Observation of cardiovascular dynamics by field recording with an NMR probe
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Introduction:
NMR-based magnetic field probes have recently been used for monitoring fields and potential field perturbations generated by components of MR systems,

including main magnets, gradients, and shim coils. At the temporal resolutions required for this purpose, current probes offer field resolution in the order of
microteslas [1]. According to Ref. [1], the field resolution of such probes scales strongly with the temporal resolution of the measurement. Therefore, at lower
bandwidth yet significantly higher field resolution can be achieved.

At such level of sensitivity, NMR probes should enable observations also of fields and field fluctuations that originate from magnetized tissue. Containing
diamagnetic materials with volume susceptibilities up to about ¢ = -9 ppm [2], the magnetized body and its parts cause field changes up to the order of ¢B,. At the
body’s surface and in the surrounding volume these effects typically drop to a small fraction of this value. However, field fluctuations on the order of several Hz
due, e.g., to breathing are frequently observed at 3T and correspondingly stronger effects occur at 7T and beyond.

Due to such susceptibility effects, heart motion and pulsatile blood flow equally cause magnetic field perturbations outside the chest, which indirectly reflect
cardiac function and would hence be interesting to observe. The aim of the present work was to explore this possibility using NMR probes designed to yield high

sensitivity for fields fluctuating at up to 100 Hz.
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resolution of the measurement. Increasing the latter is expected to be fairly

straightforward by using an array of field probes. Increasing the temporal resolution will, among others, clarify the effective bandwidth of the field dynamics. The
sharp negative peaks in Fig. 1 ¢) consist of single field samples, indicating that the underlying fluctuations last for less than 10 ms, thus suggesting a bandwidth of
more than 100 Hz. If this observation can be confirmed and perhaps even higher-bandwidth dynamics can be observed, NMR-probe measurements may offer an

alternative to EKG recording in the magnet.
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