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Abstract
(Hansen K, HansenESS, Tolbod LP, Kristensen MC, Ringgaard S, Brubakk AO, PedersenM. A CT-, PET- and MR-
imaging-compatible hyperbaric pressurechamber for baromedical research.Diving and Hyperbaric Medicine. 2015
December;45(4):247-254.)
Objectives: We describe the development of a novel preclinical rodent-sized pressurechamber systemcompatible with
computed tomography (CT), positron emission tomography (PET) and magnetic resonanceimaging (MRI) that allows
continuousuncompromisedandminimally invasivedataacquisition throughout hyperbaricexposures.Theeffect of various
pressureson theacquired image intensity obtained with different CT, PET andMRI phantomsarecharacterised.
Material andmethods:Tissue-representativephantommodelswereexaminedwith CT, PETor MRI atnormobaric pressure
andhyperbaric pressuresup to1.013mPa.The relationships betweentheacquired imagesignals andpressurewereevaluated
by linear regressionanalysis for eachphantom.
Results:CT andPETshowednoeffect of pressureperse,exceptfor CT of air, demonstratinganincreasein Hounsfield units
in proportion to the pressure.For MRI, pressurisation induced no effect on the longitudinal relaxation rate (R1), whereas
the transverserelaxation rate (R2) changedslightly. The R2 data further revealedanassociation betweenpressureand the
concentrationof theparamagneticnuclei gadolinium, thecontrastagentusedto mimic different tissuesin theMRI phantoms.
Conclusion:This study demonstratesa pressurechamber systemcompatible with CT, PET and MRI. We found that no
correction in imageintensity wasrequiredwith pressurisationup to 1.013mPafor any imaging modality. CT, PET or MRI
canbeusedto obtain anatomical andphysiological information from pressurisedmodel animals in this chamber.
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Introduction

Computedtomography(CT), positron emissiontomography
(PET) and magnetic resonance imaging (MRI) are
routinely used to visualise internal morphology and
quantify basic physiological parametersnon-invasively.
While CT visualises particularly hard tissues, MRI can
visualise soft tissue anatomy and is capable of measuring
certain physiological parameters and metabolites. PET
uses synthesized, radiolabelled tracers, which mimic
endogenousbioactive species,to examinespecific metabolic
processes.Combination of such imaging systems and
pressure chambers has the potential to non-invasively
investigate fundamental structural, physiological and
metabolic processesin the acutephasesof compression and
decompression:stagesin experimental barometric research
studieswhich havetraditionally beenvery challenging due
to the limited accessibility to the model animal inside the
pressurechamber.

Specialised chambershavebeenconstructed for preclinical
and animal research,1,2 but these systems unfortunately
are incompatible with most medical imaging systems.
Recently a commercial manufacturer has introduced a
preclinical MRI-compatible pressurechamber,availableup

to a relatively low pressure.3 We describe a simple, cost-
effective, imaging-compatible pressurechambersystemthat
facilitates simultaneousCT, PETand/orMRI of rodentsover
arangeof pressuresfrom 101.3 kPato1.013mPa(equivalent
to 90 metres’ seawater (msw)).

Materials andmethods

CONSIDERATIONS

Materials usedfor pressurechambersystemsshould comply
with basicCT, PETandMRI physicsrequirements.In short,
becauseCT usescharacteristic X-ray attenuation to create
shadow images of the traversing radiation (photons), the
materials used should neither block nor scatter the X-ray
radiation. Similarly for PET, the characteristic 511 keV
photonsemittedfrom thesiteof positron annihilation should
traverse the chamber material readily. On the other hand,
MRI systemsuseextremely strong magneticfields together
with powerful radiofrequency pulsesto produce an image
that is dependenton the distribution of hydrogen in the
body, so the material must be completely non-magnetic,
non-electrically conductive, and not disturb the emitted
radio frequencies.
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DESIGN

