillary
O, transferwere a purely physical processthe rate of
oxygentransferis notproportionalo thealveolocapillary
Poz gradient! Thereasoris thatthe chemicalassociation
between oxygen and hemoglobin occurs sufficiently
slowly to constitutethe main limiting factor in the rate
of O, transferfrom alveolargasinto red bloodcells?? In
other words, O, uptake is perfusion limited and not
diffusionlimited. Therefore after breathingroomair, the
decreaseof poy in the alveolar spacemay be approxi-

Series 2

Figure 6. Initial images of the two series of the double acquisition experiment in study 4. This volunteer did not
reproduce her breath accurately. (Note the different position of the diaphragm in both images.)

Copyrightd 2000JohnWiley & Sons,Ltd.
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matedaslinear, at leastfor the breathholdperiod until
arterial oxygensaturationbeginsto decreas& (beyond
45 s). This conditionwasreadily fulfilled in our healthy
subjectsduring breathholdof lessthan35 s duration.

In such a situation, alveolar po, (about 140 mbar
during air breathing)approacheshe mixed venouspg,
(normal ~53 mbar) within about a minute, if the
breathhold is maintained with the upper airways
occluded® This global rate of about87 mbar/mingiven
in theliteratureis quite closeto theregionalratesof 1.6—
2.3 mbar/smeasuredn our study, which correspondo
96-138 mbar/min. The residual difference may be
explainedby a higherthanbaselineoxygenconsumption
of our young, alert volunteers.It canthus be surmised
that the decreasef the oxygenconcentratiormeasured
by *He-MRI during breathholdin peripheralfull-thick-
nessregionsof interestpredominantlyreflectsperfusion-
driven oxygen uptake into the blood. One additional
factorhowever particularlyin volumesof interestwhich
inadvertentlycontainsignificantfractionsof deadspace,
may be the progressivereplacemenif deadspacayas
(higherpoy) by alveolargas(lower poy). It is knownthat
during breathholding, alveolargasmay mix with dead
spacegasasfar up asthe trached:

The significantcorrelationof pp with the decreaseate
R, whichwe observedmayindicatethelocal matchingof
ventilation and perfusion. Very effective pulmonary
vascular reflexes divert blood flow away (and hence
reduce R) from poorly ventilated regions with low
alveolar po, (and hence,low pg) to well ventilated
regions with high alveolar po, (hypoxic pulmonary
vasoconstrictionHPV).

However,it cannotbe ruled out thatthe correlationis,
at least partly, an artifact of dataanalysis:A steepor
shallowslopeof thelinearfit (i.e. largeor smallR) may
give rise to a large or, respectively,small value of pq.
Therefore the applicationof the fitting routine to noisy
datamay contributeto the observedcorrelation.On the
other hand, a previousin vitro experiment(po> in a
silicone bag)® correctly yielded high values of po
togethemwith zerodecreasei,e. resultsof pp andR were
independentf eachother.Futureexaminationsvill have
to clarify this point.

Flip anglesof studies2—4 are generally consistent,
with little variationbothwithin andbetweersubjectsin
study 1, however,the meanflip angleis smaller,with a
largervariationacrosshe image.Coil loadingis known
to influencethe overall strengthof B, andthusthe mean
flip angle, but has negligible effect on the field
distribution, so the larger fractional variation remains
unexplained.

Experiencefrom this first seriesof human subjects
demonstrateghat the double acquisition methodis a
potentially powerful tool to measureintrapulmonary
oxygen partial pressureevolutions, as long as certain
limitations areobservedAs stressedn Deningeretal.*®
onecrucialfactoris thepolarizationlevel of thegas.The

Copyrightd 2000JohnWiley & Sons,Ltd.

SNR of the lastimageof the ‘long’ series(i.e. the one
with greaterinterscantime) mustbe no lessthan2-3to
permitevaluation.For typical valuesof py, R anda, this
requiresan SNR of about20 or higherin thefirstimage.
If the *He polarizationis low, this cantheoreticallystill

beachievedyy increasingheamountof theHe bolus,but
thatwill alterthestudyvariableitself evermore,whichis
respiratorygascompositionin the lungs.In this context
oneshouldalsoconsiderthat the uncertaintyof any po,
data point is directly proportionalto the SNR of the
correspondingimages. These uncertainties, in turn,
determinethe accuracyof p, and R. Therefore,even
higher nuclearpolarizationsthan in the presentexperi-
mentare desirableif the goal is to clearly resolvevery
small differences,e.g. cranial-caudalgradientsin the
distribution of ventilation and perfusion in healthy
individuals.

Another important issue for the double acquisition
approachis reproducibility of the inspiratory tidal
volume. Numericalsimulationsshowthat a 20% (40%)
variation in this volume (starting from equal lung
volumesafter expiration,e.g.the free residualcapacity)
leads to a relative error of 4-7% (8-14%) for poy,
dependingon the residuallung volume and its oxygen
content.Therearetwo interestingaspectdo this. First, if
the two breathscontainunequalvolumes,calculatedpo,
will be closerto the true po, of the serieswith long
intervals, but values will be not quite correct: if the
inspiredair volumeis largeror, respectivelysmallerthan
in theshortseriespneobtainstoohigh ortoolow avalue.
SecondthedecreaseateR shouldnot be affectedby the
variationin gascomposition,aslong as oxygenuptake
into the blood remainsconstant.Another more general
consequencef pairingnon-identicabreathholdgor po»
analysigs differentstatef lunginflation (seeFig. 6), so
that a ROI definedin a first image seriesmay cover a
differentsegmenbof thelungin the secondseries.

These systematic effects could be eliminated by
performing the entire measurementvithin one single
breathhold. We are currently examining and testing
advancedsamplingstrategiesbasedon variationof both
flip angleandinterscartime within oneimagingseries|f
provensuccessfulthe single acquisitionstrategymight
be superior, especially for studies of patients with
impairedbreathingwherereproducibilityin two separate
serieswill likely be anevenbiggerproblem.

A further limitation of this oxygen measurement
techniqueis the aforementionedassumptiorof a linear
decreasein oxygen partial pressure.This becomes
definitely incorrectif the breathholdis extendedlong
enoughfor po, to reach equilibrium with the mixed
venouso, (about50-55mbar),i.e. afterabout60s. The
imaging sequencehus hasto be completedbeforethis
equilibrium ensueselseeqgs(1) and (3) becomewrong.
This hasnot beenobservedexperimentally from which
we concludethatsaturationvasnotreachedn thestudies
describedhere.
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CONCLUSION

Thestudyconfirmedthat®He MRI offersthe opportunity
of a non-invasiveassessmenof local intrapulmonary
oxygen concentrationsand their time course during
breathholdnaneuversThe methodworkedreproducibly
in this first small seriesof healthyhumanvolunteersand
yielded physiologically plausible results for initial

oxygen partial pressuregy and decreaseaatesR. The
observedcorrelation betweenp, and R may possibly
reflect ventilation-perfusion matching. The current
doubleacquisitionapproachis limited by the difficulty

of reproducingexactly the volume of *He distribution
within the lungsin bothimagingseries.
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