Analysis of radio frequency heating induced by a coronary stent at 7.0 T
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Introduction: The signal-to-noise ratio (SNR) advantages of ultrahigh field MRI hold the promise to enhance spatial and temporal resolution [1,2,3].
Such improvements could find an ever-growing number of applications in cardiovascular MR (CMR), including the characterization of ischemic
disorders on the myocardial tissue level through mapping microstructures, and parametric imaging [4]. However, intracoronary stents used for
treatment of coronary artery disease (CAD) are currently considered to be contra-indications for CMR at 7.0 T. The antenna effect due to the presence
of a metallic implant in combination with RF wave lengths could lead to high RF power deposition at 7.0 T, which will induce local heating and may
potentially cause myocardial tissue damage, influence coagulation or endothelial function. For all these reasons it is essential to carefully assess RF
induced heating in coronary stents commonly used in percutaneous coronary intervention. To meet this goal this work examines RF induced heating
of a copper tube and of a coronary stent in agarose phantoms using electromagnetic field (EMF) simulations, fiber optic temperature measurements
and MR thermometry at 7.0 T.
Methods: An eight rung highpass circular polarized birdcage RF coil with an inner diameter of 20cm was build to provide RF power which is beyond
that of clinical standards. Cylindrical phantoms (V=600ml, ©@=13.5cm, 4% agarose, NaCl-concentration = 5g/l, CuSo4-concentration=1g/l) were
setup to match the conductivity of heart muscle tissue [5] with 6=1.2 S/m and to have a permittivity =78 A cobalt chromium alloy coronary stent
with 1=27 mm and @=4 mm (Biotronik, Biilach, CH) was placed into one phantom; one copper pipe (I=4cm, @=5mm) was placed into another
phantom and a third agarose phantom was used as a control. EMF simulations based on a FDTD method (CST software, Darmstadt, Germany) were
performed using the design and geometry of the birdcage coil and of the phantoms. MR thermometry using the proton resonance frequency method
(PRF) [6,7] was performed to monitor temperature changes in the phantom experiments. To correct for temperature induced conductivity changes,
two gradient echoes were acquired [8,9]. For validation, temperature was measured in different locations of the phantom using a fiber optics system
(OpSens, Quebec, CA). RF heating was achieved by repeating the single pulse experiment, with FA=200° (Ref V=194V, t=500us, TR=11.4ms,
Averages=800, TA=20minutes). Every 20 minutes of RF heating, a 3D-GRE image was acquired (TR=10ms, TE;,=2.04/6.12ms, FA=15>,
FOV=15x15x10cm’®, TA= 14s). The experiments were repeated for 1 hour for each phantom.
Results: The simulations shown in Fig. 1 were used to determine the position with the strongest E-field in the control phantom: this induce a
simulated AT pattern as shown in Fig.1, bottom. The copper tube and the stent were placed in the bottom left corner to provide the worst case
scenario for coupling and RF heating [10]. Fig.2 shows the agreement among fiber optics measurements and MR thermometry in the control phantom
with an accuracy of £1°C. Figure 4 shows the 3D temperature changes maps acquired with MR thermometry in the control experiment and in the one
with the coronary stent. The distribution of the temperature increase is similar with no strong change induced by the stent. To confirm this, the map of
the control phantom has been subtracted from that of the phantoms with the copper tube and the stent, as shown in Fig. 5 (only the partitions with the
highest heating are shown); this shows only the additional heating induced by the antenna effect in a metallic object and it is limited to a 10%
increase only. However the results are limited to regions where the induced MR artifacts do not prevent an accurate measure of the T maps.
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