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Introduction
One important development which is looming on the
(pre)clinical research horizon is the move towards CMR at
7.0 T [1]. At (ultra)highfields, the sensitivity of ECG
recordings to interference from electromagnetic fields and
to magneto-hydrodynamic effects increases and with it
the ECG failure rate together with the motivation for a
robust, practical gating/triggering alternative. Realizing
the constraints of conventional ECG, an MR-stethoscope
has been proposed to meet the demands of cardiac trig-
gered MRI [2].

Purpose
Motivated by the challenges and limitations of conven-
tional ECG together with the advantages of acoustic car-
diac triggering (ACT), this study compares
phonocardiogram, electrocardiogram and pulse oximetry
triggered MRI for LV-function assessment at 7.0 T. For this
purpose, breath-held 2D-CINE imaging in conjunction
with a retrospective triggering regime was conducted.

Methods
The acoustic gating device comprises three main compo-
nents: an acoustic sensor, an acoustic wave guide and a
signal processing unit [3]. Short axis views of the heart
were acquired with a 2D-CINE-FLASH technique (TE = 2
ms, TR = 4 ms, matrix = 256 × 192, FOV = 36 cm2, 25 car-

diac phases, slice thickness) on a 7.0 T MR-system (Sie-
mens, Erlangen, Germany) using a dedicated 4-element
TX/RX cardiac coil array. Vector-ECG, pulse oximetry and
ACT traces were recorded simultaneously.

Results
ECG waveforms were susceptible to severe T-wave eleva-
tion which was pronounced at the isocenter of the 7.0 T
magnet (Fig. 1). The MR-stethoscope provided phonocar-
diograms at 7.0 T free of interferences from electromag-
netic fields or magneto-hydraulic effects (Fig. 1) even in
the isocenter. This renders ACT suitable for reliable syn-
chronization at ultrahigh fields as demonstrated in Fig. 2.
Conversely, R-wave mis-registration occurred in ECG-trig-
gered acquisitions with a failure rate of appr. 50% which
manifest itself in a severe jitter of the R-wave recognition
tickmarks (Fig. 2b). Failure to detect the onset of the car-
diac cycle was reduced for pulse oximetry, though a tem-
poral inaccuracy of the triggering of app. 20% of a R-R-
interval was observed (Fig. 2). Acoustically triggered CINE
imaging at 7.0 T produced images free of motion artifacts
(Fig. 3a). In contrast, ECG triggered CINE imaging was
prone to severe cardiac motion artifacts if R-wave misreg-
istration occurred (Fig. 1a). Pulse oximetry triggered 2D-
CINE imaging was found to be less sensitive to cardiac
motion effects although the jitter in the pulse-oximetry
recognition constituted a synchronization problem.
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Conclusion
This work examined the feasibility of LV-function assess-
ment at 7.0 T using acoustically triggered 2D-CINE imag-
ing. ACT's superior robustness has been demonstrated by

eliminating the frequently-encountered difficulty of mis-
triggering due to ECG-waveform distortions or temporal
jittering in the pulse-oximetry synchronization.

ECG (top) and ACoustic Trigger (bottom) signal traces derived from a healthy subjectFigure 1
ECG (top) and ACoustic Trigger (bottom) signal traces derived from a healthy subject. Signal traces were 
recorded outside (left), at the front end (middle) and in the isocenter (right) of a 7.0 T magnet. Severe T-wave elevation 
signal distortion occurred in the ECG signal obtained at the magnet's isocenter. In contrast, ACT is free of interferences with 
electromagnetic fields and magneto-hydrodynamic effects.

Traces of the cardiac activity obtained from a single subject over 208 cardiac cycles (16 cardiac cycles per slice times 13 slices) using ECG (left), pulse-oximetry (middle) and acoustic (right) measurements at 7.0 TFigure 2
Traces of the cardiac activity obtained from a single subject over 208 cardiac cycles (16 cardiac cycles per slice 
times 13 slices) using ECG (left), pulse-oximetry (middle) and acoustic (right) measurements at 7.0 T. Please 
note the severe T-wave elevation and signal distortion in the ECG due to magneto-hydrodynamic effects.
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Short axis views of the heart together with whole R-R interval time series of one-dimensional projections along the profile (dotted line) marked in the short axis viewFigure 3
Short axis views of the heart together with whole R-R interval time series of one-dimensional projections 
along the profile (dotted line) marked in the short axis view. Data were obtained at 7.0 T using ECG (left), pulse oxi-
metry (middle) and acoustically triggered (right) 2D CINE FLASH acquisitions. ECG triggered CINE imaging was prone to 
severe cardiac motion artifacts due to R-wave misregistration. Acoustically triggered CINE imaging at 7.0 T produced images 
free of motion artifacts.
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