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Assessment of the Image Quality and Tumor Detectability of Breath-
Hold T2-Weighted Imaging of Liver Tumors using a Fast Gradient MR
System

Kotaro Yoshida, Yuji Suto, Shuji Sugihara and Yukiko Tokuda
Department of Radiology, Faculty of Medicine, Tottori University, Yonago 683, Japan

Fourteen patients with various types of focal liver tumors were imaged with turbo spin-
echo (TSE), breath-hold TSE (BH-TSE) and half-Fourier single-shot TSE (HASTE)
pulse sequences using a fast gradient magnetic resonance imaging (MRI) system. We
compared the T2-weighted images of the liver with the TSE, BH-TSE, HASTE and
conventional spin-echo (SE) pulse sequences in order to determine whether those fast
T2-weighted images, including fat suppressed images, could replace SE images. In
guantitative and qualitative analysis, the fast T2-weighted images were slightly superior
to the SE images, but they were inferior in the conspicuousness of liver tumor to the SE
images. These findings suggest that the fast T2-weighted images can shorten the
examination time of the liver MRI, but cannot replace the T2-weighted SE images
because of the low conspicuousness.
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Magnetic resonance imaging (MRI), especiallymethod shortened the time needed for the
in T2-weighted images, has been reported texamination and was more useful than the SE
have an excellent contrast resolution and to beethod for detection and diagnosis of liver
useful in detection and diagnosis of tumorousumors (Yoshida et al., 1996).
lesions of the liver (Rammeny et al., 1989; In this study, we quantitatively and qualita-
Egglin et al., 1990). However, by the conventively compared the image quality and the
tional spin-echo (SE) method, a long examinadetectability of liver tumors by images of the
tion time is needed for scanning, and deterioraF2-weighted SE (SET2) and various fast se-
tion of the image quality due to various artifactqjuences. The fast sequences were the turbo SE
including respiratory artifacts has been gTSE) method with breathing at rest, breath-
problem (Wood et al., 1988). Recently, how-Hold TSE method (BH-TSE) and half-Fourier
ever, whole liver imaging with breath-holding single-shot TSE method (HASTE) with a faster
has become possible by both T1-weighted anelxamination speed and heavier T2-weighted
T2-weighted images due to the development dfmage than ordinary TSE (Hening et al., 1986;
various fast imaging methods and increaseBujii, 1994). We also compared their fat
availability of the fast gradient MRI systemssaturation (fs) images with those by SET2 and
(Winkler et al., 1989; Siewert et al., 1994). examined whether these breath-hold T2-
We previously reported that the breath-holdveighted imaging techniques can replace
T1l-weighted imaging by the gradient-echoSET2.

Abbreviations: BH-TSE, breath-hold TSE; CNR, contrast-to-noise ratio;&MRIeen-liver CNR; CNR
tumor-liver CNR; FOV, field of view; fs, fat saturation; HASTE, half-Fourier single-shot TSE; MR,
magnetic resonance imaging; MTC, magnetization transfer contrast; ROI, regions of interest; SE, spin-echo;
SET2, T2-weighted SE; SI, signal intensity; &gB, SD of background; §J S| of the liver; S§p, Sl of the

spleen; S}, S| of the tumor; SNR, signal-to-noise ratio; TE, echo time; TR, repetition time; TSE, turbo SE
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Table 1. Imaging parameters of each pulse sequence

Parameter Sequence

SET2 TSE BH-TSE HASTE
Repetition time (ms) 1800 3500 4500 10.9
Echo time (ms) 80 99 138 87
Echo train length 11 29 128
No. of acquisitions 2 5 1 1
Matrix size 157x 256 176x 256 116x 256 128x 256
Imaging time 9 min 28 s 4 min43s 23s 12s

BH-TSE, breath-hold TSE; HASTE, half-Fourier single-shot TSE; SET2, conventional T2 weighted spin-
echo; TSE, turbo spin-echo.

