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ABSTRACT: We applied a recently developed method of following the time course of the intrapulmonary oxygen
partial pressurepO2(t) during apnea by3He MRI to healthy volunteers. Using two imaging series with different
interscan times during two breathholds (double acquisition technique), relaxation of3He due to paramagnetic oxygen
and depolarization by RF pulses were discriminated. In all four subjects, the temporal evolution ofpO2 was found to
be linear, and was described by an initial partial pressurep0 and a decrease rateR. Also, regional differences of both
p0 andR were observed. A correlation betweenp0 andR was apparent. Finally, we discuss limitations of the double
acquisition approach. Copyright 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

In the ventilated airspaces of the lungs, the partial
pressure of oxygen is regionally and temporally variable.
This results from differences in ventilation-dependent
oxygen delivery, and perfusion-dependent oxygen uptake
into the blood. Clinicians routinely only measure the
resultantpO2 in mixed expiratory or endexpiratory gas at
the mouth, and in arterial and mixed venous blood (for a
review see Nunn1). From these global measurements,
physiological models allow calculation of compartmental
pO2 values in the lungs. However, those values are only
model predictions for steady-state conditions, not true
pO2 existing at any point and time in the pulmonary
airspace.2 Up to now, pO2 within occluded pulmonary
segments could only be measured by invasive means.3

IntrapulmonarypO2 beyond the level of the bronchi could
not be measured at all.

A promising new approach to accessing the alveolar
space noninvasively lies in MRI of the lungs with
hyperpolarized helium-3. Levels of nuclear polarization
which are up to five orders of magnitude higher than
thermal (Boltzmann) equilibrium are achieved by optical
pumping of3He gas. Inhalation of polarized gas allows
for MR imaging of upper airways,4 the tracheobronchial
system,5,6 and alveolar space.7–9The diagnostic potential
of this method has been demonstrated by various
groups.10–13

The longitudinal relaxation timeT1 of 3He in the lung
is limited to 10–20 s. The key factor is molecular oxygen,
which, via dipolar coupling to the3He nuclei, causes
rapid depolarization14 and hence loss of signal. This has
been exploited by Eberleet al.15 to compute oxygen
concentrations in animal lungs from magnitude3He MR
images. Values sampled from large alveolar regions
correlated well with global endexpiratory measurements
from conventional respiratory gas analysis. In a subse-
quent work, Deningeret al.16 made use of this relaxation
effect to determine the local oxygen partial pressurepO2

in a phantom, a pig and a human volunteer. In order to
distinguish more clearly oxygen-induced relaxation from
depolarization due to radio frequency (RF) pulses, a
double acquisition technique was developed: two series
of images are taken under otherwise identical conditions,
with only one parameter such as RF voltage or interscan
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time beingvariedbetweenseries.A simplecomputation
basedon MR signal analysisyields the time-dependent
pO2. In Deningeret al.,16 the temporalevolutionof pO2

duringapneawasfoundto belinearbothin ananimaland
a singlehumanvolunteer;hence

pO2�t� � p0ÿ Rt �1�
holds,wherep0 is the oxygenpartial pressurepresentat
thebeginningof apnea,andR is thedecreaserate.In the
animalexperiment,arelativeaccuracyof 3%and7%was
found for p0 andR, respectively.

In this paper we report on the application of this
techniqueto a sampleof four healthyhumanvolunteers,
investigatingits reproducibilityandthelimitationsof the
current double acquisition approach.We confirm the
linear approximationof pO2 given by eq. (1), andshow
that theinitial partialpressurep0 andthedecreaserateR
are quantitatively consistent with typical pulmonary
function measurementsin healthy subjects.We also
discussan apparentcorrelationbetweenthe parameters
p0 andR.

EXPERIMENTAL

The productionof polarized3He at the University of
Mainzhasbeenreportedelsewhere.17–19Thepolarized
gasis compressedandstoredin uncoatedvesselsmade
of special iron-free glass (Schott Glas, Mainz,
Germany;volume360–600ml, pressure�3 bar,initial
3He polarization�40%at flow-rate8� 1018 atoms/s).
Transportto the scannertakesplaceinsidea shielded
homogenous0.3mT guiding field. We use a gas
deliverydevice15,16to reproduciblyadministera bolus
of 3He into theinspiratoryairflow. For all experiments
describedhere, bolus volumes of 180–200ml were
placedat the beginningof a normal inspiratory tidal
volume.

