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Fig. 1. Hepatic arterial-phase MR image (a) and respiratory-triggered fast spin-echo T2-weight-
ed MR images (RT-FSE T2WI ; TR/TE=2300/100, echo-train length (ETL) =11) without (b)
and with (c) sensitivity encoding (SENSE) technique in a patient with a small hypervascular

hepatocellular carcinoma (HCC)

Hepatic arterial-phase MR image (a) clearly shows hypervascular (hyperintense) small HCC in
the right lobe of the liver (arrows). This HCC can be also demonstrated on RT-FSE T2WI
without SENSE (b) as hyperintensity, while it is missed on RT-FSE T2WI with SENSE (c:
SENSE R factor=2). Please note that signal-to-noise ratio (SNR) of the image may be higher on

(b) than on (c).
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Fig. 2. Respiratory-triggered fast spin-echo T2-weighted MR images (RT FSE-T2WI) (TR/TE
/ETL=2300/100/11, matrix =240 x400) in a patient with cirrhotic liver. (a) without SENSE,
(b) with SENSE (SENSE R factor=2), (c) high-resolution image with SENSE (matrix =336 x
560, SENSE R factor=2)

RT FSE-T2WI without SENSE (a) slightly shows image degradation due to the presence of
respiratory-motion artifacts. Image quality in the liver is better on RT FSE-T2WI with SENSE
(b) than on (a), resulting in identifying a hypointense, small dysplastic nodule at segment 4 (ar-
row) in the liver on (b) alone. High-resolution RT FSE-T2WI with SENSE (c) shows a lack of
signal-to-noise ratio (SNR), resulting in missing the dysplastic nodule seen on (b).

Fig. 3. Breath-hold fast spin-echo T2-weighted MR images (BT FSE-T2WI) (TR/TE/ETL=
6624/130/28, matrix=256x256). (a) without SENSE (AT=39.7s), (b) with SENSE
(SENSE R factor=2, AT=19.9s), (c) with SENSE (SENSE R factor=4, AT=105s)

Image quality may be higher on BT FSE-T2WI with SENSE (b : SENSE R factor=2) than on
BT FSE-T2WI without SENSE (a) due to a decrease of motion artifacts. However, BT FSE-
T2WI with SENSE (c : SENSE R factor=4) shows non-diagnostic image quality due to exces-
sive diminishment of SNR.
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Fig. 4. Double arterial-phase MR images with sensitivity encoding (SENSE) technique (TR/
TE=131/4.6, matrix=193 x 256, 20 slices/phase, AT =9 s/phase, SENSE R factor=2) in a
patient with two hypervascular hepatocellular carcinomas (HCC) : (a, b) sequential, early ar-
terial-phase MR images, (c, d) sequential, late arterial-phase MR images. One set of arterial-
phase MR images is obtained with only a nine-second breath-hold. Please note that phase-encod-
ing and motion artifacts are markedly reduced on these MR images. One nodule (small arrows)
can be detected on both early (a) and late (c) arterial-phase MR images, while the other (large
arrow) can be detected only on late arterial-phase MR image (d).

Fig. 5. Fat-suppressed (ProSet:1-3-3-1), double arterial-phase MR images with sensitivity
encoding (SENSE) technique (TR/TE=131/4.6, matrix=193 x 256, 20 slices/phase, AT =14
s/phase, SENSE R factor=2) in a patient with cirrhotic liver (No lesions are demonstrated.)
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Fig. 6. T2-weighted single-shot spin-echo echo-planar MR images (T2-EPI ; a—c) and diffusion-
weighted EPI MR images (d-i) (DW-EPI ;b values, (d-f) =medium (400 s/mm?2) and (g-i) =
large (1000 s/mm?) in a patient with multiple hepatic abscesses. (a, d, g) T2- and DW-EPI
without sensitivity encoding (SENSE) (TE=148 ms), (b, e, h) T2- and DW-EPI with SENSE
(TE=108 ms, SENSE R factor=2), (c, f, i) DW-EPI with SENSE and half-Fourier technique

(TE=97 ms, SENSE R factor=2)

Image degradation is severe and signal-to-noise ratio (SNR) of the images is excessively
diminished on T2-EPI and DWI-EPI without SENSE (a, d, g) caused by relatively long data-
collection time. SENSE without (b, e, h) /with (c, {, 1) half-Fourier dramatically improves the im-
age degradation and the SNR of the images due to shortened TE and data-collection time.
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Fig. 7. Three-dimensional MR cholangiopancreatographic (3D-MRCP) images with single-shot
fast spin-echo (SSFSE) sequence without (a) and with sensitivity encoding (SENSE) technique