liver, spleen and solid part of the tumor as
Subjects and Methods widely as possible and layoiding blood vessels
in each imaging method. Also, ROl was deter-
The subjects were 14 patients with 42 tumorousined as widely as possible over the back-
lesions of the liver (11 males and 3 femaleground on the abdominal side of each patient,
ranging in age from 33 to 83 years, mean 63.&%hich was the phase encoding direction. Each
years) who underwent MRI between June, 199ROI was 35 pixels or wider, and the mean
and March, 1996. The lesions were 31 nodes sfgnal intensity (SI) and SD per pixel of liver
hepatocellular carcinoma, 6 nodes of metastatiSl, ), spleen (S4p, tumor (Sk) and back-
liver tumor, and 5 nodes of liver cysts diag-ground (SRkg) were calculated. The signal-
nosed on the basis of the clinical findings andlo-noise ratio (SNR) of the liver, spleen-liver
image findings. Quantitative evaluation wascontrast-to-noise ratio (CNJR and tumor-liver
made in 26 nodes detected by SET2, TSE, BHtontrast-to-noise ratio (CNfRwere calculated
TSE, HASTE and their fs images, and qualitaas follows: SNR = $ISDgkg, CNRsp= (Skp—
tive evaluation was made in 42 nodes detectesll )/SDgkg, CNRy = (Sk — S| )/SDgkg. The
by anyone of these imaging methods. Theesults of SET2 and fast imaging methods were
masses were 0.6—10.5 cm (mean 3.8 cm) in disempared with Student's-test when the
meter. variance was equal and by Welchst when
A 1.5 T fast gradient superconducting MRIthe variance was unequal.
system (Magnetom Vision: Siemens, Erlangen, Qualitatively, each image was evaluated by
Germany, maximum gradient magnetic fieldthe following 6 items: i) motion artifacts by
intensity 25 mT/m) was used. A phased arragreathing and vascular pulsation, ii) liver-
coil was used in all patients. Table 1 shows imagpleen and liver-tumor contrast, iii) visibility of
ing conditions. The fs images were obtainedéhtrahepatic vessels, iv) visibility of tumor
with the same parameters using frequencystructures (margin, septum, capsule), v) sharp-
selective saturation pulses (Haase et al., 198Bess of the liver margin and vi) overall image
Hata and Tada, 1994). Transaxial images atguality, taking into consideration the assess-
slice thickness of 10 mm, a gap of 1 mm and ments in i) to vi). The assessments done by 3
field of view (FOV) of 35-42 cm were obtain- radiologists were numerically represented in
ed. A rectangular FOV with a 6/8 of 7/8 phasehe following 5 grades and numerical rating:
encode reduction was used depending on thmor (1 point); fair (2 points); moderate (3
body, and a presaturation pulse was impressgaints); good (4 points); or excellent (5 points).
at the upper and lower ends of the imagin@ased on this numerical rating, comparative
region. evaluation of the quality of each image was
Quantitative evaluation was made by demade with the Wilcoxon matched-pairs signed-
termining the region-of-interest (ROI) over therank test. In additionthe number of nodes
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visualized by each image was compared accorgtructures, the information concerning the
ing to the diameter of the nodes (less than 1 creapsule and the internal structure such as the
1 cm or larger, less than 2 cm, 2 cm or largemosaic structure was richer /sE P < 0.05),
less than 3 cm and 3 cm or larger). TSEfs f < 0.01), BH-TSEfsR < 0.05) and
HASTEfs P < 0.05). The visibility of intra-
hepatic vessels was inferior in TSHfs< 0.05).
Results The sharpness of the liver margin was superior
in TSE @ < 0.05), and BH-TSE and BH-TSEfs
Table 2 shows the results of the quantitativéP < 0.01). The overall image quality was bet-
evaluation. The SNR of the liver was signifi-ter in TSEfsP < 0.05) than in SET2 but was not
cantly higher in TSEfsR < 0.05) and HASTE significantly different in other methods. Figure
(P<0.01) than in SET2 or TSE. No significant2 shows a case of hepatocellular carcinoma in
differences were observed among the other fagtte left hepatic lobe.
imaging techniques. The CNRshowed no Table 3 compares the number of tumors de-
significant difference be tween SET2 and fastected by each image. Tumors of all sizes were
imaging methods with and without breath-detected most clearly in SET2 except that a
holding. The CNR was signifcantly higher in hepatocellular carcinoma of 3.5 cm in diameter
HASTE (P < 0.05) and HASTEfsR < 0.01)than located in the lower margin of the liver was not
in SET2 and in TSEfsP(< 0.01). It was also visible.
significantly higher irHASTE (P < 0.05), and
HASTEfs (P < 0.01) than in TSE.
Figure 1 shows the results of the qualitative Discussion
image evaluation. Respiratory artifacts were
greater in TSER < 0.05) but were significantly Various fast T2-weighted MRI techniques have
smaller in TSEfs® < 0.05), HASTERP < 0.01) been developed, and the imaging time was
and HASTEfs P < 0.05) than in SET2. Vascular shortened irthe central nervous system, head
artifacts were greater in BH-TSEfB € 0.05) and neck,and pelvic regions (Feinberg and
but were significantly smaller in TSER € 0.05), Oshio, 1991; Jones et al., 1992; Nghiem et al.,
HASTE (P < 0.05) and HASTEfsR < 0.05). 1992). Inthe abdominal region, however, respi-
Liver-tumor contrast was significantly better inratory artifacts cannot be reduced by shortening
TSEfs P < 0.01) and BH-TSEfd(< 0.05), and of the imaging time, and the problem of image
liver-spleen contrast was significantly better indeterioration due to respiratory movements has
TSEfs @ < 0.01). In the visibility of tumor remained (Stalk et al., 1987). However, T2-