Figure 1 showsaschematic drawing of the pressurechamber
system.The non-magnetic pressurechamber is positioned
inside the scanner andconnected to an automated pressure
control devicethat, for usein MRI, mustbelocatedoutside
the scanner room. PVC rods, PVC union flanges and
acetal-basedsnap-in pneumatic plugs used for the system
were purchasedCE-certified for working pressuresup to
1.621 mPa.A PVC-union flange wasmounted to eachend
of the 400 mm long PVC-rod (internal/external diameter:
100/110 mm) using PVC glue. Transparentpolycarbonate
plate (thickness 15 mm) wascut to precisely fit the recess
inside a threaded union-flange-cap, thereby aiding asend
plates compressing the axially positioned O-ring seals in
the union-flanges. Before use,the systemwassafety tested
through multiple pressurisations to double the intended
working pressure(to 2.026 MPa). Additional component
details are included in the Figure 1 legend.

PRESSURISATIONAND INSTRUMENTATION

Compressedatmospheric gas (air) was delivered through
flexible polyamide hoses,connectedto thecontrol unit and
pressure chamber through snap-in pneumatic plugs. Two
hoseswere fitted to the pressure chamber, one in either
endto ensureefficient gasexchangeandto avoid excessive
carbondioxide (CO2) build upduring ananimal experiment.
Accordingly, chalk scrubbers inside the pressurechamber

could beusedto removeCO2 further in animal experiments.
Pressure-tight penetrationsallowed insertion of fibr optic
pressure and temperature probes. Further, PE-hoses
were usedto construct a circulating water-loop, allowing
temperature feedback regulation (this option wasnot used
during phantomscans).Thepressureandtemperatureinside
thechambermaybecontrolled remotely from thescanner’s
control room.An automatedpressure-controlunit wasbuilt
to ensure reproducible pressureprofiles while scanning,
using LabVIEW 2013software (National Instruments).

SCANNING PROCEDURESAND PHANTOMS

Theeffect of hyperbaric conditions ontheacquiredCT, PET
andMRI imageswere investigated using phantommodels.
Individual phantomswerescannedmultiple times including
initial scansatnormobaric pressure(101.3 kPa)outside the
pressure chamber, followed by normobaric scans inside
the pressurechamber.Additional scanswere performed at
pressuresof 203, 405, 608, 810 kPa,1.013 mPa,andafinal
scanafter a short decompressionperiod.

CT

Thephantomswerehomogeneouscylindrical material rods
(length 5 cm, diameter 2 cm) of acrylic, polypropylene,
polyethylene, teflon or bone, immersed in sterile water.
Two vials containing demineralisedwaterandair inside the
pressure chamberwere also used asphantoms.

Figure 1
Systemoverview; 1 – imaging system(CT, PET or MRI); 2 – imaging compatible pressurechamber;3 and4 – pressureandtemperature
sensors(optical technology); 5 –optical fibre extensioncables(10 mlong); 6 –flexible high-pressurepolyamide pneumatictubing (Ø/ø:
4/6 mm, 10m long) connectedto pressurechamberandpressurecontrol unit through acetal-basedsnap-in pneumatic plugs; 7 –Pressure-
tight cableandcatheterpenetrations;8–optical to digital signal converter;9–A/D converter;10–sensoroutput interface; 11 – interface
for solenoidvalvecontrol; 12–proportional solenoidvalve for gas-inlet; 13–plungervalve for gas-outputcontrol; 14–pressurereducing
valve (displaying safety redundancy; hence, the inlet pressureis reducedwell below the pressurelimits of the system components);
15 – compressedgascylinder (allows the useof any premixed gasmixture); 16 – computer system(for pressureprofile execution and
dataacquisition through various third-party softwareproviders). Full details of thespecific equipmentusedis availablefrom the authors.
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PET

Two vials (PET phantomA, PET phantom B) containing
35mL demineralisedwaterwith initial radioactivegamma-
activities of 40 and 80 kBq·mL-1 respectively provided by
addition of the PETtracer 18Fluorodeoxyglucose.

