
 

 

 

  

Abstract — The purpose of this study is to examine the 

feasibility of simultaneous Magnetic Resonance Imaging (MRI) 

and Ultrasound (US) imaging in visualizing anatomical 

structures and functions in human carotid arteries. US has high 

frame rate in visualizing dynamic changes while high resolution 

MRI is capable of capturing volumetric structures with the best 

tissue contrast. Concurrent multi-modal image acquisition 

allows fusion of US Doppler flow measurement with volumetric 

MRI. We present a method for acquiring MR images in a known 

orientation with respect to US image by passive fiducial tracking 

and demonstrate concurrent real-time imaging in the right 

Common Carotid Artery (CCA) in both modalities.  Preliminary 

results suggest that US and MRI can operate concurrently with 

proper shielding. Dispensability measurements are feasible on 

both modalities at the co-incident plane. 

I. INTRODUCTION 

Multi-modal imaging benefits diagnosis if the strengths of 

each modality can be fully appreciated. Recent research 

efforts in the development of hybrid imaging systems such as 

X-ray/Magnetic Resonance Imaging (XMR)  [1, 2] for image 

guided interventions and the application of PET/CT systems 

in clinical oncology [3, 4] have been reported and gained great 

success.  

MRI and Ultrasound (US) both offer non-ionizing, 

non-invasive imaging capabilities. MRI, moreover, provides 

multi-planar high resolution images with the best soft tissue 

contrast for anatomical details, while US has high temporal 

resolution for visualizing dynamic changes, is low cost and 

highly portable. 

Sequential US/MR imaging at multiple stations with 

subsequent data fusion has been demonstrated in the literature 

for measuring carotid artery dispensability and vessel wall 

function with duplex  B-mode Doppler US cines images 

registered with 3D MRI volumes [5-7] , as well as enhancing 

targeting in US guided breast biopsies with pre-procedure 

MRI [8]. However, the inconvenience and time required in 

imaging a patient among multiple imaging modalities 

sequentially, which easily give rise to image registration 

errors due to changes in patient orientation and physiological 

status between scans, have led to the need to develop a truly 

hybrid real time US/MRI imaging system. 

Simultaneous real time capturing of MRI and US images of 

the common carotid artery (CCA) allows fusion of US 

Doppler flow measurements and US vascular motions with the 

high resolution MR images. MRI is capable of staging and 

characterizing plaques constitutions in levels identified as 

stenosis by US [9]. 

In this study, we demonstrate the feasibility of concurrent 

US/MRI carotid imaging in a normal volunteer by putting a 

portable US system into an MR system, extending our 

preliminary works reported in [10].  B-mode US is used for 

rapidly locating the position of bifurcation (position where 

stenosis is commonly found right below it) in the CCA. Single 

slice black blood MR flow imaging is then taken at the slice of 

interest, according to the specified location obtained in US. 

Double inversion recovery technique requires a long imaging 

time for each slice, due to the extra recovery time to null the 

signal from blood and fat. This method accelerates the speed 

in MR imaging by reducing acquisition to a single slice only. 

Cine US Doppler images captured in all phases of the vessel 

motion, and MR images at the end of systole and diastole at 

the co-incident plane are acquired in the co-incident plane.   

 Compatibility tests are also performed to compare the 

quality of the US and MR images with different locations of 

the US transducer head in MRI, as well as the effects of our 

proposed US system shielding and grounding.  

II. MATERIALS AND METHODS 

A. Experimental Setup 

The experiments were carried out in 1.5T and 3T close bore 

MRI systems (Signa SP, GE Healthcare, Milwaukee, WI). A 

commercially available PC based portable US system (T3000 

Terason
TM

, Burlington, MA) with a linear array transducer 

was employed. The US transducer was connected to a 

beam-former engine box inside the magnet room and the box 

was connected to a laptop computer outside the room via a 

waveguide through a 25 meter 6 pin firewire cable.  

To mitigate the effects of magnetic attraction, the engine 

box steel enclosure was replaced with an aluminum enclosure. 

Suitable shielding was done on the US system to limit the 

radio frequency (RF) interference introduced into the MR 

images. Aluminum foil was contiguously applied to the entire 
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length of US probe cable, engine box and the firewire cable. 

The aluminum foil layers and the braid shielding of the 

firewire cable were grounded to the shielding of the magnetic 

room, at the penetration panel. The US transducer window 

was covered with a single layer of aluminum foil to limit RF 

interference in both modalities, while still allowing US signal 

to penetrate.  

