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Table 1. Effect of Mn-DPDP Enhancement on SNR in Patients with Focal Hepatic Tumor
Liver SNR +
MR Pulse Sequence PSER Rank
Precontrast Postcontrast*
2D FLASH 54.17+ 15.37 92.74+ 25.29 74.43+ 49.74 2
2D FLASH FS 64.18+ 17.55 102.79+ 29.57 65.93+ 27.09 3
3D FLASH 2278+ 7.68 42.43+ 19.32 107.77+ 50.31 iy
3D FLASH FS 32.59+ 8.62 52.78+ 12.33 62.13+ 34.16 4
SE 49.97+ 27.19 69.15+ 31.93 50.38+ 28.35 5

Note—Numbers are meant standard deviation.

* . Every mean SNRs of postcontrast image is higher (p < 0.05) than those of precontrast image of liver.

+;PSER means percentage of signal enhancement ratio of liver.
=[(SI enhanced-SI unenhanced)/SI unenhanced] x 100
+; The PSER of 3D FLASH image is the highest of other images.
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GRE ( < 0.05). (Table 4).
GRE .
SE (» < 0.05), :
SE 2D FLASH FS 1
(» < 0.05). GRE (Fig. 3).

Fig. 1. 65-year-old man with hepatocellular carcinoma in seg-
ment 7. MR images were obtained before (left column) and after
(right column) administration of 5pmol/kg of Mn-DPDP with
five T1-weighted sequences. Note all postcontrast images show
better conspicuity of tumor than the precontrast images and
conventional SE image has the worst quality of image related
with respiration-induced artifact compared to GRE sequences.

A. SE technique, B. 2D FLASH technique, C. 2D FLASH FS
technique, D. 3D FLASH technique, E. 3D FLASH FS technique
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GRE SE 32

(Fig. 4): GRE  — 84%(27/32)  97%(31/32), SE  —
50% (16/32)  56%(18/32). SE GRE

(p <
0.05).

14).

(15-18).

, SPIO T2

CNR SNR (15-
17). , Mn—-DPDP
DPDP (Mn*)
T1
Table 2. Absolute Tumor-to-Liver Contrast-to-Noise Ratio of
Focal Hepatic Tumor
MR Pulse Absolute CNR
Rank
Sequence Precontrast Postcontrast*
2D FLASH 14.64+ 8.77 32.21% 22.15 2F
2D FLASH FS 13.10+ 10.28 34.46x 20.59 1t
3D FLASH 7.46x 5.06 15.08t 12.42 5
3D FLASH FS 12.45¢ 7.21 25.13+ 15.67 3*
SE 16.98+ 15.26 20.86x 13.50 4

Note — Numbers are mean+ standard deviation.
* ; Every mean absolute CNRs of postcontrast image is higher (p
< 0.05) than those of precontrast image of tumor.
t; The absolute CNRs of 2D FLASH FS image is the highest of
other images.
#; These two images have higher absolute CNR than SE image sig-
nificantly (p <0.05).

Table 3. Nonabsolute Tumor-to-Liver Contrast-to-Noise Ratio and Percentage of Signal Enhancement Ratio of Focal Hepatic Tumors

Nonabsolute CNR
Tumor PSER Rank
Precontrast Postcontrast
FNH T 521+ 9.38 33.87% 14.05% 131+ 57.98 17
HCC* —0.39t 16.86 6.45+ 7.72 83+ 43.57 Z1L
Hemangioma —31.38t 4.95 —61.36% 34.71* 12+ 21.21 3
Metastasis —-12.81x 5.70 —45.24+ 3.56* 8.67t 1.53 4
Cholangiocarcinoma —15.51+ 0.48 —30.48+ 2.29* 3.5t 6.36 5

Note—Numbers are mean* standard deviation.

* ; These four tumors have higher nonabsolute CNR than HCC significantly (p < 0.05).
+; These two tumors have higher PSER than other tumors significantly (p < 0.05) except hemangioma.
+; FNH is the abbreviation of focal nodular hyperplasia and HCC is that of hepatocellular carcinoma.

Fig. 2. 48 year-old man with focal nodular hyperplasia in lateral segment.

