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| Abstract |

hanks to the benefits of 3 tesla (T) magnetic resonance imaging (MRI), its clinical use is
Tincreasing in pediatric patients. However, technical considerations and clinical applications of
3T MRI have not been comprehensively reviewed. Potential advantages of 3T imaging over 1.5T
imaging include a higher signal-to-noise ratio, higher contrast-to-noise ratio, higher spatial resolu-
tion, and shorter scan time. These merits are easily achieved in neuroimaging, musculoskeletal
imaging, and pelvic imaging, while body imaging is substantially limited by dielectric shading and
an increased specific absorption rate (SAR) owing to B, inhomogeneity and increased suscep-
tibility artifacts. T1 and T2 relaxation times as well as chemical shifts are influenced by the higher
magnetic field strength. SAR issues and dielectric shading of 3T body MRI are less problematic
in pediatric patients having a smaller body size. Improved image quality can be achieved by
using parallel imaging, the shortest echo time or echo train length, the highest receiver band-
width, and improved local shimming. Potential reduction of scan time at 3T should be empha-
sized for pediatric patients. Three-dimensional MRI with post-processing can improve the image
quality in a short acquisition time and, therefore, has become a clinical reality at 3T. A dual-
source parallel radiofrequency excitation system can reduce dielectric shading, SAR, and scan
time by increasing B; homogeneity, which eventually improves the image quality of 3T body MRI.
The usefulness of 3T MRI in pediatric patients can be maximized by further technical develop-
ments and optimization.
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Figure 1. Axial T1-weighted brain magnetic resonance (MR) images. Compared with a
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spin-echo image (repetition time msec/echo time msec, 543.8/15.0; flip angle,
90°) at 1.5 tesla (T) (A), the signal-to-noise ratio of spin-echo image

(500.0/10.0, 70°) at 3T (B) is higher but T1 contrast at 3T (B) is not sufficiently
high. (C) Inversion-recovery turbo spin-echo image (2000.0/20.0; 90°; inversion
time msec, 1000.0) shows improved T1 contrast. (D) A three-dimensional
gradient-echo image (9.9/4.6, 8°) reveals an excellent signal-to-noise ratio as
well as T1 contrast. It should be noted that the effect of the contrast agent is
best on a spinecho-image at 3T (not shown) among T1-weighted MR images.
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Figure 2. Axial, fat-saturated, T2-weighted abdominal magnetic resonance image
(repetition time msec/echo time msec, 1,495.2/80.0; flip angle, 90°) at 3 tesla
demonstrates an area of signal loss (arrows), e.g., dielectric shading, in the left
lobe of the liver resulting from B; field inhomogeneity.
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Figure 3. Axial T2*-weighted brain perfusion magnetic resonance (MR) images AF
(repetition time msec/echo time msec, 1,779.2/40.0; flip angle, 90°) at 3 tesla.
(A) Baseline image shows an area of signal loss (black arrows) and image dis- 3= 7| o] A3 WA T3l A
tortion (white arrows) due to increased susceptibility at 3T. However, this in-
creased susceptibility increases the T2* effect of contrast agent on T2*- 27} t]2 &3 7t
weighted brain perfusion MR image (B).
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Figure 4. Time-of-flight magnetic resonance (MR) angiography. Compared with MR an-
giography (repetition time msec/echo time msec, 25.0/3.0; flip angle, 20°) at
1.5 tesla (T) (A), MR angiography (25.0/3.5, 20°) at 3T (B) shows a much hig-
her overall image quality. Thus, moyamoya vessels and prominent peripheral
vessels (arrow) at the site of the left revascularization procedure are much
better delineated on MR angiography at 3T (B).

Figure 5. Sagittal, fat-saturated, three-dimensional T2-weighted turbo spin-echo
magnetic resonance image (repetition time msec/echo time msec,
3,000.0/155.5; flip angle, 90°) at 3 tesla (T) shows severe cerebrospinal fluid
flow artifacts (arrows) in the posterior fossa and the cervical spinal canal.
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Figure 6. Fluid-attenuated inversion recovery (FLAIR) brain magnetic resonance (MR)
images. Contrast-enhanced three-dimensional FLAIR 3 tesla (T) images
(repetition time msec/echo time msec, 8,000.0/258.6; flip angle, 90°; 2,400.0)
are acquired in the sagittal plane (A). Thanks to the almost isotropic feature of
MR data, coronal (B) and axial (C) reformatted FLAIR images show comparable
spatial resolution. Cerebrospinal fluid flow artifacts are entirely absent on three
dimensional FLAIR images at 3T (A-C). In contrast, prominent cerebrospinal
fluid flow artifacts (arrows) are often seen on two-dimensional FLAIR images

(11,000.0/125.0; 90°; 2,800.0) at 3T (D).
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Figure 7. Three-dimensional spine magnetic resonance images (repetition time
msec/echo time msec, 7.0/4.6; flip angle, 10°) at 3 tesla. The sagittal imaging
plane is usually used to minimize the scan time. (A) A sagittal image of the
whole spinal cord shows a high signal-to-noise ratio and high spatial resolution.
In addition, the imaging technique not only provides seamless axial coverage of
the whole spinal cord with reduced cerebrospinal fluid flow artifacts (B), but also
facilitates various image reformations (C). In contrast, three-dimensional acqui-
sition is susceptible to motion artifacts, particularly in the thoracic and abdominal
regions (A), and may not be optimal to demonstrate marrow abnormalities.
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Figure 8. Axial single-shot T1-weighted (repetition time msec/echo time msec, 15.0/4.6;
flip angle, 15°) (A) and T2-weighted (15,000.0/90.0, 90°) (B) brain magnetic
resonance images offer a faster scan time (approximately 30 seconds for the

whole brain) and fewer motion artifacts.

Figure 9. Diffusion-weighted imaging with background body signal suppression
(DWIBS) (repetmon time msec/echo time msec, 4,441.5/69.0; flip angle, 90°;
b values s/mm?, 0 and 800) as an alternative to the usual diffusion- we|ghted
imaging to reduce susceptibility artifacts. Coronal reformatted DWIBS brain
magnetic resonance (MR) image (A) reveals the lack of restricted water diffu-
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Figure 10. \Whole-body magnetic resonance imaging. A coronal whole-body short tau
inversion recovery (STIR) 3 tesla (T) image (A) (repetition time msec/echo
time msec, 5,190.3/60.0; flip angle, 90°; 220,0) shows dielectric shading
artifacts in the central portion of the upper abdomen and the groin. In con-
trast, a coronal whole-body STIR 1.5T image (B) (2,500.0/71.0; 90°; 160.0)
demonstrates better image quality without dielectric shading.
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