Study subjects

With EthicsCommitteeapprovalandinformedconsent,
imagingwasperformedin four healthyhumanvolunteers
(two malesof age24and43years,two femalesof age24
and 27 years).They were positionedsupineinside the
MR scanner,and breathing spontaneously.3He was
administeredvia a mouthpiece.The intrapulmonarygas
volume, in which the volume of 3He was diluted, was
estimatedfrom measurementsof thesubjects’functional
residualcapacityandinspiredtidal volumes,andranged
between3 and 4.5 l. During imaging, an inspiratory
breathhold (7 and 28–35 s for the first and second
imagingseries,respectively)wasmaintainedwith a nose
clampin place.

MR imaging protocol

All experimentswere carried out on a clinical 1.5T
scanner(MagnetomVision, SiemensMedical Systems,
Erlangen, Germany). A dedicated custom-built coil
(FraunhoferInstitut, St. Ingbert, Germany)transmitted
and detectedMR signals. Imaging was performedby
meansof a fast low angleshot (FLASH) gradientecho
sequence with centric reordering, TR= 11ms,
TE= 4.2ms,field of view (320mm)2, acquisitionmatrix
81� 128,andRF excitationamplitude5 V (correspond-
ing to flip angles of �1–2°). In order to suppress
influencesof gasmovement,asinglethick slicecovering
theentirelung(180mmin coronalorientation)wasused.

According to the double acquisition approach
describedin Deningeret al.,16 two imaging serieswith
different interscantimest1, t2 wereperformedfor each
subject,with valuesof t1 = 1 s,t2 = 4 or 5 s,andatotalof
eight consecutivescanseach.

Data analysis

Images were analyzed with the program NMRWin
(German Cancer Research Center, Heidelberg,
Germany).For image analysis,user-definedregionsof
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
cardiogenicmixing. Also, partsof thelungsin which the
projectionimageappearsinhomogeneouswere avoided
(e.g. the basal portions of the lung which contain a
projectionof thediaphragm).

In theseROIs,meansignalintensitieswerecomputed.
In orderto resolvelocal variationsin pO2, which canbe
assumedto be subtlein healthyindividuals,small ROIs
of a uniform sizeof 89 pixel (1.4cm2) werechosen.A
noise correction of signal intensities was performed
following GudbjartssonandPatz.20

The theory of oxygen determinationis describedat
lengthin Deningeret al.16 Briefly, thesignalintensityAn

of the nth image(n = 1, 2, …, 7) is normalizedto the
initial image.Introducingfor simplicity a value

En � ln
An

A0

� �
�2�

the oxygen partial pressurepO2(tn'), presentat times
tn' = n (t1� t2) / 2, is computedvia

pO2�t0n� � p0 ÿ Rt0n � �
En��1� ÿ En��2�

n��2ÿ �1� �3�

Here, x denotesthe inverse proportionality constant
betweenoxygenpartialpressurein barand3Herelaxation
ratein seconds,14 i.e. ÿO2 = pO2 /x. At bodytemperature,
a valueof x = 2.61bar� s is to beused.
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Equation (3) mathematically eliminates flip angle
depolarization.The calculationrelies upon the assump-
tion of an oxygenpartial pressurewhich decreasesin a
linear way during short periodsof breathholding.The
validity of this approximationhasbeendemonstratedin
previousexperiments.16 The time courseof pO2 is thus
characterizedcompletely,at leastearlyduringanapneic
period,by aninitial partialpressurep0 andadecreaserate
R. Oncetheseparametersareknown,theflip anglea can
be computedby correcting the intensities for oxygen
inducedrelaxation.

Surfacerelaxationby lung tissueis not consideredin
this analysis, becausea previous investigation16 has
shownthis effect to be negligible comparedto oxygen
inducedrelaxationandflip angledepolarization.

Errorbarswerederivedaccordingto theempiricallaw

�A/ �Lÿ0:45 �4�

describedin Deningeret al.16 (�: noiselevel of image,
L: ROI sizein pixel).

RESULTS

In all four subjects,image acquisition was completed
successfully and without adverse events. While the
volumeof the3He boluswasreproduciblewithin narrow
limits (�7 cm3, see Table 1), the volume of 3He
distribution in the lung could not be controlled with
similar accuracy,becauseboth the lung volume at the
start of the test inspirationand 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 3He inhalationvary. Therefore,imagesof both
serieswere checkedfor equalappearanceof the lungs
(i.e. sizeof lungs,distributionof intensities,positionof
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 separately for each
subject.