 

B. Compatibility Test 

To evaluate the interference between the two imaging 

systems and the effectiveness of aluminum shielding, 

compatibility tests were performed. They were done in 3.0T 

and 1.5T whole body MRI systems with the use of a standard 

head coil and a 5-inch surface coil, imaging a spherical 

phantom. A location and orientation of the beam-former 

engine box was established such that the MR fringe field did 

not affect the signal conditioning circuit in the engine box, yet 

was close enough for the US transducer head to reach the 

iso-center of the bore.  

MR images were first acquired with the use of a standard 

head coil, with the parameters: Fast Spin Echo (FSE), TR/TE 

= 600/6.16ms, Bandwidth = 62.5kHz, ETL = 16, FOV = 

480mm, NEX = 1 while the US operated at various 

transmission frequencies. FSE sequence was selected because 

of the presence of multiple 180 degrees RF pulses, which 

could be used to demonstrate the worst case of MRI 

interference effect on the US image quality.  

The MR images were acquired with the MRI RF transmitter 

power turned off. The resulting image was a noise image 

pattern which depicted system noise and noise induced by 

electromagnetic interference from the US. Baseline MR and 

US images were also captured for comparison, with the US 

transducer placed on the floor of the magnet room. Noise 

measurement was done by finding the mean and standard 

deviation of a region-of-interest (ROI) in the MR images 

captured under all 3 circumstances (baseline, unshielded and 

shielded US system).  The test was then repeated with the RF 

transmit power turned on, to establish the effects of the MRI 

on US. 

The standard head coil was then replaced with a single 5 

inch single loop surface coil. The ultrasound system was 

turned off at this stage so as to ignore the effect of RF signals 

generated from ultrasound system on the quality of MR 

images. The shielded US transducer head was held 

perpendicularly at different distance from the loop, so as to 

find a position that caused minimum distortion and signal 

degradation of the MR images. Two positions were tested. For 

the first position, the transducer was penetrating through the 

coil while in the second position, the transducer was in the 

same plane as the surface coil. 

To measure the signal degradation, a circular ROI with 

diameter 15mm beneath the surface of the phantom in the 

direction of the US transducer head was chosen. The SNR 

changes of the selected ROI were calculated. 

  

C. Concurrent Imaging at the right CCA 

To show feasibility of simultaneous MRI/US acquisition in 

humans, the right common carotid artery (CCA) of a healthy 

volunteer was scanned. Transverse view of the CCA was 

captured in both modalities, targeted 1cm below the 

bifurcation, to visualize the periodic wall motion.  

A cine B-mode ultrasound in lateral view was first taken to 

visualize the right CCA and the bifurcation. The US 

transducer head was turned by 90 degree to obtain the 

transverse view at the targeted position. MRI surface coil was 

then employed with the US transducer head placed 

perpendicularly through the center of the coil. Both the US 

transducer and the surface coil were fixed on a plastic holder. 

This experimental setup allowed MR/US concurrent imaging 

at the same position. Fig. 1 shows the setup for concurrent 

imaging of the right CCA of a healthy volunteer. 

 

To perform passive tracking in MRI, four MR visible 

fiducial markers (Beekley MR-Spots, Bristol, CT) were 

attached to the US transducer head to locate the US imaging 

direction. A MR localizer scan was first taken to locate the 

four markers attached to the ultrasound transducer head. The 

oblique MR scan plane was then established through the 

center of the US transducer. Thus the cutting plane of all 

subsequence MR scans could coincide with that of ultrasound. 

Black blood magnetic resonance angiography (BB-MRA) 

images were captured at the end of diastole and systole, where 

the CCA has minimum and maximum lumen diameter. The 

MRI acquisition parameters are as follows: TR/TE = 

937.6/7.2ms, ETL = 16, matrix size= 512x512, FOV=140 mm, 

NEX = 2, thickness =3mm. The trigger delays for systole and 

diastole were chosen at an earlier cine scan using a 30 phases 

per cardiac cycle Fast Imaging Employing Steady State 

Acquisition (FIESTA) sequence. Corresponding US duplex 

Color Doppler image loops (16fps, 7.5MHz, focal depth 2cm) 

were concurrently acquired. As the US system was in 

continuous acquisition stage, no synchronization was done 

onto the US system.  

 

 
Fig. 1 Setup for concurrent capturing of the CCA of a 

volunteer, with a 5 inch surface coil for MRI and 128 element 

linear array for ultrasound. 