Table 2. Results of quantitative evaluation in each imaging sequence

Sequence Parameter

Liver SNR Contrast CNR CNRgp
SET2 10.1+ 3.6 0.30+ 0.13 11.3 7.5 14.2+ 4.4
TSE 7.6+ 3.4 0.37+ 0.13 8.5+ 4.4 11.4+ 55
TSEfs 17.0£ 4.1*t7 0.37£0.14 21.812.2tt 19.4-10.5
BH-TSE 6.8+ 2.7 0.43£ 0.20 154+ 14.1 12.1+ 4.5
BH-TSEfs 8.3t 2.8 0.45+ 0.17* 17.2+ 13.4 14.9+ 45
HASTE 154+ 7.4 0.35+ 0.21 51.8 55.6*1 14.5+ 10.7
HASTEfs 249+ 7.3**tt 0.40+ 0.20 32.9 18.7** 1t 23.3+16.3

CNRgp, spleen-to-liver contrast-to-noise ratio; CNRumor-to-liver CNR; fs, fat-saturation; SNR, signal-
to-noise ratio. The other abbreviations are the same as in Table 1.

*P<0.05, *P <0.01to SET2.

tP<0.05, tP<0.01to TSE.
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Fig. 1. Qualitative assessment of the image quality on fast, chemical fat-saturation (fs) fast and conventional
T2-weighted spin-echo (SE) magnetic resonance (MR) im&yPs(0.05,8 P < 0.01). Respiratory artifacts

were greater in turbo SE (TSH € 0.05) but were significantly smaller in TSEf8 <€ 0.05), half-Fourier
single-shot TSE (HASTE)R(< 0.01) and HASTEfsR < 0.05) than in T2-weighted SE (SET2). Vascular
artifacts were greater in breath-hold TSE fs (BH-TSHsY 0.05) but were significantly smaller in TSERs (

< 0.05), HASTE P < 0.05) and HASTEfsR < 0.05). Liver-tumor contrast was significantly better in TSEfs

(P <0.01) and BH-TSEfd(< 0.05), and liver-spleen contrast was significantly better in TF{(01). In

the visibility of tumor structures, the information concerning the capsule and the internal structure such as the
mosaic structure was richer in TSE< 0.05), TSEfs® < 0.01), BH-TSEfsRF < 0.05) and HASTEfsK <

0.05). The visibility of intrahepatic vessels was inferior in TSEfs(0.05). The sharpness of the liver
margin was superior in TSP 0.05), and BH-TSE and BH-TSEM € 0.01). The overall image quality

was better in TSEfd(< 0.05) than in SET2 but was not significantly different in other methods.