(b ; SENSE R factor=2)

Image quality of 3D-MRCP with SENSE (b) is considered to be similar to that of the image
without SENSE (a) although signal-to-noise ratio (SNR) of (b) may be a bit lower than that of

(a).
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Fig. 8. Three-dimensional MR cholangiopancreatographic (3D-MRCP) images with balanced
turbo field-echo (balanced TFE) sequence without sensitivity encoding (SENSE) (a), with
SENSE (b ; SENSE R factor=2), and 2D-SENSE (c ; SENSE R factor=2x2) technique
Image quality of 3D-MRCP with SENSE (b) is considered to be similar to that of the image
without SENSE (a) as well as Fig. 3. Signal-to-noise ratio (SNR) of (b) seems to be similar to
that of (a). However, both image quality and SNR of the image are significantly diminished on
the image with 2D-SENSE (c) compared with those of (a) and (b).
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Fig. 9. Contrast-enhanced three-dimensional MR subtracted angiographic (3D-MRDSA) im-
ages with sensitivity encoding (SENSE) technique (TR/TE/FA=3.1/0.96/25, 128 x 256 (512
interpolation), slice thickness/gap/number =7 mm/3.5 mm/25, AT =4.3 s/phase, SENSE R fac-
tor=2) in a patient with dissection of the aorta and the right subclavicular and common carotid
arteries. (a-g : maximum intensity projection (MIP) images, h-k : source images)

3D-MRDSA images can allow detailed evaluation of pulmonary and cardiovascular hemodynam-
ics due to short duration time of 4.3 s for each phase. Walls of the right subclavicular (arrow)
and common carotid (arrowheads) arteries are irregular based on the extension of aortic dissec-
tion to these arteries. Please note that the contrast-enhancement of the right subclavicular and
common carotid arteries (arrowheads) occurs later than does that of the aorta and the left com-
mon carotid artery (large arrows) on the sequential source images (h-k). Such findings indicate
that the right subclavicular and common carotid arteries may arise from false lumen of the aortic

dissection.
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Fig. 10. Ultrafast (subsecond) four-dimmensional rotational MR subtracted angiographic (4D
rotational MRDSA) with a combination of sensitivity encoding (SENSE) and half-Fourier tech-
niques (TR/TE/FA=3.1/0.96/25, 128 x 256, slice thickness/gap=7 mm/3.5 mm, AT=0.7s/
phase, SENSE R factor=4) in a patient with Klippel-Trenaunay-Weber Syndrome. (An arrow
indicates essentially hyperintense, abnormal vasculatures with thrombus like AVM in Klippel-
Trenaunay-Weber Syndrome.)
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Clinical Application of Parallel Imaging
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Fast parallel imaging techniques using surface multicoils, such as sensitivity encoding (SENSE) or
simultaneous acquisition of spatial harmonics (SMASH), have recently raised interest in the field of
MR imaging. The SENSE technique in particular has been successfully introduced in multiple areas
of radiology to make faster MR acquisition possible. The major negative point of parallel imaging
techniques is that they diminish signal-to-noise ratio in proportion to the numbers of reduction fac-
tors. Even with this problem, the SENSE technique has potential advantages. The advantages are es-
pecially true for contrast-enhanced MR imaging such as dynamic MR imaging in the liver, three-
dimensional MR angiography (3D-MRA), and MR cholangiopancreatography (MRCP). The excel-
lent scan speed of SENSE allows for acquisition of two separate sets of hepatic MR images within the
time regarded as the hepatic arterial-phase (double arterial-phase technique) as well as that of mul-
tidetector CT. SENSE can also increase the time efficiency of spatial signal encoding in 3D-MRA.
With SENSE, even ultrafast (sub second) 4D-MRA can be realized. For MRCP acquisition, high-
resolution 3D-MRCP images can be constantly provided by SENSE. This is because SENSE resolves
the presence of the severe motion artifacts due to longer acquisition time. Longer acquisition time,
which results in diminishing image quality, is the greatest problem for 3D-MRCP imaging. In addi-
tion, SENSE reduces the train of gradient echoes in combination with a faster k-space traversal per
unit time, thereby dramatically improving the image quality of single-shot echo-planar imaging (i.e.
Te-weighted, diffusion-weighted). In this issue, useful clinical applications of the SENSE technique,
as well as its advantages and disadvantages will be discussed.
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