MRI

A gadolinium (Gd)-containing contrast agent
(279.3mgGd·mL-1, Dotarem)wasdissolvedin demineralised
water in concentrations of 0, 0.5, 1.0 and 2.0 mM, and the
solutions weredegassedbyheating to 80OCin anultrasound
device for 120 min. This processprovoked nucleation of
dissolved gas,which could beremovedby applying vacuum
using gastight syringes pulled hard to provoke further
nucleationafter cooling to roomtemperature.Anyvisible gas
inside the syringes wascarefully removed.MRI phantoms
werekept in filled, airtight vials to avoidgasexchangewith
the surroundings. The MRI phantoms were kept at room
temperature(21OC) during the study period.

IMAGING SYSTEMSAND ACQUISITION PROTOCOL

CT

GEMedical Systems(Discovery 690®). Rotation time: 0.5s,
energylevel 120kV, tubecurrent: 200mA, slice thickness:
1.25mm, slice spacing:0.63mm, feed/rotation: 39.38mm.

PET

GE Medical Systems (Discovery 690®). Scanning
time: 3 min, number of slices: 47, image matrix size:
1.82 × 1.82 × 3.27 mm3. Imageswere reconstructed using
theVuePoint HD SharpIRalgorithm (3 iterations, 24subsets,
4 mm 2D Gaussianpost filter in the transaxial plane anda
3-pointconvolutionaxialfilter (‘light’ filter [1, 6,1]/8))with
standardCT attenuation and scattercorrection.

MRI:

T SiemensMRI system(Magnetom Skyra®). The pressure
chamber fitted exactly into a 32-channel transmit/
receive knee radiofrequency coil. For R1 measurements,
a Look-Locker approach (inversion-recovery True-
FISP sequence) with 288 inversion-times was used,
whereas a spin-echo sequencewith 16 echo times (TE)
(40–640 ms) was used for R2 measurements.R1 protocol:
scanning time: 3:23 min, resolution matrix: 80 × 44,
FOV: 153× 84mm2, slice thickness:7mm, repetition time:
3.12ms,TE:1.35msec,flipangle:5°.R2 protocol:scanningtime:
2:50min, resolutionmatrix: 64× 41,FOV:75× 75mm2,slice
thickness:7.0mm,repetition time: 4000ms,TE: 40–640ms.

DATA ANALYSISAND STATISTICS

Image analyseswere performed with the OsiriX software
(version 5.5.1, 64-bit). Statistical analyseswereperformed
in STATA 12.0 and PRISM 6. Linear regressionanalysis
was used to test the null hypothesis that pressure per se
hadno significant effect on the imagesignal. CT andMRI
analyseswere performed on raw data,while PETdatawere
normalised before analysis becausethe datawere obtained
overthreeindividual acquisitions,which resultedin slightly

Figure 2
Representative results from CT scans of phantoms, teflon
(A), and air (B), respectively; scans were performed at
normobaric pressureboth outside and inside the pressurechamber
101.3 kPa and at various pressures between 203 kPa and 1.013
MPa; values are the relative % differences from normobaric
values inside the pressure chamber (mean ± SD), n-values as
in Table 1. The slope of the regression for Teflon phantom was
not significantly different from zero, whereas the slope of the
air regression (B) was (N.B. these slopes are calculated from
the percentage change of HU with pressure, whereas slopes
reported in Table 1 are calculated directly from HU- values).
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different individual phantom-activities.ThePETsignalwas
corrected for radioactive decay.

A linear regression analysis was used to test whether the
slope (the derivative of image intensity versus pressure)
wassignificantly different from zero.Equation[1] describes
the linear relationship for CT, Eq. [2] is for PET, andEq.
[3] is for MRI, assumingthat different Gd-concentrations
representvarious magnetic relaxation properties of tissues:

HU(P) = HU0(P=101 kPa, Phantommaterial) + κ′ × P [1]

Activity(P) = A0(P=101kPa)+ κ′ × P′′ [2]

R1,2(P,[Gd])= R1,2(P=101kPa,[Gd]=0)+ r1,2(P)× P+ r1,2([Gd]) ×[Gd] [3]

Figure 4
MRI scansusing (A) T1- and (B) T2-weighted sequencesof
four degassedGd-based phantoms (R1 = T1