Study 1

The lungs of this volunteerwere imaged with interscan
timesof 1 and5 s,respectively. Theaveragesignal to noise
ratio (SNR)of a singlepixel was38 for thefirst imagesof

Figure 1. Lung image of human volunteer (study 1), and
location of analyzed regions of interest (ROIs). In this
particular case, the trachea is ®lled 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

Table 1. Subject data

3He bolus/ml MeanSNRof 1st image

Studyno. Sex Age Series1 Series2 Series1 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

Figure 2. Exemplary plot of local intrapulmonary oxygen
partial pressure evolution in the lungs of a human volunteer
(study 1). The ROI is situated in the cranial left lung (no. 1 in
Fig. 1)
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eitherseries(seeTable1). Eleven user-definedROIs were
analyzed, the locationof which is shown in Fig. 1.

A typical example of a regional oxygen partial
pressureevolution is depictedin Fig. 2. Valuesof pO2

areplottedasa function of time. The linear decreaseis
apparent.A similar timecoursewasobservedin theother
ROIs, albeit with regional differencesin both initial
pressurep0 andoxygendecreaserateR. Resultsfor p0, R,
thew2 of the linear fit perdegreeof freedom(p.d.f.) and
flip angle a are compiled in Table 2. The mean
(�standarddeviation)of p0 is 153(11)mbar.For R, the
respectivevaluesare2.3(0.7)mbar/s.

Thedataof Table2 showthathigh or low valuesof p0

areoften foundwith, respectively,high or low valuesof
R. Indeed, it is interesting to investigate a possible
correlationbetweenthe two parameters(Fig. 3). Using
linear regressionanalysis,a Pearson’scorrelationcoeffi-
cient of r = 0.78is obtained.

Study 2

Thissubjectwasimagedwith interscantimesof 1 and4 s.

Theinitial SNRof bothserieswas20(Table1),which,in
this case,was attributed to a lower grade of nuclear
polarizationof 3He than in study1. A total of 12 ROIs
wereexamined.Their distributionis given in Fig. 4, and
correspondingresultsare listed in Table 3. The lower
SNR producedlarger error barsand,consequently,less
accuratefitting resultsthanin study1. Mean(SD)values
of p0 and R are 146(17) mbar and 2.0(1.1) mbar/s,
respectively.The correlationbetweenthesevalueswas
evenmorestringentthanin study1 (r = 0.85;seeFig. 3).

Study 3

This volunteerwas examinedwith interscantimes of 1
and5 s.Meaninitial SNRwas32in thefirst and29in the
secondseries(Table1). ElevenstandardsizeROIswere

Table 2. Results of study 1

ROI no. p0 (mbar) R(mbar/s) w2 (p.d.f.) a (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) 1.11 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) 1.31 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 pressurepO2 in volunteer1 (male24 years).The ROIsaredepictedin
Fig.1.Listedarevaluesof initial partialpressurep0, oxygendecreaserateR, w2 p.d.f.of linearfit,
andflip anglea asdeterminedfrom the t = 1 s series.ROI sizeis 89 pixel (1.4cm2).

Figure 3. Correlation of oxygen decrease rate R and initial
partial pressure p0 in studies 1±3. Values of Pearson's
correlation coef®cient are also listed

Figure 4. Lung image of volunteer 2 and location of ROIs
(see Table 3)
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analyzed(see Fig. 5 and Table 4). Means (standard
deviation)of 153(13)mbarfor p0 and1.6(0.8)mbar/sfor
R were found. The correlation betweenR and p0 is
describedby a valueof r = 0.82(Fig. 3).

Study 4

Two seriesof imagesweretakenwith interscantimesof 1
and5 s.SNRwasmerely17 and11 in thefirst imagesof
each series.The major flaw of this particular double
acquisitionserieswas,however,that thevolunteerfailed
to reproducehertidal 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 cranialpartsof the lungs,which arehardly
alteredby differentlevelsof inspiration.Within six ROIs
(seeTable 5), means(standarddeviations)of p0 and R
were163(20)mbarand2.3(1.4)mbar/s,respectively,the

Table 3. Results of study 2

ROI no. p0 (mbar) R (mbar/s) w2 (p.d.f.) a (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(1.1) 1.7(0.2)

RegionaloxygenpartialpressurepO2 in volunteer2 (male43years).TheROIsareshownin Fig.
4. ROI sizeis 89 pixel (1.4cm2).