A. Unenhanced 2D FLASH FS image depicts a lesion that is subtly increased in signal intensity compared with normal hepatic
parenchyma.
B. Mn-DPDP enhanced image, obtained with identical imaging parameters as used in image A, demonstrates homogeneous en-
hancement of the lesion
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Mn—DPDP
. PSER
Mn—DPDP CNR ,
Table 4. Tumor Conspicuity, Image Artifact and Tumor Delineation of Various Sequences
MR Pulse Sequence Lesion Conspicuity Image Artifact Mass Delineation
pre post pre post pre post

2D FLASH 4.1+ 0.9 4.8+ 0.5* 4.7+ 0.5 4.9+ 0.3 4.0+ 0.8 4.5+ 0.7

2D FLASH FS 39+ 1.1 4.6+ 0.7* 4.8+ 0.4 4.9+ 0.31L 3.6t 1.1 4.1+ 0.8

3DFLASH 3.9+ 1.0 4.9+ 0.3* 4.1 0.6 4.7+ 0.5" 3.8+ 0.9 4.9+ 0.3

3D FLASHFS 4.0+ 0.8 4.9+ 0.3* 4.6 0.5 474 05 3.9+ 0.6 4.8+ 0.4

SE 3.0£ 1.0 3.7+ 12 2.8£ 0.6 3.0+ 0.3 2.7£ 0.9 3.3+ 0.9

Note — Numbers are meant standard deviation.
* T ¥; Significant difference with postcontrast image of other sequences (p < 0.05).

Fig. 3. 61 year-old man with hepatocellular carcinoma.

A. Unenhanced 2D FLASH image shows a irregular, oval shaped hypointense mass (open arrows) in the left lobe of the liver and
an enlarged hilar lymph node (arrows) with hypointensity.

B. After administration of Mn-DPDP, 3D FLASH FS image shows an inhomogeneously enhanced hepatic mass (open arrows) and
enhancing hilar lymph node (arrows).
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Fig. 4. 57 year-old man with peripheral cholangiocarcinoma accompanied with intrahepatic metastases.

A. Unenhanced 2D FLASH image reveals a main mass with a few metastatic nodules in the left lobe of the liver.

B. On Mn-DPDP enhanced 3D FLASH FS image, the main mass is more conspicuous and more nodules (arrows) are seen in the ad-
jacent parenchyma of the right lobe and the left lobe.
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Purpose: To assess the diagnostic value of Mn-DPDP for the detection of focal hepatic tumors on MR images
and to determine the optimal pulse sequence to maximize its effect.

Materials and Methods: Twenty-three patients with 32 focal hepatic tumors were examined by means of 1.5-T
MRI. Before and after the intravenous administration of Mn-DPDP, five pulse sequences were used to obtain
T1-weighted images: two-dimensional fast low-angle shot (2D FLASH) with/without fat saturation (FS), spin-
echo (SE), and three-dimensional fast low angle shot reconstruction (3D FLASH) with/without FS. Quantitative
assessment involved determination of the signal-to-noise ratio (SNR) of the liver and the tumor, the percentage
signal enhancement ratio (PSER) of the liver, and tumor-to-liver contrast to noise ratio (CNR). Pulse sequences
were also evaluated subjectively for tumor conspicuity, delineation, and image artifact. In addition, two expe-
rienced radiologists compared tumor detection rates between precontrast and postcontrast images.

Results: Mn-DPDP had a marked effect on liver SNR and absolute CNR at all pulse sequences (p<0.05). On
postcontrast images, PSER and absolute CNR of the liver were highest at 3D FLASH and 2D FLASH F§, re-
spectively, and significantly higher at GRE than at SE (p<0.05). On postcontrast images, the CNR of focal
nodular hyperplasia and hepatocellular carcinoma was positive, while that of hemangioma, metastasis and
cholangiocarcinoma was negative. The postcontrast CNR of all tumors except hepatocellular carcinoma in-
creased more than 100%. Qualitative studies showed that tumor conspicuity increased significantly at all se-
quences except SE, and delineation increased significantly except at SE and postcontrast 2D GRE FS. After
Mn-DPDP, GRE more effectively demonstrated tumor conspicuity and image artifact than did SE, and GRE
other than 2D FLASH FS was also better than SE for tumor dilineation (p< 0.05). The sensitivity of all postcon-
trast images increased and the tumor detection rate at GRE was significantly higher than at SE.

Conclusion: Mn-DPDP favorably affects tumor-to-liver contrast, and may be useful in the imaging of focal he-
patic tumors, more so with 2D or 3D FLASH pulse sequences than with SE.
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