-1, R2 = T2
-1); scans

were performed at normobaria both outside and inside the
chamber. Values are relative % differences from normobaric
values obtained of phantoms inside the chamber (mean ± SD);
all four phantoms were scannedat equal pressure(s) (white and
grey areasindicate constant pressureequivalent to tick markings
below) but data points have beennudged to avoid superimposed
points; refer to Table 3 for regressioncoefficients and n-values.

whereP is total pressurein units of kPa,andκ′ and κ′′ are
specific material constantsreflecting thematerial density to
electromagnetic radiation for CT andPET, respectively.R1
andR2arethelongitudinal andtransversalproton relaxation
rates,r1(P) andr2(P) arelongitudinal andtransversalpressure-
specific relaxivity constants,and r1([Gd]) and r2([Gd]) are the
longitudinal and transversal Gd (paramagnetic)-specific
relaxivity constants(where relaxivity denotesa changein
relaxation per changein pressureor [Gd], respectively).

Results

We observed that pressure changeshad no visible effects
(e.g., noise or artefacts) on anyphantom.The CT-measured
HU for the teflon phantom was slightly reduced inside
the pressure chamber compared to outside the chamber at
normobaricconditions (Figure 2A). This is consistentwith

Figure 3
PETscansof two 18Fluorodeoxyglucose-basedsolutionswith initial
activities of 40 (A) and80 kBq·mL-1 and (B), respectively; scans
wereperformed at normobaric pressureboth outside andinside the
chamber.Valuesarerelative % differences from normobaric values
inside the chamber(mean±SD); n-valuesasreported inTable 2; the
slopesof theregressionswerenot significantly different from zero.
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werenot significantly different from zero.

For MRI, the longitudinal relaxivity (r1) of Gd-phantoms
of 0.0, 1.0, and 2.0 mM were not significantly affected
by pressure, whereas the 0.5 mM phantom, in contrast,
was significantly affected by -0.000037 ± 0.000015 s-1 ×
kPa-1 (mean± SEM) (t = -2.98, P = 0.005; Table 3). The
transversal relaxivity (r2) of the Gd-phantoms were all
slightly, butnot significantly, affectedby pressure(maximal
effect was found for the 2.0 mM; -0.00019 ± 0.00006 s-1

× kPa-1 (mean± SEM), t = -3.13, P = 0.004; Table 3). The
MRI relaxivities wereplotted against[Gd] (Figure 5), and

MRI phantoms[Gd] Relaxivity(±SEM) Test values R2

r1 0 mMol -0.0000049 ± 0.0000024 t = -2.01, P = 0.052 0.11
0.5 mM -0.000037 ± 0.000015 t = -2.98, P = 0.005* 0.21
1.0 mM -0.0000192 ± 0.00002 t = -0.96, P = 0.343 0.03
2.0 mM -0.0000413 ± 0.000055 t = -0.75, P = 0.457 0.02

r2 0 mM -0.0000072± 0.0000011 t = -6.68, P < 0.001* 0.57
0.5 mM -0.00004 ± 0.0000098 t = -4.08, P < 0.001* 0.33
1.0 mM -0.000085 ± 0.000029 t = -2.98, P = 0.005* 0.21
2.0 mM -0.00019 ± 0.00006 t = -3.13, P = 0.004* 0.22

Table 3
MRI of Gd-phantoms scanned during pressurisation (101–1,013 kPa); the pressure specific relaxivities (r1 and r2,
s-1 × kPa-1, respectively) were established through linear regression analysis of pressurised degasedphantoms, i.e., the
r1,2 corresponds to changes in R1,2 per change in kPa. The number of MRI-scans for all phantoms (in both r1 and r2)
at each individual pressure were (kPa/n-value): 101(outside)/6, 101(inside)/6, 203/6, 405/6, 608/6, 811/6 and 1013/6.

CT beam hardening causedby the PVC material used to
construct thepressurechamber.Thebeamhardeningartefact
was,however, too small to haveanymeasurableeffect on the
attenuation- andscatter-corrected PET images(Figures 3A
and 3B). No magnetic inhomogeneity or RF disturbances
wereobservedin the MRI data(Figures 4A and4B).