Table 4. Results of study 3

ROI no. p0 (mbar) R (mbar/s) w2 (p.d.f.) a (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)

RegionaloxygenpartialpressurepO2 in volunteer3 (female27 years).Datacorrespondto ROIs
in Fig. 5. ROI sizeis 89 pixel (1.4cm2).

Figure 5. Lung image of volunteer 3 and position of ROIs
(see Table 4)
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comparativelylargeuncertaintiesresultingfrom the low
SNR. Since the amountof inspired room air was not
alike, however,intrapulmonarygascompositionwithin
bothserieswasdifferent;hence,resultsarequestionable
(seeSection4).

DISCUSSION

This study of healthy humansubjectsshowsthat 3He-
MRI-derived measurementsof regional intrapulmonary
O2 and its time courseare well reproducibleif certain
methodologicalcriteriaarefulfilled, suchasuseof high-
gradehyperpolarization,accuratereproductionof 3He-
inspirationand breathhold,limitation of the analysisto
theinitial 30–35sof abreathhold,andthereforeacareful
choice of interscan times. The oxygen concentration
measuredat thebeginningof a breathhold(p0) is in good
agreementwith alveolar pO2 valuesdeterminedby the
multiple inert gastechnique(MIGET): Wagneret al.21

calculatedvaluesfrom 80 to 163mbarfor normalyoung

subjectsbreathingroomair. Onehasto takeinto account,
however,that Wagneret al. computesteady-statelevels
of alveolar pO2, whereas the parameter p0 of our
techniquereflectsan oxygen partial pressurewhich is
presentinstantaneouslyafterinspirationof freshair. This
explainsthesomewhathigherp0 valuesin our study,the
individual meanvaluesof which rangefrom 146 to 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 expectedif alveolocapillary
O2 transferwere a purely physicalprocess,the rate of
oxygentransferis notproportionalto thealveolocapillary
pO2 gradient.1 Thereasonis thatthechemicalassociation
between oxygen and hemoglobin occurs sufficiently
slowly to constitutethe main limiting factor in the rate
of O2 transferfrom alveolargasinto redbloodcells.22 In
other words, O2 uptake is perfusion limited and not
diffusionlimited. Therefore,afterbreathingroomair, the
decreaseof pO2 in the alveolar spacemay be approxi-

Table 5. Results of study 4

ROI no. p0 (mbar) R (mbar/s) w2 (p.d.f.) a (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)

RegionaloxygenpartialpressurepO2 in volunteer4 (female24years),referringto ROIsin Fig.6.
ROI sizeis 89 pixel (1.4cm2). CranialROIsonly wereanalyzed.

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.)
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matedas linear, at least for the breathholdperiod until
arterial oxygensaturationbeginsto decrease23 (beyond
45 s). This conditionwasreadily fulfilled in our healthy
subjectsduringbreathholdsof lessthan35 s duration.

In such a situation, alveolar pO2 (about 140 mbar
during air breathing)approachesthe mixed venouspO2

(normal �53 mbar) within about a minute, if the
breathhold is maintained with the upper airways
occluded.1 This global rateof about87 mbar/mingiven
in theliteratureis quitecloseto theregionalratesof 1.6–
2.3 mbar/smeasuredin our study,which correspondto
96–138 mbar/min. The residual difference may be
explainedby a higherthanbaselineoxygenconsumption
of our young,alert volunteers.It can thus be surmised
that the decreaseof the oxygenconcentrationmeasured
by 3He-MRI during breathholdin peripheralfull-thick-
nessregionsof interestpredominantlyreflectsperfusion-
driven oxygen uptake into the blood. One additional
factorhowever,particularlyin volumesof interestwhich
inadvertentlycontainsignificantfractionsof deadspace,
may be the progressivereplacementof deadspacegas
(higherpO2) by alveolargas(lower pO2). It is knownthat
during breathholding, alveolargasmay mix with dead
spacegasasfar up asthe trachea.1

Thesignificantcorrelationof p0 with thedecreaserate
R, whichweobserved,mayindicatethelocalmatchingof
ventilation and perfusion. Very effective pulmonary
vascular reflexes divert blood flow away (and hence
reduce R) from poorly ventilated regions with low
alveolar pO2 (and hence, low p0) to well ventilated
regions with high alveolar pO2 (hypoxic pulmonary
vasoconstriction,HPV).

