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Introduction

Patient motion still represents a challenge in MRI, especially in abdominal MR. Diagnostic image quality can benefit from advanced motion artifact reduction
techniques. Mechanical or electrical sensors [1] have to be attached to the patient, add complexity and do not always work reliably. Another approach of
detect motion in the use of multiple navigators [2,3], which estimate the respiration state directly from the position of the diaphragm. This is more accurate
than electrical sensors, but requires planning and may prolong the scan time. Recently, image-based or self-navigated techniques have been presented [4,5], in
which the respiration state is extracted from the measured data. This paper describes an alternative concept of self-navigated respiration monitoring that
provides the respiration information in real-time. It is compatible with almost any pulse sequence or k-space trajectory and does not require additional RF
pulses or physiology monitoring equipment. Furthermore, an extra preparation of the patient is not required for this form of motion monitoring.

Methods

In general, the patient influences the coil properties. Thus, the loading of the RF coil elements changes during respiration, which can in turn be detected as a
phase change. For verification of this approach, a whole body 3T MRI system (Achieva, Philips Medical Systems, The Netherlands) was used equipped with
eight parallel RF transmission channels [6]. Each of the eight RF transmit elements of the multi-channel body coil (MBC) is equipped with a pick-up coil
(PUC) for monitoring the current in each element in order to support SAR monitoring [7] or system adjustment [8]. However, the same information can also
be used to detect respiratory motion. In contrast to a conventional MRI system, where signals are acquired after the excitation pulses, here the currents in the
coil elements are sampled during the RF pulses as shown in Fig. 1.

In an initial experiment, a sequence of block pulses (0.2ms/pulse) with a repetition time of Tk of 40ms was applied to the different RF transmit elements. The
pulses were sampled simultaneously via the eight pickup coils with a temporal resolution of 0.8us (2ms after averaging for increased SNR). To change the
loading, volunteers kept their breath at four different static breathing stages between inspiration and end of expiration. The acquired samples, collected during
each block pulse, were filtered and averaged to increase the SNR. In subsequent experiments, volunteers breathed freely, and the information about the phase
change was extracted from the monitored RF pulses of the imaging experiment (FFE, Tr/Tg=50/4ms, flip angle: 25°, slice thickness: 15mm, FOV: 400mm,
resolution: 1.6mmx1.6mm). For comparison of the obtained pick-up coil results, a respiration belt was used.

Results and Discussion

Signals referring to the four different static breathing stages of one volunteer can be seen in Fig. 2. A maximum phase difference
of about 1° was obtained, and the different signals can be well distinguished from one another. Multiple volunteers were
scanned. The example of a free breathing volunteer is shown in Fig. 3.

The detected respiration curve has a good correlation with the signal acquired with the respiration belt. A phase change of 0.6°
was detected for a diaphragm displacement of 29.6mm (Fig. 4), which results in a phase deviation of about 0.02° per mm dia-
phragm displacement. The temporal resolution is dependent on the repetition time 7k of the scan. Furthermore, signals of the in-
dividual RF transmit coil elements showed different phase variations, depending on the location of the coil elements in the MBC.
The coil elements below the patient showed much less signal variation for the different respiration states compared with the ones
above the patient. Potentially, a clever superposition of the signals may allow for even better signal localization. It is worth men-
tioning that a good signal-to-noise (SNR) of the acquired signals is required, as the accuracy of the phase determination de-
creases with decreasing amplitude values.

The method offers a continuous monitoring, is imperceptible for the patient and does not require extra preparation time for the
personnel. Furthermore, the scans are not influenced with respect to timing or scan duration and do not influence or disturb the
steady state. The respiration state can be determined in real-time from the acquired data. It turned out that the actual length of the
RF pulses only has limited impact on the calculated respiratory position, so that the method works robustly and is expected to
work fine for the majority of scan protocols. The motion information thus obtainable can be used for real-time triggering or
gating, and potentially, for prospective/retrospective motion correction.

Conclusion Fig. 4: a) end of expira-
The basic feasibility of an alternative concept of respiration monitoring was demonstrated. This approach has the advantage of tion and b) inspiration
being robust and being invisible for the patient. Furthermore, the respiration information can have very high temporal resolution

(e.g. sub-millisecond) and can be determined in real-time. Consequently, this approach of self-navigation is an interesting alter-

native to existing techniques.

Full inspiration Begin of expiration 1.0 Respiration belt
Middle of expiration End of expiration 0.8 Pick-up coils
RF ezl T ——e———— o 067
: 3 -1622] g 04
RF signal  [VIEESIEE Gs I5) 1604 S o2
excitation st sampling 6 - % i :122:6:W E _g_z:
i D _162.8] T
PUC 6 9 £ 04
DA/. 0 -163.2] -0.84
Y~ - T T T T
Sampling of pick-up coil signal 6843 2000 4000 6000 8000 103 2000 4000 6000 8000
during RF excitation Samplenumber Samplenumber
Fig. 1: Principle of sampling the RF signals during RF  Fig. 2: RF coil phase changes for four different Fig. 3: Phase changes during continuous
pulses. respiration states of a volunteer between breathing, monitored with pick-up coils (red)
inspiration (black) and end of expiration (blue).  and via the respiration belt (blue).
References
[1] Runge VM, et al. [1984] Radiology 151:521-23 [2] Nehrke K, et al. [1999] MRI 17:1173-81 [3] Mahnke D, et al. [2003] MRM 50:122-31
[4] Stainsby JA, et al. [2005] MRM 53(4):954-9 [5] Brau AC, et al [2006] MRM 55(2):263-70 [6] Graesslin I, et al. [2006] ISMRM 14:129
[7] Graesslin I, et al. [2005] MAGMA 18:S109 [8] Vernickel P, et al. [2006] MAGMA 19:S19

Proc. Intl. Soc. Mag. Reson. Med. 15 (2007) 867