weighted imaging methods with breath-holds By TSE, T2-weighted images can be obtain-
such as TSE and HASTE have become possibéel in a shorter time than SE by phase-encoding
due to recent improvements in the instrumendf each echo obtained by several 180 pulses per
(Winkler et al., 1989; de Lange et al., 1994pxcitation pulse. By HASTE, an accelerated
Taupitz et al., 1995; Rydberg et al., 1995).  version of TSE, one image can be obtained in

Fig. 2 (opposite page).MR images for a 76-year-old patient with hepatocellular carcinoma (arrows). The
SET2 @), TSE B), TSEfs C), BH-TSE D), BH-TSEfs E), HASTE () and HASTEfs G) images show
hepatocellular carcinoma in theft hepatic lobe. The ctrast of tumor in SET2 and TSEfs is better than in
other fast images. Respiratory artifacts in TSE imagegreater than iBET2 and other fast images.
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Table 3. Detectability of tumorous lesions on fast, chemical fat-saturation fast and
conventional T2-weighted spin-echo MR images

Sequence Tumor size (cm)
lcm< <1-2cm< <2-3cm< <3cm Total

SET2 4 (3) 9 (1) 11 (1) 9 33 (5)
TSE 5 () 8 (1) 10 (1) 10 33 (3)
TSEfs 4 (1) 8 (1) 10 (1) 9 31 (3)
BH-TSE 2 (1) 6 (1) 10 (1) 10 28 (3)
BH-TSEfs 2 (1) 5 (1) 10 (1) 10 27 (3)
HASTE 4 (1) 9 (1) 7 (1) 10 30 (3)
HASTEfs 4 (1) 9 (1) 7 (1) 10 30 (3)
(), cyst.

The abbreviations are the same as in Tables 1 and 2.

about 1 s by producing 180 pulses 128 times p&NR; was signiftantly higher in TSEfs images
each excitation pulse and phase-encoding ¢ifian in TSE images, prably because tumor-
each echo (Hening et al., 1986; Fujii, 1994)liver contrast was increased by fs with a resul-
However, TSE has been reported to differ frontant decrease in noise.
SE in that it is affected markedly by the magne- In BH-TSE with only 1 signal average, the
tization transfer contrast (MTC) effect, that theMTC effect was increased with a boost in the
susceptibility effect is small, and that edge enaumber of echo factors, and fat signals were
hancement effect is obtained (Wolf and Balabanntensified in relative terms as compared with
1989; Melki and Mulkem, 1992). The contrasfTSE, hence low liver signals. In addition, it
of TSE images is also reported to be altered Inequired 23-s breath holding, and the images
changes in the number of echo factors. Iwere markedly deteriorated if breath-holding
HASTE, also, echoes near the end of the pulseas insufficient. However, repetition time
series are weakened in tissues with short T2 d§&R) and effective echo time (TE)ere suffi-
to attenuation of T2 during data accumulationgiently longer than in SET2 with redaht
and theresolution in the phase-encoding directiorenhancement of T2-weighting. Therefore, the
is reduced (Catasca and Mirowitz, 1994; Outwate8NR of the liver was lower, but the CNRas
et al., 1994). higher than in SET2 although the differences
In quantitative evaluation, the liver SNRwere not significant.
was slightly lower in TSE and BH-TSEfs In HASTE, the imaging time was 14 s (1 s/
images, but was similar to or higher in otheshot) so that sufficient breath-holding was
methods than in SET2. Especially, the SNRossible in nearly all patients. Therefore, no
was significantly higher in TSEfs, the CNR deterioration of the image quality due to respira-
was significantly higher in HASTE, and bothtory artifact was observed, and background
SNR and CNR were significantly higher in noise was low. Since T2 relaxation has nearly
HASTEfs than in SET2. In TSE, the signals obeen complete in most tissues in the latter part
adipose tissue are higher in SET2 so that artof the echo train, intense T2-weighted images
facts of the abdominal wall associated withcan be obtained. Also, as each slicelitined
respiratory motions are stronger, and the nois#s a single shot by this method, the MTC effect of
is greater. This is probably why the SNR of thaeeighboring slices can be ignore&or these
liver was slightly lower. In TSEfs, noise wasreasons, the CNRwas significantly higher in
reduced by fs, and liver signals were higheHASTE, and the SNR of the liver and CNR
than in SET2 because of 5 signal acquisitionsvere significantly higher in HASTEfs than in
Therefore, the SNR of the liver was significant-SET2 or TSE.
ly higher than in SET2unlike TSE. Also, the
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The results of the qualitative evaluation pared with conventional T2-weighted SE imaging-
generally reflected those of the quantitative lesion detection, localization, and characteriza-