Thesquaredlinear regressioncoefficient (R2) varied greatly
(range 0.001–0.99, Tables 1 and 2). We found very little
effect of pressureon the signal obtained using the three
imaging modalities. Representative graphs showing the
acquired signal relative to the signal obtained inside the
pressurechamber at normobaric pressure; CT (Figure 2A
and2B), PET (Figures 3A and3B) andMRI (Figures 4A
and4B). Theslopesof the linear regressionsfor theCT and
PETdatawerenotsignificantly different from zero,with the
exception of the slope of CT scansof air, demonstrating a
slopeof 0.0107± 0.0008HU × kPa-1;significantly different
from zero (t = -13.64, P < 0.01; Table 1). The slopes for
CT phantomsin Table 1 werecalculateddirectly from HU
values,whereastheslopesin Figure 2 werecalculated from
thepercentagechangeof HU with pressureandaccordingly
differ slightly from thevaluesin Table 1. Linear regression
analysis of PET phantoms scannedduring pressurisation

CT phantoms Regression Test values Intercept Test values R2

(slope± SEM) (slope) (HU units ± SEM) (intercept)
Teflon -0.0013 ± 0.0035 t = -0.38, P = 0.71 1390.07± 2.10 t = 661.53, P < 0.01 0.008
Bone -0.0007 ± 0.0024 t = -0.30, P = 0.77 940.63 ± 1.43 t = 656.37, P < 0.01 0.005
Polypropylene -0.0010 ± 0.0017 t = -0.59, P = 0.57 -98.10 ± 0.99 t = -98.68, P < 0.01 0.02
Acrylic 0.0005 ± 0.0021 t = 0.22, P = 0.83 123.39± 1.24 t = 99.90, P < 0.01 0.003
Polyethylene 0.0001 ± 0.0012 t = 0.08, P = 0.94 -85.33 ± 0.71 t = -119.77, P < 0.01 0.0004
Water 0.0008 ± 0.0013 t = 0.59, P = 0.56 -1.32 ± 0.79 t = -1.66, P = 0.107 0.012
Air 0.0107 ± 0.0008 t = 13.64, P < 0.01 -977.48 ± 0.46 t = -2126.35, P < 0.01 0.89

Table 1
Linear regressionanalysis of CT phantomsscannedduring pressurisation (101.3–1,013 kPa); intercept valuesarematerial-specific

Hounsfield Units; the numberof CT scansat eachindividual pressurewere (kPa/n-value):
101(outside)/8, 101(inside)/4, 203/3, 405/3, 608/3, 811/3, and1013/2.

PET Regression Test values R2

phantom slope (± SEM) (slope)
A 0.00005± 0.00003 t = 1.47, P = 0.16 0.12
B 0.00003± 0.00002 t = 1.25, P = 0.23 0.09

Table 2
Linear regression analysis of PET phantoms scannedduring
pressurisation were not significantly different from zero; scans
at individual pressureswere (kPa/n-value): 101(outside)/8,
101(inside)/4, 203/3, 405/3, 608/3, 811/3, and 1013/2.
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linear regressionswere performed to test for interactions
betweenpressuresperseandtheconcentration of gadolinium.
There wasno significant interaction betweenpressureand
[Gd] for longitudinal relaxivity (-1.40×10-5 ± 9.86×10-6 s-1

× kPa-1 × [Gd]-1 (mean ± SD), F = 2.01, P = 0.29,
R2=0.50), whereasasignificant interaction onthetransversal
relaxivity resulted in a regression slope of -9.157×10-5

± 5.772×10-6 s-1 × kPa-1 × [Gd]-1 (mean± SD), F = 251.7,
P = 0.0039,R2 = 0.99 (Figure 5).

Discussion

Theaim of this study wasto developaCT-, PET-andMRI-
compatible hyperbaric pressure chamber system and to
quantify theeffect of pressureperseover arangeof pressures
up to 1.013 MPa on the acquired signals in appropriate

tissue-representative phantoms. We found that changesin
pressurehadno important influence on the image signals.