Shielded US  

Surface 

coil  
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III. RESULTS 

Two types of noise, namely broadband noise and narrow 

band “zippers” along the frequency encoding directions, were 

observed on the MR images when the US system was 

introduced into the magnet room. Vertical strips were 

observed on some frames of the US images intermittently 

during MR imaging. With proper RF shielding of the cables 

and US transducer, the interference from US operation to MRI 

was much reduced. The effect of the MRI RF transmit pulses 

on US images (vertical strips) was negligible when the probe 

head window was covered with a single layer of aluminum foil. 

Fig. 2 shows the MR images noise pattern caused by the US 

system. 

 

 
 

The image noise measurements on the MRI images are 

shown in Table 1. 

 
Measurement 

Conditions 
Baseline 

US transducer 

unshielded 

US transducer 

shielded 

Background 

noise ROI 

mean (s.d.) 

4.79(2.46) 

 

10.04(5.08) 

 

5.06(2.66) 

 

Observations Image is clean 
Zipper noise 

is visible 
(↑~5.5%) 

Table 1 Comparison of MR image noise measurements. 

 

Fig. 3 illustrates the results with the US transducer placed at 

different distances from the 5-inch surface coil, capturing MR 

images of a spherical phantom. In Fig. 3b, distortions were 

found at the surface of the phantom, when the ultrasound 

transducer was penetrating through the coil. The situation was 

improved in Fig. 3c when the transducer was in the same plane 

as the surface coil. No distortion was observed in the spherical 

phantom image. 

Signal degradation was seen near the surface of the 

spherical phantom where the US transducer was placed. The 

calculated SNR at the ROI specified in Section II was shown 

in Table 2. 

 

 
Baseline 

(Fig. 4a) 

Transducer 

penetrating through 

coil (Fig. 4b) 

Transducer in the 

same plane as the 

coil (Fig. 4c) 

SNR 52 (17.2dB) 33.7(15.3dB) 32(15.1dB) 

Table 2 The SNR changes of the selected ROI. 

 

 

Fig. 4 shows the concurrent scans of right CCA for 

measuring the lumen area at the end of systole. The US 

transducer was tracked passively to achieve the same imaging 

plane with the MRI. 

 

IV. DISCUSSIONS 

 

Our results suggested that simultaneous MRI and US scans 

could be taken concurrently in human, but some artifact still 

exists. The emergence of broadband noise in the MR image 

background was likely due to digital circuit switching in the 

US beam-former engine box and the copper firewire cable. No 

broadband noise was observed when the US system was 

inactive, even when the US transducer was placed in the 

iso-center of the bore without any shielding.  With the 

introduction of aluminum shielding and a better cable 

alignment, the broadband noise was much reduced.  

  

Fig. 2 Image noise induced by US 

measured by MRI at (a) baseline, 

(b) capturing mode with 

unshielded US probe window, and 

(c) shielded US probe. 

 

 

  

Fig. 3 MR images with US 

transducer at different distances 

from the surface coil. (a) baseline 

without US, (b) US transducer 

penetrating the coil and (c) US 

transducer in same plane as the 

coil. Direction of transducer is 

shown by yellow arrow. 

 

(a) (b) 

(c) 

   
Fig. 4 Simultaneous US/MR images, transverse plan of CCA at 

systole (a) Color Doppler Ultrasound at 7.5MHz with CCA in 

red (b) Black blood MRA in MRI, CCA in arrow.  
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 Periodic zippers noise was likely due to the short 

high-voltage pulses applied to the piezoelectric crystal in the 

US transducer head.  Covering the transducer window with 

one layer of aluminum foil reduced the zippers but also caused 

signal degradation in US. The signal degradation in US could 

be remedied by tuning the time main compensation (TGC) 

amplification in the US system. 

 The final increase in noise in MRI was about 5.5% after 

applying proper shielding. This was acceptable since the MR 

signal from the imaging body would be dominant. As shown in 

Fig.4, it still allowed a clear visualization of anatomical 

structures while the US was introduced in the magnet bore.  

The signal degradation and distortion observed in MRI near 

the surface of the spherical phantom was likely due to the 

presence of metallic object inside the US transducer head. The 

problem may possibly be solved by adding a US coupling 

layer between the US transducer head and the imaged object. 

The coupling layer keeps the transducer head further away 

from the tissue but yet with low attenuation coefficient that 

allows acoustic waves to pass through it. 

In future, active tracking on US transducer could be 

introduced to replace the passive tracking using fiducial 

makers. Proper calibration and real time non-linear 

registration of the US and MRI images are also required.  This 

improves the accuracy in finding the correlations on vascular 

wall motion estimations between the two imaging modalities. 

Clinical trials in fast visualization and staging of human 

carotid atherosclerosis in patients with hybrid US/MRI may 

also be feasible. 
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