: : . tion. Radiology 1994;190:727-736.
evaluation. In TSE, respiratory artifacts were, Eqglin TK, Rammeny E, Stark DD, Wittenberg J,

significantly higher, but the TR and effective  gaini s, Ferruci JT. Hepatic tumors: quantitative
TE were longer, so that the visibility of the tissue characterization with MR imaging. Radi-
tumor was excellent. TSEfs, in which respira- ology 1990;176:107-110.

tory artifacts are reduced by fs, were superior t& SF?L“EEL%)D@F} ?n?;‘i?nK_- a%@?;g%%‘?;ﬁ;ﬂznd
SET2 in all evalugtlon Items except for the inpg technique. Rat?iol?)gy 1991;181:597-602 ’
sharpness of the liver margin. Of the breathg Fujii K. Fast imaging technique in MRI. Gazo
hold imaging techniques, artifacts were small, Shindan 1994;14:55-71 (in Japanese).

and visualization of the tumors and sharpness of Haase A, Frahm J, Haenicke W. H NMR chemi-
the liver were excellent in BH-TSE, and HASTE  cal shift selective (CHESS) imaging. Phys Med

. : Biol 1985; 30:341-344.
was better in some items than SET2 due tO] Hata Y, Tada S. Fat suppression techniques. Gazo

small artifacts. However, no significant differ- = gpingan 1994:14:48-54 (in Japanese).

ence as compared with SET2 was observed i8 Hening J, Nauerth A, Friedburg H. RARE imag-
overall quality because of the low contrast re- ing: a fast imaging method for clinical MR.
solution ofthe tumor due to the MTC effectin _ Magn Reson Med 1986;3:823-833.

- 9 Jones KM, Mulkem RV, Schwartz RB, Oshio K,
BH-TSEand because of the low spatial resolu- Bames PD, Jolez FA. Fast spin-eho MR imaging

tion in HASTE' o of the brain and spine: current concepts. AJR
Concerning the detectability of tumors, Am J Roentogenol 1992;158:1313-1320.

SET2 was better than the fast imaging method40 Melki PS, Mulkem RV. Magnetization transfer

But one node in the lower margin of the liver, effects in multi-slice RARE sequences. Magn

. . : Reson Med 1992;24:189-195.
where respiratory movement is prominent, wag, Nghiem HV, Herfkens RJ, Francis IR, Sommer

not visualized. Because of the strong respiratory rG, jeffrey RB, Li KCP, et al. The pelvis: T2-
artifacts in TSE, the low contrast resolution of weighted fast spin-echo MR imaging. Radiology
the tumor due to the MTC effect in BH-TSE, 1992;213-217.

and the low spatial resolution in HASTE, thel2 Outwater EK, Mitchell DG, Vinitski S. Abdomi-
detectability of the fast imaging methods were 2:(;3/' eiégagggi'olg\éiliggg?lggz;?_tfg_n echo
low. 13 Rammeny E, Weissleder R, Stark DD, Saini S,
Compton CC, Benett W, et al. Primary liver
tumors: diagnosis by MR imaging. AJR Am J
Roentogenol 1989;152:63-72.
14 Rydberg JN, Lomas DG, Coakley KJ, Hough
. . . DM, Ehman RL, Riederer SJ. Comparison of
Fast T2-weighted MRI of liver tumors includ-  preath-hold fast spin-echo pulse sequences for
ing breath-hold scanning techniques is inferior T2-weighted MR imaging of liver lesions. Radi-
to SET2 in the detectability of tumors and is not ology 1995;194:431-437. . o
considered to replace completely SET2 as 15 Siewert B, Muller MF, Foley M, Wielopoiski PA,
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