Recent studies using imaging-based systems in the
investigation of diving-related symptomsof decompression
sickness (DCS), have mainly included scansperformed
after pressure exposures, either acutely4,5 or days, month
or years after pressureexposure(s).6–10 CT, PET and MRI
could be usedduring the hyperbaric or hypobaric period
if the pressurechambermaterials comply strictly with the
underlying physics of the scannersystems.Today, imaging
compatible pressurechambersystemshaveonly beenusedin
afew studies; two studiesof hyperbaric oxygen (maximum
pressurisation to 405 kPa) and one for CT examination of
lung compression in seal and dolphin cadavers (using a
water-filled systempressurisedup to 1.220 mPa).11–13

With CT, there is a beam-hardeningeffect resulting from
absorption of low-energy X-rays in the pressurechamber
material, with theeffect that only the higher energiesof the
X-ray spectrum are traversing the pressure chamber and
internal objects. Accordingly, theseX-rays also penetrate
the scannedobject more easily, resulting in a small but
evidentHU-shift asdemonstratedin Figure 2.14,15 However,
any contributing effects on the image signal induced by
the pressure chamber itself are only problematic when
comparing the signal acquired from objects outside the
chamber with the acquired signal of the phantom inside
the chamber. All data obtained from the CT phantoms
(Table 1) were statistically unaffected by elevatedpressure
with the exceptionof air. The increasein X-ray density in
the pressurisedair correspondedto the linear increasein air
density with pressure(Table 1).

Changesinpressuredid notsignificantly affect thePET signal
obtained from the two solutions of 18Fluorodeoxyglucose
(Table 2 and Figure 3) and no important artefacts were
induced by the pressurechamber system.

For MRI, the use of degasseddistilled water phantoms
at 21OC revealed a non-significant effect of pressure
with a slightly negativelongitudinal relaxivity (Table 3,
Figure 4A). Note, however,that therelaxation propertiesof
watermoleculesdependontheapplied magneticfield. In this
study, we usedamagnetic field strength of 3 Tesla, andthe
resulting T1-relaxation (1/T1 =R1) of degassedphantomsat
normobaric pressurewas1988± 7.3 ms(mean± SEM; data
not shown).Using atemperaturecorrection of distilled water
at3T of 0.106s×OC-1 (SEM: 0.009s×OC-1)16, ourmeasured
relaxation rate of 0.27 s-1 (calculated from the formula:
1.988 s + 16OC × 0.106 s × OC-1) is comparable to values
obtained in degasseddistilled water phantoms at 37OC of
0.21 s-1 and 0.22 s-1 respectively on a 1.5 T system.17,18 In
the four Gd-containing solutions used, only the 0.5 mM
phantomresultedin aregressionslopesignificantly different
from zero.The transversalrelaxivity (r2) wassignificantly
reducedby pressurefor all four Gd-phantoms, apparently

Figure 5
A possible interaction between pressure (kPa) and [Gd]
was evaluated by plotting longitudinal (A) and transversal
(B) pressurespecific relaxivities (i.e., r1 and r2 values from
Table 3) against [Gd]; the slope of r2 was significantly
different from zero, whereas the slope of r1 was not.
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with an impact increasing proportionally with pressure
(Table 3, Figure 4B). This finding is apparent from a
graphical plot that shows the pressure-specific transversal
relaxivity (r2, s-1 × kPa-1)asa function of Gd-concentration
(Figure 5B), demonstrating a negative regression
significantly different from zero (Figures 4B and 5B).

