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Introduction

 In vitro dissolved-phase relaxation measurements are paramount for assessing
the feasibility of dissolved-phase HP 129Xe MRI.

« While significantly different 12°Xe T, values have been reported for xenon
dissolved in the same solvent at high field strengths'-3>7, no values have been
reported at low magnetic field strengths.

« The scope of this work was to quantify *2°Xe T, values in several biological
solvents at low and high magnetic field strengths to: a) establish the feasibility
of dissolved-phase xenon spectroscopy at low magnetic field strengths; b)
determine the cause of the significant variation in T, values reported In the
literature at high field strengths.

* For some of the measurements, hollow fiber membrane exchange modules
were used to dissolve xenon in water, which led to the discovery of their field-
dependent depolarization effect which has never been reported before.3-°

Methods

« For T, measurements, a HP compatible ventilator was used to bubble HP gas
directly into the solvent.® A variable delay was placed between the end of gas
delivery and signal acquisition to allow for xenon relaxation in solution. Low
field measurements were performed on a home-built NMR spectrometer
operating at 2.1 mT.?

* For membrane depolarization measurements, gas was flowed through the gas-
side of the exchange module at a constant rate using the same ventilator, while
a peristaltic pump was used to fill the liquid side of the exchange module with
pure water. The exhaust gas was then collected in an empty 1.5 mL vial placed
In the magnet isocenter to probe Its magnetization. The exchange module was
placed at various magnetic field strengths, without moving any other

Results and Discussion

* The spectral resolution of the instrument allowed to correct for the relaxation
of the gas phase signal and to Independently quantify the longitudinal
relaxation of the dissolved-phase signal.

 Longitudinal relaxation measurements at 2.1 mT returned T, values for 2°Xe
dissolved in DI water, corn oil, and blood plasma of 49, 11, and 19 s,
respectively.

 To our knowledge, these are the first T, values reported for 12°Xe dissolved in
these solvents at low field strengths.
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* The membrane exchange module study revealed significant (> 30%) gas

depolarization even at a field strength of 1.5 T.

 No detectable signal was observed when the exchange module was

placed at 12 mT or 2.3 mT.

« Data agrees well with our current theoretical understanding of HP 1°Xe

surface relaxation and its field dependence, summarized by the following
equation:10.11
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* The strong relaxation that xenon undergoes while diffusing across these
exchange membranes not only prevents their use at low field strengths,
but also suggests that for high field studies these membrane modules
need to be located as close as possible to the magnet isocenter, not only to
reduce transfer time, but to prevent significant xenon relaxation through
the membranes.

y\\

60 mT

Normalized Intensity (a.u.)

, 2 3 4 5 & 7 8 o
Diffusion Field Strength (T)

II\) |
o
o

20 15 10 3) 0 3) 10 -15

Chemical Shift (ppm)

Figure 3: (Left) Example of spectra acquired with the membrane exchange modules placed at
various magnetic field strengths. All spectra were acquired by flowing the same amount of HP
AR xenon gas through the membrane fibers. (Right) Normalized intensities extracted from the data

components of the setup.
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: ! ‘S 1 left), water (top right), and blood plasma (bottom). All spectra were collected using a single
— : ) L I : transient. The higher SNR of the oil-dissolved spectra is explained by the much higher solubility _ _ _ _
" ectee: e I ' | of xenon in oil. Dissolved-phase 12°Xe T, values obtained at low field are only slightly lower than
i \ /] I ! the values obtained at high field. While these values support the feasibility of
i : i_ I dissolved-phase xenon studies in the low field regime, for in vivo dissolved-phase
oiffusion Field | ) Readout Field " o Using the same method, measurements performed at h|gh magnetic field studies the Tl of xenon In blood will be the IImItlng factor. An exact measurement
— — strengths (11.7 T), returned T, values of 129Xe dissolved in DI water, corn oil, ~ Of this value at low Tield was attempted unsuccesstully as the use of membrane
blood plasma, saline, and 20% intralipid of 97, 16, 20, 72, and 18 s, fibers Is evidently not an option at lower field strengths due to excessive
— e respectively. depolarization of the gas diffusing in these membranes.

Figure 1: (Left) llustration of sample used for T1 measurements. Gas flows from the ventilator
Into the NMR tube through PEEK tubing. An exhaust tube is used to prevent pressure build up In
the NMR tube. (Right) Experimental setup used for membrane depolarization studies. Gas Is
flown through the exchange module into an empty vial placed inside the readout magnet.
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« Significant variation In previous measurements made at high field may be
explained by the sensitivity of the previously used small flip angle method to
error In flip angle calibration, which can be summarized by the following

expression:
17 — ?{ = lln(cosﬂ”
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