However,it cannotberuledout that thecorrelationis,
at least partly, an artifact of data analysis:A steepor
shallowslopeof the linearfit (i.e. largeor smallR) may
give rise to a large or, respectively,small value of p0.
Therefore,the applicationof the fitting routine to noisy
datamay contributeto the observedcorrelation.On the
other hand, a previous in vitro experiment(pO2 in a
silicone bag)16 correctly yielded high values of p0

togetherwith zerodecrease,i.e. resultsof p0 andR were
independentof eachother.Futureexaminationswill have
to clarify this point.

Flip anglesof studies2–4 are generally consistent,
with little variationbothwithin andbetweensubjects.In
study1, however,the meanflip angleis smaller,with a
largervariationacrossthe image.Coil loadingis known
to influencetheoverall strengthof B1 andthusthemean
flip angle, but has negligible effect on the field
distribution, so the larger fractional variation remains
unexplained.

Experiencefrom this first seriesof human subjects
demonstratesthat the double acquisition method is a
potentially powerful tool to measureintrapulmonary
oxygen partial pressureevolutions,as long as certain
limitationsareobserved.As stressedin Deningeret al.16

onecrucial factoris thepolarizationlevel of thegas.The

SNR of the last imageof the ‘long’ series(i.e. the one
with greaterinterscantime) mustbe no lessthan2–3 to
permitevaluation.For typical valuesof p0, R anda, this
requiresanSNRof about20 or higherin thefirst image.
If the 3He polarizationis low, this cantheoreticallystill
beachievedby increasingtheamountof theHebolus,but
thatwill alterthestudyvariableitself evermore,which is
respiratorygascompositionin the lungs.In this context
oneshouldalsoconsiderthat the uncertaintyof any pO2

data point is directly proportional to the SNR of the
corresponding images. These uncertainties, in turn,
determinethe accuracyof p0 and R. Therefore,even
higher nuclearpolarizationsthan in the presentexperi-
ment are 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
approach is 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 pO2,
dependingon the residuallung volume and its oxygen
content.Therearetwo interestingaspectsto this.First, if
the two breathscontainunequalvolumes,calculatedpO2

will be closer to the true pO2 of the serieswith long
intervals, but values will be not quite correct: if the
inspiredair volumeis largeror, respectively,smallerthan
in theshortseries,oneobtainstoohighor toolow avalue.
Second,thedecreaserateR shouldnotbeaffectedby the
variation in gascomposition,as long asoxygenuptake
into the blood remainsconstant.Another more general
consequenceof pairingnon-identicalbreathholdsfor pO2

analysisis differentstatesof lunginflation(seeFig.6), so
that a ROI definedin a first imageseriesmay cover a
different segmentof the lung in thesecondseries.

These systematic effects could be eliminated by
performing the entire measurementwithin one single
breathhold. We are currently examining and testing
advancedsamplingstrategies,basedon variationof both
flip angleandinterscantimewithin oneimagingseries.If
provensuccessful,the single acquisitionstrategymight
be superior, especially for studies of patients with
impairedbreathing,wherereproducibilityin two separate
serieswill likely beanevenbiggerproblem.

A further limitation of this oxygen measurement
techniqueis the aforementionedassumptionof a linear
decreasein oxygen partial pressure.This becomes
definitely incorrect if the breathholdis extendedlong
enough for pO2 to reach equilibrium with the mixed
venouspO2 (about50–55mbar),i.e.afterabout60s.The
imaging sequencethus hasto be completedbeforethis
equilibrium ensues,elseeqs(1) and(3) becomewrong.
This hasnot beenobservedexperimentally,from which
weconcludethatsaturationwasnotreachedin thestudies
describedhere.
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CONCLUSION

Thestudyconfirmedthat3HeMRI offerstheopportunity
of a non-invasiveassessmentof local intrapulmonary
oxygen concentrationsand their time course during
breathholdmaneuvers.Themethodworkedreproducibly
in this first smallseriesof healthyhumanvolunteersand
yielded physiologically plausible results for initial
oxygen partial pressuresp0 and decreaseratesR. The
observedcorrelation betweenp0 and R may possibly
reflect ventilation-perfusion matching. The current
doubleacquisitionapproachis limited by the difficulty
of reproducingexactly the volume of 3He distribution
within the lungsin both imagingseries.
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