Gaseousoxygen, unlike most other gases,is paramagnetic
dueto its two unpairedelectronsand,thus, it hasthepotential
to affect themagneticpropertiesof water in anMRI system
in terms of R1 and R2.19 The intermediate dipole-dipole
interactions of oxygen moleculeswith protons should add
a linearly dependentcontribution to the relaxation rate
in accordancewith Solomon-Bloembergen equations.20

Therefore, the method of degassing the Gd-phantoms in
this study should be addressed.According to one study,
10–20%of the liquid is neededto evaporateduring boiling
under high vacuum to degasa solvent completely.21 As
describedearlier, anothermethodwasemployedin this study
for practical reasons.Therefore, there could havebeenair
(including oxygen) dissolved in the Gd-phantoms,having
a potential contribution to both R1 and R2. Accordingly,
minor differences in oxygenation between the phantoms
could explain why the relaxivity of the 0.5 mM phantom
was significantly modified by pressure,while the 0, 1.0
and 2.0 mM Gd-phantoms were not. Besides, because
the T2-weighted sequencesare inherently susceptible to
fluctuations in the magnetic field, diamagnetic gaseous
oxygen leftovers from an incomplete degassingcould
explain why the transversal relaxivity is significantly
affected by pressurisation for all phantoms.

Theresults from thephantomscanssuggestthat Eq. [1] and
[2] may bediscardedwith the exceptionof CT imaging of
compressible gases.In MRI, we found that an additional
second-orderterm maybeincluded for theR2 relaxation rate,
andEq. [3] for R2should bemodified asfollows:

R2(P,[Gd]) = R2(P= 101kPa, [Gd] = 0) + r2(P) × P + r2([Gd]) × [Gd]

+ r2′ × [Gd] × P [4]

Where r2′ is the first-order relaxivity constant for the
combined pressure and gadolinium-concentration term.
However, becausethecontribution of the pressure-modified
transversalrelaxivity to theresulting transversalrelaxation is
extremelysmall relative to thecontribution from the imaged
tissue(or phantomGd-concentration), for pressuresrelevant
to baro-physiologic and medical research, we believe
that contributions from higher-order terms are small, and
Eq. [3] would beapreciseapproximation to the transversal
relaxation rate.

We found that no correction in image intensity was
required for CT, PET or MRI up to a pressure of
1.013mPa;that is, therewerenegligible effects of pressure
perseonthesignalsobtained.However, for MRI, thesignal

modification associatedwith increasing oxygen tension of
bloodandtissueswith pressuremustbeconsideredcarefully.
Thesefindings representa fundamental paradigm shift in
barometric research,moving from imaging measurements
before/after the pressurisation cycles to measurements
performed during compression anddecompression.

The described system could be useful for studies of
physiological processesin live animals. However, some
challengesremain. In particular, to avoidedartifacts from
movement,it is crucial that the animal staysperfectly still
throughout the entire duration of ascan.However, because
animalscanrarely be trained to lie still for the duration of
even shorter scans, anesthesia is often needed. Because
CT, PET or MRI scansare not painful/harmful on their
own, it is advantageousto useonly very light anesthesia;
especiallyduring acquisitionof physiological datathat might
be modified by anesthesia.It is beyond the scope of this
study to discusspotential anesthesiamethods, but we have
promising preliminary experiencefrom rodentexperiments
using intraperitoneal bolus injections of barbiturates
(pentobarbiturate; 50 mg·kg-1) prior to pressureexposures.
Furthermore, by fitting cannulas through pressure-tight
cablepenetrationsit is possibleto infusefluids, providing a
convenientroutefor administration of drugsandwithdrawal
of blood.

Conclusion

In conclusion, this study demonstratesa pressurechamber
system compatible with CT, PET and MRI to collect
morphological and physiological data non-invasively.
Implementation of these advanced in-vivo imaging
techniques in barometric research will provide new
insights into fundamental mechanismsassociatedwith
acute direct and indirect effects of pressure exposure,
including characterisation of haemodynamic effects and
metabolic consequencesin various tissues.Weenvisagethat
the described system could be of value for studies of the
biological effectsof gasesinvariousfields, including: general
anaesthesia;22inert gasnarcosis;23–25 oxygen toxicity;26 gas
poisoning (e.g., cyanideandcarbonmonoxide27); multiple
indications treatedwith hyperbaric oxygen therapy28–30and
differential pressure-relatedeffects(e.g., theinitial stagesof
the high pressurenervous syndrome31 andDCS32).
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